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Abstract

Lab scale experiments were conducted in order to assess the applicability of CaCO;-alginate beads as neutralizer for
the high cell density cultivation and prepare the direct vat inoculation cultures of isolated sourdough lactic acid bac-
teria. With increasing the amount of bead and decreasing the diameter of bead in acidic solution, the neutralizing
effect of CaCO;-alginate bead became higher. In batch process with CaCO;-alginate beads, Lactobacillus amylovorus
DU-21 isolated from sourdough showed the highest viable cell counts and optical density in MRS broth. The values
of viable cell counts and optical density were 9.996 log CFU/mL and 3.97, respectively. Experiments on the con-
ditions which increase viability during lyophilization were carried out and the following results were obtained; 15%
glycerol revealed the high cryoprotective effect on the concentrated cultures during lyophilization among the two
cryoprotective agents. Consequently, CaCO;-alginate beads and 15% glycerol were found to be useful not only to
cultivate Lactobacillus amylovorus DU-21 but also to preserve strain.
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w438 AE o= HjE3htk(Salle, 1961). ©]i= DNA,
chrolophyll, ATP &2 AHdeollx 3= RNA, AX &
T2 GEEANAN waEM & AEAUY] a4E T4
oA F& S48 JERN 7] wZolt). o9 Zo] pHe
Aol A TS mAA == oLl wiA] S
o] o] 3l= A IS v AA drt e
01X, pHE 4'33]

9% 5= 9t

Ruolrp Ax ol wat ujA] o
7} 7ra3ic)
2 3] S8l 4 o]
o pH7} Z7Fetc). Est pHE
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=
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F714e] A,

T G714 B2 Atel &) W 4= ok ofH A
o= CO,2 A T FF°] pHE vt 282z &

F89 £t 43490 onle] pH Alo] A2We AHE
pH A7} 52 3ltk(Shuler & Kargi, 2000).
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Hj ol o] & A, MY F A= A S5t
2 ol 2& AAANF =N w g W
E A TIA Ha FHkgo R A EE COo= Ml
Hojzmg it FAlo 8714 S A
frakro] Aadstzlol Aggt 73S AlFal
o]th(Lee et al., 1997). L&Y} F& ol d
o g Qlate] widaA F pH 24E ATA= &
gal7]olle ofE el YL, WG o= RE A <}

H
ol
ol

H5to] ko] &AQ 32 WS fIs A=A
alginateS ©]-8-3F 314 3}%l CaCO,-alginate beadsES Hl <
o =Ystd pH 24X 9}F F7|4XE AHE-sHA] 2= wl
FFg ol 7F=3ltk(Yu et al., 2002). Alginate= 3| ZF=F
H F2d @32 B-(1,4)-D-mannuronic acidM)2} o-
(1,4)-L-guluronic acid(G)e] 7|2 o] Fojx AAILFEA=Z
Al Ca¥ =& Ba™of 22 27} o] o o3l gelS ISt
= 249 743 Qtk(Thu et al, 1996). Gel WA 27}
o] 22 GG Tl o5l A= ‘egg-box’ TERO AF
3te] alginate &AF AlolE AAsE 7twAl 93-S gtk
(Dumitriu, 1996).

Startereh= A2 a1 cheese, butter 5] A& A2 A,
MAES AMEehe A, 2 AEY] gl s weith §-
et FRlE0] 7MY dsste AR SFEES Alx
o o]&E= AL starter= UloA] AHA] Este] AF
A= ALEH o7t AL HAFd AHoF i
Christian Hansen, Danisco AS 53 72 9]=te] Z#3|A}
oA A FYsle] ARSI At(Jeon et. al., 2007).
A+E APH =R o] § 7153 sourdoughdll Al -2 €
exopolysaccharides 4 & °] & fr4t#(Jung et al,
2008; Jung et al., 2009y ©]-&, AHFU2 starter AZE

flete] ThgdE CaCO, FHFES 7= beadsE A %3k
CaCO;-alginate beads®] =2]3}8t4] 54 2 ikt 54
Fo] FAdE dtetetal olF olgste AELE HigE
AHEAY okt B2 starterd] Zol] =L B2 o] 9T},

HEq

Mz A L

CaCO,-alginate beads M=

CaCO,-alginate beads= Ryo00(2006)°] W1 & 3 3}
A Z359th. =, sodium alginate(Sigma Chemical Co., St.
Louis, MO, USA)E 2%(wi)7} S =2 S/l Yol wut
715 ol8sted T3] =9 F CaCO,E 15%%F 20%7} ]
L5 Frtsted &8 A wj7bA] wwksiith. S53] 4
QA EF ZRoI=9L 200+10 pm S E WHF F21 0.1M
CaCl, &l FAZ]E o]-&38to] FAMF=E(Gauge 18, 20)=
A 3}3lo] CaCO,-alginate beadsE A|Z3}How, oF 1A]7F
A& WAEt beadss A3 F FHRTFE 33 AHT
S AR&SF T

CaCO;-alginate beads2| &, &4 & &7l CaCO,
g =y

Beads®] &% % (weight of wet beads; W, ) beadsE
7 Z(gauze) FEHel] g} @478 ©]§3e] beads Ate]
o &t TS Higk AAS T FAE SHEA
al, 123 F(weight of dry beads; W, )2 105°C dry oven
oAl &geFo] & wj7lx] Azxg Fol| EAE SHsIATh
Beads®] 279 Z7]= @Ar|7 3l ocular micrometerS}
objective micrometerE AHE-313 =4 31t} Beadsoll
H CaCO,°] A =H(weight of CaCO, in beads; W o)
&% beadsE 0.1 M9 lactic acid 200 mLoll Y3 F+#3]
HESAlA beads Holl EA)8H= CaCO, 5 714 HHS-A]
A B5F AAAZ Foll F-2 alginate AA-E2] AZXFTHF
(alginate weight of dry beads; W,,...)= 5783l beads®]
Az alginate AR AxF o] Ao]Fto 25
B F3knh {714 8k T, beads®] 7HAE CaCO,°] &
(decrease of CaCO;; Do) beadsE SHTZE AlAS &
of AxFEFS 745t W3x719] beads®] x5
Zpol o 2 HE] AT 3 £F beads 2 S9F
CaCO,®] ¥ the 2)& o]-&38t ALtk

LY

Immobilization efficiency (IE; %)= (Wc,co; / W) x100

where W(,o; : weight of CaCO, in beads, W, : weight

of wet beads

Lactic acid0i| Ci§F CaCO,-alginate beads2| FFSS4
ot Sstgrt

Lactic acidZ 1,000 mL S50l Ho] 2+ F27) A4



Sourdoughel] E2]E ikt s= Y 918 S3AIZA Calcium Carbonate-Alginate Bead®] ©|87FsAd H7t 210
°2 0.1M% lactic acid &S ARI F, o &9 F, 94152](8,000 rpm for 10 min, 4°C)te] #A S 3]

200mLell F&FH 3, 6, 9, 12, 15g9] CaCO;-alginate
beadsE F7Fste] 200410 rpm 2 W HHSFHA] HHG-A] 7k
w2 pH W3St} bead®] AEFWst 2 2739 A7|¥st &
< A = lactic acidel W$F CaCO;-alginate
beads®] HH-EE-S FHUA] 2] (leaching) RE-&-2d S
o] &3l thS3 7+o] AR &9 th(Blancerte-zurita et. al.,
1985).

Ky P =Ky - {5 x Ky ) / (I x Cp)}
where K, ® : Initial bead diameter (mm), K, * : Bead
diameter after reaction (mm), I; : Immobilization efficiency
of CaCO;, C, : Initial weight of beads (g/L), s :

of the decreased CaCOj; from surface area (g/L)

Amounts

CaCO.-alginate beadsZ pH neutralizer2 0|&8t Rt
ot H{2F

Lactobacilli MRS broth(Difco, Detroit, MI, USA) ®l#] ]|
Z|7F o] thE CaCO;-alginate beadS ZH} 20%(w/v)7F = Al
¥ 37, sourdougholl A 2] 3} exopolysaccharides(EPS) 244
91 Lactobacillus amylovorus DU-213} 73Q 2 0.2 o] &
7Vt Streptococcus thermophilus St-Body 1(Chr. Hansen,
Horsholm, Denmark)2 H%[1%, v/v (10°CFU/mL)]3}
37°CONA 24X 7F v FsHHA] 3A17F ZFA S 2 pH, AAAE
(titratable acidity; T.A.), @ %2 X(optical density; O.D.)<}
A 4 (viable cell counts; VCO)E& =43t th pHE= pH
meter(model 420A; Orion, Boston, MA, USA)Z A7 =4
3910, AOAC(1995) o] Zate] wrg Zg o Lo
10ge] B 5FF 20mLet 1% phenolphthalein(Duksan
pure chemical Co., Ltd., Ansan, Korea) &< 2mLE 7}
3l & 0.1 N NaOHZ ZHAslo] 2 ArgFoz FAF sk
< o A& ol&ste ALFsATh

% acid as lactic acid
= {(0.1 N NaOH required x 0.1 N NaOH factor x 0.009)
/ weight of sample} x 100

o|\

o Z2 =+ spectrophotometer(UV-1201, Shimadzu, Kyoto,
Japan)Z AHE-310] 600 nmollA =S S o, HHC”t
o] MAFE AFE 10-fold dilution WHLOE A3 &
BCP agar(Eiken Chemical Co., Tokyo, Japan)i ] & ©]-&-3}]
standard plate count method®l] =3+4 A& S 31T

nsE pihas 0|88 AY T4 Fihd starter M=
L. amylovorus DU-213} S. thermophilus St-Body 1<
20% CaCO,-alginate beads(w/v)7} 3 7}¥ MRS brothol|

F[1%, v/v (10°CFU/mL)]3}e] 37°Co A 24A17F wf &F3t

o}&’it‘r 3l=E FA= skim milk 10%(w/v), 15% glycerol

2 FAE 7R BoA 2AES FUiete #4385 § th,
20CE FAAZ Fo FAAZ7|(DC-55B, Yamato,
Tokyo, Japan)o|A 7Z(-10°C, 9 mm/Torr) 3FATE AZE
A= st FESAZ] T, 0.1% buffered peptone
water(Difco)®ll 10-fold dilution ®H o2 3|43 & BCP
agar HIA| & ©] &3} standard plate count method®l| =3}
o] A#FE ST

SAXE
Ad A= SAS 9.1 for window(SAS Institute Inc.,

Cary, NC, USA)E o|&ate] 7t A3dte] 3 FFHAL
E AR, e 7] ¥ae E4REA W (analysis of
variance; ANOVA)S o]-&3l5 o, EAEM S Ha)st &
T 27F = &0 tslA= Duncan's multiple range
testZ A& 7+] F§9448 p<0.05 oA ARSI &=
Sk CaCO,-alginate beadsE ©]-83+ Ao AT Y
A, pHoL Avtréte] a3 A dA = ded AR
(simple regression)S ©]-83to] A5 F(least square
estimator; LSE)S 3t A3ttt oldf 3IARF
(regression model)2 T3 7o) AA 315 THSAS, 1990).

Y=a + BX, + ¢
where Y, : Dependent variable, X, : Independent variable,

o : Constant, €, : Regression error

CaCO;-alginate beads2| A&, &4 I FFEl CaCO,
g

T Folat Aeet 84 alginate gel> TFF &
ol A A& JaL AARge] st gel -l
ofEo|u tm 2 E3ES FFT £ Ath(Murata,
2000). ‘Egg-box’ Ed oA alginate2] -COOH YA
CaCl, &4 9] Ca* 9} WH-&-3lHA] alginate®] AstE ¢o7]
PRI e

t}. Gel A F /A2 R
Alginate &9 &8 CaCl, €Nl Hojmag|H /2] HF-7}
Aol #d3t beads +=7F 63/‘35]‘— HHA, CaCl, €945

alginate & o] Hoj=d H 9= capsule +27F FAE
TH(Koyama & Seki, 2004).

B AFHE CaCOE 7H7b 15%9F 20% SH-3
alginate 892 0.1 M| CaCl, &Nl FAMES ©]8-3o]
o] A 7do] A2 thE CaCO;-alginate beadsE A=
31919 ™, CaCO,-alginate beads®] E2]% E/JS Table 191
A AT skA Tk Az beadse] A7dE FwA kel A ocular
micrometer3} objective micrometerE AME-3to] &g A3}
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Table 1. Properties of CaCOjs-alginate beads size fraction before and after reaction in 0.1 M 200 mL lactic acid solution

Bead I Bead CaCoO, Surface Decrease of Bead diameter (mm)
diameter I weight 2 weight ¥ Bead area > CaC0,?
%) £ 8 numbers ¥ 3 Calculative”?  Experi 19
(mm) ( (mg) (mg) (mm?) (mg) alculative Xperimenta
3.01 15 21.93 3.80 45 1280.19 0.789 3.005 2.98
2.41 15 10.83 2.08 82 1495.47 0.631 2.407 2.38
3.15 20 24.07 6.68 49 1526.68 0.851 3.146 3.00
2.60 20 14.78 4.43 73 1549.53 0.702 2.598 2.54

" Immobilization efficiency

2 The wet weight of one bead

) The weight of CaCO; in one bead
¥ The number of beads per gram

% Surface area of beads per gram

9 The amount of decreased CaCOj, from one bead after reaction in 0.1 M 200 mL lactic acid solution
" The calculated bead diameter using the mathematical model after reaction in 0.1 M 200 mL lactic acid solution
® Experimental bead diameter using a microscope after reaction in 0.1 M 200 mL lactic acid solution

15%2] CaCO,E F7tsle gauge 18 FAMIEZ A2
beads®] Ha 72 3.0140.022 mmeO] 2, 20%2] CaCO,=
A7Fsle] gauge 18 FAMFEE A %3 beadse] Ha 27
2 3.15£0.356 mmO] AT} 15%2] CaCO,E H7F3te] gauge
21 FAMEE A2 beadse] Ht 272 2.41+0.146 mm
o], 18%2] CaCO,& H7}sl™ gauge 21 FAMIEZE A=
3l bead®] Hi 7L 26+0.162mm=E S HJTH G
715 ol-&3t> beads Atololl EAldte TS AAT &
beads®] AFS 3783 A2} 105°C dry ovenoll A &

A3 AAY AZRTHS v A Fig. 13 o)

SATo] FUIse wEl AxFol vEH R S
B 4 ATh 2 AFor 9] A= AZE beads]
CaCO,, alginate 3% B T 1S beadsol] LAk 3L

S
2 B¥3S Ju|slEZ A|ZE beadss YA UEE 7=

e
=

2=
=]

O
=

A

Y = 0.232%X + 0.0307
Al R = 0.9996

Dry Bead Weight (g)
N

PAAS & F Ao, AxH F& beads WE FUE
CaCO,9] ¥-2(immobilization efficiency; IE) 3.0140.022 mm,
2.4140.146 mm, 3.1530.356 mm, 2.6+ 0.162mm¢] ¥ 7
< ZHe= CaCOj-alginate beadsoll Al ZHz} 17.35%, 19.26%,
27.72%, 30.14%°] 9tk T3 13l ALgE 0.1 M2
CaCLell A Ca*'} A3ste] Aetelsh= ‘egg-box’2tal Y7
= AFE9] 3Rk TR ofste] a8 3 B Y (shape)t
73 % (hardness) 52 5745 WA 2 + Sl alginate gel

Lactic acid0i| Ci{8t CaCO,-alginate beads2| BS54
ot Iskeut

0.1 M9] lactic acid &9 200mLel IE kol 77
19.26%, 17.35%<! 2.4140.146 mm, 3.0140.022 mm 273 ¢

(B) «

Y =0.2383*X - 0.0132
R?=0.9996

Dry Bead Weight (g)
N

0 3 6 9 12 15 0 3 6 9 12 15
© 5 Y =0.3353*X + 0.0119 (D) 5T
R* = 0.9998 Y = 0.3164*X + 0.0137
4 ’ ol R*=0.9999
@ c)
= =
¥ 3 ® 3
z 3
2 =
S 2 S 2}
= r
E z
1 Sy
0 0
0 3 6 9 12 15 0 3 6 9 12 15

‘Wet Bead Weight (g)

‘Wet Bead Weight (g)

Fig. 1. Plot of dry weight vs. wet weight. A: 3.0110.022 mm diameter, B: 2.41+0.146 mm diameter, C: 3.15+0.356 mm diameter, D:

2.6:0.162 mm diameter.
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Fig. 2. Change of pH in the 0.1 mole lactic acid solution with the various amounts of CaCO;-alginate beads. ¢ — 4 : 3 g CaCO;-
alginate beads, ll -l : 6 g¢ CaCO,-alginate beads, A — A : 9 g CaCO;-alginate beads, x—x: 12 g CaCO,-alginate beads, ¢ —@: 15 g
CaCO; beads. A: 3.01+0.022 mm diameter, B: 2.41+0.146 mm diameter, C: 3.15+0.356 mm diameter, D: 2.6+0.162 mm diameter.

CaCO;-alginate beads®} 1E #kol ZHzb 30.14%, 27.72%<
2.640.162mm, 3.1540356 mm %739 CaCO;-alginate
beadsE 71 & Eeldte] F7hske] 20i27F lactic acid 8-
o] pH W35 A A3} Fig 29 7| CaCO,-alginate
beads®] ol F7gtell e} &< ¢] pH7t B =] SV
& & AU 3, 6, 9, 12, 15g9] CaCO,-alginate beads”t
A7HE lactic acid €A Z7] 4% ool F73 pHH
Sh7F AL 2 o] Fofl= A7ko] Z g wet ke
Hsksh, IE kol 2Ht thE CaCO;-alginate beads 2
Al 9g ool H7FEAES W lactic acid &4 ] pH7F v
€ 202 olWell 5.0 o]Fe R FEHS
ol# gt d2 CaCO,2l F3}at&-of 7131
1, #7}= = CaCO;-alginate beads<]
pH 32 3HE 45 F USS 90

Table 13} Fig. 2014 E= ufel 72o], bead®] 2730] 2t
=75 1YL bead?] IERC] 45 U w2 T3ES
YEPAATE ©]= bead®] 27 o] ZolAA| =W ©he
F beads®] FEHZ o] FrtstAl Hol ©9] AT lactic
acide} WHS-3}= beads®] CaCO,7} JHl& oz Z7}sHA|

+

&
o~
T .
;_gl]

P

Hi, A= 22 $3EES 2 He Ae=E AZgE.
TS beads®] IEZEC] 2 A%, lactic acid9} WH-E 4 9l

bead W] CaCO; T S7HF A= lactic acid®h
& & Sl CaCo, 249 S7Hs AH 27 wol
T3S YAl He Zlolth B3 vhg ATkl
FE RS Hgste] o]&4 bead

RPN ey
it rlo oo

CaCO, 74

3

RS AES A3 Az 2 Aol gl o5
lactic acid”’} CaCO,-alginate beads W2 A+-FA &4t
g 5 S HeEFA Aok

CaC0,9] ol 3t &3 =x 25°C2] A%, 1.4mg100 g
o| A gk A g ME COE A EHEA HA =t
CaCO,= CaCO,=Ca0+CO,2 ¥3|=3 WA=l
CaOE &3 ¥H3-3te] CaO+H,0=Ca(OH),E o] %<
7225 AT HRhee & Lee, 1994). A E Lz = 2
&}d lactic acidE calcium lactate?} 22 F3HES 5

N
=
Aok T3 CaCO,= lactic acidE YAl F3}

7195 o)

=

S

=

-
L
pu

=

o Sl ok

(n]

-

171

o] ofye} MAj8] Zof ot T3S & T Tt
lactic acid ¥F-§- ¥, CaCO;-alginate beads®] FFS &
A3} Fig. 33} 20| lactic acidol] gt CaCO,-alginate beads
WS RO R RE dojubr] AlAtste] WiF2 e
AT} CaCO;-alginate beads W] F-o A dojut=
Qo] ot FrtoZ HEFEHE lactic acid’t
Hkg-of] 93t RES-EZ CaCO;-alginate beads 2|5
2 hEs A S olEoh v CaCo, Al A 2 EA| €]
A AW 7F A dshA] % A-F, CaCO,9] &4kl Al & At
T CaCOyt 214 sl 2 beads U FolA s=iE7}
2 beads oA FEA 02 W o] gEpBR
beads T4 T9 CaCO,7} &} O 2 o] &HA] X3t}
I3 alginate gelS 7t A|Ql 27) o] 29 F-E2 2l gel9]

A= o}, bl 7t

bk
rot

=1

2 matrix disintegration 5]
EAES 7HAE At (Murata et al., 1993). 2ol ol
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Fig. 3. The size change of CaCO;-alginate beads before and
after lactic acid reaction. A: 3.62 mm diameter, B: 3.45 mm
diameter, C: 3.31 mm diameter; D: 2.89 mm diameter, E:
2.80 mm diameter, F: 2.37 mm diameter, G: 2.14 mm diameter,
H: 2.13 mm diameter.

ZE2FQI chitosan®l] 2]3) alginate gel WS
7)i°l gel matrix®] FAE FIAZE F UL, gel
U B2 MIEEE AT F ol AT B
3 9JTHCho, 2001).

2 AFolxe] Aitel 7ro] CaCO;-alginate beads %2l
S7h= A= lactic acid®t ¥H&E U= CaCO, WA 9
F7He 7EA oA =M, @A lactic acide BE-3-3h=
CaCO,9] 4duld 71 714 27] wiEdl CaCO;-alginate
beads %] Z71= lactic acid £ WH2] =3lzg9] =
Ve 7HH QA k. wEbA AlZE CaCO;-alginate beads
o] AAol vErHee AAFHAS 2A CaCO;-alginate
beads®] &S s 22 F3aHE YehEEt AR
H} 21322 CaCO,-alginate beadsE pH neutralizer=
o]-§-3te] fFAttS wist7] f15ke] beadsE AxF o 7t
s ¢ HAAS AAsSHL, W] CaCo, TFS =ASH,

9l FHY We ZuAY 22 F3EEs THA=
CaCO;-alginate beadsE A< + Uthal ALEHTE 28y
7153 2Fe A7 9] beadsE AFE-Sl= Zlo] vlErE S AR
Z7ge]l U 2& Z-9oll= —? v ¥l o A=

¢
m>~

B 93] 85kt ojzlge] ong ot R 2 4
A 2E AL AgSHE 2ol § B84 Aol

CaCO,-alginate beadsE pH neutralizerZ O|&3t 74t
T B

CaCO;-alginate beadsE 20% (w/v) 7}s+ MRS broth
Aol Steptococcus thermophilus ST-Body 13} Lactobacillus
amylovorus DU-212 W] 3hHA] vk ] pH W3}, 274
b 9 ST 5 FAFSE] CaCO;-alginate beads”t 3 7}

a
s
i

A
P—
S—
1
|

:zoA

s
<
=t
k=)
N
=2

0 3 6 9. 12 15 18 21
Time (hrs)

(B 30,

e
-
=

|
'

Viable Cell Counts (Log CFU/mL)

12 3
Time (hrs)

Fig. 4. The growth of Sterptococcus thermophilus ST-Body 1 in
MRS broth with and without CaCO,-alginate beads (Diameter:
2.610.162 mm, IE value: 30.14%). € — @ : pH change in MRS
broth with 20% CaCO,-alginate beads, @ — @ : pH change in
MRS broth without 20% CaCO,-alginate beads, ll : %TA
value in MRS broth with 20% CaCOj;-alginate beads, [1: %TA
value in MRS broth without CaCO;,-alginate beads, ll — H :
growth of S. thermophilus ST-Body 1 in MRS broth with 20%
CaCOjs-alginate beads, A — A : growth of S. thermophilus ST-
Body 1 in MRS broth without 20% CaCO;-alginate beads, ll
: viable cell count in MRS broth with CaCO,-alginate beads, ll
: viable cell count in MRS broth without 20% CaCOj;-alginate
beads.

A ¢4 MRS broth HjX]ol|A] wjeke 7
Fig. 4, 59} 722 235 Ao

S. thermophilus ST-Body 19] A% F
broth®] pHE <F 4.5+0.127FA] HolH 1,
0.787£0.010%7H4 F7FetA o, & S4 == 0.D. #t°]
0.867+0.0097}4] =&AL HFFE  8.78+0.026 Log
CFU/mLe] %21}, CaCO;-alginate beads”} 20%(w/v) 7t
E MRS brothe] pHeE ¢F 4.8610.127}A] WAt}
5.49+0.07714] A%algon, AAAEE oF 0.19+0.015%
7 F7FeATE @ 2 EE 0.D. ol 1.72020.0107HA]
YR BESFE 9.83£0.019 Log CFU/MLO AT L.
amylovorus DU-212] 739~ T3 7Ho4] MRS brothe] pH=
oF 4.06+0.107H4] oML, HAFANEE °F 1.19240.012%7}
A F7ketdon, & F4%E 0D. 3ol 1.493+0.0157H
T3 AdSE 8.98040.019 Log CFU/MLO] oL,
CaCO;-alginate bead7} 20%(w/v) Z7}& MRS broth®] pH
= 9F 5.08+0.107F4] "R & ThA] 5.5240.1271A] 35
shAth AT E oF 0.1940.010%7H4] F71stow, &+

:i

SEC B

A7 -el4 MRS

7§'x4 A= O_l}:
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Fig. 5. The growth of Lactobacillus amylovorus DU-21 in MRS
broth with and without CaCO;-alginate beads (Diameter:
2.610.162 mm, IE value: 30.14%). ¢ — € : pH change in MRS
broth with 20% CaCO,-alginate beads, @ — @ : pH change in
MRS broth without 20% CaCO;-alginate beads, ll : %TA value
in MRS broth with 20% CaCO;-alginate beads, [1: %TA value
in MRS broth without CaCO;-alginate beads, ll — l : growth of
L. amylovorus DU-21 in MRS broth with 20% CaCO;-alginate
beads, A — A : growth of L. amylovorus DU-21 in MRS broth
without 20% CaCO;-alginate beads, l : viable cell count in
MRS broth with 20% CaCO;-alginate beads, Hll : viable cell
count in MRS broth without 20% CaCOjs-alginate beads.

SAEZE OD. %ol 3.79+0.0117H] =23t
9.996+0.011 Log CFU/mLe] 1t}
CaCO;-alginate beadsE ©]-&-3F 4t

Wit

rr

ol 2w

Al, pHSF Avteete] il 3 AR AA & Sed]ARA
(simple regression)yS ©|-&3}e] 2 AA}5F7d F(least square
estimator; LSE)S 3lo] ASg A3}, #3todx JARY
LS. thermophilus ST-Body 12] A%, FH/MTE Y=
15.79802 - 1.43588 x X, A 7IE Y =29.32259 - 3.58846 x

XolJt}. L. amylovorus DU-212] 739 F-ZH 712 3|9
2L Y=16.74030-1.67553 x X, A7+ Y =29.81048

- 3.67825 x XoI 3tk 2t Xe| BFAFe %2 TAHE
o3t A3Hp<0.05, p<0.01)Z . THTable 2). Table 20
A B vle} 7ro], R? 382 S thermophilus ST-Body 12]
A%, TN = 0.6310, 7= 0.7505°] ATt
L. amylovorus DU-219] 73-%-, F-&7HtoX = 0.7452, &
7HEAIA = 0.76090] Atk o] et 3l 374l Yol ¥
TS 27 63.10%, 75.05%, 74.52%, 76.09% A= A3t
T 9ge UEIER pHt & S40 thatel 9ge
FE Aew Box. a8y AdF 24 A CaCo,
alginate beads 20%(w/v) H7tZ <13l S thermophilus
ST-Body 13 L. amylovorus DU-219]
CaCO;-alginate beads”} H7}=A] €& tjZ27RU A
7F 77t 47041.75, 11.47£2.85804 S7letleS S
T AATH

Frabt vkl e 2 Ve TF
HESAIE o] FaL Atk Akl ¢fste] AB/dE lactic acid
(CH,CHOHCOOH)+= H+ + CH,CHOHCOO % 3}3% ¥4
Y& o]F1, o] F CH,CHOHCOO °| & 7124 &
I 9H-g-sted thA] AHCH,CHOHCOOH)3} 47](OH)E 7}
TR =] HYS o]FA FrhKang et al., 1981). & A
ol 4] CaCO;,-alginate beads®] H7t= Fraket<]
ufj ol w9 & ol¢lt}. 53] CaCO,-alginate beads 3 7}
T 1247k o] %ol S a AR FTE= dAdo] e

= A
T FHEE

/‘nq_/\g HEO] h:o].

il

o)

AFE

Table 2. Results of linear regression analyses of pH vs. viable cell counts during the fermentation period”

i Coefficients
Model ? R R-Square Adjusted . t-value Significance ¥
R-Square Parameter Estimate Standard Error
Constant 15.79802 2.18512 7.23 0.0002"
MSTWO  0.7944 0.6310 0.5783 .
X, -1.43588 0.41499 -3.46 0.0105
Constant 29.32259 4.45776 6.58 0.0003"
MSTW20  0.8663 0.7505 0.7149 "
X, -3.58846 0.78199 -4.59 0.0025
Constant 16.74030 1.99626 8.39 0.0001""
MLAWO  0.8632 0.7452 0.7088 "
X, -1.67553 0.37031 -4.52 0.0027
Constant 29.81048 4.49888 6.63 0.0003"
MLAW20  0.8723 0.7609 0.7267 -
-3.67825 0.77932 -4.72 0.0022

i

" Dependent variable : Y

P MSTWO: MRS broth fermented with Sterptococcus thermophilus St-Body 1 without CaCO,-alginate beads (Diameter: 2.6+0.162 mm, IE value:
30.14%), MSTW20: MRS borth fermented with Sterptococcus thermophilus St-Body 1 with CaCO,-alginate beads (Diameter: 2.6+0.162 mm, IE value:
30.14%), MLAWO: MRS broth fermented with Lactobacillus amylovorus DU-21 without CaCOj;-alginate beads (Diameter: 2.6+0.162 mm, IE value:
30.14%), MLAW20: MRS broth fermented with Lactobacillus amylovorus DU-21 with CaCO,-alginate beads (Diameter: 2.6£0.162 mm, IE value:

30.14%)

9" p<0.05," p<0.01
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Table 3. Survival rate of Streptococcus thermophilus ST-Body 1 and Lactobacillus amylovorus DU-21 in freeze-dry using the skim

milk and 15% glycerol as cryoprotectant

) Viable count (Log CFU/mL)" .
Strains Cryoprotectant Survival rate (%)
Before freeze-dry After freeze-dry
Streptococcus thermophilus 10% Skim milk 8.9740.265 8.7310.015 57.10£2.02
ST-Body 1 15% Glycerol 8.9740.265 8.93+0.006 91.96+1.35
Lactobacillus amylovorus 10% Skim milk 10.06+0.094 9.84+0.006 60.01+0.77
DU-21 15% Glycerol 10.06:0.094 10.01+0.021 89.09+4.49
" Mean+S.D. of six replications
Wl Fig. 49F 59 pHO O0D.2] SH Ao HEo] Ca  Ho] 52 AxH AX U=E &Yshe AL 283 58
CO;-alginate beads H7FolA = pHE] 747t dA8] A AN ZI1E Tk B rskivh gk Aghdw Hxﬂ o] Fwel

& WbH ODoME pHSF 9o ddo g HulgolM =
2 OD.E Holx Ut} o]y e CaCO,2| &3)7F +
1o 7 oJArET) CaCO,9] &alih-g-2 o3} 2t}

CaCO, + H' = HCO; + Ca** M
CaCO, + 2H" = H,CO; + Ca** @
olgf 2 (1) pH7F 63 o4 W doAuH, 4 &

pH 6.3 7Y o] Lo trhKim et al, 1997). 2¥ Az}
12217k o] %ol CaCO;-alginate beads 3710l $&a 34
7F el A4S CaCo,7F Zrgdl 9s AAE lactic
acidg& F3HA1A calcium lactate(Ca(CH,CHOHCOO),)E A
Ao EMN 525 St 7l AFRE T g
AFAgol IR 7o FEHAA Yehtes ddoE B
of &g Z7|de F3EES FE otaL FIERolA A
’d¥ calcium lactate®] Fo] BoMAH 7)o SFaHE
Uebt= Zeo] obd7t A7zt

T RS 0186 AE FA Rihd starter XM=
%€ﬁ+-€ starterol] $lojA Aty o] 7MY Fag
ojB R, o7& Eol7] fste] Ay MEHRS =4
S F7¥skal UTh Table 32 CaCO,-alginate beads 20%
(wiv) A7tell o8l =2 wiUE S thermophilus ST-
Body 13 L. amylovorus DU-21 455 F47AZ REA|
2ZA skim milk 10%(w/v)$F 15% glycerole ©]-&3l &
AARANFHE W, ASEE JERH Aot

TAAZ HIAZAM skim mikE ©]&3 A S
thermophilus ST-Body 13 L. amylovorus DU-21 o]
AEEC] 247 57.1042.02%2t 60.01+0.774% M, 15%
glycerolS TA7AZ HIAZ o] &3 49, 91.96+1.35%%}
89.0944.49%2] AE&S H AT Leach & Scott(1959)7}
starter Ao AFEEe FaERA o] FE3 FEZA
et A WEe PR %]’%‘:7]' =2 2450 &
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I-J

o »

2
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A B 5] A2
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e
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