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ABSTRACT

The optimum conditions for Jactic acid production were studied|by biological process of
immobilized Lactobacillus casei ATCC 10863. The objective is to study on effect of bead sizes
(0.89, 1.52 and 2.06 mm) and sodium alginate concentration (0.5%, 1.0%, 1.5%, 2.0% and 2.5%).
The media used in this experiment were synthetic media at initial pH 6.5 and temperature 37°C in
stationary phase for 168 hr. The results indicate that the maximum concentration of lactic acid
was remarkably high reaching 26.82 g/L produced after 60 hr of fermentation when 0.89 mm
bead innerdiameter, and 2% sodium -alginate concentration were applied.” Thus, lactic acid
production correlated to the growth of immobilized Lactobacillus casei ATCC 10863, With the
optimized condition, the'productivity rate in 2 liter fermentor was 0.82 g/Lhr which higher than
0.45 g/Lhr in 2 liter flask.
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CH,CHOHCN + 12HSO, —  CH,CHOHCOOH + I1/2(NH,),SO, (2.2)

Lactonitrile  sulphuric acid lactic acid ammonium salt
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2.11.2.6 Microsampling Valve ~mM3iuasalndraudnodu LC Taold
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¥ 4 [l
UaannAT auNIzNIMaiindaans valve Yszaniiamnsnldauldnanugads 5,000-6,000 psi
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=) A d'l ==t L4 [
uuuymiumsmﬂPLcLsmmmm nIeInmames l¥asiaaaun BANAY e (T
LN ULUULONANTNATIULIEAIUNS TR N AN LB IMIATA U [T USE LOTURLNNSA

lidnsdilagiiadu Snviavnuiilidnulasilent wazfesdadadvesenalsynasaniinisunluly



30
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1. Fresnel Refractometer
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3. Interferometric Refractome
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2.11.3 MIRenFuazamAiamM N3 1Z¥NN LC
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2.11.6 VB9 1HAUDANAIA
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M1 : hitp://www.kmitl.ac.th/sisc/HPLC/Modelhtm - 30k
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ﬂlﬂﬂﬁ (Pipette)

meonvnadurugudnatanielu 0.89, 1.52 uaz 2.06 Tadwas ¥oaUsiw Cple-

Parmer Instrument Company :1' U Tygon tubing 2-stop



34

3.2 mandl

s 4 o
smsnsuyedus 93l MRS
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3.4 egdun3dnlilumside
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3.4.2 MAFLTBYAUNITITHAY
MUHD Lactobacillus casei ATCC 10863 $1191 2 91l aeluemismad MRS
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a oA A . A 9
FUAAUNHIUDITHNUTLLE )

i ¢
3.5 TUABUNISASIWDA

o = det'a o ¢ o
YUADUNTITATUTAAUAIU (ﬂiztlﬂﬂflnﬂ f‘ﬁ'U, 2543)

a

) o AN 9 a o o o =
3.5.1 u‘]l“]fﬁal!‘ll')uaﬂﬂﬂllﬂ%1ﬂilﬂ 34.2 ﬂﬁlﬂﬂs 8.75Uanams (5o80x 5 ﬂﬂﬂﬂilﬂﬂﬁ

213 h 1 lunsniinns auanfn)(Fitzpatrick waz-0'Keeffe, 2001) ldaslunasaiumdeos
Y o y = [V 2 ] ~ = 9 o Y
udai lUilumTesdroanusase 5000 soudowd (Humar 10w uazdruraddle

:’ = Yy s g = o Sy n’j Y 2 (] g
HunfeanuNIUIasas 0.85 USRS 10 Haaans 2 AT HAITUNE1 TN
o o A = a" =Y a an
3.5.2 aznoimand lauudmiundsanudutuiosaz 0.85 51195 3 Hadans
8 [} Y Y o a o n.’: - = @ = a
ud v dddusuiadumaduviuaos vimiutanasluaisazats Ts@oudadiuamuuls
v ¥ = o an = L4 o asn 9/ ¥
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MIAnMAnsnImmsKaansauandnluwaian uazdantinviig 2 das lauden
ANz Mz dIAeNIA3Tas HAZIATITHIHUATIZN TIME AUABMSHAAN S ALAARN
WuFedud 3 s winludmad nesfmTaving 2 aas fad
wudy 1 msinhislaiasinng 2 8ns Taaida Lacidbaciiis case ATCC 10863 fign

a39 USu1as 70 Tinadns (Feday 5 vestlfuiansomisildlumsndansatanan) 1¥ins

=

MINAW IS TNATIEH USR5 1400 “TaAaas RoFsNaY 6.5 Uuhournil 37 o9

9 U

Erasea Tuan1izia

T 3
HUUN 2 : vain TufanNn (Fermenter) Y119 2 305 _JA8TUNED Lactobacillus casei ATCC

T
=

= = @ an 9) < d. g/ LY =
10863 NgNASTY 15uns 70 Jaaans (50U s ‘U’EN']JS&J'M?’EJ’]W'ISﬂﬁl‘lfeluﬂﬁ‘ﬂunﬂiﬂlmﬂﬂﬂ)
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96 48 4.7 A7 4.6 46
108 4.8 47 47 4.6 4.6
120 5.0 4.9 49 4.7 4.8
132 5.0 49 49 4.7 4.7
144 5.0 5.0 5.0 4.8 48
156 51 51 5.0 4.9 49
168 5.3 53 5:1 5.0 4.9
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Sl : : ﬂ31uniuﬁtmeaimnﬁﬂuiaﬁnum :
$ouaz 0.5 | Sovay 1.0 | Sovay 1.5 | Sovay 2.0 | Jovay2s

0 6.5 6.5 6.5 6.5 6.5
12 45 4.5 4.5 4.4 44
24 4.2 43 44 42 43
36 42 42 42 4.3 42
48 43 43 43 43 43
60 45 44 44 453 4.4
72 4.6 45 46 4.6 46
84 4.7 4.7 4.8 4.9 438
96 4.8 4.9 49 4.8 4.9
108 5.0 5.0 5.0 5.1 5.0
120 5.0 5.0 5.0 5.1 ¥
132 5.1 5.1 5.1 5.2 5.3
144 5.2 52 5.2 5.2 54
156 52 572 52 53 5.5
168 5.3 5:3 5:3 53 5.5
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Sovay 0.5 | Sovar 1.0 | Sevax 1.5 | Jevazr 2.0 | Jovaz2s
0 6.5 6.5 6.5 6.5 6.5
12 4.8 5.0 45 48 5.0
24 4.2 43 43 43 4.4
36 4.1 4.1 4.0 4.2 4.1
48 4.3 4.1 4.1 4.1 4.1
60 4.5 42 42 4.2 42
72 4.6 4.5 4.4 4.4 45
84 4.8 4.6 4.6 4.6 4.6
96 4.9 4.8 4.8 4.8 4.9
108 5.1 5.0 5.0 4.9 5.0
120 5.1 5.2 5.1 5.1 51
132 52 Y3 K 5.1 5.2
144 5.3 5.3 5.3 52 5.2
156 54 55 54 5.3 54
168 b Y 5.6 56 54 5.5
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10863 NgNA33

Lo 4 nIALaAAn ﬁmmﬂtﬂﬂa ,
R ETRE o A o ey Srurmraa
(MSuAdanNI) (P3UNDAAST)

0 0.00 40.00 6.5 4.80x 10°
12 10.01 33.10 438 1.9 x 10’
24 12.88 27.61 4.5 1.03x 10°
36 15.75 25.00 4.4 6.80 x 10’
48 21.34 522 432 5.40x.10"°
60 24.54 2.49 3.9 6.23x 10"
72 21.38 1.96 39 3.10x 10"
84 18.36 1.51 4.0 2.87x 10"
96 17.64 1.35 4.1 7.63% 10"
108 17.43 1:04 41 817x 10’
120 17.15 0.77 43 4.87x10°
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Falueit (nFunoanT) (nFuroans) e
gmdn | Wanad | damin | Waad | dasin | daad
0 0.00 0.00 39.9995 39.9995 6.5 6.6
6 13.62 1241 35.9852 36,4225 6.5 6.0
12 17.58 16.62 23.677 34.2647 6.5 4.2
18 20.29 18.88 12.8275 259135 6.5 3.7
24 22,54 21.56 2.9601 23.125 6.5 3.7
30 26.63 23.20 11318 18.9673 6.5 37
36 29.57 24.93 1.0723 17.2683 6.5 3.8
42 2697 25.01 1.0619 8.3615 6.5 3.8
48 25.55 25.63 0.9866 55838 6.5 3.8
54 25.17 26.34 0.8755 4.444 6.5 3.9
60 24,97 26.80 0.8354 1.9866 6.5 3.9
66 24,32 26.28 0.7566 18404 6.5 3.9
72 24,12 2446 0.7106 1.0683 6.5 3.9
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Univariate Analysis of Variance

Between-Subjects Factors

Value Label N
Innerdiameter (mm) 1 0.89 15
2 1.52 15
3 2.06 15
Concentration (%) 1 0.5 9
2 1.0 9
3 1.5 9
4 2.0 9
5 2.5 9




Descriptive Statistics

Dependent Variable:Lactic

Innerdiameter Concentration| Mean | Std. Deviation N
0.89 0.5 25.8095 2.81554 3
1.0 24.1641 1.25632 3

L5 25.5881 2.82523 3

2.0 26.8216 1.92742 3

25 25.7497 2.82523 3

Total 256266 2.22357 15

1.52 0.5 249083 3.01293 3
1.0 22.0263 2.90608 3

1.5 22,5822 19247 ” ]

2.0 24.0008 3.79942 3

2.5 22,5239 .03796 3

Total 23.2083 241011 15

2.06 0.5 23.6037 4.31825 3
1.0 21.2478 2.70820 3

1.5 21.7360 1.60955 3

2.0 23.6242 2.03486 3

2.5 21.4084 3.33163 3

Total 22.3240 2.73387 15

Total 0.5 24.7738 3.13616 9
1.0 22.4794 2.45960 9

15 23.3021 2.39295 9

2.0 24.8155 2.80410 9

25 23.2273 2.92966 9

Total 23,7196 2.79147 45
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Levene's Test of Equality of Error Variances'

Dependent Variable:Lactic

F

dfl

df2

Sig.

1.551

14

30

153

Tests the null hypothesis that the error variance of the dependent variable is equal

across groups.

a. Design: Intercept + Innerdiameter + Concentration + Innerdiameter *

Concentration

Dependent Variable:Lactic

Tests of Between-Subjects Effects

99

Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model 132,874 14 9.461 1.356 234
Intercept 25317943 1 25317.943 3.617E3 .000
Innerdiameter 87.685 2 43.843 6.264 .005
Concentration 38.405 4 9.601 1.372 267
Innerdiameter *Concentration 6.784 8 848 121 998
Error 209.988 30 7.000
Total 25660.805 45
Corrected Total 342.863 44

a. R Squared = .388 (Adjusted R Squared = .102)




Post Hoc Tests

Homogeneous Subsets

Lactic
Duncan
Subset
Innerdiameter N 1 )
2.06 15 22.3240
1.52 15 23.2083
0.89 15 25.6266
Sig. 367 1.000
Means for groups in homogeneous subsets are displayed.
Based on observed means.
The ertor term is Mean Square(Etror) = 7.000:
Lactic
Duncan
Subset
Concentration 1
1.0 22.4794
2.5 232273
1.5 23.3021
0.5 24.7738
20 24.8155
Sig. .103

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 7.000,

100



! a o an a = PN as - = [ [ o
M3 6.13 uanwams IR IzinNadaveTinunsauandngagainaa ldninmsdnmndnonmmsaansauananlunared uasdaminuuia 2

ans
T-Test
Group Statistics
group N Mean Std. Deviation-| Std. Error Mean
Lactic  Flask 3 26.7867 70631 40779
Fermenter 3 29.5687 1.07880 62290

Independent Samples Test

Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of
Mean Std. Error the Difference
F Sig. t df Sig. (2-tailed), |- Difference Difference Lower Upper
Lactic Equal variances
727 442 -3.723 4 .020 -2.77199 .74451 -4.83909 -.70489
assumed
Equal variances
-3.723 3.448 .027 -2.77199 74451 -4,97630 -.56769
not assumed
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T-Test
Group Statistics
group N Mean Std. Deviation | Std. Error Mean
Glucose  Flask 3 38.9312 .88903 51328
Fermenter 3 39.2889 2.08347 1.2028%

independent Samples Test

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence interval
Mean Std. Error of the Difference
F Sig. t df Sig. {2-tailed) | Difference Difference Lower Upper
Glucose Equal variances

4.280 107 =273 4 798 -.35767 1.30782 -3.98877 3.27343

assumed

Equal variances not

-.273 2.705 .804 -.356767 1.30782 -4.78875 4.07341

assumed
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T-Test
Group Statistics
group N Mean Std. Deviation | Std. Error Mean
Yeid  Flask 3 66.9925 1.76579 1.01948
Fermenter 3 73.9226 2.69729 1.65728

Independent Samples Test

Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of
Mean Std. Error the Difference
F Sig. t df Sig. (2-tailed)| Difference Difference Lower Upper
Yeid Equal variances
727 442 -3.723 4 .020 -6.93007 1.86131 -12.09788 -1.76225
assumed
Equal variances not
-3.723 3.448 027 -6.93007 1.86131 -12.44090 -1.41924
assumed
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