REFERENCES

[1] Reddy, G., Altaf, Md., Naveena, B.J., Venkateshwar, M, and Vijay Kumar, E.
Amylolytic bacterial lactic acid fermentation - A review. Biotechnology
Advances 26 (2008): 22-34.

[2] Narayanan, N., Roychoudhury, P.K., and Srivastava, A. L(+)lactic acid
fermentation and its product polymerization. Electronic Journal of
Biotechnology 7 (2004): 167-179.

[3] Wee, Y.J., Kim, J.N., and Ryu, H.w. Biotechnological production of lactic acid
and its recent applications. Food Technology Biotechnology 44 (2006): 163-
172,

[4] Hofvendahl, K. and Hahn - Hagerdal, B. Factors affecting the fermentative lactic
acid production from renewable resources. Enzyme and Microbial
Technology 26 (2000): 87-107.

[5] Bottazzi, V. An introduction to rod-shaped lactic-acid bacteria. Biochimie 70
(1988): 303-315.

[6] Siebold, M, Frieling, P.V., Joppien, R., Rinafleisch, D., Schiigerl, K., and Roper,
H.  Comparison of the production of factic acid by three different lactobacilli
and its recovery by extraction and electrodialysis. Process Biochemistry 30
(1995): 81-95,

[7] Kourkoutas, Y., Bekatorou, A., Banat, .M., Marchant, R., and Koutinas, A.A.
Immobilization technologies and support materials suitable in  alcohol
beverage production: a review. Food Microbiology 21(2004): 377-397.

[8] Najafpour, G.D. Biochemical Engineering and Biotechnology. The Netherlands:
Elsevier, 2007.

[9] Junter, G.A. and Jouenne, T. Immobilized viable microbial cells: from the process
to the proteome... or the cart before the horse. Biotechnology Advances 22
(2004): 633-658.

[10] Shuler, M.L. and Kargi, F. Bioprocess Engineering. New Jersey: Prentice Hall,
2001,



19

[11] Cohen, Y. Biofiltration - the treatment of fluids by microorganisms immobilized
into the filter bedding material: a review. Bioresource Technology 77 (2001):
257-214,

[12] Goncalves, L.M.D., Barreto, M.T.0., Xavier, AMB.R., Carrondo, M.J.T., and
Klein, J. Inert supports for lactic acid fermentation - a technology
assessment. Applied Microbiology Biotechnology 38 (1992): 305-311.

[13] Scragg, A.H. Biotechnology for Engineers Biological Systems in Technological
Processes. England: Ellis Horwood Limited, 1988,

[14] Lee, J.M. Biochemical Engineering. New Jersey: Prentice Hall, 1992

[15] Shen, X. and Xia, L. Lactic acid production from cellulosic waste by
immobilized cells of Lactobacillus delbrueckii. World J. Microbiol.
Biotechnol. 22 (2006): 1109-1114,

[16] Idris, A. and Suzana, . Effect of sodium alginate concentration, bead diameter,
initial pH and temperature on lactic acid production from pineapple waste
using immobilized Lactobacillus delbrueckii. Process Biochemistry 41
(2006): 1117-1123,

[17] John, R.P., Nampoothiri, K.M., and Pandey, A. Production of L(+)lactic acid
from cassava starch hydrolyzate by immobilized Lactobacillus delbrueckii.
Journal of Basic Microbiology 47 (2007): 25-30.

[18] Yan, J., Bajpai, R., lannotti, E., Popovic, M. and R. Mueller. Lactic acid
fermentation from enzyme-thinned starch with immobilized Lactobacillus
amylovorus. Chem. Biochem. Eng. Q. 15 (2001): 59-63.

[19] Audet, P., Paquin, C. and C. Lacroix. Immobilized growing lactic acid hacteria
with K-carrageenan —locust bean gum gel. Appl. Microbiol. Biotechnol. 29
(1998): 11-18,

[20] Audet, p., Paquin, C. and C. Lacroix. Batch fermentations with a mixed culture
of lactic acid bacteria immobilizes separately in K-carrageenan locust bean
qum gel beads. Appl. Microbiol. Biotechnol. 32 (1990): 662-668.

[21] Senthuran, A., Senthuran, V. Mattiasson, B., and Kaul, R. Lactic acid
fermentation in a recycle batch reactor using immobilized Lactobacillus
casel. Biotechnology and Bioengineering 55 (1997): 841-853,



80

[22] Senthuran, A., Senthuran, V., Hatti-Kaul, R., and Mattiasson, B. Lactic acid
production by immobilized Lactobacillus casei in recycle batch reactor: a
step towards optimization. Journal of Biotechnology 73 (1999): 61-70.

[23] Krishnan, ., Gowthaman, M.K., Misra, M.C., and Karanth, N.G. Chitosan-
treated polypropylene matrix as immobilization support for lactic acid
production using Lactobacillus plantarum NCIM 2084. Journal of Chemical
Technology and Biotechnology 76 (2001): 461-468.

[24] Ogbonna, J.C., Liu, Y.C,, Liu, Y.K., and Tanaka, H. Loofa (Luffa cylindrical)
sponge as a carrier for microbial cell immobilization. Journal of
Fermentation and Bioengineering 78 (1994): 437-442.

[25] Oghonna, J.C., Tomiyama, ., Liu, Y.C., and Tanaka, H. Efficient production of
ethanol by cells immobilized in Loofa (Luffa cylindrical) sponge. Journal of
Fermentation and Bioengineering 84 (1997): 271-274.

[26] Vignoli, J.A., Celligoi, MAAP.C., and Silva, R.S.F. Development of a statistical
model for sorbitol production by free and immobilized Zymomonas mobilis
in loofa sponge Luffa cylindrical. Process Biochemistry 41 (2006): 240-243.

[27] Ghali, L., Msanli, ., Zidi, M., and Sakli, F. Effect of pre-treatment of Luffa
fibres on the structural properties. Materials Letters 63 (2009): 61-63.

[28] Thang, V.H. and Novalin, . Green Biorefinery: Separation of lactic acid from
grass silage juice by chromatography using neutral polymeric resin.
Bioresource Technology 99 (2008): 4368-4379.

[29] Daily 111, J. Technical Bulletin L.Salivarius. Daily Manufacturing, Inc. Available
from: www.dailv-mfg.com

[30] Klein, J. and Ziehr, H. Immobilization of microbial cells by adsorption. Journal
of Biotechnology 16 (1990): 1-16.

[31] Saudagar, P.S., Shaligram, N.S., and Singhal, R.s. Immobilization of
Streptomyces clavuligerus on loofah sponge for the production of clavulanic
acid. Bioresource Technology 99 (2008): 2250-2253.

[32] Roble, N.D., Oghonna, J.C., and Tanaka, H. L-Lactic acid production from raw
cassava starch ina circulating loop hioreactor with cells immobilized in loofa
(Luffa cylindrical). Biotechnology Letters 25 (2003): 1093-1098.


http://www.dailv-mfg.com

8l

[33] Oghonna, J.C., Tomiyama, ., and Tanaka, H. Development of a method for
immobilization of non-flocculating cells in loofa (Luffa cylindrical) sponge.
Process Biochemistry 31 (1996): 737-744.

[34] Oghonna, J.C., Mashima, H., and Tanaka, H. Scale up of fuel ethanol production
from sugar beet juice using loofa sponge immobilized bioreactor.
Bioresource Technology 76 (2001): 1-8.

[35] Phisalaphong, M., Budiraharjo, R., Bangrak, P., Mongkolkajit, J., and Limtong,

. Alginate-Loofa as carrier matrix for ethanol production. Journal of
Bioscience and Bioengineering 104 (2007): 214-217.

[36] Meleigy, S.A. and Khalaf, M.A. Biosynthesis of gibberellic acid from milk
permeate in repeated batch operation by a mutant Fusarium moniliforme
cells immobilized on loofa sponge. Bioresource Technology 100 (2009):
374-379,

[37] Santos, J.C., Pinto, .R.G., Carvalho, ., Mancilha, I.M., Felipe, M.G.A., and
Silva, . . Sugarcane bagasse as raw material and immobilization support for
xylitol production. Applied Biochemistry and Biotechnology 121-124
(2005): 673-684.

[38] Elezi, O., Kourkoutas, Y., Koutinas, AA., Kanellaki, M., Bezirtzoglou, E,,
Bamett, Y.A., and Nigam, p. Food additive lactic production by immobilized
cells of Lactobacillus brevis on delignified cellulosic material. Journal of
Agricultural and Food Chemistry 51 (2003): 5285-5289.

[39] Pillai, CK.S., Paul, ., and Sharma, c.p. Chitin and chitosan polymers:
Chemistry, solubility and fiber formation. Progress in Polymer Science 34
(2009): 641-678.

[40] Renault, F., Sancey, B., Badot, P.-M., and Crini, G. Chitosan for
coagulation/flocculation processes - An eco-friendly approach. European
Polymer Journal 45 (2009): 1337-1348.

[41] Ogawa, K., Yui, T. and K. Okuyama. Three D structures of chitosan, mini
review. International Journal of Biological Macromolecules 34 (2004): 1-8

[42] Krajewska, B. Application of chitin- and chitosan-based materials for enzyme
immobilizations: a review. Enzyme and Microbial Technology 35 (2004):
126-139.



82

[43] Available from  http://facultv.ircc.cc.fl.us/FACULTY/TFischer/images/hacterial

[44] Anatkatat, Y. Brewer’s yeast autolysate utilization for lactic acid production in
batch fermentor. Master’s Thesis, Department of Chemical Engineering,
Faculty of Engineering, Chulalongkom University, Bangkok, Thailand,
2007.

[45] Yoo, LK. Seong, G.H., Chang, HN., and Park, J.K. Encapsulation of
Lactobacillus casei cells in liquid-core alginate capsules for lactic acid
production. Enzyme and Microbial Technology 19 (1996): 428-433,

[46] Cotton, J.C., Pometto 111, A.L., and Gvozdenovic-Jeremic, J. Continuous lactic
acid fermentation using a plastic composite support biofilm reactor. Applied
Microbiology Biotechnology 57 (2001): 626-630.

[47] Shahbazi, A, Mims, M.R., Li, Y., Shirley, V., lorahim, S.A,, and Morris, A
Lactic acid production from cheese whey by immobilized bacteria. Applied
Biochemistry and Biotechnology 121-124 (2005): 529-540.

[48] Ganguly, R., Dwivedi, p., and Singh, R.P. Production of lactic acid with loofa
sponge immobilized Rhizopus oryzae RBU2-10. Bioresource Technology 98
(2007) : 1246-1251.

[49] Rangaswamy, V. and Ramakrishna, s.v. Lactic acid production by Lactobacillus
delbrueckii in a dual reactor system using packed bed biofilm reactor. Letters
in Applied Microbiology 46 (2008): 661-66.

[50] Hideno, A., Ogbonng, J.C., Aoyagi, H., and Tanaka, H. Acetylation of loofa
(Luffa cylindrical) sponge as immobilization carrier for bioprocesses
involving cellulase. Journal of Bioscience and Bioengineering 103 (2007).
311-317.

[61] Pandey, A., Soccol, C.R., Nigam, p., and Soccol, V.T. Biotechnological potential
of agro-industrial residues. I: sugarcane hagasse. Bioresource Technology 74
(2000): 69-80.

[52] Mulinari, DR. and da Silva, M.L.CP. Adsorption of sulphate ions by
modification of sugarcane bagasse cellulose. Carbohydrate Polymers 74
(2008) : 617-620.

[53] Hsu, CH., Chu, Y.F., Argin-Soysal, ., Hahm, T.S., and Lo, Y.M. Effects of
surface characteristics and xanthan polymers on the immobilization of


http://facultv.ircc.cc.fl.us/FACULTY/TFischer/images/bacterial

83

Xanthomonas campestris to fibrous matrices. Food Engineering and Physical
Properties 69 (2004): E441-E448,

[54] Huang, J., Yamaji, H., and Fukuda, H. Immobilization of Escherichia coli cells
using porous support particles coated with cationic polymers. Journal of
Bioscience and Bioengineering 104 (2007): 98-103.

[55] Budiraharjo, R. Loofa reinforced gel carriers for yeast immobilization in ethanol
fermentation. Master’s Thesis, Department of Chemical Engineering, Faculty
of Engineering, Chulalongkom University, Bangkok, Thailand, 2006.

[56] Alijundi, I.H., Belovich, J.M., and Talu, 0. Adsorption of lactic acid from
fermentation broth and agueous solutions on zeolite molecular sieves.
Chemical Engineering Science (2005): 5004-5009.

[57] Youssef, C.B., Goma, G. and Olmos-Dichara, A. Kinetic modeling of
Lactobacillus casei ssp. rhanmosus growth and lactic acid production in
batch cultures under various medium conditions. Biotechnology Letters 27
(2005): 1785-1789.

[58] Boonmee, M., Leksawasdi, N., Bridge, ., and Rogers, P.L. Batch and
continuous culture of Lactococcus lactis NZ133: experimental data and
model development. Biochemical Engineering Journal 14 (2003): 127-135.

[59] Tango, M.S.A. and Ghaly, A.E. Amelioration of lactic acid production from
cheese whey using micro-aeration. Biomass and Bioenergy 17 (1999): 221-
238,

[60] Liu, Y. K., Seki, M., Tanaka, H. and . Furusaki. Characteristics of loofa (Lujfa
cylindrical) sponge as a carrier for plant cell immobilization. J. Ferment.
Bioeng. 85 (1998): 416-421.

[61] Kumar, ¢. . and Bhattacharya, . Tamarind Seed: Properties, Processing and
utilization. Critical Reviews in food Science and Nutrition 48 (2008): 1-20.

[62] Available from: http://en.wikipedia.org/wiki/Coconut

[63] Ho, K. G., Pometto I1l, A. L., and Hinz, P. N. Optimization of L-(+)-Lactic Acid
Production by Ring and Disc Plastic Composite Supports through Repeated-
Batch Biofilm Fermentation. Applied and Environmental Microbiology
63(1997): 2533-2542.


http://en.wikipedia.org/wiki/Coconut

84

[64] Zeng, D., ,J. and Kennedy, J. F. Application of a chitosan flocculant to water
treatment. Carbohydrate Polymers 71 (2008); 135-139.



APPENDICES



APPENDIX A
CALIBRATION CURVE

A-I Calibration curve of cell dry weight
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APPENDIX B

EXPERIMENTAL DATA

Table B.I Experimental data of L. salivarius growth curve

Tir%e,h Cell dry weight, /L Glucose, g/L L-Lactioczazcid, gL

0.09 50.50 .
2 0.249 50.50 1.06
] 1074 45,00 5.90
6 2,088 34.35 1390
8 3.018 26.15 23.10
10 2.167 18.00 28.90
12 2.329 1320 32.40
14 2.099 9.20 34.20
16 2.072 6.70 35.60
22 2.056 149 40,00
24 2.062 0.2 42.90

Table B.2 Experimental data of the effect of CaCCss percentages on lactic acid

production
Time - sc SC+2.5%CaC03 SC+5.0%CaC03
h  Glucose,  L-Lacticacid, ~ Glucose,  L-Lacticacid,  Glucose,  L-Lactic acid,

giL giL giL oL g/lL giL
0 23.80 0.14 2340 0.14 23.40 0.14
4 23.70 0.21 23.10 0.22 23.10 0.2
6 23.20 0.61 22.40 0.76 22.80 0.76
9 21.20 3.19 21.00 3.70 21.40 3.93
12 20.50 4.27 18.20 6.29 18.20 1.22
2 19.10 5.94 1220 1288 11.08 14.80
24 18.40 6.20 10.16 14.36 8.44 16.08
30 17.80 6.86 6.28 17.24 4.52 19.92
36 17.30 1.03 3.02 19.32 132 22.04
48 16.70 111 0.16 2020 0.17 22.48
60 16.40 1.2 0.19 21.08 0.19 22.84
14 16.00 1.07 0.19 22.04 0.19 23.00
9 16.10 1.36 0.19 22.16 0.19 22.96

122 16.00 1.36 0.19 2.2 0.19 23.00
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Table B.3 Experimental data of Effect of initial glucose concentration on lactic acid
production

Time 200l 20 g/ + 5%CacC03 40 glL + 5%CaC03
h ' Llacticacid  Glucose,  L-Lacticacid,  Glucose,  L-Lacticacid,  Glucose,
IL L IL Oq/L giL
0 18 _23.20 0.18 24.20 20 40.40
3 1.9 21.20 2.04 21.80 192 38.20
6 3.26 20.20 4.78 19.56 4.34 35.80
9 4.32 19.54 1.74 15.96 7.08 33.00
12 5.12 19.24 10.16 12.64 9.38 30.40
15 5.70 18.58 12.28 10.24 11.88 29.08
2 6.48 18.06 12.54 5.52 15.24 23.96
24 6.86 17.86 12.56 3.48 17.32 22.60
21 1.08 1740 12.60 142 18.80 19.76
36 1.70 16.68 12.54 0.12 22.88 14.72
48 8.40 16.54 12.48 0.1 28.16 9.68
60 8.46 15.96 12.58 0.12 31.04 6.15
73 8.62 15.96 12.58 0.12 3144 4.04
99 8.52 15.62 12.10 0.12 31.92 2.60

Table B.3 Experimental data of Effect of initial glucose concentration on lactic acid
production (Cont.)

Time 50 g/L + 5%CaCOj 70 g/L + 5%CaCOi 90 gL + 5%CaC03
h  Llacticacid,  Glucose,  L-Lacticacid,  Glucose,  L-Lacticacid,  Glucose,
L %/L 0 g/L g/L gL
0 0.21 51.80 0.21 1240 22 91.00
3 172 50.60 1.30 70.80 1.06 87.00
6 4.16 49.40 3.42 69.60 2.92 85.50
9 1.20 47,00 592 66.40 5.45 84.00
12 9.36 42.60 1.96 64.00 7.30 80.50
15 11.44 40.20 10.24 63.20 9.25 79.00
2 15.32 36.20 13.36 60.40 1245 76.00
24 16.96 34.60 14.92 57.60 1390 74.50
21 18.64 31.88 16.56 55.68 15.25 73.00
36 22.12 26.84 20.56 51.84 19.05 70.00
48 21.52 21.80 25.28 47.12 23.35 66.00
60 30.88 17.80 21.20 40.80 21.20 62.70
73 32.56 1532 30.40 39.68 29.50 60.00

99 33.76 133 32.08 37 60 3140 57.20



Table B.3 Experimental data of Effect of initial glucose concentration on lactic acid
production (Cont.)

Time 100 i/l + 5%CaCo,

h ' L-Lacticacid,  Glucose,

glL 8/L
0 0.23 102.00
3 0.96 101.00
6 2.65 98.50
9 497 96.00
[V 6.95 95.00
155 8.65 93.50
21 11.75 91.00
24 12.95 88.00
21 1455 88.00
36 17.95 84.50
48 21.90 81.50
60 25.30 78.30
73 29.80 76.50

9 30.20 75.00
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Table B.4 Experimental data of cell-immobilized on loofa sponge

Time. - LI o L2 o L3 o
" Glucose, L-Lactic acid, Glucose, L-Lactic acid, Glucose, L-Lactic acid,

glL giL giL L L giL

MB (R0) 0 48.60 0.00 48.30 0.00 49.00 0.00
2 47.30 0.32 47.80 0.38 48.60 031

4 4590 315 46.20 3.03 46.20 2.62

6 42.00 6.43 42.60 6.15 41,60 5.66

8 31.90 8.92 38.20 8.40 36.80 8.31
10 34.10 1215 34.80 1147 33.30 11.38
12 29.30 15.15 31.30 13.97 28.80 14.28
14 25.50 18.75 21.50 18.47 25.60 19.38
16 21.20 20.95 22.10 21.27 20.40 22.38
24 12.00 25.95 12.80 2547 11.40 28.18

Rl 24 47.20 0.00 48.50 0.00 47.00 0.00
26 45.00 155 45.90 167 44.90 1.52

28 43.00 3.14 43,80 347 41.60 352

30 40.90 5.46 40.20 6.07 39.00 6.36

32 38.20 146 36.70 8.33 36.30 9.37
34 34.60 9.56 33.20 1113 3350 11.87
36 31.80 11.26 28.70 13.93 29.70 15.07
44 20.30 19.26 1750 21.33 17.30 23.17
48 15.10 24.26 9.67 25.63 9.68 21.47

R2 48 50.90 0.00 49.80 0.00 50.10 0.00
50 48.20 1.68 48.20 1.00 49.20 0.28

52 45.70 3.16 46.90 2.30 47.80 113

56 39.70 8.29 41.40 6.93 40.30 5.93

58 34.60 13.19 33.70 1133 34,60 9.83

68 18.50 23.09 17.90 20.73 17.70 20.03

Y 13.60 25.69 1230 23.33 12.70 22.63

R3 n 45.10 0.00 46.70 0.00 48.00 0.00
14 42.60 3.94 4210 2.84 44.20 342

78 34.40 9.80 33.20 9.44 34.20 9.98
82 26.70 14.60 26.10 13.94 26.60 14.68
86 19.40 19.20 19.10 19.14 20.60 1768
92 10.70 25.50 9.81 23.64 1140 22.98

96 8.48 26.20 6.50 25,04 8.76 2398

R4 96 47.00 0.00 47.20 0.00 48.10 0.00
98 44.40 1.95 44.40 132 45.10 1.20

102 3720 7.02 36.90 6.84 37.50 6.54
106 30.30 1152 29.10 11.94 29.80 1174
116 11.60 21.92 9.28 24,34 10.30 2224
120 1.76 24.92 5.49 26.24 1.36 2354

R5 120 49.00 0.00 48.20 0.00 49.00 0.00
122 45.00 359 46.00 373 45.80 334

126 34.70 .17 31.60 8.41 36.00 191

130 29.50 10.27 31.90 1241 32.30 1261

140 1350 2177 1310 21.81 14.40 2281

144 1.39 24.37 6.25 26.61 1.56 2531

R6 144 49,61 0.00 49.72 0.00 50.05 0.00
168 9.11 20.16 9.50 19.73 9.72 20.90

R7 168 50.82 0.00 50.38 0.00 50.16 0.00
192 132 17.66 7.66 16.84 8.51 17.70

R8 192 48.20 0.00 47.70 0.00 48.70 0.00

216 435 11.45 5.04 10.02 3.50 12.33



Table B.4 Experimental data of cell-immobilized on loofa sponge (Cont.)

MB (RO)

Rl

R2

R3

R4

R5

R6
R7

RS

Time, h

102
106
116
120
120
122
126
130
140
144
144
168
168
192
192
216

Glucose, g/L
49.50
48.20
46.10
42.20
38.00
34,00
28.20
25.60
22.50
12.20
48.30
46.60
4320
40.60
35.90
31.90
21.60
16.10
14.00
51.00
49.00
46.90
39.50
34.20
17.70
1250
47.40
4170
33.20
24.60
15.80
6.12
1.80
46.90
44.50
38.30
30.10
8.07
431
49.40
46.40
38.60
31.80
12.10
523
50.05
10.18
50.60
9.04
48.10
433

L4
L-Lactic acid, g/L
0.00
0.37
313
5.55
9.45
12.65
15.35
19.15
20.65
21.75
0.00
1.36
3.40
6.05
8.30
10.50
13.30
23.20
28.10
0.00
0.29
0.73
5.44
9.44
19.44
21.84
0.00
4.99
10.97
16,57
19.87
23.77
25.87
0.00
1.08
5.82
11mn
24.42
26.02
0.00
337
8.94
13.54
22.94
26.74
0.00
20.63
0.00
17.79
0.00
1217

Glucose, g/L
49.00
48.80
45.90
43.60
38.80
35.10
30.30
26.00
23.70
12.70
46.60
45.20
4240
37.60
33.80
29.80
26.40
1430
7.93
49.40
4820
46.70
39.30
32.90
16.80
9.88
49.40
43.00
3290
24.00
15.00
5.56
0.49
45.90
4330
35.70
21.90
6.24
2.94
4770
42.70
34.60
28.70
831

159
50.49
9.34
5291
7.08
47.00
5.08

L5
L-Lactic acid, g/L
0.00
0.50
3.62
6.51
9.26
1221
15.61
1781
202
2141
0.00
1.66
3.69
5.80
8.97
1147
1467
22.67
26.67
0.00
0.27
0.82
5.95
10.55
20.55
24.25
0.00
3.21
10.38
15.08
18.38
25.18
27.48
0.00
1.20
6.58
1118
23.18
24,68
0.00
4.04
8.78
13.38
22.48
24,68
0.00
20.55
0.00
18.48
0.00
12.08

o
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Table B.5 Experimental data of cell-immobilized on sugarcane bagasse

Time. - Bl o B2 o B3 o
’ Glucose, L-Lacﬂlc acid, Glucose, L-Lacnlc acid, Glucose, L-Lacnf acid,
L - L -

MB (RO) 0 7%.00_ 0.00 50.30 0.00 48.60 0.00
2 4330 1.95 46.40 2.19 4550 281

4 40.10 4.95 43.20 4.40 41.90 448

6 36.40 6.85 39.20 6.54 38.60 630

8 33.60 8.65 36.10 8.90 35.90 9.05
10 30.50 11.05 31,90 11.40 33.40 11.05
12 27.80 13.05 28.80 13.90 30.90 12.65
14 25.40 14.95 24.80 16.30 28.00 14.65
16 23.20 16.45 22.80 18.30 25.30 16.15

24 1430 20.95 12.80 24.30 15.30 2245

R1 24 4350 0.00 47.70 0.00 46.60 0.00
26 35.70 6.38 39.90 487 41.00 450

28 31.10 9.38 35.10 7.85 35.80 7.90

30 21.70 11.48 31.90 10.95 30.20 11.10

34 20.80 15.48 25.60 15.25 23.00 15.70

38 14.80 18.28 20.70 17.85 16.60 19.10

82 10.20 2038 18.40 19.95 11.40 21.80

48 535 22.38 14.00 21.45 6.01 23.20

R2 48 46.40 0.00 47.80 0.00 4750 0.00
50 39.60 4.47 44.70 2.83 43.20 3.78

54 32.90 10.52 37.20 7.29 36.70 9.12

58 27.50 14.72 30.10 12.09 30.70 13.02

62 22.60 1752 24.20 15.49 25.10 15.82

72 9.64 24.22 13.50 22.79 12.90 22.92

R3 72 46.20 0.00 50.30 0.00 50.20 0.00
74 4140 4.65 4450 4.09 44,80 4.22

78 35.60 9.67 36.50 8.89 36.60 8.64
82 29.70 13.37 30.20 12.19 29.20 12.74
86 22.90 15.87 24.30 14.89 23 60 16.14

96 11.10 20.87 13.90 21.79 11.90 2274

R4 96 4590 0.00 50.20 0.00 48.50 0.00
98 37.60 488 43.10 5.14 42.40 510

102 31.10 9.01 35.20 9.31 34.90 10.31

106 26.30 11.81 30.20 1181 30.20 12.81

110 22.50 1441 26.40 1391 26.00 1451

120 13.50 1791 15.50 1841 16.90 1841

R5 120 4141 0.00 41.41 0.00 49.17 0.00
144 19.58 16.19 18.37 16.98 15.73 17.35

R6 144 49.83 0.00 49.72 0.00 49.83 0.00
168 18.04 1361 13.86 13.90 14.74 15.81

R7 168 52.69 0.00 53.90 0.00 52.69 0.00

192 8.95 1167 9.23 21 8.75 1077



Table B.5 Experimental data of cell-immobilized on sugarcane bagasse (Cont.)

Time, h B4 B
’ Glucose, g/l L-Lactic acid, g/L ~ Glucose, g/L  L-Lactic acid, g/L

MB (RO) 0 51.00 0.00 48.70 0.
2 4740 3.42 44.80 3.64
4 43.20 5.29 41.50 551
6 39.90 1.30 38, 7.35
8 36.20 9.64 36.00 9.97
10 32.90 1174 33.10 nmn
1 29.60 13.84 29.50 13.97
i 21.00 15.24 21.30 1547
16 24.20 17.04 24.30 16.57
24 1440 22,54 15.60 21.87
Rl 24 43.10 0.00 44.40 0.00
26 38.00 4.23 39.10 3.38
28 33.10 8.23 34.90 6.98
30 29.50 11.33 28.50 10.48
34 21.30 15.33 21.90 14.48
38 15.30 18.43 15.10 17.28
42 10.80 21.23 10.90 20.18
48 5.74 23.43 6.10 22.28
R2 48 47,50 0.00 47.80 0.00
50 43.30 4.24 4290 414

54 35.90 9.60 36.30 10.
58 2950 1330 29.60 13.60
62 24.40 16.50 24.00 16.20
n 12.60 23. 12.20 21.70

R3 72 51.30 0.00 49.70 0.
74 43.90 4.60 41.70 4.96
78 35.90 10.72 3420 10.13
82 29.60 1422 28.20 137
86 23.40 17.22 22.50 16.93
96 1240 2232 12.30 2213

R4 96 48.50 0.00 49.30 0.
98 41. 5.59 42.70 533
102 34.70 11.04 33.60 104
106 30.20 1434 28.30 1351
110 25.70 16.44 24.90 1561
120 16.60 20.34 17.80 1871

R5 120 48.84 0.00 48.29 0.
144 17.49 1751 15.84 1737

R6 144 5137 0.00 49.39 0.
168 16.28 14.87 11.22 15.36

R7 168 54.67 0.00 55.11 0

192 8.86 1314 6.97 1312
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