EXTRACTIVE LACTIC ACID BIOCONVERSION
USING ION-EXCHANGE RESIN

By
ARADHANA SRIVASTAVA
Department of Biochemical Engg. and Biotechnology

THESIS SUBMITTED
IN FULFILMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

LITYL L

to the

INDIAN INSTITUTE OF TECHNOLOGY, DELHI
NOVEMBER, 1993



This is to certify that the thesis entitled “Extractive lactic acid bioconversion using
ion-exchange resin *” submitted by Ms. Aradhana Srivastava has been prepared
under our supervision in conformity with rules and regulations of the INDIAN
INSTITUTE OF TECHNOLOGY, DELHI. The research report and results
presented in the thesis have not been submitted elsewhere for any degree or award

in any other University.

s F .
ok saten.) A Re| Gomdthey
“1 [ 4

[ VIKRAM SAHAI ] [ PK. ROYCHOUDHURY ]




ACKNOWLEDGEMENTS
It is a great pleasure to express my sincere thanks to my research supervisors Dr. Vikram
Sahai and Dr. PX. Roychoudhury for their able guidance, genuine criticism and useful

suggestions made during my research work.

I am very much thankful to Head of Department Prof. Subhash Chand for providing me
all the facilities to complete my research work. It is my privilege to acknowledge my
sincere thanks to Prof. P. Ghosh for his cooperation and help. I am also thankful fo all

the faculty of BERC for their help and keen interest.

I owe my thanks to Mr. Shiv Singh, Mrs.S.Mathai, Mrs Renu, Mr.V.K.Ghosh, Mr.
G.P.Yadav, Mr. Khurana, Mr. Sharma, Mr.J.A.Khan and Mr. Keshav for their skillful
technical assistance during the experimental work. Thanks are also extended to Mrs.

Neera Verma and Mrs.Sunita Abrol for their cooperation.

I am immensely pleased to thank all my friends and colleagues for their untiring help and
everlasting cooperation. I am highly obliged to Mr.G. Kannan and his family for giving

all the help and support during my thesis writing work.

Last but not the least, 1 am highly grateful to my husband Dharmesh for the moral

support at various stages of my work. -

ARADHANA SRIVASTAVA




Chapter 1

Chapter 2

CONTENTS

Introduction and Objectives

11
12

Introduction

Objectives

Literature review

2.1

2.2
2.3

24

2.5

2.6

Introduction

Lactic acid biosynthesis

Extractive bioconversion

2.3.1 Bioconversion coupled with
adsorption

2.3.2 Bioconversion coupled with
ion-exchange

2.3.3 Bioconversion coupled with
liquid-liquid extraction

2.3.4 Bioconversion coupled with
aqueous two phase system

2.3.5 Bioconversion coupled with
membrane separation

Comparison of different extractive
lactic acid bioconversion processes
Factors influencing the lactic acid
bioconversions

2.51 Temperature

25.2 pH

2.53 Substrate

2.54 Cell modification
2.5.5 Mode of extraction

Mathematical models for extractive
lactic acid bioconversion

2.6.1 Friedman and Gaden model
2.6.2 Stieber and Gerhardt model
2.6.3 Yabanavar and Wang model

Page number

17
24

27

29
32

32
33
34
35
35

37

37
41
42



Chapter 3

Chapter 4

Chapter 5

Theoretical considerations

3:1

Kinetic model

3.1.1 Batch recycle system for extractive

lactic acid bioconversion
3.1.2 Assumptions
3.1.3 Model equations

Materials and Methods

4.1
4.2

43
44
4.5
4.6
4.7

4.8
4.9

Microorganism and Inocula
Assay techniques

42.1 Dry cell weight
42.2 Sucrose and lactic acid
423 Total sugar estimation

Batch bioconversion

Resin and its preparation

Extractive bioconversion

Pretreatment of molasses

Batch recycle bioconversion with

intermittent molasses feeding

Feeding of molasses

Estimation of adsorbed lactic acid in resin
packed column during extractive bioconversion

Results and discussion

5.1

52

Studies on sucrose-yeast extract medium

5.1.1 Batch bioconversion
5.1.2 Extractive bioconversion

5.1.2.1 Effect of temperature

5122 Effect of pH
Studies on molasses medium

5.2.1 Batch lactic acid bioconversion

from molasses
5.2.2 Extractive lactic acid
bioconversion from molasses

46

48
49

50
51

51
51
52
52
52
53
55

56
58

58

63

63

63
63

68
70

70

70

73



5221 Studies on batch recycle system 73

3222 Studies on batch recycle system
with intermittent molasses feeding 73
53  Lactic acid balance 86
54  Resin toxicity to L.delbnreckii cell 89
3.5  Effect of cell adsorption on
extractive bioconversion 91
5.6  Growth inside resin packed column
during extractive bioconversion 91

5.7  Modelling of extractive lactic acid

bioconversion 94
Chapter 6  Conclusion and future scope 99

Appendix I Growth rate in extractive lactic acid

bioconversion system 102
La  Lactic acid adsorption on resin

packed column 102
1.b Product inhibition kinetics in

lactic acid bioconversion 104
1C Growth rate in resin packed column 109
1d Growth rate in bioreactor 113

Appendix II Product formation rate in extractive
bioconversion 114

Appendix HI Substrate utilization rate in
extractive bioconversion system 115

Appendix IV Model constant identification and model

validity test 116
Appendix V. Computer programmes used 118

Appendix VI pH controller cum relay combination

circuit 126
Appendix VII Different lactic acid extractive

bioconversion profiles 128
Notations 138

References 141



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

