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L-Lactic acid is a water soluble chemical widely disa food, beverage,
cosmetic, and pharmaceutical industries. The hgtca purity (>99%) of the acid is
also desired for biodegradable plastics producfidrus, the high demand oflactic
acid is currently faced but the economical productof the acid is still relied on
bioconversion of sugars, particularly glucose. &tarmaterials, low-cost substrates
compared to sugarsye an alternative raw material but the suitableroorganism
capable of both utilizing starch and producindactic acid has to be applied. This
study emphasized on screening of potential lactid bacteria for producing-lactic
acid with high optical purity from tapioca starchdaoptimizing the acid production
conditions. A total of 280 lactic acid strains eteld from their natural habitats were
tested forL-lactic acid production using liquid medium contag 2% glucose. One
hundred and twenty-eight were found to producimfjdaacid at concentrations in the
range of 0.91-8.60 g/l with >95% optical puritylefactic acid. These bacteria were
homofermentative. Two starch-utilizing isolatéSAR134 and SUT513) producing
L-lactic acid at concentrations of 7.89 and 8.60egpectively, were then selected for
the acid production from tapioca starch. The twaiss were identified as belonging

to different strains of the gen@&reptococcus according to their morphological and



v

physiological characteristics, and 16S rRNA gemgueace. For optimization of its
growth and lactic acid production conditions, thugable media for both growth and
L-lactic acid production of isolates CAR13AdSUT513 were found to composed of
main ingredients as follows: 30 and 30 g/l (drygim) of tapioca starch, 3.0 and 5.0
g/l of spent brewer’s yeast, and 4.0 and 2.5 gthgdtone, respectively, at the initial
pH of 7.0. When lactic acid fermentation was perfed in a bioreactor containing 5 |
of the optimized media under optimal temperatur8=C, the strains CAR134 and
SUT513 could produce the maximuractic acid concentrations of 32.70 and 38.90
g/l with >99% optical purity after cultivation f@8 and 28 h, respectively. The two
strains (CAR134 and SUT513) could produekactic acid yield ¥ as) of 92.15 and
99.64% with productivity of 1.41 and 1.61 g/l.hdaspecific growth rateSufy) of
0.27 and 0.51h respectively. The acid product could be simplyifiad from the
inexpensive optimized tapioca starch media by atlysation using calcium chloride,
which resulted in purified-lactic acid(100% optical purity) of 57.0 and 64.2 g/l for
isolates CAR134 and SUT513 respectiveht.actic acid with high optical purity is

very useful for the production of biodegradablesptss.
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Academic Year 2010 Advisor’s Signature —Vveelsic— Mﬂ%z/



ACKNOWLEDGEMENTS

| would like to express my appreciation for Master degree Scholarship that
Suranaree University of Technology offered in my thesis. | would like to thank my
thesis advisor, Asst. Prof. Dr. Sureelak Rodtong for giving me the opportunity to
study on this thesis, and for her valuable guidance and suggestions throughout my
study. My sincere thank is extended to the thesis committee, Assoc. Prof. Dr.
Somboon Tanasupawat (Faculty of Pharmaceutical Sciences, Chulalongkorn
University) for his comments and advices on my work. | wish to express my gratitude
to the dissertation committee, Asst. Prof. Dr. Chantima Deeprasertkul (Institute of
Engineering, Suranaree University of Technology) for her comments and suggestions.

| would like to extend my sincere thanks to al staffs and my friends at
Suranaree University of Technology, particularly in Microbiology |aboratory, for their
help, kindness and friendship, especially Miss Maysa Nanthisa for all their kind
hel pfulness, suggestion and best friends. | wish to thank Mrs. Chintana Tayuan for her
contribution to this work and Miss Sudarat Pramkaew for generously helping to mein
the laboratory analysis. It was my great pleasure knowing al of them. Specidl
acknowledgement is directed to Miss Patharaporn Chunkoh and Miss Orawan La
ongkham for their friendship, understanding and sharing the stressful moments with

me and helping me whenever | needed.



VI

My great appreciations are extended to all staffs and friends in the Schools of
Biology and Microbiology, Suranaree University of Technology, Nakhon Ratchasima,

Thailand, for their help and friendship.

Most of al, my deepest gratitude is extended to my parents and cousins for

their infinite love, understanding and constant encouragement throughout my study.

Yubon Pikul-ngoen



CONTENTS

Page
ABSTRACT IN THAL . .ot e e e e e e et eeeaa e e e et annennnaaaees I
ABSTRACT IN ENGLISH ...t neeens 1l
ACKNOWLEDGEMENTS ... .ottt e e et e et e e enean VvV
[0 0 ]\ I I = N 1 PPN VI
LIST OF TABLES ... ettt e et e e e e e a e eanas X
LIST OF FIGURES ...ttt e e e XV
LIST OF ABBREVIATIONS ... .ottt e e e e e XIX
CHAPTER
I INTRODUCTION ... r e e e e e e eanas 1.
0 [ 11 To [ L1 1 0] o PP 1
1.2 ReSearch ODJECHIVES. ......ooeiiiiiiiiieee e 2
1.3 Research NYPOtNESIS. .........cooeviiui ettt e e e e e e eeeeees 3
1.4 Scope and limitations of the study .....cooe i, 3.
1.5 EXPECLEd rESUILS .....coiiiiiiiiiiiiiiimmmmmmm et e e ee e 3
[ LITERATURE REVIEW ...t 4
2.1 Lactic acid bacteria ............uueuiiiiiiiiiiiee e 4
2.1 TaXONOMY....oiiiiuiieieeiieitie e e et ameaee e e e e e eae e e e e e enra e e e e e eeennans 4
2.1.2 MOrPROIOgY ..ccceeeiiiiiiiiee e 5

2.1.2.1 Cell Morphology ......ccoooeeeiiiii e



Vil

CONTENTS (Continued)
Page
2.1.2.2 Colony morphology ......ccoooeeiiicc e 7
2.1.3 HabDITALS. ... .oveiiiiiiiii e 7
2.1.4 Carbohydrate metabolism of lactic acid &aat............................. 7
2.1.5 Starch-utilizing and lactic acid-produclmagrteria...........cccccee...... 11
2.2 L-LACHC @CIU....cceiiiiiteeiiee ettt 16
2.2.1 Chemical structure and property dactic acid ............cccceeeeeenn... 16
2.2.2 Sources QFlactiC aCid ...........ccooviiiimiiieeiiieee e 18
2.2.2.1 Chemical Synthesis..........ccootceeeeeeeeeeeeeeee 18
2.2.2.2 Microbial fermentation .............ccccevviiiiiiiiiiiiiiieeeeee 20
2.2.3 Industrial application aflactic acid............cccccceeeiiiiieieeeeeeeeennn. 21
2.2.3.1 Biodegradable plastiCS .........cceummemrrrrriieiiiiiieeeeeeeeeeeen, 21
2.2.3.2 FOOd iINAUSIIY ...uuiiiiee e 23
2.2.3.3 Pharmaceutical and cosmetic applications................ 24
2.2.3.4 Other iNdUSINES........cuviiiiiceecer e 25
2.2.4 Production af-lactic acid by lactic acid bacteria..........cccc....... 25

2.2.4.1 SUDSHAIES ......oviiiiiiiiiieeee e 26
2.2.4.2 ProducCtion PrOCESS ......uuiiiiieeeieeeeeeeeeeeeeeeeiiniinnnnneeeeens 29
A) Factors affecting-lactic acid fermentation ............... 29

a) Chemical factors ........ccceeeeiiviieeiiieeeieeeeeeeeeeiiis 29

b) Physical factors..........cccevviiiceeeereeeeee, 31

B) Process configuration............ccccceveeeeeeeiiiiveeeeeiiinnns 33



CONTENTS (Continued)

Page

2.2.5 Extraction and purification bflactic acid from fermentation

MEAIUM ...ttt e e e e e e e e e e e e e e e aeaeseaaaans 35
Il MATERIALSAND METHODS........cctiiiieie it 38
3.1 Chemicals, reagents, and media........cccceeeereeeeiieeeeeieieeeeeee 38

3.1.1 Screening and selection of lactic aciddrétorL-lactic acid

10 o 11 T 1 o S PUSRRR 38
3.1.2 Extraction and purification oflactic acid.............ccccceevvvvvvvniennnnn. 39
3.1.3 Identification of lactic acid bacteria...c..........cccvvvvvieiiiiiiiinnccns 39

3.1.3.1 Morphological and physiological charaesgion........... 39

3.1.3.2 Molecular characterization of 16S ribnabRNA gene. 39

I 101y 1 (U] 0 g =] o] =1 1o ] [ 40

3.3 Screening of lactic acid bacteria felactic acid production from

0|11 o0 1] P 41
G0 700 B |V [Tt {0 Yo o F= T a1 ] 1 1 R 14
3.3.2 L-Lactic acid production from gluCOSe.........ceeeeervrrrrrrreniiiinnnnnn. 42

3.4 Selection of lactic acid bacterial isolated aamparison for their

L-lactic acid production from tapioca starch............cccccceeeeeeeeiiiieeeennnnns 43

3.4.1 Investigation of tapioca starch hydrolysis...........ccccvvvvvvvvinnnnnnn. 43

3.4.2 L-Lactic acid production from tapioca starch..............cccccceeeennn.. 43
3.5 Optimization of some conditions fiodactic acid production ................... 44

3.5.1 Concentrations of tapioca Starch ...cccccee.ccooeeviivviieeeeiiiicee, 45



CONTENTS (Continued)

Page
3.5.2 Types and concentrations of Nitrogen S\RILC..........vveeeirereeeeennn. 45
3.5.2. 1 TIYPLONE .couniiiiieeeet e 45
3.5.2.2 Spent brewer's yeast ...........ccceeeeeeiieiie e 46
3.5.3 Initial pH of the culture medium ... 46
3.5.4 Cultivation temperature............ccceeeeeiieieeeeeee e 47

3.5.5 Initial INOCUIUM SIZE ......coiiiiiiiieeeee e 47.

3.6 Production of-lactic acid from tapioca starch .............cccceevvevevvvinnnnnnnn a7

3.7 Preliminary investigation farlactic acid extraction and purification

from the optimized Medium.............uiiiii e 48

3.8 Identification of the selected lactic acid tesial isolates......................... 49
3.8.1 Morphological characterization.........cccceeeevvviviveeeeiiiiciceee e 49
3.8.2 Physiological characterization.......ccccce.veeeiiieeeiiieeeeeeeeeeeeeeiiiinnnns 49
3.8.2.1 pH, temperature, and salt tolerancs test.................... 49

3.8.2.2 Carbohydrate fermentation profil€...........cevvvvvennnn.. 50

3.8.2.3 Starch hydrolysiS...........ccccveeeeee e, 50
3.8.2.4 Arginine NydrolySiS...........uuuumemmmrerrrriiiiiiiinneeeeeeeeaeeeeeen 51
3.8.2.5 Casein hydrolySiS............uuuummmmmmreeeeeeeeeeeeeeeeeeiiiiinns 51
3.8.2.6 Gelatin hydrolySiS.............vvcemmmmeeeeeeeeeeeieeeeeeeiinn 51
3.8.2.7 MOLILY coovviieieeieiiee e 51

3.8.2.8 Catalase tESt ...uvvnieeiee e 52



XI

CONTENTS (Continued)
Page
3.2.8.9 OXIASE tEST......uevieiieee sttt 52
3.2.8.10 Gas ProdUCLION ............ueee. e eeeeensnnnnnneasaeeeeeeeaseeeeens 52
3.8.3 Molecular characterization of 16S ribosoRMIA gene ............... 53
3.8.3.1 Extraction of genomic DNA ........occcceieeeeeeiiiieeeeeeiiiinne 53
3.8.3.2 Amplification of 16S ribosomal RNA gene................. 54
3.8.3.3 Sequencing of ribosomal DNA.....ceeeeieeeee. 54
V. RESULTSAND DISCUSSION.....iiiiiiiiiiiieeeieeeie e e e eemmnn e e 56
4.1 Screening of lactic acid bacteria felactic acid production from
0|11 o 0 1] PP 56
4.2 Selection of lactic acid bacterial isolated aomparison for their
L-lactic acid production from tapioca starch............cccccceeeeeeeiivieeeeennnns 58
4.2.1 Investigation of tapioca starch hydrolysis...........cccccvvvvvieniennnnn. 58
4.2.2 L-Lactic acid production from tapioca starch.............c..ccceeeee. 60
4.3 Optimization of some conditions fioflactic acid production.......................... 63
4.3.1 Concentrations of tapioca starch ...cccceeeeovvvveiiiiiiciiiiieeeee, 64
4.3.2 Types and concentrations of nitrogen SERILC.........cceeveeieeeeeeeennn. 67
T B N I Y/ o)1 (o] T TP 67
4.3.2.2 Spent brewer's yeast ..........ccccceeeeee i 69
4.3.3 Initial pH of the culture medium .......cccccoovvvviiiiiiiii e, 74
4.3.4 Cultivation tempPerature............oeeeeveurrueriiiiiiseaeeeeeeeeeereeeeeeannnnnnnn. 77

4.3.5 INOCUIUM SIZE ..o e 79



Xl

CONTENTS (Continued)

4.4 Production of-lactic acid from tapioca starch ............ccceeeevvivvivnnnnnnnn. 81

4.5 Preliminary investigation farlactic acid extraction and purification

from the optimized Medium.............uiiiiic e 86
4.6 Identification of the selected lactic acid teai@l isolates........................ 89
4.6.1 Morphological and physiological charactatian ......................... 89
4.6.2 Molecular characterization of 16S ribosoRBEIA gene ............... 95
V' CONCLUSIONS.....co e e ennes 109
REFERENCES ... e 112
APPENDICES ... e e e e e e e e e e e e enne 135
APPENDIX A CULTURE MEDIA AND REAGENTS .......cccoovviiiiiieeeees 136

APPENDIX B SCREENING AND SELECTION OE-LACTIC
ACID-PRODUCING BACTERIUM..........cccovviiiiiiimmne. 142

APPENDIX C OPTIMIZATION AND PRODUCTION OHR.-LACTIC

ACID .. 155
APPENDIX D STANDARD CURVES. ..., 164
APPENDIX E HPLC CHROMATOGRAMS .........oitiiimmmm s 166

APPENDIX G NUCLEOTIDE SEQUENCE DATA ..., 171
APPENDIX H LIST OF PRESENTATIONS ...t 177

CURRICULUM VITAE ... 190



Table

2.1

2.2

2.3

2.4

2.5

2.6

3.1

3.2

4.1

4.2

4.3

4.4

LIST OF TABLES

Page
Characteristics for different lactic acid baetlegenera..........cccoooeeeeeeeeeeinnneee. 6
Habitats of some lactic acid bacterial SPeCies............uuuuviiiiiiiiiieiiiiiiiieiinns 8
Physical properties of [actiC acid ..........ceoeeiiiiiiiiiiiiiii e 17
Potential -lactic acid producing-miCroorganisms ...........cceeeeevveveveennnnnnnns 20
Substrates far-lactic acid Production ..o ieceeciiiiiie e 28
L-Lactic acid production by lactic acid bacteriangsdifferent
fermentation MOUES............ooiiiiuuieeeen e e e e e e et e 34
Components of optimized RAM Medium.......cccaaeieiiiieiieeeeiieiieeeeeiiiiiiies 46

Oligonucleotide primers used for PCR amplifmatand sequencing of

16S TRNA QNG ...t e e e e e e e e eeennnes 55
Medium constituents for the investigation déefs of yeast extract and

spent brewer’s yeast on lactic acid productiontbgirss SUT513 and

CAR L . r—————— 70
Components of RAM and optimized media for @ettid production by
bacterial strains SUT513 and CARL34.........ccccoiiiiiieiiiiieeeeeeeeeeee e 83
Comparison of direct-lactic acid fermentation from tapioca starch by
isolated SUT513 and CARL3A........cooiiiiiiiceemmmm et 83
General characteristics of 4 isolates of sethciactic acid-producing

0 F= o1 (<] £ - WU 93



Table

4.5

4.6

4.7

XV

LIST OF TABLES (Continued)

Page
Similarity of 16S rRNA gene sequences of SUTaid CAR134
compared witl&treptococcus species from NCBI nucleotide sequence
ATADASE ...t e 98
16S rRNA gene sequence similarity of isolatd3®ml3 and CAR134
and related SPECIES .......cccee e e 102
Morphological and physiological characterisbfg selected isolates
and their closer phylogenetic neighbo8nseptococcus bovis,

S equinus, S infantarius andS. ITUELIENSIS.........eueiiiiieeieeeeeeeeeeeeeeei 103



Figure

2.1

2.2

2.3

2.4

2.5

2.6

4.1

4.2

LI1ST OF FIGURES

Page
Major fermentation pathways of gluCOSe...cccoo oo 12
Pathway of (+)-lactic acid production from lactose by an inilas
LactOCOCCUS [ACHIS SN .....vvveiiiiii ettt emmmme e e e eaeeeeneaes 13
Galactose metabolism in lactic acid bacteri@.. .........uuvvvueiiiiiiiiieeieiineee. 14
Enantiomers of [aCtiC aCid............uuuiiiiiiiiiiie e 17
Lactic acid production process via chemicallsgsis.................cccoevvvienen.n. 19
Structure of-lactide and poly(-lactic acid) ............ccoovviviiiiiiiiiiiiieeneeeeee, 22

Colonies of the selected bacteria obtained fiermentation medium at

48 h cultivation and spreaded on RAM agar: isol&e3513 (A and B);
CAR134 (C and D); these colonies produced enzynmgdoolyze

tapioca starch as shown by the reactioiodine (B and D)...............ceeeeee. 59
Comparison of growth (Log CFU/mI) in MRS medigontaining 2%

glucose and RAM medium containing 1% tapioca staaoldL-lactic

acid (g/l) produced in MRS containing 2% glucosd BRAM containing

1% tapioca starch by selected strains SUT513 (d)@AR134 (B) after

INCUbAtioN At 35°C fOr 72 N.eneeieeee e 62



Figure

4.3

4.4

4.5

4.6

4.7

XVI

LIST OF FIGURES (Continued)

Page
Effect of tapioca starch concentrations (10,215 25, 30, 35, and 40 g/l)
on bacterial growth anid-lactic acid production by SUT513 (A) and
CAR134 (B) in modified RAM medium at an initial pd4 7.0 and
incubated at 35°C fOr 48 N .....oovviiiiii e 66
Effect of tryptone concentrations (2.0, 2.9, 4.0, and 5.0 g/l) on
growth and_-lactic acid production by bacterial isolates SU3$A)
and CAR134 (B) in modified RAM medium at an init@H of 7.0 and
incubated at 35°C fOr 48 N.....ooviiiiii e 68
Effects of yeast extract and spent brewer'stygable 4.1) on growth
andL-lactic acid production by bacterial isolates SU3%A) and
CAR134 (B) in modified RAM medium at the initial pdf 7.0 and
incubated at 35°C fOr 48 N ......oviiiiii e 72
Effect of initial pH of fermentation medium @55.5, 6.0, 6.5, 7.0, and
8.0) on bacterial growth andlactic acid production by SUT513 (A)
and CAR134 (B) in modified RAM medium at an init@H of 7.0 and
incubated at 35°C fOr 48 N .....ooviiiiii e 76
Effect of cultivation temperatures (25, 30, 35, 40, and 4%) on
growth and._-lactic acid production of bacterial isolates SUZ%3A)
and CAR134 (B) in modified RAM medium at an init@H of 7.0 and

incubated at 35°C fOr 48 No...eeeeee e 78



XVII

LIST OF FIGURES (Continued)

Figure Page
4.8 Effect of initial inoculum sizes (1, 2, 3, 4d5%) on_-lactic acid

production by bacterial isolates SUT513 (A) and ABR (B) in

modified RAM medium at an initial pH of 7.0 and ul@ated at 35°C

FOF A8 N 80
4.9 L-Lactic acid production by isolates SUT513 (A) @KR134 (B) in 5|

optimized medium containing 30 g/l (dry weight)tapioca starch in a

controlled bioreactor at 3& and pH 7.0 .........oovvvviiiiiiiiiiii e 84
4.10 L-Lactic acid purification from tapioca starch femtetion broth:

calciumL-lactate (A), purified.-lactic acid before decolorization (B),

and purifiedL-lactic acid after decolorization compared to conmoia

= Tox (o= Tox [o I () PSSP 87
4.11 Gram stain of isolates SUT513 (A), CAR128 (B7\R134 (C), and

CAR135 (D), bright field microscopy (1,000X) ....cccceevviiviirmmniiiinnneeeeeeeeenn. 90
4.12 Colony morphology of isolates SUT513 (A); CAR1B); CAR134

(C); and CAR135 (D), on RAM agar containing 1% tmai starch at

BEPC Or 48 N 91
4.13 Agarose gel electrophoresis of genomic DNAaetéd from two

selected isolates of starch-utilizing anthctic acid-producing bacteria ...... 96
4.14 Agarose gel electrophoresis of PCR fragmetaioéd from the amplification

of genomic DNA of selected isolates using primet fihd rP2.................... 96



XVIII

LIST OF FIGURES (Continued)

Figure Page

4.15 Sequence alignment of partial 16S rDNA angdifoy fD1 and rP2

4.16 Phylogenetic tree of isolates SUT513 and CARbased on 16S rRNA

gene sequences constructed by using the neighbimimg method .......... 101



L1ST OF ABBREVIATIONS

ATP = Adenosine triphosphate

bp = Base pair

BSA = Bovine serum albumin

CFU = Colony forming unit

CO, = Carbon dioxide

°C = Degree Celsius

Da = Dalton

dATP = Deoxyadenosine triphosphate
dCTP = Deoxycytidine triphosphate
dGTP = Deoxyguanosine triphosphate
dNTPs = Deoxynucleoside triphosphate
dTTP = Deoxythymidine triphosphate
DNA = Deoxyribonucleic acid

EDTA = Ethylenediaminetetraacetic acid
e.g. = for example

etal. = et alia (and others)

g = Gram

FDA = Food and Drug Administration
GRAS = Generally recognized as safe

h = Hour



L1ST OF ABBREVIATIONS (Continued)

HCI

HPLC

Kb

kDa

LA

D-LA

L-LA

LAB

mM

mg

min

mil

mm

MRS

ng

nm

oD

%

GPa

PCR

Hydrochloric acid
High pressure liquid chromatography
Kilobase
Kilodalton

Liter

Lactic acid

D-Lactic acid
L-Lactic acid

Lactic acid bacteria
Molar

Millimolar
Milligram

Minute

Milliliter

Millimeter

De Man, Rogosa and Sharpe medium
Nanogram
Nanometer

Optical density
Percentage

Giga Pascal

Polymerase chain reaction

XX



L1ST OF ABBREVIATIONS (Continued)

PDLA =
PLA =
PLLA =
RAM =
RNA =
rpm =
rDNA =
sec =
subsp. =

Hg =

U.S.A. =
uv =
viv =
Bacteria genera
A =
E. =
L. =
Lc. =

Leu. =

Polyp-lactic acid)
Poly(-lactic acid)
Poly(L-lactic acid)
Rogosa agar modified medium
Ribonucleic acid
Round per minute
Ribosomal deoxyribonucleic acid
Second
Subspecies
Microgram
Microliter
United States of America
Ultraviolet

Volume by volume

Aerococcus
Enterococcus
Lactobacillus
Lactococcus

Leuconostoc

Pediococcus

Sreptococcus

XXI



CHAPTER

INTRODUCTION

1.1 Introduction

Lactic acid bacteria (LAB) are characterized byredatively simple sugar
fermentation pathway that, by definition, resutighe formation of lactic acid. LAB
are naturally found in nutrient-rich environment€ls as plant, fermented food, milk,
meat, and intestinal tracts of human and animatsfghdahl and Hagerdal, 2000).
There are two optical isomers of lactic adidactic acid and-lactic acid.L-Lactic
acid can be manufactured by either chemical syrghas microbial fermentation.
RacemicDL-lactic acid is always produced by chemical synth&sm petrochemical
resources. An optically pung(+)- or D(-)-lactic acid can be obtained by microbial
fermentation of renewable resources when the apptepmicroorganism that can
produce only one of the isomers is selected (Hafabh and Hagerdal, 2000).
L-Lactic acid is considered to be one of the mosfulhemicals used in food (as a
preservative, acidulant, and flavouring agent),nulcal, textile, and pharmaceutical
industries (Akerberg and Zacchi, 200@)also functions as the main monomer for the
production of biodegradable poly{actic acid) (PLLA or PLA), which is well-known
as a sustainable bioplastic material (Da&ttal., 1995).The optical purity of lactic
acid is very important for the biopolymer produatiorThe worldwide demand for
lactic acid is estimated roughly to be 130,000%6,000 tonnes per year (Weieal .,

2006). However, the global consumption of lacticas expected to increase rapidly



in the near future. NatureWorks LLC, a major PLLAmfacturer established in the
United States of America (U.S.A.), expects thatgludal PLLA market may increase
to 500,000 tonnes per year by 2010 (VWeeal., 2006).Most widely used substrates
for the production of lactic acid by fermentatiore aefined sugars, particularly
glucose, which are expensive. Several species @ A generaCarnobacterium,
Aerococcus, Lactobacillus, Streptococcus, Enterococcus, Lactococcus, Pediococcus,
Tetragenococcus, and Vagococcus could potentially produce.-lactic acid from
glucose (Axelsson, 2004). Lactic acid is also posdufrom abundant and renewable
substances such as whey, molasses, beet and agare aod starch (Vishnet al.,
2002). Tapioca starch, a cheap agricultural prodaciThailand, has also been
reported to be used for the production of lactic aathout pretreatment by enzymic
saccharification to glucose (Rodtong and Ishiz2KiQ3). This research focused on
screening, selection, and comparisorLdéctic acid production from tapioca starch

by LAB.

1.2 Research objectives

1) To screen, select, and compare lactic acid bakttsolates for their-lactic
acid production capability from tapioca starch.

2) To identify the potential-lactic acid-producing strains.

3) To optimize medium compositions farlactic acid production from a
selected potential strain.

4) To preliminarily investigate methods for thetreaxtion and purification of

L-lactic acid from tapioca starch fermentation mediu



1.3 Research hypotheses

L-Lactic acid could be potentially produced by specstrains of lactic acid
bacteria using tapioca starch, an abundant agurallproduct in Thailand. The acid
could be extracted and purified from the inexpeasiptimized medium for industrial

application.

1.4 Scopeand limitations of the study

Lactic acid bacteria obtained from stock culturdsthe Microbial Culture
Collection and Applications Research Unit, Suraeatiiversity of Technology,
were screened and selected Ifelactic acid production from glucose. The selected
strains were tested for their tapioca utilizatiom a-lactic acid production from the
starch. The potential strains were identified. Medicompositions fot-lactic acid
production from a selected strain were optimizele Buitable method far-lactic
acid extraction and purification from starch mediuafter fermentation was

preliminary investigated.

1.5 Expected results

Potential strains for-lactic acid production from tapioca starch be oisd.
Data of the medium compositions and the informatbmxtraction and purification
method forL-lactic acid production from the optimized starcledium after lactic

acid fermentation would be achieved.



CHAPTER I

LITERATURE REVIEW

2.1 Lactic acid bacteria

2.1.1 Taxonomy

Lactic acid bacteria (LAB) are Gram-positive; coocirods; anaerobic,
microaerophilic, or aero-tolerant; and catalaseatieg. They produce lactic acid as
the major end product during fermentation of casfivhte. Generally, LAB are
mesophilic microorganisms that grow in the temperatrange of 10 to 45°C.
However, some of the LAB reported as thermophil@attcan grow at high
temperature of 45°C. With respect to growth pH, saran grow as low as 3.2, some
as high as 9.6, and most can grow in the pH rarigé.®4.5 (Axelsson, 2004).
Twenty one genera of LAB have been reported inolyidierococcus, Alloiococcus,
Carnobacterium, Dolosicoccus, Dolosigranulum, Enterococcus, Eremococcus,
Facklamia, Globicatella, Helcococcus, Ignavigranum, Lactobacillus, Lactococcus,
Lactosphaera, Leuconostoc, Oenococcus, Pediococcus, Sreptococcus,
Tetragenococcus, Vagococcus, and Weissella (Axelsson, 2004). The classification of
LAB into different genera is largely based on tteali morphology, mode of glucose
fermentation, growth at different temperatures, figpmation of the lactic acid
produced, ability to grow at high salt concentmatiacid or alkaline tolerance,

chemotaxonomic markers such as fatty acid compaositionstituents of the cell wall,



and phylogenetic relationships (Axelsson, 2004sufnmary of the differentiation of

LAB genera with classical physiological tests iswh in Table 2.1.

2.1.2 Morphology
2.1.2.1 Cédl morphology

Cell morphology is important in the current destioips of
LAB genera. The bacteria can be divided into 2 gsouods I(actobacillus and
Carnobacterium) and cocci  AQerococcus, Alloiococcus,  Dolosicoccus,
Dolosigranulum, Enterococcus, Eremococcus, Facklamia, Globicatella, Hel cococcus,
Ignavigranum, Lactococcus, Lactosphaera, Leuconostoc, Oenococcus, Pediococcus,
Sreptococcus, Tetragenococcus, Vagococcus, and Weissella) (Axelsson, 2004). Cell
morphology of the cocci have spherical cells raggm diameter from 0.5-3.5 pm,
which occur singly or in pairs, chain and tetra8isme cocci that are sometimes oval
or even short rods and occur as coccobacilli, Essified in the genulseuconostoc.
The Gram-positive rod group was long, slender todsoccobacilli, which variable in
size and range from 0.5-k2.0-11.0 um, and cells are arranged in chains. One
exception is the relatively recently described gemusWeissella, which is the first
genus in LAB group that, by definition, can inclubeth cocci and rods (Collins
al., 1993). Furthermore, cell division in two perpeathr directions in a single plane
leading to tetrad formation is used as a key chamnatic in the differentiation of the
cocci. The tetrad-forming genera akerococcus, Pediococcus, and Tetragenococcus

(Axelsson, 2004)



Table 2.1 Characteristics for different lactic acid bactegahera.

Rods Cocci
Carno Lacto Aero Entero Lacto Leuco Pedio Srepto Tetrageno  Weissella®

Char acter bacterium bacillus coccus coccus coccus, nostoc, coccus coccus coccus

Vago Oeno

coccus coccus
Tetrad formation - - + - - - + - + B
CO; from glucosB - + - - - + - - - +
Growth at 10°C + + + + + + + - + +
Growth at 45°C - + - + - - + + - -
Growth at 6.5% NaCl NB + + + - + + - + +
Growth at 18% NacCl - - - - - - - - + -
Growth at pH 4.4 ND + - + + + + - - +
Growth at pH 9.6 - - + + - - - - + -
Lactic acid L D, L, DLf L L L D L, DL L L D, DL

+, positive; -, negative; *, response varies betwsggeecies; ND, not determined.
& Weissella strains may also be rod-shaped.
: Test for homo- or heterofermentation of glucasegative and positive denotes homofermentativehatetofermentative, respectively.
: Small amounts of C{can be produced, depending on media.
: No growth in 8% NaCl has been reported.
. Configuration of lactic acid produced from glueos
" Production ob-, L- or DL-lactic acid varies between species.
Source: Axelsson (2004).

o
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2.1.2.2 Colony morphology
Because of the low energy yields, LAB often morevgslowly
than microbes capable of respiration, and producaller colonies. Colony size of
LAB varies during growth, depending on species ardwth form (medium,
cultivation time, and growth condition) (Holzapfahd Wood, 1995). LAB grow
tremendously fast when supplied with an abundamceiwients. Different genera of
LAB will produce different colony appearance. Sooodonies may be colored. Some

colonies are circular in shape, and others arguteg.

2.1.3 Habitats
LAB have complex nutrient requirements, due torthimiited ability to
synthesize B-vitamins and amino acids (AxelssonQ420 Therefore, they are
naturally found in nutrient-rich environments suah plants, foods (dairy products,
fermented meat, sourdough, fermented vegetabliegesibeverages), sewage, and
also in the genital, intestinal and respiratorgtgaof human and animals (Hofvendahl

and Hagerdal, 2000) (Table 2.2).

2.1.4 Carbohydrate metabolism of lactic acid bacteria
LAB are chemotrophs that obtain their energy frdramical substances.
LAB prefer an environment rich in simple carbohyds The bacteria are unable to
syntersize ATP by respiration, but could obtain ATRmM substrate level
phosphorylation of carbohydrate fermentation (Agefs 2004). Hexoses are
degraded mainly to lactic acid (homolactic ferméatg or to lactic acid and

additional products such as acetic acid, etharebhan dioxide (Cg@) (heterolactic



Table 2.2 Habitats of some lactic acid bacterial species.

Habitat Source Species” Reference
Human and animals:
Intestinal tract Human and animals L. acidophilus Hansen and Mocquot (1970)
L. reuteri O’Sullivanet al. (2009)
L. gasseri
L. salivarius
Human and chicken L. salivarius Rogoseaet al. (1953)
Poultry, cattle, dogs and cat E. faecium Holzapfel and Wood (1995)
Intestine Chicken L. gallinarum Fujisawaet al. (1992)
L. acidophilus Morishitaet al. (1971)
Mouse L. delbrueckii Tannock (1990)
Rat, foal, piglet and dog pup E. hirae Holzapfel and Wood (1995)
Pig L. brevis Tannock (1990)
L. fermentum
Cow S bovis Naritaet al. (2004)
L. sakel O’Sullivanet al. (2009)
Vagina Human L. acidophilus Hansen and Mocquot (1970)
L. crispatus Hammes and Vogel (1995)
Faeces Human L. crispatus Hammes and Vogel (1995)
L. reuteri
L. johnsonii O’Sullivanet al. (2009)
L. acidophilus
Chicken, mice and pig L. johnsonii Fujisawaet al. (1992)
Cow L. casal Holzapfel and Wood (1995)
Saliva Human L. plantarum O’Sullivanet al. (2009)




Table 2.2 (Continued) Habitats of some lactic acid bactespacies.

Habitat Source Species” Reference
Fermented food and feed:
Dairy products Yoghurt L. delbrueckii subspbulgaricus Orla-Jensen (1919);
Weiss and Schillinger (1984);
O’Sullivanet al. (2009)
S thermophilus O’Sullivanet al. (2009)
Cheese L. delbrueckii subspbulgaricus Orla-Jensen (1919);

Fermented vegetable

Fermented milk
Swine waste-corn

Cattle waste-corn

Sorghum ogi

Burukuku

Retted cassava (fufu)

Maize ogi

Corn starch production waste
Fermented sorghum product

L. delbrueckii subsplactis
L. helveticus

L. delbrueckii subsplactis

L. amylophilus

L. amylovourus

L. brevis

L. fermentum

L. delbruiekii

Leu. messenterroides
L. plantarum

L. casel

L. acidophillus

L. amylophilus

L. plantarum subspargentoratensis

L. brevis
L. paracasel subsp paracasei

Weiss and Schillinger (1984)
Bergeyet al. (1925);
O’'Sullivanet al. (2009)
Orla-Jensen (1919);

Weiss and Schillinger (1984)

Nakamura and Cromwell (1979)

Nakamura (1981)
Adesokaret al. (2009)

Altaf et al. (2005)
Correiaet al. (2010)




Table 2.2 (Continued) Habitats of some lactic acid bactespacies.

Habitat Sour ce Species’ Reference
Fermented food and feed:
Fermented vegetable Fermented sorghum product L. fermentum Correiaet al. (2010)
P. pentosaceus
S. thermophilus
Fermented meat Dry sausage L. curvatus Hammes and Vogel (1995)
Sour dough L. reuteri Hammes and Vogel (1995)
Lc. lactis subsplactis Petrovet al. (2008)
Silage Corn silage L. casa Caiet al. (2007)
P. acidilactici Torrianiet al. (1987)
Grass silage L. plantarum Ruser (1989)
L. case
L. graminis Holzapfel and Wood (1995)
Spoiled food:
Beverages Apple juice L. mali Carr and Davies (1970)
Wine must L. mali Carr and Davies (1970)
Beer P. dextrinicus Russel and Walker (1953)
L. casel
L. brevis
Raw milk Cow Lc. lactis Schleiferet al. (1985)
Lc. cremoris
L. casal Orla-Jensn (1919)
S bovis
A. viridans Devrieseet al. (1999)

& A., Aerococcus; E., Enterococcus, L., Lactobacillus; Lc., Lactococcus; Leu., Leuconostoc; P., Pediococcus; S., Streptococcus.

0T
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fermentation) (Figure 2.1). Sugar transport actbexytoplasmic membrane is driven
by an ATP-dependent permease system in severalespet Lactobacillus and
Leuconostoc, and Streptococcus thermophilus. In all mesophilicLactococcus and

L. casdal, transmembrane transport of sugars requires pbogakion and the process
is dependent on the phosphoenol pyruvate phospisbérase (PEP/PTS) system. The
biochemical pathway of lactose which is the bagishe industrial application of
lactococci has been elucidated, certain thermantefactobacilli L. delbrueckii
subsp.bulgaricus, L. delbrueckii subsp.lactis, L. acidophilus) and S. thermophilus
metabolize only the glucose moiety of lactose, #hil lactococci, the galactose
moiety of lactose is metabolized by the tagatogd@isphate pathway (Figure 2.2).
Some LAB could also transport galactose by a pesmeystem and process this

hexose through the Leloir pathway (Figure 2.3).

2.1.5 Starch-utilizing and lactic acid-producing bacteria

Starch is one of the most common storage compourts generally
consists of 25% amylose and 75% amylopectin (Mbak., 2002). Amylose is a long
and unbranched chain of glucoseoi(l,4) linkage whereas amylopectin is a highly
branched form of starch in which the backbone &8%f glucose chains m(1,4)
linkage witha-(1,6) linkages at the branch points. Amylose canhigdrolyzed by
o-amylase, which cleaves the(1,4) linkages to yield a mixture efglucose and
a-maltose. Amylose is also hydrolyzed IByamylase producing-maltose. These
enzymes also hydrolyze amylopectin to yield glucosaltose, and a branched core,
but it is not completely degradation. Th€1,6) linkage in branch is hydrolyzed by

o-(1,6)-glucosidase.
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Figure 2.1 Major fermentation pathways of glucose: (A) homtadermentation
(Glycolysis pathway); (B) heterolactic fermentatifphosphoketolase
pathway). 1, Glucokinase; 2, Fructose-1,6-diphosph#dolase; 3, Gly-
ceradehyde-3-phosphate dehydrogenase; 4, Pyruwvasek 5, Lactate
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Source: Axelsson (2004).
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Figure2.2 Pathway ofL(+)-lactic acid production from lactose by an inoliad
Lactococcus lactis strain. This strain contains a lactose PTS, lactos
enters the cytoplasm as lactose 6-phosphate. Hoersk 6-phosphate is
cleaved by phosphg-galactosidase to yield glucose and galactose-6-
phosphate. Glucose is phosphorylated by glucokiaase metabolized
through the glycolytic pathway, whereas galactogdw@sphate is
metabolized through the tagatose-6-phosphate pgthiMae enzyme
system of the lactose PTS and phosglgalactosidase are generally
inducible and repressed by glucose.

Source: Holzapfel and Wood (1995).
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Figure2.3 Galactose metabolism in lactic acid bacteria: ttzg6-phosphate
pathway (A); Leloir pathway (B).

Source: Axelsson (2004).

Thus, the combined action of-(1,6)-glucosidase and-amylase is required to
completely degrade amylopectin to glucose and rmalfBansit, 2004).

Lactic acid fermentation with emphasis on the usstarch or starchy
substrates, was also reported. In most caseshstarmot be used by LAB directly,

and the large starch macromolecules are converieml glucose molecules by
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treatment with acid or enzymes. Bioconversion ofygaccharide carbohydrate
materials to lactic acid can be made much morec&dfe by coupling the enzymatic
hydrolysis of substrates and microbial fermentabbthe derived glucose, which has
been successfully employed for lactic acid produrctirom raw starch materials
(Reddyet al., 2008). The hydrolysis occurs in two steps. Fifst insoluble starch has
to be liquefied at high temperatures (80-85°C) gan amylase, and, secondly, the
liquefied starch has to be degraded down to glubysa glucoamylase at medium
temperatures (55°C) (Venus, 2006). Amylolytic LABncferment different types of
amylaceous raw material, such as potato starcra@Gigt al., 1991; Petrowt al.,
2008), corn starch (Nakamura, 1981; Zhang and @inerdQ91; Mercieet al., 1992;
Vishnuet al., 2000; Nariteet al. 2004; Johret al., 2007), sago starch (Shibataal .,
2007), sorghum flour, wheat flour, cassava flowge flour and barley flour (Vishnu
et al., 2002) due to the ability of theiramylases to partially hydrolyze raw starch.
Amylolytic LAB utilize starchy biomass and convénto lactic acid in a single step
fermentation. Although amylolytic LAB are able tansiltaneously hydrolyze and
ferment starch to lactic acid, however, only a tawylolytic LAB have been reported
on their lactic acid production ability, such leectobacillus plantarum (Giraudet al.,
1991; 1994; Panda and Ray, 2008)manihotivorans (Guyotet al., 2000; Ohkouchi
and Inoue, 2006)L.. amylophilus (Yumoto and Ikeda, 1995; Vishnat al., 2000;
2002; Johret al., 2007; Yen and Kang, 201@), amylovorus (Zhang and Cheryan,
1991; 1994; Linkeet al., 1996; Nagarjumt al., 2005),L. fermentum Ogi E1 (Santoyo
et al., 2003), Lactococcus lactis subsp.lactis (Petrovet al., 2008), Enterococcus

faecium (Shibateet al., 2007), and&reptococcus bovis (Naritaet al., 2004).
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2.2 L-Lacticacid

L-Lactic acid(2-hydroxypropanoic acid), is the most widely ocowg natural
organic acid in many foods, both naturally or agpraduct ofin situ microbial
fermentation (as in sauerkraut, yogurt, butternmslirdough breads, and many other
fermented foods). Lactic acid is also a major maiakintermediate in most living

organisms (Dattat al., 1995).

2.2.1 Chemical structureand property of L-lactic acid

L-Lactic acid is a mirror image af-lactic acid which could be soluble in
water (Narayanast al., 2004). It exhibits low volatility and has chemidatmula of
CsHeOs (Figure 2.4).L(+)-Lactic acid differs fromb(-)-lactic acid in its effect on
polarized light. ForL(+)-lactic acid, the plane is rotated in a cloclevigextro)
direction, whereas the(-)-form rotates the plane in a anticlockwise (laegirection.
Since lactic acid has high reactivity due to camtag both hydroxyl (-OH) and
carboxyl (-COOH) groups. In solution, lactic acianclose a proton from the acidic
group, producing the lactate ion @EH(OH)COO. The lactate ion could be
precipitated with salt solution such as Ca(@khd CaC@ (Narayanaret al., 2004).
Excess CaC@is added to the supernatant to neutralize the@oduced and produce
a calcium salt of the acid in the broth. The brotimtaining calcium lactate could
improve purification method of lactic acid fermetinda (Dattaet al., 1995).

Other properties of lactic acid and isomer ofitaacid are summarized

in Table 2.3. Both enantiomers of lactic acid htheesame physical properties.
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COOH COOH
OH —(|:— H H —c|:— OH

- -
L(+)-Lactic acid @)-Lactic acid

Figure 2.4 Enantiomers of lactic acidf+)-lactic acidandD(-)-lactic acid.

Source: Reddgt al. (2008).

Table 2.3 Physical properties of lactic acid.

Property Value
Molecular weight 90.08 g/mol
Melting point L: 53°C

D: 53°C
Boiling point 122°C at 14 mm Hg

82°C at 0.5 mm Hg

Dissociation constant, Kat 25°C 1.37x10
Acidity (pKy) 3.85
Heat of combustiomH, 1361 KJ/mole
Specific heat, ¢ at 20°C 190 J/mole/°C

Source: Narayanaegt al. (2004).

The melting poinof L(+)-lactic acid is reported at 52.8°C, and that of
racemic lactic acid is 16.8 to 25.5°C. The puremes form colorless monoclinic
crystals having a melting point of 54°C. A synthethcemic lactic acid prepared by
mixing equal quantities of th®(-)- andL(+)-isomers melts in the range of 28 to 33°C.
Lactic acid is a weak acid that both isomers ardréitemic mixture have the same

dissociation constants and plockwoodet al., 1965).
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The presence of two functional groups, hydroxyd aarboxyl, permits a
wide variety of chemical reactions for lactic acithe primary classes of these

reactions are oxidation, reduction, condensatind,substitutions.

2.2.2 Sourcesof L-lactic acid
L-Lactic acid can be manufactured by either chemmalthesis or
microbial fermentation, both are used for commérpm@duction. For example, in
Japan, lactic acid is manufactured syntheticallyrt®ans of the lactonitrile route by
Musashino Chemical Co. Carbohydrate fermentatiehrtelogy is used by Archer

Daniels Midland Company (ADM) and NatureWorks LLOafta and Tsai, 1996).

2.2.2.1 Chemical synthesis
The chemical synthesis routes produce only themmacéactic
acid. The commercial process is based on lactitshich used to be a byproduct
from acrylonitrile synthesis (Figure 2.5). Lactoi@ produced by combining of
hydrogen cyanide reaction and occurs at atmosppeggsures. The crude lactonitrile
is then recovered and purified by distillation asdhydrolyzed to lactic acid by using
either concentrated hydrochloric or sulfuric acjghoducing the corresponding
ammonium salt as a byproduct. This crude lactic agiesterified with methanol,
producing methyl lactate, which is recovered andified by distillation, and
hydrolyzed by water under acid catalysts to prodiaatic acid, which is further
concentrated, purified, and shipped under diffegotuct classifications. The raw

materials and processing costs do not lend suppdints chemical synthesis approach
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for large-scale, low-cost manufacturing in the fatyDatta and Tsai, 1996). This

process is represented by the following reactions:

(a) Addition of hydrogen cyanide

CH,CHO + HCN catalzstCHg,CHOHCN
Acetaldehyde Hydrogen cyanide Lactonitrile

(b) Hydrolysis by HSO,

CH3;CHOHCN +HO + 1HSO, —» CBCHOHCOOH + ¥ (NH),SO,
Lactonitrile Sulphuric acid Lactic acid Ammonium salt

(c) Esterification

CH3CHOHCOOH + CHOH , GBHOHCOOCH + H,0O
Lactic acid Methanol Methyl lactate

(d) Hydrolysis by HO

CH3;CHOHCOOCH + H,O GBHOHCOOH + CHOH
Methyl lactate ’ Lactic acid Methanol

Figure 2.5 Lactic acid production process via chemical sysithe

Source: Narayanaat al. (2004).

There areother possible routes for chemically synthesizifg o
lactic acid, for example: oxidation of propyleneyal; reaction of acetaldehyde,
carbon monoxide, and water at elevated temperatmdspressures; hydrolysis of
chloropropionic acid (prepared by chlorination abgionic acid), and nitric acid
oxidation of propylene. However, none of these @suhas led to technically and

economically viable processes (Dadtal., 1995).
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2.2.2.2 Microbial fermentation
Microorganisms that can produce lactic acid, bandivided
into two groups: bacteria and fungi. Zheiwal. (1999) reported thd&hizopus oryzae
ATCC 52311utilize glucose aerobically to produce onhfactic acid. However in
industrial fermentations, the use of various sygeofd.actobacillusis preferred owing
to higher rates of metabolism and increased yidltie. microorganisms selected for
investigations of the biotechnological productidnLeactic acid are listed in Table

2.4.

Table 2.4 PotentialL-lactic acid producing-microorganisms.

Microorganism Substrate L-Lactic acid Reference

concentration (g/l) concentration (g/l)

Rhizopus oryzae Glucose (94) 83.0 Zhouet al. (1999)
ATCC 52311

Rhizopus oryzae Glucose (120) 112.0 Efremenkoet al.

(2006)

Bacillus sp. 2-6 Glucose (121.3) 118.0 Qinetal. (2009)

Aspergillusniger SL-09 and Jerusalenartichoke 120.5 Geet al. (2009)
Lactabacillus sp. G-02 flour (200)

Entercoccus faecalisRKY1  Glucose (100) 97.0 Yunetal. (2003)

Lactobacillus del brueckii Glucose (72) 52.0 Michelsonet al.
subsplactis DSM20073 (2006)

Lactobacillus case Glucose (140) 112.5 Ding and Tan (2006)

Lactobacillus delbrueckii Hydrolyzed cane 135.0 Kadamet al. (2006)
NCIM 2365 sugar (150)

Lactobacillus Cassava starch (60) 33.6 Vishnuet al. (2002)
amylophilus GV6 Corn starch (60) 49.0 Vishnuet al. (2000)

Lactobacillus plantarum Sweet potato flour 23.86 Panda and Ray (2008)
MTCC1407 (55)

Lactococcus lactis subsp. Soluble potato 55 Petrovet al. (2008)
lactis B84 starch (18)

Streptococcus bovis 148 Corn starch (20) 14.7  Naritaet al. (2004)
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LAB could produce eitherL- or D-lactic acid or racemic
mixture of lactic acid by fermentation dependingspecies. Lactate dehydrogenase is
a key enzyme in lactic acid fermentation by mosBLMost bacterial species possess
only one lactate dehydrogenase gene (Rodtong dmzaks, 2003).L-Lactic acid-
producing bacteria contairtlactate dehydrogenase-LDH) which is a key enzyme

converting pyruvate to-lactic acid.

2.2.3 Industrial application of L-lactic acid
L-Lactic acid is a versatile chemical having a widege of applications
in food, pharmaceutical, leather, textile industri# also functions as the monomer

for the biodegradable plastics (Jadtral., 2007).

2.2.3.1 Biodegradable plastics

Biodegradable polyflactic acid) (PLLA or PLA) is a
biodegradable polymer approved for use in food @gitlg in several countries,
particularly U.S.A., European Union countries, alagban (Narayanagt al., 2004).
There is an increased interest in degradable p$adiecause of environmental
concerns over plastics disposal. Conventional iolasaterials are not easily degraded
in the environment because of their high molecwlaight and hydrophobic character
(Kharaset al., 1994). As a kind of biodegradable polymer, PLimdght become a
potential environmentally friendly substitute of mbiodegradable plastics derived
from petrochemicals (Lat al., 2009).PLLA is aliphatic polyesters and belongs to the
a-hydroxy group, which is the most readily biodegtalé thermoplastics material

(Kharas et al., 1994).L-Lactic acid contains both hydroxyl and carboxyicid
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functional groups. This substance can thus undsetfeesterification to form a cyclic

dimer, L-lactide and a linear polymer, polyl(actide) (Figure 2.6) (Lockwooet al.,

1965).
CH; 0 CH;
#° |
CH — T|_ 0
: 0
0 0 CH, )
L-Lactide, Polyflactic acid) (PLLA),
(Cyclic dimer) (Linear polymer)

Figure 2.6 Structure ot -lactide and poly(-lactic acid).

Source: Nair and Laurencin (2007).

The conversion af-lactic acid to high-molecular weight PLLA
is achieved by ring-opening polymerization, polydgensation or other methods
(chain extension, grafting). The ring-opening podymation has been prepared by
dehydration of.-lactic acid into relatively low molecular weigholgester which is
converted intoL-lactide by depolymerization. Then, purifiedlactide monomer is
converted into poly(-lactide) by catalytic ring-opening polymerizatifharaset al.,
1994). The polycondensation prepared by dehydratadn L-lactic acid by
condensation, followed by chain extention (Sodetgérd Stolt, 2002; Narayanah
al., 2004).

PLLA is a semi crystalline polymer (approximgteB7%
crystallinity) and the degree of crystallinity depe on the molecular weight and

polymer processing parameters. It has a glassitiansemperature of 60-65°C and
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a melting temperature of approximately 175°C (M&dh and Tipton, 2000). It is
sensitive to heat, especially at temperatures hitffem 190°C (Kharaset al., 1994).
PLLA has a good tensile strength, low extension arnigh modulus (approximately
4.8 Giga Pascal, GPa) (Nair and Laurencin, 200@wéver, the thermal stability of
PLLA is not sufficiently high to some applicatioas an alternative of commercial
polymers. Thermal processes such as melt moldingspmning cause of thermal
degradation of PLLA (Tsuji and Fukui, 2003). Thelting temperature of PLLA can
be increased to 230°C by physically blending thmer with polyp-lactic acid)
(PDLA) (Ikada et al., 1987). It also finds applications in the prepara of
biodegradable polymers for medical uses such agcsllirsutures, prostheses, and
controlled drug delivery systems (Weteal., 2006).

However, being more hydrophobic than polyglydeli the
degradation rate of PLLA is very low. It has beeparted that high molecular weight
PLLA can take between 2 and 5.6 years for totabrm®onin vivo (Bergsmaet al.,
1995; Middleton and Tipton, 2000). The rate of @elgtion, however, depends on the

degree of polymer crystallinity as well as the @ioof the matrix.

2.2.3.2 Food industry
The major use of-lactic acid is in food and food-related
applications. Food and food-related applicationsoant for approximately 85% of
the demand for lactic acid whereas the non-foodistréal applications account for
only 15% of the demand. As a food acidulant, laatted has a mild acidic taste in
contrast to other food acids. Lactic acid is nofaiil®, odorless, and is classified as

generally recognized as safe (GRAS) for use asargepurpose food additive by the
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FDA in the U.S.A. and other regulatory agenciesewlwere. It is a very good

preservative and pickling agent for sauerkrautyeslj and pickled vegetables. It is
used as acidulant, flavoring, pH buffering ageninbiibitor of bacterial spoilage in a

wide variety of processed foods, such as candyadband bakery products, soft
drinks, soups, sherbets, dairy products, beer, jam$ jellies, mayonnaise, and
processed eggs, often in conjunction with othedwants. An emerging new use for
lactic acid or its salts is in the disinfection apalckaging of carcasses, particularly
those of poultry and fish, where the addition afi@aus solutions of lactic acid and its
salts during the processing increased shelf lifé @aduced the growth of anaerobic
spoilage organisms such @sostridium botulinum. A large fraction (>50%) of the

lactic acid for food-related uses goes to produnellsifying agents used in foods,

particularly for bakery goods (Datéhal., 1995).

2.2.3.3 Pharmaceutical and cosmetic applications

The water-retaining capacity of lactic acid makesuitable for
use as moisturizer in cosmetic formulations. Thiéitglof lactic acid to suppress the
formation of tyrosinase is responsible for its effe like skin lightening and
rejuvenation. As humectants, the lactates are dftgrerior to natural products and
more effective then polyols (Dat&h al., 1995). Ethyl lactate is the active ingredient
in many anti-acne preparations. The natural ocogg®f lactic acid in human body
makes it very useful as an active ingredient imetscs (Weeet al., 2006).

L-Lactic acid is used in pharmaceutical industry aavery
important ingredient. Pharmaceutical industry shomesence forL-lactic acid

because the-isomer is not metabolized by human body. Lactid acid its salts have
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been mentioned for various medical uses. They gdeothhe energy and volume for
blood besides regulation of pH. Lactic acid invelvenedical applications as an
intermediate for pharmaceutical manufacture, foustthg the pH of preparations and

in tropical wart medications (West al., 2006).

2.2.3.4 Other industries

Lactic acid is also used in some other industi®r example,
technical-grade lactic acid is extensively usedeather tanning industries as an
acidulant for deliming hides and in vegetable tagniLactic acid is used as descaling
agent, solvent, cleaning agent, slow acid-releasgmnt and humectants in a variety
of technical processes (Joéral., 2007).

L-Lactic acid could be potentially used for the nfasturing of
large-volume oxygenated chemicals, such as propylgiycol, propylene oxide,
acrylic acid, and acrylate esters, and other chammdtermediates such as lactate ester
plasticizers. The advances made in hydrogenolyschniblogy can be further
developed and integrated to make propylene glyamhflactic acid in the future

(Datta and Henry, 2006).

2.2.4 Production of L-lactic acid by lactic acid bacteria
L-Lactic acid is the most important organic acid duced by LAB.
Several species in genetarnobacterium, Aerococcus, Lactobacillus, Streptococcus,
Enterococcus, Lactococcus, Pediococcus, Tetragenococcus, and Vagococcus could
potentially producelL-lactic acid (Table 2.1) (Axelsson, 2004). Fermewa

production of lactic acid from biomass has recem®en reviewed besides other
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reviews on microbiological production and biotedmgacal production ofL-lactic
acid (Dattaet al., 1995; Weeet al., 2006; Johnet al., 2007). Development of
production strains which ferment starch to lact@an a single step is necessary to
make the process economical. Amylolytic LAB can @ the starch directly into
lactic acid (Reddt al., 2008). A few bacteria have been reported sddiadirect

fermentation of starch to lactic acid.

2241 Substrates
A number of different substrates have been usedthe
fermentative production of lactic acid by LAB. SmtAB are unable to synthesize
ATP by respiration, and that have lactic acid asmajor end product from energy-
conserving fermentation of sugars. The pure progucbtained when a pure sugar is
fermented, resulting in the reduction of purificati costs. However, this is
economically unfavorable, because pure sugarsxgensive, compared to lactic acid
produced. Instead waste products from agriculturel dorestry are utilized
(Hofvendahl and Hahn-H&gerdal, 2000). In orderrtmlpce lactic acid to be feasible,
cheap raw materials are necessary, because polyméucers and other industrial
users usually require large quantities of lactiad et a relatively low cost. Raw
materials for lactic acid production should have tbllowing characteristics: low
cost, low levels of contaminants, rapid producti@te, high yield, little or no
byproduct formation, ability to be fermented witittlé or no pretreatment, and
year-round availability. When refined materials ased for production, the costs for
product purification should be significantly reddceHowever, this is still

economically unfavourable because the refined ¢amh@tes are so expensive that
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they eventually result in higher production cogt®ofyendahl and Hahn-H&agerdal,
2000). Therefore, there have been many attemgsrézn for cheap raw materials for
the economical production of lactic acid (Weateal., 2006). Reports in the literature
of recent investigations are listed in Table 2.5.

Cheap raw materials, such as starchy and csituloaterials,
whey, and molasses, have been used for lactic @@duction (Hofvendahl and
Hahn-Hagerdal, 2000). Among these, starchy andilosit materials are currently
receiving a great deal of attention, because theycheap, abundant, and renewable
(Richter and Berthold, 1998). The starchy matenedsd for lactic acid production
include sorghum flour (Richter and Trager, 1994siiuet al., 2002), wheat flour
(Hofvendahl and Hahn-Hagerdal, 1997; @hal., 2005), corn starch (Vishrat al.,
2000; Nariteet al. 2004; Ohet al., 2005; Johret al., 2007), cassava starch (Xiaodong
et al., 1997; Vishnuet al., 2002), sago starch (Shiba#tal., 2007), potato starch
(Giraudet al., 1991; Yunet al., 2004; Petrowt al., 2008), rice flour (Vishnet al.,
2002; Yunet al., 2004), and barley (Linko and Javanainen, 1996hM et al.,
2002). These materials have to be hydrolyzed ionéntable sugars before
fermentation, because they consist mainly ofl,4)- and «(1,6)-linked glucose
(Richter and Trager, 1994; Hofvendahl and Hahn-iHigje 1997; Ohet al., 2005).
This hydrolysis can be carried out simultaneoustih fermentation.

Some industrial waste products, such as wheyraolkhsses,
are of interest for common substrates for lactid groduction. Whey is a major
byproduct of the dairy industry, and it containstése, protein, fat, and mineral salts.
For complete utilization of whey lactose, it is assary to supplement whey with an

additional nitrogen source (Hofvendahl and Hahnéfdgl, 2000). Schepert al.
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Table 2.5 Substrates far-lactic acid production.

Substrate Microorganism® Fermentation Fermentation L-Lacticacid Reference
concentration mode time concentration
(9/) (gl
Glucose (72) L. delbrueckii Batch 24 h 52.0 Michelsonet al.
subsplactis (2006)
DSM20073
Sorghum flour L. amylophilus Batch 4 days 29.4 Vishnuet al.
(60) GV6 (2002)
Sugar molasse&. faecalis Batch 12 h 65.1 Weeet al. (2004)
(130) RKY1
Hydrolyzed E. faecalis Batch 24 h 102.0 Ohet al. (2005)
wheat flour RKY1
(200)
Hydrolyzed Batch 24 h 63.5
corn starch
(200)
Cassava flour L.amylovorus Batch 4 days 33.6 Vishnuet al.
(60) GV6 (2002)
Rice bran (300)Lactobacillus sp. Batch 12 h 129.0 Yunet al. (2004)
RKY2
(60) L. amylophilus Batch 4 days 30.9 Vishnuet al.
GV6 (2002)
Barley starch L. casel Batch 47 h 162.0 Linko and
(270) NRRL B-441 Javanainen
(1996)
(60) L. amylophilus Batch 4 days 27.3 Vishnuet al.
GV6 (2002)
Sago starch  E. faeciumNo0.78 Batch 24 h 16.6 Shibataet al.
(20) (2007)
L. amylovorus Batch 24 h 14.3
JCM 1126
L. manhotivorans Batch 24 h 11.0
JCM 12514
Sweet potato L. amylophilus Batch 120 h 21.62 Yen and King
starch (20) BCRC 14055 (2010)
Soluble starch L. amylophilus Batch 48 h 13.5 Altaf et al.
(15.2) GV6 (2007h)
Soluble potato Lc. lactis subsp. Batch 6 days 55 Petrovet al.
starch (18) lactis B84 (2008)

& E., Enterococcus; L., Lactobacillus, Lc., Lactococcus.
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(2002) supplemented whey with yeast extract fordrgpoduction of lactic acid with
Lactobacillus helveticus. Also, there have been several attempts to proldutie acid
from whey by batch culture df. casel (Buyukkilci and Harsa, 2004). Molasses is a
waste product from the sugar manufacturing procass,it usually contains a large
amount of sucrose (Hofvendahl and Hahn-Hagerd@QRQactobacillus del brueckii
and Enterococcus faecalis have been used for lactic acid production fromassés

(Kotzanmanidist al., 2002).

2.2.4.2 Production process
A) Factorsaffecting L-lactic acid fermentation

Parameters including microorganism, carbon mitrdgen
sources, fermentation mode, pH, and temperatueetatie fermentative-lactic acid
production. The potential production of the acidasnpared in terms aflactic acid
concentration, yield, and productivity. Also bypuat formation and isomer of
L-lactic acid have been reported (Holvendahl andn-dagerdal, 2000).

The amount of-lactic acid produced by LAB are strongly
influenced by cultures and fermentation conditiddeme main factors affecting the

L-lactic acid production are as follows:

a) Chemical factors
LAB typically have complex nutritional requirements
due to their limited ability to synthesize their mgrowth factors such as B vitamins
and amino acids. They require some elements fartgrasuch as carbon and nitrogen

sources, in the form of carbohydrates, amino aeidismins, and minerals (Axelsson,
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2004; Weeset al., 2006). There are several growth-stimulation dectthat have a
considerable effect on the production rate of taatid (Weeet al., 2006).

Compositions of the medium (carbon and nitroge
sources minerals and growth factors) are known aeehimpact onL-lactic acid
production. Carbon sources are mainly carbohydrati&zed for L-lactic acid
manufacture which are generally derived from suer{fsom syrups, juices and
molasses), lactose (from whey), maltose (producgdspecific enzymatic starch
conversion processes), glucose (from starch colwensrocesses). A number of
literatures reported on the capability of severatterial strains to produaelactic
acid by using molasses, whey, starchy, and celtuloaterials. The starchy materials
used for lactic acid production include wheat, ¢@ago, potato, rye, sweet sorghum,
wheat, tapioca, potato, rice, and barley as a casbarce.

A number of nitrogenous materials like wheynpeate,
yeast extract, malt sprouts, malt combing nutssgyextract, peptones, beef extract,
casein hydrolysate, corn steep liquor, soybeandtyshite with supplementation of
vitamins to supplement carbohydrate sources to fgisteand heavy growth have been
studied. However, yeast extract seems to be thet reffective supplement
(Narayanaret al., 2004). The compound is a principal growth fadtarLAB. Some
low-cost nutrients, such as soy protein hydrolyA&tsiehet al., 1999), byproducts
from malting industry (Hujanen and Linko, 1996; RFaand Fitzpatrick, 2002;
Fitzpatricket al., 2003), bacterial extract (Rivasal., 2004; Gacet al., 2006), ram
horn protein hydrolyzate (Kurbanoglu and Kurbanp@003), fish wastes (Martone
et al., 2005; Gaaet al., 2007), corn steep liquor (Rivasal., 2004; Lee, 2005; O&

al., 2005), whey protein hydrolyzate (Fitzpatrick addKeeffe, 2001), red lentil flour
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and bakers yeast (Alta al., 2005, 2006, 2007a, and 2007b), and rice bram &'u

al., 2004; Gaet al., 2008), have been put under screening for laciid production.

b) Physical factors

The main physical factors reported to infleeractic
acid fermentation are pH and temperature. pH igamily manipulated variable in the
process and it has a very strong impact on theegtionse and metabolism. From the
production standpoint, pH control is absolutelyuiegd to achieve the lactic acid
concentrations essential for an economical prodasgeneral, LAB can tolerate pH
values between 3.4 and 8.0, but growth and proatuctiostly occur between pH 5.4
and 6.4, with the optimum pH being strain-depend&itaraset al., 1994). The
optimum pH for cell growth and lactic acid prodoctiof Lactobacillus plantarum
was shown to be between 5.0 and 6.8 (Yumoto andalk#995; Fu and Mathews,
1999; Rayet al., 2009). For. amylophilus (Vishnuet al., 2000) and.. lactis (Bai et
al., 2004) could produce lactic acid at pH 6.5. Eomanihotivorans had optimum pH
at 5.0-6.0 (Guyott al., 2000; Ohkouchi and Inoue, 2006&actococcus lactis subsp.
lactis could produce lactic acid at pH 6.0 (Petrev al., 2008). The strain
Enterococcus faecium was produced lactic acid of pH 6.5 (Shibettal., 2007). For
Streptococcus bovis grew at pH between 5.8-9.6 with the optimum pH &-&0
(Naritaet al., 2004; Yuwono and Kokugan, 2008).

Most LAB grow best at temperatures betweenaBd
42°C (Kharaset al., 1994). Effects of temperature aractic acid production are
highly variable, and are depend on the strain beirgd and the experimental

conditions.



32

The effect of temperature on the productibm-tactic
acid has only been studied in a few reports. Tep&rature giving the highest
productivity was in some cases lower than the teatpee resulting in high-lactic
acid concentration and yield (Hofvendahl and Hal&gétdal, 2000), whereas, in
others, the same temperature gave the best resuéib categories (Hujanen and
Linko, 1996). ForL. amylophilus, which is known to grow at 15°C but not at 45°C
(Hammes and Vogel, 1995), the optimal temperatweee 25 and 35°C for the
maximum productivity and vyield, respectively. Strdi. amylophilus showed its
optimum temperature at 30 (Yen and King, 2010). Fdr. casei andL. paracase,
their optimal temperatures were reported to be éetw37 and 44°C (Richter and
Trager, 1994), which is contradictory to the infatron that the strains grow at 15°C
but not at 45°C (Hammes and Vogel, 1995). For siraicasel LA-04-1, its optimal
temperature was reported at 42°C (Ding and TangR00 agreement with previous
observations|.actococcus lactis and L. rhamnosus exhibited the highest yields and
productivities at 33 to 35°C and 41 to 45°C, refipely (Hujanen and Linko, 1996).
For strainLactococcus lactis subsp. lactis, the optimal temperature was repaated
33°C (Petrowet al., 2008). Forthe optimal temperature was reported to be 37°C of
L. case (Linko and Javanainen, 1996),. amylophilus (Vishnu et al., 2000),
L. helventicus (Aeschlimann and Von Stockar, 199Q),amylovorus (Shibataet al.,
2007) and.. lactis (Bai et al., 2004). For strairenterococcus faecium was produced
lactic acid at 30°C (Shibatet al., 2007). ForStreptococcus, its generally grows
within the range 20-42°C (Hardie and Whiley, 1995 xstrain ofStreptococcus bovis,
the optimal temperature was reported to be 37-38fitaet al., 2004; Yuwono and

Kokugan, 2008).
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B) Process configuration

Batch, fed-batch, repeated batch, and continuous
fermentations are the most frequently used profmdactic acid production. Higher
lactic acid concentrations may be obtained in batet fed-batch cultures than in
continuous cultures, whereas higher productivityynbe achieved by the use of
continuous cultures (Hujanen and Linko, 1996; Hodehl and Hahn-H&gerdal,
2000). Reports in the literature of recent studieshe biotechnological production of
lactic acid by different fermentation approachesleted in Table 2.6.

For examplefEnterococcus faecium No.78 was selected for
L-lactic acid production using sago starch in baacldl continuous fermentations.
During fermentation of the batch process, the baocte fermented sugar to create
pyruvate then pyruvate was convertedLttactic acid viaL-lactate dehydrogenase
under anaerobic condition.L-Lactic acid could also be produced from starchy
substrates by the simultaneous saccharification famchentation (SSF). Such a
combined process of converting enzymically liquefistarch to glucose with
a-amylase and glucoamylase, and glucose to lactitkacLAB, would be expected
to decrease the total process time, and the cagitéloperating costs (Linko and
Javanainen, 1996).

The process of lactic acid production from dtamwas
achieved by the use of amylolytic LAB, possessingyaeellular amylase activity.
Very few reports are available on isolation of aoiytic LAB for single step
fermentation of inexpensive complex carbohydrastar¢h) to lactic acid. Use of
efficient amylolytic lactic acid-producing bacteneere eliminated saccharification

costs of substrate thereby reducing the produciish (Reddyet al., 2008).
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lactic acid bacteria ngsi different

Microorganism® Fermentation Fermentation

Substrate

L-Lactic acid

Reference

mode time concentration concentration
) (@)

L. casel subsp. Batch 50 h Glucose (50) 57.0 Olmos-Dichara
rhamnosus etal. (1997)
L. rhamnosus Batch 25h Glucose (130) 90.0 Lietal. (2010)

LA-04-1 Fed-batch 63h  Glucose (770) 170.0
L. casel LA-04-1 Batch 84 h Glucose (140) 112.5 Ding and Tan
2006
Fed-batch 84 h Glucose (850) 180.0 ( )

Lc. lactissubsp.  Batch 48 h Glucose (85) 65.0 Akerberget al.
lactis (1998)
ATCC 19435

L. lactis Batch 112 h Glucose (150) 150.2 Baiet al. (2004)
BMES-18M Fed-batch 80h  Glucose (600) 161.2

L. amylovorus Batch 96 h Cassava flour 33.6  Vishnuetal.
GV6 (60) (2002)

Sorghum flour 29.4
(60)

Wheat flour 29.€
(60)

Rice flour 30.€
(60)

Barley starch 27.2
(60)

L. amylophilus Bacth 120 h Sweet potato 29.1 Yenand King

BCRC 14055 starch (40) (2010)
Fed-bacth 84 h Sweet potato 43.7
starch (70)
E. faecium Batch 24 h  Sago starch 16.6 Shibasatal.
2007
No.78 Continuous gah (20 179 2%

E. faecalis Batch 24 h Hydrolyzed 102.7 Ohetal. (2005)

RKY1 wheat flour
(200) + corn
steep liquor
(15)

& E., Enterococcus, L., Lactobacillus; Lc., Lactococcus.
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2.25 Extraction and purification of L-lactic acid from fermentation

medium

The extraction and purification aflactic acid from fermentation broth
are important for obtaining-lactic acid. Several methods are available for the
purification of lactic acid from fermentation medizaactic acid is removed from its
fermentation broth by a series of separation stepsh as precipitation, filtration,
acidification, purification using activated carbavaporation and crystallization (Yi
et al.,, 2008). The classical methods are based on @, extraction or
distillation (Lazarova and Peeva, 1994; Vacadrial., 1993). The extraction and
purification steps consisted of a series of sudeesprecipitation with CaCg¢)
butanol esterification, purification by carbon awolois, ion exchange, and evaporated
(Dattaet al., 1995). Recently, various attempts have beenechout to remove the
lactic acid simultaneously as it is formed. Extraetmethod is some of the viable
alternative for separation of lactic acid from fieementation broths. The lactic acid
separation by extraction was studied with triocghine in methyl isobutyl ketone
(Choudhury and Swaminathan, 1998), tripropylamiresalved in isoamyl alcohol
(Usluet al., 2009), 1-decylaldehyde in tri-n-decylamine (&hal., 2009). Hanat al.
(1993) studied the reactive extraction of lactiddacom the fermented broth. They
indicated thatn situ extraction was possible with the use of di-noetlyline and with
adjustment of the fermentation broth to a pH 5.@fymonia.

lyer and Lee (1999) attempted to extract lactid aomultaneously with
the use of a two-zone fermentor-extractor systehe Jystem was operated under a
fed-batch mode withn situ removal of lactic acid by solvent extraction. Kanal.

(2000) proposed the recovery process of lactic asidg two distillation columns.
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They used two Oldershaw columns and reboilers ffactionation of methanol and
reactions. Suret al. (2006) involved extraction and purification otiig acid from
fermentation broth by esterification and hydrolysiethod. Eggeman and Verser
(2005) studied the extraction by acidification eeication and hydrogenolysis.

Nanofiltration membranes and ion exchange resinse veecasionally
coupled with the bioreactor fan situ removal of lactic acid (Weet al., 2006).
Electrodialysis fermentation with ion exchange meanks was often used for situ
removal of lactic acid (Nomuret al., 1998). Min-Tianet al. (2005) had previously
developed a continuous electrodialysis fermentaigstem for the production of
lactic acid. In their study, the system of electahis fermentation with a level meter
was the most efficient system, and a higher yi@dlad be obtained if the glucose
concentration in the broth could be controlled émain at a lower level. Reactive
extraction can selectively remove lactic acid frdm fermentation broth, and may
combine with a modified two-phase electro-electabdiis (Yiet al., 2008).

lon exchange used in bioseparation for lactid aecovery based on ion
exchange have been reported. Evangelista and NiK&®96) recovered lactic acid
from fermentation broth using weak base anion exgbes (MWA-1, IRA-35, VI-
15). The pH was maintained below lactic acid,plr its adsorption, with the
fermentation broth being acidified using a cati@ol@nge resin. Yet al. (1996) also
proposed a process for lactic acid production cambgia membrane bioreactor and
membrane filtration. Lactate was recovered fromifiéal fermentation broth using an
anion exchanger (Amberlite IRA-400). The operatprgcedure was similar to that
described by Srivastavé al. (1992) as they used the same ion exchanger. Xatca

al. (1993) recovered lactic acid from clarified femtegion broth using an anionic
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resin (Amberlite IRA-420). The eluate from the amnresin contained ammonium
lactate, which was treated with a strong catiorharge resin (Amberlite IR-120),
yielding a lactic acid solution that was subseqglyecwncentrated. Caet al. (2002)
studied lactic acid recovery using a strongly basit exchanger (Amberlite IRA-
400). They worked with lactic acid solutions andrfentation broths at different pH
values (2 and 5). Ataei and Vasheghani-Farahai§R0€covered lactic acid from
fermentation broth using an anionic resin (AmberliRA-400) and cationic resin
(Amberlite IRA-120) at pH 6.1. Gonzalex al. (2006) reported the purification of
lactic acid from fermentation broth using weak anexchanger (Lewatit S3428) and
treating with a strong cation resin (Lewatit S256& pH below the pKof lactic

acid (3.86).



CHAPTER Il

MATERIALS AND METHODS

3.1 Chemicals, reagents, and media

3.1.1 Screening and selection of lactic acid bactar for L-lactic acid
production

The medium used for cultivation, screening andcsiele were De Man,
Rogosa and Sharpe medium (MRS), MRS medium contir).5% calcium
carbonate, Rogosa agar with modification medium NRARodtong and Ishizaki,
2003), M17 medium (Atlas, 2004), and modified M1&dium.

Chemicals used for media preparation weigucose, proteose peptone,
beef extract, yeast extract, tryptone, soy peptoakjum carbonate, and skim milk
(Himedia, Hi-Media Laboratories Pvt Ltd, India); €an 80 (ACRS organics, Acros
Organics, USA); tri-ammonium citrate and disodiysrglycerophophate (Fluka,
Sigma-Aldrich Chemical Company, U.S.A.); sodium tats magnesium sulfate,
manganese sulfate, dextrose, ascobic acid andtaégiom hydrogen phosphate
(Carlo Erba Reagenti, Montedison group, ltaly);n{i sulphate (BDH, BDH
Labolatory supplies, England); and lactose (Mefdlerck Chemicals, Germany).
Tapioca starch was purchased from Sanguan Wongssstiires Co., Ltd, Thailand,
and spent brewer’s yeast was obtained from Boontaewery Co., Ltd., Thailand.

Chemicals and reagents used fofactic acid determination were

sodium hydroxide, hydrochloric acid, copper(ll) ghdte, ethanol alcohol and sulfuric
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acid (Carlo Erba); phenol (BDH); analytical gradecgse (Merck); analytical grade
L-lactic acid and analytical grade-lactic acid (Sigma, Sigma-Aldrich Chemical

Company, U.S.A.); and 4-phenylphenol (AGR organics).

3.1.2 Extraction and purification of L-lactic acid
Chemicals used for-lactic acid extraction were calcium chloride
(Fluka); sulfuric acid (Carlo Erba); phenol (BDHnd activated carbon (Merck).
Quick Start™ Bradford Protein Assay was product Bb-Rad (Hercules, CA,

U.S.A).

3.1.3 Identification of lactic acid bacteria

3.1.3.1 Morphological and physiological character@ation

Chemicals used for morphological and physioldgid@aracterization
were crystal violet (POCH, POCH SA, Poland); iodipetassium iodide, ethanol,
safranin O, paraffin oil, hydrogen peroxide and igod chloride (Carlo Erba);
malachite green (Riedel-deHaén, Honeywell Riedélads, Germany); gelatin
(Labchem, Ajax Finechem, New Zealand); skim milknfiddia); and tetramethyl-p-
phenylenediamine dihydrochloride (Fluka). For bierical characterization, API 50

CH/CHL strips (bioMérieux, bioMérieux Industry, Fee) were also used.

3.1.3.2 Molecular characterization of 16S ribosomadRNA gene
Chemicals and reagents used for genomic DNA ettragvere
lysozyme, absolute ethanol and sodium chloride ¢Mertris-base and tris-HCI

(Promega, Promega Corporation, U.S.A.); phenol (BDdddium citrate, isopropyl
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alcohol and chloroform (Carlo Erba); sodium dodsulghate (SDS) (Fluka); and
ethylenediaminetetraacetic acid (EDTA) (Sigma).

Chemicals and reagents used for genomic DNActletewere
tris-(hydroxymethyl)-aminomethane (US% Amersham International, England);
boric acid (Carlo Erba); bromophenol blue (USB),crege (Merck); ethidium
bromide (Promega); ethylene-diaminetetraacetic g8ayma); and LE Agarose
(Seakem, Cambrex Bio Science Rockland, Inc., USA).

Reagents used for polymerase chain reaction JPCR
amplification were PCR buffer, Mgg&lsolution and Tag DNA polymerase
(Invitrogen, Invitrogen life technologies, U.S.Agnd dNTPs (dATP, dCTP, dGTP,
and dTTP) (Promega). The oligonucleotide primersewerdered from the Ward
Medic Ltd., Partnership, Thailand. The moleculanghie markers were purchased

from Invitrogen.

3.2 Instrumentation

All instruments required for the selection of stattilizing and lactic acid-
producing bacteria, optimization pflactic acid production conditions, production of
L-lactic acid using the optimum conditions, preliany extraction and purification of
L-lactic acid and identification of selected isotatd L-lactic acid-producing bacteria
were located in the Instrument Buildings of the t@enfor Scientific and
Technological Equipment, Suranaree University athfemlogy,Nakhon Ratchasima

Province, Thailand.
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3.3 Screening of lactic acid bacteria forL-lactic acid production

from glucose

To obtain theL-lactic acid-producing bacterial strains, lacticidabacteria
obtained, were tested for their potential producid L-form acid using glucose the

main substrate (Rodtong, 2001).

3.3.1 Microorganisms

At least 150 isolates of lactic acid bacteria B)Avere obtained from
stock cultures of the Microbial Culture Collectiand Applications Research Unit,
Suranaree University of Technology. The bacteriseveiltured using their isolation
media according to data provided from the Resedroh and kept at -80°C with the
addition of skim milk to 5% (v/v) final concentrati until useThe media MRS broth
(Appendix Al.1), RAM broth (Appendix Al.9), MRS Hihowith the addition of
calcium carbonate (Appendix Al.4) and M17 broth gapdix Al.7) were used as
culture main medium. For cell propagation procedtite stock cultures were taken
from -80°C freezer, thawed at room temperature. iSbkates were inoculated in the
same isolation medium containing 2% glucose. Omeltedpl of each culture were
used to inoculate 3 ml of cultured medium brothteAfncubation at 3% for 24 h in
anaerobic chamber with a gas mixture of N, (5:5:90%) (Shel LAB, Sheldon
Manufacturing, Inc, U.S.A.). The culture was ste@lonto same cultured medium
agar (MRS agar, Appendix Al.2; RAM agar, Appendik.20; MC agar, Appendix
Al.5; M17 agar, Appendix Al.8), and incubated unither same conditions for 48 h.

Then, a single colony was sub cultured for furstady.
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3.3.2 L-Lactic acid production from glucose
L-Lactic acid-producing strains were screened fagirtHactic acid

production. One loopful of each selected isolatewgr for 48 h at 35°C on the
suitable agar medium was inoculated into 15 ml &3/broth containing 2% glucose
in 20 ml test tube and incubated af@GSor 24 h under anaerobic condition without
shaking or agitating. After incubation, the backrgrowth was spectrometer
measured at 600 nm ¢#&) using SmartSpec 3000 spectrophotometer (BioRad).
Fermentation broth was centrifuged at 4,500 rpm Z6r min (Labofuge 400R,
Heraeus Instruments, Heraeus Instruments GmbH, &sjmat 4°C to separate
bacterial cells. The pH of cultured medium was meas using pH meter (CCMP 510
pH Conductivity Meter, WPA, Biochom Ltd, Englandjitratable acidity (% lactic
acid) of the medium was also determined by titratioethod (AOAC International,
2000) with 0.1 N NaOH using phenolphthalein as pHidgator. Concentration and
optical purity of lactic acid produced, was detdctesing high performance liquid
chromatograph (HPLC) (HP 1200, Agilent Technologg.] U.S.A.), equipped with a
tunable UV detector set at 254 nm. A chiral Ast&€e column (5um, 4.6 mmx15
cm, Sigma Chemical Co., U.S.A.) was eluted wittDB8. CuSQ as a mobile phase
at a flow rate of 0.7 ml/min, and the column tenapere was maintained at 35°C.
Each selected strain was also tested for gas ptioduzapability using 5 ml of MRS
broth containing 2% glucose with Durham tube, amalibated at 3% for 24 h under
anaerobic  condition for distinguish  between homuofantatives and
heterofermentatives (Gig al., 2005). The homolactic bacterial isolates capalble

L-lactic acid production in high concentration watptical purity >95% were selected.
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3.4 Selection of lactic acid bacterial isolates andomparison for

their L-lactic acid production from tapioca starch

To obtain potential bacterial isolates that couilckatly produceL-lactic acid
from tapioca starch, both starch hydrolysis andidaacid production capabilities

were tested and evaluated.

3.4.1 Investigation of tapioca starch hydrolysis

Lactic acid bacterial isolates were tested for rthetarch utilization
capabilities on modified MRS, MRS with additioncezlcium carbonate, or M17 agar
containing 1% tapioca starch (Appendix Al.2, AlaBd A1.8) or RAM containing
1% tapioca starch (Appendix Al1l.10) depending onrtis®lation and cultivation
media.The bacteria grown on cultured agar for 48 h wematted in duplicate onto
the surface of each test medium. Isolates thatymex wide clear zone on the agar
plate after incubating at 35°C for 48 h, and rewgctith iodine solution (Iverson and
Millis, 1974) were selected for testing lactic apidduction from tapioca starch using

liquid media.

3.4.2 L-Lactic acid production from tapioca starch
Starch-utilizing bacteria were tested for theitactic acid production
capabilities using RAM broth containing 1% tapiatarch, and compared to MRS
broth containing 2% glucose. One loopful of theestdd isolates grown on RAM agar
for 48 h, was inoculated into 15 ml of RAM brothhél'inoculated RAM broth was
incubated at 35°C for 18 h. The bacterial growth swanonitored

spectrophotometically at 600 nmegd). Then 2% (v/v) of the cultures ACFU/mI)
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were inoculated into 15 ml of RAM medium in 20 rabt tube (duplicate set of 10
tubes). The incubation was performed at 35°C forh7@nder anaerobic condition
without shaking or agitating. Samples (two tubesyemaken at each time interval at
0, 6, 12, 18, 24, 30, 36, 48, 60 and 72 h. Theebattgrowth was monitored
spectrophotometically at 600 nm 8 and viable cell counts (CFU/ml) were
determined by plating serial dilutions of bactesalpension on RAM agar. Plates
were incubated anaerobically at 35°C for 48 h.

For the detection af-lactic acid, fermentation broth was centrifuged at
8,000 rpm for 10 min at 4°C to separate bacterddlsc The acid production was
estimated from pH reduction and titratable aciigtactic acid), then total lactic acid
was determined by colorimetric assay (Kimberley d&aglor, 1996) Concentrations
and optical purity of-lactic acid were analyzed using HPLC. Total sugeas also
determined by the phenol-sulfuric acid method (Dsilebal., 1956), using glucose as

a standard.

3.5 Optimization of some conditions fot-lactic acid production

To determine the optimal conditions foffactic acid production by the selected
bacterial strains, the suitable composition of RAMdium was investigated. The

cultivation conditions fotr -lactic acid detection obtained from section 3.4 waed.

3.5.1 Concentrations of tapioca starch
To obtain the suitable concentration of tapiocacktaa cheap and
abundant carbon source, various concentrationbeottarchy raw material (10, 15,

20, 25, 30, 35, and 40 g/l) were applied to RAM med Inoculum for lactic acid
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production was prepared by inoculating one loopfulhe selected isolate grown on
RAM agar at 35°C for 48 h into 25 ml of RAM brothhe inoculated broth was
incubated at 35°C for 18 h under anaerobic conditiithout shaking or agitating.
The bacterial growth was monitored spectrophotarayt at 600 nm (Bo0). Then
2% (v/v) of the starter culture (approximately’ ITDFU/mI) were inoculated into 100
ml of the RAM medium in 125 ml Erlenmeyer flaskethincubated at 35°C under
anaerobic condition for 48 h. The viable cell cau@FU/ml) were determined by
plating serial dilutions of bacterial suspension BAM agar, and incubated
anaerobically at 35°C for 48 h.-Lactic acid accumulated in RAM medium
containing different concentrations of tapioca ctawvas evaluated. It was found that
RAM medium containing 30 g/l of tapioca starch ebptovide the high-lactic acid

concentration of 6.86 g/l. The medium was seletdedlurther investigation.

3.5.2 Types and concentrations of nitrogen sourse
Types and concentrations of nitrogen source ohdéatation medium
were investigated. Two types of nitrogen sourcgptime and yeast extract, were
optimized. The medium containing 30 g/l of tapictarch was used to test using 50

ml fermentation medium in 125 ml Erlenmeyer flask.

3.5.2.1 Tryptone
Tryptone was efficiently used as a nitrogen soudarelactic
acid production by LAB. Various concentrations pfptone (2.0, 2.5, 3.0, 4.0, and

5.0 g/l) were investigated to obtain the optimalaentration.



46

3.5.2.2 Spent brewer’s yeast
Yeast extract was applied as the growth facdso various
concentrations of yeast extract (1, 2, and 3 géleradded into fermentation medium,
then it was replaced by spent brewer’s yeast atardmations of 3, 5 and 10 g/l.
Components of media containing yeast extract anehtsfpprewer’'s yeast were
described in Table 3.1. The optimum concentratiohsyeast extract and spent

brewer’s yeast in tapioca starch medium were deteun

Table 3.1Components of optimized RAM media.

Component Component concentratigg/l) of medium no.

T 2 3 4 5 6
Tapioca starch Optimal concentration from sectidni3
Tryptone Optimal concentration from section 3.5.2.1
Yeast extract 3.00 2.00 1.00 - - -
Spent brewer’s yeast - 3.00 3.00 3.00 5.00 10.00
Dipotassium phosphate 6.00 6.00 6.00 6.00 6.00 6.00
MgSOy. 7H,0O 0.57 0.57 0.57 057 0.57 0.57
MnSO,.4H,0 0.12 0.12 0.12 0.12 0.12 0.12
FeSQ.7H,O 0.03 0.03 0.03  0.03 0.03 0.03

" Initial medium composition.

3.5.3 Initial pH of fermentation medium
The initial pH of the optimized fermentation maai containing suitable
concentration of carbon and nitrogen sourceL#actic acid production was studied.
The medium was adjusted to pH 5.0, 5.5, 6.0, 6(baiAd 8.0 using 1 N HCl and 1 N

NaOH before sterilization and inoculation of sedelctbacteria. Inoculum was



47

prepared as described in section 3.5.1, and intexllato 50 ml of the medium in 125

ml Erlenmeyer flask.

3.5.4 Cultivation temperature
The suitable temperature farlactic acid production was investigated
from various incubation temperatures (25, 30, 3548, and 45°C) using the suitable
medium resulted from sections 3.5.1-3.5.3. Thertegle for inoculum preparation as
described in section 3.5.1, and were inoculated %% ml of the medium in 125 ml

Erlenmeyer flask.

3.5.5 Inoculum size
The inoculum size for the-lactic acid production was studied. Various
inoculum sizes (1, 2, 3, 4, and 5%) were appliethésuitable medium resulted from
sections 3.5.1-3.5.3, and cultivated at optimumpterature from section 3.5.4. The
technique for inoculum preparation as describesertion 3.5.1, and were inoculated

into 50 ml of the medium in 125 ml Erlenmeyer flask

3.6 Production ofL-lactic acid from tapioca starch

Lactic acid production by selected isolates wexeied out in 6.6 | controlled
fermentor (Biostat B Quatro, Braun Sartorius, Matgen, Germany) containing 5.0 |
of the optimized fermentation medium. The mediuns seerilized in an autoclave at
121°C for 30 min. The suitable inoculum size (vbontaining approximately £0
CFU/ml was inoculated into the optimized mediumg awltivated at the optimum

temperature and pH controlled by automatic additib® N NaOH. Temperature, pH,
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and agitation were computer-controlled and mondare line using MFCS SCADA
Software. Changes in-lactic acid concentration, starch concentratiorg bacterial
growth were measured at each time interval duri®d4ultivation as described in

section 3.4.

3.7 Preliminary investigation for L-lactic acid extraction and

purification from the optimized medium

L-Lactic acid was purified from fermentation broth the method as described
by Benthin and Villadsen (1995). Cells and resids&rch were removed from
fermentation medium by centrifugation at 10,09Gor 15 min at 4°C (BECKMAN
COULTER, Beckman Coulter Inc, U.S.A.). The mediunaswheated for protein
precipitation and separated the protein usingrfiftaper (Whatman no. 4). The
medium was heated for protein precipitation andasgpd the protein using filter
paper (Whatman no. 4). A solution of Ca@as added to the medium (0.5 mol
Ca/mol lactic acid). The solution was concentratedne-fourth by evaporation at 80-
90°C. Then, L-lactate was crystallized from the solution &C4for 24 h. By
centrifugation, 4,000g for 10 min, a supernatant and two precipitatetioas were
obtained. The lower precipitate was more light-codnl and was the lactate salt. The
top precipitate contained very littlelactate and was presumably inorganic salts (e.g.
magnesium/calcium phosphate). The top precipitatés wemoved with a spoon
(a transparent centrifugation tube was necess@hg.lower precipitate was washed
with 1 v/v distilled water at @ and dissolved in distilled water at°@ (the same
volume as for crystallization). pH was then adjdgte 2.5 with concentrated sulfuric

acid and mixing for 5 min. Thie-lactate solution was treated with activated carbon
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3.8 Identification of the selected lactic acid baerial isolates

The selected lactic acid bacterial isolates paaéiytproduced.-lactic acid were
identified by their morphological and physiologicdlaracteristics (Hokt al., 1994)

and 16S rRNA gene sequence (Weishairg., 1991).

3.8.1 Morphological characterization
Colony morphology of selected isolates was obsenredRAM agar at
35°C for 48 h under anaerobic condition. Cell morplgglavas detected by Gram
staining of 18 h cultures grown on RAM agar. Endwspvas examined as described

by Cappuccino and Sherman (1999).

3.8.2 Physiological characterization
3.8.2.1 pH, temperature, and salt tolerance tests
Bacterial isolates were tested for growth afedént pH (4.0,
4.4,4.8,5.0, 6.0, 7.0, 8.0, and 9.6), temperat(Be10, 15, 20, 30, 35, 37, 40, 42, 45,
50, and 55°C), and salt concentrations (0, 3.0, 8%, 8.0, 10.0, and 18.0% NaCl),
into MRS (Appendix Al1.1) and RAM (Appendix Al1.9)dth. For pH tolerance test,
only the pH of the broth was varied while the terapgre was fixed at 35°C. For
growth temperature test, only cultivation tempematwas varied while pH of the
medium was fixed at 7.0. For growth salt at différeoncentration, only the NaCl
concentration of the broth was varied while pH ofdwm and -cultivation
temperature were fixed at 7.0 and 35°C respectivélye inoculum of 0.1 ml

(approximate 1DCFU/mI) was aseptically transferred to 5 ml of MBRSRAM broth.
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The optical density at 600 nm wavelength was usevValuating bacterial growth.

Each treatment was tested in duplicate.

3.8.2.2 Carbohydrate fermentation
Carbohydrate fermentation was detected using /ARl
CH/CHL strip (bioMérieux, bioMérieux Industry, Frea) which contained tests for
carbohydrate assimilation and fermentation of 4#edint compounds (and a
control). After inoculation with bacterial culturethe strips were incubated at 37°C
for 48 h. Then the APILAB Plus software version dm bioMérieux and Analytab
Products’ computer database were used for compaatcarbohydrate assimilation

and/or fermentation patterns.

3.8.2.3 Starch hydrolysis
RAM agar (Appendix A1.10) and MRS agar (Appendik.2)
containing 1% tapioca starch was used for starardhysis testes at 35°C for 48 h
under anaerobic condition. The agar plates were fltwded with iodine solution
(Appendix A2.1). Blue color of the agar around ecgl®f the test organism indicated
negative result (no starch hydrolysis), while aacleone around colony of the test

organism indicated positive result (positive stamgdrolysis).

3.8.2.4 Arginine hydrolysis
Bacterial isolates were tested for arginine blydis in MRS
and RAM broth without beef extract but containin@3% glucose and 0.3% arginine,

and 0.2% sodium citrate replacing ammonium citr@ee loopful of bacterial cells
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was aseptically transferred to 5 ml of the mediuntd was incubated at 35 for 48 h

under anaerobic condition. After incubation, thdture was examined for the
presence of ammonia in the medium. Ammonia wasctiteby addition of Nessler’s
reagent to the culture. Ammonia in the medium weact with these reagents to

produce a yellow color.

3.8.2.5 Casein hydrolysis
Modified MRS and RAM agar containing 1% skim knWas
used for casein hydrolysis test, pure culturesamftdria were point-inoculated onto
these agar plates and incubated at 35°C for 48deruanaerobic condition. Clear
zones of proteolysis around colonies were the pesieaction for the proteolytic test
while a negative reaction were had not clear zoriral the colony (negative

hydrolysis).

3.8.2.6 Gelatin hydrolysis
Each bacterium to be tested was stabbed intp detatin
medium (Appendix Al.3). The inoculated gelatin nuediwas incubated at 35°C for
48 h under anaerobic condition. Gelatin hydrolygés indicated by liquification of

the medium after the tube was kept at 4°C for 20r8tutes.

3.8.2.7 Motility
Each bacterium to be tested was stabbed intp tdse of
motility medium (Appendix Al.6). The inoculated iy medium was incubated at

35°C for 48 h under anaerobic condition. Duringvgig motile bacteria could



52

migrate from the line of inoculation to form a denwrbidity in the surrounding

medium. Non-motile bacteria were grown only alomg line of the inoculation.

3.8.2.8 Catalase test
Bacterial cells (late log phase cultures) weamsferred to the
surface of a glass slide. 1 or 2 drops of 3% hyeinggeroxide were added over cells.

Rapid appearance of gas bubbles indicated thelyms#sult of catalase test.

3.8.2.9 Oxidase test
The filter paper (Whatman no. 4) was placed mtpetridish
and wet with 0.5 ml of 1% tetramethyl-p-phenylemadine dihydrochloride
(Appendix A2.3). Late log phase culture of bacteviere streaked onto the reagent
zone of the filter paper. The development of a dalep color at the inoculation site

within 5-10 seconds indicated a positive resulbxatlase test.

3.8.2.10 Gas production
Bacterial isolates were tested for gas produoctio MRS
(Appendix Al.1) broth without tri-ammonium citrat®ne loopful of bacterial cells
was aseptically transferred to 5 ml of MRS brotthwdurham tube and incubated at
35°C for 48 h under anaerobic condition. Heterofermaevis produced gas but

homofermentatives were failure to produce gas.
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3.8.3 Molecular characterization of 16S ribosomaRNA gene
3.8.3.1 Extraction of genomic DNA

Genomic DNA extraction from lactic acid bacteniusolates
was performed as described by Tamaoka (1994). Wistaf bacteria were harvested
for cultured broth and resuspended in lysis buftertaining 0.75 mg/ml of lysozyme,
and kept at 37°C for 30 min. The cells were suspdnd a 1 ml portion of 4 ml of
Tris-NaCl (pH 9.0) (Appendix A2.4) solution and tha 1 ml portion of 10 ml of 10%
SDS were added, mixed well, and incubated the sisspe to 60°C for 5 min. Then,
a 1 ml portion of 3 ml of phenol: chloroform (1Mp@s added, gently mixed for 1 min,
and centrifuged at 10,080 at 4°C for 10 min. The top supernatant was teansdl to
a fresh centrifuge tube. While stirring the solatigith a glass rod, the twice volumes
of cold ethanol were added and spooled the DNA witijlass rod. The DNA pellet
was washed with 70% ethanol and washed with 99%nethThe DNA was air died
then dissolved in 200l of 0.1xSSC (pH 7.0) (Appendix A2.2). Genomic DNA was
detected in 0.8% agarose gel electrophoresis (RipBaRad Laboratories, Italy),
stained with ethidium bromide, and examined undertkansilluminator (BioRad).
The concentration of DNA was measured by Smart8Sge00 spectrophotometer at
260 nm (BioRad) and DNA purity with respect to @ntnants, such as protein, was
calculated from the ratio of optical density ats#A2s0 Pure DNA has an AdA2so
ratio of 1.8-2.0. The conversion factor for deteration of DNA concentration is 1.0
OD260 = 50 pg/ml of double stranded DNA. Then, DNA solution waaintained at

-20°C until use.
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3.8.3.2 Amplification of 16S ribosomal RNA gene

Amplification of 16S ribosomal RNA gene was perfied by
polymerase chain reaction (PCR) using fD1 and nf2grs (Weisburget al., 1991)
as forward and reverse to obtain approximately @,6p of the gene. The PCR
amplification reaction was performed in pDmixture containing 200 ng of bacterial
DNA, 5 ul of 10x reaction buffer (100 mM Tris-HCI, pH 8.3; 500 mMCK, 1.5ul of
25 mM MgCeh, 1.0ul of dNTPs mixture (dATP, dCTP, dGTP, dTTP at 2 rmMeach
concentration) 1.@u of each primer (fD1 and rP2) (20 mM of each cantation),
and 0.3ul of Taqg DNA polymerase (5 unitgl), and adjusted volume to 50 with
deionized water. The program of amplification cetei of 1 cycle of 95°C for 2 min;
35 cycles of 95°Cor 45 sec, 55°C for 45 sec, 72°C for 2 min; arel fihal cycle of
72°C for 7 min. The PCR reactions were carriedinuhe automated thermal cycle
(Thermo electron corporation x2 Thermal Cycler, Bioscience Technologies
Division, Waltham, MA, U.S.A.). The PCR amplifiedgoucts were examined by
electrophoresis using 1% agarose and stained uhtidiem bromide. The size of
PCR products was compared with 1 Kb plus DNA laddére separated PCR

products were observed under short wavelength gh.li

3.8.3.3 Sequencing of ribosomal DNA
Nucleotide sequence of the gene obtained from 2B30xI
DNA analyzer (Model 373, U.S.A.) was analyzed aodverted to single letter code
in text file format by the Chromas 1.56 program dqfeelysium Pty. Ltd). The
sequence was also corrected by manual inspectioth@f chromatogram. All

alignments were examined and manually optimizeth wie BioEdit program (North
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Carolina State University, U.S.A.T.he sequence was compared to local alignment
search from GenBank database using the BLAST (Blaseal Alignment Search
Tool) program of the National Center for Bioteclogtal Information (NCBI).
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). Theequence information was then
imported into the CLUSTAL X software program (Hite&oftware Engineering Co.)
for assembly and alignment. Phylogenetic tree wdsried using the Maximum
Pasimony method with software MEGA version 4 (Kurgiaal., 2004). The stability

relationships were evaluated by a boot strap arsabysl000 replications.

Table 3.2 Oligonucleotide primers used for PCR amplificatiand sequencing of

16S rRNA gene.

Primer Primer sequence (5’ to 3) Target re§iofReference

fD1 AGAGTTTGATCCTGGCTCAG 8-27 Weisburget al. (1991)

Sequencing TAACTACGTGCCAGCAGCC 515-533 Udomsil (2008)
forward
primer
rP2 ACGGCTACCTTGTTACGACTT 1491-1511  Weisburget al. (1991)
& Escherichia coli numbering




CHAPTER IV

RESULTS AND DISCUSSION

4.1 Screening of lactic acid bacteria forL-lactic acid production

from glucose

A total of 280 isolates of LAB obtained from stoclltures of the Microbial
Culture Collection and Applications Research Un8uranaree University of
Technology, and isolated from their natural habijtatere then tested for theHlactic
acid production using MRS broth containing 2% gkeoOne loopful of each
bacterial isolate was incubated into 15 ml of thediam, then incubated under
anaerobic condition at 35°C for 24 h. The bactegabwth was determined
spectrophotometically at 600 nmg#f). L-Lactic acid was harvested in supernatant by
centrifugation for cell separation. The supernatemting pH range between 3.5-5.6,
was determined for titratable acidity (% lacticdiciThe titratable acidity in the range
of 0.476-1.887% was found. The concentration anticappurity of L-lactic acid
isomer were detected using HPLC. It was found t&Q isolates could produce
L-lactic acid in the range of 0.91-19.12 g/l withtiogl purity >95%, and 120 isolates
were producedL-lactic acid in the range of 0.24-18.25 g/l (optiparity lower than
95%). Homolactic acid-producing bacterial isolateere detected using MRS broth
with durham tube. One hundred and ninety-six igslavere found to produce acid

without gas (Appendices B1-B4).
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From a total of 280 isolates studied, 192 isolatese Gram-positive rods
having cell sizes between 0.31-0«0160-0.65 um and 0.03-0.580.76-2.0 um,
88 isolates were Gram-positive cocci having ceflesi of 0.38-0.51um, which
occurred singly, in pairs, or in short chains. Trelony morphology was observed
after incubating on MRS agar medium after 48 h lpadion under anaerobic
condition. Circular and irregular colonies with iemtand undulate margins; and flat,
low convex, convex and umbonate were found. Thesmes included punctiform,
small, moderate and large colonies with 0.1-4.0 imaiameters.

Lactic acid bacteria generate ATP from the ferragom of sugar resulting in
the production of lactic acid as the major end pobdduring carbohydrate
fermentation due to the bacteria unable to syntkeAiTP by respiration (Axelsson,
2004). Refined sugars such as glucose and sucreséh@ most commonly used
substrates for commercial production of lactic dgydermentation processes (Vishnu
et al., 2002). Yunet al. (2003) studied types of carbohydrates Emterococcus
faecalis RKY1 cultivating at 38C. The medium containing 30 g/I glucose was found
to be the best medium for lactic acid productionewlcompared to the medium
containing the same concentration of either frustamaltose, galactose, lactose,
glycerol, xylose, whey, or starch. Galactose wasabwized into formic and acetic
acids as major end products, whereas xylose, glijoghey, and starch were poorly
utilized. When the bacterium was grown on fermeénmtatmedium containing either
glucose, fructose, or maltose. It produced lactoed awith the high yield of
16.80-18.18 g/l comparable to the yield of lactmdato total organic acids of
0.86-0.91 g/g, through homofermentative pathwaywelger, organic acids other than

lactic acid were rarely produced. In this studyr oesults also showed that MRS
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medium containing glucose provided the clear detecof lactic acid-producing
strains. Isolates capable of producing high coma&oh of L-lactic acid were then

selected for the further investigation.

4.2 Selection of lactic acid bacterial isolates andomparison for

their L-lactic acid production from tapioca starch

Starch-utilizing and lactic acid-producing bactersalates obtained from stock
cultures, were tested for their capability to aglitapioca starch and produce lactic

acid according to previous reports (Rodtong, 260ddtong and Ishizaki, 2003).

4.2.1 Investigation of tapioca starch hydrolysis

All lactic acid-producing bacterial isolates sxbtwere able to utilize
tapioca starch after point inoculating onto eitmeddified MRS or RAM agar medium
and incubating at 3& for 48 h under anaerobic conditions. One hunded
twenty-eight out of 280 isolates could utilize g starch, which were observed
from clear zoned (0.1-1.7 cm in diameters) surraumndacterial colonies resulted
from iodine reaction.

These 128 isolates could utilize tapioca starwh groduce_-lactic acid
at concentrations of 0.91-8.60 g/l with optical ipur>95%, and they were also
homofermentatives. Two isolates, codes SUT513 ahRX34, produced the highest
lactic acid concentration of 8.60 and 7.89 g/l eztpely, from tapioca starch 10 g/l
(Appendices B1-B4 and Figure 4.1). In this studystnof lactic acid-producing
bacteria were selected from isolates growing welRAM medium, which implied

that these bacteria had their ability to break dostarch during lactic acid
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fermentation process. The two isolates exhibitirge thighest L-lactic acid

concentration were then selected for further idigation and lactic acid production.

Figure4.1 Colonies of the selected bacteria obtained frooméatation medium at
48 h cultivation and spreaded on RAM agar: isol&e3513 (A and B);
CAR134 (C and D); these colonies produced enzyméyirolyze

tapioca starch as shown by the reactioidine (B and D).
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4.2.2 L-Lactic acid production from tapioca starch

Starch-utilizing isolates SUT513 and CAR134 werdeded for
evaluating their potential production of lactic dhdrom tapioca starch compared to
glucose using RAM medium containing 10 g/l of tajaicstarch and MRS medium
containing 20 g/l of glucose respectively. Inocutuaf the two bacterial isolates were
prepared, and inoculated into the media, then ia@gbunder anaerobic condition at
35°C for 72 h. Isolate SUT513 grew well in bothaise and tapioca starch media. Its
cell concentration was about L@FU/mI after cultivating 12 h, and became to
stationary phase until 72 h. The isolate SUT513Iccquroduce acid resulting in
decreasing pH of the media from 6.25 to 4.09 forS/Rtoth containing glucose as a
carbon source, and 7.10 to 4.05 for RAM broth caoirtg tapioca starch as a carbon
source, at 12 h of fermentation. Titratable acidapging from 0.366-0.653% and
0.416-0.559%, and the highest total lactic aci@.68 and 5.10 g/l with the maximum
concentrations of-lactic acid of 6.86 and 5.24 g/l with optical pgyri>99% for
glucose and tapioca starch media, respectivelye wetected (Figure 4.2A).

For isolate CAR134, it also grew well in both gdse and tapioca starch
media. Its cell concentration was abou? OFU/mI after cultivating 6 h, but droped
to 10 and 10 CFU/mlI after 18 h respectively. pH of the mediardased from 6.25
to 4.04 for MRS broth containing glucose and 7d@.21 for RAM broth containing
tapioca starch, respectively, at 12 h fermentdiioe. Because, the pH during growth
was not controlled and the bacterial metabolism afected from acid accumulation.
Lactic acid inhibit bacterial growth because, as éixternal pH declines, the acid is
protonized as soon as it is exported out of theeb@c Unchanged, it diffuses back

into the cell and dissociates due to the higheaaalular pH. The cell then has to use
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ATP to pump out protons, and energy eventuallyegleted causing growth stop and
the bacteria die (Mussat#b al., 2008). The total acids were range 0.347-0.6988&6 a
0.386-0.500%, the highest concentrations of tatelid¢ acid were 6.70 and 4.55 g/I,
and the maximum concentrationsLefactic acid were 6.82 and 4.55 g/l with optical
purity >99%, respectively (Figure 4.2B).

L-Lactic acid produced by isolates SUT513 and CARMds at
concentrations of 6.86 and 6.70 g/l with lacticdagield of 0.90 and 0.52 g/g, and
productivity of 0.12 and 0.14 g/l.h, when 2% glueosas used as major carbon
source (Appendices B5-B8 and Figure 4.2). The daatid productivities obtained
from 2% glucose were about 0.01 and 0.06% highan that of 1% tapioca starch
respectively. The amount of glucose used in thenéetation medium was 50%
higher than tapioca starch bwdactic acid yields and productivities were not muc
different after 72 h cultivation. Theses resultsesd that isolates SUT513 and
CAR134 could efficiently hydrolyze tapioca starah glucose, then glucose was
immediately converted to-lactic acid. The two isolates, SUT513 and CAR 134,
very efficient for the direct production aflactic acid with high optical purity from
tapioca starch. The results also suggest that dapstarch composing of starch
(85.53%), moisture content (11.95%), fiber cont@hii8%), total nitrogen content
(0.35%), fat content (1.64%) and ash content (0)3%%n be a potential substrate for
L-lactic acid production.

Starch-degrading amylolytic LAB have been rephrignd the capacity
of the bacteria to convert starch into lactic asicknown, but it is not a common
characteristic (Giraudet al., 1991). Naritaet al. (2004) compared lactic acid

fermentation from glucose to raw corn starchSxgptococcus bovis 148 using batch
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Figure 4.2 Comparison of growth (Log CFU/ml) in MRS mediumntaining 2%
glucose & ) and RAM medium containing 1% tapistaach & ), and
L-lactic acid (g/l) produced in MRS containing 2%ugse @ ) and

RAM containing 1% tapioca starct by selected strains SUT513 (A)

and CAR134 (B) after incubation at 35°C for 72 h.

fermentation at 3. Raw corn starch (20 g/l) provided similar lacmd yield and
production rate to glucose. Ti&bovis strain efficiently hydrolyzed raw corn starch
to glucose, which was immediately convertedLttactic acid. Sreptococcus bovis

148 could produce 14.73 glHactic acid with 95.6% optical purityEnterococcus
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faecalis RKY1 was reported to produce lactic acid of 18.118frpm 20 g/l glucose.
The starch was poorly fermented into lactic acidEbfaecalis RKY1, although a few
cell growths were observed at°83(Yunet al., 2003).

Enterococcus faecium No. 78 could produce-lactic acid from various
substrates including starch at°80 The strain could producelactic acid 18.6, 15.4,
16.6, 13.2, 12.4 and 14.3 g/l from 20 g/l of glueosoluble starch, sago starch, corn
starch, wheat starch and potato starch, respegtiVedld of lactic acid with optical
purity of 98.6% from sago starch was higher tharcgée and other varities of starch
(Shibataet al., 2007). In this study, glucose could be replacét tapioca starch for
the main carbon source foflactic acid production by strains SUT513 and CAR13
These isolates were then selected for the aciduptmoh from tapioca starch, a low

cost substrate compared to sugar, the common rderiada

4.3 Optimization of some conditions fot-lactic acid production

To obtain the maximum production oflactic acid and low production cost,
some components of RAM medium and production canrt including carbon
source, nitrogen source, initial pH of medium, ipation temperature, and initial
inoculum size for culturing the selectadlactic acid-producing isolates were
investigated. RAM medium composed of 1% tapiocackta0.2% tryptone, 0.6%
KoHPO,, 0.3% yeast extract, 0.057% MgHSH,O, 0.012% MnSQ@Q4H,O, and
0.003% FeS@Q7H,O with the initial pH of 7.0+0.2 prior to steriliian by

autoclaving.
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4.3.1 Concentrations of tapioca starch

The selected lactic acid-producing isolates wadvke to utilize tapioca
starch when culturing in RAM medium. Glucose wagsdaeed with tapioca starch at
various concentrations (10, 15, 20, 25, 30, 35, 40dy/l), to obtain the optimal
concentration. Initial cell counts of isolates SUB%:Nnd CAR134 were approximately
10° CFU/mI. After cultivating for 48 h, the bacteriugnowth and lactic acid produced
were detected (Figures 4.3A and 4.3B). The relahgmbetween the concentration of
substrate used and the concentration-tdctic acid produced was found. Substrate
concentration from 10 g/l to 30 g/l (dry weightppided the increase inlactic acid
yield. Both isolates showed the highestactic acid concentration at 30 g/l (dry
weight) of tapioca starch applied to RAM broth. Whadded tapioca starch at
concentrations of 35 and 40 g/l to fermentation iomagd amounts of-lactic acid
produced, did not change. However, lactic acid petigity decreased when adding
tapioca starch more than 30 g/l (Figure 4.3). Tuosld be probably due to substrate
inhibition in batch fermentations. The highedfactic acid concentrations of 5.55 g/l
and 5.22 g/l (Figures 4.3A and 4.3B) were obserfredh strains SUT513 and
CAR134 respectively (Appendices C1-C2}Lactic acid produced had an optical
purity of >99%. Therefore, the optimum concentmatiof tapioca starch was
considered to be 30 g/l for lactic acid productiiamm isolates SUT513 and CAR134.

For an economic process, amylolytic microorgasismith high starch
conversion toL-lactic acid could be needed. The direct lactiaddgaioduction by
Lactobacillus manihotivorans LMG18011 from soluble starch and food wastes was
reported (Ohkouchi and Inoue, 2006)Lactic acid (19.5 g) could be produced from

200 g food wastes. Lactic acid productionLtbylantarum NCIM 2084 could produce



65

72.9 g/l lactic acid from 100 g/l of liquefied sthr (Krishnanet al., 1998).
Lactobacillus amylophilus NRRL B4437 produced 29 g/l of lactic acid from g/bof
corn starch andl.. amylovorous converted 120 g/l liquefied starch to 92.5 g/ltiac
acid (Zhang and Cheryan, 1991; Mercetral., 1992). Lactobacillus amylophilus
JCM 1125 also produced lactic acid of 53.4 g/l frdb@® g/l liquefied starch (Yumoto
and lkeda, 1995) and. amylophilus GV6 produced 49.0 and 76.2 gAlactic acid
from 60 g/l corn starch and 90 g/l soluble starespectively (Vishnuet al., 2000).
The amylolytic strain could produce lactic acidnr&@0 g/l of all fours: 38.1 g/l from
cassava flour, 35.9 g/l from rice flour, 33.2 gdbrh wheat flour, 33.0 g/l from
sorghum flour, and 31.8 g/l from barley flour (Mishet al., 2002). Yen and King
(2010) reported results of batch operation with4®,and 60 g/l sweet potato starch
resulting in 21.62, 29.09, and 37.16 g/l of laetted byL. amylophilus BCRC 14055
at 30°C. Lactococcus lactis subsplactis B84, was capable of utilizing soluble potato
starch as a sole carbon source and produdadtic acid. The acid concentration of
5.5 g/l could be produced from 18 g/l starch inchdermentation at 3&, agitation
200 rpm and pH 6.0 for 6 days. Starch was compldigtrolyzed after 6 days of
fermentation (Petrowt al., 2008). TheStreptococcus bovis 148 was also found to
directly produce lactic acid from 20 g/l of corrasth yielding the maximum lactic
acid concentration of 14.73 g/l (Narggal., 2004). Shibatat al. (2007) reported that
Enterococcus faecium No.78 could produce 16.6 g/l lactic acid from 20 $pgo
starch. The strain could produce lactic acid highanL. amylovorus JCM 1126 and
L. manihotivorans JCM 12514, which produced lactic acid at conceiatng of 14.3

and 11.0 g/l respectively.
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Figure 4.3 Effect of tapioca starch concentrations (10, 15,25, 30, 35, and 40 g/l)
on bacterial growth and-lactic acid production by SUT513 (A) and
CAR134 (B) in modified RAM medium at an initial pbf 7.0 and

incubated at 35°C for 48 h.
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4.3.2 Types and concentrations of nitrogen sources

Nitrogen source is another crucial substrate fatidaacid production.
Since two components, tryptone and yeast extr&d®AM medium could be served
as nitrogen source by bacterial isolates SUT513@AR134. The price of the two
compounds was still high when compared to somerdipes of nitrogen sources
such as spent brewer’s yeast. The medium usedhf@stigating nitrogen sources
composed of 3% tapioca starch, 0.2% tryptone, OBWPQ,, 0.3% yeast extract,
0.057% MgSQ.7H,0O, 0.012% MnSQ4H,O, and 0.003% FeSOH,O, with the

initial pH of 7.0£0.2.

4.3.2.1 Tryptone

Tryptone (5 g/l) is added as a nitrogen sound@AM medium.
Various concentrations of the compound (2.0, 2.6, 8.0, and 5.0 g/l) were applied
in RAM medium containing 30.0 g/l (dry weight) adpioca starch for evaluating
L-lactic acid production yield. After cultivatingehsolates SUT513 and CAR134 for
48 h, the bacteria grew well in the media contajrifr0-5.0 g/l of tryptone. Their cell
counts were from approximately L@€FU/mI to 16 and 16 CFU/mI respectively.
The maximumL-lactic acid concentration was also obtained frolAMRmedia
containing 2.5 and 4.0 g/l of tryptone for isoladT513 and CAR134. For isolate
CAR134, L-lactic acid was increased with the increase iptoye concentrations
from 2.0 to 4.0 g/l. The selected bacterial str&hs'513 and CAR134 could produce
the maximum concentration aflactic acid at 5.16 and 5.12 g/l (Figures 4.4A and
4.4B) in media containing tapioca starch at comedion of 30.0 g/l (dry weight)

(Appendices C3-C4)L-Lactic acid produced had an optical purity of >99Phus,
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RAM broths containing 2.5 and 4.0 g/l of tryptoneres for isolates SUT513 and

CAR134 respectively.

(A)

and Log CFU/ml
Total acidity (%)

L-Lactic acid concentration (g/l),
total lactic acid (g/l), pH,

8 (B) 0.8

and Log CFU/mlI
Total acidity (%)

L-Lactic acid concentration (g/l),
total lactic acid (g/l), pH
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Figure 4.4 Effect of tryptone concentrations (2.0, 2.5, 3400, and 5.0 g/l) on
growth andL-lactic acid production by bacterial isolates SUISA)
and CAR134 (B) in modified RAM medium at an initi@aH of 7.0 and

incubated at 35°C for 48 h.
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As effects of various nitrogen sources on cedlngh and lactic
acid production were investigated, the more expensitrogen source leads to higher
lactic acid yields and the increase in acid produacicost. The suitable nitrogen
source for industrial application should be avddahith low cost. A few reports tried
to investigate yeast extract and tryptone in MRSlioma for lactic acid production,
Lactobacillus casei YIT 9018, for example (Olet al., 1995). The response surface
methodology (RSM) was used for investigating tryygtdor growth and lactic acid
production byL. casei YIT 9018. The optimum conditions were found to &
follows: 3.04% tryptone, 0.892% yeast extract, %58lucose, 0% Tween 80, and

incubation temperature at 35.

4.3.2.2 Spent brewer’s yeast
Most LAB require a wide range of growth factors luting

amino acids, specific minerals, vitamins, fattydacipurines and pyrinmidines for
their growth and biological activity (Lét al., 2006). Yeast extract has been reported
to be the most important medium component for ¢aatid fermentation. It is a costly
source of nitrogen and growth factors. In this gfuthe original RAM medium
contained 3.0 g/l of yeast extract. Various coneiuns of the component (1.0, 2.0,
and 3.0 g/l) were applied in RAM medium containB@ g/l (dry weight) of tapioca
starch and 2.5 g/l (for isolate SUT513) and 4.0(ipt isolate CAR134) of tryptone
respectively. To obtain the low cost medium, yeadtact was tested to be reported
by spent brewer’s yeast obtained from Boonrawd brgvCo., Ltd., Thailand. Three
concentrations (3.0, 5.0, and 10.0 g/l) of speater’'s yeast (Table 4.1) were used to

prepare fermentation medium. After cultivating teelates SUT513 and CAR134 in
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media containing spent brewer’s yeast for 48 hy y&od growth and production of
L-lactic acid were found. Yeast extract could be pletely replaced by 3.0 g/l of
spent brewer’s yeast in the medium for isolate C3RI'he maximum concentration
of L-lactic acid was 5.34 g/l (Figure 4.5B) in mediuontaining 30.0 g/l (dry weight)
tapioca starch with 4.0 g/l of tryptone. When 3/0sgent brewer’s yeast was used as
a nitrogen source, fermentation showed a littldérgyield than that with 3.0 g/l yeast

extract (Appendix C6).

Table 4.1 Medium constituents for the investigation of effecf yeast extract and

spent brewer’'s yeast on lactic acid production bgiss SUT513 and

CAR134.
Component Component concentratigg/l) of medium no.
T 2 3 4 5 6

Tryptone

SUT513 250 250 250 250 250 250

CAR134 400 400 400 400 4.00 4.00
Yeast extract 3.00 2.00 1.00 - - -
Spent brewer’s yeast - 3.00 3.00 3.00 5.020.00
Dipotassium phosphate 6.00 6.00 6.00 6.00 6.00 6.00
MgSQO,.7H,O 0.57 0.57 0.57 057 0.57 0.57
MnSQO,.4H,0 0.12 0.12 0.12 0.12 0.12 0.12
FeSQ.7H,O 0.03 0.03 0.03 0.03 0.03 0.03
Tapioca starch 30.0030.00 30.00 30.00 30.00 30.00

" Initial medium composition.
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For isolate SUT513,-lactic acid concentration of 5.16 g/l was
obtained in the fermentation medium containing AGtapioca starch, 3.0 g/l yeast
extract, and 2.5 g/l tryptone. The yield and prdohity of L-lactic acid were 1.05 g/g
and 0.11 g/l.h respectively, from the media comtgr80.0 g/l (dry weight) tapioca
starch supplemented 5.0 g/l of spent brewer’s yaagt2.5 g/l of tryptone.-Lactic
acid concentration was 4.82 g/l in 48 h (Append&).Crield and productivity of
L-lactic acid were 0.76 g/g and 0.10 g/l.h respetyifFigure 4.5A). Spent brewer’s
yeast, byproduct of yeast fermentation processjdcsupport similar lactic acid
productivity to yeast extract. Medium no. 5 (Talld) was then chosen for further
optimization. Spent brewer’s yeast used containtart!s (75.53%), moisture content
(10.62%), fiber content (5.21%), total nitrogen & (6.21%), fat content (2.37%)
and ash content (5.18%). Usually, minerals andmiita are found in spent brewer’s
yeast (Duarteet al., 2008). The minerals include aluminum, bariumi|cica,
chromium, cobalt, copper, iron, magnesium, manganekosphorus, potassium,
selenium, silicon, sodium, strontium, sulfur, zimnd silicon. The vitamins include
biotin, choline, folic acid, niacin, pantothenic i@c riboflavin, thiamine, and
pyridoxine. Amino acid compositions (of total priofeinclude alanine, arginine,
aspartic acid, cysteine, glutamic acid, glycinestiline, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threentryptophan, tyrosine, and valine
(Duarteet al., 2008). These components of spent brewer’s yeagtl support growth
and lactic acid production of LAB. The addition Q@/I of spent brewer’s yeast to
optimal medium could not increase lactic acid yieldboth isolates SUT513 and

CAR134. The acid produced was onlylactic acid isomer having >99% optical

purity.
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Figure 4.5 Effects of yeast extract and spent brewer’s yEbable 4.1) on growth
and L-lactic acid production by bacterial isolates SU35@A) and
CAR134 (B) in modified RAM medium at the initial pef 7.0 and

incubated at 35°C for 48 h.

In the economic analysis of lactic acid ferm&otg the largest
contributor was found to be yeast extract accogntom about 38% of medium cost
(Teleyadi and Cheryan, 1995; Alttfal., 2007b). The addition of nutrients with

higher concentrations generally had a positivecefte the lactic acid production.
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Generally, MRS medium, which contains yeast extiaeptone and meat extract, was
superior to yeast extract, which in turn was beti@an malt extract. This reflects the
complex nutrient demands of LAB, being fastidioexduse of limited biosynthesis
capacity (van Niel and Hahn-Hagerdal, 1999). F@aneple,Lactobacillus rhamnosus
NBRC 3863 could produce lactic acid at°@2and pH 6.0 in batch fermentation
providing with 100 g/l glucose supplemented witfi%.fish wastes and 0.6% spent
cells. The fermentation efficiency was similar hatt using 1.5% yeast extract (Geio
al., 2007). However, when 0.3% yeast extract was aoedbwith 30 g/l rice bran
hydrolysate, lactic acid productivity became 1r@ds higher than that of the control
fermentation using 1.5% yeast extract (&hal., 2008). Kwonet al. (2000) reported
that 15 g/l yeast extract could be successfullylacga with 19.3 g/l soytone
supplemented with vitamins, resulting in a productof 125 g/l lactic acid from 150
g/l glucose in batch fermentation at°@2and pH 6.0 by.. rhamnosus ATCC 10863.
The volumetric productivity and lactate yield w&27 g/l.h and 92% respectively,
which were higher than those of 15 g/l yeast extraltaf et al. (2007a) reported the
production ofL-lactic acid bylL. amylophilus GV6 at 3PC using 0.8% red lentil flour
supplemented with 1% baker’s yeast. And the pddsilido replace more expensive
commercial nitrogen sources, peptone and yeasaaxtt MRS medium containing
1% of soluble starch with red lentil flour and bekeyeast. The maximum lactic acid
production of 13.5 g from 15.2 g soluble starch wlined for 48 h, with 92% lactic
acid yield efficiency.

Batch fermentation containing glucose suppleegkmtith corn
steep liquor and acid-hydrolysate of soybean mearaalternative to yeast extract

was performed bY. casei LA-04-1 at 42C for L-lactic acid production. Most of the



74

initially existing 140 g/l of glucose was utilizeshd lactic acid concentration of 112.5
g/l was obtained (Liet al., 2006). Enterococcus faecalis RKY1 was reported to
produce lactic acid with 102 g/l.h from medium @néed 200 g/l of whole wheat
flour hydrolyzate, 15 g/l of corn steep liquor, ah& g/l of yeast extract at 38 and
pH 7.0 (Ohet al., 2005). Thus, in this study, the medium no. 5Table 4.1 (for
SUT513) and medium no. 4 in Table 4.1 (for CAR1@4ye used to determine the
suitable initial pH as well as the optimal temperatto obtain the maximumlactic
acid production. Spent brewer’'s yeast could sudckgsreplace yeast extract to

reduce the cost of fermentation medium.

4.3.3 Initial pH of the culture medium

To obtain the maximum.-lactic acid production by cultivating the
isolates SUT513 and CAR134, the initial pH of thatable medium from section
4.3.2 was varied at pH 5.0, 5.5, 6.0, 6.5, 7.0 &0d Isolates SUT513 and CAR134
could produce.-lactic acid in the medium adjusting initial pH@t 5.0-8.0 (Figure
4.6). To produce lactic acid economically by dirdgbconversion from starchy
substrates, lactic acid productivity in relationindgial pH, which could influence the
saccharification of starch, was investigated. Th&nwum initial pH was found to
occur between 7.0 and 8.0. Below pH 7.0, strain SL3Tcould not completely
convert tapioca starch to lactic acid. This obs#gemasupports the conclusion that
hydrolysis of starch did not occur at pH 5.0-6.5thNhe initial pH of medium at 8.0,
the production of lactic acid was slightly loweathat initial pH 7.0. IrLactococcus
lactis subsp.lactis C2, it has been suggested that the utilizatiostafch was not

affected at pH 4.5, but that uptake of carbohydcateld be inhibited by increased
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proton levels (Yokotat al., 1995). However, the rapid drop in culture pHG<during
logarithmic growth phase should be prevented, siiices suggested to cause
inhibition of lactic acid production. The highestactic acid concentration of 4.82 g/l
(Figure 4.6A) and 5.34 g/l (Figure 4.6B) produceadsitrains SUT513 and CAR134
respectively, was observed (Appendices C7-CR&pctic acid obtained had an optical
purity of >99%. Therefore, the initial pH of mediuat 7.0 was chosen for further
optimization.

The effect of pH on lactic acid production has bestindied by
cultivating the isolated actobacillus plantarum, L. amylophilus GV6 andL. lactis
BMES5-18M at pH between 5.0 and 7.0. The optimumfpiHcell growth and lactic
acid production of. plantarum was showed to be between 5.0 and 6.8 (Yumoto and
lkeda, 1995; Fu and Mathews, 1999; Rayal., 2009).Lactobacillus amylophilus
GV6 (Vishnuet al., 2000) and.. lactis BME5-18M (Baiet al., 2004) could produce
lactic acid at pH 6.5.actobacillus manihotivorans LGM18010 had optimum pH at
6.0 (Guyotet al., 2000) wheread.. manihotivorans LGM18011 exhibited the
maximum activity for growth at pH 5.0 (Ohkouchi atrbue, 2006)Lactococcus
lactis subsp.lactis B84 could produce lactic acid at pH 6.0 (Petebval., 2008).
Enterococcus faecium No.78 was produced lactic acid at pH 6.5 (Shileagh., 2007).
Naritaet al. (2004) reported thareptococcus bovis 148 grew at pH between 5.8 and
9.6 with its optimum pH at 6.0, where&sbovis JMC 5802 showed its optimum pH
for lactic acid production at 5.5 (Yuwono and Kokung 2008). Two selected strains
grew and showed highlactic acid concentration in the medium adjusiug at 7.0.

The two selected strains could be used as stauteires for lactic acid production.
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Figure 4.6 Effect of initial pH of fermentation medium (5.8,5, 6.0, 6.5, 7.0, and
8.0) on bacterial growth andlactic acid production by SUT513 (A) and
CAR134 (B) in modified RAM medium at an initial pbf 7.0 and

incubated at 35°C for 48 h.
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4.3.4 Cultivation temperature

The optimal temperature farlactic acid production was determined by
cultivating the isolates SUT513 and CAR134 in tipéimized medium with the pH
adjusting to 7.0 for 48 h. The incubation tempeeduvere varied at 25, 30, 35, 37,
40 and 45°C based on the range of their growth ¢eatpres. The production of
L-lactic acid from starch was achieved at variousperatures (Figure 4.7). Results
showed that the isolate SUT513 had ability to poedulactic acid when it was
cultivated in optimal medium at 25-37°C. But thelactic acid concentration
decreased when the cultivation temperature of nmeawas increased to 40 and°45
For the isolate CAR134, it could produce lacticdawihen incubated at both 35 and
37°C. But the_-lactic acid concentration decreased when culttdvateéemperatures of
25, 30, 40 and #4%. Both strains could produce the maximumactic acid
concentration when cultivated at 35°C. The highelsictic acid production of 4.82
g/l (Figure 4.7A) and 5.34 g/l (Figure 4.7B) wassetved by strains SUT513 and
CAR134 respectively (Appendices C9-Cl0Lactic acid produced had its optical
purity of >99%. Thus, the optimal temperature felactic acid production of the
selected isolates was &

The temperature stimulating the highest proditgtiwas in some cases
lower than the temperature resulting in the highesgic acid concentration and yield.
For L. amylophilus, the optimal temperatures were 25 and 35°C forntla&imum
productivity and vyield respectively (Hammes and ®lpgl1995). Lactobacillus
amylophilus BCRC 14055 showed the optimum temperature fordactid production
at 30C (Yen and King, 2010). Fdr. casei andL. paracasel the optimal temperature

for lactic acid production was reported to be bemwe7 and 44°C respectively
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Figure 4.7 Effect of cultivation temperatures (25, 30, 35, 3D, and 4%C) on
growth and_-lactic acid production of bacterial isolates SU3%A) and
CAR134 (B) in modified RAM medium at an initial pbf 7.0 and

incubated at 35°C for 48 h.

(Richter and Trager, 1994). In agreement with mesiobservationd,actococcus
lactis and L. rhamnosus exhibited the highest yields and productivities8atto 35°C
and 41 to 45°C respectively (Hujanen and Linko, 6)9%or L. plantarum MTCC

1407, it was produced lactic acid a@5Rayet al., 2009). The optimal temperature
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was reported to be 37°C fdr. casei NRRL B441 (Linko and Javanainen, 1996),
L. amylophilus GV6 (Vishnuet al., 2000),L. helventicus (Aeschlimann and Stockar,
1999),L. lactis BME5-18M (Baiet al., 2004), and&reptococcus bovis 148 (Naritaet
al., 2004). Whereas the optimal temperature for daatiid production bys bovis
JCM 5802 was at 3€ (Yuwono and Kokugan, 2008). Fbactococcus lactis subsp.
lactis B84 the optimal temperature for lactic acid prdductwas reported to be 33
(Petrovet al., 2008). The straifnterococcus faecium No.78 was produced lactic acid
at 30°C (Shibatat al., 2007). Therefore, temperature was a criticabpeaater that

should be controlled in order to obtain the maximaatic acid production.

4.3.5 Inoculum size

The amount of inoculum farlactic acid production was investigated by
cultivating the isolates SUT513 and CAR134 in tlogatimized media with adjusting
the initial pH at pH 7.0 and incubating at 35°C 4& h. Inoculum sizes of 1, 2, 3, 4
and 5% of the starter culture containing approxatyattd CFU/ml were tested.
Results showed that the higHactic acid yield was obtained when 1, 2, 3 andd&@%
inoculum size were applied. But theid concentration was a little bit increased when
the 4% inoculum size was added into the fermemtatiedium. Thus, the 1%
inoculum size was chosen for the production ofitaatid. The highest-lactic acid
production of 3.90 g/l (Figure 4.8A) and 4.69 dfilgure 4.8B) was observed by the
strains SUT513 and CAR134, respectivalyl actic acid produced had its optical

purity of >99% (Appendices C11-C12).
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Figure 4.8 Effect of initial inoculum sizes (1, 2, 3, 4, aBéo6) on L-lactic acid
production by bacterial isolates SUT513 (A) and QAR (B) in
modified RAM medium at an initial pH of 7.0 and ubated at 35°C for

48 h.

The effect of initial inoculum size on the proton of lactic acid has
only been studied in a few reports. Retyal. (2009) found that the addition of
L. plantarum MTCC 1407 at five levels (1, 2, 3, 4, and 5%)mdculum volumes, 2%

level was found to be the best for lactic acid picithn and inoculum levels higher
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than 2% had obtained adverse effect. In case ofseld fermentation, the inoculum
level varies according to the initial sugar or stacontent used in the fermentation
(John et al., 2007). Because growth of the microorganisms imukaneous
saccharification and fermentation (SSF) dependshensubstrate: moisture ratio in
correlation with environmental factors like pH atemperature. Johat al. (2006)
reported a similar inoculum volume level in lacticid production from agro-wastes
usingL. delbrueckii as an inoculant. However, Linko and Javanaine8g}1L@eported
thatL. casel produced lactic acid when 10% inoculum was addéeé. highest lactic
acid yield (98%) was achieved in 47 h from barlegrch (130 g/l) simultaneously
liquefied, saccharified, and fermented. Lactic gmodduction from barley starch with
the 20% inoculum was also much slower than with ell-balanced simultaneous

liquefaction, saccharification, and fermentatiomgghe 10% inoculum.

4.4 Production ofL-lactic acid from tapioca starch

L-Lactic acid production was performed in a 6.6 Intcolled fermentor
containing 5.0 | optimal medium containing 30 glry weight) of tapioca starch
(Table 4.2). The cultivation temperature and pH evautomatically controlled at
35°C and pH 7.0 and the agitation speed was maadaat 200 rpm for 48 h. An
inoculum containing approximately A@FU/ml was inoculated into the suitable
medium at 1% (v/v) size. Fermentation medium wéeriaat each time interval for
measurement of bacterial growth, pH of the meditemained substrate, and lactic
acid concentration. The strain SUT513 was startkdttic acid production at 4 h after
inoculation and continuously increased until 28which reached the maximum

L-lactic acid yield of 38.9 g/l. The profile of cedrowth and pH change during the
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lactic acid fermentation was recorded (Figure 4.99gcterial growth was related to
the increase in lactic acid concentration. The mamn cell growth was obtained as
1.58<10"* CFU/ml for 12 h. Tapioca starch was completelystoned within 48 h.
For substrate consumption, the complete consummtioiapioca starch was found
within 20 h of fermentation. The result showed thailable substrate limited lactic
acid production. The strain could producdactic acid yield Y_as) of 0.9964 g/g
(99.64%), production rate (B of 1.61 g/l.h and specific growth rat@.fy of
0.51 K (Table 4.3).L-Lactic acid yield of 99.64% based on tapioca $tan@s
produced by isolate SUT513. Spent brewer’s yeasldcaffect production because
some amino acid could be used for fermentation gg®cIn addition, some amino
acid can converse to pyruvate and increase laciicygeld (Campbelkt al., 2006).

For the strain CAR134|-lactic acid was started to produce at 6 h after
inoculation and continuously increased until 38which reached the maximum
L-lactic acid yield of 32.70 g/l (Figure 4.9B). Bagtl growth was related to the
increase in lactic acid. The maximum growth wasailetd as 5.2610"* CFU/ml for
14 h. Tapioca starch (30 g/l) was completely corsdinvithin 22 h of fermentation.
The result showed that the available substratedumactic acid production. CAR134
had its specific growth rateuay) of 0.27 K, lactic acid productivity (R) of 1.41
g/l.h, and lactic acid yieldY{as) of 0.9215 g/g or 92.15% (Table 4.3). The acid
produced was only-lactic acid isomer (optical purity of >99%) (Apmkoes E3 and

C13-C14).
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Table 4.2 Components of RAM and optimized media for lactedaproduction by

bacterial strains SUT513 and CAR134.

Component RAM Optimized medium (g/l)
medium (g/l) for isolate
SUT513 CAR134
Tapioca starch 10.00 30.00 30.00
Tryptone (Pancreatic digest of casein) 5.00 2.50 00 4.
Yeast extract 3.00 - -
Spent brewer’s yeast - 5.00 3.00
Dipotassium phosphate 6.00 6.00 6.00
MgSOy. 7H,0O 0.57 0.57 0.57
MnSQ,.4H,0 0.12 0.12 0.12
FeSQ.7H,0 0.03 0.03 0.03

Table 4.3 Comparison of direct-lactic acid fermentation from tapioca starch by

isolated SUT513 and CAR134.

Parameter Isolate code

SUT513 CAR134
Maximum bacterial growth (CFU/ml) 1.58xFq12 h)  5.25x18 (14 h)
MaximumL-lactic acid concentration (g/l) 38.90 (23 32.70 (38 h)
Specific growth ratepna) (W) 0.51 0.27
Productivity (Ra) (g/l.h) 1.61 1.41
Lactic acid yield Yy ass) (%) 99.64 92.15
Optical purity ofL-lactic acid (%) >99 >99
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Figure 4.9 L-Lactic acid production by isolates SUT513 (A) @@WR134 (B) in 5|
optimized medium containing 30 g/l (dry weight)tapioca starch in a

controlled bioreactor at 3& and pH 7.0.
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The effect of pH control on lactic acid produdiyvhas been reported. Without
pH control, only 16.8 g lactic acid was producednir 50 g soluble starch by
Lactobacillus manihotivorans LMG18011", and culture pH dropped to 3.5. With pH
control at 5.0, the production of lactic acid iresed to 40.7 g at 26 (Ohkouchi and
Inoue, 2006). The yield of lactic acid from stamhL. manihotivorans LMG18011
with pH control at 5.0 was 2.5 times higher thathaut pH control. The culture pH
was controlled at pH 5.0, the highest productiod wield (Y as) with 98.5% optical
purity were achieved. These results were distindifiigrent from those obtained with
L. manihotivorans LMG18010 (Guyotet al., 2000).

For L. amylophilus BCRC 14055, results from batch operation at dfféer
starch concentrations (20, 40, and 60 g/l) &C36howed that the batch with 20 g/l of
initial starch provided the maximum productivitydatine maximum yield of 0.31 g/l.h
and 98% respectively (Yen and Kang, 2010). Batcératmpns with 20 and 60 g/l
starch indicated the high starch concentratiordimegto a slightly lower productivity,
but largely decrease the yield. A slightly lowepguctivity in the batch operation
with 60 g/l of starch could be the consequenceigi factic acid inhibition. These
results were obviously different from those obtdideom L. amylophilus (Yumoto
and Ikeda, 1995), which was found that the laatid @oncentration could be as high
as 37.16 g/l from the batch operating with 60 tdfrch, which might be high enough
to reduce productivity. To increase productivitydafactic acid concentration,
a starch-controlled fed-batch operation with 20o@/hitial starch was performed and
controlled pH at 5.3. The maximum productivity o¥® g/l.h and the yield of 69%

were obtained from the fed-batch operation witihctzontrolled at 8+1 g/l
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However, Enterococcus faecium No. 78 was also tested for its lactic acid
production from sago starch at°@and pH 6.5. The strain could producéactic
acid of 16.6 g/l from 20 g/l of starch (Shibataal., 2007). It was superior to the other
amylolytic LAB on the direct lactic acid fermentati with starches and produced
lactic acid of high optical purity (98.6%). In tlokrect lactic acid fermentation from
starch, continuous culture has hardly been repo@edtinuous culture system with
high cell density oE. faecium showed higher lactic acid productivity (3.04 g/lthan
those of batch culture (1.10 g/l.h) and conventiamatinuous culture (1.56 g/l.h).
Results from this study reveal that the isolatesT=l3 and CAR134 have their
potential for optically pure-lactic acid production from tapioca stargkmylolytic
activity may involve with at least two enzymes. Dgrfermentation the main activity
is found with the cells. The existence of one edHalar and one cell-bound
a-amylase has also been reported for some staratollgyohg streptococci (Lindgren

and Refai, 1984).

4.5 Preliminary investigation for L-lactic acid extraction and

purification method from fermentation medium

L-Lactic acid produced by selected strains in thetrotled fermentor from
section 4.4 was extracted and purified. Tapiocecktéermentation medium, 600 ml
with 38.90 g/l (for isolate SUT513) and 32.70 ddr(isolate CAR134) -lactic acid,
after bacterial cell separation was heated to apmately 80-90C to coagulate
proteins which removed by filtration.-Lactic acid was then precipitated from the
cultured medium using Ca£}0.5 mol of Ca/mole of lactic acid), the formedcaam

lactate then concentrated under vacuum to 200 mmhefetation medium. After
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crystallization, the main component contained i@ ermentation mash was the salt
of lactic acid (Ca lactate). The precipitated aalci lactate was separated from
dissolved impurities by centrifugation. There wemme loss of lactic acid in this
step. Only lactic acid at concentrations of 18.88 45.89 g/l for isolates SUT513 and
CAR134 respectively, were obtained. However, somjgurities were still remained
in the cake. The lactic acid could then be extdacteom organic phase by
backextraction with water. There was a loss ofiagaldactate (14.80-20.45 g/l) along
with the washes. After separating all insoluble ponents, the mash was acidified
with 12 M sulfuric acid (37% in concentration) tbdrate the lactic acid from its salt.
Color of the acid solution was removed by treatwvith activated charcoal, resulting
in a clear or lighter color compared to fermentatioedium (Figure 4.10). The optical
purity of L-lactic acid did not change during these purificatsteps. Purified-lactic
acid at concentrations of 64.2 and 57.0 g/l in 1Ginmal volume with >99% optical

purity for isolates SUT513 and CAR134 respectivelgre achieved.

| Calcium L-Lactate |

Figure 4.10 L-Lactic acid purification from tapioca starch femegtion broth:
calcium L-lactate (A), purifiedL-lactic acid before decolorization (B),
and purifiedL-lactic acid after decolorization compared to conmuia

lactic acid (C).
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In fermentation broth, some organic acids (ci&id, lactic acid, formic acid,
acetic acid, butyric acid, and propionic acid) tbatild be produced, were determined
using a HPLC (Appendix E1). The total sugar conteat also determined by the
phenol-sulfuric acid method. After purification, ali 99% of total sugars were
removed.

Batch fermentation is traditionally performed withlcium hydroxide, but the
regeneration of lactic acid results in the produciof large amounts of solid calcium
sulfate (Hofvendahl and Hahn-H&agerdal, 2000). Bedtiernatives are ammonia or
calcium carbonate, leading to production of théllieer ammonium sulfate (Dattet
al., 1995) or gaseous carbon dioxide, respectivetntiGuous removal of the acid
with extraction or electrodialysis results in evegher lactic acid concentrations and
yields. The extracting material must be bio-conmpatiso as not to harm the
organism, and one way of achieving is the aqueawsphase systems (¥t al.,
2008), which provide good separation of lactic aandl cells when combined with a
tertiary amine. Gonzéaleet al. (2006) studied the purification of lactic acicrn
fermentation broth using a weak anion exchangewdtie S3428) and treated with a
strong cation resin (Lewatit S2568H) at pH below kK, of lactic acid (3.86). The
final purity of lactic acid was higher than 99%eé&irodialysis can be used in a pH
controller producing the lactate anion (Min-Tiahal., 2005). Microbial cells are
removed by filtration not to foul the membranes.eTprice of the membranes is
presently a considerable drawback. Both aqueous-ptvase systems and
electrodialysis yield lactic acid, instead of laetawhich potentially could decrease
the purification costs. For this study, a simplethnd was described for purification

of optically pureL-lactic acid from cultured tapioca starch fermeotabroth.
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4.6 ldentification of the selected lactic acid baerial isolates

Many organisms can be identified on the basis @fpimological characteristics.
However, this approach is not reliable for all ggewf organisms, including bacteria
which possess limited morphological differentiat{@&mtiset al., 2001). Conventional
methods for bacterial identification rely on resulof biochemical tests and
assimilation assays (Reehal., 2001). Such physiological tests have been paddr
using traditional microbiological methods or comunialty available kits such as API
system. The API has been tested extensively wiplorted accuracy ranging from
90.2-93.0% (Entist al., 2001). Therefore, the molecular technique esfigcil6S
rDNA sequence is needed to assist. The combinatibnmorphological and
physiological characterization, was also important] should be used in combination

with the molecular technique for accuracy idendifion.

4.6.1 Morphological and physiological characterizabn

Morphological and physiological characteristids4oselected bacterial
strains exhibited the highestlactic acid concentration were studied. Theseatssl
were Gram-positive, non-spore forming and non-raofilhree out of 4 isolates were
ovoid cells, and only 1 isolate was cocci. All steawere homofermentative. Gas is
not produced frond-glucose. The API-system was used for the chaiaaten.

The selected strains CAR128, CAR134 and CAR13%ew8ram-
positive rods with the approximate cell sizes af53-0.74%0.328-0.454um after
cultivation on RAM agar containing 1% tapioca sitaat 35C for 18-24 h (Figure
4.11). They were non-motile and endospores wereohsérved after cultivation on

RAM agar for 7 days. Colonies of CAR128, CAR134 @&#AR135 were circular, low
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convex with entire margin, white to cream color hw2.0-3.0 mm diameter after
cultivation on RAM containing 1% tapioca starch3&C for 48 h (Figure 4.12).
They were facultative anaerobic bacteria, grevhengresence of 0-4.0% NaCl. Strain
CAR128 grew at 20-#Z and pH 6.0-8.0, while CAR134 and CAR135 grew at
20-45C and pH 4.8-8.0. All selected strains showed aatalnd oxidase negative.
They were able to hydrolyze gelatin and skim mi#alates CAR128, CAR134 and
CAR135 were also able to hydrolyze starch with walear zone (reacting with

iodine) of 0.30, 0.70 and 0.75 cm diameter, respelgt
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Figure 4.11 Gram stain of isolates SUT513 (A), CAR128 (B), CAR1(C), and
CAR135 (D), bright field microscopy (1,000x). Arrewindicate

bacterial cell.
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Figure 4.12 Colony morphology of isolates SUT513 (A); CAR128;(BAR134 (C);
and CAR135 (D), on RAM agar containing 1% tapiotarch at 35C

for 48 h. Arrows indicate bacterial colonies.

Isolate SUT513 was Gram-positive coccus, non-sgorening and
non-motile. The diameter of cell ranged from 0.880t51um after cultivation for

18-24 h at 3%C on RAM agar containing 1% tapioca starch. Coleie RAM agar
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containing 1% tapioca starch were circular, lowveawith entire margin, and white
color with 1.0-2.0 mm diameter after cultivation3%°C for 48 h (Figure 4.12). The
isolate SUT513 was catalase and oxidase negative, ggew at 0-3.0% NacCl,
20-45C, and wide pH range of 5.0-8.0. They were facwkadnaerobic bacteria. The
isolate SUT513 was able to hydrolyze skim milk, hot hydrolyze gelatin. And it
was able to hydrolyze starch with wide clear zoh#.% cm diameter (Figure 4.1).

All strains were identified based on carbohydrassimilation and/or
fermentation using API 50 CH/CHL system (bioMérigukhe results were compared
in terms of the similarity percentages of carbolyelr assimilation and/or
fermentation patterns with reference strains of ARILAB Plus software (version
5.0). Profiles of the selected isolates in APl 38 @allery revealed that all strains
could fermentD-glucose,D-galactose p-fructose,D-mannosep-maltose,D-lactose,
D-saccharose (Sucrose);rafinose, N-acetylglucosamine, esculin, salicin, amidon
(Starch) and hydrolyze glycogen. The isolates ditl ferment glycerol, erythritol,
D-arabinose, L-arabinose, D-ribose, D-xylose, L-xylose, D-adonitol, methylsD-
xylopyranoside,L-sorbose,L-rhamnose, dulcitol, inositolp-mannitol, D-sorbitol,
methyl-uD-mannopyranoside, methyb-glucopyranoside, inulin, D-melezitose,
xylitol, D-turanoseD-lyxose, D-tagatose D-fucose,L-fucose,D-arabitol, L-arabitol,
potassium gluconate, 2-ketogluconate, and 5-ketoglate. Amygdalin, arbutin,
D-cellobiose,D-melibiose, D-trehalose, and gentiobiose were fermented bynstrai
CAR128, CAR134 and CAR135 but not by the strain SL8 Strains CAR128 and
CAR135 could weakly ferment Methy-glucopyranoside. They formedlactate
from D-glucose but no gas was released, and they didenoient neither gluconate

nor pentose. They were considered as obligate renmehtatives. Morphological
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and physiological characteristics of the selectedirss are concluded in Table 4.4.
These characteristics still had limitation for Speddentification. Isolates CAR128,
CAR134 and CAR135 were biochemically identifiedLastobacillus crispatus with
99.9% similarity. Isolate SUT513 showed similar dhiemical characteristics to
Lactobacillus acidophilus 2 at 99.6% but they cell morphology was differentldses
CAR128, CAR134, CAR135 and SUT513 were closédaobacillus crispatus and
Lactobacillus acidophilus 2, but showed different phenotypic characteristicndler
and Weiss (1986) found thatctobacillus crispatus and Lactobacillus acidophilus
producedL-lactic acid fromb-glucose. However, our results indicated that CAR12
CAR134, CAR135 and SUT513 producedactic acid frombD-glucose, which was
different from Lactobacillus crispatus and Lactobacillus acidophilus. Thus,
morphological and physiological characteristics eveot sufficient for identification

of these isolates.

Table 4.4 General characteristics of 4 isolates of selectdalctic acid-producing

bacteria.
Characteristics Bacterial strain
SUT513 CAR128 CAR134 CAR135
Cell shape Cocci Ovoid Ovoid Ovoid
Cell arrangement Single, pairs, Single, pairs, Single, pairs, Single, pairs,
chains chains chains chains
Cell size (Lm) 0.38-0.51 (0.30-0.43)x (0.32-0.45)x (0.31-0.45)x
(0.44-0.75)  (0.45-0.74)  (0.48-0.76)
Gram + + + +
Spore forming - - - -
Aerobic growth + + + +
Anaerobic growth + + + +

Catalase test - - - .
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Table 4.4 (Continued) General characteristics of 4 isolaikselected lactic acid-

producing bacteria.

Characteristics Bacterial strain

SUT513 CAR128 CAR134 CAR135
Oxidase test - - - -
Motility - - - -

Gas fromD-glucose - - - -
Growth at 0% NacCl + + + +
3.0% + + + +
4.0% - + + N
6.5% - - - -
8.0% - - - -
10.0% - - - -
18.0% - - - -
Range (% NaCl) 0-3.0 0-4.0 0-4.0 0-4.0
Growth at 8C - - - -
10°C - - - -
15°C - - - -
20°C + + + +
30°C + + + N
35°C + + + N
37C + + + N
40°C + + + +
42C + + + +
45°C + - + +
50°C - - - -
55°C - - - -
Range {C) 20-45 20-42 20-45 20-45
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Table 4.4 (Continued) General characteristics of 4 isolaikselected lactic acid-

producing bacteria.

Characteristics Bacterial strain
SUT513 CAR128 CAR134 CAR135
Growth at pH 4.0 - - - -

4.4 - - - -
4.8 - - + +
5.0 + - + +
6.0 + + + +
6.5 + + + +
7.0 + + + +
8.0 + + + +
9.6 - - - -
Range pH 5.0-8.0 6.0-8.0 4.8-8.0 4.8-8.0
Hydolysis of:
Starch + + + +
Skim milk + + + +
Gelatin - + + +
Arginine - - - -
Lactic acid configuration L L L L

4.6.2 Molecular characterization of 16S ribosomaRNA gene
From morphological and physiological charactaristsults of selected
bacterial strains, they could not be identified.efdiore, the 16S rRNA sequence
analysis was performed to assist this identificati@enomic DNA of isolates
SUT513 and CAR134 was extracted and purified (FEgdrl3), and used for

16S DNA amplification by PCR using fD1/rP2 primers.
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Figure 4.13 Agarose gel electrophoresis of genomic DNA extccteom two
selected isolates of starch-utilizing andactic acid-producing bacteria.
Lanes: M, 1 Kb plus DNA ladder (Invitrogen) as alecolar weight

marker; 1, bacteria isolates SUT513; and 2, CAR134.

Figure 4.14 Agarose gel electrophoresis of PCR fragment obthirfirom the
amplification of genomic DNA of selected isolatesng primer fD1 and
rP2. Lanes: M, 1 Kb plus DNA ladder (Invitrogen)aasolecular weight

marker; 1, bacteria isolates SUT513; and 2, CAR134.
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The length of amplified fragments of the two &ek were similar in size
being approximately 1,500 bp (Figure 4.14). Afteqencing of the DNA fragments,
nucleotide sequences of the isolates SUT513 and18Amad 91-99% homology
compared t@&reptococcus species (Tables 4.5 and 4.6).

After sequencing, the nucleotide sequences ofPfBR product (1,500
bp) were analyzed, and compared to local alignnieeit have been reported using
BLAST version 2.2.9 program from GenBank databalséhe National Center for
Biotechnological Information (NCBI). The 16S rDNAeguence, corresponding to
positions 8-1420, alignment is given in Appendix I6olate SUT513 showed the
highest similarity with CAR134 at relation value &% (Figure 4.15). The
phylogenetic trees of isolates SUT513 and CAR134ewsonstructed based on
16S rRNA gene sequences using the neighbour-joimethod and the maximum
parsimony method by MEGA version 4 (Kumaral., 2004) (Figure 4.16), which
demonstrated that the two strains formed a tighdeckclosely related t&reptococcus
infantarius, S lutetiensis, S bovis and S. equinus speciesfrom GenBank database,
with similarity values of 99%. The stability relatiships were evaluated by a boot

strap analysis of 1,000 replications.
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Table 4.5 Similarity of 16S rRNA gene sequences of SUT513l aDAR134
compared withSreptococcus species from NCBI nucleotide sequence

database.

Bacterial Length Nucleotide sequence comparison, identificationlteswd details
isolate of

Closestrelative  Length Sequence GenBank Isolation

code sequence :
(nt) of homology accession source/
sequence (%) number  remark of
(bp) closest
relative
SUT513 1466 Streptococcus 1470 99 DQ232530 Human
luteiensis subsp. blood
infantarius
CIP 106107
Sreptococcus 1470 99 DQ232529 Infant
luteiensis subsp. feces
infantarius
CIP 106106
Streptococcus 1470 99 DQ232532 Human
luteiensis
CIP 106849
Sreptococcus 1500 98 AB002481 Swine
bovis
ATCC 27960
Streptococcus 1539 98 AF396922 Ruminants
bovis
NCFB 2476
Streptococcus 1517 98 AJ305257 Human
bovis blood
NCTC 11436
Streptococcus 1469 98 DQ232522 Horse
equinus CIP feces
82.5
Streptococcus 1463 98 AF429765 Horse
equinus feces
NCDO 1037
Streptococcus 1461 98 AJ297215 Human
luteciae isolate

NEM 782
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Table 4.5 (Continued) similarity of 16S rRNA gene sequenocésSUT513 and
CAR134 compared wititreptococcus species from NCBI nucleotide

sequence database.

Bacterial Length Nucleotide sequence comparison, identificationlteswd details
isolate of

Closestrelative  Length Sequence GenBank Isolation

code sequence :
(nt) of homology accession source/
sequence (%) number  remark of
(bp) closest
relative
CAR134 1457 Sreptococcus 1470 99 DQ232530 Human
luteiensis subsp. blood
infantarius
CIP 106107
Sreptococcus 1470 99 DQ232529 Infant
luteiensis subsp. feces
infantarius
CIP 106106
Streptococcus 1470 99 DQ232532 Human
luteiensis
CIP 106849
Sreptococcus 1500 99 AB002481 Swine
bovis
ATCC 27960
Streptococcus 1539 99 AF396922 Ruminants
bovis
NCFB 2476
Streptococcus 1517 99 AJ305257 Human
bovis blood
NCTC 11436
Sreptococcus 1469 99 DQ232522 Equine
equinus CIP 82.3 feces
Streptococcus 1463 99 AF429765 Horse
equinus feces
NCDO 1037
Streptococcus 1461 99 AJ297215 Human
luteciae isolate
NEM 782

ATCC, American Type Culture Collection; CIP, Colien de I'Institut Pasteur;
NCDO, National Collection of Dairy Organism; NCFBlational Collection of
Food Bacteria; NCTC, National Collection of Typel@te; NEM, Necker-Enfants
Malades.



SUT513
CAR134

SUT513
CAR134

SUT513
CARL34

SUT513
CARL34

SUT513
CAR134

SUT513
CAR134

SUT513
CAR134

SUT513
CAR134

SUT513
CAR134

SUT513
CAR134

SUT513
CAR134

SUT513
CAR134

SUT513
CARL34

SUT513
CAR134

SUT513
CAR134

SUT513
CAR134
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Streptococcus sp. SUT513
Streptococcus luteciae NEM 760 (AJ297214)

a5 Streptococcus |utetiensis CIP 106849 (DQ232532)

- Streptococcus sp. CAR134

— Sreptococcus bovis ATCC 27960 (AB002481)
82

Streptococcus infantarius CIP 106108 (DQ232529)

96 | |Streptococcus equinus NRIC 1535 (AB362710)

o3 Streptococcus bovis ATCC 33317 (AB002482)

Streptococcus equinus ATCC 9817 (AJ301607)

95 L Sreptococcus gallolyticus ATCC 43143 (AF104114)

99 Sreptococcus intistinialis ATCC 43492 (AB002519)

65

L Sreptococcus alactolyticus ATCC 43077 (AB201899)

91 99 Streptococcus sobrinus ATCC 33478 (AY188349)

Streptococcus downei ATCC 33748 (AY188350)

Streptococcus ratti ATCC 19648 (NR_025516)

Streptococcus ferus ATCC 33477 (AY584479)

56 Streptococcus mutans ATCC 25175 (AY188348)

Streptococcus macacae
ATCC 49169 (AY188351)

Figure 4.16 Phylogenetic tree of isolates SUT513 and CAR134el on 16S rRNA
gene sequences constructed by using the neighbmimg method.
Branch lengths are scaled in terms of expected ewnbf nucleotide
substitution per site. Numbers on branches aresbrapt values from

1,000 replication.



Table 4.616S rRNA gene sequence similarity of isolates SLBI&d CAR134 and related species.

Bacterial
isolates SUT513 CAR134 1 2 3 4 5 6 7 8 9 10 11 123 114 15 16
SUT513 100

CAR134 99 100

1 99 99 100

2 99 99 99 100

3 99 99 99 100 100

4 98 98 98 98 98 100

5 99 99 99 99 99 98 100

6 96 96 9% 96 96 95 96 100

7 98 98 98 98 98 97 98 98 100

8 98 98 9 98 98 97 99 95 97 100

9 95 95 9% 96 96 95 96 93 95 96 100

10 96 96 9% 96 96 95 96 93 94 96 97 100

11 93 93 94 94 94 93 94 91 92 94 93 93 100

12 93 93 93 93 93 92 93 91 92 94 93 93 97 100

13 93 93 94 94 93 93 94 91 92 94 93 95 93 94 100

14 92 92 92 92 92 91 92 90 91 92 92 92 93 93 93 100
15 93 93 94 94 94 92 94 91 92 93 91 91 93 93 94 930
16 91 91 99 91 91 90 91 89 90 912 90 90 90 91 91 o9Mm 100

SUT513:Sreptococcus sp. SUT513, CAR1343reptococcus sp. CAR134, 1Sreptococcus infantarius subsp.Infantarius CIP 106106 (DQ232529),
2. Sreptococcus lutetiensis CIP 106849 (DQ232532), Ereptococcus bovis ATCC 27960 (AB002481), 4Streptococcus bovis ATCC 33317
(AB002482), 5:Sreptococcus equinus NRIC 1535 (AB362710), 6Streptococcus equinus ATCC 9812 (AJ301607)7: Sreptococcus luteciae NEM
760 (AJ297214), 83reptococcus gallolyticus subspgallolyticus ATCC 43143 (AF104114), Breptococcus intestinalis ACTT 43492 (AB002519),
10: Sreptococcus alactolyticus ATCC 43077 (AF201899), 11&reptococcus downei ATCC 33748 (AY188350), 123treptococcus sobrinus ATCC
33478 (AY188349), 133reptococcus ratti ATCC 19645 (NR_025516), 1&reptococcus ferus ATCC 33477 (AY584479), 153treptococcus mutans
ATCC 25175 (AY188348), 1&reptococcus macacae ATCC 35911 (AY188351).
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Table 4.7 Morphological and physiological characteristics4o$elected isolates and their closer phylogemetighboursStreptococcus

bovis, S. equinus, S infantarius andS. lutetiensis.

Characteristics Selected LAB isolate Type strain

SUT513 CAR128 CAR134 CAR135 S bovi$ Sequinus Sinfantarius’ S lutetiensis®
Cell shape Cocci Ovoid Ovoid Ovoid Cocci Cocci Cocci Cocci
Cell arrangement Single, Single, Single, Single, Pairs, Pairs, Pairs, Pairs,

pairs, pairs, pairs, pairs, short chains short chais  short chains  short chains
short chains short chains short chains short chains
Cell size im) 0.38-0.51  (0.30-0.43) (0.32-0.45)x (0.31-0.45) 0.8-1.0 0.8-1.2 0.8-1.2 0.8-1.2
(0.44-0.75) (0.45-0.74)  (0.48-0.76)

Gram + + + + + + + +

Spore forming - - - - - - -

Aerobic growth + + + + + + + +
Anaerobic growth + + + + + + + +
Catalase test - - - - - - -
Oxidase test - - - - - - -
Motility - - - - - - -
Growth at 10C - - - - - - - -
Growth at 48C + - + + - + - -
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Table 4.7 (Continued) Morphological and physiological chaeaistics of 4 selected isolates and their cloderlqmenetic neighbours

Sreptococcus bovis, S equinus, S. infantarius andS. lutetiensis.

Characteristics Selected LAB isolate Type strain
SUT513 CAR128 CAR134 CAR135 S bovi$ Sequinus Sinfantarius’ S lutetiensis®

Growth at 6.5% NaCl - - - - + - - -
Growth at 18% NaCl - - - - - - - -
Growth at pH 4.4 - - - - - - - -
Growth at pH 9.6 - - - - - - - -
Gas fromb-glucose - - - - + - - -
Hydolysis of:

Starch + + + + + + + +

Skim milk + + + + - - NA NA

Gelatin - + + + NA NA NA NA

Arginine - - - - - - - -
Acid from:

Glycerol - - - - - - - -

Erythritol - - - - NA NA NA NA

D-Arabinose - - - - d - NA NA

L-Arabinose - - - - - - -
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Table 4.7 (Continued) Morphological and physiological chaeaistics of 4 selected isolates and their cloderlqmenetic neighbours

Sreptococcus bovis, S equinus, S. infantarius andS. lutetiensis.

Characteristics Selected LAB isolate Type strain
SUT513 CAR128 CAR134 CAR135 S bovi$8  Sequinus S infantarius’ S lutetiensis®
D-Ribose - - - - - - - -
D-Xylose - - - - - NA NA
L- Xylose - - - - - NA NA
D-Adonitol - - - - NA NA NA NA
Methyl-AD- - - - - NA NA NA NA
xylopyranoside
D-Galactose + + + + + + NA NA
D-Glucose + + + + + + + +
D-Fructose + + + + + + NA NA
D-Mannose + + + + + NA NA NA
L-Sorbose - - - - NA NA NA NA
L-Rhamnose - - - - ) - - NA
Dulcitol - - - - NA NA NA NA
Inositol - - - - NA NA NA NA
D-Mannitol - - - - d - - -
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Table 4.7 (Continued) Morphological and physiological chaeaistics of 4 selected isolates and their cloderlqmenetic neighbours

Sreptococcus bovis, S equinus, S. infantarius andS. lutetiensis.

Carbohydrate Selected LAB isolate Type strain
SUT513 CAR128 CAR134 CAR135 S bovi$ Sequinus® Sinfantarius’ S lutetiensis®
D-Sorbitol - - - - d - - -
Methyl- - - - - ) - NA NA
aD-mannopyranoside
Methyl- - w - w + + + +
aD-glucopyranoside
N-Acetylglucosamine + + + + (+) - - -
Amygdalin - + + + (+) + NA NA
Arbutin - + + + (+) + NA NA
Esculin + + + + + NA NA NA
Salicin + + + + (+) (+) + NA
D-Cellobiose - + + + NA NA NA NA
D-Maltose + + + + + + + +
D-Lactose + + + + (+) (+) + +
D-Melibiose - + + + (+) (+) + -
D-Saccharose (Sucrose) + + + + + + + +
D-Trehalose - + + + - + - -
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Table 4.7 (Continued) Morphological and physiological chaeaistics of 4 selected isolates and their cloderlqmenetic neighbours

Sreptococcus bovis, S equinus, S. infantarius andS. lutetiensis.

Characteristics Selected LAB isolate Type strain
SUT513 CAR128 CAR134 CAR135 S bovi$ Sequinus Sinfantarius’ S lutetiensis®

Inulin - - - - d (+) NA NA
D-Melezitose - - - - ) - - -
D-Rafinose + + + + (+) (+) - +
Amidon (Starch) + + + + + (+) + +
Glycogen + + + + (+) (+) - -
Xylitol - - - - NA NA NA NA
Gentiobiose - + + + NA NA NA NA
D-Turanose - - - - NA NA NA NA
D-Lyxose - - - - NA NA NA NA
D-Tagatose - - - - (+) - - -
D-Fucose - - - - NA NA NA NA
L-Fucose - - - - NA NA NA NA
D-Arabitol - - - - - - - -
L-Arabitol - - - - NA NA NA NA
Potassium gluconate - - - - NA NA NA NA

L0T



Table 4.7 (Continued) Morphological and physiological chaeaistics of 4 selected isolates and their cloderlqmenetic neighbours

Sreptococcus bovis, S equinus, S. infantarius andS. lutetiensis.

Characteristics Selected LAB isolate Type culture strain
SUT513 CAR128 CAR134 CAR135 S bovi$8  Sequinus S infantarius’ S lutetiensis®
Potassium - - - - NA NA NA NA
2-Ketogluconate
Potassium - - - - NA NA NA NA

5-Ketogluconate

Lactic acid configuration L L L L L L L L

+: Positive; -: negative; (+): 75-89% are positii«; 75-89% are negative; d: 11-89% strains pesjtdelayed reaction; w: weakly.
2: Hardie and Whiley (19959; Schlegekt al. (2000);%: Poyartet al. (2002).
NA = Not available.
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CHAPTER YV

CONCLUSIONS

Two hundred and eighty isolates of lactic acidtbaa were obtained from
stock cultures of the Microbial Culture Collectiand Applications Research Unit,
Suranaree University of Technology. One hundred amety two isolates were
Gram-positive rods, and 88 isolates were Gram-pesitocci occurring singly, in
pairs or in chains. Colonies of the isolates on immadagar were punctiform, small,
moderate and large with 0.1-4.0 mm in diameters$ witcular and irregular forms,
and entire and undulate margins. These colony ttevaf these colonies was flat,
low convex, convex and umbonate. One hundred ardtineigth out of 280 isolates
could utilize tapioca starch performing wide cleanes of 0.1-1.7 cm in diameters on
RAM agar after reacting with iodine. These isolatese selected for testinglactic
acid production using MRS broth containing 2% gheoAfter incubating for 24 h,
pH of the cultured broth was found to be between536 corresponding to total
acidity of 0.476-1.887%. One hundred and ninety-sik of 280 isolates were
homofermentatives, and 160 out of 196 isolates weyduced with_-lactic acid with
optical purity >95% in the range of 0.91-19.12 @he hundred and twenty-eight out
of 160 isolates could utilize tapioca starch amabdpceL-lactic acid at concentrations
ranging between 0.91 and 8.60 g/l. Two starchaiigj isolates(CAR134 and
SUT513) producing-lactic acid at concentrations of 7.89 and 8.60rggbectively,

were then selected for the acid production fromotzgp starch. The two strains were
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identified as belonging to different strains of tenusStreptococcus according to
their morphological and physiological charactecistiand 16S rRNA gene sequence,
corresponding to positions 8-1420, which demonstrahat the two strains formed a
tight clade closely related t&reptococcus infantarius, S lutetiensis, S. bovis and

S equinus speciesfrom GenBank database, with similarity values of®9For
evaluation ofL-lactic acid production from tapioca starch comgate glucose,
isolates CAR134 and SUT513 produced lactic aci@.0® and 6.86 g/l in MRS broth
containing 2% glucose, and 4.55 and 5.24 g/l inifrestiRAM broth containing 1%
tapioca starch, respectively, after 48 h incubatiBar optimization of bacterial
growth and lactic acid production conditions, tiugable media for both growth and
L-lactic acid production of isolates CAR13#4d SUT513 were found to compose of
main ingredients as follows: 30 and 30 g/l (dry gi®) of tapioca starch, 3.0 and 5.0
g/l of spent brewer’s yeast, and 4.0 and 2.5 gthygdtone, respectively, at the initial
pH of 7.0. The optimum cultivation conditions warader anaerobic condition at
35°C with the inoculum size (1€FU/mI) of 1% (v/v). The maximum concentrations
of L-lactic acid of 5.34 and 5.16 gWith optical purity >99% were obtained for
isolates CAR134 and SUT513 respectively. When daeitid fermentation was
performed in a 6.6 | bioreactor containing 5 | loé toptimized media under optimal
cultivation conditions, strains CAR134 and SUT518uld produce the maximum
L-lactic acid concentrations of 32.70 and 38.90vwgth >99% optical purity after
cultivation for 38 and 28 h, respectively. The tstcains could produce-lactic acid
yield (Yoas) of 92.15 and 99.64 % with productivity of 1.41dath.61 g/l.h, and
specific growth ratesufnay of 0.27 and 0.51h respectively. The acid product could

be simply purified from the inexpensive optimizedpibca starch media by
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crystallization using calcium chloride. The purdion process resulted in purified
L-lactic acid(100% optical purity) of 57.0 and 64.2 g/l in 10 tatal volume from
600 ml of fermentation broth, for isolates CAR13¥&UT513 respectively. From
this study, the starch-utilizing and lactic acidqbucing bacterium isolates CAR134
and SUT513 could directly produaelactic acid with 100% optical purity from
tapioca starch, a cheap and abundant raw mateffdailand.L-Lactic acid with high

optical purity is very useful for the productiontmbdegradable plastics.
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APPENDIX A

CULTURE MEDIA AND REAGENTS

1. Culture media

All culture media were sterilized by autoclavingr f&5 min at 121°C,

15 Ib/square inches.

1.1 De Man, Rogosa and Sharpe broth (MRS broth)

Proteose peptone 10.00 ¢
Beef extract 8.00 g
Yeast extract 4.00 ¢
Tween 80 ((NH)3CgHs07) 1.00 g
tri-Ammonium citrate (CHCOONa.3HO) 2.00 g
Sodium acetate trihydrate 5.00
MgSO,.7H,0 0.20 g
MnSOy.HO 005 g
KoHPO, 200 g
Dextose 20.00 ¢

Distilled water added and brought up total
volume to 1,000.00 ml

Final pH 6.2 + 0.2 at 25°C
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1.2 De Man, Rogosa and Sharpe agar (MRS agar)
MRS medium was purchased from Himedia (Hi-Medabdratories Pvt

Ltd, India) and added with agar (15 g/l).

1.3 Gelatin test medium

The components were similar to MRS broth, andedddith gelatin

(96 g/l).

1.4 MRS broth containing 0.5% calcium carbonate

Proteose peptone 10.00 g
Beef extract 8.00 ¢
Yeast extract 4.00 g
Tween 80 ((NH)3;CsHs0,) 1.00 ¢
tri-Ammonium citrate (CHCOONa.3HO) 200 g
Sodium acetate trihydrate 5.00
MgSQ,.7H,0 0.20 g
MnSOy.H,O 005 g
KoHPO, 200 g
Dextose 20.00 ¢
CaCQ 5.00 g

Distilled water added and brought up total
volume to 1,000.00 mi

Final pH 6.2 + 0.2 at 25°C
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1.5 MRS agar with addition of 0.5% calcium carbona¢
The components were similar to MRS agar, and é&ddegh 0.5%

CaCaQ.

1.6  Motility test medium (modified from MRS medium; Atlas, 2004)

The components were similar to MRS broth, anceddeith agar (3 g/l).

1.7  M17 broth (modified from M17 medium; Atlas, 2004)

Disodiump-glycerophosphate 19.00 g
Beef extract 5.00 g
Lactose 5.00 g
Glucose 5.00 g
Papaic digest of soybean meal or soy peptone 500
Yeast extract 250 ¢
Ascorbic acid 0.50 g
MgSOs.7H,0 0.25 g

Distilled water added and brought up total
volume to 1,000.00 ml

Final pH 6.90.2 at 25°C

1.8  M17 medium(modified from M17 medium; Atlas, 2004)
The components were similar to M17 broth, and addgith agar

(11 g/l).
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1.9 Rogosa broth with modification medium (RAM) (Rodtong and

Ishizaki, 2003)

Pancreatic digest of casein or tryptone 5.00
Di-potassium hydrogen phosphatelt#O,) 6.00 g
Yeast extract 3.00 g
MgSO,.7H,0 057 ¢
MnSGO,.4H,0 012 g
FeSQ.7H,0O 0.03 g
Tapioca starch 10.00g
Agar 15.00 g

Distilled water added and brought up total
volume to 1,000.00 mi

Final pH 7.0 £ 0.2 at 25°C

1.10 Rogosa with modification medium (RAM)(Rodtong and lIshizaki,
2003)
The components were similar to RAM broth and ddaeth agar

(15 g/l).
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2. Reagents

2.1 lodine solution(Gram’s iodine)
lodine 1.00 ¢
Potassium iodide 2.00g
Distilled water added and brought up total

volume to 300.00 ml

2.2 20xSSC (20x standard saline citrate)

NacCl 1750 g
Sodium citrate 8.80 g
Distilled water added and brought up total
volume to 1,000.00 ml
Final pH 7.0 £ 0.2 at 25°C
The solution was sterilized by autoclaving for biin at 121°C,

15 Ib/square inches. To preparex®85C and 0.25SC, the 20SSC was diluted to the

desirable concentration.

2.3  Tetramethyl-p-phenylenediamine dihydrochloride(1%)
Tetramethyl-p-phenylenediamine dihydrochloride 1.0
Distilled water added and brought up total

volume to 100.00 ml
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2.4  Tris-NaCl(pH 9.0)
Tris-base 121.14 g
NacCl 5.84 ¢
Distilled water added and brought up total

volume to 1,000.00 ml

Final pH 9.0 £ 0.2 at 25°C with 1 N NaOH

The solution was sterilized by autoclaving for biin at 121°C,

15 Ib/square inches.



APPENDIX B

SCREENING AND SELECTION OF L-LACTIC ACID-

PRODUCING BACTERIA

Table B1 Screening of-lactic acid-producing bacteria from isolates gnogvivell in

RAM medium, using MRS medium containing 2% glucose.

Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(15, (%)° (g/” (%)°
dilution) L-LA  D-LA L-LA  D-LA
CAR18 Negative 0.118 4.82 0.87  Positive 3.00 0.00 100.0 0.0
CAR19 Negative 0.749 3.62 1.70 Negativd 6.54 0.86 95.0 5.0
CAR20 Negative 0.384 4.48 1.29 Positive 4.66 0.00 100.0 0.0
CAR23 Negative 0.752 3.64 1.62 Negativad.7.96 0.16 99.1 0.9
CAR24 Negative 0.730 3.64 1.79 Negativd5.30 0.49 96.9 3.1
CAR126 Negative 0.329 4.02 0.79 Positive 5.62 0.21 96.3 3.7
CAR127 Negative 0.315 4.02 0.74  Positive 554 0.20 96.4 3.6
CAR128 Negative 0.506 3.99 0.76  Positive 7.52 0.00 100.0 0.0
CAR129 Negative 0.336 4.05 0.73  Positive 7.15 0.00 100.0 0.0
CAR130 Negative 0.113 4.26 0.62  Positive 5.75 0.00 100.0 0.0
CAR131 Negative 0.167 4.29 0.59 Positive 5.59 0.00 100.0 0.0
CAR132 Negative 0.338 4.49 0.48 Positive 5.28 0.13 97.6 2.4
CAR133 Negative 0.281 4.05 0.74  Positive 556 0.22 96.2 3.8
CAR134 Negative 0.435 4.00 0.76 Positive 7.89  0.00100.0 0.0
CAR135 Negative 0.467 4.02 0.71  Positive 7.39 0.00 100.0 0.0
CAR136 Negative 0.180 4.22 0.67 Positive 5.94 0.00100.0 0.0
CAR137 Negative 0.231 4.29 0.61 Positive 5.42 0.28 95.1 4.9
CAR138 Negative 0.131 4.53 0.51 Positive 4.95 0.00100.0 0.0

CAR139 Negative 0.071 4.54 0.48 Positive 451 0.00 100.0 0.0
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growing well in RAM medium, using MRS medium comiag 2%

glucose.
Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (o’ (%)°
dilution) L-LA  D-LA L-LA  D-LA
CAR140 Negative 0.309 4.15 0.66 Positive 6.65  0.00100.0 0.0
CAR141 Negative 0.077 4.56 0.49 Positive 3.42 0.26 92.8 7.2
CAR142 Negative 0.066 4.53 0.52 Positive 3.46 0.25 93.3 6.7
CAR143 Negative 0.291 4.08 0.75 Positive 571 0.25 95.7 4.3
CAR144 Negative 0.232 4.15 0.68 Positive 4.87 0.00100.0 0.0
CAR145 Negative 0.064 4.38 0.57 Positive 3.81 0.25 93.9 6.1
CWR1-17 Negative 0.111 4.88 1.68 Negativel.90 0.15 92.6 7.4
CWR1-18 Negative 0.207 4.49 1.48 Positive 3.01 0.00100.0 0.0
CWR1-19 Negative 0.344 4.53 1.34  Positive 3.81 0.00100.0 0.0
CWR1-20 Negative 0.193 4.85 1.01 Positive 2.61 0.00100.0 0.0
CWR1-21 Negative 0.194 4.93 158 Positive 196 0.12 94.1 5.9
CWR1-22 Negative 0.336  4.39 1.19 Negative2.92 0.13 95.7 4.3
CWR1-24 Negative 0.697 3.32 1.92 Negativé6.34  0.32 98.1 1.9
CWR2-17 Negative 0.385 3.70 1.60 Positive 5.43 0.00100.0 0.0
CWR2-18 Negative 0.266 4.38 1.31 Positive 3.29 0.00100.0 0.0
CWR2-19 Negative 0.581 3.22 1.84 Negativé9.12 0.15 99.2 0.8
CWR2-20 Negative 0.398 4.21 1.38  Positive 4.84  0.00100.0 0.0
CWR2-21 Negative 0.344 3.78 1.83  Positive 4.32 0.00100.0 0.0
CWR2-22 Negative  0.457 4.25 1.42  Positive 5.16  0.00100.0 0.0
CWR2-23 Negative 0.275 4.64 1.84  Positive 3.58 0.00100.0 0.0
CSR1-17 Negative 0.135 4.85 0.97 Positive 2.81 0.00100.0 0.0
CSR1-18 Negative 0.146 4.88 0.69 Positive 2.31 0.00100.0 0.0
CSR1-19 Negative 0.221 4.72 1.03  Positive 3.30 0.00100.0 0.0
CSR1-20 Negative 0.337 4.60 1.24  Positive 424  0.00100.0 0.0
CSR1-21 Negative 0.601 3.21 1.73 Negative7.86  0.63 96.6 3.4
CSR1-22 Negative  0.238 4.57 0.89 Negative3.94  0.00 100.0 0.0
CSR1-23 Negative 0.028 5.65 0.49 Negative0.91  0.00 100.0 0.0
CSR1-24 Negative 0.121 5.21 0.63  Positive 1.40 0.00100.0 0.0
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Table B1 (Continued) Screening af-lactic acid-producing bacteria from isolates

growing well in RAM medium, using MRS medium comiag 2%

glucose.
Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity

production (A600) acidity hydrolysis concentration of lactic acid

(L5, (%)* (o’ (%)°
dilution) L-LA  D-LA L-LA  D-LA

A5UV1 Negative 0.174 4.19 0.78 Positive 6.07 0.00 100.0 0.0
A5UV2 Negative 0.171 4.19 0.63  Positive 6.10 0.00 100.0 0.0
A5UV3 Negative 0.210 4.17 0.82  Positive 6.33  0.00 100.0 0.0
A5UV4 Negative 0.165 3.99 0.80 Positive 7.20  0.00 100.0 0.0
A5UV5 Negative 0.171 4.22 0.81 Positive 6.81  0.00 100.0 0.0
A5UV6 Negative 0.178 4.31 0.67 Positive 6.23  0.00 100.0 0.0

ASUVUN1  Negative 0.100 4.10 0.67 Positive 5.81 0.00 100.0 0.0
ASUVUN2  Negative 0.114 4.29 0.66  Positive 5.82 0.00 100.0 0.0
ASUVUN3  Negative 0.142 4.28 0.67 Positive 6.03  0.00 100.0 0.0
A5UVUULl  Negative 0.123 4.21 0.68  Positive 5.94  0.00 100.0 0.0
A5UVUU2  Negative 0.136 4.26 0.77  Positive 6.08  0.00 100.0 0.0
A5UVUU3  Negative 0.110 4.26 0.77 Positive 5.94  0.00 100.0 0.0
A5UVUUS5  Negative 0.196 4.17 0.71 Positive 5.77  0.00 100.0 0.0
AS5UNDG6 Negative 0.156 4.15 0.75 Positive 6.09 0.00 100.0 0.0
AS5UND12 Negative 0.173 4.15 0.74  Positive 6.18 0.00 100.0 0.0
AS5UND18 Negative 0.149 4.16 0.71  Positive 5.82 0.00 100.0 0.0
A5UNDS53 Negative 0.157 4.15 0.70  Positive 5.81  0.00 100.0 0.0
ASUNDU1  Negative 0.108 4.18 0.68 Positive 5.40  0.00 100.0 0.0
ASUNDU2  Negative 0.143 4.20 0.71 Positive 5.43  0.00 100.0 0.0
ASUNDU3  Negative 0.153 4.26 0.76  Positive 6.28  0.00 100.0 0.0
ASUNDU4  Negative 0.161 4.27 0.78 Positive 5.96  0.00 100.0 0.0
ASUNDU5  Negative 0.145 4.26 0.80 Positive 6.27 0.00 100.0 0.0
ASUNDU6  Negative 0.149 4.23 0.78 Positive 5.95 0.00 100.0 0.0
ASUNDU7  Negative 0.121 4.24 0.77  Positive 6.35 0.00 100.0 0.0
ASUNDU8  Negative 0.145 4.26 0.76  Positive 6.28  0.00 100.0 0.0
ASUNDU9  Negative 0.133 4.24  0.79 Positive 7.21  0.00 100.0 0.0
AS5UNDU10 Negative 0.119 4.26 0.78 Positive 6.07 0.00 100.0 0.0
AS5UNDU11 Negative 0.309 4.23 0.79  Positive 6.22 0.00 100.0 0.0
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Table B1 (Continued) Screening af-lactic acid-producing bacteria from isolates

growing well in RAM medium, using MRS medium comiag 2%

glucose.
Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(1:5, (%)* (9N’ (%)°
dilution) L-LA  D-LA L-LA  D-LA

AS5UNDN1  Negative 0.267 4.22 0.76  Positive 6.03  0.00 100.0 0.0
ASUNDN2  Negative 0.338 4.20 0.82  Positive 6.29  0.00 100.0 0.0
AS5UNDN3  Negative 0.313 4.21 0.79  Positive 6.25 0.00 100.0 0.0
ASUNDN5  Negative 0.345 4.21 0.81  Positive 6.32 0.00 100.0 0.0

SuUT501 Negative 0.429 420 0.82 Positive 6.66  0.00100.0 0.0
SUT502 Negative 0.394 420 0.84 Positive 6.51  0.00100.0 0.0
SUT503 Negative 0.302 4.20 0.84 Positive 6.34  0.00100.0 0.0
SUT504 Negative 0.368 4.19 0.84 Positive 6.52  0.00100.0 0.0
SUT505 Negative 0.357 4.19 0.82 Positive 6.85 0.00100.0 0.0
SUT506 Negative 0.404 420 0.84 Positive 6.38  0.00100.0 0.0
SuUT507 Negative 0.398 4.19 0.82 Positive 6.56  0.00100.0 0.0
SuUT508 Negative 0.288 4.17 0.85 Positive 6.42  0.00100.0 0.0
SUT509 Negative 0.210 4.34 0.72 Positive 5.37  0.00100.0 0.0
SUT510 Negative 0.328 4.20 0.83 Positive 6.31  0.00100.0 0.0
SUT511 Negative 0.394 4.17 0.87  Positive 6.47 0.00100.0 0.0
SUT512 Negative 0.396 4.16 0.83 Positive 6.69  0.00100.0 0.0
SUT513 Negative 0.380 4.20 0.81 Positive 8.60 0.00100.0 0.0
SuUT514 Negative 0.388 4.22  0.87 Positive 6.68  0.00100.0 0.0
SUT515 Negative 0.392 4.18 0.86 Positive 6.28  0.00100.0 0.0
SUT516 Negative 0.336 4.14 0.80 Positive 7.01  0.00100.0 0.0
SuUT518 Negative 0.385 4.18 0.87 Positive 6.23  0.00100.0 0.0
SUT519 Negative 0.377 4.18 0.85 Positive 6.71 0.00100.0 0.0
SUT520 Negative 0.414 4.17 0.81 Positive 6.68 0.00100.0 0.0
SUT521 Negative 0.411 4.14 0.77  Positive 6.67 0.00100.0 0.0
SUT522 Negative 0.469 4.15 0.81 Positive 6.75 0.00100.0 0.0
SuUT523 Negative 0.341 4.16 0.82 Positive 6.47  0.00100.0 0.0
SuUT524 Negative 0.351 4.17 0.93 Positive 6.51  0.00100.0 0.0
SUT525 Negative 0.359 4.15 0.84 Positive 7.05 0.00100.0 0.0

SUT526 Negative  0.361 4.13 0.91 Positive 6.76 0.00100.0 0.0
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Table B1 (Continued) Screening af-lactic acid-producing bacteria from isolates

growing well in RAM medium, using MRS medium comiag 2%

glucose.
Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity

production (A600) acidity hydrolysis concentration of lactic acid

(L5, (%)* (o’ (%)°
dilution) L-LA  D-LA L-LA  D-LA

SuUT527 Negative 0.369 4.15 0.78 Positive 7.09 0.00100.0 0.0
SuUT528 Negative 0.377 4.16 0.78 Positive 6.90 0.00100.0 0.0
SuUT529 Negative 0.412 4.23 0.83 Positive 6.73  0.00100.0 0.0
I5UVU1 Negative 0.341 4.23 0.73 Positive 6.59 0.00 100.0 0.0
I5UVU2 Negative 0.370 4.24 0.74 Positive 6.62  0.00 100.0 0.0
I5UVU3 Negative 0.303 4.23  0.78 Positive 6.91  0.00 100.0 0.0
I5UvU4 Negative 0.376 4.24 0.78 Positive 6.53 0.00 100.0 0.0
I5UVU5 Negative 0.382 4.25 0.75 Positive 6.81 0.00 100.0 0.0
I5UVU6 Negative 0.399 426 0.74 Positive 6.18  0.00 100.0 0.0
I5UVU7 Negative 0.388 4.22 0.75 Positive 6.52 0.00 100.0 0.0
I5UVU8 Negative 0.415 4.23 0.74 Positive 7.01  0.00 100.0 0.0
I5UVU9 Negative 0.387 4.21 0.75 Positive 7.31  0.00 100.0 0.0

I5UVU10 Negative 0.423 4.31 0.70 Positive 6.58 0.00 100.0 0.0
I5UVU11 Negative 0.390 4.22 0.72 Positive 7.09  0.00 100.0 0.0
I5UVU12 Negative 0.357 4.13 0.81 Positive 6.70 0.00 100.0 0.0
I5UVU13 Negative 0.351 4.14 0.74  Positive 6.01 0.00 100.0 0.0
I5UvU14 Negative 0.315 4.15 0.73  Positive 5.66 0.00 100.0 0.0
I5UVU16 Negative 0.170 4.27 0.68 Positive 5.28  0.00 100.0 0.0
I5UVU17 Negative 0.201 4.24  0.68 Positive 5.42  0.00 100.0 0.0
I5UvVU18 Negative 0.239 4.22 0.70 Positive 5.22  0.00 100.0 0.0
15UVU20 Negative 0.157 4.28 0.67 Positive 5.13  0.00 100.0 0.0

ISUNDA4 Negative 0.238 4.18 0.71 Positive 5.69 0.00 100.0 0.0
ISUNDG6 Negative 0.312 4.37 0.55 Positive 452 0.00 100.0 0.0
ISUND9 Negative 0.370 4.13 0.71  Positive 6.56  0.00 100.0 0.0

ISUND10 Negative 0.376 4.12 0.73  Positive 6.42 0.00 100.0 0.0
ISUND16 Negative 0.231 4.28 0.62  Positive 5.23  0.00 100.0 0.0
I5UVUN1 Negative 0.414 4.17 0.79  Positive 6.59  0.00 100.0 0.0
ISUVUN2 Negative 0.429 4.19 0.74  Positive 5.99  0.00 100.0 0.0
ISUVUN3 Negative 0.381 4.16 0.77 Positive 6.50 0.00 100.0 0.0
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Table B1 (Continued) Screening af-lactic acid-producing bacteria from isolates

growing well in RAM medium, using MRS medium comiag 2%

glucose.
Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (9’ (%)°
dilution) L-LA  D-LA L-LA  D-LA
I5SUVUN4 Negative 0.398 4.15 0.78 Positive 6.44  0.00 100.0 0.0
I5UVUU9 Negative 0.351 4.18 0.79  Positive 6.01 0.00 100.0 0.0

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).
“ Optical purity (%) of lactic acid = (1&- or L-lactic acid / total lactic acid})L00.

Table B2 Screening of-lactic acid-producing bacteria from isolates gnogvivell in

MRS medium, using MRS medium containing 2% glucose.

Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (Gl (%)°

dilution) L-LA D-LA L-LA  D-LA
CAMR11 Negative 0.721 3.37 1.84 Negativel5.03 0.49 96.8 3.2
CAMR12 Negative 0.727 3.35 1.89 Negativd5.70 0.51 96.8 3.2
CAMR18 Negative 0.827 3.33 1.87 Negativel6.35 0.20 98.7 1.3
CAMRG63 Positive 0.497 3.38 0.95 Negative 5.50 0.00 100.0 0.0
CAMRG64 Positive 0.543 3.50 1.00 Negative 6.50 0.00 100.0 0.0
CAMRG65 Positive 0.594 3.50 0.99 Negative 5.50 0.00 100.0 0.0
CAMRG66 Positive  0.551  3.47 0.97 Negative 5.00 0.00 100.0 0.0

CAMR115 Positive 0.463 3.52 0.95 Negative ND ND ND ND
CAMR116 Positive  0.487  3.59 0.93 Negative 3.50 5.50 61.1 38.9
CAMR117 Negative 0.518 3.12 1.45 Negativd5.50 1.00 93.9 6.1
CAMR118 Negative 0.523  3.39 1.18 Negativd 5.00 1.00 93.7 6.3

CAMR119 Positive 0.472 3.50 0.93 Negative ND ND ND ND

CAMR140 Positive 0.915 3.44 0.95 Negative ND ND ND ND

CAMR141 Positive 0.630 3.44 0.99 Negative ND ND ND ND

CAMR142 Positive 0.621 341 0.86 Negative ND ND ND ND

CAMR143 Positive  0.460 3.26 0.93 Negative ND ND ND ND
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Table B2 (Continued) Screening af-lactic acid-producing bacteria from isolates

growing well in MRS medium, using MRS medium coniag 2%

glucose.
Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (o’ (%)°
dilution) L-LA  D-LA L-LA  D-LA
CAMR144 Positve  0.429 3.34 0.91 Negative ND ND ND ND
CAMR156 Positive  0.323  3.38 0.90 Negative ND ND ND ND
CAMR157 Positve  0.507 3.38 0.97 Negative ND ND ND ND
CAMR158 Positve  0.588 350 0.95 Negative ND ND ND ND
CAMR159 Positive  0.451 3.47 0.93 Negative ND ND ND ND
CAMR160 Positve  0.754 3.47 0.93 Negative ND ND ND ND
CAMR185 Positve  0.474 558 0.19 Negative ND ND ND ND
CAMR186 Positive  0.769  3.48 0.97 Negative ND ND ND ND
CAMR187 Positve  0.501 3.61 1.00 Negative ND ND ND ND
CAMR188 Positve  0.315 3.78 1.01 Negative ND ND ND ND
CAMR189 Positve  0.340 355 0.99 Negative ND ND ND ND
CAMR218 Negative 0.780 3.17 1.49 Negative ND ND ND ND
CAMR219 Positve  0.384 4.40 0.21 Negative ND ND ND ND
CAMR220 Negative 0.589 3.56 1.24 Negative ND ND ND ND
CAMR221 Negative 0.149 3.42 1.29 Negative ND ND ND ND
CAMR222 Negative 0.431 341 1.18 Negative ND ND ND ND
CWMR1-13 Negative 0.410 3.87 1.26 Negative 3.40 0.24 93.3 6.7
CWMR1-14 Negative 0.296 4.13 1.03 Negative 2.90 1.60 64.3 35.7
CWMR1-15 Negative 0.015 4.97 1.17 Negative 1.03  0.00 100.0 0.0
CWMR1-16 Negative 0.613 3.42 1.56 Negativel3.63  0.39 97.2 2.8
CWMR1-17 Negative 0.785 3.56 1.71 Negativel5.87  0.56 96.6 3.4
CSMR1-1 Negative 0.277 3.69 1.56 Negativel.32 17.04 92.7 7.3
CSMR1-2-1 Positive 0.183 4.21 0.90 Negative 6.15 3.44 64.1 35.9
CSMR1-2-2 Positive  0.157 4.24 0.98 Negative 5.85 3.39 63.3 36.7
CSMR1-3 Positive  0.280 3.99 1.05 Negative3.82  8.00 67.6 324
CSMR1-4 Negative 0.276  3.65 1.54 Negativel.09 19.34 94.6 5.4
CSMR1-5 Negative 0.608 3.52 1.74 Negative8.43 13.71 61.9 38.1
CSMR1-6 Positive  0.306 3.95 1.08 Negative4.86  6.57 57.4 42.6

CSMR1-7 Positive  0.310 3.97 1.07 Negative5.09 6.66 56.7 43.3
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Table B2 (Continued) Screening af-lactic acid-producing bacteria from isolates

growing well in MRS medium, using MRS medium coniag 2%

glucose.
Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (o’ (%)°
dilution) L-LA  D-LA L-LA  D-LA
CSMR1-8 Positive  0.304  3.92 1.12 Negative4.95 6.42 56.4 43.6
WMR1 Negative 0.241  3.05 1.39 Negativel7.00 1.00 94.4 5.6
WMR3 Positive  0.594 3.57 0.75 Negative ND ND ND ND
WMRA4 Positve  0.389 3.40 0.84 Negative ND ND ND ND
WMR5 Positive  0.521  3.32 0.90 Negative ND ND ND ND
WMR32 Negative 0.010 6.24 0.23 Negative0.50 1.00 66.6 33.4
WMR33 Negative 0.456 3.22 1.22 Negativel6.50 1.00 94.3 5.7
WMR34 Positive 0.325 3.42 0.86 Negative ND ND ND ND
WMR35 Positive 0.254  3.49 0.90 Negative ND ND ND ND
WMR36 Negative 0.486 3.17 1.26 Negativel6.00 1.50 91.4 8.6
WMR55 Positive 0.251  3.38 0.90 Negative ND ND ND ND
WMR56 Positive 0.318 3.56 0.92 Negative ND ND ND ND
WMR57 Positive 0.258  3.59 0.88 Negative ND ND ND ND
WMR58 Negative 0.881 3.01 1.58 Negative7.00 12.50 64.1 35.9
WMR59 Positive  0.264  3.49 0.83 Negative ND ND ND ND
WMR77 Negative 0.153 4.10 0.59 Negative 6.00 0.0 100.0 0.0
WMR78 Negative 0.014 6.33 0.16 Negative ND ND ND ND
WMR79 Negative 0.169 4.15 0.58 Negative 5.50 0.0 100.0 0.0
WMR80 Negative 0.071 4.86 0.34 Positive 4.00 00.Q 0.0
WMRS81 Negative 0.139 391 0.56 Positive 5.50 00.Q 0.0

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Churf)07).
“ Optical purity (%) of lactic acid = (1Io¢ or L-lactic acid / total lactic acid})L00.
ND = Not determined.
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Table B3 Screening of -lactic acid-producing bacteria from isolates gnogvivell in

MRS medium containing 0.5% calcium carbonate, usMfigS medium

containing 2% glucose.

Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (o’ (%)°
dilution) L-LA  D-LA L-LA  D-LA
CAMC13 Negative 0.767 3.31 1.61 Negativd4.35 0.83 94.5 5.5
CAMC15 Negative 0.641 3.30 1.69 Negativel5.59 2.39 86.7 13.3
CAMC18 Negative 0.857 3.22 1.79 Negativd4.82  0.50 96.8 3.2
CAMC91 Positive  0.098 3.64 0.87 Negative ND ND ND ND
CAMC92 Negative 0.124  3.32 1.12 Negative14.00 0.00 100.0 0.0
CAMC93 Negative 0.503 3.12 1.28 Negative17.50 1.00 94.6 5.4
CAMC94 Negative 0.076  3.88 0.59 Positive 7.00 0.00 100.0 0.0
CAMC95 Negative 0.049 4.10 0.53 Positive ND ND ND ND
CAMC125 Positive 0.502  3.39 0.99 Negative ND ND ND ND
CAMC126 Positive 0.189 3.38 0.99 Negative 7.50 9.50 55.9 44.1
CAMC127 Negative 0.383 3.20 1.24 Positive 13.50 01.0 93.1 6.9
CAMC128 Positive 0.462 3.31 1.15 Negative 7.50 9.00 54.5 45.5
CAMC129 Positive 0.377 3.36 0.86 Negative ND ND ND ND
CAMC160 Positive 0.459 3.36 1.01 Negative 7.00 9.00 56.3 43.7
CAMC161 Positive 0.419 3.40 0.96 Negative ND ND ND ND
CAMC162 Positive  0.509 3.42 0.94 Negative ND ND ND ND
CAMC163 Positve  0.388  3.39 1.03 Negative6.50 8.50 56.7 43.3
CAMC164 Positive  0.492 341 0.94 Negative ND ND ND ND
CAMC169 Positive  0.230 3.40 1.01 Negative6.50 8.50 56.7 43.3
CAMC170 Positve  0.401 3.39 0.92 Negative ND ND ND ND
CAMC171 Positive  0.237 4.45 0.43 Negative ND ND ND ND
CAMC172 Positve  0.434 356 0.99 Negative ND ND ND ND
CAMC173 Positive  0.400 3.42 1.01 Negative 4.50 6.50 59.1 40.9
CAMC203 Positive  0.422  3.92 0.67 Negative ND ND ND ND
CAMC204 Positve  0.308 3.34 0.99 Negative5.50 8.00 59.3 40.7
CAMC205 Positve  0.357 3.32 0.83 Negative ND ND ND ND
CAMC206 Positve  0.352 3.34 0.76 Negative ND ND ND ND
CAMC207 Positve  0.111 3.35 0.97 Negative ND ND ND ND
CAMC265 Positive  0.353  3.33 1.06 Negative7.00 8.50 54.8 45.2
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Table B3 (Continued) Screening af-lactic acid-producing bacteria from isolates
growing well in MRS medium containing 0.5% calciwarbonate, using

MRS medium containing 2% glucose.

Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (9’ (%)°
dilution) L-LA  D-LA L-LA  D-LA
CAMC266 Positve  0.359 3.37 1.01 Negative5.00 8.50 63.0 37.0
CAMC267 Positive  0.509 3.42 0.94 Negative ND ND ND ND
CAMC268 Positive 0.388 3.39 1.03 Negative 6.50 8.50 56.7 43.3
CAMC269 Positive 0.492 341 0.94 Negative ND ND ND ND
WMC1 Positive 0.421 3.41 0.99 Negative 7.00 8.00 53.3 46.7
WMC2 Positive 0.151 4.04 0.56 Negative ND ND ND ND
WMC3 Positive 0.491  3.47 0.94 Negative ND ND ND ND
WMC5 Positive 0.242  3.39 0.94 Negative 6.50 7.50 53.6 46.4
WMC28 Positive 0.279 3.51 0.90 Negative ND ND ND ND
WMC29 Positive 0.277 3.48 0.95 Negative ND ND ND ND
WMC30 Negative 0.364 3.14 1.37 Negativel5.00 1.00 93.8 6.2
WMC31 Positive 0.350 3.50 0.86 Negative ND ND ND ND
WMC32 Positive 0.387 3.41 1.03 Negative 5.00 8.50 63.0 37.0
WMC85 Positive 0.350 6.14 0.00 Negative ND ND ND ND
WMC86 Negative 0.125 4.30 0.42 Negative 3.00 0.00 100.0 0.0
WMC87 Positive  0.561 5.36 0.20 Negative ND ND ND ND
WMC88 Negative 0.058 6.17 0.16 Negative ND ND ND ND
WMC89 Positive 0.219 3.39 0.99 Negative ND ND ND ND

WMC120 Negative 0.096 4.20 0.60 Positive 6.00 0.00 100.0 0.0
WMC121 Negative 0.131 4.00 0.59 Positive 5.00 1.00 83.3 16.7
WMC122 Negative 0.130 4.07 0.63  Positive 5.50 0.00 100.0 0.0
WMC123 Negative 0.143 4.15 0.56  Positive 5.00 1.50 76.9 23.1
WMC124 Negative 0.162 430 0.49 Positve 5.00 0.00 100.0 0.0

& Titration method (AOAC International, 2000).

b HPLC analysis (Yang and Chur)07).

“ Optical purity (%) of lactic acid = (1o¢ or L-lactic acid / total lactic acid})L00.
ND = Not determined
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Table B4 Screening of-lactic acid-producing bacteria from isolates gnogwvell in

M17 medium, using MRS medium containing 2% glucose.

Isolate no. Gas Growth pH Total Starch Lactic acid (LA) Optical purity
production (A600) acidity hydrolysis concentration of lactic acid
(L5, (%)* (o’ (%)°
dilution) L-LA  D-LA L-LA  D-LA

CAM11 Positive  0.450 4.11 0.95 Negative 4.18 5.10 54.9 45.1
CAM12 Negative 0.686 3.65 1.65 Negative 5.82 9.08 60.9 39.1
CWM1-18 Negative 0.760 3.66 1.69 Negativd3.36 0.74 94.7 5.3
CWM2-12 Negative 0.439 3.58 1.40 Negativd7.11  1.83 90.3 9.7
CWM2-13 Negative 0.242 4.19 1.15 Negative4.21  0.00 100.0 0.0
CWM2-14 Negative 0.285 3.63 1.47 Negativd4.62  1.30 91.8 8.2
CWM2-15 Positive  0.263  3.92 1.06 Negative 5.51 6.99 56.0 44.0
CWM2-16 Positive  0.256  3.86 1.00 Negative 5.46 6.93 56.0 44.0
CWM2-17 Positive  0.272 3.91 1.08 Negative 3.82 6.92 64.5 35.5
CWM2-18 Positive  0.228  4.20 0.87 Negative4.54  4.78 51.3 48.7
CsSM1-1 Negative 0.368 3.62 1.59 Negativd6.04  1.17 93.2 6.8
CSM1-2 Negative 0.410 3.59 1.53 Negativd5.72  0.98 94.1 5.9
CSM1-3 Negative 0.438 3.58 1.71 Negativd7.87  1.56 91.9 8.1
CSM1-4 Negative 0.415 3.68 1.44 Negativd5.04 1.64 90.1 9.9
CSM1-5 Positive  0.276  3.96 1.04 Negative5.21 6.80 56.7 43.3
CSM1-6 Positive  0.211 3.96 1.05 Negative3.54 3.94 52.7 47.3
CSM1-7 Negative 0.330 3.62 1.47 Negativd5.34 1.35 91.9 8.1
CSM1-8 Negative 0.508 4.82 0.72 Negative0.24 0.14 63.6 36.4
CAM13 Negative 0.605 3.67 1.66 Negative 7.18 11.07 60.6 39.4
CAM14 Positive  0.248  3.99 0.98 Negative 4.19  5.48 56.6 43.3
CAM15 Positve  0.234 3.90 0.99 Negative 4.34 551 55.9 44.1
CAM16 Negative 0.221  3.92 0.99 Negative 4.39 5.65 56.3 43.7
CAM17 Positive  0.280 3.98 0.96 Negative 3.93 5.78 59.5 40.5
CAM18 Negative 0.410 3.65 1.44 Negativel2.73  0.53 95.9 4.1
CWM1-11 Negative 0.375 3.65 1.50 Negativd2.77 0.44 96.7 3.3
CWM1-12 Negative 0.667 3.65 1.63 Negativd2.78 0.80 94.1 5.9
CWM1-14 Negative 0.232 3.58 1.38 Negative2.88 0.13 95.8 4.2
CWM1-17 Negative 0.703  3.68 1.48 Negativd2.86 0.64 95.2 4.8

& Titration method (AOAC International, 2000).
P HPLC analysis (Yang and Churg)07).
¢ Optical purity (%) of lactic acid = (Io¢ or L-lactic acid / total lactic acid})L00.
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Table B5 Comparison of lactic acid production by strain SU3 when cultivated in

MRS medium containing 2% glucose for 72 h.

Fermenta- Growth pH Total L-Lactic  Total Total
e CFUImilogcFUm  °Sdly acidlactioadid  sugars

0 3.0x10° 5.48 6.25 0.00£0.00 0.27+£0.00 0.36x0.04 19.94+0.08
6 1.3%10° 8.12 446 3.66+3.66 3.82+0.20 2.29+0.03 16.21+0.01
12 1.6610° 9.22 4.09 5.64+0.00 5.46+0.13 5.08+0.01 14.65+0.01
18 1.4%10° 9.15 4.09 6.09+0.04 5.91+0.19 5.20+0.03 14.57+0.01
24 1.6610° 9.20 4,12 6.29+0.04 6.11+0.06 5.79+0.00 14.37+0.02
30 1.3510° 9.13 4,18 6.29+0.04 6.25+0.15 5.77+0.00 13.27+0.03
36 2.7%10° 9.43 4,18 6.34+0.00 6.15+0.20 6.05£0.04 12.77+0.01
48 1.4%10° 9.17 4.19 6.29+0.04 6.86+0.03 6.19+0.01 13.35+0.01
60 1.0%10° 9.02 4.28 6.48+0.04 6.14+0.16 6.27+0.04 12.17+0.03
72 1.86:10° 9.27 4,31 6.53+0.07 6.24+0.12 6.28+0.07 11.99+0.01

2t0% As mentioned in Table B6.

Table B6 Comparison of lactic acid production by strain S3 when cultivated in

RAM medium containing 1% tapioca starch for 72 h.

Fermenta- Growth pH Total L-Lactic  Total Total

tintr:g”(h) CFU/mI LogCFU/m ag,'/f)'ﬁy (ag(fl';i', 'ac(gil)%c'd S(Sﬂfhrs
0 1.3%10° 5.14 7.10 0.00+0.00 0.15+0.00 0.34+0.02 9.86+0.13
6 9.3<10°  7.97 456 4.1620.00 3.53x0.08 3.06+0.01 8.03+0.09
12 3.1%10°  9.50 4.05 5.15+0.14 4.68%0.14 5.62+0.00 6.63+0.03
18  1.8k10° 1026  4.15 5.45+0.07 4.82+0.04 5.10+0.06 5.74+0.05
24  75%10°  9.88 417 5.69+0.04 4.95%0.07 5.22+0.00 4.70+0.06
30 3.3%10° 9.52 4.28 5.69+0.04 5.04%0.31 5.56+0.15 4.95+0.06
36  3.2410° 951 4.25 5.64+0.00 5.09+0.28 5.24+0.07 4.07+0.04
48  3.3%10° 9.52 4.27 5.59+0.04 5.24%0.44 4.79+0.03 4.30+0.02
60  7.5%10° 8.88 435 5.59+0.04 4.68%0.22 5.10+0.02 5.27+0.01
72 46610  8.66 4.38 5.59+0.04 4.98+0.25 5.03+0.09 3.75+0.01

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

“ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Diset al., 1956).
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Table B7 Comparison of lactic acid production by strain U3 when cultivated in

RAM medium containing 1% tapioca starch for 72 h.

Fermenta- Growth pH Total L-Lactic  Total Total
e CFURilogcFUm  °Sdty  acidlactioacd  sugars

0 7.0010° 6.85 6.25 0.00£0.04 0.25£0.18 0.36x0.04 19.94+0.08
6 2.80<10° 9.45 452 3.47+0.11 3.22+0.13 2.50+0.20 16.42+0.03
12 1.3&10° 9.14 4.04 6.04+0.11 6.01+0.19 5.92+0.01 13.00+0.01
18 1.2k10° 9.08 4.05 6.48+0.07 6.19+0.13 6.12+0.00 12.33+0.05
24 8.0x10° 8.90 4.08 6.58+0.00 6.54+0.24 6.27+0.00 11.02+0.00
30 4.26¢10° 8.62 4,12 6.68+0.00 6.82+0.28 6.35+0.01 10.79+0.02
36 1.1510° 8.06 4,12 6.88+x0.00 6.54+0.28 6.83+0.00 10.09+0.00
48 2.3%10’ 7.37 4.19 6.98+0.07 6.70+£0.41 6.63+0.02 7.00+0.05
60 3.5510° 6.55 4.22 6.93x0.04 6.62+0.09 7.27+0.06 7.34+0.00
72 5.0x10° 5.70 4,17 6.88+x0.00 6.54+0.07 7.72+0.00 7.06+0.03

2t0% As mentioned in Table BS.

Table B8 Comparison of lactic acid production by strain CI/8R& when cultivated in

RAM medium containing 1% tapioca starch for 72 h.

Fermenta- Growth pH Total L-Lactic  Total Total

tintr:g”(h) CFU/mI LogCFU/m ag,'/f)'ﬁy (ag(fl';i', 'ac(gil)%c'd S(Sﬂfhrs
0 1.7%10’ 7.23 7.10 0.00£0.00 0.00£0.00 0.24+0.04 9.86+0.13
6 1.4%10° 9.17 5.86 3.86+0.07 1.78+0.09 3.87+0.01 8.03+0.09
12 1.7510° 9.24 421 4.90+0.11 4.20+0.33 4.01+0.00 5.31+0.03
18 1.6%10° 9.21 424 4.95+0.07 4.37£0.06 4.19+0.00 4.84+0.01
24 6.26c10° 8.79 432 5.00+0.04 4.43+0.09 4.34+0.03 5.95+0.04
30 7.0x10’ 7.85 4.41 4.90+0.04 4.27+0.05 4.35+0.01 4.79%+0.03
36 9.510° 6.98 4.36 4.90+£0.04 4.44+0.33 4.45+0.01 4.98%0.00
48 5.06c10° 5.70 4.41 4.85+0.00 4.36x0.03 4.56+0.01 4.30%£0.01
60 1.0610° 5.00 449 4.95+0.00 4.55+0.08 4.77+0.03 4.00+0.01
72 3.06x10° 4.48 4.44 5.00+£0.04 4.49+0.19 5.09+0.01 3.19+0.00

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

“ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Diset al., 1956).



APPENDIX C

OPTIMIZATION AND PRODUCTION OF

L-LACTIC ACID

Table C1 Comparison of bacterial growth andlactic acid production by strain

SUT513 when cultivated in fermentation medium comig different

concentrations (10-40 g/l) of tapioca starch foh48

Tapioce Growth pH Total L-Lactic  Total Total
S(tglrl‘):h CFUI/mI LogCFU/m ag)'/f)'ﬁy (Z‘,:l')cﬂ, 'ac(gil)%c'd S(Zﬂfhrs

10 7.83<10 7.89 4.09 4.76£0.07 4.57+0.01 3.76x0.01 5.63+0.03
15 7.92<10 7.90 4.12 4.76£0.07 4.79x0.06 4.44+0.03 7.48+0.01
20 1.24x10° 8.09 4.08 4.59+0.00 4.81+0.24 4.94+0.01 11.88%0.02
25 2.64<10° 8.42 4.02 4.50+0.07 4.57+0.21 4.67+0.01 20.40%0.06
30 1.4810° 8.17 4.05 4.94+0.14 5.5510.43 5.1910.02 23.55%0.03
35 2.1210° 8.33 3.98 4.50+0.14 4.00£0.10 3.84+0.04 24.38+0.19
40 1.54x10° 8.19 4.10 4.76£0.00 4.16x0.09 4.27+0.01 28.39+0.13

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

“ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Diset al., 1956).



156

TableC2 Comparison of bacterial growth andlactic acid production by strain
CAR134 when cultivated in fermentation medium contey different
concentrations (10-40 g/l) of tapioca starch foh48

Tapioca Growth pH Total L-Lactic  Total Total

starch acidity acid lacticacid sugars

10 5.50¢10’ 4.85 4.24 4.33+0.00 4.36x0.09 3.73x0.03 5.60%0.03
15 5.99<10’ 6.27 4,22 4.16x0.07 4.78+0.12 4.80x0.02 10.34%0.01
20 1.3810° 5.20 4,22 4.33+0.07 4.83x0.16 6.35x0.08 14.76x0.04
25 5.58<10’ 6.00 4.17 4.55+0.04 4.66+0.12 4.71+0.03 19.88+0.06
30 6.02¢<10’ 7.52 422 4.20+0.11 5.22+0.18 6.46+0.01 24.08+0.01
35 7.21x10 5.04 4,13 3.98+0.07 4.41+0.31 4.50£0.04 28.57+0.01
40 4.64x10° 6.48 4,13 4.07+£0.14 4.84+0.29 5.47+0.06 32.46%0.11

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Churf)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Disbet al., 1956).

Table C3 Effects of concentrations (2.0-5.0 g/l) of trypgoon bacterial growth and

L-lactic production by strain SUT513 after cultivatifor 48 h.

Tryptone Growth pH thql L-Laptic Tptal . Total
@) ~EFUmI LogCFUmI a(f,'/f)'ﬁy (Z(/:ll)% 'aigcjl)aéc'd S(Z%’Ers
2.0 1.30<10* 4.11 4,40 3.55+0.07 4.37x0.21 2.96x0.02 26.31+0.04
2.5 1.58«10° 5.20 4,27 3.72+0.00 5.16+0.25 3.91+0.07 25.14+0.03
3.0 8.50¢10" 4.93 4,19 3.77£0.04 4.93+0.12 3.48+0.01 24.43+0.07
4.0 1.3410° 5.13 4,15 3.90+£0.00 4.71+0.29 3.75x0.01 26.87%+0.04
5.0 9.50<10° 3.98 4.12 4.03+0.04 4.44+0.49 3.05+0.03 26.54+0.04

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

“ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Disbet al., 1956).
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Table C4 Effects of concentrations (2-5 g/l) of tryptona bacterial growth and

L-lactic production by strain CAR134 after cultivatifor 48 h.

Tryptone Growth pH thql L-Laptic Tptal . Total

O GRUMm LogcrumI  2Gdly Ao lactic acid  sugays

2.0 1.510° 6.18 4,16 3.55+0.00 4.72+0.02 3.34+0.03 25.51+0.00
2.5 1.95¢10° 5.29 4,25 3.55+0.00 4.59+0.15 3.34+0.08 24.11+0.00
3.0 2.05¢10° 4.31 4,19 3.72+0.00 4.77+0.18 3.36x0.01 24.39%+0.00
4.0 2.61x10° 6.42 4.11 3.98+0.00 5.12+0.22 4.83+0.01 25.20+0.00
5.0 1.8%10° 5.26 4.11 4.29+0.04 4.70+£0.38 3.82+0.02 25.56%+0.01

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

“ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Diset al., 1956).

Table C5 Comparison of bacterial growth andlactic acid production by strain

SUT513 using different media (Table 4.1) and caliton for 48 h.

Mediun Growth pH Total L-Lactic  Total Total

(ngl' ) CFUImI LogCFU/mi ag,'/f)'ﬁy (ag(,:l')(?, 'ac(g(,:l)%c'd S(g%‘;‘drs
1 1.58«10° 5.20 4.27 3.72+0.00 5.16+0.25 3.91+0.07 25.14+0.03
2 1.05¢10* 4.02 4.10 4.11+0.04 2.60+0.03 1.19+0.00 29.48+0.03
3 1.5010° 3.18 4.25 3.77£0.04 4.19+0.07 3.28+0.01 28.98+0.04
4 2.50<10° 3.40 3.24 3.81+0.00 4.491+0.34 3.64t0.05 29.09+0.01
5 7.10<10° 4.85 4,27 3.77x0.04 4.82+0.00 4.02+0.05 28.92+0.03
6 7.75¢10° 4.89 4.35 3.64+0.00 4.47+0.13 4.35+0.02 29.02+0.00

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Churf)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Disbet al., 1956).
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Table C6 Comparison of bacterial growth andlactic acid production by strain

CAR134 using different media (Table 4.1) and cailtion for 48 h.

Medium Growth pH tha}l L-Laptic Tot.al lactic Total

O, CFUMI LogFUimi  “Gdiy  acd - acid @/ sugars

1 2.61x10° 6.42 411 3.98+0.00 5.12+0.22 4.83+0.01 25.20+0.00
2 5.35¢10" 4.73 4.09 4.76x0.07 3.92+0.13 2.98+0.03 30.11+0.00
3 2.00<10° 3.30 424 4.33+0.00 4.51+0.08 3.74+0.00 29.69+0.00
4 3.00<10° 3.48 4.28 4.29+0.04 5.34+0.00 5.56+0.02 28.69+0.00
5 5.00<10° 3.70 4.33 4.29+0.04 5.03x0.20 4.70+0.05 28.84+0.07
6 4.00<10° 3.60 4.37 4.29+0.04 4.89+0.64 4.13+0.09 32.41+0.01

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Disoet al., 1956).

TableC7 Effect of initial pH of fermentation medium comaig 30 g/l (dry weight)

of tapioca starch on growth aneactic acid production of strain SUT513

when cultivated under anaerobic condition for 48 h.

Initial Growth pH Total L-Lactic  Total Total

PH ~CEUImMI LogCFUIm ag)'/f)'ﬁy (ag‘/:l')% 'ac(gil)%c'd S(Zﬂfhrs

5.0 1.99%10" 4.30 4.43 0.65£0.04 0.32+0.06 0.30+0.02 24.03+0.01
55 2.20<10° 7.34 4.49 0.74+0.04 0.30£0.01 0.29+0.01 26.29+0.04
6.0 1.55¢10’ 7.19 4.32 1.43t0.04 0.64+0.02 0.61+0.03 27.18%0.06
6.5 2.9%10° 5.47 4.25 2.42+0.07 1.47+0.12 1.40+0.02 27.10%0.03
7.0 7.10<10" 4.85 4.27 3.77£0.04 4.82+0.00 4.02+0.05 28.92+0.03
8.0 1.3810° 5.14 4.42 3.81+0.00 4.47+0.22 4.25+0.02 30.74+0.05

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

“ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Disbet al., 1956).
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TableC8 Effect of initial pH of fermentation medium comaig 30 g/l (dry weight)

of tapioca starch on growth aneactic acid production of strain SUT134

when cultivated under anaerobic condition for 48 h.

Initial Growth pH thgl L-Laptic Tptal . Total

P CFUmI LogcFum  °Cdly  addlactioacid - sugars

5.0 3.9%10 7.60 4.27 0.43+0.07 0.48+0.11 0.45+0.04 30.05+0.03
5.5 8.9%10° 5.95 420 1.34+0.04 0.82+0.10 0.77+0.05 29.94+0.02
6.0 1.70<10° 3.23 3.86 1.39+0.00 1.36+x0.04 1.29+0.02 29.20+0.09
6.5 2.95¢10° 3.47 3.95 1.77£0.04 2.20+£0.02 2.09£0.02 29.16%0.04
7.0 3.00x10° 3.48 4.28 4.29+0.04 5.34+0.00 5.56+0.02 28.69+0.00
8.0 9.70<10° 3.99 422 4.03+0.04 4.40+0.02 4.18+0.02 29.12+0.06

& Titration method (AOAC International, 2000).
b HPLC analysis (Yang and Chur)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Digoet al., 1956).

TableC9 Effect of temperatur@n growth andL-lactic acid production of strain

SUT513 when cultivated in the suitable fermentato&dium containing

30 g/l (dry weightof tapioca starch for 48 h.

Temp. Growth pH Total L-Lactic  Total Total

(°C) “CFUImI LogCFUImI ag)'/g)'ﬁy (ag‘/:l')% 'ac(gil)%c'd e

25 5.53<10 7.74 4.28 3.96+0.07 4.60+0.04 4.37+0.01 24.21+0.03
30 1.6710’ 7.22 4.25 4.06£0.07 4.75£0.17 4.51+0.02 26.73+0.00
35 7.10<10° 4.85 427 3.77£0.04 4.82+0.00 4.02+0.05 28.92+0.03
37 4.65<10" 4.67 4.39 3.76x0.00 4.57+0.20 4.35x0.02 27.77+0.07
40 1.36¢10° 413 441 3.71+0.04 4.14+0.23 3.93+0.02 27.00+0.08
45 8.65¢10° 3.94 449 3.47+0.00 4.11+0.06 3.91+0.01 28.02+0.04

& Titration method (AOAC International, 2000).
P HPLC analysis (Yang and Churg)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).
d: Colorimetric (phenol-sulphuric acid) method (Disbet al., 1956).
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TableC10 Effect of temperaturen growth and.-lactic acid production of strain
SUT134 when cultivated in the suitable fermentatisedium containing

30 g/l (dry weight)of tapioca starch for 48 h.

Temp. Growth pH thgl L-Laptic Tptal . Total

() Ui togcFUmI  °Gdly  acid lacticacid - sugars

25 5.00<10 7.70 4.34 3.76x0.00 3.92+0.05 3.72+0.02 29.23+0.01
30 3.0610° 6.49 429 4.16+x0.00 4.02+0.06 3.82+0.02 29.15+0.02
35 3.00<10° 3.48 428 4.29+0.04 5.34+0.00 5.56+0.02 28.69+0.00
37 1.7410° 5.24 4.39 3.96+0.00 4.68+0.26 4.43+0.03 28.30%+0.02
40 4.25¢10* 4.63 4.41 3.66£0.00 4.02+0.03 3.82+0.01 29.08%+0.03
45 1.5%10* 4.20 458 3.37+0.07 3.63+0.11 3.45+0.01 28.20+0.03

& Titration method (AOAC International, 2000).

b HPLC analysis (Yang and Chur)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).

d: Colorimetric (phenol-sulphuric acid) method (Digoet al., 1956).

Table C11 Effect of different inouculum sizes of strain SUB50n L-lactic acid
production when cultivated in the suitable ferm&aota medium

containing 30 g/l (dry weight)f tapioca starch for 48 h.

Inogulun Growth pH To_ta_ll L-La_ctic T_otal _ Total
?;/if CFU/mI LogCFU/ml ag)'/g)'ﬁy (ag‘/:l')% 'ac(gil)%c'd S(Zﬂfhrs
1 1.95¢10° 5.29 4,28 4.11+0.04 3.90+0.12 3.70+0.03 30.49+0.04
2 7.50<10° 5.88 426 4.01+0.04 3.94+0.02 3.74+0.02 30.10+0.03
3 1.85¢10° 5.27 428 4.01£0.04 3.91+0.03 3.71+0.02 26.62+0.09
4 3.7010 5.57 429 4.06x0.00 4.11+0.02 3.91+0.01 26.04+0.04
5 3.65¢10° 5.56 4.30 4.06x0.00 4.00+£0.12 3.80+0.01 23.75+0.02

& Titration method (AOAC International, 2000).

b HPLC analysis (Yang and Churf)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).

d: Colorimetric (phenol-sulphuric acid) method (Disbet al., 1956).
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Table C12 Effect of different inouculum sizes of strain CAR onL-lactic acid

production when cultivated in the suitable ferm&ota medium

containing 30 g/l (dry weightf tapioca starch for 48 h.

Inoqulun Growth pH thgl L-Laptic Tptal . Total
S “GFUMI LogCFUmI  Coony  acd - lactie acid sugays
1 3.3010° 4.52 429 4.16+0.07 4.69+0.43 4.74+x0.02 28.70+0.03
2 1.60<10° 4.20 428 4.16+0.07 4.67+0.05 4.43+0.02 28.66+0.04
3 1.50<10° 4.18 430 4.06+0.00 4.65+0.12 4.42+0.02 28.53+0.04
4 5.50<10" 4.74 432 4.11+0.04 4.94+0.12 4.69+0.03 28.45+0.03
5 5.0010° 3.70 430 4.16x0.07 4.55x0.03 4.32+0.02 28.42+0.04

& Titration method (AOAC International, 2000).

b HPLC analysis (Yang and Chur)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).

d: Colorimetric (phenol-sulphuric acid) method (Disoet al., 1956).
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Table C13 L-Lactic acid production by isolate SUT513 in 5 ltiopzed medium
containing 30 g/l of tapioca starch in a 6.6 | bawtor at 35C and pH

7.0.
Fermenta- Growth pH Total L-Lactic  Total Total
“tion  "CFU/mI LogCFU/m acidietly aciotl) lactic aclcid sugars
time (h) (%) (9/) (9/1) (9/1)
0 1.21x10’ 7.08  7.07 0.00 0.00 0.00 36.05
2 1.35¢<1¢° 8.13 7.04 0.00 0.04 0.04 29.16
4 2.0%10° 9.30 6.94 0.63 0.94 0.90 32.26
6 2.36<10'°  10.37 6.90 4.14 5.96 5.66 21.30
8 1.05<10"°  10.02 6.91 8.56 11.69 11.11 22.69
10 9.45¢10% 1298  6.92 12.16 16.19 15.38 19.73
12 1.58108  13.20 6.94 15.40 20.20 19.19 10.76
14  7.7510" 11.89 6.92 17.74 24.94 23.70 10.06
16 3.20<10%  11.51 6.93 19.91 26.75 25.41 6.56
18  7.50<10° 10.88 6.95 21.89 28.66 27.23 4.09
20 2.610° 10.42 6.93 23.60 32.68 31.04 1.64
22 1.80x10"° 10.26 6.94  24.86 37.74 35.85 1.97
24  9.00x10° 995 6.95 2585 37.39 35.52 1.74
26 8.65¢10° 994 6.94 2594 37.48 35.60 1.51
28  9.10<10° 996 6.94 26.21 38.93 36.98 0.95
30 8.1510° 991 6.94 26.48 33.56 31.88 0.80
32 1.7410° 9.24 6.94 26.75 38.04 36.14 1.01
34  2.05<10° 931 6.94 26.93 34.30 32.59 1.15
36 1.0210 9.01 6.94 27.20 37.14 35.28 1.07
38  1.71x10° 9.23  6.94 27.47 37.32 35.45 0.82
40  1.39<10° 9.14 6.94 27.65 34.77 33.03 1.43
42 1.3410 9.13 6.95 27.74 37.02 35.17 1.45
44  1.9%10° 929 6.96 27.83 35.59 33.81 1.35
46  8.06<10° 891 6.98 27.92 34.03 32.32 1.64
48  6.70<10° 883 6.95 27.92 31.88 30.28 1.65

& Titration method (AOAC International, 2000).

b HPLC analysis (Yang and Churf)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).

d: Colorimetric (phenol-sulphuric acid) method (Disbet al., 1956).
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Table C14 L-Lactic acid production by isolate CAR134 in 5-ltiogzed medium
containing 30 g/l of tapioca starch in a 6.6 | bawtor at 35C and pH

7.0.
Fermenta- Growth pH Total L-Lactic  Total Total
tintr:g”(h) CFU/mI LogCFU/m ag,'/f)'ﬁy (ag(fl';i', 'ac(gil)%c'd S(Zﬂfhrs
0 1.7910 725 7.1 0.00 0.00 0.00 34.27
2 1.7910° 925  7.11 0.00 0.04 0.04 23.38
4 3.30<10° 952  6.92 0.09 0.50 0.48 24.77
6 5.45¢10° 9.74  6.90 2.97 3.46 3.29 12.59
8  88k10° 10.94  6.95 7.48 9.47 9.00 11.72
10 7.50<10° 10.88 6.91  10.81 13.26 12.60 7.54
12 1.810" 1126  6.94 1459 17.54 16.67 7.06
14  52510" 1172  6.92  17.29 21.72 20.64 5.92
16 3.5510° 1055 6.91  19.73 24.42 23.20 5.01
18 2.9510° 1047 6.94 22.25 27.02 25.67 2.31
20 1.70<10° 1023  6.94  23.96 31.20 29.64 1.60
22 9.35¢10 997  6.95 2459 29.63 28.15 1.17
24  3.80<10° 958  6.95 24.86 28.56 27.14 1.20
26  5.10<10° 9.71  6.95 2504 30.36 28.84 1.32
28  8.00x10° 990 694 2522 30.03 28.53 0.93
30 2.3%10° 9.38 694 2540 30.12 28.61 1.16
32 22110 9.34 694 2549 28.40 26.98 1.18
34 25310 940  6.94 2567 32.31 30.70 1.13
36  7.30<10° 986  6.94 2585 30.28 28.76 1.08
38 1110 905 695 2594 32.70 31.07 1.03
40 11110 9.04 6.94  26.12 28.47 27.05 1.13
42 1.4010° 9.15  6.95  26.30 30.54 29.01 1.21
44  4.6510° 8.67 6.95  26.30 28.22 26.81 1.06
46 6.10<10° 879  6.95  26.39 28.37 26.95 1.22
48  5.15¢10° 871  6.95  26.39 26.88 25.54 0.87

& Titration method (AOAC International, 2000).

b HPLC analysis (Yang and Chur)07).

¢ Colorimetric assay (Kimberley and Taylor, 1996).

d: Colorimetric (phenol-sulphuric acid) method (Diset al., 1956).



APPENDIX D

STANDARD CURVES
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R = 0.999904384361
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Figure 1D Standard curves af-lactic acid (A),D-lactic acid (B), and peak area of

acids determined using HPLC.
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0.6

y =0.5581x
0.5 | R? = 0.9967

D-Glucose concentration (mg/ml)

0.0 0.2 0.4 0.6 0.8 1.0

Absorbance 500 nm

Figure 2D Standard curve af-glucose determined by phenol-sulfuric acid method

(Duboiset al., 1956).
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Figure 3D Standard curve of total lactic acid determinedblprimetric assay

(Kimberley and Taylor, 1996).



APPENDIX E

HPLC CHROMATOGRAMS
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Figure lLE HPLC chromatograms of organic acid standards gIml): formic,
acetic, D-lactic, L-lactic, propionic, citric andoutyric acids (A)and
D(-)- and L(+)-lactic acids (0.05 mg/ml) (B) when analyzesing the

chiral column(Astect CLC-L column, SigmaAldrich, Inc.).
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Figure2E HPLC chromatograms of optimized fermentation membataining 30
g/l of tapioca starch (dry weight) after cultivairBUT513 (A) and
CAR134 (B) at optimum conditions for 48 h (500dilution),
respectively; when analyzedsing the chiral columr{Astect CLC-L

column, Sigmaldrich, Inc.).
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Figure 3E HPLC chromatograms of fermentation media aftetivating SUT513
(A) and CAR134 (B) for 48 h (500dilution); when analyzedsing the

chiral column(Astect CLC-L column, SigmaAldrich, Inc.).



APPENDIX F

PHYSIOLOGICAL CHARACTERIZATION

F.1 Carbohydrate fermentation profile

Figure 1IF Carbohydrate fermentation test using APl 50 Chbst(bioMérieux,
bioMérieux Industry, France) after 48 h incubat@fnbacterial isolates

SUT513 (A); CAR134 (B); CAR128 (C); and CAR135 (D).



F.2 Physiological characterization

F2.1 Temperature

170

Medium Bacterial Temperature°C)
isolate
code 5 10 15 20 3035 37 40 42 45 50 55
RAM SUT513 - - -t b e - -
CAR128 - - -t e b e - - -
CAR134 - - i me s o T O L T S B -
CAR135 - - -ttt e A A - -
MRS SUT513 - - -ttt e A e R - -
CAR128 - - e e o SR T S S T - -
CAR134 - - - + ++  +++H++ .+ - -
CAR135 - - - + ++ e e - -
F2.2 pH (initial pH of fermentation medium)
Medium Bacterial pH
Solle 40 44 48 50 60 65 70 80 96
RAM SUT513 - - - ++ I o o o S T S -
CAR128 - - - - +++ e -
CAR134 - - + ++ +++ b -
CAR135 - - + +++ B I S R -
MRS SUT513 - - - + +++++ HH+++ -
CAR128 - - - - +++++ -
CAR134 - - +++++ +++++ F+H+++ FHHEE R R -
CAR135 - - +H+++ A+ At e R -
F2.3 NaCladded to fermentation medium
Medium Bacterial % NaCl
Soldte 5 30 40 65 80 100 180
RAM SUT513 +++ + - - - - -
CAR128 +++ ++ + - - - -
CAR134 +++ ++ + - - - -
CAR135 +++ ++ + - - - -
MRS SUT513 ++++ +++ - - - - -
CAR128 ++++ ++++ ++++ - - - -
CAR134 ++++ +++ ++ - - - -
CAR135 ++++ ++++ ++ - - - -

Note: + to++++, Aggpin the range 00.1-0.2, 0.2-0.4, 0.5-0.9nd > 1.0, respectively



APPENDIX G

NUCLEOTIDE SEQUENCE DATA

GGGGGG

il

= s,
14 1
GG G GC =C G AAC
210 220 240
GTTG TAG G CGGCTC

230 250 260 280 290
GTG GG T T G > > C

300 310 320 330 340 350 360 370 380 390
G G ACGGG CAG GTA AATCTT TGGG CCTGA > GC ” GTGAG GG

4 41 4 4 4 4 470 480
G G “TG G GAG G GTGTGTGAG? GTG GG G C

500 510 520 530 540 550 560 570 580 9
GGGCG GCGAGCG GGCGG
600 610 620 630 640 650 660 670 680 690
TT o -} C T GT GGGG GAATTCCATGTGTAGCGGTG TG G

Figure 1G Sequence electrophenogram of 16S rRNA gene oébakisolate SUT513

using fD1 primer as the sequencing primer (Macrdgen Korea).
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10 20 30 40 50 60 70 80 90
MW NCG AG G G T GG TTATT G GGCGT GC GAGCGCAGGCGG T GTC GAAG GG GTGG G o}
100 110 120 130 140 150 160 170 180 190
GG G GAC GAGTG G GGGGAGAGTGGAATTCCATGTGTAGCGGTG TGCG GAT TGGAGG GGTGGCG GCGG
200 210 s 220 230 240 250 260 270 280 290
GG G GACGCTGAGGCTCG GCGTGGGGAGC CAGG G CCCTGG GTCCACGCCG G GAGTGCTAGGTG

300 310 320 330 340
GG CCGGGG GTGCCGCAGC “GC AAGCACT G C
400 410 420 430 440 450 460 470 480 490
B GCGGTGGAGC TGTGG T TTCGAAGCA GCGAAG CCTTAC LG G TGA TCC GATGCTATT CTAGAG GG G T
500 510 520 530 540 550 560 570 580 590
FGA-A GGTGACAGGTGGTGCATGGTTG GT GCTCGTGTCGTGAGATGTTG GG LG GCA “GAGCG > TTG G G
600 610 620 630 640 650 660 670 680 690
T G GGGCAC " GCGAG T GC GGTAATAA CGGAGG GGTGGGGATG GTCAAAT CATGCC " G GGG
700 710 720 730 740 750 760 770 780 7
GTG A G GTTG GTAC “"GAGTCGCGAGTCGGTG GG GC T T G G GG G GG GC “TCG

Figure 2G Sequence electrophenogram of 16S rRNA gene ofebaktisolate

SUT513 using rP2 primer as the sequencing primec(dben Inc.).
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PR
w‘“ .olﬂ .*.dwm‘muqumumh Mmum,hlmm
Uil UnﬂhnmnhhﬂmmmmlhMNMth“h“mhﬁhlﬂmthhmlh“lmmm

390 400
cTe GCGGGAC -

GGGGGGGG

450 460 470 480 490 500
GATG CCGAAG \ACTTCCTATCTCTAGGAATAGCATCG GGATG
WWWMWWMWMW A
510 520 530 540 550 560
CTGG GGT TCGCGTTGCTTCGAAT ACCACATGCTCCACCGCTTGTGCGGG

| R mu“ h ML
610 620 630 640 650 660 670 680 690 1
TCCCCAGGCGGAGTGCTT GCG AGCTGCGGCACTAAGC CGG AAGGGCCTAACACCTAGCACTCA -GTTT GGCGTGG GGG

740 750 760 770 780 790
GTT \GACCAGAGAGCCGCTT GCCACCGGTG o . TATATC s |

il

Figure 3G Sequence electrophenogram of 16S rRNA gene ofebaktisolate

SUT513 using walking forward primer (at 500 bp pios) as the

sequencing primer (Macrogen Inc.).
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10 20 30 70 80 90 10
L ) G > GC TGC G "GGGTGAG GCG GG
\ [ ‘
“ & ALNLLE 'A \Al U i uuuu h AN L )}\A
110 130 140 20
GGGG GAT - GG G -
290 3
A G G G G GG TCACC G G "G C F€ G GAGGG G GGG G
j00 310 320 330 340 350 370 380 390
G GGC “AG GGG AGGCAGCAGTAGGG 7€ 7T TGGGGGC GAG GCCGCGTGAGTG G GG GG
400 410 420 430 440 450 460 470 480 490
G G G G GAGAAG CGTGTGTGAGAGTGG G GTG GG G GGGACGG GTG G
500 510 520 530 540 550 560 570 580 590
G GCGG G GG GAGCG G “CGG GGGCGT GCGAGCG GGCGG P G TG G GG GTGG
600 610 620 630 640 650 660 670 680 690
GT G GG TG G > TGAGTGCAG GGGGAGAGTGGAATTC GTGTAGCGGTG GCGTAG TGGAGG
700 710 720 730 740 750 760 770 780 790
GGTGGCG GCGG GG G G 7 GCTGAGG cG GCGTGGGGAGC GG G GG G e ° G G q

Figure4G Sequence electrophenogram of 16S rRNA gene ofebalktiso

late

CAR134 using fD1 primer as the sequencing primeaigidgen Inc.).
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10 20 30 40 50 60 70 80 920 -
G G G G GG G GGCG GC GAGC GCAGGC GG G GAAGTT G G¢ GTGGC G G
SN o X /) (} “ ‘ h ‘ 3 l
100 110 120 130 140 150 160 170 180 190
GGA G G TGAGTG G GGGGAGAGTGGAATT TGTG GCGGTG GCG G GGAGG "ACCGGTGGCG GCGG
200 210 220 230 240 250 260 270 280 290
c1 GG G1 CTGACGCTGAGG "G AGCGTGGGGAGC GG G CTGGTAGT -G GT G GAGTG GGTG
300 310 320 330 340 350 360 370 380 390
GG GGGGCT GTGCCGCAGC ACGCATTAAG < "G GGGGAGT G >CGC GGTTGA GG GACGGGGGC >
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Figure 5G Sequence electrophenogram of 16S rRNA gene ofebaktisolate

CAR134 using rP2 primer as the sequencing primexcfilgen Inc.).
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INVESTIGATION OF L-LACTIC ACID PRODUCTION BY
LACTIC ACID BACTERIA ISOLATED FROM TAPIOCA STARCH
PRODUCTION WASTE

Yubon Pikul-ngoen* and Sureelak Rodtong

School of Microbiology, Institute of Science,
Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand

L-Lactic acid is one of the useful compounds utilized in food, pharmaceutical and
chemical industries. Stereo-selective two isomers exist for having a chiral carbon. It can
be polymerized to biodegradable plastics, i.e. poly (L-lactic acid), which has great
potential for replacing petrochemical plastics. In the polymerization process, the
stereospecificity of lactic acid is very important, and selective production of
stereospecific lactic acid has been carried out by lactic acid bacteria. In this study, lactic
acid bacterial strains were isolated from tapioca starch production waste samples
produced in Thailand. A total of 134 lactic acid bacterium isolates were cultivated using
MRS medium supplemented with 2% glucose and incubated under anaerobic condition
at 30°C for 24 h. Low pH values and high titratable acidity contents were used to screen
potential lactic acid-producing strains. The isomer type of lactic acid was analyzed by
high performance liquid chromatography. One hundred and eleven isolates were able to
produced L-lactic acid. They were homofermentative and produced L-lactic acid as a
main end-product from D-glucose. L-Lactic acid-producing strains gave the maximum
L-lactic acid yield of 19.12 g/l. Potential lactic acid-producing isolates for L-lactic acid
production from tapioca starch were selected for further investigation.

Keywords: L-Lactic acid, Lactic acid bacteria, Production, Tapioca starch, Waste

*Corresponding author’s e-mail: M5010103@g.sut.ac.th
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Protein profiles from lectin extracts as an aid for detection and identification of lectin-
producing mushrooms

S. Rodtong*, Y. Pikul-ngoen
uranaree University of Technology, Thailand

Some certain mushroom species or strains can produce lectins, di- or multi-valent carbohydrate-
binding proteins or glycoproteins of non-immune origin. In this study, protein profiles from lectin
extracts were investigated to apply as an aid for the detection and identification of lectin-producing
mushrooms. A total of 330 mushroom specimens (fruit bodies) were collected from their natural
habitats and local markets in Thailand. The specimens were identified by conventional methods. Forty
four genera of 24 families were recorded. Lectins were extracted from these fruit bodies, determined
for their protein profiles according to molecular masses using SDS-PAGE, and detected for their lectin
accumulation by hemagglutination assay using human and animal (goose, guinea pig, mouse, rabbit,
rat and sheep) erythrocytes. Approximately 60% of the extracts were found to predominantly perform
hemagglutinating for rabbit and rat erythrocytes. The high incidence of lectin accumulation was
observed in specimens belonging to genera Amanita, Boletus, Cantharellus, Lentinus, Lycoperdon,
Macrolepiota, Marasmius, Russula, Schizophyllum, Termitomyces, and Volvariella. Different
mushroom strains contained different protein profiles having the average molecular weights ranging
from 15 to 150 kilodaltons, corresponding to their different lectin properties. Protein profile analysis
could be potentially applied for the detection and preliminary identification of specific species/strains
of lectin-producing mushrooms.

Keywords: Lectin-producing mushrooms, Mushroom identification, Protein profiles, Lectins
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Optically pure L-lactic acid production from tapioca starch
supplemented with spent brewer’s yeast by a starch-utilizing lactic
acid bacterium

Yubon Pikul-ngoen and Sureelak Rodtong

School of Microbiology, Institute of Science, Suranaree University of Technology
Nakhon Ratchasima 30000, Thailand
Corresponding author: Yubon Pikul-ngoen: e-mail: M5010103@g.sut.ae.th. Tel.: 044223203

Abstract

The production of optically pure L-lactic acid were investigated among 250
lactic acid bacterial strains isolated from their natural habitats. [solate SUT 513 was
then selected for the acid production from tapioca starch, a low cost substrate
compared to sugars, the common raw material. The strain SUT 513 was identified as
belonging to the genus Streprococcus according to its morphological and biochemical
characteristics, and 16S tDNA sequence. Optimization of growth and acid production
conditions emphasizing on tapioca starch supplemented with spent brewer’s yeast
were performed. It was found that the suitable medium composed of main ingredients
as follows: 30 g/l (dry weight) of tapioca starch supplemented with 5 g/l of spent
brewer’s yeast, and 2.5 g/l of tryptone at initial pH 7.0. When lactic acid fermentation
was performed in a bioreactor containing 5 1 of the optimized medium under optimal
temperature at 35°C for 48 h, the strain could produce the maximum L-lactic acid
concentration of 38.9 g/l with »99% optical purity after cultivation for 28 h. The
L-lactic acid yield (Yrass) of 0.9974 g/g (99.74%), productivity of 1.61 g/Lh.. and the
specific growth rate (iimas) of 0.51 b7 were achieved. The high optical purity of
L-lactic acid produced could be potentially applied for biodegradable plastics
production.

Keywords: L-Lactic acid, Lactic acid bacteria, Tapioca starch, Spent brewer’s yeast,
Biopolymer

Introduction

L-Lactic acid 1s considered to be one of the most useful chemicals used 1 food
(as a preservative, acidulant, and flavouring agent). chemical, textile, and
pharmaceutical industries (Akerberg and Zacchi, 2000). It also functions as the main
monomer for the production of biodegradable poly(L-lactic acid) (PLLA or PLA)
(Datta et al., 1995). The optical purity of lactic acid is very important for the
biopolymer production. Two enantiomers of lactic acid. D- and L-forms, have been
naturally found. L-Lactic acid can be produced by either chemical synthesis or
microbial fermentation but the biological method has the advantage that an optically
pure T-lactic acid can be obtained by choosing a specific strain of microorganism.
Most widely used substrates for the production of lactic acid by fermentation are
refined sugars, which are expensive. Lactic acid 1s also produced from abundant and
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renewable substances such as whey, molasses, beet and cane sugar, starch (Vishnu et
al., 2002). Tapioca starch, a cheap agricultural product in Thailand, has also been
reported to be used for the production of lactic acid without pretreatment by enzymic
saccharification to glucose (Rodtong and Ishizaki, 2003). Several bacterial strains
have been studied for lactic acid fermentation from starchy materials such as
Lactobacillus plantarum (Panda and Ray, 2008), L. manihotivorans (Ohkouch: and
Inoue, 2006), L. amylophilus (Altaf et al., 2007), L. amylovorus (Nagarjun et al.,
2005). Lactococcus lactis subsp. lactis (Petrov et al.. 2008), Enterococcus faecium
(Shibata et al., 2007), and Streptococcus bovis (Narita ef al., 2004), The present work
studies the production of high optical purity of L-lactic acid from tapioca starch
supplemented with spent brewer’s yeast by a starch-utilizing lactic acid bacterium.

Materials and Methods
Bacterial strains and media

Two hundred and fifty lactic acid bacterial strains obtained from stock cultures
of the Microbial Culture Collection Laboratory, Suranaree University of Technology,
were used to screen for their capability to produce optically pure L-lactic acid. The
bacteria were maintained at -80°C with the addition of skim milk to 5% (v/v) final
concentration. The medium used for cultivation of these strains was modified Rogasa
agar medium (RAM; Rodtong and Ishizaki, 2003) composing of 2% glucose, 0.2%
tryptone, 0.6% K,HPO4, 0.3% vyeast extract, 0.057% MgS0O4.7H-0, 0.012%
MnS04.4H-0, and 0.003% FeSO4.7H,0 with the initial pH of 7.0. For solid medium,
1.5% (w/v) agar were added to the medium described above.

Selection of starch-utilizing bacterial strain producing optically pure L-lactic acid

Two hundred and fifty lactic acid bacterial strains as mentioned above were in
RAM medium containing 1% tapioca starch rather than 2% glucose. The starch
(Sanguanwongse industries Co., Ltd., Thailand) contained carbohydrate (85.53%),
moisture content (11.95%), fiber (0.18%), total nitrogen (0.35%), fat (1.64%), and ash
(0.35%). The strain produced high yield of optically pure L-lactic acid was selected
for further study.

Identification of the selected lactic acid bacterium

The selected bacterial isolate was identified using morphological and
biochemical characteristics according to Bergey’s Manual of Determinative
Bacteriology (Holt ef al., 1994). Biochemical tests were also carried out using APIS0
CH/CHL kit (Biomerieux, RCS Lyon, France). And its 16S Ribosomal RNA gene was
amplified (Weisburg et a/.. 1991), and nucleotide sequence of the gene was analyzed
using ABI 3730x]1 DNA analyzer (Model 373, USA).
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Analytical methods

Viable cell counts (CFU/ml) were estimated by plating serial dilutions of
bacterial suspension on RAM agar containing 1% tapioca starch. L-Lactic acid
concentration in the supernatant was measured after centrifugation at 4,500 rpm for 20
min at 4°C to separate bacterial cells. Acid production was examined by measurement
of pH values, and determined titratable acidity (AOAC International, 2000). The
optical purity of L-lactic acid was detected using high performance liquid
chromatography (HP 1200, Agilent Technology Inc., USA), equipped with a tunable
UV detector set at 254 nm and a chiral Astec CLC-L column (5 pm, 4.6 mmx15 cm,
Sigma Chemical Co., USA), which was eluted with 0.005 M CuSO, as a mobile phase
at a flow rate of 0.7 ml/min. The column temperature was maintained at 35°C. The
total sugars content was also determined by the phenol-sulfuric acid method (Dubois
et al., 1956), using glucose as a standard.

Optimization of L-lactic acid production conditions

The suitable condition for growth and acid production of the selected strain
was 1nvestigated. Suitable concentrations of tapioca starch, tryptone and yeast extract
were determined. Erlenmeyer flask containing 100 ml-working volume of RAM-
based medium were inoculated with 2% (v/v) of culture (approximately 10° CFU/ml)
and incubated at 35°C under anaerobic condition for 48 h. Tapioca concentrations of
10, 15, 20, 25, 30, 35 and 40 g/l were applied to achieve the optimal concentration.
The starch concentration that gave the maximal L-lactic acid yield was chosen for
investigating the effect of nitrogen source and concentration on lactic acid production.
Tryptone concentrations of 2, 2.5, 3, 4 and 5 g/l were applied. Also concentrations of
1, 2 and 3 g/l of yeast extract were optimized and replaced by spent brewer’s veast of
3, 5, and 10 g/l. The spent brewery’s yeast (Boonrawd brewery Co., Ltd., Thailand)
contained carbohydrate (75.53%), moisture content (10.62%), tfiber (5.21 %), total
nitrogen (6.21%), fat (2.37%), and ash (5.18%). The nitrogen source concentration
that gave the maximal L-lactic acid yield was chosen for this optimized medium. The
initial pH of the optimized medium for L-lactic acid production was studied. The
medium pH was adjusted to 5.0, 5.5, 6.0, 6.5, 7.0 and 8.0 using 1 N HCl and 1 N
NaOH. The suitable temperatures for L-lactic acid production were also investigated.
Bacterial strains were cultivated in the suitable medium at various incubation
temperatures at 25, 30, 35, 37, 40 and 45°C.

Production of optically pure L-lactic acid

Batch fermentation for L-lactic acid by the selected bactenal strain was carried
out in a 6.6-1 controlled fermentor containing 5.0-1 of the optimized fermentation
medium. An inoculum size (1%, v/v) containing approximately 10° CFU/ml was
added into the suitable medium. The fermentation temperature was conducted for 48 h
at the optimum temperature and at the optimum pH by automatic addition of 5 N
NaOH. Changes in L-lactic acid concentration, starch concentration, and bacterial
growth were measured at each time interval during 48 h cultivation.
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Results and Discussion
Selection and identification of lactic acid bacterium

Among 250 lactic acid bacterial strains tested for L-lactic acid production from
tapioca starch, strain SUT 513 was selected. The strain was recognized as Gram-
positive, catalase-negative, non-spore forming and non-motile cocci. Cells were 0.38-
0.51 pm 1n size, occurring singly, in pairs or in chains. Its colonies on RAM agar plate
were circular, white, low convex with entire margin (1.0-2.0 mm diameter). Clear
zones of starch hydrolysis were observed on exposure of colonies growth on RAM
agar containing 1% tapioca starch to iodine solution (Figure 1C).

Figure 1. Cell morphology (A) and colony morphology (B) of bacterial strain
SUT513 on RAM agar at 35°C for 48 h. This colony produced enzyme to
hydrolyze tapioca starch as shown by the reaction of iodine (C)

Bacterial strain SUT 513 had its growth temperature range of 20-45°C and pH
range of 5.0-8.0. It could grow in 3.0% (w/v) NaCl. The bacterial strain did not
exhibit oxidase and nitrate reducing activities, produced only L-lactic acid. No gas
was formed from glucose, produced acid from D-glucose, D-galactose, D-fiuctose,
D-mannose, D-maltose, D-lactose, D-saccharose (sucrose) and D-rafinose, and
hydrolyzed v-acetylglucosamine, esculin, salicin, amidon (starch) and glycogen. The
strain could be identified as belonging to the genus Streprococcus with percentages of
16S tRNA gene sequence similarity of 99% compared to Streptococciuts bovis,
S. equinus, S. infantarius, and S. luteiensis (Table 1).
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Table 1. 16S rRNA gene sequence similarity of strain SUT513 and closely related

species
Bacterial
jsolas  SUTS13 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SUT513 100
1 99 100
2 99 99 100
3 99 99 99 100
4 98 98 98 98 100
5 99 99 99 99 98 100
6 96 9 96 96 95 96 100
7 98 98 98 98 97 98 98 100
8 98 99 98 98 97 99 95 97 100
9 95 9 96 96 95 96 93 95 96 100
10 96 9 96 9 95 96 93 94 96 97 100
11 93 94 04 94 93 94 91 92 94 93 93 100
12 93 93 93 93 92 93 91 92 94 93 93 97 100
13 93 94 94 93 93 94 91 92 94 93 95 93 94 100
14 92 92 92 92 91 92 90 91 92 92 92 93 93 93 100
15 93 94 94 94 92 94 91 92 93 91 91 93 93 94 93 100
16 91 91 91 91 9 9L 8 9 91 9% 9 9 91 91 92 91 100

SUTS513: Streptococcus sp. SUTS13, 1: Streptococcus infantarius strain CIP 106106 (DQ232529),
2: Streptococcus lutetiensis strain CIP 106849 (DQ232532). 3: Streptococcus bovis strain ATCC 27960
(AB002481). 4: Streptococcus bovis strain ATCC 33317 (AB002482), 5: Streptococciis equinus strain
NRIC 1535 (AB362710). 6: Streptococcus equinus strain ATCC 9812 (AJ301607) 7: Streptococcus
luteciae strain NEM 760 (AJ297214), 8: Strepfococcus gallolyvticus subsp. gallolyticus strain ATCC
43143 (AF104114). 9: Streptococcus intestinalis strain ACTT 43492 (AB002519), 10: Streptococcus
alactolyvticus  strain ATCC 43077 (AF201899), 11: Srrepfococcus downei strain ATCC 33748
(AY'188350). 12: Streprococcus sobrinus strain ATCC 33478 (AY188349), 13: Streptococcus ratti
strain ATCC 19645 (NR 025516), 14: Streptococcus ferus strain ATCC 33477 (AYS84479),
15: Streptococcus mutans strain ATCC 25175 (AY188348). 16: Streptococcus macacae strain ATCC
35911 (AY188351).

Optimization of L-lactic acid production conditions

For the efficient production of L-lactic acid, cultivation conditions involving
with medium composition, pH of the medium, growth and lactic acid production
temperature, for the selected strain SUT 513 were investigated. The highest 1L-lactic
acid concentration was achieved with 30 g/l of starch. Total L-lactic acid was
significantly increased with the increase the initial tapioca starch concentration from
10 g/1to 30 g/l. When the medium supplemented with tapioca starch concentrations of
35 and 40 g/, the produced L-lactic acid amount did not change. The effect of
nitrogen source on lactic acid production was investigated. Since two components,
tryptone and yeast extract, of RAM medium could be served as nitrogen source. It was
found that the strain SUT 513 could produce L-lactic acid and the maximum
production was achieved when using 2.5 g/l of tryptone. Yeast extract is used in most
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of the fermentation studies as supplement, but high price hinders its use n large
quantities. To obtain the nitrogen source based on a cheap and abundant raw material,
spent brewer’s yeast was used to replace yeast extract. Result showed that yeast
extract was completely replaced by 5 g/l of spent brewer’s yeast in the medium. The
suitable pH range for the bacterial growth was 5.0-8.0. The maximum concentration
of L-lactic acid was obtained when the medium was adjusted to initial pH of 7.0 while
the maximum cell count was at pH 5.5. In addition, the concentration of L-lactic acid
produced, increased when the cultivation temperature was increased from 25°C to
35°C but at 37, 40 and 45°C, the production rate was reduced. Thus, the optimum
temperature for the production of L-lactic acid was 35°C. Under the optimized
cultivation conditions, strain SUT 513 could produce the maximum L-lactic acid
concentration of 4 82 g/l and 1-lactic acid yield (¥Yra55) of 0.7779 g/g (77.79%). In all
experiment, the optical purity of L-lactic acid was found to be =99%.

Production of optically pure L-lactic acid

L-Lactic acid fermentation by strain SUT513 was performed in 5-1 optimized
medium containing 30 g/l (dry weight) of tapioca starch, 2.5 g/l of tryptone, 5 g/l of
spent brewer’s yeast, 6 g/l of KyHPO4, 0.57 g/l of MgS04.7H,0, 0.12 g/l of
MnSO4.4H>0 and 0.03 g/l of FeS04.7H;0. The cultivation temperature and pH were
automatically controlled at 35°C and pH 7.0 for 48 h with agitation speed at 200 rpm.
As show in figure 2A, T-lactic acid production started at 4 h after inoculation and
continuously increased until 28 h which reached the maximum L-lactic acid yield of
38.9 g/l. The profile of cell growth and pH value during the lactic acid fermentation
was showed in Figure 2A. The maximum cell growth was obtained as 1.58x10"
CFU/ml for 12 h. Tapioca starch was completely consumed within 48 h. The strain
could produce 1-lactic acid yield (Ypas) of 0.9974 g/g (99.74%) at production rate of
1.61 g/Lh. It had specific growth rate (Limax) of 0.51 h™. The acid produced was only
L-lactic acid isomer (Figure 2B).
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Figure 2. 1-Lactic acid production by bacterial strain SUT513 in 5-1 optimized
medium containing 30 g/l of tapioca starch supplemented with 5 g/l of
spent brewer’s yeast at 35°C and pH 7.0 for 48 h (A); == Growth; == pH;
-+ L-lactic acid; —#— total sugar. HPLC Chromatograms of 1-lactic acid
after cultivating isolate SUTS513 for 28 h (500 dilution) (B)

Conclusion

Optically pure L-lactic acid could be produced from tapioca starch
supplemented with spent brewer’s yeast by the bacterial strain SUT513, which was
identitied as belonging to the genus Strepfococcus. The suitable lactic acid production
medium for the bacterium composed of 30 g/l (dry weight) of tapioca starch, 5 g/l of
spent brewer’s yeast, and 2.5 g/l of tryptone as main mgredients, at the mitial pH of
7.0. When cultivated strain SUT 513 m a bioreactor contaiming 5-1 of the suitable
medium at 35°C for 48 h, the bacterium had its specific growth rate (1) of 0.51 b
And the maximum L-lactic acid concentration of 38.9 g/l with =99% optical purity
corresponding to T-lactic acid yield (¥Yra5) of 0.9974 g/g (99.74%) and productivity of
1.61 g/l.h, were achieved. The high optical purity of 1.-lactic acid for manufacturing of
biodegradable poly(L-lactic acid) (PLA) could be produced from tapioca starch, a low
cost substrate, by Streptococcirs sp. SUTS513.
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