Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



CHARACTERISATION OF WINE MALOLACTIC
BACTERIA AND ACETIC ACID FROM FRUCTOSE
METABOLISM

Department of Microbiclogy and Genetics
Massey University

A thesis presented in partial fulfilment of the requirements for the
degree of Masters in Science in Microbiology at Massey University

Robert John van Duivenboden
1993



i
ACKNOWLEDGEMENTS

Thank you to the Dept. of Microbiology and Genetics for providing the facilities for
this study. Special thanks to my research supervisor Dr Gordon Pilone for his time,
advice and guidance. Also, to Anne Pilone who prepared the script, for her masterly
skills on the Mac and her conmand of the English language, and for translating foreign

papers — Thank you.

To all my colleagues at Massey, especially Mark and Vanessa and Co., Nicolette —
my guru of masterate survival, Trish and all my friends in the M. G. U. Cheers, beers

and many thanks.

Thanks also to Tim and Gin for many good times shared over the peried of this
study. Too wild!

Thanks to Bruce from the engineering workshop for some Kiwi ingenuity in fixing
the HPLC. No thanks to Shimadzu Corp.

To the N.Z. welfare state (R.I.P.) of which this thesis 1s probably one of the last to

be completed with its help.

Finally to momma and poppa smurf, who never doubted my ability and were
always there for support when it was needed. Same goes for the rest of the mob — A

big thank you and warm fuzzies.

Rob



ul

CONTENTS
Page Number
ACKNOWLEDGEMENTS . il
AB S T R AT vi
LIST OF FIGURE AND TABLES ... vii
1.0 INTRODUCTION e e 1
1.1 Objectives 2
2.0 LITERATURE REVIEW ... 5
2.1 Winemaking 5
2.2 Malolactic Fermentation 6
2.2.1 Reasons for MLF 7
Deacidification 8
Microbial stability g
Changes in flavour complexity 9
2.2.2 Factors influencing the induction of MLF 10
pH 10
Sulphur dioxide 11
Temperature 12
Ethanol 12
Oxygen tension 13
Yeast interactions 13
Winemaking practices 14
2.2.3 Strategies for conducting MLF 14
2.3 Leuconostoc oenos 18
2.4 Lactobacillus species 20
2.5 Pediococcus species 22
2.6 Aspects of Bacterial Metabolism 22
2.6.1 Arginine hydrolysis 22
2.6.2 Flavour compounds 25
2.6.3 Mannitol and acetic acid formation 27
2.6.4 Carbohydrate utilisation 29
3.0 MATERIALS AND METHODS ... 33
3.1 Basic Characteristics 33
3.1.1 Gram reactions 33
Gram staining method 33
KOH method 33
3.1.2 Catalase test 34

3.1.3 Colony and cell morphology 34



5.0 DISCUSSION OF RESULTS

v

3.2 Media

3.2.1 Basal broth (BB)
3.2.2 Vegetable juice broth (VjG)
3.2.3 Heterofermentation-arginine broth (HFA)

3.3 Lactic Acid Bacterial Strains
3.4 Culture Techniques
3.5 Tests For Metabolic Traits

3.5.1 Test for heterofermentation
3.5.2 Test for ammonia production from arginine
3.5.3 Test for mannitol formation

3.6 Growth Studies

3.6.1 Low pH
3.6.2 Ethanol (10%, v/v)
3.6.3 Temperature

3.7 Carbon Sources

3.7.1 Media
3.7.2 Tnoculation and growth measurement

3.8 Degradation Of L-Malic And Citric Acids

3.8.1 Media
3.8.2 Thin layer chromatography of acids

3.9 Mannitol And Acetic Acid Production

3.9.1 Media
M1 medium (VjF pH 5.5)
M2 medium (VjF pH 3.8)
M3 medium (VjF pH 5.5 + ethanol}
M4 medium (VjF pH 3.8 + ethanol)
M5 mediom (VjG pH 5.5)
3.9.2 Inoculation and sample preparation
3.9.3 HPLC methods
Calibration standards

4.0 EXPERIMENTAL RESULTS

4.1 Characterisation

4.1.1 Basic characteristics

4.1.2 Carbon dioxide production

4.1.3 Ammonia production from arginine
4.1.4 Mannitol production

4.1.5 Growth in the presence of 10% ethanol
4.1.6 Growth at pH levels in ViGM
4.1.7 Growth response to temperature
4.1.8 Uualisation of malic and citric acids
4.1.9 Growth on carbon sources
Leuconostoc oenos

Lactobacilius species

Pediococcus species
4.2 Acetic Acid Production

34

34
35

36
36
36

36
40
40



5.1 Characterisation 73

5.1.1 CO3 production 73

5.1.2 Ammonia production from arginine 73

5.1.3 Mannitol production 77

5.1.4 Growth in the presence of 10% ethanol 78

5.1.5 Growth at ph levels in ViGM 79

5.1.6 Growth response to temperature g1

5.1.7 Dissimilation of L-malic and citric acids 82

5.1.8 Carbon sources 83
Leuconostoc oenos 83

Lactobacilius species 90

Pediococcus species 93

5.2 Acetic Acid Production 94

6.0 CONCLUSION 102
7.0 LITERATURE CITED ..., 107

8.0 ADDENDUM . 113



vi

ABSTRACT

Twenty-four strains of wine Lactic Acid Bacteria from the genera Leuconostoc,
Lactobacillus and Pediococcus were characterised with respect to their growth
responses to ethanol, temperature, pH, ability to degrade wine organic acids and
utilisation of carbon sources. A novel single broth culture (HFA) was developed for
the determination of heterofermentation, mannitol formation and ammenia preduction.
Some strains of Leuconostoc cenos were found to produce ammonia from arginine.
The implications of this are discussed. The production of mannitol from fructose by
heterofermentative strains indicated potential acetic acid (volatile acid) spoilage risk for

wines.

To investigate this risk, semi-synthetic media were devised to simulate "stuck”
yeast alcoholic fermentation and the spoilage potential was evaluated under conditions
of pH, substrate availability and ethanol concentration. Acetic acid production was
analysed in the media by HPLC and found to occur at high levels from growth in the
presence of fructose, but not glucose. The production was not affected by low pH or
ethanol concentrations, or their combined effect. This indicated that acetic acid spoilage
could occur under wine conditions. Other mechanisms of acetic acid production
relative to this experiment are discussed. Erythritol and glycerol were detected in
fermentation media but not quantified by HPLC. Their presence supported evidence of

the activity of a novel glucose fermentation pathway in Lc. oenos.
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1.0 INTRODUCTION

Grapes grown in cool climate regions around the world yield musts with high acid
content. Alcoholic fermentations by yeasts such as Saccharomyces cerevisiae do little
to remove acidity and consequently the wines produced from these musts are tart and
unbalanced. Unless this acidity problem is addressed, most consumers will find these

wines unpalatable and therefore they would be considered commercially unacceptable.

Certain strains of lactic acid bacteria are capable of degrading one of the
predominant acids found in grapes, malic acid. This degradation, commonly known as
malolactic fermentation (MLF), involves the biological conversion of L-malic acid to
L-lactic acid and carbon dioxide. The formation of the weaker acid, lactic acid, and the
release of carbon dioxide result in a more palatable wine of lower acidity and higher
pH. The growth of the bacteria also modifies the composition of the wine by
producing minor products from metabolism such as diacetyl which are recognised

factors in determining flavour complexity.

In the past, winemakers have depended on MLF occurring spontaneously by the
natural flora present in the musts and winery equipment. Although usually successfuil,
such practices often incurred lengthy delays of many months before MLE was
completed. Today, it is more common in the modern wineries around the world to add
malolactic bacteria as starier cultures, as 15 practised in the dairy industry with other
lactic acid bacteria. Such starters are introduced as actively growing bulk cultures
prepared from lyophilised or frozen cultures. This process offers more control over
MLF as to 1ts imtiation, length of time to completion and selection of the swain of
bacteria. This also allows for control over the subtle complexity factors produced by

growth of the selected bacterial strain.



Major endproducts from metabolism of grape sugars (glucose and fructose) such as
lactic acid and carbon dioxide are expected from heterofermentative lactic acid bacteria,
while lactic acid alone is produced by homofermentative strains. The amounts and
nature of minor metabolic byproducts during growth of malolactic bacteria are difficult
to quantify and will vary with the composition of the wine and the strain of starter
culure used. For example, some heterofermentative strains may utilise fructose present
in the must to gain additional energy for growth, but produce acetic acid in the process

(Pilone et al., 1991; Tracey and van Rooyen, 1938).

Acetic acid formation can be deleterious to wines if concentrations become too
great. The formation of acetic acid by heterofermenters may occur when fructose is
used as a hydrogen acceptor during grape sugar catabelism. The reduction of some
fructose to mannitol by mannitol dehydrogenase (Martinez e af., 1963) may be used to
reoxidise reduced coenzymes formed in the heterolactic fermentation of these sugars.
As shown in Figure 1.1, this allows acetyl phosphate formed from the phosphoketolase
reaction to be hydrolysed, instead of having to be reduced 1o ethanol for this coenzyme
reoxidation (Keenan, 1968). Hydrolysis of acetyl phosphate by acetate kinase, then,
may result in extra beneficial energy (ATP) formation for the bacteria. In order for this
to occur, fructose must be present in excess of requirements for fermentation. This
wotld happen in situanons of early inoculations of starter bacteria in musis where the
grape sugars are in abundance, or during "stuck” or "sluggish” fermentations where

yeast alcoholic fermentation is incomplete or very slow.

1.1 Objectives

Because of the deleterious effects of high acetic acid content in wine, it would be
useful for the winemaker to know which strains of malolactic bacteria are capable of
mannitol formation and consequently are potential acetic acid producers. In addition, it

would be helpful to understand under what conditions this might occur and to minimise



the risk by proper strain selectuon. This study, therefore, looks at the characteristics of
the bacteria and investigates some of the endproducts and parameters under which they
are formed. Most of the malolactic bacteria used in this investigation are commercial

strains used world-wide and therefore the results will be of international interest.
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Fig. 1.1 Fructose reduction to mannitol with formation of acetic acid and ATP in
heterofermentatacive lactic acid bacteria. After Pilone, 1988.



