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The commercial K2 killer yeast, SaCCharomyceS CEreVISIae K1-V1116 and its heat curing
strain, HC were used to study growth kinetics and killer activity in Ruby carbernet grape must
fermentation at 25 °C. The killer and non-killer yeast with similar genetic background showed
different growth kinetics. The non-killer yeast showed over all better kinetics (maximum specific
growth rate, specific rate of ethanol production, specific glucose consumption rate, and yield of
ethanol production from reducing sugar) than killer strain. The maximum specific growth rate (A
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Chapterl
Introduction

Saccharomyces cerevisiae is the most popular yeast used in alcoholic fermentation step
of wine production. The role of yeast in wine production is to converse sugars in grape juice into
ethanol. Nowadays, many commercial strains of yeast exit. Approximately 60% of S. cerevisiae
used in France are killer yeast (Barre, 1980; Barre and Biron, 1982). More than 85% of
commercial wine strains in USSR have killing property (Naunov, 1973). Killer yeasts offer
advantages over conventional wine yeasts when employed for fermentation. Firstly, they could
kill certain wild yeasts which, cause problems such as delay of fermentation, struck fermentation.
They also produce off-flavors to wine. Secondly, they could be selected for immunity against any
killing action of wild yeasts. It has been reported that there are very high incidences of wild killer
yeast observed in Mediterranean (65-90%) and Beaujolais (83%) vineyards (Cuinier and Gros,
1983).  This wild killer yeast has greater chance of dominating the fermentation if non-killers
which are used for the fermentation. Finally, they could be selected to produce killer toxins that
would protect the wine from infection by spoilage yeasts (Graham, 1992). Currently, the killer
yeasts belonging to S. cerevisiae have heen classified into three main groups (K1, K2 and K28)
on the basis of their molecular characteristics of the secreted toxins (Walter, 1997). They are
constituted by strains producing toxins encoded by dsRNA, but other Killer yeasts producing
toxins, namely KHR and KHS which are encoded on chromosomal DNA, have been defined
(Gotoetal., 1990; Goto et al., 1991).

In a survey of natural enological microflora in Geisenheim, Germany in 1985, four killer
strains of S. cerevisiae were isolated from natural wine fermentations. All the killer showed the
characteristic of K2 killer yeast (Shimizu et al., 1985).

The K2 toxin is encoded by cytoplasmically inherited satellite dsRNA (M2),
encapsidated in virus-like particles (VLPs). It dependent on another group of helper yeast viruses
(L-A) for their replication and encapsidation (Walter, 1997). The K2 toxin is 16-kDa
glycoprotein with an optimum activity at pH 4.2 (Pfeiffer and Radler, 1982). The mechanism of
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K2 toxin is similar to K1 toxin. The primary event in the action of K1 toxin is an energy
independent hinding of toxin to the cell wall receptor (Al-Aidoors and Bussey, 1978; Bussey et
al, 1979). This is followed by an energy-dependent insertion of the toxin into its action site, the
cytoplasmic membrane (Skipper and Bussey, 1977). This action site in the cytoplasmic
membrane had been identified as the potassium channel by Aamir et al., in 1999,

Al of the commercial killer yeast for winemaking are the K2 type because of the broad
spectrum in pH and its stability and high activity (Granam, 1992). Generally, the killer toxin of S.
cerevisiae become unstable at high ethanol concentrations, high temperatures (Shimizu
unpublished data) and very low pH value (Shimizu et al., 1986). The K1, K2 and K28 killer
activities of . cerevisiae have been compared at different pH values. The activity of K1 toxin is
not observed at pH value less than 3.5 whereas the K2 and K28 toxins show significant activity at
pH 2.9. The K2 activity is superior to the K28 activity under acidic conditions. Heard and Fleet
(1987) also observed the activity of K2 toxin during experimental wine fermentation at pH 3.0
(Graham, 1992). With respect to stability, K2 killer activity is most stable at pH values less than
4.0 (Shimizu et al., 1986). The K2 killer toxin produced by S. cerevisiag, “Prise de Mousse”
strain during the fermentation of Koshu white wine was active for more than 30 days during
storage at pH 3.1 and 15 °C (Shimizu unpublished data). These facts suggest that K2 killer strains
of S. cerevisiae should be selected when aiming to exploit the killer phenomenon during
commercial wine fermentation.

There are many different techniques to determine Killer activity. Each techniques
depends on conditions and aim of experiments as well as type of toxins for example BCP
(bromocresol purple) fluorescent test, plating (colony forming ability, CFA) test and well test/gel
diffusion (Kurzveilova and Sigler, 1995).

In wine fermentation well test is the most well known method that is currently used. This
technique is easy with low cost but time consuming. However, it cannot really represent the Killer
activity in wine must. This technique always uses sensitive strains that are very sensitive to toxin
to detect the killer activity in gel. In addition, the killer toxin yeast markedly more stable in gel
than in broth. It produces good zone of inhibition on gel while showing little or no activity in
broth (Woods, 1968). The environment of Killer activity in gel and wine must are very different
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therefore the Killer activity that observed by clear zone in gel can not show the actual Killer
activity in wine must.

A. Killer yeast

Bevan and Makover (1963) first reported the killer character in yeasts. The killing action
IS due to toxin which are produced and secreted by Killer strains. Killer toxin are either protein
(Palfree and Bussey, 1979) or glycoproteins (Bussey and Skipper, 1975; Pfeiffer and Radler,
1982; Sugisaki et al.,1984; Yokomori, et al., 1988) which are lethal to sensitive yeasts. The most
thoroughly investigated yeast killer system is that of Saccharomyces cerevisiae, which has been
described in detail in many reviews. Currently, the killer yeast belonging to this species have
been classified into three main groups (K1, K2 and K28) on the basis of the molecular
characteristics of the secreted toxins, their Killing profiles, the lack of cross immunity, and the
encoding genetic determinants (Magliani, 1997). The K1, K2 and K28 toxins are encoded by
different cytoplasmically inherited satellite dSRNA (M1, M2, and M28), encapsidated in virus-
like particles (VLPs) and dependent on another group of helper yeast virus (L-A) for their
replication and encapsidation. The M dsSRNASs are responsible for either killer activity or self-
immunity, a phenotype that is characteristic of yeast killer toxin producing strains. The toxin are
able to kil non-killer yeasts as well as yeast of the different killer class, while the producing yeast
remain immune to their own toxin and to that produce by strains of the same killer group. Killer
system, L-A virus is associated with the presence of a satellite M- RNA, packed in a capsid
encoded by the helper virus. L-A virus autonomous replicating viruses that do not require M
RNA for replication.

L-A mycoviruses are the dsSRNA viruses, which have been classified in genus Totivirus
of families, Totiviridae (Buck and Ghabrial, 1991). L-A viruses are 39-nm-diameter isometric
particles with no envelope, consisting an undivided dsRNA genome whose complete nucleotide
sequence (4,579 bp) has been determined (Diamond, 1989; Esteban, 1986; and Icho, 1989).

Satellite M dsRNAs are family of RNA molecules present in VLPs persisting in the
cytoplasm of S. cerevisiae killer strains. They are dependent on L-A helper viruses for their
replication and encapsidation (Hannig, and Leibowitz, 1985; Schmitt, and Tipper, 1992; Tipper,
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and Bostian, 1984). The presence of a satellite M dSRNA in cells coinfected with an L-A virus is
responsible for the killer immune phenotype observed in the killer strains. All three Killer toxins
of the best known killer strains (K1, K2 and K28) are encoded by different dsRNAs (M1, M2, and
M28), differing in size (1.8, 1.5, and 1.9 kb, respectively) and showing similar organization, even
without any significant sequence homology (Dignard, et al., 1991; Ghabial, 1994; Schmitt, and
Tipper, 1990, 1992,1995; Wickner, 1992,1996).
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Figure 1 Mechanism of killer toxin encoding by dSRNA virus like particle (Magliani, et al. 1997)

K1, K2 and K28 S. cerevisiae killer toxin are protein molecules secreted by killer strains
carrying a specific satellite dSRNA; killer strain are not susceptible to their own toxin but remain
susceptible to other killer toxins. Even though the toxins have different amino acid composition
and mode of molecular action, they show some general characteristic in their mechanisms of
synthesis, processing, and secretion. Each toxin is encoded by single ORF and synthesized as a
single polypeptide preprotoxin comprising larger hydrophobic amino acid termini than normally
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found in secreted proteins and potential kex2/kex1 cleavage and N-linked glycosylation sites; the
preprotoxin have similar overall structure.  The preprotoxins, once Synthesized, undergo
posttranslation modifications via the endoplasmic reticulum, Golgi apparatus, and Secretory
vesicles, resulting in the secretion of the mature, active toxin (Magliani, et al. 1997).

K2 toxin show a similar overall organization to K1, has been characterized as a 362
amino acid precursor of 38.7 kDa (M2p) containing three potential sites for Asn-linked
glycosylation at amino acid residues 177, 214 and 261. It also contain a potential kexIp and
kex2p cleavage sites (Dignard, et al. 1991; Meskauskas, and Civitavicius, 1992). During the
maturation process, the signal peptide is removed by peptidase cleavage after Ala® and the
remaining molecule apparently is cleaved by the kex2p after Arg™, yielding the two subunits (ot
and [3) those constitute the mature secreted toxin. Unlike K1 toxin, a y domain does not seem to
be present in the preprotoxin. The final ot and [3 subunits are larger than those of K1 (172 and
140 amino acid, respectively), and o is N-glycosylated at two positions (positions 177 and 214).
Kex1p is also required for the complete processing of a.

Mode of action of K1 and K2 toxins and self-immunity, all the secreted mature toxin can
exert killer activity on susceptible cells by difference mechanism that require a specific initial
binding to a cell wall receptor, the precise structure of which remain largely unknown. K2 toxin
has virtually identical activity to that of K1 toxin, despite a different structure. The first step of
binding yeast strongly pH dependent with an optimum at pH 4.6 and is a low-affinity, high-
velocity adsorption (1 minute) of the killer toxin to the cell wall receptor, which are presented at
an average of 1.1x10" molecules per cell (Bussey, et al., 1979). The second step is a high affinity,
low velocity, energy-dependent interaction of the toxin with a probable plasma membrane
receptor that leads to the actual lethal effect (Zhu and Bussey, 1989). The constitute of the glucan
fraction of the cell wall, mainly (3-1,6-D-glucan, have been identified as primary receptors for the
toxin and their assembly seems to require a number of yeast KRE (Killer resistance) gene (Al-
Aidroos and Bussey, 1978; Boone, et al., 1990; Brown, et al., 1993; Hill, et al., 1993; Hutchins
and Bussey, 1983). After binding to the yeast cell wall, toxin is transferred to the cytoplasmic
membrane and acts by forming voltage-independent cation transmembrane channels, which cause
jon leakage and subsequence cell death (de la Pena, et al., 1981; Martinac, et al., 1990). Two
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strongly hydrophobic regions near the C terminus of the ar subunit have an a-helical structure
separated by a short, highly hydrophilic segment that may add as membrane-spanning domain
responsible for channel formation (Sturley, et al., 1986).

The phenotypes of strains, with regard to their killing ability (K) and resistance to killing
(R) are denoted K'R* (normal killer), KR* (neutral phenotype), or K'R™ (sensitive non-killer).
Treatment of killer strain with cycloheximide (Gerald and Cora, 1972), acridine orange, or growth
at elevated temperature converts it into a sensitive non-killer. The cycoheximide affects some
protein synthesized on cytoplasmic ribosome and necessary for the replication of the killer
determinant (Reed, 1974). Acridine orange, and intercalating dye was treated for curing K1 and
K2 killer yeast by the lost of M1 and M2 dsRNAs, respectively (Jose, et al., 1989). Heat curing
can eliminate M2 ds-RNA by without interfering with any others genetic backgrounds (Wickner,
1974). The heat curing at 37 ° C for 48 h can was proved that could eliminate M2 dsRNA
(Jenny, etal. 1991).

B. Must

A number of steps are used to prepare must for winemaking. Crushing and destemming
is employed to cause berry breakage and juice release from the grapes. Ordinarily hundred
percent of the berry will be broken. It is the beginning of the juices, skin, pulp, and seed contact
that will influence the extent of extraction from these grape components. A secondary aspect of
the crushing and destemming process is the elimination of the stems from the juice and skin and
isolation and collection of them for disposal. The treatment of must prior to fermentation will
often include one or more of the following actions: nutrient additions, sulfur dioxide additions,
acidity adjustment, juice aeration, thermal treatment of juice, addition of inert solid, and enzyme
additions (Boulton, et al., 1995). Some of these treatments are often essential for basic
winemaking while others are more appropriately term “stylistic” treatment where the valug is
more a matter of wine style or individual opinion. The extent to which some of these treatments
IS necessary or desirable can vary quite widely depending on the cultivars involved and the wine
style that is sought. There are often quite different approaches between countries and even
regions.  Within the stylistic treatment, there is usually a spectrum of opinion ranging from
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minimizing the effect to maximizing it, with many level of acceptant in between. Nutrient
addition are responsible for adding the substance (S) important to growth of yeast and bacteria in
a deficient must including nitrogen sources (both ammonium salts and free amino acid) and the
vitamins (biotin, thiamin, panthothenic acid, and inositol). The used of sulfur dioxide to restrict
the extent of must browning and to inhibit or kill most of the neutral microflora in the juice. The
acidity adjustment will generally be hased on the target value for titratable acidity and pH rather
than by sensory evaluation, due to the overwhelming influence of sugar levels in the must. The
addition of tartaric acid to must can be applied to increase the titratable acidity and reduce the pH.
Tartaric acid is the acid of choice since it will not be used by organism at wine pH while both
malic and citric acids are substrates for a number of lactic acid bacteria. The aim of must aeration
i to oxidize many of the phenolic components, which would normally be the substrates for
chemical oxidation (and browning) in the subsequent wine. The brown pigments formed by this
action will generally be absorbed to solids and be removed by precipitation during fermentation,
living only the light golden, straw-colored pigments in the wine (Cheynier et al., 1990). Thermal
treatment of must is employed for two reasons. Firstly, it aims to kill fungi and/or to denature
laccase, a potent oxidative enzyme commonly found in grapes infected by mold. Secondly, it is
to promote color extraction. This process is often employed with grapes that are poor in
pigmentation, caused by either very warm or very cool climatic condition. Addition of inert
solids such as bentonite to must to adjust suspended solid content by adsorption of solutes to their
surface. This process is effective in small-scale fermentation, which is rarely observed at the
commercial scale.

Red wine is made from black grapes. Anthocyanin pigment, tannin and flavonoid
phenols in red must make red wine different from white wine, which also effect on yeast. They
associated with the skins and seeds as well as other less well defined flavourants (Ramey et al.,
1986). Skin contact is one of the techniques for color and flavour extraction. The extraction and
retention of the anthocyanin pigments during fermentation is still not completely understood.
Enzyme additions have been proposed for application in juices and wine.  Pectic enzyme,
protease, cellulase, glucosidase, glucanase, and urease are hydrolyzing enzymes necessarily for
increase must yield. It helps extract color and flavour from grape fruits and enhance natural
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clarification of wine. Juices and wine pose some unusual environmental condition for enzyme
activity due to pH, ionic strength and their sulfurdioxide, ethanol and phenol contents (Boulton, et
al., 1995).

The addition of a pectic enzyme to must is generally done to enhance the fraction of juice
release during draining, reducing the fraction that is release during pressing and facilitate
sterilization by membrane filtration. These have also been used in the enhancement of natural
clarification of wine. (Hickenbotham and Williams 1940, Besone and Cruess 1941). Pectic
enzymes are used to assist the hydrolysis of pectin, a cell wall constituent in most fleshy fruits. In
Vinifera grapes, the pectin content range between 0.6 and 2.6 g/L (Amering and Joslyn 1951)
depends on the cultivar,  Grape pectin includes polymeric galacturonic acid in which
approximately two-third of the carboxyl groups has esterified into methoxy rather than the free
amino acid forms (Robertson 1987).

Commercial pectic enzymes are generally a mixture of at least two particular enzymes,
pectin methly esterase (PME) (EC 3.1.1.11) and poly galacturonase (PG) (EC 3.2.1.15). The
PME hydrylyzes the methoxy ester part of the polymer, allowing the PG to break the inter linking
bonds  (Boulton, et al., 1995). Small amounts of methanol are resulted from this reaction.
However most of it is removed with the cabondioxide during fermentation. Both exo- and endo-
forms of PG are commonly used in wine production.  The exo-forms cleaves galacturonic acid
from the terminal of the polymer, while the endo-form cleaves random within the polymer. At
juice pH and normal temperature these enzymes perform well below their maximum activities,
typically at 40-60% in the pH range 3.0 to 3.5 at 25 °C. They can be used in juices either with or
without sulfur dioxide since they are not inhibited by it at levels below 400mg/L.

Many commercial preparations also contain other hydrolytic activities such as pectate
lyase (EC 4.2.2.2,6,9) and cellulases in an attempt to enhance cell wall breakage. Others can have
appreciable levels of B-glucosidase activity and this has been used with limited success for the
release of volatile terpenes and anthocyanin from their glucoside forms in juice and wines.

Addition of pectic enzymes usually result in improved clarification by natural settling,
but there are other polysaccharides which may be caused of settling characteristics and it would
not be addressed by these enzymes.



Although the used of pectic enzymes helps to prevent the development of pectin hazes in
wines, the addition is usually made to enhance free-run yield in draining and pressing operations.
The hydrolysis of pectin in the cell wall leads to early juice release, and in some case, total yields
(free-run plus press fraction) increased (Ough and Berg 1974, Ough and Crowell 1979). They
generally contribute to more rapid and extensive natural settling of juice and in some cases
improved filterability of the juice.

C. Fermentation

The transformation of must into wine is essentially a microbial process. As such, it is
important for enologist to have an understanding of yeast and fermentation biochemistry as the
fundamental basis of the winemaking profession. The alcoholic fermentation is the conversion of
the principal grape sugars, glucose and fructose, into ethanol and carbon dioxide. This process
conducted by yeasts of the genus Saccharomyces, generally by S. cerevisiae and S. bayanus
(Boulton 1995). S. cerevisiae is the specie par excellence for wine fermentation. The cell is
usually spheroid, ovoid, ellipsoid or elongated with a cell size often 3-7 x 4-12 um. This species
may produce up to 18-20% ethanol by volume (Reed and Nagodawithana,1991).

In the 1950s, the practice of using selected wine yeast for inoculation was very common
in the United States, Australia, New Zealand, and South Africa. It was also practice in Europe,
although the practice was not always admitted. In the 1960s, active dry wine yeast (WADY) was
introduced in the United States and its use spread quickly to Australia, New Zealand, and South
Africa. Since late 1970s, WADY has been used in Europe. Its used in Germany, Italy and France
IS now common, and it is being introduced in other wine producing countries of Europe and South
Africa (Reed and Nagodawithana 1988).

In the early 1960s, the U.S. wine industry became interested in a commercial source of
bulk wine yeasts. Several strains were successfully produce at that time and used in the
production of table wines (Thoukis, Reed, and Bouthilet 1963).

Each commercial strain posed their good characteristic such as high sulfur dioxide and
alcohol tolerant, good favour, aroma, and body of wine. Killer activity is offered as one of the
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good property of wine yeast to protect spontaneous fermentation from wild yeast which cause
problems such as delay of fermentation and production of off-flavours (Fleet, 1984).
The Saccharomyces cerevisiae killer yeast are infected by M and L viruses. These may
bring about worse growth kinetic than uninfected healthy yeast with same genetic background.
Some metabolic parameters, such as specific growth rate (), Specific product
formation rate, specific substrate consumption rate and yield of product from substrate can be
used to compare and represent growth kinetics of different yeast strains (Doran 1995).

D. Killer activity determination

There are many different techniques to determine killer activity. Each techniques depends on
conditions and aim of experiments as well as type of toxin for example BCP (bromocresol purple)
fluorescent test, plating (colony forming ability, CFA) test and well test/gel diffusion.

Kurzveilova and Sigler developed BCP fluorescent test in 1993, They offered it as a
rapid assay for the yeast killer toxin K1 activity in Saccharomyces cerevisiae. Under suitable
conditions, the test is a universally applicable for determining the proportion of cell with a
damaged plasma membrane in a population. BCP is acid-hase indicator that carries on positive
charge at solution with pH 4.6 which is the pH optimum for the killer toxin. The dye does not
stain intact cells during a 7 h incubation. This technique takes 1-2 hr for analysis,

The plating or CFA test is a standard method for estimating Killer toxin activity (Bussey
and Sherman, 1973; Bussey, et al., 1979). This technique need partial purify and concentrate
toxin, and mix with various concentrations of toxin to the susceptible cell. The reaction mixture
is incubated for 2-3 h, prior to plate onto solid medium for colony forming. The Killer activity is
calculated from number of colonies appeared pre- and post-reaction.

The well test is another technique often used for determination of killer toxin activity
(Wood and Bevan, 1968; Pena, et al., 1980; Bussey, 1972). Under standardized conditions it
seems to he a reliable quantitative assay of killer toxin concentration: at higher toxin
concentrations it yields a linear relationship between the diameter of the inhibition zone and the
logarithm of toxin concentration. The activity is usually express in arbitrary units different from
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LU. These arbitrary units are defined as zones of a certain diameter (Pena, et al., 1980; Bussey,
1972).

In wine fermentation well test i the most well known method that is currently being use.
This technique is easy with low cost but time consuming. However, it cannot really represent the
Killer activity in wine must. This technique always uses sensitive strains that are very sensitive to
toxin to detect the killer activity in gel. In addition, the killer toxin yeast markedly more stable in
gel than in broth, which produce good zone of inhibition on gel, where it may show little or no
activity in broth (Woods, 1968). The environment of killer activity in gel and wine must are very
different therefore the killer activity that observed from clear zone in the gel can not show the real
killer activity in wine must,

1.1 The problem

As mention above, the killer yeast with Killer activity is due to virus infection of host
yeast cell. Therefore, the killer yeast should not grow as well as the non-killer yeast. No report
has heen done to compare the growth kinetics of killer and non-killer yeast with the same genetic
background in wine production.

1.2 Objective
To achieve the hypothesis the following specific objectives were investigated
1.2.1 To compare the growth kinetic of killer and non-killer yeast.
1.2.2 To determine the killer activity of killer yeasts in wine must during winemaking.

1.3 Assumption
Killer and non-killer yeast with the similar genetic background should give different growth
kinetics because the killer yeast is infected by virus. The virus utilizes energy and nutrient of
killer yeast, which should cause different in growth kinetic between killer and non-killer yeast.
Killer toxin is an unstable glycoprotein with very specific optimum condition for activity.
The activity of the killer toxin should be either very low or undetectable in must,
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1.4 Basic agreement

Saccharomyces cerevisiae K1-V1116, K2 type killer yeast (Graham, 1992) is the killer
yeast used in this experiment. It is a commercial strain that is widely used in alcoholic
fermentation step of winemaking. Heat curing technique was used for the elimination of virus to
produce non-killer strain. The preparation of S. cerevisiae K1-V1116 heat curing (HC) strain
was discussed in details in chapter 2. S. cerevisiae K1-V1116 and S. cerevisiae K1-V1116 HC
strain represent the killer and non-killer yeast, respectively with same genetic background, were
used for determination and comparison of growth kinetics in wine making. The must preparation
from Ruby carbernet grape grown in Nakhon Rachasima, Thailand in 2000, were used in these
experiments are shown in chapter 2. S. cerevisiae RS was used as susceptible strain for killer
activity analysis. Fermentations were operated at 25°C in bioreactor. Fermentation broth was
sampling at certain period of times for chemical analysis by HPLC. Amount glucose and
fructose were monitored to determine the sugar consumption rate. Ethanol and glycerol levels
were measured for their production rate. Must was sterilized by membrane filtration technique
prior to for fermentation and CFA technique to determine the killer activity. The fermentation of
S. cerevisiae K1-V1116 and S. cerevisiae K1-V1116 HC was carry out at the same period of
time, 3 times. Details discussion of the alcoholic fermentation and killer activity analysis were
present in Chapter2.

1.5 Scope

The experiments were set up to investigate the growth kinetics and killing activity of
S. cerevisiae K1-V1116 and S. cerevisiae K1-V1116 HC in Ruby carbernet must. The scope of
this work was includes the characteristic of growth and killer activity in wine must.

1.6 Benefits

The growth kinetic and killer activity of both killer and non-killer yeast will provide
value information when decision making for choosing killer or non-killer yeast in winemaking,
especially in black grape must.
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Chapter 2

Materials and methods
Materials
Yeast strains
1. Saccharomyces cerevisiae K1-V1116 is commercial killer strain from Lalvin Co.Ltd.

Canada.

Saccharomyces bayanus EC-1118 commercial killer strain from Lalvin Co.Ltd. Canada.
Saccharomyces cerevisiae 67J commercial strain from Fermirouge Holland.

Saccharomyces cerevisiae 7013 commercial strain from Fermirouge Holland.

Saccharomyces cerevisiae 7303 commercial strain from Fermirouge Holland.

Saccharomyces cerevisiae (baker yeast) commercial strain from Fermirouge Holland.
Saccharomyces cerevisiae (Pasteur Champagne) commercial strain from Red star Co.Ltd.
USA.

Saccharomyces cerevisiae RS (Montrachet) commercial strain from Red star Co.Ltd. U.S.A.

Apparatuses
High-performance liquid chromatography (HPLC)

HPLC (Thermo separation product Inc.) equipped with a refractometer RI-1530 (Jasco,
Japan) and prepacked column RT 300-7.8 polyspher OAKC. The column temperature
was kept constant at 60°C. The mobile phase was 0.005 N H,S0, with a flow rate of 0.3
ml/min. Before analysis the samples were centrifuged at 4,500 rpm for 10 min at 4°C,
and filtered through a Whatman membrane filter (¢p0.45 pum).

Glucose and L-Lactate analyzer

Glucose and L-Lactate analyzer model YSI 2300 STAT PLUS YSI Incorporated.

Centrifuge

Labofuge 400R Heraeus Instrument Co. Ltd.
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Spectrophotometer

Spectronic 20 Genesys Spectronic instrument Co. Ltd.
Bioreactor

Bioreactor model BIOSTAT B B.Braun Biotech International Company.
Incubator

FOC 225E Refrigerated Incubator VELP scientifica Co. Ltd.

Methods
A. Yeast strain preparation
1. Purification of killer yeast Saccharomyces cerevisiae K1-V1116

The 0.5 g of commercial K1-V1116 powder was dissolved into 4.5 ml Peptone W (PW),
and incubated at room temperature for10-15 min. Suspension of K1-V1116 was streaked onto 2
plates of Yeast extract Peptone Glucose Agar (YEPGA), and incubated at 25 °C for 48 hr. Five
single colonies were picked from each plate of YEPGA, and kept in YEPG slant. Twenty YEPG
slants of K1-V/1116 were stored at 25 °C until used.

2 Killing activity test of K1-V1116 and Screening of susceptible strains.

The eight Commercial strains of unknown killer activity were cultured in 50 ml YEPG
broth (pH 4.6) at 25 °C for 24 hr. Seedling plates of unknown killing activity strain (UN) were
prepared on YEPGA plates by pour plate technique (duplicate). The UN strains and K1-V1116
were streaked onto the seedling plates, and incubated at 25°C for 48 hr. The killer activity was
observed by clear zone around the colonies.

3. Heat curing and isolation of susceptible strain (K1-V/1116 HC) from killer yeast K1-V1116

Heat curing: K1-V1116 was inoculated into 50 ml of YEPG broth (pH 4.6) in 250 ml
flask, and incubated at 42 °C for 48 hr. then transform to 30 °C for 24 hr.Isolation of Susceptible
strain (S. ceresiviae K1-V1116 HC). Culture broth from heat curing step was used to isolate
single colonies by streaked on YEPGA plates, and incubated at 25 °C for 24 hr. The single
colonies from 2 plates of YEPGA name HC1-HC12 were transferred onto YEPG slant (duplicate)
and stored at 4 °C until used.
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4, Screening of susceptible strains from Saccharomyces cerevisiae K1-V1116 HC1-HC20
Twelve heat cured clones (HC1, HC2, HC3, HC4, HC5, HC6, HC7, HC8, HCY, HC10,

HC11 and HC12) of S. ceresiviae K1-V1116 HC were inoculated into 50 ml YEPG broth (pH
4.6) at 25 °C for 24 hr. The cultures of the unknown killing activity clones (UN) were used to
prepare seedling plates by spread or pour plates on YEPG agar medium (duplicate). The killer
strains, S. bayanus EC1118 and S. cerevisiae K1-V1116 were streaked onto the seedling plates,
then incubated 25 °C for 48 hr. Ohserved the clear zone around killer colonies on the susceptible
clones.

B. Must preparation for fermentation kinetic and killer activity study
Ruby Carbernet grape was destemmed and crushed. Must was warmed to 45 °C prior to
betreated by 0.01 % pectinase enzyme (Pectinex Ultra SP-L) from NoVo Nordisk Ferment Ltd.,
Switzerland for 3 hr. Celite 0.3% wiv and 100 ppm SO, were applied to must and they were then
filtered by whatman number 1 filter papers. Must was divided into 3 parts and was stroed at -20
"C. Must was sterilized by membrane filter 0.45 1.

C. Fermentation kinetic

Each set of Ruby Carbernet must 1800 ml was sterilized by membrane filter 0.45 um
and, filled in each reactor. Fermentation was operated at 25 °C in reactor with 100 rpm agitation.
Both S. cerevisiae K1-V1116 and S. cerevisiae K1-V1116 HC were conducted and sampled for
analysis in the same periods. 0Dy, and biomass monitored growths of both strains. Biomass
was calculated from ODgy, and conversion factor (Appendix F). Chemical analysis, glucose was
analyzed by Glucose-Lactate analyzer while ethanol, methanol, glycerol and fructose were
analyzed by HPLC.

D. Killer activity determination

The 2 sets of fermented musts of S. cerevisiae K1-V1116 and S. cerevisiae K1-V1116 HC
were centrifuged to separate cell. The aliquot of the 2 fermented must was sterilized by
membrane filtration (0.45 um pore size membrane) and divided into 5 test tubes with volume of
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2,4,6,8and 10 ml. Each tube of S. cerevisiae K1-V1116 and S. cerevisiae K1-V1116 HC
fermented must were filled with 50 ul of diluted S. cerevisiae RS cell suspension. The 100 pl of
must after inoculated S. cerevisiae RS cell suspension at time 0 and 2 hr were sampled and
counted viable cell by standard plate count with potato dextrose agar medium (triplicate).
Number of viable cells of each treatment was count and the killer activities were calculated.
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Chapter 3
Results and Discussions

A. Yeast strain preparation

S. cerevisiae K1-V1116 from commercial pack was purified and used for screening of
susceptible strains and testing killer activity. It was found that S. cerevisiae K1-V1116 and S.
bayanus EC-1118 were the only 2 strains that showed killer activity. S. cerevisiae RS showed
non-Killer characteristic on the 6 tested strains (Table 1). After S. cerevisiae K1-V1116 was heat
cured from the killer activity, it was streaked on YEPG agar plate to isolate for single colonies.

Table 1 Codes and Killing activity of 8 yeast strains

Code Strains Killer activity
K1 V1116 |Saccharomyces cerevisiae K1 V1116 Yes
Wine  {Saccharomyces cerevisiae (wine) No
67J  |Saccharomyces cerevisiae 67J No
7013 |Saccharomyces cerevisiae 7013 No
7303 |Saccharomyces cerevisiae 7303 No
EC 1118 |Saccharomyces hayanus EC 1118 Yes
Baker  |Saccharomyces cerevisiae (baker) No
RS |Saccharomyces cerevisiae RS No

The twelve clones of S. cerevisiae K1-V1116 HC1-HC12 were picked and stored in
YEPG agar slants. The 12 heat cured S. cerevisiae K1-V1116 clones (HC1, HC2, HC3, HC4,
HC5, HC6, HC7, HC8, HC9, HC10, HC11 and HC12) were tested for Killer activity with S,
cerevisiae RS which was used as susceptible strains. The S. cerevisiae K1-V1116 and S. bayanus
EC1118 were used as reference killer strains. All tested strains could not produce clear zone on
RS seedling plates. HCL, HC4, and HC12 were killed by killer strains (S. cerevisiae K1-V1116
and S. bayanus EC1118). Most of heat curing strains showed neutral character while HC1, HC4
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and HC12 showed susceptible character (Table 2). These two characters suggested that the HC,
HC4 and HC12 lost M2 viruses while others heat curing strain have mutation on them. The lost
of M2 viruses was the caused of no toxin and immune protein production. These resulted in the
HC1, HC4 and HC12 could not kill RS strain and they were killed by killer strain. Other heat
curing strains that showed neutral character could not kill RS strain and they were not killed by
iller strain suggested that they could not produce toxin to kill RS strain. However the killer
strains could not kill them suggested that M2 viruses were still remained in the cell and produced
preprotoxin. - The preprotoxin production in the cell was modified to immune protein but could
not modify to mature toxin and secrete outside the cell (Martinac, 1990).

Table 2 Killer phenotype of Saccharomyces cerevisiae K1-V1116 heat curing strains

Heat curing strain Phenotype Character
HC1 KR Susceptible
HC2 KR' Neutral
HC3 KR' Neutral
HC4 KR Susceptible
HC5 KR' Neutral
HC6 KR* Neutral
HC7 KR Neutral
HC8 KR* Neutral
HC9 KR* Neutral
HC10 KR' Neutral
HC11 KR' Neutral
HC12 KR Susceptible
Conclusion

The curing method was used to produce a sensitive strain of S. cerevisiae K1-V1116
(HC1). The K1-V1116 and HC1 should have similar genetic background with different in only
the M2 virus in K1-V1116 strain. The HC1 was changed to sensitive strain which was observed
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by it could be killed by the K1-V1116 and EC-1118 killer strain, and it could not kill the RS
susceptible strain. Therefore the K1-V1116 and HC1 were used to study of growth kinetic and
killer activity in wine must.

B. Must preparation for fermentation kinetic and killer activity study

After destemming and cru shing, must was treated with 0.1% pectinase at 45 °C for 3 h.,
Then it was added with 0.3% cellite and filtered by filter paper no 1 and micro filtration (0.45u
m) respect ively. The must was divided into 3 parts and kept at -20 °C for triplicate
experiments. It was found that character of must was not change in each step of preparation
(Table 3).

Table 3 Must character in each step of preparation

Treatment pH Total soluble solid (°Brix)
Crushing 348 210
Pectinase 348 208
Paper filtration 348 208
Sulfitation 348 208
Micro-filtration 348 208

Total soluble solids and pH were in the range of suitable must for fermentation. Must
from crushing step give more total soluble solid than other steps. The total soluble solids and pH
of each steps are similar except in crushing step. The breakage and lysis of tissue and cell should
be due to higher total soluble solid in this step. The character of must before and after freezing at
20 °C were observed no different. The pectinase treatment of the Ruby carbernet grape gave
59.25% must.

Conclusion

The preparation of must by pectinase treatment gave good characteristic of must that is
suitable for sterilization by membrane filtration and fermentation under the same condition of
general red wine fermentation,
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C. Fermentation kinetics

The S. cerevisiae K1-V1116 HC obtained from S. cerevisiae K1-V1116 that eliminated
killer activity by heat curing technique, was used for comparing the growth kinetic with S.
cerevisiae K1-V1116. Both yeast strains were used in the fermentation of Ruby cabernet grape
must. It was found that growth patterns of both strains are similar. The lag and accelerated phase
take 3 and 4 hours respectively. The exponential phase was in 10 - 32 hours of fermentation. The
stationary phase lasted for between 32 - 72 hours, and followed by rapid cells died after 72 hours.
Glucose and fructose were major sugar in must which were utilized by yeast as carbon sources.
These sugars were used to characterize for substrates consumption. Ethanol and glycerol is the
main product and by product of yeast in winemaking respectively. Each of them was analyzed
and was used for comparison of specific product formation rates. S. cerevisiae K1-V1116 HC
gave etter growth kinetic in all parameters as shown in Table 4. S. cerevisiae K1-V1116 HC
gave better specific growth rate, and production yield than S. cerevisiae K1-V1116 with 99%
confidence.  Glucose and fructose consumption rates of S. cerevisiae K1-V1116 HC were
observed to he faster than S. cerevisiae K1-V1116.

Transportation of hexose monosaccharide across plasma membrane of S. cerevisiae can
be carried out by two systems, high affinity (energy dependent or active transport) and low
affinity (free mechanism or passive transport) (Walker 1998).  These were regulated by
availability of extracellular sugars. Glucose and fructose are major carbon sources in must,
therefore the translocation across plasma membrane are responsible for ethanol production.

The glucose transport in S. cerevisiae can be referred to the high-affinity system which is
absent in cell growing in the high level of glucose (2% wiv). Under these conditions low-affinity-
system are operable which are constitutive and independent of phosphorylation (Walker 1998).
In this experiment glucose concentration was in excess approximately 8-9 % wiv, hence, it was
possible that some glucose transport should be only by low-affinity system in both strains. This
hypothesis is supported by Fuhrmann and volker 1992 Gamo et al. 1995. Specific glucose
consumption rates of them both strains might be similar os slightly faster in S. cerevisiae K1-
V1116 HC because they transport glucose by the same system, or S. cerevisiae K1-V1116 HC
does not have parasite in its cell, therefore, they consume glucose faster and grow better. This
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was confirmed by the results of this work as evidence in higher specific glucose consumption
rate.

S. cerevisiae fructose transport is facilitated by diffusion rather than by active transport.
There are at least 20 known hexose transporters, they are responsible for other hexose including
fructose. By this transport system, specific fructose consumption rate should be lower than
glucose consumption rate.  The result showed the same trend of glucose and fructose
consumption rate in both strains. Their specific fructose consumption rates of both strains were
slower than the specific glucose consumption rate because the frequency of fructose transporters
is lower than glucose transporters (Walker 1998).

In alcoholic fermentation of winemaking, yeast generated energy by anaerobic pathway
only because S. cerevisiae is ‘Crabtree-positive” yeast. Yeast actively ferments glucose under
aerobic condition and high concentration of glucose (Van Urk et al. 1989) because it exhibits
glucose cataholite repression and proteolytic inactivation of the high-affinity glucose transporter
(Does and Bisson 1989). Glucose sensing may itself be requlated by repression and inactivation
mechanisms (Thevelein 1991; Lagunsu 1993). In this way, the high-affinity glucose carrier is
repressed or switched off during growth in high concentration of glucose (0.18 g/L). Although,
there was dissolved oxygen in must approximately 3-4 hours at the beginning in this experiment,
all of energy (ATP) was produced from anaerobic pathway. Yeast can generated only 2 ATP
from 1 molecule of glucose, which was very low when, compared to the respiration pathway.
These should be reason of slower growing and small number of cell cycle (C14). The result
showed smaller specific growth rate of in S. cerevisiae K1-V1116 (killer) when compared with
the S. cerevisiae K1-V1116 HC (non-killer) as shown in Table 4.1. These could be postulated
that S. cerevisiae K1-V1116 and in S. cerevisiae K1-V1116 HC have some difference in energy
consumption that reflected in their growth rates.
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Figure2 Growth curve (viable cell VS time) of K1-V1116 and HC in first trial
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Figure3 Growth curve (optical density VS time) of K1-V1116 and HC in first trial
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Figure5 Growth curve (optical density VS time) of K1-V1116 and HC in second trial
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S. cerevisiae K1-V1116, K2 killer yeast is infected by L and M2 VLP. These viruses consume
energy and others material from hosts for their reproduction, especially M2 consume a lot of
energy to produce 362 amino acid preprotoxin (Magliani, et al., 1997). This protein is
constitutive express in log phase of yeast growth with different processing to perform mature
toxin and immune protein to kill susceptible yeast and protect them from their own toxin (Palfree
and Bussey, 1979). Mature toxin is released to environment for killing other yeast while immune
protein is in cytoplasm to induce immunity (Heslot and Gaillardin, 1992). The production of
preportoxin the cell must spend at least 362 ATP/molecule. From this evident, high amount
energy were used in producing and processing of preprotoxin. Bussey reported in 1972 that
uptake or metabolism of the sugar is necessary for the increase killing ability. Not only in
preprotoxin production but energy also used in viral propagation.

Nowadays, the mechanism of immunity is still unclear in all S. cerevisiae killer yeast
especially K2 killer type but there are two possible mechanisms have been advocated for K1
killer type. Firstly, alter or masking of the KRE3 receptor by the immunity determinant, masking
the receptor unavailable to the toxin (Boone, etal., 1986). Secondly, remove of KRE3 receptor
from the plasma membrane by the immune determinant (Heslot and Gaillardin, 1992). In 1999
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Table 4 Growth kinetic parameter of S. cerevisiae K1-V1116 and S. cerevisiae K1-V1116 HC

Parameter K1-V1116 HC
Average | Sd | Average | Sd
Maximum specific growth rate (h*) 0135 | 0002 | 0146 | 0.001
Doubling time (1) 5017 | 0066 | 475 | 0016
Specific rate of ethanol production (g yiymss ) 0383 | 0006 | 0400 | 0.26
Specific rate of glycerol production (g Jsumes 1) 0020 | 0000 | 0020 | 0.000
Specific rate of glucose consumption (QgOyores 1) | 0563 | 0015 | 0590 | 0.046
Specific rate of fructose consumption (g, Jyores 1) | 0.390 | 0086 | 0410 | 0072
Observe yield of ethanol from sugar (0e:0 ") 0458 | 0009 | 0466 | 0007

Aamir Ahmed and his colleague reported that TOK1 potassium channels are the molecular targets
for K1 viral killer toxin and kill target cell by inducing cell loss of potassium ion. Since
potassium channels play an important role of life, thus killed cell cannot survive if immunity
occurs by removing of receptor from the plasma membrane so the immunity mechanism should
be the masking of toxin receptor of killer cell. However, up to the present, there has no
publications to prove the molecular target for the immune proteins of the killer cell. This report
revealed the relationship of killing and immunity of K2 killer yeast. Firstly, specific growth rate
of killer was lower than non-killer strain this was possible that the binding of immune protein to
receptor was energy dependent as the binding of toxin. A molecule of toxin uses one ATP for
binding. Some 6x10%-2.8x10" molecules of toxin are needed to kill a cell of the sensitive strain.
If binding of immune protein to the same receptor site of toxin to protect cell, it would pay
approximately 1.7x10° molecules of glucose in anaerobic pathway for hinding to a receptor. Not
only for hinding of immune proteins to receptors but also for production of theire cell consume a
lot of energy. These might be the reason for slower growth rate of killer as compared to the non-
killer strain of the similar genetic background that was shown in this experiment. ~ Secondly,
slower glucose consumption rate but same fructose consumption rate of killer strain might
propose two evidences. 1) Secretion of K2 killer toxin bound to other membrane from outside the
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cell by the same mechanism of killer activity at different receptors. Those receptors may be
hexose transporter especially glucose related transporters. Binding of toxin induces changing in
conformation and properties. 2) It is possible that immune protein is non specific binding to
others membrane protein from inside the cell. The immune proteins contain o domain that is
highly hydrophobic region and move freely, so it is highly incicent to insert the membrane and
interact with other membrane proteins. If they are hexose transporters the binding may effect
their structures and functions.

Jenny and her colleagues (1991) had compared the growth kinetic of killer and its heat
curing strain in Rhine Riesling grape must. They observed from growth curve and reported that
there were no significant different in the growth rates between them which was contrary to this
report. It was possible for the difference that the fermentation was conducted at 18 °C, and they
considered only from growth curve. They did not analyze Killer toxin in must their finding could
not be proved that killer gave the same growth rate as their heat curing strain while killer strain
grew with toxin producing gene.

The experiment of Silva in 1996 showed that the Killer activity of yeast depended on the
incubation temperature. Some killer yeast did not show killer activity at 18 °C and 28 °C. Their
experiment also showed that the Killer strains had smaller maximum specific growth rate than
sensitive strain YEPD-MB medium when incubated at 18 °C with aeration. The result could
support this result which was found that non-killer (heat-curing) strains had higher maximum
specific growth rate than killer strain.

Conclusion

Heat curing of viruses from commercial killer strain, Saccharomyces cerevisiae K1-
V1116 gave better growth kinetic in Ruby carbernet grape must fermentation when compared
with the similar genetic background original strain. The specific growth rate, ethanol production
rate, and yield of ethanol from reducing sugar of heat curing strain was obviously better than
original killer strain. The rate of glucose consumption of heat curing strain was faster while there
was no different observed in fructose consumption rate.
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D. Killer activity determination

Killer toxin production of K1-V1116 was monitored from its killing activity. The killer activity
of K1-V1116 in Ruby carbernet showed the same pattern as described by Shimizu (unpublished
data). The killer activity was first observed on the first day of fermentation, then reached
maximum on day 3, and decreased rapidly after day 4 and 5 of fermentation (Figure9). The killer
activity was calculated from the multiplicity (m), obtained from the relationship S/S, = €™, where
SIS, 1s the survival ratio (S, is the original number of viable yeast cell and S is the number of
viable cells after killer toxin treatment). The term multiplicity is used in analogy with the practice
in bacteriophage studies, to express the ratio between the number of LU and the number of cells

Table 5 Killer activity of K1-V1116 in must

Time Killer activity (cell/ml)
(day) Ruby carbernet Black pop White malaga
1 48 5 6
2 49 87 105
3 230 305 350
4 46 112 114
5 37 30 102

in the sample (Kurzwielova and Sigler, 1995). Multiplicity 1 means the corresponding volume of
iller toxin (must) can just kill all cells present (refer to the curve in appendix X, where m = In
(S4/S) s plotted against toxin volume). For determination of the number of lethal units in a toxin
preparation, cell killing is performed with the volume of toxin to such an extent that no free toxin
remain in the suspension after the killing (i.e. the observed extent of killing is perceptibly below
100%). The toxin preparation can then be assumed to have killed a number of sensitive cells,
which is proportional to the number of lethal units it contained. The maximum Killer activity on
day 3 is 230 cell/iml of must, which was lower than described by Graham in 1992. Generally, the
population of contamination yeast (S. cerevisiag) in clarified was less than 5x10° cell/iml (Shimizu
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unpublished data). From the results suggested that killer activity of K1-V1116 in Ruby Carbernet
must might not protect must from normal contamination of wild yeasts. Tyurina and colleagues
reported in 1980 that a commercial K2 killer could be used to control the growth of undesirable
wild yeast during fermentation and protect the fermented wine against the growth of spoilage

yeast, these data apply only to the production of white wines.
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Figurel1 Killer activity of K1-V1116 in Ruby carbernet must
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Figure12 Killer activity of K1-V1116 in Black pop must
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Figure13 Killer activity of K1-V1116 in White malaga must

In red wine fermentation, K2 killer toxin activity disappeared within three days after
inoculation of the yeast into the musts and, presumably, this phenomenon might be related to
complexing of the toxin protein with tannins. This was proved by these experiments using Black
pop (high tannin) and White malaga (low tanin) for fermenting and analyzing killer activity by
our method. The results showed higher killer activity was than found White Malaga and Black
Pop e(Table5 and Fig 9-11). The killer activity pattern in Black pop and Ruby carbernet must
were similar to other red must as reported above. White Malaga must give the higher and longer
killer activity as showed in Figure11. This result was similar to the previous reported (Tyurina, et
al., 1980). The results obtained from this experiment supported the hypothesis that tannin can get
rid of K2 killer activity from must that was earlier proposed by Graham in 1992,

Conclusion

Killer activity of K1-V1116, the K2 killer yeast, occurred in Ruby cabemet. The killer
activity could directly be determined from must by CFA technique. The killer activity was found
in the maximum activity, which was 230 cell/ml, on the third day of fermentation, and decreased
rapidly in day four and day five.
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Summary

The heat curing method was used to produce a sensitive strain of S. cerevisiae K1-V1116
(HC). The K1-V1116 and HC had the same genetic background with different only in the M2
virus in K1-V1116 strain. This HC was changed to sensitive strain which was proved by it could
be killed by K1-V1116 and EC-1118 killer strain, and could not be killed by RS susceptible
strain. K1-V1116 and HC were then used for the study of growth kinetic and killer activity in
wine must.

The preparation of must by pectinase gave good characteristic that suitable for
sterilization by membrane filtration and fermentation with the same conditions of general red
wine.

Heat curing of viruses from commercial killer strain, Saccharomyces cerevisiae K1-
V1116 gave better growth kinetics in Ruby Carbernet grape must fermentation comparing to the
same genetic background of original strain. The specific growth rate, ethanol production rate, and
yield of ethanol from reducing sugar of heat curing strain were better than original killer strain.
The rate of glucose consumption of heat curing strain was faster while the fructose consumption
rate was not different.

Killer activity of K1-V1116, the K2 killer yeast, occurred in Ruby cabernet. The killer
activity could directly be determined from must by CFA technique. The killer activity was found
that is the maximum activity, which is equal to 230 cell/ml on third day of fermentation, and
decreased rapidly after day four and five, respectively.

Suggestion
QOur results showed the effect of MLdsRNA virus in growth of Killer yeast. Cloning of
the Killer toxin gene into yeast genome might be an alternative expression system to avoid the
effect of virus,
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Killer activity may be effected by tannin or other unknown components in the must. The
studying this might give some information to improve the killer activity. The engineering of
killer toxin may be another technique for the improvement of the killer activity.

The result in lower sugars transportation rate of killer yeast hint that the effect of killer
toxin might be on hexose transporter or other membrane proteins. This suggested that K2 killer
toxin an interesting protein to further the study. The study of its mechanism may give valueable
information in protein-protein interaction.
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Table A.1 Growth data of first trial

Time K1-V1116 HC
(h) |  Abs cfuml |Biomass(g/l)] ~ Abs cfuml |Biomass(g/l)
00| 0005 | 15E+06 | 0.1 0005 | L5E+06 | 0.1
30| 0008 | 24E+06 | 0.17 0007 | 21E+06 | 0.5
60 | 0018 | 54E+06 | 038 0022 | 6.6E+06 | 0.6
80| 0078 | 23E+07 | 164 0094 | 28E+07 | 198
105] 0117 | 35E+07 | 247 0111 | 33E+07 | 2.34
120 0140 | 42E407 | 295 0150 | 45E+07 | 3.16
140 0211 | 63E+07 | 445 0207 | 6.2E407 | 437
180 0260 | 78E+07 | 548 0360 | LI1E+08 | 7.59
200 0403 | 12E+08 | 850 0465 | L14E+08 | 981
220 0555 | L7E+08 | 1L.70 0551 | L7E+08 | 1162
240 0616 | 18E+08 | 12.99 0545 | L16E+08 | 11.49
280| 0663 | 20E+08 | 13.98 0694 | 21E+08 | 14.63
300| 0647 | L9E+08 | 13.64 0715 | 2.1E+08 | 15.08
20| 0676 | 20E+08 | 14.25 0.717 | 22E+08 | 15.12
360 0709 | 21E+08 | 14.95 0.708 | 21E+08 | 14.93
50.7| 0779 | 23E+08 | 16.43 0.779 | 23E+08 | 1643
710 0747 | 22E+08 | 15.75 0.743 | 22E+08 | 1567
9%.0| 0725 | 64E+07 | 15.29 0.713 | 5.3E+07 | 15.04
1200{ 0789 | 80E+05 | 16.64 0871 | 5.O0E+05 | 1837
141.0{ 0876 | 50E+05 | 1847 0848 | 20E+05 | 17.88
168.0| 0842 | 46E+05 | 17.76 0853 | 19E+05 | 17.99
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Table A.2 Growth data of second trial

Time K1-V1116 HC
(h) | Abs cfuml  |Biomass(g/l)] ~ Abs cfuml |Biomass(g/l)
00| 0031 | 93E+06 | 065 0042 | 13E+07 | 0.89
30| 0042 | L3E+07 | 089 0.049 | 15E+07 | 1.03
6.0 | 0064 | 19E+07 | 135 0068 | 20E+07 | 143
80| 0078 | 23E+07 | 164 0094 | 28E+07 | 1.98
105 0123 | 37E+07 | 259 0112 | 34E+07 | 236
1201 0160 | 48E+07 | 337 0150 | 45E407 | 3.16
140 0205 | 62E+07 | 432 0207 | 6.2E407 | 437
180 0360 | LI1E+08 | 7.59 0360 | L1E+08 | 7.59
200 0495 | L5E+08 | 10.44 0465 | L14E+08 | 981
220 0547 | 16E+08 | 1153 0551 | L7E+08 | 11.62
240( 0616 | 18E+08 | 1299 0645 | 19E+08 | 13.60
280 0713 | 21E+08 | 15.04 0.718 | 2.2E+08 | 15.14
00| 0732 | 22E+08 | 1544 0.749 | 22E+08 | 15.79
20 0750 | 23E+08 | 1582 0.781 | 23E+08 | 16.47
360| 0782 | 23E+08 | 16.49 0.781 | 23E+08 | 1647
5.7 0792 | 24E+08 | 16.70 0.782 | 23E+08 | 16.49
710 0747 | 22E+08 | 15.75 0.765 | 23E+08 | 16.13
%.0| 0872 | 64E+07 | 18.39 0849 | 53E+07 | 17.90
1200/ 0974 | 80E+05 | 20.54 0980 | 50E+05 | 20.67
1410|0974 | 50E+05 | 20.54 0968 | 20E+05 | 20.41
168.0{ 0991 | 46E+05 | 2090 0966 | L9E+05 | 20.37
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Table A.3 Growth data of third trial

Time K1-V1116 HC
(h) | Abs cfuml |Biomass(g/l)] ~ Abs cfuml |Biomass(g/l)
00| 00201 | 63E+06 | 044 0022 | 6.6E+06 | 0.6
30| 0030 | 90E+06 | 0.63 0032 | 96E+06 | 0.67
6.0 | 0031 | 93E+06 | 0.65 0033 | 99E+06 | 0.70
80| 0049 | 15E+07 | 1.03 0048 | 14E+07 | 101
105 0105 | 32E+07 | 221 0.097 | 29E+07 | 2.05
1201 0132 | 40E+07 | 278 0121 | 36E+07 | 255
140] 018 | 56E+07 | 390 0185 | 5.6E+07 | 390
180 0255 | 77E407 | 5.38 0255 | 7.7E+07 | 5.38
200 0375 | LIE+08 | 791 0397 | L12E+08 | 837
220 0474 | 14E+08 | 10.00 0487 | 15E+08 | 10.27
240( 0603 | 18E+08 | 1272 0582 | L7E+08 | 12.27
280 0624 | 19E+08 | 13.16 0628 | 19E+08 | 13.24
300| 0617 | 19e+08 | 1301 0646 | 19E+08 | 13.62
20 0640 | 19E+08 | 1350 0674 | 20E+08 | 14.21
36.0| 0683 | 20E+08 | 14.40 0683 | 20E+08 | 14.40
50.7| 0743 | 22E+08 | 1567 0.745 | 22E+08 | 15.71
710 0704 | 21E+08 | 14.85 0.713 | 21E+08 | 15.04
9%.0| 0679 | 55E+06 | 14.32 0.727 | T5E+06 | 15.33
1200| 0878 | 3.1E+06 | 1851 0878 | 84E+05 | 1851
141.0| 0888 | 44E+05 | 18.73 0888 | L14E+05 | 1873
168.0{ 0855 | L8E+05 | 18.03 0897 | 87E+04 | 18.92
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Table B.1 Chemical compositions of must during fermentation by K1-V1116 in first trial

Time(h) [Ethanol (g/l)|Methanol (g/1) |Glucose (g/l) {Fructose (g/l){Glycerol (g/l)
0.00 0.00 0.00 80.83 98.19 1.03
3.00 0.64 0.00 80.38 92.15 1.27
6.00 0.92 0.00 78.25 93.23 132
8.00 1.34 0.00 82.14 87.68 1.06
10.50 2.69 0.00 79.94 92.19 117
12.00 414 0.00 78.03 93.63 1.29
14.00 6.44 0.00 1213 92.83 142
20.00 17.23 0.00 56.74 85.81 198
2200 | 2145 0.00 47.74 83.20 2.33
2400 | 2395 0.00 39.99 7940 2.49
2800 | 31l 0.00 2157 69.81 3.02
3000 | 40.79 0.00 22.30 66.91 3.33
200 | 4435 0.00 17.90 62.16 348
36.00 | 5200 0.00 10.94 53.37 381
5040 | 69.25 0.00 0.39 28.92 429
7100 | 80.88 0.00 0.43 6.69 454
9%.00 | 8571 0.00 0.74 0.00 3.85
12000 |  85.67 0.00 0.31 0.00 389
14550 | 90.04 0.00 0.46 0.00 3.95
16950 | 89.62 0.00 0.66 0.00 3.94
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Table B.2 Chemical compositions of must during fermentation by HC in first trial

Time(h) |Ethanol (g/l)|Methanol (g/l) |Glucose (g/l)|Fructose (g/1){Glycerol (g/l)
0.00 0.24 0.24 86.86 99.59 1.10
3.00 0.58 0.00 86.30 96.72 1.05
6.00 0.97 0.00 87.21 98.58 L17
8.00 1.32 0.00 86.40 98.19 1.18
10.00 2.34 0.00 83.83 96.14 121
12.00 3.50 0.00 82.35 96.26 1.33
14.00 5.58 0.00 7710 94.30 140
16.00 8.80 0.00 67.07 93.94 161
20.00 17,01 0.00 61.02 87.70 1.99
22.00 2175 0.00 50.78 84.53 243
24,00 26.76 0.00 44,11 80.55 2.59
28.00 36.97 0.00 30.18 72.05 317
30.00 40.54 0.00 24.84 64.16 3.29
32.00 44.54 0.00 20.15 60.34 352
36.00 51.80 0.00 12.67 51.87 382
50.40 10.72 0.00 0.73 21.44 4.26
7100 85.11 0.00 119 6.43 4.43
96.00 88.32 0.00 0.97 0.00 393
12000 | 89.72 0.00 0.94 0.00 3.95
14550 | 89.97 0.00 0.75 0.00 4,00
16950 |  89.59 0.00 0.80 0.00 3.98
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Table B.3 Chemical compositions of must during fermentation by K1-V1116 in second trial

Time(h) |Ethanol (g/I'MethanoI (/1) Glucose (g/1) |Fructose (g/l)Glycerol g/l
0.00 0.00 0.00 81.62 100.09 1.08
3.00 0.66 0.00 719.21 94.53 1.09
12.00 4.13 0.00 19.22 94.78 133
14,00 6.45 0.00 73.10 95.10 147
16.00 9.76 0.00 65.44 93.87 1.65
2000 | 17.13 0.00 57.93 88.84 2.05
2200 | 20.96 0.00 18.23 85.10 2.32
2400 | 2292 0.00 40.68 83.90 3.99
2800 | 34.96 0.00 21.17 13.33 307
3000 | 39.18 0.00 22,61 67.85 3.26
3200 | 4433 0.00 18.36 65.28 359
36.00 | 5113 0.00 11.23 55.24 381

5040 | 68.36 0.00 0.55 28.88 432
7100 | 77.26 0.00 0.66 6.68 4.36
9%.00 | 86.32 0.00 0.99 0.00 3.87
12000 | 85.09 0.00 0.37 0.00 3.85
14550 | 8650 0.00 0.58 0.00 3.84

169.50 | 87.51 0.00 0.66 0.00 3.88




Table B.4 Chemical compositions of must during fermentation by HC in second trial

Time(h) |Ethanol (3/1) [ Methanol (9/1)| Glucose (/1) | Fructose (g/1) | Glyceral (9/])
0.00 0.26 0.00 87.26 103.42 111
3.00 0.61 0.00 87.39 100.06 114
1000 | 238 0.00 82.99 99.20 1.25
1200 | 357 0.00 81.42 97.25 1.35
1400 | 553 0.00 1197 93.13 1.63
1600 | 880 0.00 66.75 93.94 161
2000 | 17.01 0.00 60.05 87.70 1.99
2200 | 2081 0.00 5144 82.91 2.32
2400 | 26.76 0.00 44.12 80.55 259
2800 | 3629 0.00 30.00 74.80 317
3000 | 4212 0.00 25.12 69.61 344
3200 | 45.06 0.00 20.03 63.97 3.60
36.00 | 5342 0.00 12.70 55.11 399
50.70 | 7246 0.00 0.7 28.04 431
7100 | 8711 0.00 1.23 6.58 4,60
9%.00 | 86.32 0.00 0.92 0.00 387
12000 | 85.09 0.00 0.81 0.00 3.85
14550 | 89.33 0.00 1.05 0.00 4,04
16950 | 88.87 0.00 1.10 0.00 401
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Table B.5 Chemical compositions of must during fermentation by K1-V1116 in third trial

Time(h) |Ethanol (g/) Methanol (g/) Glucose (g/1) |Fructose (g/l)Glycerol (g/l
0.00 0.00 0.00 81.33 116.28 1.16
12.00 4.30 0.00 80.11 105.07 152
14.00 6.47 0.00 75.83 106.48 147
16.00 9.99 0.00 64.50 103.45 171
20.00 17.38 0.00 57.16 97.25 2.15
24,00 24.28 0.00 40,92 84.38 2.56
28.00 35.23 0.00 21.17 75.15 308
30.00 40.86 0.00 23.04 71.28 340
32.00 42.78 0.00 18.41 64.01 3.50
36.00 5173 0.00 11.34 55.41 3.86
50.40 69.20 0.00 0.59 29.13 4.32
7100 78.69 0.00 101 6.74 4.45
96.00 83.50 0.00 1.05 0.00 443
12000 |  83.89 0.73 0.46 0.00 4,53
14550 | 8443 0.68 0.76 0.00 4.40
16950 |  86.15 0.64 0.72 0.00 448
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Table B.6 Chemical compositions of must during fermentation by HC in third trial

Time(h) |Ethanol (g/I'MethanoI (9/MGlucose (g/N)|Fructose (g/N)Glycerol (g/!
0.00 0.2 0.00 84.84 115.96 1.15
3.00 0.66 0.00 84.11 112.34 142
10.00 2.25 0.00 83.82 107.28 112
12.00 3.64 0.00 82.17 106.97 1.46
14.00 5.86 0.00 78.03 104.54 1.44
16.00 8.84 0.00 67.01 101.81 161
2000 | 17.66 0.00 61.16 95.37 2.10
2400 | 2127 0.00 44,61 86.66 2.64
2800 | 3758 0.00 30.78 75.52 3.26
3000 | 4108 0.00 25.07 66.34 3.34
3200 | 44.60 0.00 20.24 62.60 353
36.00 | 5189 0.00 12.78 53.26 3.86
50.70 | 67.62 0.00 0.75 26.22 4.07
7100 | 8531 0.00 121 5.43 4.47
9%.00 | 84.40 0.00 0.92 2.88 4.40

12000 | 87.76 0.00 1.02 281 4.28
14550 | 8783 0.00 1.02 271 4,03
169.50 |  86.40 0.00 1.10 2.40 4.44




Appendix C
Killer Activity

52



The calculation of killer activity

Killer activity of must was calculated from the multiplicity (m), obtained from the
relationship SIS, = e™ when S/S, is the survival ratio (S, is the original number of viable cells and
S is the number of viable cells after the killer toxin treatment). The multiplicity is used to express
the ratio between the number of lethal unit (LU) and the number of the cell in the sample.
Multiplicity 1 mean that the corresponding volume (V) of the must that killed all cells presened.
The plotted of In(S/S,) against must volume gave the linear relation when the concentration of
toxin is low. The slope from the plot (trend ling) was used to calculate the volume (V,,,) of the
must at multiplicity (In(S/S,) = 1). The LU was calculated from total cells divided by volume

(le) '
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Table C.6 Killer activity day 5 batch 1

0.25
0.20 -
0.15 -
0.10 -
0.05

Killer Activity Day 5

y=0.0151x

—+— Killer Activity

— Trend line

0.00
-0.05 4
-0.10 4
-0.15 4
-0.20 -

>

2ml 1 2 3 Avg SD | Cell/ml (Total cell [Volume(ml) In(So) | In(S) | In(SolS)
So 120 150 168 146 2 2 498 | 516 | -0.18
S 154 162 207 174 29 1460 | 2920 4 458 | 439 | 018
4ml 1 2 3 Avg SO |Cell/ml|Totalcell] 6 430 | 422 | 008
So 90 95 107 97 9 8 398 | 382 | 0.l6
S 68 80 9 81 14 973 | 3893 10 374 | 362 | 012
6ml 1 2 3 Avg SD | Cell/ml (Total cell Killer Activity

So 60 7 90 74 15 In(So/S) | m* (ml) | Lethal Unit(cell / ml)
S 62 i 7 68 6 740 | 4440 1 66.23 59.63
gml 1 2 3 Avg SD | Cell/ml {Total cell| m = 1/slope of trend line

So 50 55 56 54 3 Killing Activity = Avg total cell /m

S 43 45 49 46 3 537 | 4293

10ml 1 2 3 Avg SD | Cell/ml (Total cell| *: multiplicity

So 40 43 43 42 2 Average Total Cell

S 36 37 39 37 2 420 | 4200 3049

Figure C.6 Killer activity day 5 batch 1




Table C.9 Killer activity day 4 of second trial

2ml 1 2 3 Avg SD | Cell/ml |Total cell| Volume(ml)| In(So) | In(S) | In(SolS) . .
o | | W | B | 2 | 3 2 | 48 | 477 | 0% Killer Activity Day 4
S m | o | o | s 5 | 123 | 87 4 45 | 417 | 007
4ml 1 2 3 Avg SD [ Cell/ml {Total cell 6 3.96 384 013 § ox -
So 67 69 74 0 4 8 384 367 016 § o1
S | & | & | &7 | & | 2 | w0 | 2s0[ 10 | 338 | 32 | 01 | oA y=00175x
bl | L | 2 | 3 | Aw | SD | Cellml|Totalcel Killer Actvity ] S
So | 57 | % | & | % | 4 In(SolS) [ m* (i) [Lethel Unitcel /) o, | —+— Killr Actvty
S | % | 8 | & | % | 2 | 50 |0 [ 1 |5 5215 008 - — Trend ine
8ml 1 2 3 Avg | SD | Cell/ml [Total cellf m=1/slope of trend line 006 4
So | 8 | &4 | © | 46 | 3 Killing Activity = Avg toal cell/m ggg ]
S| % [ 5 | & | ® | 8 | 4 | 3w o0 -
10ml 1 2 3 Avg SD | Cell/ml [Total cell| *: multiplicity 0 ) ' 6 8 0 "
So R K| 2 28 6 Average Total Cell
S 24 24 26 5 1 83 | 283 2097 iqure C.Y KITTer actvity day 4 or second tria
Table C.10 Killer activity day 5 ot second trial
2ml 1 2 3 Avg SD | Cell/ml |Total cell| Volume(ml)| In(So) | In(S) | In(SolS) . .
So | Bl | % | 5 | Bl | 7 2 | 5@ | 5% | 00 Killer Activity Day 5
S 5| /| B | 15 3 | 1513 | 307 4 446 | 445 1 000
4ml 1 2 3 Avg SD [ Cell/ml {Total cell 6 401 403 003 010 -
So 84 86 89 86 3 8 378 374 0.04 0
S 88 80 90 86 5 863 53 10 352 342 0.09 y =0.0065x
6l 1 2 3 Avg | SD [ Cell/ml [Total cell Killer Activity 006 1
So 59 59 57 58 1 In(So/S) | m* (ml) |Lethal Unit(cell /m§ 04 —+— Killer Activity
S 53 57 59 56 3 583 | 3500 1 | 1538 2189 o — Trend line
8ml 1 2 3 Avg SD | Cell/ml [Total cellf m = L/slope of trend line
So | 8 | 8 | & | #4 | 1 Killing Activity = Avg toal cell/m oo ; - - ; - -
S | 0 | 8 | 8 | & | 2 | @7 | uB w %/4 6 B0
10ml 1 2 3 Avg SD | Cell/ml [Total cell| *: multiplicity oo
So ) 3 3 34 1 Average Total Cell
S kil 3l 30 3 1 R 3367 3368 TQUTE C.10 KIIET actvity aay  Of Secona tal




Table C.14 Killer activity day 4 of third trial

2ml 1 2 3 Avg SD | Cell/ml | Total cell]Volume(mli)| In(So) [ In(S) | In(SolS) ) .
So | W | W | 15 | 08 | 3 2 | 4% | 489 | 000 Killer Activity Day 4
S 113 112 101 109 7 00 | 253 4 424 419 0.04
4ml 1 2 3 Avg SD | Cell/ml |Totalcell] 6 382 | 368 | 014 [ o1 -
So 65 69 4 69 5 8 35 | 342 | 014 [ ow |
S 61 61 m 66 9 693 | 213 10 318 | 309 | 009 § op y=00137
6ml 1 2 3 Avg | SD | Cell/ml |Total cell Killer Activity 0 4
So 4 47 ) 4 3 In(So/S) | m* (ml) [Lethal Unit(cell /m)} o5 —+— Killer Activity
S IO T I 5 | & | aw | 1 | 2% 3533 005 —— Trend line
8ml 1 2 3 Avg SD | Cell/ml |Total cell] m = L/slope of trend ling o
So 3 3 3% % 1 Killing Activity = Avg total cell / m w0 A
HEREERENEYEEE:RE: o A - .
1oml 1 2 3 Avg SD | Cell/ml |Total cell|] *: multiplicity o A 2'/ ' 6 8 0 1
So 2 ! 2% 24 2 Average Total Cell
S % 20 2 2 2 240 | 2400 2519 gure C.12 KTler acuvity day 4 or tira tra
Table C.I5 Killer activity day 5 of third tria
2ml 1 2 3 Avg SD | Cell/ml | Total cell]Volume(mli)| In(So) [ In(S) | In(SolS) ) .
So | 10 | B0 | 1 | 15 | 9 2 | 507 | 56 | 0@ Killer Activity Day 5
S 154 152 162 156 5 1593 | 3187 4 454 454 001
4ml 1 2 3 Avg SD | Cell/ml |Totalcell] 6 420 | 416 | 005 J om0 -
So 90 9% 97 9 4 8 38 | 378 | 009 J 009 - = 000T5x
S 9% 90 9% 3 3 940 | 3760 10 367 | 361 | 006 | 0% -
m | L | 2 | 3 | Ag | SD | Celllml [Totalcel Killer Acivity ] _
So | 60 | 2 | 0 | 61 | 6 In(SofS) | m () [Letal Uritlcell/mi)| o5 | —+— Killr Activity
S |6 | 1| 6ol | 64 | 6 | 6B |m0| 1 |8 210 o — Trend ine
8ml 1 2 3 Avg SD | Cell/ml |Total cell] m=2L/slope of trend line 008 +
So | 49 | & | © | 4 | 2 Killing Activity = Avg total cell/m ggi ]
s a6 [ % [ @] 3] m | s 00 . v - .
1oml 1 2 3 Avg SD | Cell/ml |Total cell] *: multiplicity 0 ) ' 6 g 0 1
So 40 3 3 3 1 Average Total Cell
S % B 3 3 1 33 | 393 347 1gure L.Lo Killer activity day o 0T tirg trial




Killer activity

Day | Killer activity(cell/ml)
1 4.44
2 86.88
3 304.34
4 111.26
5 30.43

Killer activity in Black Pop

400.00
200.00

(cell/ml)

0.00

AN

0 2 4 6
Time (days)

Figure C.27 Killer activity in Black Pop must

Day | Killer activity(cell/ml)
1 5.63
2 104.84
3 349.66
4 113.38
5 101.68

=

2 _ 00
= =

S = 0
= £ g
e

Killer activity in White Malz

0 1 2 3 4 5 6

Time (days)

Figure C.28 Killer activity in White Malaga must




Table C.25 Killer activity day 4 White Malaga

2ml 1 2 3 Avg SD | Cell/ml |Total cell| Volume(ml)| In(So) | In(S) | In(SolS) . .
| B3| W | B | B |2 2 | 48 | 48 | 00 Killer Activity Day 4
S 12 12 125 123 2 1250 | 2500 4 445 416 029
4ml 1 2 3 Avg [ SD | Cell/ml [Totalcelll 6 384 | 33 | 01} o0
So 87 85 8 86 1 8 348 | 331 | 07 o0 Y= 0043
S 67 62 64 64 3 860 | 3440 10 318 | 259 | 059
oM | L | 2 | 3 | Ag | SO |Celim [Totalcal Killer Actvity o
So | 4| 8 | 5 | 4 2 In(SorS) | m* (ml) [Lethal Unit(cell/m)j %% —+— Kille Activity
S 1y | Tiv} ) 1 467 2800 1 421 11339 030 — Trend line
8ml 1 2 3 Avg SD | Cell/ml [Total cellf m = L/slope of trend line 020
So 2 32 3 32 1 Killing Activity = Avg total cell / m 010
S o) 28 5 2 2 3 2587 00 . . . . . .
10ml 1 2 3 Avg SD | Cell/ml [Total cell| *: multiplicity ) ' 6 8 0 0
So p 3 5 p 1 Average Total Cell
S 13 13 14 13 1 240 | 2400 2145 igure C.Z5 Killer acuvity Cay 4 White Malaga
Table C.26 Killer activity day > White Malaga
2ml 1 2 3 Avg SD | Cell/ml |Total cell| Volume(ml)| In(So) | In(S) | In(SolS) . .
S| B | B | BL| B2 | 3 2 | 50 | 4% | oM Killer Activity Day 5
S 145 iy u7 146 1 1520 | 3040 4 445 438 007
4ml 1 2 5 Avg | SD |Cell/ml |Totalcelll 6 420 | 410 | 011 F o3
So 8 86 87 86 2 8 403 | 3711 | 03
S| m | ® | & | & | 1 | || 1 |an]|3® o gzz y=00807x
6ml 1 2 3 Avg SD | Cell/ml |Total cell Killer Activity '
So | 6 | 68 | 69 | 6 2 In(SofS) | m* (i) [Lethal Uniticell /m)j °2 —+— Kille Activity
S 60 [ 6 [ 60 [ & U] e | 40 1| 25 1173 05 —— Trend line
8ml 1 2 3 Avg SD | Cell/ml [Total cellf m = L/slope of trend line 010
So 56 51 56 56 1 Killing Activity = Avg total cell / m 005
S 40 | i i 1 563 4507 00 . . . . . .
10ml 1 2 3 Avg SD | Cell/ml [Total cell| *: multiplicity ) ' 6 8 0 0
So 40 i) 1) il 1 Average Total Cell
S 2 30 3l 0 1 410 | 4100 3823 qure C.Zb Killer activity day > White Malaga




Appendix D
The calculation of specific growth rate
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Table D.1 Maximum Specific Growth Rates Determination (Trial 1)

Time DTime K1 V1116 HC
(h) (h) 0D'so In(x/x,) O0D'so In(x/x,)
105 0.000 0.117 0.000 0.111 0.000
120 1.500 0.140 0.179 0.150 0.301
140 3500 0211 0590 0.207 0.623
20.0 9.500 0.403 1.237 0.465 1433
220 11,500 0.555 1.557 0.551 1.602
In (x/x) vsDTime
18 -
16 -
14 -
12 -
210 -
§ 08 _ —e—K1-V1l16
06 - 1 ——HC
04 Yiic = 0.1463%, My, = 014630 | 1 ie e
0 Vicwyisss = 0.1350X, My, = 0.1350 F—— Yeéndhine )
0.0
00 20 40 60 80 100 120 140

DTime (h)

Y



Table D.2 Maximum Specific Growth Rates Determination (Trial 2)

Time DTime K1V1116 HC
(h) (h) OD'yy | In(kx) | OD'sy | Infxix)
105 0,000 0123 0.000 0112 0,000
120 150 0.160 0.263 0150 0.292
140 3500 0.205 0511 0207 0,614
2.0 9,500 0495 1392 0465 1424
220 11500 0547 1492 0551 1593
In (x/x,) vs DTIme
20 -
15 -
§ —0— K1-V1116
=2 10~ —O—HC
5 Yie = 0.453K, My = 01453 — et
Victvniss = 01374, My, = 043740~ e
00
00 50 100 15,0
DTime (h)

Figure D.2 Plot of In(x/x,) vs DTime (Trial 2)
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Table D.3 Maximum Specific Growth Rates Determination (Trial 3)

Time DTime K1V1116 HC
(h) (h) OD'gy | In(xhg) | OD'sg | In(xix)
105 0.000 0.105 0.000 0.097 0.000
12.0 1.500 0.132 0.229 0.121 0221
140 3500 0.185 0.566 0.185 0.646
200 9.500 0.375 1.273 0.397 1.409
220 11.500 0474 1.507 0.487 1.614
In (x/x,) vs DTIme
20 -
15 -
§ 10 - —o—KL-V1116
= —O—HC
0.5 - Yhe = 01457)(, Myay = 0.1457 h-l — Trend ling (K1-
Ykrviuss = 0.1340x, 1, = 0.1340 — fadle
0.0 o \ \ \ \ \ e
00 20 40 60 80 100 120 140
DTime (h)

Figure D.3 Plot of In(x/x,) vs DTime (Trial 3)
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Growth DATA

Time Dime K1V1116 HC
(h) (h) OD'syp | ODgy | In(fx) | OD'sp | ODay | In(xx)
10.5 0.000 0.090 0.082 0.000 0121 0.098 0.000
12.0 1.500 0.140 0.139 0531 0.150 0.156 0.464
14.0 3500 0.211 0.216 0.969 0.207 0.234 0.866
20.0 9.500 0.403 0.445 1.693 0.465 0.466 1.556
22.0 11.500 0.555 0521 1.852 0.551 0.543 1.709
ODggo Vs Time
Yirvigs = 0.0382x - 0.3193
06 - Yie = 0.0387x - 0.308
05 -
04 4 —0—K1-V1116
d% 03 —1—HC
o
02 - —— Trend line (K1-V1116)
0.1 - — Trend line (HC)
00
100 120 140 160 180 20 220 240
Time (h)
In (x/x,) vs DTime
Yyt = 0.1637X
20 Vi = 0.1368x
5 —e—K1-V1116
=) —{—HC
= 10- -
::/ — Trend line (K1-
05 - —¥rle1nl(ﬂ|ne
00 o (HC)

00 20 40 60 80 100 120 140

~Tlimaa 1




DTime (h)



K1

HC

0.090 0.000 0.121 0.000
0.140 0.442 0.150 0.215
0.211 0.852 0.207 0.537
0.403 1.499 0.465 1.346
0.555 1.819 0.551 1516

In(x/x,)

3.0

In (x/x,) vs DTime

Yty = 0.175:

0.0 2.0 40 6.0 80 100 120

DTime (h)

140
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E.1 The calculation of Maximum Specific Growth Rate (|,,)
The maximum specific growth rate exhibit in the exponential phase. If growth is optimal
and cells double logarithmically, then

% = H X 1)
When integrated, this yields

X= Xoe(umaxt) (2)
where  x,= the initial cell mass

X = the cell mass at any time

t=time

or

In(X/X,) = InX = INX, = P (3)

Figure A.1 to A.6 showed exponential phase of 3 batches existed in 10-32 h of
fermentation. The plotted of In(x/x,) against time in this period were plotted expressed
trend line by Excel program. These are for elimination of the human error (manual plot)
as show in figures D.1-D.3. The maximum specific growth rate existed as slope of the
trend lines.

E.2 The calculation of Production Rate (r)
Production rate is the differentiation of product concentration per time (in Log phase),
which can be expressed as a function of product concentration and time:

_ _LP1-[R] _ AP n

i t, =1, At
where 1= production rate; gyl h”
P = product concentration; gyl
t=time; h
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In addition, production rate can be expressed in a function of biomass concentration:

r, :qp(xz_xl) (5)

where 1= production rate; gyl h”
X = biomass concentration; el
g, = specific rate of product formation; g Gyoness N

From figure B.1, the change of product concentration existed in hour 20 - 72 of fermentation. The

hour 20 and 32 of each hatch were used to calculate the production rate.

Sample of calculation (K1-V1116 Batch 1)
[Eth]=17.23 01"  [Eth)] =44.35 gg,l"
[GlyJ=198ggl"  [Gly,] =348 gg)I"
X, = 8.50 Qo X, = 14.25 Gyl
t,=20h t,=32h

Ethanol production rate (rg;)

From equation (4), we get;

. [Eﬂai ] :EEthl] )

Substitute [Eth,], [Eth,], t, and t, into equation (6);

L2 4435-17.23 gul”
e 32-20 h

O ryy, =2.26 gEthl_lh_l
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From equation (5);

Voo = Qe (%, = X,) (7)

= Tem

T (x, —x))

Substitute re,, X, and X, into equation

7\

Qem =
Eth (1425 - 850) gbmmassl_l

-1; -1

D thh = 039 gEthgbiomass h

Glycerol production rate (rg,)

From equation (4), we get;

_ LGy, 1 -Gy ] (8)
L=

Substitute [Gly,], [Gly,], t; and t, into equation (8);

Gly

| _348-198 gapl”
w32-20 h

Org =012 g 170

226 gl

8



From equation (5);

Yo = oy (%, = X)) (9)

TGy

(xz _x1)

QGly

Substitute r, X, and X, into equation

0.12 gl h™
(14.25-8.50) Spiomassl

quy =

D quy = 002 g-Glyg-biomass_lh_1

E.3 The calculation of Consumption Rate (r)
Consumption rate is the differentiation of substrate concentration per time (in Log
phase), which can be expressed as function of substrate concentration and time:

, 2 [S1-5,] _ AlS] )
‘ t, —t, At

where  r,= consumption rate; g sl
S = substrate concentration; g g™
t=time; h

In addition, consumption rate can be expressed in a function of hiomass concentration:

r=q,(n = x,) (11)

9



where  r,= consumption rate; gzl
X = hiomass concentration; Qigmas
(. = specific rate of substrate consumption; h*
From figure B.1, the change of substrate concentration existed in hour 20 - 72 of fermentation.
The hour 20 and 32 of each batch were used to calculate the consumption rate.

|-1

Sample of calculation (K1-V1116 Batch 1)
[Gle]=56.74¢5/"  [Glc,]=17.90gql"
[Frc]=8581g. "  [Frc,)=62.16 g I*
X, = 8.50 Qo Xo = 14.25 Gyl
t=20h t=32h

Glucose consumption rate (rg,)
From equation (10), we get;
_[Gle,1-[Gle,] (12)

Gle t2 _ tl

Substitute [Glc,], [Glc,], t; and t, into equation (12);

| _5674-1790 g, I
ol 32-20 i

Or, =324  &al '™

From equation (11);

Substitute rg,, X, and X, into equation



(1425 _850) gbiomassl_l

9o =

QGlc = 056 gGlcgbiomass _lh_l

Fructose consumption Rate (re)

From equation (10), we get;

_ [Fre,]—[Frc,] (14)
L=t

Substitute [Frc,], [Frc,], t, and t, into equation (14);

Fre

. _8581-6216 g
fre 32-20 7

Orn =197 g, "'

From equation (L1): Fo =G (X, —x) (15)
—_ rFrc
q rc -
s (x, =x))
QFrc = 197 gFrCl_lh _1
(1425-8.50) ¢
Substitute r,,, X, and X, into equation o

Y. =034 Ere8iomass h
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Table E.1 Production and consumption rates of Batch 1

Ethanol production Batch 1 K1-V1116

Ethanol production Batch 1 HC

Ty T) aT(h) (e0eal 1) Ty T aT(h) (o0l 1)
20 32 12.00 2.26 2 32 12.00 2.9
[Eth], | [Et], | APGesl) |Oe(Geodoionss )| [Eh] | [EM], | APGesl”) |Oe(Geohionss 1)
17.23 44.35 2112 039 1710 4454 2144 043
[Biomass],| [Biomass,| AX(Gypmas”) uh?) | [Biomass],| [Biomass],| aX(0yyre) uh)
8.50 1425 575 0.146 981 15.12 531 0.135
Glycerol production Batch 1  K1-V1116 Glycerol production Batch 1 HC
T T ATl | ™) | T | T | aTO) | ryeeih)
2 R 12.00 0.12 2 R 12.00 0.13
[Glyl, | [Glyl AP(gGIyl.l) qGIy(gGIygbiomass.lh-l) [Gly]; | [Glyl, AP(gGWI'l) qGIy(gGlygbiomass-lh.l)
198 348 150 0.02 199 352 153 0.02
[Biomass],| [Biomass],| AX(Gymas”) uh?)  [[Biomass],| [Biomass],| AX(Gymasl) ()
8.50 1425 575 0.146 981 15.12 531 0.135
Glucose consumption Batch 1 K1-V1116 Glucose consumption Batch 1 HC
T T | AT | ™) [ T | T | aTR) | reed )
20 R 1200 32 20 R, 1200 341
[G|C]1 [GlC]Z AS(gGIcl.l) qGIc(gGIcgbiomass-lh.l) [G|C]1 [GlC]Z AS(gGIcl-l) qGIc(gGlcgbiomass-lh.l)
5%6.74 | 1790 3884 0.56 6102 | 2015 4087 0.64
[Biomass],| [Biomass],| AX(gymas”) uh?)  [[Biomass],| [Biomass],| AX(gymsl) )
8.50 1425 5.76 0.146 981 15.12 531 0.135
Fructose consumption Batch 1  K1-V1116 Fructose consumption Batch 1 HC
Tl T2 AT(h) rFrc(gFrcl-lh-l) Tl T2 AT(h) rFrc(gFrcl-lh-l)
2 R 1200 197 2 R, 1200 2.28
[FI”C]l [FrC]Z AS(gFrcl-l) qFrc(gFrcgbiomass-lh-l) [FI’C]l [FrC]Z AS(gFrcl-l) qFrc(gFrcgbiomass-lh-l)
8581 | 6216 2365 0.34 87.70 | 60.34 21.36 043
[Biomass], | [Biomass],| AX(Gygres”) uh?)  [[Biomass],| [Biomass],| AX(gymsl) )
850 14.25 5.5 0.146 9.81 1512 531 0.135
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Table E.2 Production and consumption rates of Batch 2

Ethanol production Batch 2 K1-V1116

Ethanol production Batch 2 HC

Ty T) aT(h) (e0eal 1) Ty T aT(h) (o0l 1)
20 32 12.00 221 2 32 12.00 233
[Ethl, | [Eth], | AP@esl”) |GeuGedhionss )| [E] | [EW], | APQel) | den(Oesionss 1)
1713 | 433 2120 0.38 1710 | 4506 27.96 0.39
[Biomass],| [Biomass,| AX(Gypmas”) uh?) | [Biomass],| [Biomass],| aX(0yyre) u()
9.85 15.82 597 0137 10.44 1647 6.03 0.145
Glycerol production Batch 2 K1-V1116 Glycerol production Batch 2 HC
T | T | AT | refe™) [ T | T | aTh) | el
2 R 12.00 0.13 2 R 1200 0.13
[Glyl, | [Glyl AP(gGIyl.l) qGIy(gGIygbiomass.lh-l) [Gly]; | [Glyl, AP(gGWI'l) qGIy(gGlygbiomass-lh.l)
2.05 359 154 0.02 199 360 161 0.02
[Biomass],| [Biomass],| AX(Gymas”) uh?)  [[Biomass],| [Biomass],| AX(Gymasl) u()
9.85 15.82 597 0137 10.44 1647 6.03 0.145
Glucose consumption Batch 2 K1-V1116 Glucose consumption Batch 2 HC
T T | ATl | redgd™) | T | T | aTh) | redaed )
20 R 1200 330 20 R, 1200 334
[G|C]1 [GlC]Z AS(gGIcl.l) qGIc(gGIcgbiomass-lh.l) [G|C]1 [GlC]Z AS(gGIcl-l) qGIc(gGlcgbiomass-lh.l)
5793 | 1836 3957 0.55 6005 | 20.03 40.02 0.55
[Biomass}, | [Biomass],| AX(Ggnsl) W) | Biomass],|[Biomass],| aX(Gyimes) )
9.85 15.82 597 0137 10.44 1647 6.03 0.145
Fructose consumption Batch 2 K1-V1116 Fructose consumption Batch 2 HC
Tl T2 AT(h) rFrc(gFrcl-lh-l) Tl T2 AT(h) rFrc(gFrcl-lh-l)
2 R 1200 196 2 R, 1200 198
[FI”C]l [FrC]Z AS(gFrcl-l) qFrc(gFrcgbiomass-lh-l) [FI’C]l [FrC]Z AS(gFrcl-l) qFrc(gFrcgbiomass-lh-l)
8884 | 65.28 2356 0.33 87.710 | 6397 23.73 0.33
[Biomass]|[Biomassl,| AX(Gymes )| W) |[Biomass],|Biomassl| axGet)| M)
9.85 1582 597 0.137 1044 | 1647 6.03 0.145
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Table E.3 Production and consumption rates of Batch 3

Ethanol production Batch 3 K1-V1116

Ethanol production Batch 3 HC

Ty T) aT(h) (e0eal 1) Ty T aT(h) (o0l 1)
20 32 12.00 212 2 32 12.00 2.25
[Eth], | [Et], | APGesl) |Oe(Geodoionss )| [Eh] | [EM], | APGesl”) |Oe(Geohionss 1)
1738 | 4278 2540 0.38 1766 | 4460 26,94 0.38
[Biomass],| [Biomass,| AX(Gypmas”) uh?) | [Biomass],| [Biomass],| aX(0yyre) uh)
791 1350 559 0134 8.37 1421 584 0.146
Glycerol production Batch 3 K1-V1116 Glycerol production Batch 3 HC
T T ATl | ™) | T | T | aTO) | ryeeih)
20 32 12.00 011 2 32 12.00 0.12
[Glyl, | [Glyl AP(gGIyl.l) qGIy(gGIygbiomass.lh-l) [Gly]; | [Glyl, AP(gGWI'l) qGIy(gGlygbiomass-lh.l)
2.15 350 135 0.02 210 353 143 0.02
[Biomass],| [Biomass],| AX(Gymas”) uh?)  [[Biomass],| [Biomass],| AX(Gymasl) ()
791 1350 559 0134 8.37 1421 584 0.146
Glucose consumption Batch 3 K1-V1116 Glucose consumption Batch 3 HC
T T | AT | ™) [ T | T | aTR) | reed )
20 R 1200 323 20 R, 1200 341
[G|C]1 [GlC]Z AS(gGIcl.l) qGIc(gGIcgbiomass-lh.l) [G|C]1 [GlC]Z AS(gGIcl-l) qGIc(gGlcgbiomass-lh.l)
5716 | 1841 38.75 058 6116 | 2024 4092 0.58
[Biomass],| [Biomass],| AX(gymas”) uh?)  [[Biomass],| [Biomass],| AX(gymsl) )
791 1350 559 0134 8.37 1421 584 0.135
Fructose consumption Batch 3 K1-V1116 Fructose consumption Batch 3 HC
T T ATl | ™) | T | T | aTO) | gl )
2 R 1200 217 2 R, 1200 213
[FI”C]l [FrC]Z AS(gFrcl-l) qFrc(gFrcgbiomass-lh-l) [FI’C]l [FrC]Z AS(gFrcl-l) qFrc(gFrcgbiomass-lh-l)
9725 | 6401 3324 050 95.37 | 6260 R.1 047
[Biomass], | [Biomass],| AX(Gygres”) uh?)  [[Biomass],| [Biomass],| AX(gymsl) )
791 1350 559 0.134 8.37 1421 5.84 0.146
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E.4 The calculation of yields of ethanol from sugar

Final concentration of ethanol of each treatment were used to calculate yeild. Average

initial quantity of glucose and fructose were combine, and used for the calculation of each yield.

Sample of calculation

1. Average inintial sugar concentration (data from TableB.1-B.6)

Sugar 1 2 3 4 5 6 Avg.
Glucose(gl”) | 8680 | 86.30 | 87.20 | 8739 | 8133 | 80.A1 | 8486
Fructose(gl”’) | 99.59 | 9672 | 10342 | 10006 | 11628 | 10507 | 10352
Total sugar concentration = 84.86+103.52 = 188.38 gl*

2. Average final concentrations of ethanol (gI)

Treatment 1 2 3 4 Avg.
Batch 1 K1-V1116| 85.710 85.670 90.640 89.620 87.910
Batch 1HC 88.320 89.720 89.970 89.590 89.400
Batch 2 K1-V1116|  86.320 85.090 87510 87510 86.608
Batch 2 HC 86.320 85.090 88.870 88.870 87.288
Batch 3 K1-V1116| 83500 83.890 86.150 86.150 84.923
Batch 3HC 84.400 87.760 86.400 86.400 86.240

85



3. Calculations of yields (ggsJsge )

Treatment [Initial sugar](gl™) [Final ethanol](gl™) Yieldegsyger
Batch 1 K1-V1116 188.380 87.760 0.466
Batch 1 HC 188.380 89.355 0.474
Batch 2 K1-V1116 188.380 86.355 0.458
Batch 2 HC 188.380 87.403 0.464
Batch 3 K1-V1116 188.380 84.493 0.449
Batch 3HC 188.380 86.598 0.460
4. Average yields

Batch 1 2 3 Avg. Sd
K1-V1116 0.466 0.458 0.449 0.458 0.009
HC 0.474 0.464 0.460 0.466 0.007
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Appendix F
Standard Curve
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F.1 Standard curve of biomass and ODg,
K1-V1116 cells were collected from YEPG broth and dissolved in distilled
water. The weight of dry cells (biomass) in 1 ml of cell suspension were determined according to
A.Q.A.C. The cellsin 1 mlof cell suspension were collected and diluted in Ruby Carbernet must
as shown in Table F.1 and F.2. Each dilution of cells were measured the absorbance (ODyy).
Biomass in each dilution of cell suspension were calculated and plotted against ODgy, (Figure

F.1). The slopes of each curve were used as conversion factor for the calculation of biomass in

the experiment.

Table F.1 Determination of biomass in cell suspension

Number | Paper mass | Paper + Drymass | Drymass | Sample Volume | Biomass
(mg) (mg) (mg) (mg) (mg/mi)
1 475.2 500.4 252 0.5 504
2 440.7 468.4 211 0.5 554
3 466.3 494.8 285 0.5 57.0
4 465.7 4925 26.8 0.5 53.6
5 4734 500.9 215 0.5 55.0
6 464.2 492.7 285 0.5 57.0
Average 54.73
Table F.2 Determination of biomass suspension and optical density
Dilution Biomass ODygye
(mg/ml)
0.2500 13.6825 0.645
0.1250 6.84125 0.345
0.0625 3420625 0.135
0.0313 1.710313 0.014
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Standard Curve of Biomass

Biomass (mg/ml)

0 0.1 0.2 0.3 04 05
0D 600

0.6

0.7

Figure F.1 Plot of Biomass vs 0Dy
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F.2 Standard curve of viable cells and 0D,
Viable cells of K1-V1116 and HC were counted by standard plate count on YEPG
medium. Viable cell of each strain was plotted against ODgy,.

Table F.3 The determination of viable cell of K1-V1116 and optical density

Abs600 1 2 3 4 Average
0.031 131 138 127 127 1.308E+06
0.113 21 185 190 193 1,988E+07
0.36 147 167 179 858 1.878E+07
0.547 170 162 177 149 1.645E+08
0.713 27 27 222 228 2.210E+08

STANDARD CURVE K1-V1116

3.0E+08

2.0E+08

cfu/ml

y = 3E+08
09685

1.0E+08
0.0E+00

0 01 02 03 04 05 06 07 08

ODGOO

Figure F.2 Plot of K1-V1116 cell vs ODg,
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Table F.4 The determination of viable cell of HC and optical density

ODygy 1 2 3 4 Average

0.042 117 114 110 151 1.230E+06

0.121 183 183 172 207 1.863E+07

0.360 831 108 132 823 1.135E+07

0.551 153 158 158 156 1.563E+08

0.718 193 212 211 225 2.103E+08
STANDARD CURVE HC

cfu/ml

2.5E+408
2.0E+08
1.5E+08
1.0E+08
5.0E+07

0.0E+00 -

y = 3E+08x
R’ =0.9696

0.0

¥

01 0.2

03 04 05

ODGOO

06 07

08

Figure F.3 Plot of HC cell vs ODg
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Table F.5 Viable cell of both strains and optical density

ODygy 1 2 3 4 Average
0.031 131 138 127 127 1.308E+06
0.042 117 114 110 151 1.230E+06
0.113 221 185 190 193 1.988E+07
0.121 183 183 172 207 1.863E+07
0.547 170 162 177 149 1.645E+08
0.551 153 158 158 156 1.563E+08
0.713 211 211 222 228 2.210E+08
0.718 193 212 211 225 2.103E+08

3.0E+08
2.0E+08
1.0E+08
0.0E+00

cfu/ml
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Figure F.4 Plot of cell vs ODg,
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Appendix G

Analysis of Variances
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G.1 Analysis of variances (ANOVA) of the maximum specific growth rate

Formula

CM (Correction for Mean) = (3 3 x;) = (S T)f/n
SST (Sum of Square Total) = 3 >'x - CM
SSTrt (Sum of Square for Treatment) = S T%/n, - CM

SSE (Sum of Square for Error) = SST - SSTrt
MSE (Mean Square for Treatment) = SSE/(n - k)

MSTrt (Mean Square for Treatment) = SSTrt/(k - 1)
Probable Treatment (F- Test) F=MSTrt/MSE OIF, .,

The experiments were designed as complete randomized design (CRD). The results of treatment

are shown in table below.

K1-V1116 0.1350 0.1370 0.1340 0.4060
HC 0.1460 0.1453 0.1457 0.4370
Assumption for analysis

H,. specific growth rates of both strains are not different.
H,. specific growth rates of both strains are different.

or

Hyr Fctviiss = Mie
Hi: Myvizs 7 M

Populations of both treatments have normal distribution and same variation (0% = Oc)

N =Nyt My =3+3=6

Tiwvis = 04060, Ty = 04370

2 2 Xy e = 21 = Teavas ¥ T = 0.4060 +0.4370 = 0.8430
CM = (S TYIn=0.8430%/6 = 0.1184

S5 Kervns e = 013502 + 0.13702 + 0.1340° + 0.1460 + 0.1453 + 01457 = 0,186
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SST=3 > ¥t ve -~ CM = 0.1186 - 0.1184 = 0.0002

SSTrt= (S T.\/n.- CM =[(0.4060%/3) + (0.4370%3)] - 0.1184 = 0.1186 - 0.1184
=0.0002

SSE = SST - SSTrt=0.0002-0.0002=0

MSTrt = SSTrt/(k-1) = 0,0002/(2-1) = 0.0002/1 = 0.0002

MSE = SSE/(n-K) = 0/(6-2) = 0/4 =0

F = MSTrt/MSE = 0.0002/0 = o0

H, will be refused when F > F, , ;o0 and from table F, , g9 = 21.20 < 00,

Therefore, |y ,.1115.20d W, are significant difference at 0.01 confidence level.
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G.2 Analysis of variances (ANOVA) of the specific ethanol production rate
Formula

CM (Correction for Mean) = (3 3 x;) = (S T)f/n

SST (Sum of Square Total) = 3 >'x - CM

SSTrt (Sum of Square for Treatment) = S T%/n, - CM

SSE (Sum of Square for Error) = SST - SSTrt

MSE (Mean Square for Treatment) = SSE/(n - k)

MSTrt (Mean Square for Treatment) = SSTrt/(k - 1)

Probable Treatment (F- Test) F=MSTrt/MSE OIF, .,

The experiments were designed as complete randomized design (CRD). The results of treatment
are shown in table below.

K1-V1116 0.390 0.380 0.380 1.150
HC 0.430 0.390 0.380 1.200
Assumption for analysis

H,. specific ethanol production rates of both strains are not different.
H,. specific ethanol production rates of both strains are different.

or
Hy: Qi kavitts = Qem we

Hi: Qe kevisss © Oem e

Populations of hoth treatments have normal distribution and same variation (0% = %)
N = Neryiagst My =3+3=6
Ty = 1150, Ty = 1.200
2 2 Xy ne = 2T = Teqyag + Tie = 1100 + 1,200 =2.350
CM = (S T)In=2.350°/6 = 0.9204
> > Xwyis, e = 0.390° +0.380° + 0.380° + 0430 + 0.390% + 0.3807 = 0.9223
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SST=5 S ¥t ve -~ CM = 09223 - 0.9204 = 00019

SSTrt= (S T.\/n,- CM = [(1.150%3) + (1.200%3)] - 0.9204 = 0.9208 - 0.9204
=0.0004

SSE = SST - SSTrt =0.0019 - 0.0004 = 0.0015

MSTrt = SSTrt/(k-1) = 0,0004/(2-1) = 0.0004/1 = 0.0004

MSE = SSE/(n-K) = 0.0015/(6-2) = 0.0015/4 = 0.000375

F = MSTrt/MSE = 0.0004/0.000375 = 1.067

H, will be refused when F > F, , ,0and from table F, , 4 = 21.20 > 1.067.

Therefore, Oe, o kvize @A ey e AT N0 significant difference at 0.01 confidence

level,
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G.3 Analysis of variances (ANOVA) of the specific glucose consumption rate
Formula

CM (Correction for Mean) = (3 3 x;) = (S T)f/n

SST (Sum of Square Total) = 3 >'x - CM

SSTrt (Sum of Square for Treatment) = S T%/n, - CM

SSE (Sum of Square for Error) = SST - SSTrt

MSE (Mean Square for Treatment) = SSE/(n - k)

MSTrt (Mean Square for Treatment) = SSTrt/(k - 1)

Probable Treatment (F- Test) F=MSTrt/MSE OIF, .,

The experiments were designed as complete randomized design (CRD). The results of treatment
are shown in table below.

K1-V1116 0.560 0.550 0.580 1.690
HC 0.640 0.550 0.580 L1770
Assumption for analysis

H,. specific glucose consumption rates of both strains are not different.
H,. specific glucose consumption rates of both strains are different,

or
Hy: Qi kivitts = otepic

Hy: Qotekevasss # Jetce

Populations of hoth treatments have normal distribution and same variation (0% = %)
N = Neryiagst My =3+3=6
Ty = 1.690, Ty = 1770
2 2 Xy ne = 2T = Teqyag + Te = 1690 + 1.770 = 3.460
CM = (S TYIn = 3.460%/6 = 1.995
> > Xwyis e = 0.5607 + 05507 + 0..580° + 0.640° + 0.550” + 0.580” = 2.001
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SST=5 5 ¥as e~ CM = 2.001 - 1,995 = 0,006

SSTrt= (S T.\/n,- CM =[(1.690%3) + (1.770%3)] - 1.995 = 1.996 - 1.995
=0.001

SSE = SST - SSTrt =0.003 - 0.001 = 0.005

MSTrt = SSTrt/(k-1) = 0.001/(2-1) = 0.001/1 = 0.001

MSE = SSE/(n-K) = 0.005/(6-2) = 0.005/4 = 0.00125

F = MSTrt/MSE = 0.001/0.00125=0.8

H, will be refused when F > F, , ;o0 and from table F, , 4 =21.20 > 0.8,

Therefore, Gg, 1.v1.80d G, 1 are not significant difference at 0.01 confidence

level,



G.4 Analysis of variances (ANOVA) of the specific fructose consumption rate

Formula

CM (Correction for Mean) = (3 3 x;) = (S T)f/n
SST (Sum of Square Total) = 3 >'x - CM
SSTrt (Sum of Square for Treatment) = S T%/n, - CM

SSE (Sum of Square for Error) = SST - SSTrt
MSE (Mean Square for Treatment) = SSE/(n - k)

MSTrt (Mean Square for Treatment) = SSTrt/(k - 1)
Probable Treatment (F- Test) F=MSTrt/MSE OIF, .,

The experiments were designed as complete randomized design (CRD). The results of treatment

are shown in table below.

K1-V1116 0.340 0.330 0.500 1.170
HC 0.430 0.330 0.470 1.230
Assumption for analysis

H,. specific fructose consumption rates of both strains are not different.
H,. specific fructose consumption rates of hoth strains are different.

or

Ho: O kevasts = Urre He

Hi: Ok kevinss Z ke e

Populations of hoth treatments have normal distribution and same variation (0% = %)

M=yt Mg =3+3=6

T = 1.170, Ty = 1.230

> 2 Xkt ne = 2.1 = Tiqvas + T = 1170+ 1.230 = 2.400
CM= (ZT)Z/n = 2.40%6 = 0.960

S5 Repuns e = 03407+ 0.330° + 0,500 + 0.4307 + 0.3302 + 04707 = 0.9892
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SST=5 > Xt ve ~ CM = 0.9892 - 0.960 = 0.0292

SSTrt= (S Tfn.- CM = [(L.1743) + (1.23%3)] - 0.960 = 0.9606 - 0.960
=0.0006

SSE = SST - SSTrt = 0.0292 - 0.0006 = 0.0286

MSTrt = SSTrt/(k-1) = 0,0006/(2-1) = 0.0006/1 = 0.0006

MSE = SSE/(n-k) = 0.0286/(6-2) = 0.0268/4 = 0.00715

F = MSTrt/MSE = 0.0006/0.00715 = 0.0839

H, will be refused when F > F, , o0 and from table F, , 44 =21.20 > 0.0839

Therefore, Qe w1.v111680d Gy, 1 are not significant difference at 0.01 confidence

level,
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G.5 Analysis of variances (ANOVA) of the yeild of ethanol from sugar

Formula

CM (Correction for Mean) = (3 3 x;) = (S T)f/n
SST (Sum of Square Total) = 3 >'x - CM
SSTrt (Sum of Square for Treatment) = S T%/n, - CM

SSE (Sum of Square for Error) = SST - SSTrt
MSE (Mean Square for Treatment) = SSE/(n - k)

MSTrt (Mean Square for Treatment) = SSTrt/(k - 1)
Probable Treatment (F- Test) F=MSTrt/MSE OIF, .,

The experiments were designed as complete randomized design (CRD). The results of treatment

are shown in table below.

K1-V1116 0.466 0.458 0.449 1373
HC 0.474 0.464 0.460 1.398
Assumption for analysis

H,. Yields of ethanol from sugar of both strains are not different.

H,: Yields of ethanol from sugar of both strains are different.

or

Hor Yicwvins= Yic
Hi: Yiovus # Y

Populations of hoth treatments have normal distribution and same variation (0% = %)

N=Mepasst Ny =33 =6

TKl-V1116: 1373, THC = 1398

> 2 Xy ne = 21 = Ty + T = 1373+ 1,398 =2.771
CM= (ZT)Z/n =2.771%6 = 1.279

55 Rpns e = 04667 + 0458 + 0,449 + 0,474 + 0.4642 + 0.460° = 1.280
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8ST=5 > ¥rs ve - CM = 1.280 - 1.279 =0.001

SSTrt= (S T\/n-CM=[(1.373%3) + (1.398%3)] - 1.280 = 1.280 - 1.279
=0.001

SSE =SST-SSTrt=0.001-0.001=0

MSTrt = SSTrt/(k-1) = 0.001/(2-1) = 0.001/1 = 0.001

MSE = SSE/(n-K) = 0/(6-2) = 0/4 =0

F = MSTrt/MSE = 0.001/0 = 00

H, will be refused when F > F, , o0 and from table F, , g =21.20 < 00

Therefore, Yy and Y, are significant difference at 0.01 confidence level.
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