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Abstract
Comparative assessment of two different yeast genera, Saccharomyces and Wickerhamomyces is carried out regarding industrial
and medical applications with special emphasis on their role in bioethanol production. Since second generation ethanol
production from lignocellulosic material has become a hot topic of research due to its noncompetitive nature with food,
economically feasible conversion of lignocellulosic biomass requires an organism capable of metabolizing both the hexoses
and pentoses simultaneously. Saccharomyces genus which is in extensive use currently for bioethanol production can effectively
convert hexoses into ethanol but unable to metabolize xylose. However, Wickerhamomyces genus has the potential to convert both
the pentoses as well as the hexoses into bioethanol. Additionally, due to its glycosidase production ability, Wickerhamomyces
genus is tolerant to high levels of glucose and ethanol. Furthermore, the capabilities of the two genera with respect to their role in
probiotics, antimicrobial agents, food, beverages, biosorption, whole cell biocatalyst, and pectinolytic enzyme production have
also been compared in this review.
Keywords: mycoproducts, lignocellulose, antimicrobial, synergism, biosorption.

Resumen
Se realizó una evaluación comparativa de dos géneros diferentes de levadura, Saccharomyces y Wickerhamomyces en aplicaciones
industriales y médicas, con énfasis especial en su rol en la producción de bioetanol. Dado que la producción de etanol de segunda
generación a partir de material lignocelulósico se es un tópico actual de investigación debido a su naturaleza no competitiva
con los alimentos, la conversión económicamente viable de la biomasa lignocelulósica requiere un microorganismo capaz de
simultáneamente tanto hexoxas como pentosas. El género Saccharomyces se usa actualmente extensamente en la producción
de bioetanol, ya que convierte eficientemente las hexosas en etanol, pero no escapaz de metabolizar la xilosa. Sin embargo, el
género Wickerhamomyces posee el potencial para convertir tanto pentosas y hexosas en bioetanol. Adicionalmente, debido a su
habilidad para producir glucosidasa, el género Wickerhamomyces es tolerante a altas concentraciones de glucosa y etanol. Más
aun, la capacidad de ambos géneros con respecto a su rol en probióticos, agentes antimicrobianos, alimentos, bebidas, biosorción,
biocatálisis de células completas y producción de enzimas pectinolíticas también son comparadas en esta revisión.
Palabras clave: micoproductos, lignocelulosa, antimicrobiano, sinergismo, biosorción.

1 Introduction

Yeast is an umbrella term comprising of a
huge collection of various single celled fungi.
Saccharomyces is a genus which mainly consists
of budding yeast. In the intestinal microbiota, it is
considered to be the main part of residual microbial
system. For a long time, yeasts belonging to the
genus Saccharomyces have been used as a model

in biomedical research. Also, Saccharomyces can
withstand high ethanol concentrations (Moysés et al.,
2016). They seem to possess cell processes similar
to the metazoan systems and can serve as model
organisms for larger eukaryotes. Most of its species
are non-pathogenic causing no threats to human
beings. However, some species act as opportunistic
pathogens. Additionally, processes of recombination
and transmission of genetic material can be easily
studied by using them as an important tool. The
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first eukaryotic organism to get its entire genome
sequenced is S. cerevisiae. Like a typical eukaryotic
cell, it possesses well organized membrane bounded
organelles for example; nucleus, mitochondria and
Golgi complex (Wild et al., 2018, Shao et al., 2018).

Yeast belonging to Wickerhamomyces is
abundantly found in natural environments. It is known
to be encountered in different kinds of fermentation,
may be leading to positive or negative effects. Its
member W. anomalus is known to be a part of
normal microbiota of skin and oropharynx of human
(Robnett et al., 2008). Since it lacks antifungal drug
resistance, it is considered to possess less virulence
as only a few fatal cases have been reported by the
infection of yeast itself. The basic characters required
to induce pathogenicity in an organism are absent in
this yeast (Vrancken et al., 2010). It is an opportunistic
pathogen because of its capability to grow at 37oC.
Also, it has great physiological versatility and has
ability to metabolize various types of carbon and
nitrogen sources. Additionally, the survival rate of this
yeast under adverse environmental conditions is high.
Capability to grow at lower water activity, survival
in osmotic and pH stress environment, flourishing in
the presence of lactic acid bacteria and last but not
the least, the production of killer toxins are all the
attributes of this yeast. All these characteristics help
Wickerhamomyces to outcompete well adapted yeasts
and fungi (Daniel et al., 2010, Yan et al., 2019).

2 Second generation bioethanol

For a long time, cornstarch and sugarcane have been
used as the sources of glucose for the microbial
fermentation of this sugar into fuels and chemicals.
There is a competition for these substrates to be
used as both food and fuel since sugar and starch
are essential components of food and animal feed.
Because of this competition, the process of bioethanol
production from lignocellulosic materials is being
researched widely; as the lignocellulosic biomass
is rich in fermentable sugars which make it a
potential feedstock for the production of bioethanol.
Cellulose, hemicellulose and lignin are the important
structural components of this lignocellulosic material.
Saccharification of this biomass makes availability
of only cellulose and hemicelluloses to be used as
substrates for the production of bioethanol in the
process known as fermentation (Jansen et al., 2017,
Jönsson et al., 2013).

Hydrolyzate is a mixture of high amounts of
glucose and xylose, low concentration of galactose,
arabinose and mannose, and inhibitory compounds
produced as a result of hydrolysis of plant material
in a pretreatment process. The medium used for
the production of bioethanol by the fermentation
process is this hydrolyzate (Hossain et al., 2013).
Hexoses are the main constituents present in the
hydrolyzates of cornstarch and sugarcane while
hexoses and pentoses both are important constituents
of the cellulosic material. Cellulases from fungi are
mainly responsible for the hydrolysis of cellulose into
hexoses. The primary product produced as a result of
hydrolysis of cellulose is cellobiose. β-glucosidases
are involved in further hydrolysis of this cellobiose
into glucose. When hemicelluloses are treated with an
acid, pentoses like xylose and arabinose are released.
About 70% cellodextrins, glucose and around 30%
xylose are present in the hydrolyzates of plant material
(Haq et al., 2011, Li et al., 2019).

Efficient production of bioethanol from
hydrolyzates needs an organism with the following
two attributes. 1) It should be capable of utilizing
hexoses as well as pentoses. 2) It should exhibit
resistance to inhibitors present in the hydrolyzate
(Hossain et al., 2013).

2.1 Yeast in ethanol production

Wickerhamomyces anomalus previously known as
Hansenula anomala, yeast isolated from grass
silage has been identified as a potential organism
which possesses both of the above mentioned
attributes for the successful production of bioethanol
from lignocellulosic material. It produces important
enzymes which can simultaneously ferment pentoses
and hexoses to ethanol even in high ethanol
concentration (Perez et al., 2018). With high toxicity
levels as it possesses the ability to produce bacteriocin
like compounds and some organic derivatives, this
strain has a great potential to produce bioethanol
without the fear of contamination by other microbes
(Coda et al., 2011). They are also able to consume
nitrate as a nitrogen source (Lorenzini et al., 2018,
Limtong et al., 2012). Moreover, In the presence of
glycosidase enzyme, this yeast shows tolerance to high
concentrations of glucose and ethanol (Madrigal et al.,
2012, Cunha et al., 2019).

Hexoses like glucose, mannose, and galactose are
effectively converted into ethanol by Saccharomyces
cerevisiae. It is also known to show tolerance
for inhibitory compounds in the lignocellulosic
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Table 1. Comparison of different carbon sources utilization by Sacchromyces and Wickerhamomyces sp.
Carbon source Saccharomyces Wickerhamomyces References

Glucose + + (Luyten et al., 2002; Pinu et al., 2014)
Fructose + + (Groenewald et al., 2011; Pinu et al., 2014)
Galactose + + (Groenewald et al., 2011; Passoth et al., 2011)
Sorbose + + (Groenewald et al., 2011;Ceccato-antonini et al., 2017)
Mannitol + + (Groenewald et al., 2011;Walker, 2011)
Xylose - + (Matsushika & Inoue, 2009; Limtong et al., 2012)

hydrolysate, but despite of these attributes, it is unable
to metabolize xylose (Cunha et al., 2019, Ko et al.,
2016, Lopes et al., 2017). Thus, by using genetic
engineering approaches, potential mutant strains of
Saccharomyces can be developed which will have the
ability to ferment xylose and convert it into ethanol
(Auxillos et al., 2019, Nevoigt, 2008). However,
Wickerhamomyces anomalus is one such yeast having
potential to metabolize both hexoses and pentoses
simultaneously (Table 1).

Although in the indigenous S. cerevisiae, a
complete metabolic pathway is present for the
fermentation of xylose to produce ethanol, but this
yeast is still unable to ferment xylose into ethanol
completely by using xylose as a single carbon source
(Van Vleet & Jeffries, 2009, Auxillos et al., 2019).
Owning to metabolic engineering, it has now become
possible to clone the genes for xylose fermentation
in S. cerevisiae from another xylose fermenting yeast
that has the ability to utilize xylose as a single carbon
source. For the production of ethanol, it is important to
determine the rate-limiting step in xylose consumption
by S. cerevisiae. There are several reasons responsible
for the inability of S. cerevisiae to use xylose as a
carbon source, such as the ineffective xylose uptake,
inefficient pentose phosphate pathway, reduced XK
(Xylulokinase) activity, and an imbalance in the redox
reactions in the first two steps of xylose metabolism.
Another reason for the inefficiency of S. cerevisiae
to use xylose is that the lower steps of glycolysis
are not activated by pentose sugar metabolism due to
restricted catalytic activity of non-oxidative pentose
phosphate pathway enzymes. Apart from that reduced
XK activity results in the formation of xylitol from
xylose instead of its fermentation to ethanol (Chu &
Lee, 2007, Cunha et al., 2019).

3 Industrial applications

3.1 Role in food and beverages

In different industries, specific flavor compounds are
produced through fermentation process. These flavor
compounds are produced from primary metabolites
and the secondary metabolites. These secondary
metabolites can give organoleptic characteristics to
food and beverages products (Pilo et al., 2018, Fleet,
2007).

Many recognized yeast species are used for
beneficial purposes in foods products. A novel
microbe strain, Wickerhamomyces pijperi is used
for the production of aroma from whey. Whey is
the remaining liquid material that is produced after
the removal of casein protein from milk. Around
the world, its production per year is approximately
108 tons. Whey is used in aroma production
and also in ethanol fermentation. There are many
application of aroma compounds in food, cosmetics
and pharmaceuticals (Izawa et al., 2015).

Table olives are fermented vegetable products.
Fermentation technology is used for their processing
in which different microorganisms such as lactic acid
bacteria and yeast play a vital role to improve their
quality by ensuring their safety and enhance the
flavor (Bonatsou et al., 2017). A special strain of
yeast Wickerhamomyces anomalus Y18 is used in
the processing of the table olive. This strain has the
ability to grow in harsh environmental conditions such
as high salt concentration and low pH (Romero-Gil
et al., 2013). Mostly, usage of S. cervesae and W.
anomala is in fermented products. Different strains of
Saccharomyces are used in fermentation of different
foods as shown in table 2. W. anomalus produces some
products like isoamylacetate (EAHase), acetic acid,
and ethyl acetate which act as flavor enhancers in
many food and beverage products (Sroka et al., 2014).
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Table 2. Applications of Saccharomyces strains in food and beverage fermentation.

Saccharomyces Strains Applications in food and beverages References

S. pastorianus Beer making (Rainieri et al.,2006)
S. unisporus Kefir fermentation (Prado et al.,2015)
S. florentius Kefir fermentation (Tamang et al., 2016)

S. cerevisiae
Beer , Invertase (Arumugam et al.,2014)

(food additives) and wine making (Walker et al.,2016)
S. sake Sake fermentation (Shiroma et al.,2014)

Table 3. Absorption capacity of yeast genera.

Heavy metal Microorganism Adsorption capacity (mg/g) References
in bio-sorption

Chromium (Cr) Wickerhamomyces anomalus 28.14 (Bahafid et al., 2013)
Lead (Pb) Saccharomyces cerevisiae 300 (Wang & Chen, 2006)

Uranium (U) Saccharomyces cerevisiae 150-300 (Wang & Chen, 2006)

For the development of good aroma of cocoa
beans, S. cerevisiae and W. anomalus play a vital
role (Assi-Clair et al., 2019). Additionally, different
species of Saccharomyces have many applications in
food and beverages industry including beer making,
wine making, food additives production, kefir and sake
fermentation (Ciani & Comitini, 2019, Wei et al.,
2019).

3.2 Bio sorption of heavy metals

Heavy metal pollution has become a global issue.
Wastewater which contains heavy metal is treated
with different microorganisms such as yeast, bacteria,
fungi and algae. These microorganisms have the
ability to uptake the metal, this phenomenon is called
biosorption. It is a very cost-effective method. In this
field of biotechnology, S. cerevisiae has caught great
attention due to its distinctive metal uptake ability
as compared to other fungi. Moreover, its cultivation
is very easy and regarded as safe. Also, it can be
modified at molecular level. As compared to other
metals, Lead and uranium can be eliminated easily
from diluted solutions. Lead (Pb) and Uranium (U)
are adsorbed in the range of 300 and 150-300mg per
gram of dry weight of metal. This bio sorption process
depends upon some factors such as pH, temperature,
initial concentration of biomass, initial ratio of metals
and the presence of other ligands and metal ions
(Nascimento et al., 2019).

Chromium (Cr) is found naturally in different
sources such as animals, plants, rocks, volcanic dust,
gas and soil but anthropogenic activities are its largest

deposition source. The most dangerous and toxic type
of chromium is Cr (VI), many diseases are caused
by this type of chromium such as respiratory tract
disorders, irritation and allergies (Sathvika et al.,
2018, Poljsak et al., 2010, Lejding et al., 2018)

Chromium (VI) has a strong oxidizing nature.
In the cell, it is reduced to chromium (III) which
reacts with cell nucleic acids and other constituents
of cell and cause alteration of DNA. But chromium
(III) is also a constituent of micronutrients in
some higher organisms, which function in the
synthesis and metabolism of carbohydrates and
protein stability. A special type of yeast strain known
as Wickerhamomyces anomalus M10 has ability for
its removal and conversion of Cr to non-toxic, bio-
available and stable form (Fernández et al., 2017).
Approximately 28.14mg of Cr (VI) are adsorbed
by this species (Fernández et al., 2018, Igiehon &
Babalola, 2018). Different microorganisms or yeast
can adsorb different heavy metals to different extent
concentration shown in table 3.

3.3 Role as a whole-cell biocatalyst

Recently, a strain of Wickerhamomyces (W.
subpelliculosus) has been islolated which acts
as a biocatalyst in whole-cell form and causes
ketone bioreduction, depicted in figure 1. This
type of strain is especially used for stereoselective
bioreduction of prochiral ketones. W. subpelliculosus
possesses different properties which include optimal
temperature, pH and tolerance to organic solvents
(Bódai et al., 2016).
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Fig. 1. General ketone bioreduction mechanism.

Orange peel provides good support for
Saccharomyces cerevisiae cell immobilization to
act as whole cell biocatalyst. This solid carrier
cell immobilization is an adsorption of yeast
which occurs due to covalent bonding between cell

membrane and the carrier (Nedović et al., 2014ricc,
Devanthi & Gkatzionis, 2019). As compared to
free cells, immobilized cells show high activity
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Table 4. Saccharomyces and Wickerhamomyces species reported to have pectinolytic activity.

Yeast Pectinolytic activity References

Saccharomyces cerevisiae
Yes Gainvors et al., (2000)

Cavalitto et al. (2014)
Saccharomyces boulardii Yes Farinazzo et al. (2017)
Saccharomyces fragilis Yes Blanco (1999)

Saccharomyces smithiae Yes Dasilva et al. (2005)
Saccharomyces fragilis Yes Rivera et al. (2017)

Wickerhamomyces anomalus Yes Martos et al. (2015)
Wickerhamomyces patagonicus Yes Garcia et al. (2015)

during fermentation because they are stable in a
range of temperatures 15-30ºC, act with or without
the addition of minerals during fermentation and
efficiently convert carbohydrate substrates into volatile
by-products, which have important role as food
flavors. This biocatalyst property of immobilized
Saccharomyces cerevisae cells can be effectively
used in alcoholic fermentation. The purpose of cell
immobilization is the production of a well-balanced
alcoholic fermentation with respect to aroma, taste and
overall quality (Plessas et al., 2007, Kyriakou et al.,
2019).

3.4 Pectinolytic enzyme production

The enzymes which hydrolyse pectin containing
substances are called pectinolytic enzymes. These
enzymes play a vital role in food technology. They are
of great importance in fruit juice and wine processing
and also play vital role in maceration of plant tissue.
Pectinolytic enzymes are used to breakdown the cell
wall in the pulp and also used to enhance the sweating
production. In the province of Misiones, a wild type
yeast strain named Wickerhamomyces anomalus was
isolated from the peels of citrus fruits, which produces
pectinolytic enzymes in liquid medium, where glucose
and citrus pectin act as carbon energy sources (Martos
et al., 2013, Maidana et al., 2019).

Presently, microorganisms are being used for
biological degradation purposes because of the
increasing food waste material which is consequently
leading to rise in global pollution. The yeast
Saccharomyces cerevisae is utilized for the production
of pectinase and cellulases by using only a solid
potato waste source (Daskaya-Dikmen et al., 2018,
Padma et al., 2011). Moreover, different species of
both the genera reported to have pectinolytic activity
is summarized in Table 4.

3.5 Synergistic effect of Saccharomyces and
Wickerhamomyces

Sometimes mixed culture of S. cerevisiae and
Wickerhamomyces anomalus is inoculated in wine
fermentation process for quality improvement. Their
combined effect produces higher level of metabolic
products such as acetate, acetone, acetic acid and
ethyl esters compounds that give the fruity taste
to wine and increase the level of alcohol which is
mainly responsible for herbaceous notes, when both
the cultures were added in equal ratio, simultaneously
for a period of 72 h (Ye et al., 2014). Canas et al.
(2014) also reported better formation of wine using
co culturing of Saccharomyces and Wickerhamomyces
compared to Saccharomyces monoculture. This co-
culturing by adding equal proportion of cultures
simultaneously resulted in reduction of incubation
time.

Their combined effect also reduces the
concentration of organic acids and participates to
enhance the aromatic quality of wine as compared
to S. cerevisiae alone. Comparison of Saccharomyces
and Wickerhamomyces genera in different applications
is shown in Table 5. Recent analysis reported that the
combine mixed culture usage is preferred 71.5% in
red wine fermentation for better taste and fruity smell
(Hu et al., 2018).

4 Medical applications

4.1 Role as probiotic

The term probiotic is used for live intestinal microflora
which is beneficial to human intestine. This microflora
is maintained by the addition of live microorganisms
via diet. Some strains of yeast and bacteria are
involved in this microflora.
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Table 5. Comparison of Saccharomyces and Wickerhamomyces genera in different applications.

Scope of application Role of Saccharomyces Role of Wickerhamomyces References

Second generation
ethanol production

Convert hexoses into
ethanol

Convert pentoses into
ethanol

(Matsushika & Inoue, 2009;
Limtong et al., 2012)

Probiotics S.boulardii control of
Avian coccidiosis in
poultry S. boulardii

control diarrhea

L.V-6 strain(W.
anomalus) stimulate
growth of broiler by

vitamins, aminoacids,
pyruvate, succinate

(Koc et al., 2010; Torres et
al., 2014)

Antimicrobial
activities

M12 and Cf8 killer
toxins by S. cerevisiae
used to control wine

spoilage yeast.
Inhibition of

Staphylococci and E.
coli by amine from S.

cerevisiae

Ceramides from W.
Ciferri act as active
barrier in stratum

corneum infection.
Inhibition of Botrytis
cinerea, Aspergillus,

Penecillum,
Enerobacteriaceae in
fruits by W. anomalus.

W. anomalus
biocontrol in malaria

(de Ullivarri et al., 2014;
Pavicic et al., 2007; Walker

et al., 2011)

Food and Beverages Beer making, kefir
fermentation, Bread

making, wine making,
sake fermentation.

Aroma compounds in
cocoa beans

W. anomalus Y18 in
processing of table

olives. Production of
flavour enhancer and
aroma compounds.
Red wine making

(Ye et al., 2014; Satora et
al., 2014)

Biosorption Heavy metals(uranium
and Lead) biosorption

Heavy metal,Cr (VI)
biosorption

(Wang & Chen, 2006;
Fernández et al., 2017)

Biocatalysis Used as biocatalysis in
alcoholic fermentation

Used as biocatalyst in
stereoselective

bireduction of ketones

(Bodai et al.,2016; Plessa et
al., 2007; Nedovic et al.,

2015)

Enzyme production Production of
pectinolytic enzymes
from Potatos waste by

S. cerevisiae

Production of
pectinolytic enzymes
from peels of citrus

fruits by W. anomalus

(Martos et al., 2013; Padma,
et al.,2011)

The role of both genera as probiotics in the poultry
industry as well as in the control of diarrhea has
been discussed below (Sornplang & Piyadeatsoontorn,
2016; Torres et al., 2014).

4.1.1 In poultry industry

Recently in many countries, poultry industry has
become an important economic activity. Under
stressful conditions, the poultry industry has to face
challenges in the form of diseases and deleterious
environmental conditions that lead to great economic
losses. In the recent decades, the use of veterinary

medicine has been substantially increased for the
control of diseases. In many cases, the utility of
antimicrobial agents as a preventive measure has
been addressed, given broad documentation of the
advancement of antimicrobial resistance to pathogenic
microscopic organisms. Farmers use probiotics as
antibiotics to fill this gap (Kabir, 2009, Awais et al.,
2019). Avian Coccidiosis is one of the most essential
diseases of the poultry business. Coccidiosis brought
on by Eimeria is a critical disease, responsible for
the decline in growth and the death of chicken that
results in the financial loss of $3 billon every year.
As the poultry industry all over the world keeps on
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growing, so does the worry to control coccidiosis, as
the expanding drug-resistance issue in the sustenance
items enforces to boycott chemotherapeutic control
strategies. The emergence of the drug-resistant strains
of Eimeria can be prevented by administrating
various drug types rotationally or by using the
drugs in combination with live vaccines (Wang,
Peebles, et al., 2018; Biswas et al., 2018). Thus
probiotic comprises of live Pediococcus acidilactici
and Saccharomyces boulardii. Pediococci can affect
different microorganisms fundamentally through the
creation of lactic acid, in addition to the production
of pediocins, antimicrobial peptides by a few strains.
S. boulardii is a powerful and safe treatment against
anti-microbial related loose bowels. It also helps in
the eradication of Helicobacter pylori infection (Lee
et al., 2007; Fatoba & Adeleke, 2018). Saccharomyces
cerevisiae is known to decrease the mortality rate and
enhance the performance of broiler chicken. It is also
known to induce strong immunity in the organism and
to kill the pathogenic microbes present in the gut of the
organisms (Wang, et al., 2018; García-Hernández et
al., 2012). It happens due to adhesion competition with
pathogens for target site and inactivation of salidase
enzyme (Sabbatini et al., 2018).

LV-6 strain of yeast (Wickerhamomyces anomalus)
has been isolated from the fattening broiler excretions
and it has potentially participated as a probiotic. It
also stimulates the growth of other microorganisms
(Lactic acid bacteria) which are commonly used
as probiotics in several organisms. Stimulation of
lactic acid bacteria is achieved by the production
of some vital constituents such as vitamins, amino
acids, pyruvate, succinate, propionate and CO2 by W.
anomalus (García-Hernández et al., 2012, Zhou et al.,
2018).

4.2 In control of diarrhea

The gastrointestinal (GI) microflora (‘microbiota’)
exists together in harmony with the host. Several
clinical diseases may arise at the point when this
balance is disturbed. So the imbalance of microbiota
has a well-established relationship with the inevitable
GI illnesses. According to the latest research, there is
a connection between the imbalance of microbiota
and the GI diseases, such as anti-infection related
looseness of the bowels (Antibiotic Associated
Diarrhea), ulcers, incendiary gut illness (Inflammatory
Bowel Disorder), bad tempered gut disorder
(Irritable Bowel Syndrome) and colon tumour.

Fig. 2. Effect of Saccharomyces boulardii mode of
action as probiotic in intestinal tract.

Endeavors have been made to enhance the
wellbeing status of the influenced people by adjusting
the indigenous intestinal flora, utilizing living
microbial subordinates called ‘probiotics’ (Quraishi
et al., 2018). Saccharomyces boulardii is being used
as a preventive and restorative specialist for the GI
problems, as it has numerous properties that make it a
potential probiotic specialist as it survives through
the GI tract and its optimum temperature is 37ºC
both in vitro and in vivo. Furthermore, it represses
the development of various microbial pathogens. The
potential mechanism of action of Saccharomyces
boulardii is depicted in figure 2. However, S. boulardii
has a place with a gathering of basic eukaryotic cells,
(for example, organisms and green growth) and along
these lines, it differs from the bacterial probiotics that
are prokaryotes (Ribeiro et al., 2018;Czeruka et al.,
2007).

4.3 Antimicrobial characteristics

Wickerhamomyces ciferri is an asomycetous yeast,
naturally produced derivatives of sphingolipids. In
culture media, this unicellular organism produces an
excretory product in the form of sphingoid bases.
After recovery, this product is chemically modified
and converted into ceramides (Schneider et al.,
2012). Ceramides provide permeability barrier to the
mammalian skin and also prevent the entry of any
harmful foreign particles which have the ability to
penetrate into the skin. So they provide antimicrobial
and anti- inflammatory role as an active barrier in the
stratum corneum infection (Pavicic et al., 2007).

Several different mechanisms for inhibition are
used, like production of ethyl acetate, nutritional
competition and direct killing mechanism by killer
substances (Valzano et al., 2016, Ricci et al., 2010).
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Fig. 3. Receptor mediated mode of action of K1 (a) and K28 (b) killer toxins.

Some researchers found that the antagonistic
killing action of yeast against other microorganisms
(yeast) involves the production of secondary
metabolites known as killer toxins (KTs) called
“mycocins”. These killer toxins (KTs) are secreted
by the self -immune killer type strains and expressed
at the KTs receptors of cell wall in the form
of glycoproteins with different molecular weight,
variable temperature and pH range (Vrancken et
al., 2010, Walker et al., 2010). This characteristic
of Wickerhamomyces anomalus makes it valuable
yeast which acts as a bio-control agent for different
microorganisms. It is involved in the inhibition of
Botrytis cinereal, Enterobacteriaceae, Aspergillus spp
and Penicillium sp, all of which show growth on fruit
stuff (Czarnecka et al., 2019, Haissam et al., 2011).
Sometimes, when the baking products are stored for
longer time, chances of contamination with fungus
get increased. Chemicals such as benzoic, sorbic
acids and propionic acids are used as preservatives
but prolonged preservation with high chemical
concentrations can cause many problems, like tumor
developments, etc.

Scientists are working to find alternative natural
methods for the antifungal activity. Wickerhamomyces
anomalus inhibits the growth of fungus in air tight-
stored cereal grains (Coda et al., 2011, Debonne et
al., 2018). W. anomalus also shows antifungal activity
against those fungi (candida sp.) which have β-1,3-
glucans in their cell walls as an essential component
(Izgu et al., 2007, Giovati et al., 2018).

Microbial deterioration is one of the unceasing
issues in industrial fermentations responsible to

cause great financial losses. In winemaking industry,
this deterioration is frequently caused by the yeast
belonging to the genera Dekkera/Brettanomyces,
Pichia, Zygo Saccharomyces and Candida. These
species are also known to cause aroma defects in wine.
Likewise, diverse bacterial population is observed in
wine deterioration (Golubev, 2006, Abdel-Kareem et
al., 2019). The bacterial population is responsible
to add acrolein, biogenic amines, off flavours and
hydrogen peroxide in wine. In wine production, acetic
acid bacteria are used as spoilage microorganisms for
the oxidation of ethanol in the acetification process to
produce acetic acid (Branco et al., 2019, de Ullivarri
et al., 2014). Collaboration amongst microbes and
yeasts has been examined by a few authors who
reported bacterial control by killing yeasts in alcoholic
fermentation. The inhibition character in S. cerevisiae
was demonstrated for the first time in 1960s (Huebner
et al., 2019, Buyuksirit & Kuleasan, 2014). W.
anomalus is also known to produce a killer protein-
panomycocin which is a strong antifungal agent
(Platania et al., 2012). M12 and Cf8 are two killer
toxins produced by Saccharomyces cerevisiae which
are used for the bio-control of wine spoilage yeasts.
Moreover, K1 and K28 killer toxins are also produced
by the Saccharomyces. Killer yeasts are used for the
reduction of contamination either during fermentation
or as starter culture. During alcoholic fermentation,
some antimicrobial peptides (AMPs) are produced
by Saccharomyces cerevisiae against some wine
yeast (Hanseniaspora guilliermondii) and bacteria
(Oenococcusoeni sp.) which are responsible for the
contamination of wine. Mostly, the AMPs are present
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in cationic form. By interaction with the anionic
constituents of membrane, they kill the microbes
as depicted in figure 3 (Branco et al., 2015). An
amine, toxic extract from Saccharomyces boulardii is
volatile and thermo labile in nature, and it inhibits the
growth of Staphylococcus aureus and Escherichia coli
(Sharma & Upadhya, 2015).

Conclusions

It was concluded that both yeasts Saccharomyces
and Wickerhamomyces share similar properties
in some applications like aroma production and
flavour enhancement but still differs from each
other in pectinolytic enzyme production, whole cell
biocatalysis, biosorption, etc. with respect to target
approaches and target substrates. Also, both organisms
are known to possess synergistic effects in wine
production. Saccharomyces is the most investigated
eukaryote but there is still a room of research
for Wickerhamomyces. There is much potential of
Wickerhamomyces which is yet to be discovered in the
field of bioethanol production as it can simultaneously
convert pentoses and hexoses into ethanol with
production of bacteriocins like compounds that will
prevent the contamination issues.
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