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1. Abstract 

 

The doctoral thesis focus on two yeast denominated as no conventional becouse they do not 

belong to the classic Saccharomyces genus. This genus is the one used in most alcoholic 

fermentations. The studied non Saccharomyces yeast in the doctoral thesis are Lacchancea 

thermotolerans and Schizosaccharomyces pombe. The use of these species has as main 

objective to try to improve the quality of the Spanish wines, especially of those produced 

under specific conditions such as those of warm climate or affected by climate change. Under 

those conditions, the initial musts may get high probable alcohol degrees (over 14.5 º PAD) 

that forecast difficult fermentation endings for conventional fermentation protocols. The 

acidity generally is reduced on those cases, what generates high pH up to 4. The conventional 

alcoholic fermentation of musts of high probable alcohol degree and pH produces risks able 

to deteriorate the main quality parameters of wine such as volatile acidity, total acidity and 

residual sugar. Additionally, the difficult fermentation endings for yeast and the high pH, 

increase the risk of overlapping the alcoholic fermentation and malolactic fermentation. This 

fact may also influence over the former quality parameters, and even to produce hazardous 

compounds for human health such as biogenic amines and ethyl carbamate. 

 

The yeast species L. thermotolerans is able to improve the total acidity of the wines through 

its unique ability of generating L-lactic acid during the alcoholic fermentation without 

consuming significatlly malic acid or increasing the volatile acidity. What is very different 

from the lactic bacteria metabolism. However, L. thermotolerans possess a moderate 

fermentative power and it is not able to ferment more than 9 to 10 % acohol concentrations. 

This limitation avoid to make wines from conventional grapes without combining with 

another more fermentative yeast that guaranties the total fermentation of sugars. 

 



 

 

The yeast species S. pombe and the Schizosaccharomyces genus possess the unique ability of 

metabolizing malic acid to carbon dioxide and ethanol through the malo-alcoholic 

fermentation. That metabolism allow the malic deacidification of wines that may have 

occasionally high acidity due to the lack of maturity characterized by high contents of malic 

acid. This kind of wine usually are unbalanced from a sensory point of view. This situation 

is normal in wines produced in the north of Spain or Europe. However, S. pombe has been 

also used lately to remove small amounts of malic acid in red wines of high maturity 

characterized by low contents in malic acid, high ethanol levels and high pH. This way allow 

to avoid a possible malolactic fermentation that would took place at a high pH and possibly 

in presence of residual sugars due to a possible slow alcoholic fermentation ending under a 

high alcohol content that avoid the optimum performance of conventional yeasts. However, 

most S. pombe strains show as an important collateral effect the production of high acetic 

acid levels. This fact make it necessary to perform previous selection processes of S. pombe 

strains able to produce low concentrations of acetic acid. 

 

The doctoral thesis employs the combined use of L. thermotolerans and S. pombe to avoid 

the malolactic fermentation in wines of high alcohol concentration and pH. Where the risk 

of deviation during the malolactic fermentation is high and it even may overlap with the end 

of the alcoholic fermentation. To achieve that objective S. pombe consumes the malic acid 

and ends the alcoholic fermentation, while L. thermotolerans compensate the loss of acidity 

produced by S. pombe. 

 

 

 

  



 

 

1. Resumen 

 

La tesis doctoral se centra en dos levaduras consideradas no convencionales por pertenecer a 

géneros distintos del clásico Saccharomyces. El cual se emplea en la mayoría de las industrias 

de fermentación alcohólica. Las levaduras no Saccharomyces estudiadas en la tesis doctoral 

son Lacchancea thermotolerans y Schizosaccharomyces pombe. El empleo de dichas 

especies de levaduras tiene como objetivo principal tratar de mejorar la calidad de vinos 

españoles bajo condiciones específicas como pueden ser aquellas producidas por climas 

cálidos o cambio climático. Bajo esas condiciones los mostos iniciales pueden alcanzar 

niveles de grado alcohólico probable elevados (superiores a 14,5 º GAP) que pronostican 

finales de fermentación difíciles para los protocolos convencionales de fermentación. La 

acidez se ve generalmente reducida en estos casos, lo cual conlleva la obtención de pH 

elevados próximos a 4. La fermentación alcohólica convencional de mostos de elevado grado 

alcohólico y pH conlleva riesgos de deterioro de los principales parámetros de calidad como 

son acidez volátil, acidez total y azúcares residuales. Adicionalmente los finales difíciles de 

fermentación para las levaduras y el elevado pH, incrementan el riesgo de solapamiento de 

la fermentación alcohólica y maloláctica, lo cual además de influir sobre los parámetros de 

calidad anteriores puede producir la formación de compuestos peligrosos para la salud 

humana como aminas biógenas o carbamato de etilo.   

 

La especie de levadura L. thermotolerans es capaz de mejorar la acidez total de los vinos 

mediante su habilidad única de generar ácido L-láctico durante la fermentación alcohólica 

sin consumir significativamente ácido málico o incrementar la acidez volátil, a diferencia del 

metabolismo de las bacterias lácticas. Sin embargo, L. thermotolerans posee un poder 

fermentativo moderado y no es capaz de fermentar normalmente más de 9 a 10 grados de 

etanol. Esta limitación impide la elaboración de vinos de uva convencionales sin la 

combinación con otra levadura más fermentativa que garantice la total fermentación de los 

azúcares. 

 



 

 

La especie de levadura S. pombe al igual que el resto de levaduras del género posee la 

habilidad única de metabolizar ácido málico a dióxido de carbono y etanol mediante la 

fermentación maloalcohólica. Dicho metabolismo permite la desacidificación málica de 

vinos que pueden presentar ocasionalmente una excesiva acidez debido a falta de maduración 

caracterizada por elevados contenidos de ácido málico. En este tipo de vinos se produce 

normalmente un desequilibrio sensorial. Esta situación es común en vinos producidos en el 

norte de España y Europa. No obstante S. pombe también ha sido utilizada últimamente para 

eliminar pequeñas cantidades de ácido málico en vinos tintos de excesiva madurez 

caracterizados por bajos contenidos en ácido málico, elevada graduación alcohólica y 

elevado pH. De esta manera se logra evitar una posible fermentación maloláctica que se 

desarrollaría a un elevado pH y posiblemente en presencia de azúcares residuales debido a 

una posible ralentización de la fermentación alcohólica una vez alcanzado un elevado grado 

alcohólico que impida el óptimo funcionamiento de las levaduras convencionales. Sin 

embargo, la mayoría de las cepas de S. pombe presentan como efecto colateral la elevada 

formación de ácido acético. Lo cual hace inevitable la realización de selecciones previas de 

levaduras de S. pombe de reducida producción de acidez volátil. 

 

La Tesis doctoral emplea el uso combinado de L. thermotolerans y S. pombe con objeto de 

evitar la fermentación maloláctica en vinos de elevada graduación alcohólica y pH. Donde el 

riesgo de desviación durante la fermentación maloláctica es elevado, incluso pudiéndose 

solapar con el final de la fermentación alcohólica. Con objeto de lograr dicho objetivo S. 

pombe consume el ácido málico y termina la fermentación alcohólica, mientras L. 

thermotolerans compensa la pérdida de acidez producida por S. pombe. 

 

 

 

  



 

 

 

2. Introduction 

 

Between the published articles of this thesis entitled “Empleo de levaduras no 

Saccharomyces en la mejora de la calidad y seguridad alimentaria de vinos / Use of non-

Saccharomyces yeasts to improve quality and food safety in wine”. There is one entitled “The 

Influence of Non-Saccharomyces Species on Wine Fermentation Quality Parameters” 

(Benito et al. 2019e) whose original title was the same of the thesis but was changed due to 

the suggestion of one reviewer with the support of the editor. That article compiled most of 

the available published knowledge regarding the influence of Non-Saccharomyces in modern 

winemaking quality and food safety parameters. One book chapter already published and 

included in the appendixes section entitled “Schizosaccharomyces pombe and Lacchancea 

thermotolerans: Joint Use as and alternative to the traditional fermentations by 

Saccharomyces cerevisiae and Oenococcus Oeni in Oenology” (Benito et al. 2019b) 

compiles the specific previous information regarding the two non-Saccharomyces S. pombe 

and L. thermotolerans selected for the trials of this thesis. Additionally, other chapter entitled 

“Schizosaccharomyces pombe biotechnological applications in winemaking” (Benito et al. 

2018a) summarizes the last advances regarding the use of S. Pombe in modern oenology. As 

the manuscripts of the Introduction section have been already published before the thesis, the 

introduction section is mainly based in those published documents. The rest of the published 

manuscripts are deeply discussed in other sections of the thesis such as Methodology or 

Discussion. Nevertheless, they are cited in the introduction as the introduction have been 

written after their publication.(Benito et al. 2016c) 

 

 

2.1.Non-Saccharomyces in winemaking 

In the past, some microbiological studies have considered most non-Saccharomyces species 

to be undesirable spoilage microorganisms. For several decades, that belief made the 

Saccharomyces genus the only option considered by winemakers for achieving the best 



 

 

possible wine quality. Nevertheless, in recent decades, some strains of non-Saccharomyces 

species have been proven to improve the quality of wine. Non-Saccharomyces species can 

positively influence quality parameters such as aroma, acidity, color, and food safety. These 

quality improvements allow winemakers to produce innovative and differentiated wines. For 

that reason, the yeast strains Torulaspora delbrueckii, Lachancea thermotolerans, 

Metschnikowia pulcherrima, Schizosaccharomyces pombe, and Pichia kluyveri are now 

available on the market. Other interesting species, such as Starmerella bacillaris, 

Meyerozyma guilliermondii, Hanseniospora spp., and others, will probably be available in 

the near future. 

 

Over the last decades, the dry yeast market based on Saccharomyces cerevisiae has allowed 

alcoholic fermentation to start faster than the regular spontaneous methods, reducing the 

production times. In contrast, non-Saccharomyces species have often been inhibited by S. 

cerevisiae inoculations at the industrial level, despite being the predominant species in grapes 

before fermentation starts to take place (Benito et al. 2019e). The inoculation of S. cerevisiae 

in large populations exceeding 106 cfu/mL and the inhibition of non-Saccharomyces species 

such as Hanseniorsopara, Kloeckera, or Candida by initial sulfur dioxide addition, make it 

difficult for those non-Saccharomyces species to influence alcoholic fermentation. However, 

first-phase non-Saccharomyces species play an important role in spontaneous fermentations 

until the alcohol level reaches 4 % (v/v), when most non-Saccharomyces species can no 

longer survive. Temperatures below 30 ºC increase the ethanol resistance of species such as 

Starmerella stellata and Kloeckera apiculate (Gao and Fleet 1988). 

 

The populations of yeast during alcoholic fermentation change over time. During the first 

stage, yeast from genera with a low resistance to ethanol, such as Hanseniaspora, Candida, 

Rodotorula, and Pichia, predominate (Di Maro et al. 2007)(Hierro et al. 2006)(Ortiz et al. 

2013). Later, some genera with a moderate resistance to ethanol, such as Lachancea (Benito 

2018a) or Torulaspora (Benito 2018b), may persist for longer. In the last stages of 

fermentation, most authors report that the Saccharomyces genus dominates the medium until 



 

 

fermentable sugars are completely metabolized into ethanol (Di Maro et al. 2007)(Hierro et 

al. 2006)(Ortiz et al. 2013). 

 

Several studies have reported that non-Saccharomyces species show advantages that can 

improve specific parameters of wine quality (Comitini et al. 2011)(Ciani and Comitini 2011) 

(Jolly et al. 2014)(Varela 2016) (García et al. 2016) (Padilla et al. 2016)(Padilla et al. 2017) 

(Petruzzi et al. 2017) (Ciani and Comitini 2019), depending on the specific yeast species and 

strains used. Because of these advantages, the most important manufacturers are now 

commercializing strains of non-Saccharomyces (Roudil et al. 2019) from Torulaspora 

delbrueckii, Lachancea thermotolerans, Metschnikowia pulcherrima, Schizosaccharomyces 

pombe, and Pichia kluyveri. However, most of these species also show disadvantages, which 

must be taken into account during their use. The main disadvantages are their low capacity 

to metabolize sugar into ethanol and their low resistance to additives such as sulfur dioxide 

in most cases, although some specific genera, such as Schizosaccharomyces (Benito et al. 

2014b)(Benito 2019a), can withstand those disadvantages. The low fermentative activity of 

some non-Saccharomyces species is usually corrected by combining them with a high 

fermentative commercial S. cerevisiae strain able to metabolize all the sugar into ethanol 

(Ruiz et al. 2018). This combination usually assumes a fermentation delay of a few days 

compared to pure fermentation inoculation by S. cerevisiae. The main positive influences of 

non-Saccharomyces species in modern winemaking are explained in the following 

paragraphs. 

  



 

 

 

Table 2.1.1.  Oenological influence on wine quality of the main non-Saccharomyces 

yeast species reported in wine making. 

    

    

Torulospora 

delbrueckii 

 Acetic acid ↓ reduction, Aroma complexity ↑ 

Metschnikowia 

pulcherrima 

 Esters ↑, terpenes ↑ and thiols↑. 

Pichia kluyveri  Varietal thiols ↑ and esters ↑. 

 Hanseniaspora vineae  2-phenyl-ethyl acetate ↑, biogenic amines ↓ 

Kloeckera apiculate  Aroma complexity ↑ 

Candida stellata  Glycerol ↑  

Pichia guillermondii  High stable colour forms ↑ 

Zygosaccharomyces 

bailii 

 Polysacchaarides ↑ 

Hansenula anomala  C6 alcohols ↓ 

Lachancea 

thermotolerans 

 L-lactic acid ↑, Acidification, 

Schizosaccharomyces 

pombe 

 L-Malic acid ↓, Deacidification 

 

Table Source: Benito, Á., Calderón, F., & Benito, S. (2019). Schizosaccharomyces pombe and Lachancea 

thermotolerans: Joint Use as an Alternative to the Traditional Fermentations by Saccharomyces cerevisiae and 

Oenococcus oeni in Oenology. In Alcoholic Beverages (pp. 387-417). Woodhead Publishing. DOI: 

10.1016/B978-0-12-815269-0.00012-X 

 

  



 

 

 

Table 2.1.2. Main commercial products that contain non-Saccharomyces strains.  

Product Name Manufacturer Species 

   

Biodiva™  Lallemand 

www.lallemandwine.com 

T. delbrueckii 

Concerto™ Chr. Hansen 

www.chr-hansen.com 

L. thermotolerans 

Flavia® Lallemand 

www.lallemandwine.com 

M. pulcherrima 

Frootzen® Chr. Hansen 

www.chr-hansen.com 

P. kluyveri 

PreludeTM Chr. Hansen 

www.chr-hansen.com 

T. delbrueckii 

Primaflora® VB BIO CENOLIA 

www.sud-et-bio.com 

T. delbrueckii 

ProMalic Proenol 

https://www.proenol.com 

S. pombe 

Viniferm NS TD Agrovin 

www.agrovin.com 

T. delbrueckii 

Zymaflore® Alpha Laffort 

www.laffort.com/ 

T. delbrueckii 

   

Table Source: Benito, Á., Calderón, F., & Benito, S. (2019). The influence of non-Saccharomyces species on 

wine fermentation quality parameters. Fermentation, 5(3), 54. DOI: 10.3390/fermentation5030054 



 

 

 

Modern enology looks for strategies to reduce the final content of ethanol in wine. The main 

causes of this trend are the consumer demand for products with a lower content of ethanol. 

High polyphenolic maturity usually increases grape sugar due to the delay in harvest. This 

effect is common in warm viticulture areas where the over-ripening risk is high. There are 

some alternative methodologies that can be used to reduce the content of ethanol in wine, 

such as enzyme or osmotic filtration (Röcker et al. 2016a). Non-Saccharomyces species allow 

us to reduce the initial ethanol content by about 1–2% (v/v), depending on the yeast species 

and fermentation conditions (Röcker et al. 2016b)(Contreras et al. 2014)(Ciani et al. 2016).  

 

Chemical methods based on food quality acid additions, such as tartaric acid, were the 

classical solution to acidity imbalances in over-ripe grape juices. On the other hand, for 

excess acidity, which is commonly found in cold areas, the most common solution was the 

use of calcium carbonate, potassium bicarbonate, or potassium carbonate to deacidify to 

regular levels. The main inconveniences of these solutions are the costs of these chemical 

products, which must be certified as being of food-quality. Nevertheless, over the last decade, 

some microbial alternatives have been proposed. The first alternatives involved some strains 

of S cerevisiae that are able to influence wine acidity (Redzepovic et al. 2003)(Zelle et al. 

2008); however, the influence on the pH was not significant. The use of some non-

Saccharomyces species has been proven to be able to reduce the pH by 0.5 units (Benito 

2018a), while other species are able to increase the pH by up to 0.5 units (Benito et al. 2019a). 

 

Acetic acid is the main acid responsible for the wine fault termed volatile acidity. Although 

acetic acid influences the total acidity, it is usually considered separately, as it can negatively 

influence the wine quality. The fault threshold of volatile acidity is considered to be about 

0.8 g/L; above this, most consumers can easily identify the negative vinegar character. The 

main acetic acid ester, ethyl acetate, in concentrations higher than 12 mg/L produces 

undesired odor faults (Lambrechts and Pretorius 2000), which are of even more concern than 

acetic acid. Some non-Saccharomyces species, such as T. delbrueckii (Benito 2018b) or L. 



 

 

thermotolerans (Benito 2018a), can produce wines with lower contents of acetic acid than S. 

cerevisiae, while other species, such as Schizosaccharomyces sp. (Benito 2019a), tend to 

produce wines with concentrations higher than the fault limit. Nevertheless, large strain 

variability is reported in most cases (Comitini et al. 2011)(du Plessis et al. 2017)(Benito et 

al. 2014a)(Benito et al. 2016c)(Escribano et al. 2018). 

 

Some studies have shown that specific non-Saccharomyces species are able to produce higher 

concentrations of fruity esters than S. cerevisiae (control) (Benito et al. 2015b). Specific non-

Saccharomyces strains can increase the release of varietal aromas, such as terpenes or thiols, 

which are responsible for the quality of some grape varieties, such as Muscat, 

Gewurztraminer, Sauvignon blanc, and Verdejo (Belda et al. 2017b)(Ruiz et al. 2018).  

 

The main strategies for increasing the color of red wines are based on obtaining higher final 

concentrations of total anthocyanins or higher levels of the most stable anthocyanins, such as 

vitisins or pyranoanthocyanins (Chen et al. 2018). pH reduction is another strategy used to 

increase the color perception (Benito et al. 2017a)(Benito 2018a). The latest studies have 

developed strategies to avoid malolactic fermentation (Benito et al. 2015a)(Benito 2018a), 

whose effect on wine quality is the reduction of color due to increases in pH and lactic 

bacteria enzymatic activity (Mylona et al. 2016)(Benito et al. 2015a). However, the necessity 

of producing stable wines that will not re-ferment in the bottle means that the vast majority 

of red wines go through malolactic fermentation. The first microbiological approaches used 

S. cerevisiae strains that absorbed reduced amounts of anthocyanins. Later approaches 

selected S. cerevisiae strains in order to obtain higher contents of acetaldehyde and pyruvic 

acid, which slightly increase the contents of vitisin A and B. Some non-Saccharomyces 

species may produce up to four times higher concentrations of pyruvic acid or acetaldehyde 

than S. cerevisiae. The combination of specific non-Saccharomyces species allows the 

stabilization of wines from a microbiological point of view, avoiding malolactic fermentation 

and additionally increasing the acidity and color perception (Benito et al. 2017a)(Chen et al. 

2018). 



 

 

 

Although wine is a safe product from a microbiological health hazard point of view, as no 

pathological microorganisms such as Salmonella or E. coli can withstand the wine ethanol 

concentrations (Benito 2019b), modern enology has discovered toxic compounds that can 

appear in wine such as biogenic amines, ethyl carbamate, and ochratoxin A. The main 

strategy employed to avoid biogenic amines in wine is based on the use of selected lactic 

bacteria from Oenococcus oeni species without decarboxylase activity able to convert 

specific amino acids into biogenic amines. Regarding this fact, some non-Saccharomyces 

species have been reported to produce higher concentrations of amino acids such as histidine 

that can evolve to histamine if bacteria decarboxylase activity takes place (Benito et al. 

2016c). Other non-Saccharomyces species prevent the malolactic fermentation process, 

where the production of biogenic amines takes place (Benito et al. 2015a). Ochratoxin A is 

produced prior to harvest by spoilage fungal attacks. There are several methods that can be 

used to reduce the ochratoxin A concentration during the winemaking process, such as that 

which is conducted through the use of amicrobic filtrations of about 0.45 µm that allow the 

initial concentration to be reduced by up to 80% (Gambuti et al. 2005). A promising 

biotechnology method is the use of yeast lees to remove ochratoxin A. This method was first 

tested using S. cerevisiae, although newer studies have shown that some non-Saccharomyces 

species are more efficient at removing ochratoxin A, with rates of up to 70 % (Cecchini et al. 

2006)(Meca et al. 2010)(Gil-Serna et al. 2018)(Benito 2019b). Ethyl carbamate is mainly 

produced by lactic acid bacteria and through the chemical combination of urea with ethanol 

during wine ageing. The most common type of management in the wine industry is based on 

the use of a commercial urease enzyme which is able to remove all the urea that can evolve 

into ethyl carbamate (Benito 2019b). Nevertheless, the use of non-Saccharomyces species 

with urease activity allows the removal of the main ethyl carbamate precursor from wine, 

making it virtually impossible for ethyl carbamate to appear during wine ageing. 

 

Polysaccharides have been proven to improve the mouthfeel properties of wine (Vidal et al. 

2003)(Vidal et al. 2004a)(Vidal et al. 2004b). The improvements in wine quality are mainly 



 

 

related to softening the wine astringency (Vidal et al. 2004b) or increasing positive aromatic 

compounds (Juega et al. 2012). The most abundant group of polysaccharides is the 

arabinogalactan proteins, which originate in grapes (Vidal et al. 2003). Mannoproteins 

represent the second most abundant group; however, these polysaccharides are formed during 

alcoholic fermentation or ageing during lees processes (Domizio et al. 2014)(Benito et al. 

2019a). Although the first microbiological applications for increasing the content of 

mannoproteins in wines were based on the use of S. cerevisiae strains, later studies showed 

that some non-Saccharomyces species release higher concentrations of mannoproteins than 

S. cerevisiae (Domizio et al. 2014)(Belda et al. 2015)(Belda et al. 2016)(García et al. 2017). 

Other polysaccharides of a different nature than mannoproteins are also reported for some 

non-Saccharomyces species (Domizio et al. 2016)(Domizio et al. 2017)(Domizio et al. 

2018)(Benito et al. 2019a). 

 

All yeast species inevitably produce acetaldehyde during alcoholic fermentation. The highest 

concentration is reached during the tumultuous phase of alcoholic fermentation. It usually 

takes place within 48–72 hours of alcoholic fermentation, depending on the fermentation 

power of the yeast species. Concentrations higher than 125 mg/L usually negatively influence 

the flavor of wine (Regodón Mateos et al. 2006)(Aguera et al. 2018), and wines are usually 

described as being oxidized. Some of the descriptors used for wines where acetaldehyde 

predominates in the aroma are green apples and fresh-cut grass (Aguera et al. 2018). Such 

aromas are easy to identify in white wines. Newer studies on red wines have proven that 

concentrations below the fault threshold of 125 mg/L increase the valuable stable color forms, 

such as vitisin B (Benito et al. 2017b), which improves wine color, while the aroma of 

acetaldehyde cannot be identified in a sensory analysis. Some non-Saccharomyces species 

produce lower concentrations of acetaldehyde than S. cerevisiae (Ciani et al. 2006), while 

others produce higher levels (Benito et al. 2016a).  

 

Glycerol can increase the softness and body of wine. S. cerevisiae synthesizes glycerol from 

glucose through glycolysis, where dihydroxyacetone phosphate is reduced to glycerol-3-



 

 

phosphate and later oxidized to glycerol (Scanes et al. 2017)(García et al. 2018). One of the 

first reported advantages of using non-Saccharomyces species was the increased glycerol 

concentration in wine and its influence on wine quality (Jolly et al. 2014) (Jolly et al. 

2017)(Belda et al. 2015). Depending on the non-Saccharomyces species employed, it is 

possible to achieve increases from a few decimals to 4 g/L compared to S. cerevisiae (Jolly 

et al. 2017)(Jolly et al. 2014). From a biochemical point of view, species other than those of 

the Saccharomyces genus possess less developed alcohol dehydrogenase enzymatic activity, 

but more developed glycerol-3-phosphate dehydrogenase enzymatic activity. This 

metabolism deviates to produce higher final concentrations of glycerol during alcoholic 

fermentation (García et al. 2018). 

 

Several studies attribute the properties of some non-Saccharomyces species to improved wine 

quality. Nevertheless, recent studies have shown large differences, depending on the non-

Saccharomyces strain used (Escribano et al. 2017)(Escribano et al. 2018)(Escribano-Viana 

et al. 2018)(Escribano-Viana et al. 2018)(Escribano et al. 2017). This oenological 

phenotypical variability is based on the huge number of different populations and the 

genomic diversity of those species (Andorra et al. 2011)(González et al. 2013)(Sipiczki et al. 

2013)(Freel et al. 2014)(Albertin et al. 2014)(Jeffares et al. 2015)(Hranilovic et al. 2017). 

These results suggest the importance of performing selective processes, such as those that 

were conducted for S. cerevisiae strains in the past. 

 

Commercialized red wines perform malolactic fermentation method to achieve 

microbiological stability. During malolactic fermentation, malic acid is metabolized into 

Lactic acid under controlled situations that avoid future problems before the commercial wine 

is bottled. Though this procedure wine can suffer possible deviations that could evolve to 

undesirable off-flavors or even health problems that seriously influence wine quality and 

human health. Some of those problems are high acetic acid and biogenic amine 

concentrations. Those problems risk increases in warm viticulture regions where the 

probability of malolactic fermentation deviations increases under specific high must pH and 



 

 

sugar concentration circumstances. This thesis explains a modern red winemaking method 

based on the use of Schizosaccharomyces pombe and Lachancea thermotolerans non-

Saccharomyces species to reduce traditional malolactic fermentation possible problems. In 

this methodology, Lachancea thermotolerans produces lactic acid that increases the acidity 

of low acidity musts while malic acid is removed by Schizosaccharomyces pombe. The 

influence in parameters such as ethanol, amino acids and volatile compounds is properly 

reported according to the last studies.  

 

This thesis documents show how it is possible to produce a higher quality wines under 

specific circumstances related to warm viticulture regions without Saccharomyces or 

Oenococus genus presence through the use of the combine action of Schizosaccharomyces 

pombe and Lachancea thermotolerans. Under those specific circumstances related to warm 

regions such as high ethanol levels and lack of acidity, the risk of collateral effects produced 

by lactic bacteria when they perform in high pH grape juices are avoided (Benito et al., 2017). 

In those scenarios, the combined action of Schizosaccharomyces pombe and Lachancea 

thermotolerans establishes a suitable alternative at industry scale to solve classic malolactic 

fermentation problems in the production of red wines while final wine quality improves. 

 



 

 

 

Figure 2.1.1. Microscopic observation of Torulaspora delbrueckii (1), Lachancea thermotolerans (2), 

Schizosaccharomyces pombe (3), Metschnikowia pulcherrima (4), Meyerozyma guilliermondii (5) and 

Hanseniospora uvarum (6) cells.  

Figure Source: Benito, Á., Calderón, F., & Benito, S. (2019). The influence of non-Saccharomyces species on 

wine fermentation quality parameters. Fermentation, 5(3), 54. DOI: 10.3390/fermentation5030054 

 

 

2.1.1.Torulaspora delbrueckii 

 

Torulaspora delbrueckii is the most studied and commercialized of the non-Saccharomyces 

species in winemaking (Benito 2018b). The management of T. delbrueckii is relatively easy 

compared to other non-Saccharomyces species due to its relatively high fermentative power 

of up to 9–10% (v/v) (Bely et al. 2008)(Mecca et al. 2020), while several non-Saccharomyces 

species, such as M. pulcherrima, P. guillermondii, P. kluyveri, S. stellata, and Hanseniaspora 

vinae, do not tolerate ethanol concentrations higher than 4% (v/v). Due to this ethanol 

resistance, this species can notably influence the final wine product during most of the 

alcoholic fermentation period, although in most wines, a second more fermentative species 



 

 

such as S. cerevisiae (Belda et al. 2015) or S. pombe (Liu et al. 2018) is required to properly 

end the alcoholic fermentation. Nevertheless, some industries other than conventional 

winemaking have started to exclusively use T. delbrueckii for fermentation; some examples 

are for the production of beer or sparkling base wine (Benito 2018b). 

 

One of the first advantages attributed to T. delbrueckii was the reduction of the volatile acidity 

concentration in wines. Some authors have reported reductions in the final acetic acid 

concentration of about 0.14 to 0.28 g/L compared to S. cerevisiae (Bely et al. 2008)(Benito 

2018b). The application of T. delbrueckii can decrease the final ethanol concentration in 

wines by up to 1% (v/v) (Contreras et al. 2014), while increasing the glycerol concentration 

from 0.2 to 0.9 g/L (Belda et al. 2017a)(Puertas et al. 2017)(Benito 2018b)(González-Royo 

et al. 2015). Several authors report T. delbrueckii as being a higher mannoprotein releaser 

than S. cerevisiae and other non-Saccharomyces species (Domizio et al. 2014)(Belda et al. 

2015). Moderate malic acid consumption by T. delbrueckii has been commonly observed in 

sequential fermentations in quantities varying from 20% to 25% (Belda et al. 2015)(Chen et 

al. 2018)(Dutraive et al. 2019). 

 

T. delbrueckii can improve the intensity and quality of wine aroma, increasing the overall 

impression and the varietal and fruity characters (Belda et al. 2017a). T. delbrueckii is able 

to diminish the concentrations of higher alcohols when it is used in sequential fermentations 

with S. cerevisiae (Belda et al. 2015). This effect contributes to an increase in the varietal 

character perception. However, an increase in higher alcohols production has also been 

reported (Azzolini et al. 2012)(Azzolini et al. 2015). Several authors have reported the 

production of higher final concentrations of fruity esters (Renault et al. 2015)(Belda et al. 

2017a). In contrast, other studies have reported the opposite effect (Azzolini et al. 

2015)(Puertas et al. 2017). These differences in higher alcohols and ester formation have 

been explained by the high strain variability in these parameters shown by the species 

(Escribano-Viana et al. 2018)(Escribano et al. 2018). T. delbrueckii is reported to release 

conjugated terpenes in some wine varieties characterized by these varietal compounds 



 

 

(Whitener et al. 2017). In addition, proper T. delbrueckii strain selection allows for the release 

of higher concentrations of thiols, which increase the varietal character of varieties such as 

Sauvignon blanc or Verdejo (Renault et al. 2016)(Belda et al. 2017a). 

 

A moderate undesirable effect reported by most authors is a delay in sequential fermentation 

involving T. delbrueckii and S. cerevisiae compared with the S. cerevisiae control. 

 

2.1.2.Metschnikowia pulcherrima 

 

Metschnikowia pulcherrima influences wine quality parameters (Vicente et al. 2020). It can 

increase the glycerol concentration by a few decimals in combined fermentations compared 

to single S. cerevisiae controls. It is also able to reduce the malic acid content by about 10% 

and the acetaldehyde concentration by about 10 mg/L (Ruiz et al. 2018). One modern 

application is the reduction of the final ethanol concentration. For that purpose, M. 

pulcherrima can be used in order to achieve ethanol reductions down to 1% (v/v) (Contreras 

et al. 2014)(Varela et al. 2017)(Varela et al. 2016). 

 

Following the comparison of sequential fermentations of M. pulcherrima and S. cerevisiae, 

some studies have described M. pulcherrima as a producer of low higher alcohol 

concentrations compared to S. cerevisiae that vary from 20% to 30% (Benito et al. 2015b). 

On some occasions, this effect means that varietal aroma compounds such as terpenes or 

thiols that are not masked by concentrations of higher alcohols that are higher than the 

perception threshold have a greater effect on wine aroma (Ruiz et al. 2018). On the other 

hand, most studies have reported that M. pulcherrima is a higher producer of fruity esters 

(Benito et al. 2015b). Most studies have reported significant differences, especially for ethyl 

octanoate, which is produced in higher concentrations varying from 20% to 25% in sequential 

fermentations involving M. pulcherrima than in S. cerevisiae (Ruiz et al. 2018). This specific 

ester increases fruity aromas related to pineapple, which are usually considered pleasant and 



 

 

very positive, in neutral grape varieties that do not possess varietal aroma compounds such 

as terpenes or thiols. 

 

The most relevant influence on wine quality related to the use of M. pulcherrima is the ability 

of the cystathionine-β-lyase activity of selected strains to cause the release of varietal thiols 

such as 4-methyl-4-sulfanylpentan-2-one in concentrations six times higher than those in S. 

cerevisiae (Ruiz et al. 2018). This aromatic compound is the most important quality indicator 

in thiolic wine varieties such as Sauvignon blanc or Verdejo.  

 

2.1.3.Meyerozyma guilliermondii 

 

The use of Meyerozyma guilliermondii focuses on wine color improvements. M. 

guilliermondii is reported to be the yeast species with the highest hydroxycinnamate 

decarboxylase enzymatic activity (Benito et al. 2011). This enzymatic activity allows the 

production of pyranoanthocyanin adducts, which condensate with grape anthocyanins to 

produce highly stable colored compounds that remain for a longer period of time than other 

anthocyanins. This biological enzymatic activity was first investigated in S. cerevisiae; 

however, although the enzymatic activity improved the color intensity, color stability, and 

removed ethyl phenol precursors, a maximum activity level of 16% was reached and there 

was a great dependency on the studied strain (Benito et al. 2009). M. guilliermondii has been 

reported to increase hydroxycinnamate decarboxylase enzymatic activity by up to 90%. This 

type of biotechnology allows us to produce modern wines that contain up to 11-times higher 

concentrations of vinylphenolic pyranoanthocyanin adducts, which are the most stable color 

forms reported in winemaking (Benito et al. 2011). 

 

2.1.4.Pichia kluyveri 

Some studies have reported the use of Pichia kluyveri in sequential fermentations to produce 

higher levels of esters than S. cerevisiae, such as 2-phenylethyl acetate, by about 20%, or 

ethyl octanoate, by about 10% (Benito et al. 2015b). The total terpene concentration was also 



 

 

shown to increase by about 20%; this fact contributed to an increase in the grape variety 

typicity. 

 

2.1.5.Starmerella bacillaris 

Starmerella bacillaris, formerly Candida stellata (García et al. 2018), produces the highest 

glycerol concentration (up to 14 g/L) of the non-Saccharomyces yeasts during alcoholic 

fermentation (Ciani and Ferraro 1998)(Ciani and Maccarelli 1998)(Jolly et al. 2014), while 

most S. cerevisiae strains have been shown to produce final concentrations that vary from 5 

to 8 g/L. These concentrations can improve the mouthfeel sensation and flavor of wine (Jolly 

et al. 2014). Another interesting property is its fructophilic character (Magyar and Tóth 

2011)(Di Maio et al. 2012), in contrast with the glucophlilic character of S. cerevisiae.  

 

2.1.6.Hanseniaspora 

Species from the Hanseniospora genus possess a characteristic apiculate shape. Most of the 

yeasts present at the beginning of spontaneous fermentation belong to this genus (Pretorius 

2000)(Zohre and Erten 2002)(López et al. 2015)(Lleixà et al. 2016)(Martin et al. 2018). 

Although no manufacturer has offered a commercial strain to date, the genus is supposed to 

make up an important percentage of the yeasts that are in grapes. This indicates that, in 

traditional fermentations, the Hanseniospora genus notably influences alcoholic 

fermentations during the first phase until alcohol levels of about 4% are reached. At these 

levels, most Hanseniospora strains cannot survive due to their low tolerance to ethanol (Pina 

et al. 2004). In combination with S. cerevisiae, which properly ends alcoholic fermentation, 

strains of the Hanseniospora genus can positively influence wine quality (Jolly et al. 

2014)(Martin et al. 2018). The Hanseniaspora genus is an interesting source of enzymes for 

modern winemaking challenges (Martin et al. 2018). The most remarkable enzymatic activity 

is reported for β-glucosidase (Hu et al. 2018b), β-xylosidase (Garijo et al. 2014), glycolytic, 

and protease (Pérez et al. 2011)(López et al. 2015). 

 



 

 

From a sensory point of view, the improvements are based on more intense wine flavor and 

aroma complexity. At an industrial scale, H. guilliermondii, H. uvarum, and H. vinae (Medina 

et al. 2013) are the most appropriate species to achieve these purposes (Martin et al. 2018). 

The aroma improvements are explained from a chemical point of view due to the production 

of higher concentrations of 2-phenylethyl acetate (Viana et al. 2011)(Tristezza et al. 2016), 

acetate esters such as isoamyl acetate (Medina et al. 2013)(Lleixà et al. 2016)(Tristezza et al. 

2016)(Hall et al. 2017)(Hu et al. 2018b), medium-chain fatty acid ethyl esters (Hu et al. 

2018a), benzenoids (Martin et al. 2016b)(Martin et al. 2016a), and terpenes (Martin et al. 

2018)(Hu et al. 2018b) and reductions in the final concentration of higher alcohols (Medina 

et al. 2013)(Lleixà et al. 2016)(Hall et al. 2017). Martin et al. 2018 (Martin et al. 2018) have 

explained the main metabolic pathways responsible for the ability of some species of 

Hanseniaspora/Kloeckera genera to produce benzenoids, diacetyl-acetoin, lactones, higher 

alcohols, acetate esters, fatty acids, and isoprenoids. 

 

The most appropriate species to improve the color and polyphenolic composition in red wines 

from the Hanseniaspora genus are H. clermontiae, H. opuntiae, H. guilliermondii, and H. 

vinae (Martin et al. 2018). These species can improve quality parameters such as color 

intensity and total anthocyanins (Lleixà et al. 2016). These color improvements are based on 

the ability of Hanseniaspora species to produce vitisin A (Medina et al. 2018), vitisin B 

(Medina et al. 2016), and malvidin-3-O-glucoside-4-vinylguaiacol (Medina et al. 2018). 

 

 

 

Non-Saccharomyces species can play an important role in winemaking. Depending on the 

specific type of wine or the enological problem to solve, different non-Saccharomyces strains 

should be selected to attain the desired objective. The combination of non-Saccharomyces 

species with Saccharomyces species or even with another high fermentative non-

Saccharomyces species can also lead to the best solution. At this time, the most commonly 

used strains in industry are Torulaspora delbrueckii, Lachancea thermotolerans, 



 

 

Schizosaccharomyces pombe, Metschnikowia pulcherrima, and Pichia kluyveri, which are 

present in available products. It is likely that over the next few years, new species will start 

to be available on the market, and products that contain combinations of non-Saccharomyces 

species will also be available in order to simulate spontaneous alcoholic fermentations.  

 

 

2.2. Schizosaccharomyces 

 

Schizosaccharomyces genus is nowadays compound of three species: Schizo. octosporus, 

Schizo. japonicus and Schizo. pombe. In classic food microbiology, they are classified 

according to the number of spores per ascus and their aptitude to ferment raffinose and 

sucrose (Benito et al., 2014a). They usually appear in high osmotic pressure media related to 

high sugar concentrations and hot climate regions. 

The most common species that appears or is used in food industries is S. pombe, although S. 

japonicus is starting to be used (Domizio et al., 2017). Schizosaccharomyces genus 

morphology is very peculiar. S. pombe morphology is rectangular, the cells size varied from 

2 x 6 µm to 4 x 20 µm. Under natural environments they appear as isolate cells or in reduces 

groups of two cells. S. pombe can sporulate. It possesses a very specific asexual reproduction 

ability that is denominated binary fission. It consists on generating a septum in the center of 

the cell before dividing the cell into two independent yeasts. Some characteristic of the 

species is that it can not assimilate nitrates, it does not possess α-glucosidase activity, it 

possesses urease activity and it is not able to break down arbutin through enzymatic activity. 

It is possible to distinguish it as it reacts with diazonium blue turning into blue/green. Among 

the fermentative yeasts is characterized because of its high fermentative power similar to 

Saccharomyces cerevisiae up to 15 % ethanol vol/vol. Another specific characteristic of this 

genus is its ability to totally metabolize malic acid into carbonic anhydride and ethanol. For 

that reason, S. pombe species was firstly named Schizosaccharomyces acidovorans. A 

specific NAD-dependent malic enzyme decarboxylates malate to pyruvate under anaerobic 

conditions. Pyruvate is after decarboxylated into ethanol and later reduced into ethanol. The 



 

 

cell structure is very specific and peculiar among the different ascomycetes. It is rich in 

polysaccharides , α-galactomannose and some amino acids than any other known yeast 

species (Benito et al., 2014a)(Benito 2020). 

 

 

 

Figure 2.2.1. Details of Schizosaccharomyces pombe fermentation in wine where can be observed the basic 

morphology characteristics. 

Figure Source: Benito, Á., Calderón, F., & Benito, S. (2019). Schizosaccharomyces pombe and Lachancea 

thermotolerans: Joint Use as an Alternative to the Traditional Fermentations by Saccharomyces cerevisiae and 

Oenococcus oeni in Oenology. In Alcoholic Beverages (pp. 387-417). Woodhead Publishing. DOI: 

10.1016/B978-0-12-815269-0.00012-X 

 

 

The genus is facultative anaerobic and can metabolize hexose sugars such as fructose and 

glucose or sucrose disaccharide. They ferment through glycolytic pathway producing carbon 

dioxide, ethanol and some other secondary metabolites. Schizosaccharomyces was described 

before the strain selection age as a great hydrogen sulphide producer when it was compared 



 

 

to Saccharomyces. It also produces notable glycerol concentrations Schizosaccharomyces 

spp are not considered to be able to produce extracellular amylases, pectolytic enzymes and 

proteases. Nevertheless, new studies report that those activities are strain-dependent. Some 

specific S. pombe strains degrade starch with plasmids carrying the glucoamylase gene of 

Sacch. diastaticus. Schizosaccharomyces octosporus can hydrolyse lard to stearic acid. 

(Benito et al., 2014a). S. pombe can growth at higher temperatures than S. cerevisiae of about 

36°C. S. japonicus is able to develop at slightly high temperatures of about 40°C. This ability 

allows Schizosaccharomyces species to ferment with less refrigeration demanding than S. 

cerevisiae. The genus is also found in media with low pH of about 3 where probably can 

assimilate the acid responsible of that low pH. 

 

Schizosaccharomyces genus is able to develop in media of high osmotic pressure, most of 

the time due to high sugar contents. Its osmotolerant ability allows it to growth in media 

containing up to 50% glucose and water activity (aw) values of about 0.78. Contrarywise, the 

Schizosaccharomyces species are not so resistant to high salt concentration. They usually do 

not develop at aw levels below 0.95 of this solute. In low aw environments 

Schizosaccharomyces increases the production of intracellular glycerol as defense reaction. 

(Benito et al., 2014a). 

 

Schizosaccharomyces species are widely described to be tolerant to high concentrations up 

to 1000 mg/L of several stabilizers/inhibitors such as acetic acid, sulphur dioxide, benzoate 

or sorbate. Those additives are common in food industries, this is one of the reason because 

it was considered a spoilage microorganism at the beginning (Benito et al., 2013a).  

 

The isolation of Schizosaccharomyces strains is based on differential selective media that 

contains selective and differential factors such as actidione antibiotic. Even though there are 

a few actidione yeast resistant species from genus such as Brettanomyces and Dekkera can 

tolerate it. Those possible false positives are usually avoided throw the use of additional 

inhibitor agents such as benzoic acid, sorbic acid, acetic acid or high sugar concentration. 



 

 

Differentiation processes are based on malic acid presence that is commonly used as a way 

of detecting microorganisms able to degrade it that can be easily identified by pH controls or 

specific enzymatic analyses. The use of those diferential/selective media has allowed the 

isolation of hundreds of Schizosaccharomyces different strains and to select some ones with 

proper winemaking attitude (Benito et al., 2014b). 

 

The use of Schizosaccharomyces genus in winemaking was discussed at the International 

Organisation of Vine and Wine. Nowadays it is a recommended practice to deacidify wines 

from very acidic musts from the north of Europe. However, despite offering the advantage 

of malic dehydrogenase activity, plus a wall structure that ensures the autolytic release of 

mannoproteins and polysaccharides during ageing over lees, only one commercial strain of 

Schizosaccharomyces pombe is currently available at the market. 

 

 

 

2.3. Lachancea thermotolerans 

 

Lachancea thermotolerans is the main species of the genus Lachancea (Kurtman et al., 

2011). The genus was previously known as Kluyveromyces (Batt 2014). That is the reason 

why some commercial products keep the former genus name. This genus was proposed to 

join several different genera showing similarities in their rRNA level (Kurtman et al., 2011). 

The genus is one of the more basal genera in Saccharomycetaceae family.  

The genus possesses asexual reproduction by cell division based on multilareral budding. 

Cells can be spherical, ovoid ellipsoidal or elongate. Morphology is quite like Saccharomyces 

genus although the size of the cells is slightly smaller. The yeast cell size varies from 3 to 5 

µm. Even the genus is not able to form Pseudohyphae, true hyphae can be generated. The 

sexual production is performed through conjugation that originates ascus that contain from 

one to four ascospores. The main physiological characteristics of the genus are its vigorous 



 

 

glucose fermentation, no nitrate assimilation, ethylamine assimilation, coenzyme Q-6 as 

main ubiquinone and diazonium blue B negative reaction.  

 

 

 

Figure 2.3.1. Details of Lachancea thermotolerans fermentation in wine where can be observed the basic 

morphology characteristics. 

Figure Source: Benito, Á., Calderón, F., & Benito, S. (2019). Schizosaccharomyces pombe and Lachancea 

thermotolerans: Joint Use as an Alternative to the Traditional Fermentations by Saccharomyces cerevisiae and 

Oenococcus oeni in Oenology. In Alcoholic Beverages (pp. 387-417). Woodhead Publishing. DOI: 

10.1016/B978-0-12-815269-0.00012-X 

 

 

Nowadays, the genus includes 11 other species: L. cidri, L. dasiensis, L. fantastica, L. 

fermentati, L. kluyveri, L. lanzarotensis, L. meyersi, L. mirantina, L. nothofagi, L. 

quebecensis and L. walti. From the ecological viewpoint, most Lachancea species are 

ubiquitous. Lachancea species are defined according to growth reactions related to 

melobiose, galactose, melezitose, sorbose, cycloheximide or 37 ºC. 

 

The ability of the genus to use lactose enzyme is its main application in biotechnology. It is 

also important because of other enzymes and other biomolecules that are produced by the 

genus. It is also common the use of the genus due to its ability to be used as host for the 



 

 

expression of recombinant enzymes. Is is a very safe genus from a food safety point of view 

as it is denominated GRAS. These status is given to microorganisms whose usage records in 

food applications do not show any incidence related to food toxicology. The genus can 

secrete a considerable number of enzymes and for secreting heterologous proteins. It also 

possesses applications as set of recombinant DNA tools and as replicating and integrative 

vectors. The genus is an important source of hydrolytic enzymes. The purified enzymes are 

used as biocatalysts to produce lactase, cellulase or inulinase.  

 

The main use of Lachancea genus at food industry level is to reduce the lactose content in 

dairy products and the production of food products of 0 g/L content in lactose for people who 

suffer from lactose intolerance. Another use is to produce single cell protein from whey. This 

factor helps to reduce in dairy industry problems of waste disposal in some cheese production 

processes. Some applications that are being studied at pharmacy industry are related to 

interleukin, hepatitis B surface antigen, human serum albumin, and granulocyte colony-

simulating factor. 

 

L. thermotolerans usually appears in a great range of natural habitats, such as plants, soil and 

horticultural crops, but it is particularly common in grapes and wine. According to some 

authors yeast form the genus represent about 4 % of the yeast population in fruits while 

Saccharomyces reprents about 8 % and Schizosacchromyces less than 1 % (Deak et al., 2007). 

 

The use of L. thermotolerans inocula to moderately ferment sugar is being increasingly 

explored in winemaking and specially in brewing industries where the final alcohol levels 

are lower than in wine (Domizio et al, 2016). Nevertheless, the lactic acid biological 

acidification is considered to positively affect the organoleptic quality and microbial stability 

of resulting fermented beberages from original low acidic fruit juices or in beer where the pH 

is almost neutral under regular circunstances (Domizio et al, 2016; Benito et al., 2016b; 

Balikci et al., 2016). Other positive chemical and sensorial effect includes slightly lower final 

ethanol content than S. cerevisiae (Benito et al., 2016b). Several scientific studies report 



 

 

improvements in wine aroma, flavor and mouthfeel that justify its use even is not as much 

powerful fermenter as S. cerevisiae (Gobbi et al., 2013; Comitini et al., 2011; Kapsopoulou 

et al., 2007). Those activities have notable increased the commercial demand of this yeast, 

for those reasons several L. thermotolerans are now available as starters at the yeast market 

to be used in wine fermentations or brewing in simultaneous or sequential inoculation with 

S. cerevisiae. 

 

 

 

2.4.Oenococus oeni  

 

Oenococus oeni is a specie include in Oenococus genus from Leuconostocaceae family 

(Lonvaud-Funel et al., 2014). Leuconostocaceae family is part of the order of Lactobacillales 

that are regularly called lactic acid bacteria. The family formerly was considered the 

Leuconostoc genus. That common name is given for the exclusive ability of this 

microorganisms to produce lactic acid from carbohydrates fermentation. All the species 

included in this family are gram-positive, non sporulating and their DNA exhibits a G+C 

content below 50 %. They can grow in either anaerobic or aerobic conditions and commonly 

catalase is not present. They are mesophiles, their optimum growth temperature is about 30 

ºC. The optimal pH for development is about 6, but some genus are able to develop at low 

pH close to 3. They need specific growth media due to their needs in amino acids, peptides, 

carbohydrates, vitamins and metallic ions. Most of the species belonging to the family growth 

in the selective and differential media name MRS (Man, Rogosa and Sharpe). Oenococus 

oeni species was formerly called Leuconostoc oenos. The specie is mainly isolated from 

grapes and apple juices or their fermented products where significant concentrations of malic 

acid are common. It becomes the main microorganism in those niche after alcoholic 

fermentation takes place when just a few possible competitors microorganisms can survive 

in high ethanol and acid concentrations. However, it is considered a spoilage microorganism 

in some food industries such as mango juices.  



 

 

Leucononostaceae family is commonly used in food industries such as dairy, acidified 

vegetables, wine or cider industries. They are used in the production of fermented milks, 

butter and cheese production. The fermentation in vegetables increases the microbial stability 

and avoid spoilage microorganism’s development due to the significant decrease in pH. 

Oenococus oeni became almost exclusive in wine and cider industries after yeast action.  The 

most significant ability of this specie from a food industry point of view is the ability to 

transform L-malic acid to L-lactic acid and CO2. The specie is also able to metabolize citric 

acid and to produce volatile compounds such as diacetyl. Oenococus oeni achieve biological 

stability in wine and cider because most available nutrients are depleted after their 

metabolism generating stable products from a microbiological point of view. 

However, several species of the Leucononostaceae family can be considered as spoilage 

microorganisms depending of the moment that they appear in certain food industries. In 

industries that deal with sugar products, in some occasions produce dextran or souring 

effects. In sugar factories can originate delays in crystallization and yield reduction. In rum 

industry it also produces undesirable dextrans. In any yeast fermentation industry also can 

stop alcoholic fermentation when it reaches high populations that inhibit yeast development. 

In cured meat industries can also produce undesirable discoloring, off-odor, acetic acid, 

acetoinic compounds and ethanol. The spoilage of alcoholic beverages is mainly due to their 

heterofermentative metabolism of hexoses during the alcoholic fermentations by yeasts 

where undesirable compounds such as acetic acid or diacetyl are produced. 

The main concern about being consider spoilage microorganisms in specific cases in the 

capability of producing biogenic amines, that are biological compounds able to negatively 

influence human health. The main biogenic amines are histamine, tyramine, diaminobutane 

(putrescine), and diaminopentane (cadaverine). The presence of some strains with amino acid 

decarboxylase-positive activity allows them to produce those toxic compounds. It is 

important to stat that enzymatic activity is strain dependent and it is not related to the family, 

genus or species. 

 

 



 

 

2.5. Traditional Malolactic fermentation  

 

Spontaneous malolactic fermentation is an unpredictable risky procedure that depends on 

several variables such as initial must/wine, temperature, sulfur dioxide, ethanol or total 

polyphenol index. From a winemaking point of view the use of direct bacteria inoculation 

looks to be the most reliable option. Nevertheless, that process can be delicate, depending on 

environmental conditions that directly influence the viability of the inoculum. Malolactic 

fermentation can be developed by several lactic acid bacteria species. Those species share 

the ability to import malate and to decarboxylate it. Oenococcus oeni is the one which is best 

adapted to the final wine conditions. This is due to its acidophilic and ethanolic resistance 

that make it the most used species in oenology from a commercial point of view.  

Another no so common option is the use of Lactobacillus plantarum species that recently 

started to be commercialized. This species possesses a homofermentative metabolism that 

avoid acetic acid deviations while other lactic bacteria species such as Oenococus oeni 

metabolizes glucose or citric acid increasing final volatile acidity. Pediococcus genus is 

considered to be undesirable in winemaking malolactic fermentation due to the production 

of ropiness character or high concentration of diacetyl.  

A common drawback in malolactic fermentation management is the delay in starting that in 

some occasions lead to wine spoilage microbiota contamination. Bacteria inoculation of 

selected strains adapted to wine conditions looks to be a proper solution to achieve fast 

industry processes that vary from 10 to 21 days. Other new trend is to inoculate the grape 

juice before the alcoholic fermentation to ensure a rapid malic acid consumption. However, 

if a sluggish takes place during alcoholic fermentation a great growth of lactic bacteria over 

yeasts can decrease wine quality due to high volatile acidity final concentrations. This 

phenomenon is due to O. oeni heterofermentative metabolism that produces lactic and acetic 

acid from sugar when residual hexoses remain in the media before alcoholic fermentation 

properly ends.  Another new option is to inoculate a selected strain of Lactobacillus 

plantarum prior or simultaneous to the regular yeast inoculation. L. plantarum prefers malate 



 

 

as energy source at low pH, doing malate decarboxylation mixed fermentation or in 

prealcoholic fermentation by yeasts.  

 

2.6. Research interest 

 

During the last decade, the use of non-Saccharomyces to improve wine quality have started 

to be usual and there are several options in the market from different trademarks that make it 

easy to use them. Nevertheless, even such an offer is available, most wine makers do not yet 

exactly know in which cases those specific yeast species can perform properly or which one 

is the right one for each specific situation. The combination of the non-Saccharomyces 

Lachancea thermotolerans and Schizosaccharomyces pombe increases the wine quality in 

the specific case of low acidic red grape varieties. The combination of Lachancea 

thermotolerans and a selected Schizosaccharomyces pombe strains produce wines stabilized 

from a malic acid point of view without any need of performing a risky malolactic 

fermentation by Oenococus oeni lactic bacteria at high pH conditions. On the other hand, the 

common drawback generated by yeast able to drastically reduce malic acid concentrations is 

compensated by the ability of L. thermotolerans of producing the stable lactic acid that 

acidifies low acidic grape juices. Other secondary quality improvements are high glycerol 

and pyruvic acid production without increasing acetic acidity that positively influence 

sensory properties. From a food safety point of view the wines performed by this new 

biotechnology show very low final levels of biogenic amines and ethyl carbamate precursors 

that represent the main toxicological risk in modern winemaking.  



 

 

 

Figure 2.6.1. Details of Combined fermentation between Schizosaccharomyces pombe and Lachancea 

thrermotolerans yeast species in wine. It is observed the bigger size of Schizosaccharomyces pombe of about 

10 μm than Lachancea thermotolerans cells of about 5 μm. S. pombe morphology is rectangular while L. 

thermotolerans is rounded. 

Figure Source: Benito, Á., Calderón, F., & Benito, S. (2019). Schizosaccharomyces pombe and Lachancea 

thermotolerans: Joint Use as an Alternative to the Traditional Fermentations by Saccharomyces cerevisiae and 

Oenococcus oeni in Oenology. In Alcoholic Beverages (pp. 387-417). Woodhead Publishing. DOI: 

10.1016/B978-0-12-815269-0.00012-X 

 

 



 

 

 

Figure 2.6.2. Summary of the main possible applications of combined fermentation by S. pombe and L. 

thermotolerans. 

Figure Source: Benito, Á., Calderón, F., & Benito, S. (2019). Schizosaccharomyces pombe and Lachancea 

thermotolerans: Joint Use as an Alternative to the Traditional Fermentations by Saccharomyces cerevisiae and 

Oenococcus oeni in Oenology. In Alcoholic Beverages (pp. 387-417). Woodhead Publishing. DOI: 

10.1016/B978-0-12-815269-0.00012-X 

 

  



 

 

2.7. Thesis Objectives 

 

1. To improve the acidity of Spanish wines from warm viticulture areas or those that 

will be affected by climate change in the future. 

 

2. To improve other quality parameters of Spanish wines such as volatile acidity, 

glycerol, colour or mannoproteins content. 

 

 

3. To propose an alternative biotechnological resource to the traditional malolactic 

fermentation for specific scenarios such as grape juices of low acidity, high pH 

and high levels of sugar. The proposed alternative biotechnology will generate 

stable wines from a microbiological point of view reducing the risks of traditional 

malolactic fermentation in those specific scenarios. 

 

4. To improve some food safety parameters of Spanish wines such as biogenic 

amines and ethyl carbamate. 

 

 

5. To perform a selection process over and international universe of S. pombe strains. 

  



 

 

2.8. Starting Hypothesis 

 

1. Lachancea thermotolerans species can be used in Spainsh wines to significantly 

improve the acidity quality parameter. 

 

2. Schizosaccharomyces pombe species can be used to generate stable wines from a 

microbiological point of view removing the unstable malic acid. 

 

 

3. Lachancea thermotolerans and Schizosaccharomyces pombe could improve other 

secondary quality parameters different from acidity and microbial stabilization. 

 

4. The combined use of Lachancea thermotolerans and Schizosaccharomyces 

pombe can be an effective alternative to the traditional malolactic fermentation 

for specific scenarios such as grape juices of low acidity, high pH and high levels 

of sugar. 

 

 

5. The avoiding of malolactic bacteria metabolism during malolactic fermentation 

could improve some food safety parameters of Spanish wines such as biogenic 

amines and ethyl carbamate. 

 

6. Proper S. pombe strains from international microorganisms colections can be 

selected for their oenological aptitude without showing the classical collateral 

effect attributed to this species. 

  



 

 

3. Methodology 

 

Except for the publish article included in the thesis entitled “The influence of Non-

Saccharomyces Species on Wine Fermentation Quality Parameters”(Benito et al. 2019c) that 

summarizes the performs a review of the thesis topic, the other published articles (Benito et 

al. 2015a)(Benito et al. 2016b)(Benito et al. 2016a)(Benito et al. 2016c)(Benito et al. 

2017a)(Benito et al. 2019d) included in the thesis always contain a section that explains the 

material and methods employed to perform the different studies. Most of the articles publish 

in the thesis (Benito et al. 2015a)(Benito et al. 2016a)(Benito et al. 2016b)(Benito et al. 

2017a)(Benito et al. 2019d) include a section where they indicate the microorganisms used 

in the trials, the method to monitorize their evolution during the fermentation, a section that 

indicates the microvinification process, analytical determinations of chemical compounds 

and in some occasions a sensory evaluation. However, the published article “Selected 

Schizosaccharomyces pombe Strains Have Characteristics That Are Beneficial for 

Winemaking” (Benito et al. 2016c) included in the Appendixes section follows a different 

structure as it performs a strain selection of different S. pombe strains sent from different 

international Universities. This chapter of the thesis summarizes and include some 

illustration of the methodologies described in the published articles. 

 

 

 

3.1. Microorganisms 
Most of the published articles in this thesis employ a Saccharomyces cerevisiae strain as 

a control to compare the new proposed biotechnologies. Most of the studies use the S. 

cerevisiae strain 86 or 87 from the Spanish Type Culture Collection (Valencia, Spain). The 

employed Lachancea thermotolerans strains are the commercial one  Kluyveromyces 

thermotolerans Concerto™ (Hansen, Hørsholm, Denmark; www.chr-hansen.com) that uses 

the former name used for the Lachancea thermotolerans species, another occasionally 

employed strain is Lachancea thermotolerans 617 from the Spanish Type Culture Collection 

(Valencia, Spain; CECT 12672). The employed Schizosaccharomyces pombe strains are V1 



 

 

or V2 from the Chemistry and Food Technology Department Collection of Polytechnic 

University of Madrid (Spain). The strain of lactic acid bacteria used is Oenococcus oeni 217 

from the Spanish Type Culture Collection (Valencia, Spain). Each published article of the 

thesis indicates in its respectively material and methods section the specific employed 

microorganisms for the trials. 

 

The published article “Selected Schizosaccharomyces pombe Strains Have Characteristics 

That Are Beneficial for Winemaking” (Benito et al. 2016c) included in the Appendixes 

section uses more than 100 different species and the microorganisms are explained in a 

specific section of this chapter. 

 

 

3.2. Vinifications 

 

The specific protocol of each trials is indicated in each published article of this thesis 

where it is indicated the specific grape variety of the must, the specific pasteurization 

treatment, initial chemical composition of the grape juice, size of the micro fermenters, added 

aditives and doses such as sulfur dioxide or nutrients, initial population of the inocula and its 

preparation and final storage conditions. This section indicates a generic description of the 

articles that include a microfermentation. Fermentations were performed for Spanish Vitis 

vinifera L. cultivars such as Tempranillo grapes as the objective of the thesis was to solve 

problems of the Spanish oenology. The must were pasteurized in order to facilitate the proper 

implantation and control of the studied strains. The microvinification method is standardized 

in the winery of the Polytechnic University of Madrid an is based in other previous described 

protocols employed for similar porpoises (Belda et al. 2015)(Benito et al. 2015b). Pasteurized 

must is usually placed in glass tanks of about 5 L depending on the specific trial. This allowed 

an adequate space for the release of carbon dioxide during the fermentation process. No 

sulphur dioxide is usually added to any vessel when the must is previously pasteurized. The 

different trials indicates basic chemical composition such as sugar initial concentration, pH, 

primary amino nitrogen (PAN), malic acid, citric acid, lactic and acetic acid. To provide 



 

 

nutrition in some trials commercial nutrients are added. Four assays were performed in the 

different publish articles (all in triplicate): i) inoculation of the must with a S. cerevisiae strain 

alone (SC); ii) inoculation of the must with a L. thermotolerans strain followed by a S. 

cerevisiae strain (LT…SC); iii) inoculation of the must with a L. thermotolerans strain 

followed by a S. pombe strain (LT…SP); and iv) inoculation of the must with a S. pombe 

strain alone (SP). The yeast initial inocula populations usually varies from 106 to 107 

CFU/mL. Yeast inocula are usually performed using 100 mL of sterilized must with 1 mL of 

yeast extract dextrose peptone liquid medium containing about 108 CFU/mL (determined 

using a Thomas chamber). To reach this population, 100 μL of each yeast suspension are 

cultivated in 10 mL of YEPD at 25 °C for 24 h. This procedure is repeated three successive 

times before the final inoculation of 1 mL in the inocula. All inocula are usually performed 

in 250-mL flasks sealed with a Müller valve filled with 98% H2SO4 (Panreac, Barcelona, 

Spain), which allowed the release of CO2 while avoiding microbial contamination. The 

temperature is usually maintained at 25 °C for 48 h in an incubator. The progress of the 

inocula is develop under anaerobic conditions. All fermentations are performed in triplicate. 

The fermentation processes are carried out at controlled temperature varying from 20 to 25 

°C depending on the different trials. When the sugar content is below 2 g/L, the wines are 

racked and stabilized during 7 days at 4 °C concluding with the final product being bottled. 

Then a concentration of 50 mg/L of sulphur dioxide in potassium metabisulfite form is added. 

Sealed bottles are kept in a climate chamber at 4 °C until the sensory evaluation or chemical 

analyses take place.  

 



 

 

 

Figure 3.2.1. Detail of wine fermentators of one of the red wines trials. 

 

Figure 3.2.2. Detail of white wine fermentators. 

 



 

 

 

Figure 3.2.3. Detail of sample extraction from one of the fermenters through the locker. 

 

Figure 3.2.4. Detail of racked wines settling down in refrigerated room. 



 

 

 

Figure 3.2.5. Detail of bottling before final chemical and sensorial analyses. 

 

 

3.3. Microvinifications Growth Kinetics 

 

The microvinification growth kinetics is based in the cultivation of samples in specific 

selective media such as those described in the published book chapter included in the 

appendixes section of the thesis “Schizosaccharomyces pombe isolation protocol” (Benito et 

al. 2018b). During the fermentations, aliquots are periodically taken under aseptic conditions 

and further serial ten-fold dilutions are made. Yeast growth kinetics are monitored by plating 

100 μL of the appropriate dilution on lysine media (non-Saccharomyces counts), YEPD 

media (total yeast counts) and YEPDActBzCl media (Schizosaccharomyces counts; (Benito 

et al. 2013)(Benito et al. 2014a) based on actidione and benzoic acid as main inhibitor agents 

(Benito et al. 2018b). In fermentations involving combined populations between L. 

thermotolerans and S. cerevisiae the population of Lachancea thermotolerans are estimated 

by the difference between YEPD and Lysine media counts. In fermentations involving 

combined populations between L. thermotolerans and S. pombe the population of Lachancea 

thermotolerans is estimated by the difference between YEPD and YEPDActBzCl media 

counts. Colonies are counted after growth at 30 °C for 48–72 h. Lactic bacteria are monitored 

in MRS agar (Oxoid, Basingstoke, UK). 

Deeper details regarding the justification of the Schizosaccharomyces selective medium 

composition can be found in the additional book chapter “Schizosaccharomyces pombe 

isolation protocol” (Benito et al. 2018b) that can be consulted in the Appendix Section. 



 

 

 

Figure 3.3.1. Detail of aliquot extraction from one of the fermenters through the locker. 

 

 

 

 
Figure 3.3.2. Detail of yeast cells counting in selective media after sample dilutions. 

 



 

 

 
Figure 3.3.3. The figure explains the resistance of several yeast species to diferent selective factors used in 

the composition of Selective media employed to isolate Schizosaccharomyces species. 

Source: Benito, Á., Calderón, F., & Benito, S. (2018). Schizosaccharomyces pombe isolation protocol. 

In Schizosaccharomyces pombe (pp. 227-234). Humana Press, New York, NY. DOI: 10.1007/978-1-4939-

7546-4_20. 

 

3.4. Sensory Evaluation 

Several of the published articles of the thesis include a sensory evaluation, the number of 

panelists and rounds are indicated in each publication as they vary depending on the specific 

trail. The experimental wines are evaluated by a team of several experienced wine tasters, 

most of time employees of the Chemistry and Food Technology Department (Madrid, Spain) 

and the accredited laboratory “Estación Enológica de Haro” (Haro, Spain). Several visual 

descriptors, taste parameters and aromas descriptor are used to evaluate the final 

fermentations depending on the trial. Wines are evaluated in randomized order. The wines 

are presented in clear tasting glasses identified by numbers and in an air-conditioned (20 °C) 

tasting room equipped with individual booths. Twenty five milliliters of each wine are served 

at 14 °C in randomized order. The panelists evaluate each parameter in a 10 cm scale, from 

0 (no character) to 10 (very strong character perceptible), to rate the intensity of the studied 

attributes. Additionally, the panelists are asked to name descriptors as free comments for each 

wine. 

 



 

 

 

Figure 3.4.1. Detail of one sensorial analysis performed in the sensory analysis room of former EUITA 

University School (nowdays ETSIAAB University School). 

 

3.5. Measurements of biochemical compounds and pH 

 

All the published articles of the thesis include the study several basic wine quality parameters 

that can slightly vary depending on each specific study. This section summarizes the main 

ones although each article may differ. Glucose + fructose, malic acid, L-lactic acid, acetic 

acid, pyruvic acid, urea, glycerol and pyruvic acid analyses (Table 2) are conducted using a 

Y15 Autoanalyser (Biosystems, Barcelona, Spain) or Y 350 Semiautoanalyser. The kits to 

perform the analyses are obtained from Biosystems manufacturer (Barcelona, Spain). 

Alcohol content is usually determined by using the boiling method GAB Microebu (GAB, 

Barcelona, Spain). The pH is measured with a Crison pH Meter Basic 20 (Crison, Barcelona, 

Spain). 

 



 

 

 

Figure 3.5.1. Detail of Y15 Autoanalyser used to perform some of the analysis of the thesis. 

 

 

3.6. Quantification of volatile compounds 

 

The published articles of the thesis where a volatile compounds analyses took place, it was 

performed in the accredited laboratory “Estación Enológica de Haro”. This section 

summarizes the “Estación Enológica de Haro” protocol for volatile compounds 

determination. Volatile compounds were quantified by headspace gas chromatography–mass 

spectrometry (HS-GC-MS). Analyses were carried out using a Perkin-Elmer Clarus 500 gas 

chromatograph with a flame ionization detector, coupled to a mass spectrometer single 

quadrupole Clarus 560 S, all coupled to an automatic headspace sampler Turbomatrix 110 

Trap (Perkin-Elmer, Massachusetts, USA). The headspace sampler conditions were: 

temperature of thermostating: 80°C, time of thermostating: 45 min, type of trap: Tenax TA, 

cycles of purge and trap: 4, temperature of trap capture: 45°C, desorption temperature of the 

trap: 290°C, time of dry trap purge: 10 min, desorption time of trap: 2 min, trap cleaning 

time: 5 min, needle temperature: 110°C, temperature of HS-GC transfer line: 150°C, vial 

pressure: 30 psi and constant pressure column: 28 psi. A FFAP capillary column (60 m × 

0.25 mm DI x 0.25 μm film thickness) was used. Helium (Air Liquide, España) was used as 



 

 

carrier gas. Gradient analysis was run using the following temperature program: 40°C (3 

min); 40–80°C (2°C/min); 80– 180°C (3°C/min); and 210°C (5 min). Identification of 

individual compounds was based on a 

comparison of the obtained mass spectra of the individual chromatographic peaks with those 

valid for the standards and available from the National Institute of Standards and Technology 

(Gaithersburg, MD) software library. We also compared the retention times valid for 

individual peaks from the wine samples with those of the known volatile components use as 

standard patterns. To this effect, we used Gas chromatography quality compounds as the sets 

of the volatile standards (Fluka, Sigma–Aldrich Corp., Buchs SG, Switzerland). 

 

Figure 3.6.1 Detail of Sample preparation in accredited laboratory “Estación Enológica de 

Haro”. 



 

 

 

Figure 3.6.2. Detail of Gas Cromatograph of accredited laboratory “Estación Enológica de 

Haro” where several analyses of the thesis took place. 

 

3.7. Quantification of biogenic amines 

 

As one of the objectives of the thesis was to improve Spanish ones from a Food Safety point 

of view, several of the published articles include a biogenic amines analyze that was 

performed in the accredited laboratory of “Estación Enológica de Haro”. This section 

summarizes the accredited protocol used at the laboratory. The studied biogenic amines are 

analysed using a Jasco (Tokyo, Japan) UHPLC chromatograph series X-LCTM, equipped 

with a Fluorescence detector 3120-FP. Gradients of solvent A (methanol/acetonitrile, 50:50, 

v/v) and B (sodium acetate /tetrahydrofuran, 99:1, v/v) were used in a C18 (HALO, USA) 

column (100 mm × 2.1 mm; particle size 2.7 μm) as follows: 60% B (0.25 ml/min) from 0 to 

5 min, 60–50% B linear (0.25 ml/min) from 5 to 8 min, 50% B from 8 to 9 min, 50–20% B 

linear (0.2 ml/min) from 9 to 12 min, 20% B (0.2 ml/min) from 12 to 13 min, 20–60% B 

linear (0.2 ml/min) from 13 to 14.5 min, and re-equilibration of the column from 14.5 to 17 

min. Detection is performed by scanning in the 340–420 nm range. Quantification is 

performed by comparison against external standards of the studied amines. The different 

amines were identified by their retention times. 

 



 

 

 

 

3.8. Analytical determinations of amino acids 

 

The amino acids determination were performed in the accredited laboratory of “Estación 

Enológica de Haro”. This section summarizes the accredited protocol used at the laboratory. 

Selected amino acids are analysed using a Jasco (Tokyo, Japan) UHPLC chromatograph 

series X-LCTM, equipped with a Fluorescence detector 3120-FP. Gradients of solvent A 

(methanol/acetonitrile, 50:50, v/v) and B (sodium acetate /tetrahydrofuran, 99:1, v/v) were 

used in a C18 (HALO, USA) column (100 mm × 2.1 mm; particle size 2.7 μm) as follows: 

90% B (0.25 mL/min) from 0 to 6 min, 90–78% B linear (0.2 mL/min) from 6 to 7.5 min, 

78% B from 7.5 to 8 min, 78–74% B linear (0.2 mL/min) from 8 to 8.5 min, 74% B (0.2 

mL/min) from 8.5 to 11 min, 74–50% B linear (0.2 mL/min) from 11 to 15 min, 50% B (0.2 

mL/min) from 15 to 17 min, 50–20% B linear (0.2 mL/min) from 17 to 21 min, 20–90% B 

linear (0.2 mL/min) from 21 to 25 min, and re-equilibration of the column from 25 to 26 min. 

Detection are performed by scanning in the 340–455 nm range. Quantification was performed 

by comparison against external standards of the studied amino acids. The different amino 

acids were identified by their retention times. 

 

 



 

 

Figure 3.8.1. Detail of the HPLC from the accredited Spanish state laboratory “Estación Enológica de Haro” 

where all the analysis of the thesis related to biogenic amines and amino acids were performed during the 

different studies. 

 

3.9. Analytical Determination of Anthocyanins 

Selected anthocyanins were analysed at the end of alcoholic and malolactic 

fermentations by high performance liquid chromatography using an Agilent Technologies 

series 1200 infinity series with a diode array detector (Hewlett-Packard, Palo Alto, CA, 

USA). Gradient of solvent A (water/formic acid, 95:5, v/v) and B (methanol/formic acid, 

95:5, v/v) were used in a reverse-phase Poroshell 120 (Hewlett-Packard, Palo Alto, CA, USA) 

(5 cm; particle size 2.7 µm) as follows: 85% A and 15% B linear (1 mL/min) from 0 to 2 

min, 85%–50% A and 15%–20% B linear (1 mL/min) from 2 to 10 min, 50% C and 50% B 

linear (1 mL/min) from 10–12 min and re-equilibration of the column from 12 to 13 min. 

Detection was performed by scanning in the 250–600 nm range. Quantification was 

performed by comparison against an external standard at 525 nm and expressed as a function 

of the concentration of malvidin-3-O-glucoside. The calibration was performed using 

malvidin-3-O-glucoside as an external standard, R2 > 0.999 (Extrasynthese, Geney, France). 

The sensitivity was higher than 0.1 mg/L. Controls of malvidin-3-O-glucoside were used to 

verify calibrations in each sequence. (Extrasynthese, Geney, France). Filtered wine samples 

of 20 μL (0,45 μm membrane filters made of cellulose methylic esters) (Teckorama, 

Barcelona, Spain) were injected in the HPLC apparatus. The different anthocyanins were 

identified by their retention times with respect to the majority anthocyanin malvidin-3-O-

glucoside and by comparing the UV-Visible spectra with the data in the literature. The 

following anthocyanins and pyronoanthocyanins were determined: delphinidin-3-O-

glucoside (D3G). cyanidin-3-O-glucoside (C3G), petunidin-3-O-glucoside (Pt3G), peonidin-

3-O-glucoside (Pn3G), malvidin-3-O-glucoside (M3G), Vitisine B (Vit B), Vitisine A 

(VitA), cyanidin-3-O-(6″-acetylglucoside) (C3GAc), petunidin-3-O-(6″-acetylglucoside) 

(Pt3GAc), peonidin-3-O-(6″-acetylglucoside) (Pn3GAc), malvidin-3-O-(6″-acetylglucoside) 

(M3GAc), cyanidin-3-O-(6″-p-coumaroylglucoside) (C3GCm), petunidin-3-O-(6″-p-

coumaroylglucoside) (Pt3GCm), peonidin-3-O-(6″-p-coumaroylglucoside) (Pn3GCm), 

malvidin-3-O-(6″-p-coumaroylglucoside) (M3GCm), malvidin-3-O-glucoside-4-

vinylphenol (M3G4Vp), malvidin-3-O-glucoside-4-vinylguaiacol (M3G4Vg), and malvidin-

3-O-(6″-p-coumaroylglucoside)-vinylphenol (M3GCm4Vp). 



 

 

 

 

Figure. 3.9.1. Detail of HPLC used for anthocyanin determination. 

 

3.10. Color Measurements 

Y15 Photometer or Y350 diode array spectophotometer (Biosystems, Barcelona, Spain) 

were used for the analysis. Samples were analyzed in a 1mm path length quartz cuvette and 

a range of 200–1100 nm. Absorbance at 420 nm, 520 nm, 620 nm was measured. Color 

intensity was calculated as the sum of absorbance at the three wavelengths, while tonality 

(hue) was calculated as the ratio between the absorbance at 420 nm and 520 nm. 

 
Figure. 3.10. Detail of Y350 diode array spectrophotometer use in the determinations. 

 



 

 

3.11. Statistical analyses 

 

All statistical analyses were performed using PC Statgraphics v. 5 software (Graphics 

Software Systems, Rockville, MD, USA). The significance was set to p <0.05 for the 

ANOVA matrix F value. The multiple range test was used to compare the means. 

 

3.12. S. pombe strains 

 

The published article of the thesis entitled “Selected Schizosaccharomyces pombe Strains 

Have Characteristics That Are Beneficial for Winemaking” (Benito et al. 2016c) employed 

a huge number of S. pombe strains from different Universities and laboratories of different 

countries. The strains were sent by the University College of London (Research Department 

of Genetics, Evolution and Envirornment) and the Chinese Academy of Sciences of Beijing 

(State key Laboratory of Mycology of The Institute of Microbiology). 

 

 

 

Figure 3.12.1. Detail of S. pombe strains received from London College. 



 

 

 

Figure 3.12.2. Detail of liquid selective S. pombe media containing S. pombe leaving cells in a filter paper. 

 

Figure 3.12.3. Detail of solid media YEPD inoculated with the inoculated paper filters from London College. 



 

 

 

Figure 3.12.4. Detail of recovered strains previous to start to isolate individual colonies. 

 

Figure 3.12.5. Detail of one colony morphology at the microscope. 

  



 

 

Table 3.12.1. Schizosaccharomyces pombe yeast strains used in the experiments. The strains were sent by 

the University College of London (Research Department of Genetics, Evolution and Envirornment) and the 

Chinese Academy of Sciences of Beijing (State key Laboratory of Mycology of The Institute of 

Microbiology). 

Bähler 

laboratory 

strain 

name strain ID(s) 

location 

collected substrate 

date 

collected reference 

JB4 

CBS5557;CCY44-6-

1;CBS10393;DBVPG6275;JCM8262;NBRC1608;NCYC683 Spain Listan grapes ND NA 

JB22 Leupolds 972 (h-);CBS10395;NCYC1430 France rotten grapes 1947 NA 

JB32 Leupolds 975 (h+) 
  

 NA 

JB50 Leupolds 968 (h90) France ND ND NA 

JB758 NOTT30;NCYC936;CBS10394 Sri Lanka fermenting toddy 1979 PMID:25665008 

JB759 NOTT33;Y0036;CBS10498 South Africa beverage ND PMID:25665008 

JB760 NOTT50;DBVPG2812 Italy (Sicily) 

grape must treated 

with SO2 1966 PMID:25665008 

JB762 NOTT75;CBS358;DBVPG6374 ND ND 1987 PMID:25665008 

JB837 NOTT1;UWOPS92.229.4 Mexico Tequilla 1992 PMID:25665008 

JB838 NOTT2;UWOPS94.422.2 Mexico Tequilla 1994 PMID:25665008 

JB840 NOTT4;UFMGR435;CBS10458 Brazil (Aracaju) 

frozen pulp of 

Eugenia uniflora 

("pitanga", Myrtaceae) 1999 PMID:25665008 

JB841 NOTT5;UFMGA1263;CBS10469 Brazil (Vicosa) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB842 NOTT6;UFMGA602;CBS10460 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB845 NOTT9;UFMGR434;CBS10476 Brazil (Aracaju) 

frozen pulp of 

Eugenia uniflora 

("pitanga", Myrtaceae) 1999 PMID:25665008 

JB846 NOTT10;UFMGA826;CBS10465 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 2000 PMID:25665008 

JB848 NOTT12;UFMGR428;CBS10475 Brazil (Aracaju) 

frozen pulp of 

Eugenia uniflora 

("pitanga", Myrtaceae) 1999 PMID:25665008 

JB852 NOTT16;UFMGA529;CBS10462 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB853 NOTT17;UFMGA1000;CBS10465 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB854 NOTT18;UFMGR427;CBS10474 Brazil (Aracaju) 

frozen pulp of 

Eugenia uniflora 

("pitanga", Myrtaceae) 1999 PMID:25665008 

JB858 NOTT22;UFMGA738;CBS10464 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB862 NOTT26;NCYC380;CBS10392 ND raw cane sugar 1953 PMID:25665008 

JB864 NOTT28*;ATCC24751;CBS10391;NCYC132 Africa African Millet Beer 1921 PMID:25665008 

JB870 NOTT34;Y0037;CBS10499 South Africa wine ND PMID:25665008 

JB872 NOTT36;CBS2775;IFO0347;NBRC0347;NCYC3418 Japan fermenting molasses 1957 PMID:25665008 

JB873 NOTT37;CBS5680;DBVPG6448;NCYC3422 Poland apple 1965 PMID:25665008 

JB874 NOTT38;CBS5682;DBVPG6376;NCYC3421 South Africa millet beer 1965 PMID:25665008 

JB875 NOTT39;CBS7335 Spain 

alpechín (water which 

oozes from a heap of 

olives) 1988 PMID:25665008 

JB878 NOTT42;DBVPG2804 Malta wine 1963 PMID:25665008 

JB879 NOTT43;DBVPG2805 Malta wine 1963 PMID:25665008 

JB884 NOTT48;DBVPG2810 Malta wine 1963 PMID:25665008 

JB899 NOTT63;Y470? ND ND ND PMID:25665008 

JB900 NOTT64;Y831 South Africa industrial glucose ND PMID:25665008 

JB902 NOTT66;CBS374 Netherlands (Delft) molasses 1928 PMID:25665008 

JB910 NOTT74;DBVPG6449;CBS1062;IFO0344;NRRLY-1358 ND cane sugar molasses ND PMID:25665008 

JB913 NOTT77;CBS1058 Indonesia molasses 1949 PMID:25665008 

JB914 NOTT78;CBS357;DBVPG6280;CLIB834 Jamaica molasses 1912 PMID:25665008 

JB916 NOTT80;CBS352;DBVPG6373 Indonesia 

arrack factory 

(distilled alcoholic 

drink made from sap 

of the coconut flower) 1923 PMID:25665008 

JB917 NOTT81;CBS1057;DBVPG6375 Sweden brewer's yeast 1933 PMID:25665008 

JB918 NOTT82;CBS1059 Mauritius cane sugar 1949 PMID:25665008 

JB929 NOTT93;CBS1063;DBVPG6450;NRRLY-1362 ND cane sugar molasses 1934 PMID:25665008 

JB930 NOTT94;FRR2208 Australia (Nundah) glace syrup ND PMID:25665008 

JB931 NOTT95;FRR2535 ND 

raspberry cordial 

concentrate 1983 PMID:25665008 

JB934 CLIB837 France winemaking ND PMID:25665008 

JB938 CLIB841 France winemaking ND PMID:25665008 



 

 

JB939 CLIB842 Spain winemaking ND PMID:25665008 

JB942 CLIB845 France winemaking ND PMID:25665008 

JB943 CLIB846 France winemaking ND PMID:25665008 

JB953 PHAFF65-116 Australia 

exudate of a 

Eucalyptus? Tree ND PMID:25665008 

JB1110 YHL266;Zimmer1987_0209 ND red current jelly 1977 PMID:25665008 

JB1117 YHL281;Zimmer1987_0208 Holland malt 1975 PMID:25665008 

JB1154 AWRI1875 Australia (Barossa Valley) ND ND PMID:25665008 

JB1171 CECT12622;NOTT123;IFI356 ND grape juice 1982 PMID:25665008 

JB1174 CECT12918;NOTT126;IFI2139 ND grape juice 1982 PMID:25665008 

JB1180 Kambucha_YFS276;NOTT132 ND ND ND PMID:25665008 

JB1197 NBRC0340;NOTT159;AJ14275;IFO0340;JCM1846 ND ND 1983 PMID:25665008 

JB1205 NBRC10568;NOTT167 ND ND ND PMID:25665008 

JB1206 NBRC10569;NOTT168 ND ND ND PMID:25665008 

JB1207 NBRC10570;NOTT169 ND ND ND PMID:25665008 

JB1468 GZLJ3.34 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1508 Santiago Benito V1; HE963293 Spain Organic Honey 2012 PMID:24929740 

JB1469 GZLJ3.36 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1470 GZLJ3.41 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1471 GZLJ5.6 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1472 GZLJ5.28 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1473 QT11.6 

Gucheng Laojiao 

Distillery, Qitai, Xinjiang 
 

Sept. 2013 
NA 

JB1474 XEBLK30.8 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1475 XEBLK1.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1476 XEBLK2.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1477 XEBLK3.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
Sept. 2013 

NA 

JB1478 XEBLK4.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1479 XEBLK7.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1480 XEBLK22.2 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1481 XEBLK27.3 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1482 XEBLK29.10 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1483 XEBLK30.2 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1484 XEBLK31.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

- CECT1375;IFI935 Spain 
 

1983  

- CECT1376; IFI936 Spain 
 

1983  

- CECT12512; IFI87 Spain must 1999  

- CECT12513; IFI88 Spain must 1999  

Table Source: Benito, Á., Jeffares, D., Palomero, F., Calderón, F., Bai, F. Y., Bähler, J., & Benito, S. (2016). 

Selected Schizosaccharomyces pombe strains have characteristics that are beneficial for winemaking. PloS one, 

11(3), e0151102. DOI: 10.1371/journal.pone.0151102 

 

 

3.13. First phase of S. pombe strain selection 

 



 

 

Starter cultures were grown from 100 μL of each yeast suspension, cultivated in 5 mL 

volumes of YEPD at 25°C for 24 h. This procedure was performed in triplicate before the 

final inoculation of 1 mL in the fermentative medium. 1 mL (108 CFU/mL) of these starters 

cultures were then inoculated into tubes containing 9 mL of sterilised concentrated must 

(Dream Fruits S.A., Quero, Toledo, Spain), which was diluted to 212 g/L glucose + fructose 

and enriched with 4 g/L malic acid (Panreac, Barcelona, Spain) (final pH 3.1) to simulate 

acidic musts where the use of S. pombe is more recommended in order to increase wine 

quality. After 21 days of fermentation, enzymatic analysis were performed for glucose + 

fructose, malic acid and acetic acid. This experiment was performed in triplicate for each 

studied strain. Yeasts used in the second phase of S. pombe strain selection. The yeast strains 

used in the second selection phase included S. pombe IFI936/CECT12774 and 

IFI935/CECT1376 and S. cerevisiae IFI87/CECT12512 and IFI88/CECT12513 from the 

Spanish Type Culture collection. The S. pombe strains JB899/Y470, JB873/NCYC3422 and 

JB917/CBS1057 were selected during the first phase of the study. The strain V1 was selected 

in a previous study (Benito et al. 2014a). 

 

 

Figure 3.13.1. Detail of fermented testing tubes after 21 days of fermentation at 25 ºC. 

 

3.14. Second phase of S. pombe strain selection 



 

 

 

Microfermentations were performed using 200 ml aliquots of concentrated must (Dream 

Fruits S.A., Quero, Toledo, Spain), which were diluted to glucose + fructose (G + F) 

concentrations of 211 g/L, enriched to 4.3 g/L malic acid (Panreac, Barcelona, Spain) (final 

pH 3.08), with 60 g/L of Actimax Natura (Agrovín S.A., Ciudad Real, Spain) added to 

provide nutrition. Each microfermentator was inoculated with 1 mL of liquid YEPD medium 

containing 107 CFU/mL (determined using a Thomas chamber) of one of the above-

mentioned yeasts. All fermentations were performed in 250-ml flasks, which were sealed 

with a Muller valve and filled with 98% H2SO4 (Panreac, Barcelona, Spain) to allow the 

release of CO2 and to prevent microbial contamination. The temperature was maintained at 

25°C. The fermentations proceeded without aeration, oxygen injection or agitation. All 

fermentations were performed in triplicate. 

 

The glucose + fructose, malic acid, acetic acid and pyruvic acid contents of the fermentations 

were monitored over a period of 14 days. The pH, urea, citric acid, glycerol, alcohol content, 

volatile compounds, amino acids and biogenic amine concentrations were determined at the 

end of the fermentation. 

 



 

 

 

Figure 3.14.1. Detail of fermentation at 25 ºC with locker. 

 

 

3.15. Fermentation in stress conditions 

 

During the performance of one of the thesis articles, one reviewer ask to perform a new trial. 

As the trial was considered essential for the publication according to the reviewer and the 

editor we proceeded accordingly adapting the method as much as possible to that proposed 

as example for the reviewer. Study of fermentation in stress caused by ethanol, sulphur 

dioxide and the osmotic stress caused by salts (NaCl and KCl), were performed based on 

methods described previously for S. cerevisiae. 15 mL sealed test tubes contatining 10 mL 

of sterilized grape must were inoculated with the studied strains. The grape must final sugar 

concentration was 206 g/L diluted from a concentrated grape must (Dream Fruits S.A., 

Quero, Toledo, Spain) that was corrected to the respective stressful conditions before yeast 

inoculation: Ethanol (6%; 10%; 12% and 14%), KCl (0.75 M), NaCl (1.5 M) (both osmotic 

stress) and KHSO3 (150 and 300 mg/L) (Sulphur dioxide). Ethanol, KCl, NaCl products were 

from Panreac (Panreac, Barcelona, Spain) and KHSO3 was from Agrovín S.A. (Alcázar de 



 

 

San Juan, Spain). The testing tubes were inoculated to a cellular density of 5x106 cells/mL 

with the studied strains: S. pombe strains (JB899/Y470, JB917/CBS1057, 

JB873/NCYC3422, JB4/ NCYC683, JB837/ NOTT1 and V1), non selected S. pombe strains 

from the Spanish culture collection (936/CECT12774 and IFI 935/ CECT1376) and selected 

S. cerevisiae strains (IFI 87/CECT12512 and IFI 88/CECT12513) from the Spanish culture 

collection. Final optical density was determined at 640 nm after 24 h of incubation at 25°C 

by an Y15 spectrophotometer (Biosystems, Barcelona, Spain). The maximal ethanol 

production was estimated through the fermenting power method. In this case the original 

concentrated grape must (Dream Fruits S.A., Quero, Toledo, Spain) was diluted to a sugar 

concentration of 300 g/L, the sealed flasks with Müller trapflasks (Alamo, Madrid, Spain) 

were incubated at 25°C. All the tests were performed in triplicate. 

 

 

Figure 3.15.1. Detail of fermentations performed under stress conditions for the pre-selected S.pombe strains 

and the S. cerevisiae controls. It can be easily observed that two strains ferment better under the effect of one 

inhibitor factor. 
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Abstract: Most red wines commercialized in the market use the malolactic 

fermentation process in order to ensure stability from a microbiological point of 

view. In this second fermentation, malic acid is converted into L-lactic acid under 

controlled setups. However this process is not free from possible collateral effects 

that on some occasions produce  

off-flavors, wine quality loss and human health problems. In warm viticulture 

regions such as the south of Spain, the risk of suffering a deviation during the 

malolactic fermentation process increases due to the high must pH. This 

contributes to produce wines with high volatile acidity and biogenic amine 

values. This manuscript develops a new red winemaking methodology that 

consists of combining the use of two non-Saccharomyces yeast strains as an 

alternative to the traditional malolactic fermentation. In this method, malic acid 

is totally consumed by Schizosaccharomyces pombe, thus achieving the 

microbiological stabilization objective, while Lachancea thermotolerans 

produces lactic acid in order not to reduce and even increase the acidity of wines 

produced from low acidity musts. This technique reduces the risks inherent to the 

malolactic fermentation process when performed in warm regions. The result is 

more fruity wines that contain less acetic acid and biogenic amines than the 

traditional controls that have undergone the classical malolactic fermentation. 

Keywords: Schizosaccharomyces pombe; Lachancea thermotolerans; malic 

acid; lactic acid; urea; ethyl carbamate; histamine 
 



 

 

Introduction 

Pasteur, at the beginning of his oenological studies, considered malolactic fermentation as 

something unwanted, as he viewed lactic bacteria to be wine spoilage microorganisms. Later 

on, it has been assumed that to perform malolactic fermentations under controlled conditions 

is the best and almost unique way to stabilize a red wine from a microbiological point of 

view. Nevertheless in the last few years it has been proved that there are other different yeast 

species able to consume malic acid [1–4] and also others able to produce lactic acid [4–8].  

The presence of non-Saccharomyces wild yeasts in fermentations was traditionally 

associated with high levels of acetic acid and other off-flavours. Nevertheless, nowadays 

researchers and winemakers are aware of the positive influence of non-Saccharomyces in 

wine quality complexity [8]. When the main objective is to produce dry wine, the difficulty 

with which non-Saccharomyces wine yeast finishes the alcoholic fermentation requires the 

development of multi-starter fermentations with Saccharomyces cerevisiae or another high 

fermentative yeast species as a binding partner. Nevertheless, some of these non-

Saccharomyces could be used alone in the production of sweet wines. Some enzymatic 

properties (glycosidases, β-lyase, etc.), ethanol reduction and the release of some interesting 

metabolites such as glycerol, pyruvic acid, and mannoproteins among others, are the main 

highlights that justify the interest in these mixed fermentations [1,9,10].  

Some studies have analyzed the use and influence of different non-Saccharomyces species 

in wine quality. Some of these yeast species are Kloeckera apiculata [11], Hanseniaspora 

uvarum [12], Hanseniaspora viane [13], Torulospora delbrueckii [14–16], Candida 

pulcherrima [16–18], Candida zemplinina [19], Zygosaccharomyces bailii [20,21], 

Schizosaccharomyces pombe [22], Lachancea thermotolerans [7] and Hansenula anomala 

[23,24]. Most of these studies report sequential inoculation of a non-Saccharomyces and a 

Saccharomyces cerevisiae as the best option.  

Among non-Saccharomyces yeast species, Schizosaccharomyces pombe has been used for 

deacidification purposes, due to its ability to convert L-malic acid into ethanol [25]. On the 

other hand, during the last years new uses of this genus have been developed [1]. One of 

these new uses is its application in ageing over lees, due to their polysaccharide release 

superiority [26]. The literature also describes the use of certain Schizosaccharomyces mutants 

to reduce the initial content of gluconic acid in spoiled grape musts [27–31]. S. pombe 

fermentation also provides a way of increasing the overall pyranoanthocyanin content in red 

wines [32,33]. Nevertheless, due to the great variability in the genetical composition of S. 

pombe [34], further selection processes must be performed [35,36] in order to obtain proper 

strains for winemaking. Lachancea thermotolerans has been recently described for 

acidification of low acidic musts [5–7]. 

This study demonstrates that it is possible to produce a quality wine without using the 

genera Saccharomyces and to avoid any possible collateral effects produced by lactic bacteria 

in wines with high pH and high alcohol content. In these cases it is very difficult to develop 

a proper malolactic fermentation process without any deviation. For these reasons, the 



 

 

combined use of Lachancea thermotolerans and Schizosaccharomyces pombe is proposed as 

an alternative to the classical malolactic fermentation in red wine. 

Results and Discussion 

Fermentation Kinetics 

Yeast Population Kinetic  

Figure 1 shows the different yeast strain population development during the fermentation 

processes. In sequential fermentations, when Saccharomyces cerevisiae 87 or 

Schizosaccharomyces pombe V2 were inoculated, Kluyveromyces thermotolerans 

CONCERTO™ started to decline fast by day 4, although it was faster in the case involving 

Saccharomyces.  

 

Figure 1. Population development of Saccharomyces cerevisiae 87 (SC), 

Kluyveromyces thermotolerans CONCERTO™ (KT) and Schizosaccharomyces 

pombe V2 (SK) during the different sequential fermentation processes.  

The early disappearance of Kluyveromyces thermotolerans CONCERTO™ could be 

explained due to presence of an ethanol concentration higher than 6% v/v by day 4, although 

this species has been reported to tolerate up to 9% v/v ethanol when it ferments by itself [5]. 



 

 

This low alcohol tolerance by Lachancea thermotolerans, make it impossible to produce a 

dry red wine in warm regions without using another more fermentative yeast in a sequential 

fermentation. 

Sugar Consumption Kinetics 

The fermentations involving Saccharomyces cerevisiae 87 (SC) (Figure 2A) consumed 

the sugar the fastest. Slower glucose and fructose consumption kinetics have been described 

before for Schizosaccharomyces pombe in spite of the fact that this yeast is able to consume 

all sugar in a regular must [22,36]. All the studied fermentations were finished properly 

between days 10 and 14 reaching values lower than 3 g/L in the sum of glucose and fructose, 

although there were some differences between them (Figure 2A).  

 

Figure 2. (A) Glucose + fructose concentrations (g/L); (B) Glycerol 

concentrations (g/L); (C) Pyruvic acid (mg/L); (D) L-Lactic acid concentrations 

(g/L); (E) L-Malic acid concentrations (g/L); (F) Acetic acid concentrations 

(g/L). Parameters of the studied wines based on Tempranillo variety during 

fermentations performed by Saccharomyces cerevisiae 87 by itself (SC), 

sequential fermentation with Saccharomyces cerevisiae 87 and Kluyveromyces 

thermotolerans CONCERTO™ (KTꞏꞏꞏSC), sequential fermentation with 



 

 

Schizosaccharomyces pombe V2 and Kluyveromyces thermotolerans 

CONCERTO™ (KT…SK), and Schizosaccharomyces pombe V2 by itself (SK).  

Chemical Parameter Monitoring 

Glycerol 

Most glycerol was produced during the first days of fermentation (Figure 2B). The SC 

fermentation reached the lowest level in glycerol and KTꞏꞏꞏSK fermentation showed the 

highest final content. Lachancea and Schizosaccharomyces genera have been reported before 

as higher glycerol producers than Saccharomyces [7,33,41]. Final levels of glycerol varied 

from 5.96 g/L to 6.65 g/L (Table 1). Increased glycerol content is described as one of the 

main contributions of non-Saccharomyces strains on wine quality [42]. 

Table 1. Final analysis of Saccharomyces cerevisiae 87 by itself (SC), sequential 

fermentation with Saccharomyces cerevisiae 87 and Kluyveromyces 

thermotolerans CONCERTO™ (KTꞏꞏꞏSC), sequential fermentation with 

Schizosaccharomyces pombe V2 and Kluyveromyces thermotolerans 

CONCERTO™ (KT…SK), Schizosaccharomyces pombe V2 by itself (SK), and 

fermentations after malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds SC SC + 

MLF 

KTꞏꞏꞏSC KTꞏꞏꞏSC + 

MLF 

KTꞏꞏꞏSK SK 

L-Lactic Acid (g/L) 0.01 ± 0.01a 0.54 ± 

0.08b 

2.75 ± 0.12c 3.27 ± 0.19d 2.96 ± 0.21c 0.01 ± 0.01a 

L-Malic Acid (g/L) 0.92 ± 0.02b 0.01 ± 

0.01a 

0.89 ± 0.04b 0.01 ± 0.01a 0.01 ± 0.01a 0.01 ± 0.01a 

Acetic Acid (g/L) 0.36 ± 0.01b 0.44 ± 

0.05c 

0.32 ± 0.02a 0.39 ± 0.04bc 0.37 ± 0.02b 0.41 ± 0.02c 

Residual Sugar (g/L) 2.08 ± 0.30b 0.12 ± 

0.04a 

2.22 ± 052b 0.16 ± 0.04a 2.41 ± 0.58b 2.13 ± 0.17b 

Glycerol (g/L)  5.96 ± 0.02a 5.89 ± 

0.05a 

6.48 ± 0.05b 6.36 ± 0.06b 6.65 ± 0.04c 6.59 ± 0.03bc 

Free SO2 (mg/L)  
 

26.12 ± 

2.38a 

 
25.25 ± 

3.43ab 

25.25 ± 3.28ab 21.15 ± 1.28b 

Total SO2 (mg/L)  
 

56.52 ± 

2.43b 

 
44.13 ± 3.16a 46.50 ± 3.21a 58.58 ± 1.15b 

Alcohol (% v/v)  14.56 ± 0.01c 14.54 ± 

0.02c 

14.20 ± 0.04b 14.18 ± 0.06b 14.03 ± 0.05a 14.23 ± 0.02b 

pH  3.94 ± 0,01c 3.99 ± 

0,02d 

3.74 ± 0.02a 3.79 ± 0.02b 3.83 ± 0,02b 4.03 ± 0,02d 

Urea 1.43 ± 0,01b  1.45 ± 0,02b  0.12 ± 0,04a 0.08 ± 0,01a 

Color Intensity 6.16 ± 0,03b 5.38 ± 

0,06a 

6.29 ± 0,06c 5.51 ± 0,07a 6.42 ± 0,08c 6.88 ± 0,03d 

Citric Acid (g/L) 0.22 ± 0.01a 0.03 ± 

0.02b 

0.24 ± 0.03a 0.04 ± 0.03b 0.23 ± 0.03a 0.22 ± 0.02a 



 

 

Results represent the mean ± SD for three replicates. Means in the same row with the same letter 

are not significantly different (p < 0.05).  

Pyruvic Acid  

The highest levels of pyruvic acid were formed during the first days of fermentation 

(Figure 2C), except for the KTꞏꞏꞏSK fermentation where another pyruvic formation peak 

appeared at day 6. The  

non-Saccharomyces yeast produce occasionally more pyruvic acid and more glycerol, both 

being derived from the glyceropyruvic pathway [42,43,44]. The maximum pyruvic acid 

concentrations reached were higher than those recorded in earlier works performed using 

Saccharomyces cerevisiae strains selected for their ability to produce pyruvic acid; these 

produced only between 60 and 130 mg/L of pyruvic acid [36] compared to the 186.38 mg/L 

reached in this study (Figure 2C) by KTꞏꞏꞏSK fermentation and the 337.67 mg/L produced 

by SK. In fermentations where Schizosaccharomyces was involved the pyruvic acid 

production was the highest. Similar results have been reported before [1]. Higher levels of 

pyruvic acid could be interesting for red wines because it contributes to the production of 

highly stable color compounds [32,36]. 

Alcohol 

The alcohol levels varied from 14.03 to 14.56 (% vol/vol) (Table 1). The sugar 

consumption can also be used to produce higher amounts of compounds other than ethanol, 

such as glycerol or pyruvic acid, or to increase the yeast biomass [45,46]. The results obtained 

showed that fermentations involving  

non-Saccharomyces produced lower ethanol levels. These data agree with other authors who 

confirmed that some non-Saccharomyces types of yeast give lower ethanol yields than 

Saccharomyces [47,48,17,10]. Previous studies showed similar results for Lachancea 

thermotolerans [7] and Schizosaccharomyces pombe [22].  

SO2 

The final total SO2 levels varied from 44.13 to 58.58 mg/l (Table 1). Lachancea 

thermotolerans fermentations showed lower final concentrations of total SO2 than 

fermentations with SC and SK. The manufacturer (Chr. Hansen, Hørsholm, Denmark) offers 

it as a way of reducing the risk of presenting H2S faults. A possible reason for lower sulfur 

metabolism could be the lower SO2 tolerance reported for several strains of non-

Saccharomyces. 

L-Lactic Acid  

Figure 2D shows that Kluyveromyces thermotolerans Concerto™ (KT) produced L-lactic 

acid  (Table 1) during alcoholic fermentation. The final L-lactic acid produced by Lachancea 

thermotolerans in this study varied from 2.75 to 2.96 g/L, which clearly influenced the final 



 

 

pH (Table1). Other authors [6] have also observed significant acidification using mixed 

cultures of Lachancea thermotolerans with the main objective of increasing must acidity. 

The production of L-lactic is also linked to the viable cell concentration [41]. In this study L-

lactic production stopped when the Lachancea thermotolerans population started to decrease. 

The assays performed on malolactic fermentations showed an increase in L-lactic acid of 

about 0.54 g/L (Table 1). These levels were lower than the cases involving Lachancea 

thermotolerans, due to the low initial level of malic acid in the studied must. 

L-Malic Acid 

Figure 2E shows a progressive decrease to about 0 g/L in malic acid in all fermentations 

involving Schizosaccharomyces pombe. Schizosaccharomyces is the only yeast genus able to 

reduce efficiently malic acid concentration in must [1] during alcoholic fermentation. 

Acetic Acid 

Previous experiments with Lachancea thermotolerans reported significant reductions in 

acetic acid content [7,41]. On the other hand Schizosaccharomyces has been reported to 

produce acetic acid concentrations up to 1 g/L as main collateral effect [32]. Nevertheless, 

nowadays there are strains with reduced collateral effects [36]. The acetic acid levels obtained 

after alcoholic fermentation varied from of 0.32 to 0.41 g/L (Figure 2F). Those values were 

not excessive and they did not affect wine quality negatively. After malolactic fermentation 

took place in fermentations involving Saccharomyces cerevisiae, small statistical differences 

were reported (Table 1).  

Biogenic Amines 

The final levels of biogenic amines were lower than 2 mg/L (Table 2). This histamine 

value is considered the lowest level [49]. Fermentations involving Schizosaccharomyces 

pombe showed lower levels than those that where malolactic fermentation was performed 

(Table 2). The use of Schizosaccharomyces is of interest to reduce the possibility of lactic 

acid bacteria growing by removing malic acid (another nutrient source), thus reducing the 

risk of biogenic amine [1,50] or ethyl  

carbamate [51] formation. The urea content of the finished wines was less than 0.2 mg/L 

(Table 1) for fermentations involving Schizosaccharomyces pombe. The reported differences 

were attributed to the special ability of Schizosaccharomyces to metabolize urea [52]. This 

enzymatic activity also could reduce the initial level of ethyl carbamate precursors [1]. 

Table 2. Biogenic amines analysis of Saccharomyces cerevisiae 87 by itself 

(SC), sequential fermentation with Saccharomyces cerevisiae 87 and 

Kluyveromyces thermotolerans CONCERTO™ (KTꞏꞏꞏSC), sequential 

fermentation with Schizosaccharomyces pombe V2 and Kluyveromyces 

thermotolerans CONCERTO™ (KT…SK), Schizosaccharomyces pombe V2 by 



 

 

itself (SK), and fermentations after malolactic fermentation with Oenococcus 

oeni 217 (+ MLF). 

Compounds SC SC + 

MLF 

KTꞏꞏꞏSC KTꞏꞏꞏSC + 

MLF 

KTꞏꞏꞏSK SK 

Histamine (mg/L) 0.43 ± 0.02a 1.46 ± 

0.06b 

0.42 ± 0.04a 1.48 ± 0.15b 0.44 ± 0.04a 0.38 ± 0.02a 

Tiramine (mg/L) 0.25 ± 0.01a 0.36 ± 

0.04b 

0.26 ± 0.02a 0.38 ± 0.06b 0.22 ± 0.03a 0.26 ± 0.03a 

Phenylethylamine (g/L) n.d. n.d. n.d. n.d. n.d. n.d. 

Putrescine (g/L) 1.78 ± 0.03a 2.18 ± 

0.18b 

1.82 ± 0.11a 2.24 ± 0.21b 1.71 ± 0.08a 1.88 ± 0.07a 

Cadaverine (g/L)  0.51 ± 0.02a 0.65 ± 

0.04b 

0.49 ± 0.05a 0.69 ± 0.07b 0.52 ± 0.03ab 0.55 ± 0.03a 

Results represent the mean ± SD for three replicates. Means in the same row with the same letter 

are not significantly different (p < 0.05).  

Sensory Evaluation  

During an informal tasting session differences in color, aroma, and taste were found 

between the wines. No apparent off-flavors were detectable. However, a full sensory analysis 

is needed to confirm and validate these findings. 

Experimental Section  

Microorganisms  

The following yeasts were used for the experimental fermentations: Kluyveromyces 

thermotolerans Concerto™ (Hansen, Hørsholm, Denmark; www.chr-hansen.com) that 

belongs to the yeast species Lachancea thermotolerans, Saccharomyces cerevisiae 87 

(Spanish Type Culture Collection, Valencia, Spain) and Schizosaccharomyces pombe V2 

(Chemistry and Food Technology department, Polytechnic University of Madrid, Spain 

[36]). The strain of lactic acid bacteria used was Oenococcus oeni 217 (Spanish Type Culture 

Collection, Valencia, Spain). 

Vinification  

All fermentations were undertaken using the must of Vitis vinifera L. cultivar Tempranillo 

grapes grown in El Socorro Experimental vineyard (Madrid, Spain). The must was pasteurized 

at 105 °C for 5 min. A microvinification method similar to those described in scientific 

literature was used [15,22,32,33,37]. Pasteurized must (4 L) was placed in 5 L glass tanks. 

This allowed an adequate space for the release of carbon dioxide during the fermentation 

process. No sulphur dioxide was added to any vessel. Sugar concentration was 249.33 g/L, 

pH = 3.92, primary amino nitrogen (PAN) 167 g/L, malic acid 0.96 g/L, citric acid 0.24 g/L, 

lactic and acetic acid bellow 0.1 g/L. To provide nutrition 60 g/hL of Actimax NATURA 



 

 

(Agrovín S.A., Ciudad Real, Spain) were added. Four assays were performed (all in 

triplicate): i) inoculation of the must with S. cerevisiae 87 (106 CFU/mL) alone (SC); ii) 

inoculation of the must with K. thermotolerans Concerto™ (107 CFU/mL) followed by S. 

cerevisiae 87 (106 CFU/mL) 96 h later (KTꞏꞏꞏSC); iii) inoculation of the must with K. 

thermotolerans Concerto™ (106 CFU/mL) followed by S. pombe V2 (106 CFU/mL) 96 h 

later (KTꞏꞏꞏSK); and iv) inoculation of the must with S. pombe V2 alone (SK). Yeast inocula 

were performed using 100 mL of sterilized must with 1 mL of yeast extract dextrose peptone 

liquid medium [38] containing 108 CFU/mL (determined using a Thomas chamber). To reach 

this population, 100 μL of each yeast suspension were cultivated in 10 mL of YEPD at 25 °C 

for 24 h. This procedure was repeated three successive times before the final inoculation of 

1 mL in the inocula. All inocula were performed in 250-mL flasks sealed with a Müller valve 

filled with 98% H2SO4 (Panreac, Barcelona, Spain), which allowed the release of CO2 while 

avoiding microbial contamination [39]. The temperature was maintained at 25 °C for 48 h. 

The progress of the inocula was developed under anaerobic conditions. All fermentations 

were performed in triplicate. All fermentation processes were carried out at 20 °C. When the 

sugar content was below 3 g/L, the wines were racked and stabilized during 7 days at 4 °C 

concluding with the final product being bottled. Then a concentration of 50 mg/L of sulphur 

dioxide in potassium metabisulfite form was added. Sealed bottles were placed horizontally 

in a climate chamber at 4 °C until the sensory evaluation took place. The wines fermented 

with Saccharomyces cerevisiae by itself (SC), were stabilized and racked following the same 

procedure, since they finished malolactic fermentation by Oenococcus oeni 217 (106 

CFU/mL) in 2.8 L vessels at 18 °C. Then they remained under the same final storage 

conditions described above, for one month before tasting sessions took place.  

Analytical Determinations of Non-Volatile Compounds  

Glucose and fructose, L-lactic acid, acetic acid, glycerol, pyruvic acid, citric acid, L-malic 

acid, urea and primary amino nitrogen were all determined using a Y15 enzymatic 

autoanalyzer (Biosystems S.A, Barcelona, Spain) and its proper kits. Ethanol, pH, free SO2, 

total SO2 were determined following the methods in the Compendium of International 

Methods of Analysis of Musts and Wines [53]. 
  



 

 

Microvinifications Growth Kinetics 

During fermentations, aliquots were taken periodically under aseptic conditions and 

further seria  

lten-fold dilutions were made. Yeast growth kinetics were monitored by plating 100 μL of 

the appropriate dilution on lysine media (non-Saccharomyces counts; [40]), YEPD media 

(total yeast counts; [38]) and YEPDActBzCl media (Schizosaccharomyces counts; [35,36]) 

based on actidione and benzoic acid as main inhibitor agents. In KTꞏꞏꞏSC fermentations the 

population of Lachancea thermotolerans was estimated by the difference between YEPD and 

Lysine media counts. In KTꞏꞏꞏSK fermentations the population of Lachancea thermotolerans 

was estimated by the difference between YEPD and YEPDActBzCl media counts. Colonies 

were counted after growth at 30 °C for 48–72 h. Lactic bacteria were monitored in MRS agar 

(Oxoid, Basingstoke, UK). 

Analytical Determinations of Biogenic Amines  

The aminoacids were analysed using a Jasco (Tokyo, Japan) UHPLC chromatograph 

series X-LCTM, equipped with a 3120-FP fluorescence detector. Gradients of solvent A 

(methanol/acetonitrile, 50:50, v/v) and B (sodium acetate /tetrahydrofuran, 99:1, v/v) were 

used in a C18 (HALO, city, state abbrev USA) column (100 mm × 2.1 mm; particle size 2.7 

µm) as follows: 90% B (0.25 mL/min) from 0 to  

6 min, 90%–78% B linear (0.2 mL/min) from 6 to 7.5 min, 78% B from 7.5 to 8 min, 78%–

74% B linear (0.2 mL/min) from 8 to 8.5 min, 74% B (0.2 mL/min) from 8.5 to 11 min, 74%–

50% B linear  

(0.2 mL/min) from 11 to 15 min, 50% B (0.2 mL/min) from 15 to 17 min, 50%–20% B linear  

(0.2 mL/min) from 17 to 21 min, 20%–90% B linear (0.2 mL/min) from 21 to 25 min and re-

equilibration of the column from 25 to 26 min. Detection was performed by scanning in the 

340–455 nm range. Quantification was performed by comparison against external standards 

of the studied amines. The different amines were identified by their retention times. 

Sensory Evaluation 

The experimental wines were evaluated by a team of 15 experienced wine tasters (five 

females and ten males), all employees of the Chemistry and Food Technology Department 

(Madrid, Spain) and the Estación Enológica de Haro (Haro, Spain). Two visual descriptors, 

four taste parameters and five aromas were used to evaluate the final fermentations. No 

specific training was carried out prior to tasting sessions. Twelve wines were evaluated in 

randomized order. The wines were presented in clear tasting glasses [54] identified by 

numbers from 1 to twelve and in an air-conditioned (20 °C) tasting room equipped with 

individual booths. Twenty five milliliters of each wine were served at 14 °C in randomized 

order. The panelists were asked to rate typicality regarding their personal Tempranillo wine 

concept after testing on an unstructured 10 cm scale, from 0 (no defect) to 10 (very strong 



 

 

defect perceptible), to rate the intensity of the 12 attributes. Additionally, the panelists were 

asked to name descriptors as free comments for each wine. 

Statistical Analysis 

All statistical analyses were performed using PC Statgraphics v.5 software (Graphics 

Software Systems, Rockville, MD, USA). The significance was set to p < 0.05 for the 

ANOVA matrix F value. The multiple range test was used to compare the means. 

Conclusions 

The comparison of the results from the fermentation trials showed differences in several 

analyzed parameters. The combination of the non-Saccharomyces Lachancea thermotolerans 

and Schizosaccharomyces pombe positively influenced wine quality in the studied case of a 

low acidic Tempranillo must. Fermentation kinetics showed a fast decline of Lachancea 

thermotolerans yeast immediately after a more fermentative yeast specie was inoculated. All 

non-Saccharomyces fermentations produced higher levels of glycerol and pyruvic acid 

without increasing acetic acidity. Lachancea thermotolerans sulphur dioxide production was 

significantly lower. All non-Saccharomyces produced reduced ethanol levels. The 

combination of Lachancea thermotolerans and a selected Schizosaccharomyces pombe strain 

produced wines stabilised from a malic acid point of view without any need of performing a 

malolactic fermentation. These wines also showed lower final levels of biogenic amines than 

the controls that underwent malolactic fermentation. 
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Summary  

This study evaluates the influence of Lachancea thermotolerans on low-acidity Airen grape 

must from the south of Spain. For this purpose, combined fermentations with Lachancea 

thermotolerans and Saccharomyces cerevisiae were compared to a single fermentation by S. 

cerevisiae. Results from all developed analyses showed significant differences in several 

parameters including acidity, population kinetics, amino acids, sensorial parameters, non-

volatile and volatile compounds. The Airen wine quality increased mainly due to L. 

thermotolerans acidification. The acidification process supposed a lactic acid increment of 

3.18 g/L and a reduction of 0.22 in pH compared to the regular control performed by S. 

cerevisiae. 

 

Keywords: Airen, Lachancea thermotolerans, Saccharomyces cerevisiae, L-lactic acid, 

pyruvic acid, glycerol, ethanol, amino acids, biogenic amines, combined fermentation. 

 



 

 

Introduction   

 

In recent years, global climate change has set a trend towards an increase in sugar content 

and a decrease in the acidity of grape juices. The option of microbiological acidification can 

play an essential role in satisfying the growing wine market demand for quality wines. 

Traditionally, Saccharomyces cerevisiae has been the yeast used widely for winemaking. 

However, grapes are not a sterile media and there are many other yeast species with plenty 

of potential to solve new oenology challenges that must be studied. Several research groups 

have studied non-Saccharomyces yeast applications (1,2) in different grape varieties such as 

Sauvignon blanc (3,4), Chenin blanc (4), Chardonnay (4-6), Amarone (7), Muscat (8), 

Muscat d'Alexandrie (9), Debina (10), Macabeo (11,12), Folle blanche (13), Bobal (14), 

Alvarinho, Loureiro, Trajadura, Pedernã, Azal Branco, Avesso (15), Airen (16,17), Pedro 

Ximenez (18), Sangiovese (19), Pinot noir (20), Emir (21,22), Syrah (23-26), Tempranillo 

(27,28) and Riesling (29). In most cases improvements in wine quality were reported.  

The presence of non-Saccharomyces wild yeasts in fermentations was traditionally 

associated with high levels of acetic acid and other off-flavours. Nevertheless, nowadays 

researchers and winemakers are aware of the positive influence of non-Saccharomyces in 

wine aroma complexity (1,2,29-40). The difficulty with which non-Saccharomyces wine 

yeast finishes the alcoholic fermentation requires the development of multi-starter 

fermentation with Saccharomyces cerevisiae as a binding partner. Some enzymatic properties 

(glycosidases, β-lyase, etc.), ethanol reduction and the release of some interesting metabolites 

such as glycerol, pyruvic acid, and mannoproteins among others, are the highlights that 

justify the interest in these mixed fermentations (41-44). 

Some studies have analysed the use and influence of different non-Saccharomyces species in 

wine quality. In most cases sequential fermentation option was reported to be the best option. 

Some of these yeast species are Kloeckera apiculata (45), Hanseniaspora uvarum (46), 

Hanseniaspora vineae (6,27), Torulospora delbrueckii (7,28,47), Metschnikowia 

pulcherrima (3,47,48), Candida zemplinina (49), Zygosaccharomyces bailii (50,51), 

Schizosaccharomyces pombe (44,52), Hansenula anomala (53), Pichia guillermondii (54), 



 

 

and Lachancea thermotolerans (19,29,55-59). Between these species L. thermotolerans, 

previously called Kluyveromyces thermotolerans, has been used specifically to increase the 

acidity of wines, producing increases of L-lactic acid concentration from 0.23 to 9.6 g/L 

depending on the different trial conditions (19,29,55-59).  

This study aims to enhance Airen wine quality. This Spanish variety is considered as a neutral 

and very productive grape and is usually associated with low-quality wine. However, this 

variety is the most planted in Spain. Most Airen vineyards are located in the middle of the 

south of Spain. This area is considered to be a warm semi-desert region, where high sugar 

contents and lack of acidity in wine are the main problems. Therefore, Lachancea 

thermotolerans 617 was selected among other non-Saccharomyces in this study to perform 

combined fermentations with S. cerevisiae in order to increase the acidity and quality of 

Spanish Airen wine.  

 

Materials and Methods 

 

Microorganisms  

The following yeast strains were used for the experimental fermentation of the studied Airen 

must: Saccharomyces cerevisiae 87 (Spanish Type Culture Collection, Valencia, Spain; 

CECT 12512) and Lachancea thermotolerans 617 (Spanish Type Culture Collection, 

Valencia, Spain; CECT 12672). 

 

Vinification  

All fermentations were undertaken using the must of Vitis vinifera L. cultivar Airen grapes 

grown in El Socorro (Experimental vineyard, Madrid, Spain). Using a microvinification 

method similar to those described in scientific literature (60), 3.9 L of sterilised must (115 

ºC, 15 min) were placed in 4.9 L glass fermentation vessels, leaving enough space for the 

emission of carbon dioxide. No sulphur dioxide was added to any vessel. Sugar concentration 

was 244.51 g/L, pH=3.68, primary amino nitrogen (PAN; 

http://www.biosystems.es/products/) 177 mg/L, lactic and acetic acid below 0.1 g/L. An 



 

 

amount of 0.4 g/L of Actimax Natura (Agrovin SA; Alcázar de San Juan, Spain), inactivated 

autolyzed yeasts naturally rich in amino acids (www.agrovin.com), was added to provide 

nutrition for the media. 

Four assays were performed (all in triplicate): i) inoculation of the must with S. cerevisiae 87 

alone (SC; 100 mL containing 1.18ꞏ107 cfu/mL); ii) inoculation of the must with S. cerevisiae 

87 (1.18ꞏ107 cfu/mL) and Lachancea thermotolerans 617 (100 mL containing 2.95ꞏ107 

cfu/mL) together (mixed fermentation; LTxSC); iii) inoculation of the must with Lachancea 

thermotolerans 617 (100 mL containing 2.27ꞏ107 cfu /mL) followed by S. cerevisiae 87 (100 

mL containing 107 cfu/mL) 96 h later (LT...SC). Yeast inocula were produced using 100 mL 

of sterilized must with 1 mL of yeast extract dextrose peptone liquid medium (61) containing 

106 cfu/mL (determined using a Thomas chamber). To reach this population, 100 μL of each 

yeast suspension were cultivated in 10 mL of YEPD at 25 °C for 24 h. This procedure was 

repeated three successive times before the final inoculation of 1 mL in the inocula. All inocula 

were performed in 250-mL flasks sealed with a 14-cm Muller valve (Alamo, Madrid, Spain) 

filled with 98 % H2SO4 (Panreac, Barcelona, Spain), which allowed the release of CO2 while 

avoiding microbial contamination (62). The temperature was maintained at 25 ºC for 48 h. 

The development of inocula proceeded without aeration, oxygen injection or agitation. All 

fermentations were performed in triplicate. All fermentation processes were carried out at 25 

ºC. When the sugar concentration was below 3 g/L, the wines were racked and stabilized 

during 7 days at 4 ºC concluding with the final product being bottled. Then a concentration 

of 40 mg/L of sulphur dioxide in potassium metabisulfite form was added. Sealed bottles 

were placed horizontally in a climate chamber at 4 ºC for three weeks until the sensory 

evaluation took place. 

 

Analytical determinations of non-volatile compounds  

Glucose and fructose, L-lactic acid, acetic acid, glycerol, pyruvic acid, acetaldehyde, L-malic 

acid and primary amino nitrogen were all determined using a Y15 enzymatic autoanalyzer 

(Biosystems S.A, Barcelona, Spain) and its proper kits (http://www.biosystems.es/products/).  



 

 

Ethanol, pH, free SO2 and total SO2 (Table 1) profile were determined following the methods 

in the Compendium of International Methods of Analysis of Musts and Wines (63). 

 

Microvinifications’ growth kinetics 

During fermentations, aliquots were taken periodically under aseptic conditions and further 

ten-fold dilutions were made serially. Growth kinetics were monitored by plating 100 μL of 

the appropriate dilution on Lysine media (non-Saccharomyces counts; 64) and YEPD media 

(total yeast counts; 61). Colonies were counted after growth at 30 °C for 48–72 h. 

 

Analytical determinations of volatile compounds  

The concentration of volatile compounds (Table 2), all of which influence wine quality, were 

measured at the end of alcoholic fermentations by gas chromatography using an Agilent 

Technologies 6850 gas chromatograph with a flame ionisation detector (Hewlett Packard, 

Palo Alto, CA, USA) (65). The apparatus was calibrated with a 4-methyl-2- pentanol internal 

standard. Gas chromatography quality compounds (Fluka, Sigma–Aldrich Corp., Buchs SG, 

Switzerland) were used to provide standard patterns. Higher alcohols were separated as 

described in the Compendium of International Methods of Analysis of Musts and Wines 

(OIV 2014). The detection limit was 0.1 mg/L. Minor compounds were quantified by gas 

chromatography–mass spectrometry as described by Lopez et al. (66) with the modifications 

introduced by Loscos et al. (67). 

 

Analytical determinations of amino acids  

The amino acids (Table 3) were analysed using a Jasco (Tokyo, Japan) UHPLC 

chromatograph series X-LCTM, equipped with a fluorescence detector 3120-FP. Gradients 

of solvent A (methanol/acetonitrile, 50:50, v/v) and B (sodium acetate /tetrahydrofuran, 99:1, 

v/v) were used in a C18 (HALO, USA) column (100 mm × 2.1 mm; particle size 2.7 µm) as 

follows: 90 % B (0.25 mL/min) from 0 to 6 min, 90–78 % B linear (0.2 mL/min) from 6 to 

7.5 min, 78 % B from 7.5 to 8 min, 78–74 % B linear (0.2 mL/min) from 8 to 8.5 min, 74 % 

B (0.2 mL/min) from 8.5 to 11 min,74–50 % B linear (0.2 mL/min) from 11 to 15 min, 50 % 



 

 

B (0.2 mL/min) from 15 to 17 min, 50–20 % B linear (0.2 mL/min) from 17 to 21 min, 20–

90 % B linear (0.2 mL/min) from 21 to 25 min and re-equilibration of the column from 25 to 

26 min. Detection was performed by scanning in the 340–455 nm range. Quantification was 

performed by comparison against external standards of the studied amino acids. The different 

amino acids were identified by their retention times. 

 

Analytical determinations of biogenic amines  

The biogenic amines (Table 4) were analysed using a Jasco (Tokyo, Japan) UHPLC 

chromatograph series X-LCTM, equipped with a fluorescence detector 3120-FP. Gradients 

of solvent A (methanol/acetonitrile, 50:50, v/v) and B (sodium acetate /tetrahydrofuran, 99:1, 

v/v) were used in a C18 (HALO, USA) column (100 mm × 2.1 mm; particle size 2.7 µm) as 

follows: 60% B (0.25 ml/min) from 0 to 5 min, 60–50% B linear (0.25 ml/min) from 5 to 8 

min, 50% B from 8 to 9 min, 50-20% B linear (0.2 ml/min) from 9 to 12 min, 20% B (0.2 

ml/min) from 12 to 13 min, 20–60% B linear (0.2 ml/min) from 13 to 14.5 min, and re-

equilibration of the column from 14.5 to 17 min. Detection was performed by scanning in the 

340–420 nm range. Quantification was performed by comparison against external standards 

of the studied amines. The different amines were identified by their retention times. 

 

Sensory analysis 

The final wines were assessed (blind test) by a panel of 15 experienced wine tasters; all staff 

members of the Chemistry and Food Technology Department (Madrid, Spain) and the 

Estación Enológica de Haro (Haro, Spain). Following the generation of a consistent 

terminology by consensus, five aromas and five taste attributes were chosen to describe the 

wines. The panellists used a 6-cm unstructured scale, from 0 (no character) to 6 (very strong 

character), to rate the intensity of the 11 attributes. 

 

Statistical analysis 



 

 

All statistical analyses were performed using PC Statgraphics v. 5 software (Graphics 

Software Systems, Rockville, MD, USA). The significance was set to p < 0.05 for the 

ANOVA matrix F value. The multiple range test was used to compare the means. 

 

Results and Discussion 

 

Yeast Population kinetic 

Figure 1 shows the different yeast strains development population during the fermentation 

process. Fermentation times varied from 10 to 14 days. In all mixed fermentations when 

Saccharomyces cerevisiae 87 was inoculated (LTxSC; LT...SC), L. thermotolerans 617 

started to decline fast. Other authors reported fermentation kinetics before for other non-

Saccharomyces, in which the presence of non-Saccharomyces also took place during the 

early stages of fermentation. In this trial L. thermotolerans 617 strain disappeared on day 8 

in the case of sequential fermentation (Fig. 1). This can be explained by the higher 

fermentation power of this species compared to other low fermentative non-Saccharomyces. 

Some S. cerevisiae strains were also reported to secrete antimicrobial peptides inhibiting non-

Saccharomyes yeast growth (68). This could explain the early disappearance of L. 

thermotolerans once S. cerevisiae was inoculated, even though it has been reported to tolerate 

up to 9 % v/v ethanol when it ferments by itself (55). In this trial, the sequential fermentation 

(LT...SC) was the best option. In the case of the mixed fermentation (LTxSC), L. 

thermotolerans disappears fast and it was not possible to accomplish the acidification 

objective. The observed reduction in cell numbers during the fermentation could be explained 

as due to cell flocculation or loss of viability. 



 

 

 

Fig. 1. Yeast cell counts during fermentation. A) Fermentation inoculated only with S. 

cerevisiae 87 (SC). B) Simultaneous inoculation of Lachancea thermotolerans 617 (LT) and 

S. cerevisiae 87 (SC). C) Sequential inoculation of Lachancea thermotolerans 617 (LT) and 

S. cerevisiae 87 (SC).  

 

Sugar consumption kinetic and alcohol production  

The Saccharomyces cerevisiae 87 fermenting by itself (SC) and mixed fermentation (LTxSC) 

consumed the sugar the fastest (Fig. 2). Fermentation times varied from 10 to 14 days and 

final alcohol contents varied from 13.91 to 14.36. The ethanol content was lower in the case 

of sequential fermentation (LT...SC) (Table 1). The sugar consumption results analysed in 

this work (Fig. 2) agree with the lower fermentative power of Lachancea spp. compared with 

S. cerevisiae (55), due to the fact that in the last stages only Saccharomyces cerevisiae was 

detected. Several authors question the usefulness of non-Saccharomyces yeast in the 

production of lower concentrations of alcohol in wines (43,69). These previous results agree 

with the lower final alcohol content of the wines produced in the sequential fermentations 

involving Lachancea thermotolerans 617 (Table 1). However, in our case the alcohol 

reduction was of about 0.4 % (Table 1).  

  



 

 

 

Table 1. Analytical results for the wines produced by the different fermentation systems. S. cerevisiae 87 alone 

(SC); Simultaneous fermentation with L. thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation 

with L. thermotolerans 617 followed by S. cerevisiae 87 (LT…SC). 

Compounds SC LTxSC LT…SC 

     

L-Lactic Acid γ/(g/L) (0.02±0.01)a (0.24±0.04)b (3.18±0.19)c 

L-Malic Acid γ/(g/L) (0.98±0.02)a (1.02±0.03)ab (1.04±0.03)b 

Acetic Acid γ/(g/L) (0.38±0.02)a (0.39±0.02)a (0.31±0.03)b 

Glucose + Fructose γ/(g/L) (1.88±0.42)a  (2.32±0.48)a (2.77±0.56)a 

Glycerol γ/(g/L) (7.11±0.05)a  (7.18±0.08)a (7.55±0.16)b 

Free SO2 γ/(mg/L) (21.12±2.72)a (19.99±3.26)a (17.82±3.42)a 

Total SO2 γ/(mg/L) (48.11±1.12)a (46.28±2.46)a (41.32±2.21)b 

Alcohol (% by volume) (14.36±0.02)a (14.29±0.04)a (13.91±0.08)b 

Acetaldehyde γ/(mg/L) (39.00±3.02)a (35.00±2.01)b (27.00±4.02)c 

pH (3.74±0.01)a (3.71±0.02)a (3.52±0.06)b 

 
   

Results represent the mean±SD for three replicates. Means in the same row with the same letter are not significantly 

different (p<0.05).   

 



 

 

 

Fig. 2. Change in glucose + fructose concentration of the studied Airen-based wines during 

fermentation with S. cerevisiae 87 alone (SC); Simultaneous fermentation with Lachancea 

thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation with Lachancea 

thermotolerans 617 followed by S. cerevisiae 87 (LT…SC).  

 

 

 

Acetic acid metabolism 

Figure 3 shows the acetic acid release kinetics. Acetic acid varied from 0.31 to 0.39 g/L 

(Table 1). LT...SC fermentation produced the lowest final acetic acid concentration. SC and 

LTxSC fermentations showed similar final acetic acid content of about 0.38 g/L (Fig. 3). One 

of the questions raised by winemakers is the excessive increase of acetic acid in wines with 



 

 

high presence of non-Saccharomyces yeasts (1). However, previous experiments with L. 

thermotolerans reported significant reduction in final volatile acidity content in sequential 

fermentations of 0.25 g/L (19), 0.06 g/L (56), 0.2 g/L (42) and 0.08 g/L (70). Our trial results 

confirm an additional decrease in this compound related to L. thermotolerans presence (Fig. 

3; Table 1). Nevertheless, acetic acid values in all fermentations were not excessive and they 

did not affect wine quality negatively. The present results show that a controlled use of L. 

thermotolerans in sequential fermentations can cause a decrease of acetic acid production.  

 

Fig. 3. Change in acetic acid concentration of the studied Airen-based wines during 

fermentation with S. cerevisiae 87 alone (SC); Simultaneous fermentation with Lachancea 

thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation with Lachancea 

thermotolerans 617 followed by S. cerevisiae 87 (LT…SC). 

 

 



 

 

L-lactic acid metabolism  

Figure 4 reports that only fermentations involving Lachancea thermotolerans 617 produced 

L-lactic acid. The results varied from 0.24 g/L (LTxSC) to 3.18 g/L (LT...SC) (Table 1). 

Other authors obtained significant acidifications using mixed cultures of Lachancea 

thermotolerans with the main objective of acidifying musts that were low in titratable acidity. 

Some values were similar to the ones reported in this work that reached acidifications of 3.42 

g/L (19) in L-lactic acid. In other cases acidifications were higher; up to 5.13 g/L (56) have 

been reported depending on different trial conditions. . The production of L-lactic is linked 

to the viable cell concentration (70). Sequential fermentation (LT...SC) turned out to be the 

best option for acidifying wine in this study (Fig. 4; Table 1). In the case of mixed 

fermentation (LTxSC), the acidification was significantly lower due to the fast 

Saccharomyces implantation that avoided a higher acidification by Lachancea 

thermotolerans. 

 



 

 

Fig. 4. Change in L-lactic acid concentration of the studied Airen-based wines during 

fermentation with S. cerevisiae 87 alone (SC); Simultaneous fermentation with Lachancea 

thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation with Lachancea 

thermotolerans 617 followed by S. cerevisiae 87 (LT…SC). 

 

L-malic acid metabolism 

Only the final malic acid values in fermentations involving S. cerevisiae 87 were lower than 

the others (Table 1), detecting a maximum malic acid reduction rate of 17.65 % in SC 

fermentation, 14.29 % in LTxSC and 9.25 % in LT...SC fermentation. The slight decrease in 

malic acid content observed in the trial fermentations (Table 1) agrees with other authors 

who have confirmed that malic acid can be metabolised by several yeast species (44,52,57) 

in levels lower than 20 %, unless Schizosaccharomyces genus is involved. 

 

 

Glycerol production  

 

The glycerol content in LT...SC fermentation was higher than those observed in SC and 

LTxSC fermentations (Table 1). Final levels of glycerol varied from 7.11 g/L to 7.55 g/L 

(Table 1). Increased glycerol content is described as one of the main contributions of non-

Saccharomyces strains on wine quality (71) because it contributes positively to the mouth-

feel. L. thermotolerans has been described before in literature as a higher glycerol producer 

than S. cerevisiae, reporting increases of about 0.69 g/L (19) and 0.93 (56). However, some 

authors have reported that an increase in glycerol production is usually linked with a rise in 

acetic acid production (72), which can be detrimental to wine quality. Our results confirm 

that this fact seems to be irrelevant in the case of fermentation LT…SC.  

 

Pyruvic acid production 

Saccharomyces cerevisiae 87 by itself (SC) and LTxSC fermentation showed maximum 

pyruvic acid production between second and fourth day, reaching 128 and 149 mg/l 



 

 

respectively (Fig. 5). LT...SC fermentations showed higher values with a maximum peak of 

172.36 mg/l at day 6. Previous pyruvic acid-based selection studies on S. cerevisiae strains 

returned maximum values of 60–132 mg/l after 4 days of fermentation (52). Values between 

those were obtained in the present study for fermentation SC and slightly higher for LTxSC 

(Fig. 5). Nevertheless, fermentation LT...SC showed significant higher levels, but not as high 

as those described for the genus Schizosaccharomyces (52). The values observed in pyruvic 

acid and glycerol production could indicate that L. thermotolerans possesses a highly active 

glyceropyruvic pathway (73).  

 

Fig. 5. Change in pyruvic acid concentration of the studied Airen-based wines during 

fermentation with S. cerevisiae 87 alone (SC); Simultaneous fermentation with Lachancea 

thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation with Lachancea 

thermotolerans 617 followed by S. cerevisiae 87 (LT…SC). 



 

 

 

Acetaldehyde  

The fermentations involving L. thermotolerans 617 produced less acetaldehyde with values 

that varied from 27 mg/L (LT…SC) to 35 mg/L (LTxSC) (Table 1). SC fermentation 

produced more acetaldehyde than the others, ending at a final concentration of 39 mg/L 

(Table 1). It arises from the yeast metabolism of sugars and it is partly re-utilized (74). 

Although SC fermentation produced more acetaldehyde than the others (Table 1), all final 

values were under the sensory threshold of 100-125 mg/L (75).  

 

Volatile aroma  

Isoamyl alcohol, ethyl octanoate and isoamyl acetate were formed in higher total 

concentrations by SC and LTxSC fermentations (Table 2). On the other hand LT…SC 

fermentation reported higher final concentrations than SC of ethyl lactate, 2-phenyl ethanol 

and 2-phenyl ethyl acetate (Table 2), up to 5.98, 3.92 and 0.16 mg/L. Other authors have 

described in the past non-Saccharomyces yeasts as lower producers of higher alcohols than 

Saccharomyces cerevisiae (10,11,19,46,76). LT…DC fermentation was the best producer of 

2-phenyl ethanol (Table 2). Other authors have reported higher production than S. cerevisiae 

of 2-phenyl ethanol and ethyl lactate by L. thermotolerans (19) up to 7.92 and 14.34 mg/L. 

L. thermotolerans has also been reported before as a lower ethyl acetate producer than S. 

cerevisiae (19).  

 

 

Table 2. Volatile compounds (mg/L) detected in the different fermentations. S. cerevisiae 87 alone (SC); 

Simultaneous fermentation with L. thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation with 

L. thermotolerans 617 followed by S. cerevisiae 87 (LT…SC).  

Compounds γ/(mg/L) SC LTxSC LT…SC 

     

Hexanol (0.96±0.03)a (1.02±0.04)a (0.98±0.06)a 

Isoamyl alcohol (132.82±6.06)a (126.92±9.11)a (102.43±10.64)b 

Isobutanol (11.36±1.28)a (12.56±1.86)a (14.42±2.76)a 

Ethyl acetate (54.42±3.33)a (53.61±3.42)a (50.36±5.56)a 

Ethyl decanoate (0.11±0.02)a (0.13±0.03)a (0.15±0.06)a 



 

 

Ethyl hexanoate (0.32±0.02)a (0.34±0.04)a (0.29±0.06)a 

Ethyl lactate (7.16±0.21)a (8.89±0.48)b (13.14±2.18)c 

Ethyl octanoate (0.36±0.06)a (0.39±0.09)a (0.25±0.07)b 

Isoamyl acetate (1.62±0.03)a (1.48±0.06)a (0.98±0.11)b 

Hexanoic acid (8.24±0.54)a (8.32±0.72)a (8.18±1.16)a 

Octanoic acid (4.32±0.12)a (4.44±0.18)a (3.16±0.22)a 

2-Phenylethanol (18.16±0.15)a (19.32±0.82)a (22.08±0.93)b 

2-Phenylethyl acetate (0.36±0.01)a (0.39±0.03)a (0.52±0.06)b 

 
   

Results represent the mean±SD for three replicates. Means in the same row with the same letter are not significantly 

different (p<0.05).   

 

Amino acids and biogenic amines 

 

SC and LTxSC fermentations reported higher final levels in histidine, glycine, and leucine 

than LT…SC wine (Table 3). LT…SC fermentation reported higher final levels in alanine, 

lysine and serine (Table 3). The final levels of each biogenic amine were always lower than 

1 mg/l (Table 4). Differences in the amino acid patterns between the different fermentations 

were found, but they could not be related to the aroma of the Airen wines. Different autolysis 

behaviour might be the reason for this. A histamine value of 2 mg/L is considered the most 

restricted level (77) in some countries due to food safety legislation. Our results prove that 

L. thermotolerans does not produce higher levels of biogenic amines than Saccharomyces. 

However most biogenic amines are produced during malolactic fermentation and wine ageing 

(78). Nevertheless, the lower level detected in histidine (precursor of histamine) for LT…SC 

(Table 3) fermentation contribute to reduce the potential risk of formation of histamine by 

bacteria metabolism. Even though no significant differences were found in final biogenic 

amines contents, other authors have reported reductions during alcoholic fermentation in 

histamine of up to 2.2 mg/L for the non-Saccharomyces species Hanseniaspora vineae (6). 

 

Table 3. Amino acids (mg/L) measured after the different fermentations. S. cerevisiae 87 alone (SC); 

Simultaneous fermentation with L. thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation 

with La.thermotolerans 617 followed by S. cerevisiae 87 (LT…SC). 

Compounds γ/(mg/L) SC LTxSC LT…SC 



 

 

     

Histidine (6.42±0.87)a (6.79±1.06)a (4.15±1.21)b 

Aspartic acid  (8.62±1.25)a (9.13±1.6)a (10.21±2.12)a 

Alanine  (50.12±2.58)a (52.27±2.89)ab (58.14±3.12)b 

Arginine  (26.06±1.86)a (27.16±2.52)a (29.42±3.06)a 

Asparagine  (29.18±2.13)a (28.42±2.82)a (25.22±3.16)a 

Phenylalanine  (8.52±0.63)a (8.62±0.89)a (8.76±1.62)a 

Glycine  (28.43±1.08)a (27.12±1.78)ab (23.56±2.22)b 

Tryptophan  (0.00±0.00)a (0.00±0.00)a (0.00±0.00)a 

Isoleucine  (2.06±0.22)a (2.18±0.42)a (2.36±1.11)a 

Lysine  (2.42±0.62)a (2.82±0.86)a (6.13±1.88)b 

Leucine  (5.14±0.42)b (4.92±0.91)a (3.11±0.89)b 

Ornithine  (25.17±0.16)a (25.19±1.06)a (23.18±1.18)a 

Serine  (2.28±0.26)a (2.36±0.76)a (4.13±0.85)b 

Tyrosine  (5.36±0.46)a (5.39±0.68)a (6.28±0.72)a 

Threonine  (36.42±0.18)a (35.43±0.68)a (34.21±1.13)a 

Results represent the mean±SD for three replicates. Means in the same row with the same letter are not 

significantly different (p<0.05).   

 

 

 

 

Table 4.  Biogenic amines analysis of the studied fermentations. S. cerevisiae 87 alone (SC); Simultaneous fermentation with L. 

thermotolerans 617 + S. cerevisiae 87 (LTxSC); Sequential fermentation with L. thermotolerans 617 followed by S. cerevisiae 

87 (LT…SC). 

Compounds SC LTxSC LT…SC 

    

Histamine γ/(mg/L) (0.37±0.02)a (0.38±0.03)a (0.40±0.04)a 

Tiramine γ/ (mg/L) (0.04±0.01)a (0.03±0.02)a (0.03±0.02)a 

Phenylethylamine γ/(mg/L) n.d. n.d. n.d. 

Putrescine γ/(mg/L) (0.76±0.03)a (0.79±0.04)a (0.75±0.05)a 

Cadaverine γ/ (mg/L)  (0.22±0.01)a (0.23±0.02)a (0.21±0.04)a 

 
 

 
 

Results represent the mean±SD for three replicates. Means in the same row with the same letter are not significantly different 

(p<0.05).   

 

Sensory evaluation  



 

 

LT…SC trials showed better sensorial impression and general acidity (Fig. 6). However, SC 

and LT...SC fermentations scored highest in sweetness (Fig. 6). This can be easily explained 

by the elevated production of L-lactic acid by L. thermotolerans. Lack of acidity is a common 

fault described for Spanish Airen grape variety when it is compared to other European 

varieties. Although SC and LTxSC fermentations were scored as sweeter than LT...SC, all 

final wines were considered dry from a chemical point of view (Table 1). This perception 

could be explained as due to the different balance between acidity and sweetness.  

 

Fig. 6.  Taste and olfactory attribute scores for the final wines. 

 



 

 

Conclusions 

 

The comparison of the results between the fermentation trials showed differences in several 

analysed parameters and the positive influence of the studied L. thermotolerans yeast strain 

on Airen wine quality. Finally, sequential fermentation between L. thermotolerans and S. 

cerevisiae remains as the best option, as it considerably increased acidity and complexity for 

the studied neutral grape variety. 
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Abstract: The most common way to produce red wine is through the use of Saccharomyces 
cerevisiae strains for alcoholic fermentation and lactic acid bacteria for malolactic 
fermentation. This traditional winemaking methodology produces microbiologically stable 
red wines. However, under specific conditions off-flavours can occur, wine quality can 
suffer and human health problems are possible, especially after the second fermentation by 
the lactic acid bacteria. In warm countries, problems during the malolactic fermentation 
arise because of the high pH of the must, which makes it very difficult to properly control 
the process. Under such conditions, wines with high acetic acid and histamine 
concentrations are commonly produced. This study investigates a recent red winemaking 
technology that uses a combination of Lachancea thermotolerans and Schizosaccharomyces 
pombe as an alternative to the conventional malolactic fermentation. This work studies new 
parameters such as aroma compounds, amino acids, ethanol index and sensory evaluation. 
Schizosaccharomyces pombe totally consumes malic acid while Lachancea thermotolerans 
produces lactic acid, avoiding excessive deacidification of musts with low acidity in warm 
viticulture areas. This methodology also reduces the malolactic fermentation hazards in 
wines with low acidity. The main products are wines that contain less acetic acid, less 
biogenic amines and precursors and less ethyl carbamate precursors than the traditional 
wines produced via conventional fermentation techniques. 

Keywords: Schizosaccharomyces pombe; Lachancea thermotolerans; pyruvic acid; malic 
acid; lactic acid; urea; food safety; amino acids; winemaking. 
 

  



 

 

Introduction 

 

It is currently assumed that regular alcoholic fermentation and malolactic fermentation 
is the exclusive method to microbiologically stabilize a red wine before bottling. However, 
Pasteur considered malolactic fermentation as a wine problem during the first studies of wine 
microbiology because he considered lactic acid bacteria to be wine spoilage microorganisms. 
Many research groups are now paying attention to the oenological applications of non-
Saccharomyces yeast strains to improve wine quality [1-6]. Some of the most studied non-
Saccharomyces yeast species in winemaking are Torulaspora delbrueckii [7,8], Kloeckera 
apiculata [9], Hanseniaspora uvarum [10], Hanseniaspora vineae [11], Candida zemplinina 
[12], Candida pulcherrima [13], Schizosaccharomyces pombe [14], Hansenula anomala [15] 
and Lachancea thermotolerans [16,17]. Most of these studies report that sequential 
inoculation of a non-Saccharomyces and a Saccharomyces cerevisiae strain is the best option. 

Regarding these recent studies, S. pombe has traditionally been used for deacidification 
due to its ability to convert the harsh tasting L-malic acid into ethanol, making very acidic 
wines smoother [18-20]. However, organisms of the genus Schizosaccharomyces are used 
for many other purposes in winemaking. One new application is to increase polysaccharide 
release during fermentation and ageing over lees [4,21,22]. Another use is decreasing the 
gluconic acid concentration from spoiled initial musts [23-27]. S. pombe also could improves 
the colour of red wines because it increases the formation of highly stable pigments such as 
vitisins and pyranoanthocyanin [28-30]. Finally, from a food safety viewpoint, the genus 
Schizosaccharomyces is being used to produce safer wines [31] because it possess urease 
activity [32] that avoids ethyl carbamate production and reduces the risk of biogenic amine 
formation by wild lactic acid bacteria [33]. Conversely, Lachancea thermotolerans is used to 
produce more acidic wines in warm regions from low acidic musts, less volatile acidity and 
higher aroma complexity [33-36]. 

The genus S. pombe has not been traditionally used for winemaking due to the 
occurrence of off-flavours caused by substances such as acetic acid, acetaldehyde, acetoin 
and ethyl acetate [37-41], which are currently associated with non-selected strains [42]. 
Recent studies have proven that it is possible to select strains that are appropriate for 
winemaking [14]. The main problem with such selection processes was the difficulty of 
isolating a representative number of strains from environmental samples [43], which has 
caused difficulty until now to obtain collections of representative strains of this genus [44]. 
Nevertheless, the number of available strains is limited and further selection processes similar 
to those performed for S. cerevisiae for winemaking are required. 

This new study combined strains of L. thermotolerans and S. pombe to make wine from 
a high pH and high potential alcohol must without using Saccharomyces and lactic acid 
bacteria, to avoid possible collateral effects from malolactic fermentation. Some parameters 
such as acid content, pH, glycerol, urea, alcohol and biogenic amines were studied as in 
previous studies. Nevertheless, several new parameters none studied yet for this new 
biotechnology such as volatile compounds, amino acids, ethanol index and sensory properties 
were investigated. 
  



 

 

 

Results and Discussion 

Yeast population kinetics 

Figure 1 shows the growth of the different yeast strains during fermentation. In 
sequential fermentations, inoculated with Saccharomyces cerevisiae 88 or 
Schizosaccharomyces pombe 4.5, Lachancea thermotolerans CONCERTO™ started to 
decline just after the second inoculation, although the L. thermotolerans population decrease 
was more rapid in the presence of S.cerevisiae. The progressive disappearance of L. 
Thermotolerans could be explained as a result of the presence of another more well-adapted 
yeast competitor (S. cerevisiae or S. pombe) and an ethanol concentration higher than 9 % 
v/v by day 6. L. Thermotolerans has been reported to tolerate 9% v/v ethanol when in a pure 
culture fermentation [33,34]. This limited alcohol tolerance of L. thermotolerans causes 
difficulty in the production of a dry red wine in warm regions alone without using a yeast 
with higher ethanol tolerance in a combined fermentation. 

 

Figure 1. Population development during fermentation of Saccharomyces cerevisiae 88 alone (SC), sequential 

fermentation with Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ (LT…SC), 

sequential fermentation with Schizosaccharomyces pombe 4.5 and Lachancea thermotolerans CONCERTO™ 

(LT…SK) and Schizosaccharomyces pombe 4.5 alone (SK). 

Sugar consumption kinetics 

The consumption kinetics of glucose and fructose were more rapid when S. cerevisiae 
strain 88 was involved (Figure 2) than when L.thermotolerans and S. pombe were used. The 
alcoholic fermentation times varied from 8 to 16 days. All alcoholic fermentations finished 
correctly, reaching concentrations lower than 2 g/L of glucose and fructose (Figure 2 and 
Table 1). Other authors have previously described slower fermentation kinetics for L. 



 

 

Thermotolerans [16,17] and S. pombe [38] than for S. cerevisiae. Musts with high sugar 
contents have been reported to be improperly fermented by L. Thermotolerans alone [34]. 

 

Figure 2. Fermentation kinetics of glucose + fructose for Saccharomyces cerevisiae 88 alone (SC), a sequential 

fermentation with Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ (LT…SC), a 

sequential fermentation with Schizosaccharomyces pombe 4.5 and Lachancea thermotolerans CONCERTO™ 

(LT…SK) and Schizosaccharomyces pombe 4.5 alone (SK). 

Table 1. Final analysis of fermentations: Saccharomyces cerevisiae 88 alone (SC), sequential fermentation with 

Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ (LTꞏꞏꞏSC), sequential 

fermentation with Schizosaccharomyces pombe 4.5 and Lachancea thermotolerans CONCERTO™ (LT…SK), 

Schizosaccharomyces pombe 4.5 alone (SK), and fermentations after a malolactic fermentation with Oenococcus 

oeni 217 (+ MLF). 

Compounds SC SC + MLF LTꞏꞏꞏSC LTꞏꞏꞏSC + MLF LTꞏꞏꞏSK SK 

L-Lactic Acid (g/L) 0.01 ± 0.01a 0.73 ± 0.06b 2.96 ± 0.12c 3.71 ± 0.18d 3.41 ± 0.23d 0.02 ± 0.02a 

L-Malic Acid (g/L) 1.14 ± 0.03b 0.01 ± 0.01a 1.10 ± 0.05b 0.01 ± 0.01a 0.01 ± 0.01a 0.01 ± 0.01a 

Acetic Acid (g/L) 0.38 ± 0.02a 0.49 ± 0.04b 0.35 ± 0.03a 0.43 ± 0.04b 0.35 ± 0.04a 0.39 ± 0.02a 

Glucose+Fructose (g/L) 1.55 ± 0.21b 0.09 ± 0.03a 1.76 ± 0.32b 0.14 ± 0.05a 1.98 ± 0.43b 1.72 ± 0.24b 

Glycerol (g/L)  8.88 ± 0.02a 8.92 ± 0.04a 9.13 ± 0.05b 9.11 ± 0.08b 9.38 ± 0.06c 9.66 ± 0.02d 

pH  3.90 ± 0.02c 3.96 ± 0.03d 3.71± 0.04a 3.75 ± 0.03a 3.69 ± 0.04a 4.06 ± 0.02d 

Urea (mg/L) 2.62 ± 0.02b 5.18 ± 0.08c 2.58 ± 0.05b 5.23 ± 0.11c 0.14 ± 0.04a 0.12 ± 0.02b 

Citric Acid (g/L) 0.18 ± 0.01b 0.02 ± 0.01a 0.17 ± 0.04b 0.04 ± 0.03a 0.18 ± 0.03b 0.19 ± 0.01b 

Alcohol (% v/v) 14.78 ± 0.02d 14.74 ± 0.06d 14.53 ± 0.05c 14.55 ± 0.09c 14.22 ± 0.05a 14.36 ± 0.02b 

Results are the mean ± SD of three replicates. Means in the same row with the same letter are not significantly 

different (p< 0.05). 

Acetic acid 

The maximal final concentration of acetic acid was 0.49 g/L for a malolactic 
fermentation following an alcoholic fermentation by S. cerevisiae in pure culture (Table 1). 



 

 

Alcoholic fermentations alone did not show significant differences, with values of 
approximately 0.37 g/L. Previous studies reported the L. Thermotolerans produced less acetic 
acid than S.cerevisiae - the differences varied from 0.18 to 0.33 g/L [36,50].The genus 
Schizosaccharomyces has been previously reported as producing more acetic acid than S. 
cerevisiae, with acetic acid concentrations up to 1 g/L [51]. However, some S. pombe strains 
have been recently selected for their low acetic acid production [14,52], and the results for 
those strains agree with the results obtained in this study. 

Malic acid 

Malic acid was completely degraded in all trials with S. pombe (Figure 3 and Table 1) 
during alcoholic fermentation. The S. cerevisiae strain degraded 14 % of the initial malic acid 
content in the must (Figure 3 and Table 1). Several authors have reported similarly high malic 
acid degradation for yeast in genera other than Schizosaccharomyces, which varied from 10 
to 20 % [7,52] or even up to 39 % for specific hybrids [53], but no one has reported the total 
degradation of malic acid (i.e., 100 %) by those genera. The malic acid reduction clearly 
affected the final pH value of the fermentations (Table 1) because S. pombe fermentations 
had a final pH greater than 4. O. Oeni metabolized malic acid to lactic acid in a malolactic 
fermentation (Table 1).  

 

Figure 3. Fermentation kinetics of L-malic acid for Saccharomyces cerevisiae 88 alone (SC), a sequential 

fermentation with Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ (LT…SC), a 

sequential fermentation with Schizosaccharomyces pombe 4.5 and Lachancea thermotolerans CONCERTO™ 

(LT…SK) and Schizosaccharomyces pombe 4.5 alone (SK). 

 L-Lactic acid  

Fermentations involving L. thermotolerans produced L-lactic acid during alcoholic 
fermentation (Figure 4; Table 1). The final concentration of L-lactic acid produced by L. 
thermotolerans in this study varied from 2.96 to 3.41 g/L (Table 1), which reduced the final 



 

 

pH (Table 1). Previous studies have reported significant acidification from L-lactic acid, 
varying from 0.22 g/L to 6.38 g/L when mixed cultures of Lachancea thermotolerans were 
used with the main objective of increasing the acidity of the must [17,33,36,54]. Experiments 
involving malolactic fermentations showed an increase in L-lactic acid of approximately 0.73 
g/L (Table 1). These final L-lactic acid concentration levels were significantly lower than the 
ones obtained using L. thermotolerans for the studied must. This phenomenon could be 
explained in that the initial level of malic acid of 1.33 g/L was low compared to northern 
viticulture regions that produce a must with higher initial malic acid concentration. 

 

Figure 4. Fermentation kinetics of L-lactic acid for Saccharomyces cerevisiae 88 alone (SC), a sequential 

fermentation with Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ (LT…SC), a 

sequential fermentation with Schizosaccharomyces pombe 4.5 and Lachancea thermotolerans CONCERTO™ 

(LT…SK) and Schizosaccharomyces pombe 4.5 alone (SK). 

Pyruvic acid 

All fermentations involving S. pombe produced a higher pyruvic acid concentration than 
the others (Figure 5). The maximum values were obtained during the first days of alcoholic 
fermentation (Figure 5), except for sequential fermentation with L. thermotolerans and S. 
pombe, in which the maximum concentration was reached at day 8. A pure culture of S. 
pombe produced a maximum pyruvic acid concentration of 318 mg/L after 96 h of 
fermentation. Other authors have reported higher values of up to 487 mg/L for some selected 
S.pombe strains in pure culture [52]. Specific S. cerevisiae strains have also been reported to 
produce a maximum pyruvic acid concentration as high as 150 mg/L [54], which is higher 
than for S. cerevisiae strain 88. Greater pyruvic acid formation could be related to the higher 
colour intensity observed in this study for S. pombe fermentations because this compound is 
related to the formation of highly stable coloured pigments such as vitisin A [17,30,55].  



 

 

 

Figure 5. Fermentation kinetics of pyruvic acid for Saccharomyces cerevisiae 88 alone (SC), sequential 

fermentation with Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ (LT…SC), a 

sequential fermentation with Schizosaccharomyces pombe 4.5 and Lachancea thermotolerans CONCERTO™ 

(LT…SK) and Schizosaccharomyces pombe 4.5 alone (SK). 

Glycerol 

The genera Schizosaccharomyces and Lachancea have been described as higher glycerol 
producers than the genus Saccharomyces [17,36,50]. The final levels of glycerol varied from 
8.88 g/L to 9.66 g/L (Table 1). S. pombe produced the highest concentration (Table 1). A 
high glycerol content has been described as one of the main contributions of non-
Saccharomyces strains to wine quality [1,56]. Nevertheless, other authors have reported that 
species such as Candida stellata could effectively produce high concentrations of glycerol 
up to 14 g/L [1]. 

Ethanol 

The ethanol levels varied from 14.22 to 14.78 (% vol/vol) (Table 1). Other authors have 
reported that S. pombe is highly resistant to ethanol stress conditions [57]. Sugar metabolism 
can be used to synthetize compounds other than ethanol, such as glycerol or pyruvic acid, or 
to increase the biomass of the yeast [58,59]. The results show that fermentations involving 
L. thermotolerans and S. pombe produced lower ethanol levels than S. cerevisiae. These data 
are in accord with other authors who confirmed that some non-Saccharomyces yeasts 
produced lower ethanol yields than Saccharomyces [27,60-63]. Previous studies have shown 
similar results for L. Thermotolerans [36] and S. pombe [60]. Nevertheless, the differences 
(Table 1) were approximately 0.56% (vol/vol). Some authors have recently reported more 
significant ethanol reductions greater than 1% (vol/vol) using non-Saccharomyces strains, 



 

 

which may be related to specific conditions of high aeration [64,65] or via the use of glucose 
oxidase and catalase [66]. 

Urea 

The final concentration of urea in the completed alcoholic fermentations was lower in 
fermentations involving S. pombe, with values less than 0.2 mg/L (Table 1). This effect was 
attributed to the enzymatic capacity of Schizosaccharomyces to produce urease [32,67], the 
activity of which has been proposed as a means of reducing the hazard of ethyl carbamate 
formation (one of the most toxic compounds reported in wine) [14,31] in winemaking 
because urease eliminates urea, the main precursor of ethyl carbamate. This factor is 
becoming increasingly important because ethyl carbamate is a known carcinogen that is 
present in a variety of fermented foods [68]. Some countries such as the USA, Japan and 
Canada have established legal limits.  

Citric acid 

No statistical differences in citric acid were observed during any alcoholic fermentation 
(Table 1). However, in an experiment in which O. Oeni was inoculated after an alcoholic 
fermentation, most of the citric acid was consumed (Table 1). An increase in the acetic acid 
concentration was also detected during the same period, so citric acid could have been 
converted into acetic acid by the lactic acid bacteria; such a collateral effect usually increases 
the final acetic acid concentration [29,69] and decreases the wine quality. 

Volatile aromatics  

The concentrations of higher alcohols were higher in fermentations involving L. 
thermotolerans and S. cerevisiae than in those involving S. pombe (Table 2). Several non-
Saccharomycesyeast species produced less of the higher alcohols than S. cerevisiae 
[7,17,36,45,70,71], but great variability among strains has been reported [72,73]. S.pombe 
has been reported to produce more of the higher alcohols than S. cerevisiae [30], but selected 
strains have also been described as low producers [14]. The production of wines with lower 
levels of higher alcohols has been reported as a way to produce wines with typicity for 
specific grape varieties or to increase wine complexity [74]. Similarly, fermentation with S. 
pombe alone produced a lower concentration of esters such as isoamyl acetate. Compounds 
considered negative for winemaking, such as ethyl acetate and diacetyl, were higher in 
fermentations involving malolactic fermentation. Similar results have been reported 
previously [29,75]. Acetaldehyde levels were reduced during trials involving malolactic 
fermentation (Table 2). Ethyl lactate was higher in fermentations involving L. thermotolerans 
or malolactic fermentation.  

 

Table 2. Final analysis of volatile compounds from fermentations by Saccharomyces cerevisiae 88 

alone (SC), sequential fermentation with Saccharomyces cerevisiae 88 and Lachancea thermotolerans 

CONCERTO™ (LTꞏꞏꞏSC), sequential fermentation with Schizosaccharomyces pombe 4.5 and 

Lachancea thermotolerans CONCERTO™ (LT…SK), Schizosaccharomyces pombe 4.5 alone (SK), 

and fermentations after malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds (mg/L) SC SC + MLF LTꞏꞏꞏSC LTꞏꞏꞏSC + MLF LTꞏꞏꞏSK SK 

       

Acetaldehyde 21.56±1.88c 2.58±0.27a 17.83±2.56cb 3.12±0.58a 15.32±2.02b 16.21±1.74b 

Ethyl lactate  2.88±0.22a 22.52±1.16d 16.42±0.89b 29.63±2.32e 19.78±1.02c 3.38±0.31a 

Ethyl acetate  19.42±2.15a 32.42±2.83b 21.58±3.01a 30.62±3.88b 19.83±2.74a 18.77±2.32a 



 

 

Diacetyl 2.22±0.18a 13.46±1.08b 2.41±0.37a 11.64±2.36b 2.35±0.41a 2.16±0.21a 

Isoamyl acetate  3.73±0.45b 3.46±0.41b 3.87±0.82b 3.59±0.91b 2.93±0.98ab 2.12±0.26a 

1-Propanol [mg/L] 24.41±2.75c 24.92±2.93c 28.51±3.82c 29.02±4.13c 18.21±1.99b 12.56±1.84a 

Isobutanol  17.02±2.11b 16.82±2.31b 24.16±2.31c 23.98±2.61c 21.16±2.92bc 7.88±1.61a 

1-Butanol 5.44±0.46b 2.86±0.58a 7.12±1.23b 4.89±1.56ab 5.11±0.82b 3.21±0.42a 

2-Methyl-butanol  46.21±4.53d 53.49±4.87d 42.17±5.78cd 49.21±6.12d 32.07±6.82c 22.16±1.93a 

3-Methyl-butanol  29.23±2.54c 31.56±2.77c 27.76±2.88c 30.11±3.15c 19.12±2.63b 14.83±1.52a 

Isobutyl acetate n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl butyrate n.d. n.d. n.d. n.d. n.d. n.d. 

Hexanol 2.17±0.18b 1.86±0.21b 2.21±0.32b 2.02±0.38b 1.89±0.39b 1.21±0.14a 

2-Phenyl-ethanol  30.12±1.88b 32.42±2.59b 27.23±2.64b 28.84±3.56b 25.23±3.06ab 22.35±2.23a 

2- Phenyl ethyl acetate  6.85±0.36b 7.13±0.48b 6.41±0.51b 6.66±0.62b 6.02±0.63b 5.21±0.22a 

       

Results are the mean ± SD of three replicates. Means in the same row with the same letter are not 

significantly different (p< 0.05), n.d.= not detected. 

 

Biogenic amines 

Biogenic amines [76-79] have been proven to be harmful for human health, so they must 
be taken into account for food safety. A histamine concentration of 2 mg/L is the highest 
allowable concentration in some countries [80]. The final levels of histamine in all 
fermentations were lower than 2 mg/L (Table 3). Fermentations involving S. pombe showed 
lower concentrations than those involving a malolactic fermentation (Table 3). 
Schizosaccharomyces has been reported as effective in reducing the risk of the formation of 
biogenic amines [20,29,33] or ethyl carbamate precursors [14,31].  

No significant differences were observed for any biogenic amine, except for histamine 
when a malolactic fermentation occurred (Table 3). However, the histamine levels were 
always below 2 mg/L. Other authors have reported slight differences related to the ability of 
yeast strains to remove biogenic amines during fermentation [14,29,81]. This phenomenon 
was not observed in this study, probably due to the low initial level of biogenic amines in the 
initial must (Table 3). Biogenic amine levels mainly increase during wine ageing and 
malolactic fermentation [82-85].  

 

Table 3. Final analysis of biogenic amines from fermentations by Saccharomyces cerevisiae 88 alone (SC), sequential fermentation with 

Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ (LT…SC), sequential fermentation with Schizosaccharomyces 

pombe 4.5 and Lachancea thermotolerans CONCERTO™ (LT…SK), Schizosaccharomyces pombe 4.5 alone (SK), and fermentations after 

malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds Must SC SC + MLF LTꞏꞏꞏSC LTꞏꞏꞏSC + MLF LTꞏꞏꞏSK SK 

Histamine (mg/L) 0.13 ± 0.01a 0.12 ± 0.03a 0.56 ± 0.06b 0.16 ± 0.05a 0.51 ± 0.08b 0.13 ± 0.06a 0.18 ± 0.04a 

Tiramine (mg/L) 0.09 ± 0.01a 0.08 ± 0.02a 0.12 ± 0.05a 0.10 ± 0.06a 0.14 ± 0.09a 0.11 ± 0.06a 0.09± 0.02a 

Phenylethylamine 

(g/L) 

n.d. 
n.d. n.d. n.d. n.d. n.d. n.d. 

Putrescine (g/L) 0.18 ± 0.02a 0.21 ± 0.03a 0.25 ± 0.09a 0.19 ± 0.06a 0.22 ± 0.08a 0.18 ± 0.07a 0.16 ± 0.03a 

Cadaverine (g/L)  0.27± 0.02a 0.31 ± 0.03a  0.35 ± 0.07a 0.29 ± 0.07a 0.32 ± 0.09a 0.27± 0.06a 0.25 ± 0.03a 



 

 

Results represent the mean ± SD for three replicates. Means in the same row with the same letter are not significantly different (p< 0.05), 

n.d.= not detected. 

Amino acids 

Higher final concentrations of most amino acids occurred in S. pombe fermentations 
(Table 4). Previous studies reported S. pombe as demanding less nitrogen [30] and releasing 
more nitrogen than S. cerevisiae [14]. S. cerevisiae and L. thermotolerans fermentations 
produced a higher final concentration of ornithine than S. pombe (Table 4). Some authors 
observed a relationship between threonine, valine, isoleucine and leucine (Table 4) and the 
higher alcohols 1-propanol, isobutanol, 2-methylbutanol and 3-methylbutanol [45], which 
explains the differences observed in the final concentrations of higher alcohols after alcoholic 
fermentation in the presence of these amino acids (Table 4) because they are precursors of 
higher alcohols (Table 4) [45]. S. pombe fermentations had higher concentrations in the 
amino acid precursors of higher alcohols (Table 4). S. pombe pure fermentations showed 
increased histidine, tyrosine and lysine concentrations; those amino acids are biogenic amine 
precursors [80,82]. This phenomena was not observed for a combined fermentation with S. 
pombe and L. thermotolerans. The transformation of some precursors into biogenic amines 
occurs during a malolactic fermentation [82-84]; therefore, the wines fermented by S. pombe 
did not have a serious risk of high levels of histamine or tyramine because a long malolactic 
fermentation was unnecessary [31]. On the other hand, combined fermentations with L. 
thermotolerans and S. pombe were characterized by lower levels of biogenic amine 
precursors than S. pombe alone, even though malolactic fermentation was also not required 
(Table 4). Therefore, such biotechnology could be important for wine ageing or ageing over 
lees because such wines would be more acidic and have a lower content of biogenic amine 
precursors than wines fermented by S. pombe alone. The wines involving a malolactic 
fermentation showed a reduction in arginine and histidine, and a slight increase in glycine, 
alanine and ornithine. 

Table 4. Final analysis of amino acids from fermentations by Saccharomyces cerevisiae 88 alone (SC), 

sequential fermentation with Saccharomyces cerevisiae 88 and Lachancea thermotolerans CONCERTO™ 

(LT…SC), sequential fermentation with Schizosaccharomyces pombe 4.5 and Lachancea thermotolerans 

CONCERTO™ (LT…SK), Schizosaccharomyces pombe 4.5 alone (SK), and fermentations after malolactic 

fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds 
(mg/L) 

SC SC + MLF LT…SC LT…SC + 
MLF 

LT…SK SK 

   
    

Aspartic acid  10.08±0.61a 11.56±0.92a 9.42±1.02a 10.64±1.33a 11.62±1.78a 13.76±0.71b 

Asparagine 14.23±1.08ab 15.39±1.32b 12.48±1.33a 13.62±1.64ab 16.55±1.52b 23.42±1.43c 

Serine 2.57±0.41a 3.71±0.52b 2.47±0.50a 3.62±0.58b 3.88±0.64b 5.11±0.72c 

Histidine 58.42±2.79b 50.63±3.08a 61.31±3.92b 52.53±4.21a 62.93±4.32b 79.21±3.22c 

Glycine 25.22±1.35b 29.86±1.61c 16.42±2.16a 19.76±2.52a 16.96±2.22a 26.14±1.44b 

Arginine 56.42±2.79b 45.63±3.08a 57.31±3.92b 48.53±3.21a 55.26±3.43b 70.36±4.79c 

Threonine 19.36±1.89a 21.26±2.14a 18.24±2.11a 20.13±2.45a 28.42±2.93b 46.58±4.01c 

Alanine  26.31±2.41a 35.52±2.96a 25.77±2.88a 33.66±3.17a 26.52±2.72a 24.14±1.99a 

Tyrosine 3.75±0.21a 3.89±0.29a 3.67±0.36a 3.93±0.45a 4.12±0.98a 7.38±0.74b 

Valine 1.36±0.14b 1.35±0.58b 0.32±0.28a 0.33±0.45a 1.32±0.65b 5.89±0.44d 

Tryptophan 0.24±0.04a 0.55±0.16b 0.28±0.07a 0.61±0.21b 1.05±0.76bc 2.11±0.31c 

Phenylalanine  2.96±0.27a 3.17±0.38a 2.77±0.41a 3.02±0.55a 4.67±0.72b 6.82±0.55c 

Isoleucine  3.16±0.23b 2.76±0.31a 5.22±0.41d 4.28±0.67c 8.87±0.87e 14.16±0.82f 



 

 

Leucine 3.84±0.42b 2.53±0.51a 4.92±0.62d 4.11±0.87bd 9.96±1.12e 18.43±1.06f 

Ornithine 38.21±2.17c 44.37±2.88d 36.32±3.21c 42.16±3.94cd 28.33±2.51b 21.15±1.82a 

Lysine  8.52±0.77a 9.68±0.86a 8.96±1.35a 10.58±1.33a 8.78±1.72a 15.16±1.02b 

Methionine 1.11±0.18a 1.82±0.31b 1.08±0.24a 1.68±0.44ab 1.46±0.31ab 2.45±0.29c 

Results represent the mean ± SD for three replicates. Means in the same row with the same letter are not 

significantly different (p< 0.05). 

Colour Measurements  

Table 5 shows the results of colour assessments for the different treatments. 
Fermentations involving S. pombe alone showed higher colour intensity values. Similar 
results have been reported previously [29]. Significant differences were observed in the hue 
parameters when malolactic fermentation took place. 

Table 5. Colour measurements in the wines produced by the different fermentation assays: Saccharomyces 

cerevisiae 88 alone (SC), sequential fermentation with Saccharomyces cerevisiae 88 and Lachancea 

thermotolerans CONCERTO™ (LTꞏꞏꞏSC), sequential fermentation with Schizosaccharomyces pombe 4.5 and 

Lachancea thermotolerans CONCERTO™ (LT…SK), Schizosaccharomyces pombe 4.5 alone (SK), and 

fermentations after malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds SC SC + MLF LT…SC LT…SC + 
MLF 

LT…SK SK 

420 nm 6±1a 6±1a 7±1a 7±1a 7±1a 08±1a 
520 nm 8±1b 6±1a 9±1b 7±1a 9±1bc 10±1c 
620 nm 2±1a 2±1a 1±1a 1±1a 02±1a 2±1a 
Cia< 16±1ab 14±1a 17±1ab 15±1a 18±1bc 20±1c 
Hue 0.75±0.02a 1.00±0.02b 0.77±2a 1.00±0.02b 0.77±0.02a 0.80±0.02a 
       

Results are the mean ± SD of three replicates. Means in the same row with the same letter are not significantly 

different (p< 0.05). 

Ethanol Index 

Some authors have described some non-Saccharomyces and specifically 
Schizosaccharomyces yeasts as higher producers of polysaccharides [4,22,86]. To estimate 
the content of polysaccharides, the ethanol index was used in this study (Figure 6). 
Fermentations involving S. pombe showed higher ethanol index values. These results match 
the information gave by previous authors [4,22]. 



 

 

 

Figure 6. Results of the ethanol index analysis of bottled wines from different fermentation processes of 

Saccharomyces cerevisiae 88 alone (SC), sequential fermentation with Saccharomyces cerevisiae 88 and 

Lachancea thermotolerans CONCERTO™ (LT…SC), sequential fermentation with Schizosaccharomyces 

pombe 4.5 and Lachancea thermotolerans CONCERTO™ (LT…SK), Schizosaccharomyces pombe 4.5 alone 

(SK), and fermentations after malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

 Sensory evaluation 

Figure 7 shows the spider web diagram of the average scores of the taste and olfactory 
attributes that were assessed. Large differences in the perception of acidity were recorded; 
this result agrees with the acidity parameters explained above (Table 1). Alcoholic 
fermentation followed by malolactic fermentation produced a slightly stronger sensation of 
oxidation and acetic acidity. Nevertheless, no serious faults were reported for any of the 
wines. None of the wines produced by fermentation with S. pombe showed any perceptible 
organoleptic problems; indeed, the combination between S. pombe and L. Thermotolerans 
received the best scores from all tasters. Although all fermentations involving S. pombe 
achieved the main goals related to microbiological malic acid stabilization. The preferred 
fermentation strategy was a combined use of S. pombe and L. Thermotolerans, probably 
because the fermented must was less standardized, fruitier and possessed a higher acidity. 
Differences in the colour intensity could be explained by the pyruvic acid production noted 
above or the different absorption of coloured compounds by the yeast species (Table 5). 



 

 

 

Figure 7. Results of the sensory analysis of bottled wines from different fermentation processes of 

Saccharomyces cerevisiae 88 alone (SC), sequential fermentation with Saccharomyces cerevisiae 88 and 

Lachancea thermotolerans CONCERTO™ (LT…SC), sequential fermentation with Schizosaccharomyces 

pombe 4.5 and Lachancea thermotolerans CONCERTO™ (LT…SK), Schizosaccharomyces pombe 4.5 alone 

(SK), and fermentations after malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

Materials and Methods 

Microorganisms 

The following yeast strains were used for the experimental fermentations: 
Kluyveromyces thermotolerans Concerto™ (Hansen, Hørsholm, Denmark; www.chr-
hansen.com) that belongs to the yeast species Lachancea thermotolerans, Saccharomyces 
cerevisiae 88 (Spanish Type Culture Collection, Valencia, Spain) and Schizosaccharomyces 
pombe 4.5 (Chemistry and Food Technology department, Polytechnic University of Madrid, 
Spain [42]. The strain of lactic acid bacteria used was Oenococcus oeni 217 (Spanish Type 
Culture Collection, Valencia, Spain).  

Vinification  

All fermentations used a must of Vitis vinifera L. cultivar Tempranillo grapes grown at 
the El Socorro Experimental vineyard (Madrid, Spain). The must was pasteurized at 105 °C 
for 5 min. A microvinification method similar to that described in the scientific literature was 
used [45]. Pasteurized must (4 L) was placed in a 5 L glass tank, allowing adequate space for 
the release of carbon dioxide during fermentation. No sulphur dioxide was added. The sugar 
concentration was 253 g/L, pH = 3.88, primary amino nitrogen (PAN) 144 g/L, malic acid 
1.33 g/L, citric acid 0.2 g/L, lactic and acetic acid bellow 0.1 g/L. To provide nutrition 40 
g/hL of Actimax NATURA (Agrovín S.A., Ciudad Real, Spain) were added. Four treatments 
were used (all in triplicate): i) inoculation of the must with S. cerevisiae 88 (107 CFU/mL) 
alone (SC); ii) inoculation of the must with L. thermotolerans Concerto™ (107 CFU/mL) 



 

 

followed by S. cerevisiae 88 (107 CFU/mL) 96 h later (LT…SC); iii) inoculation of the must 
with L. thermotolerans Concerto™ (107 CFU/mL) followed by S. pombe 4.5 (107 CFU/mL) 
96 h later (KT…SK); and iv) inoculation of the must with S. pombe 4.5 (107 CFU/mL) alone 
(SK). Yeasts were inoculated using 400 mL of sterilized must containing 108 CFU/mL 
(determined using a Thomas chamber). To reach this population, 100 μL of each yeast 
suspension were cultivated in 10 mL of YEPD at 25 °C for 24 h. This procedure was repeated 
three times successively before the final inoculation of 4 mL in the inocula. All inoculations 
were performed in 500-mL flasks sealed with a Müller valve filled with 98% H2SO4 
(Panreac, Barcelona, Spain), which allowed the release of CO2 while avoiding microbial 
contamination [46]. The temperature was maintained at 25 °C for 72 h before inoculation. 
The inocula were developed under anaerobic conditions. All fermentations were performed 
in triplicate. All fermentation processes were carried out at 25 °C. When the sugar content 
was below 2 g/L, the wines were racked and stabilized for 7 days at 4 °C, after which the 
final product was bottled. Then, a concentration of 50 mg/L of sulphur dioxide in potassium 
metabisulphite form was added. Sealed bottles were placed horizontally in a climate chamber 
at 4 °C until the sensory evaluation took place. The wines fermented with Saccharomyces 
cerevisiae alone (SC) were stabilized and racked following the same procedure when the 
malolactic fermentation by Oenococcus oeni 217 (107 CFU/mL) was finished in 2.8 L vessels 
at 18 °C. These wines remained under the same storage conditions described above, for one 
month before the tasting sessions took place. 

Measurements of biochemical compounds and pH. 

Determination of glucose + fructose, malic acid, L-lactic acid, acetic acid, pyruvic acid, 
urea, ethanol index [47] and glycerol concentrations as well as colour intensity (Table 1) 
were conducted using a Y15 Autoanalyser and a Y350 Semiautomatic Analyzer (Biosystems, 
Barcelona, Spain). The kits used to perform the analyses were obtained from Biosystems 
(www.biosystems.es). The alcohol content was determined by using the ebuillometry method 
GAB Microebu (http://shop.gabsystem.com). The pH was measured with a Crison pH Meter 
Basic 20 (Crison, Barcelona, Spain). 

Microvinification Growth Kinetics 

Aliquots were periodically taken aseptically during fermentation and further ten-fold 
serial dilutions were made. The yeast growth kinetics were monitored by plating 100 μL of 
the appropriate dilution on lysine media (non-Saccharomyces counts; [48]), YEPD media 
(total yeast counts; [49]) and YEPDActBzCl media (Schizosaccharomyces counts; [43]) with 
actidione and benzoic acid as the main inhibitors. In LT…SC fermentations, the population 
of Lachancea thermotolerans was estimated by the difference between the YEPD and the 
Lysine media counts. In LT…SK fermentations, the population of Lachancea thermotolerans 
was estimated by the difference between the YEPD and YEPDActBzCl media counts. 
Colonies were counted after growth at 30 °C for 48–72 h. Lactic acid bacteria were monitored 
in MRS agar (Oxoid, Basingstoke, UK). 

Quantification of volatile compounds 

Volatile compounds (Table 2) were quantified by headspace gas chromatography–mass 
spectrometry (HS-GC-MS). Analyses were carried out using a Perkin-Elmer Clarus 500 gas 
chromatograph with a flame ionization detector coupled to a mass spectrometer single 
quadrupole Clarus 560 S, all coupled to an automatic headspace sampler Turbomatrix 110 
Trap (Perkin-Elmer, Massachusetts, USA). The headspace sampler conditions were: 
thermostat temperature: 80ºC, time of thermostating: 45 min, type of trap: Tenax TA, cycles 
of purge and trap: 4, temperature of trap capture: 45ºC, desorption temperature of the trap: 



 

 

290ºC, time of dry trap purge: 10 min, desorption time of trap: 2 min, trap cleaning time: 5 
min, needle temperature: 110ºC, temperature of HS-GC transfer line: 150ºC, vial pressure: 
30 psi and constant pressure column: 28 psi. A FFAP capillary column (60 m × 0.25 mm DI 
x 0.25 μm film thickness) was used. Helium (Air Liquide, Spain) was used as the carrier gas. 
A gradient analysis was run using the following temperature program: 40 ºC (3 min); 40–
80ºC (2ºC/min); 80-180ºC (3ºC/min); and 210 ºC (5 min). Identification of individual 
compounds was based on a comparison of the mass spectra of the individual chromatographic 
peaks with those valid for the standards and available from the National Institute of Standards 
and Technology (Gaithersburg, MD) software library. We also compared the retention times 
for individual peaks from the wine samples with those of the known volatile components to 
use as standard patterns. We used gas chromatography quality compounds as the sets of the 
volatile standards for this purpose (Fluka, Sigma–Aldrich Corp., Buchs SG, Switzerland). 

Quantification of biogenic amines 

Biogenic amines (Table 3) were analysed using a Jasco (Tokyo, Japan) UHPLC 
chromatograph series X-LCTM, equipped with a Fluorescence detector 3120-FP. Gradients 
of solvent A (methanol/acetonitrile, 50:50, v/v) and B (sodium acetate /tetrahydrofuran, 99:1, 
v/v) were used in a C18 (HALO, USA) column (100 mm × 2.1 mm; particle size 2.7 µm) as 
follows: 60% B (0.25 ml/min) from 0 to 5 min, 60–50% B linear (0.25 ml/min) from 5 to 8 
min, 50% B from 8 to 9 min, 50-20% B linear (0.2 ml/min) from 9 to 12 min, 20% B (0.2 
ml/min) from 12 to 13 min, 20–60% B linear (0.2 ml/min) from 13 to 14.5 min, and re-
equilibration of the column from 14.5 to 17 min. Detection was performed by scanning in the 
340–420 nm range. Quantification was performed by comparison against appropriate 
external standards. The different amines were identified by their retention times. 

Analytical determination of amino acids  

Selected amino acids (Table 4) were analysed using a Jasco (Tokyo, Japan) UHPLC 
chromatograph series X-LCTM, equipped with a fluorescence detector 3120-FP. Gradients 
of solvent A (methanol/acetonitrile, 50:50, v/v) and B (sodium acetate /tetrahydrofuran, 99:1, 
v/v) were used in a C18 (HALO, USA) column (100 mm × 2.1 mm; particle size 2.7 µm) as 
follows: 90 % B (0.25 mL/min) from 0 to 6 min, 90–78 % B linear (0.2 mL/min) from 6 to 
7.5 min, 78 % B from 7.5 to 8 min, 78–74 % B linear (0.2 mL/min) from 8 to 8.5 min, 74 % 
B (0.2 mL/min) from 8.5 to 11 min, 74–50 % B linear (0.2 mL/min) from 11 to 15 min, 50 
% B (0.2 mL/min) from 15 to 17 min, 50–20 % B linear (0.2 mL/min) from 17 to 21 min, 
20–90 % B linear (0.2 mL/min) from 21 to 25 min, and the column was re-equilibrated from 
25 to 26 min. Detection was performed by scanning in the 340–455 nm range. Quantification 
was performed by comparison against appropriate external standards. The different amino 
acids were identified by their retention times. 

 Sensory analysis 

The final wines were assessed in a blind test by a panel of 15 experienced wine tasters, 
all of whom were staff members of the Chemistry and Food Technology Department 
(Madrid, Spain) and the Estación Enológica de Haro (Haro, Spain). Following the generation 
of a consistent terminology by consensus, three visual descriptors, four aromas and four taste 
attributes were chosen to describe the wines. Several descriptors such as acidity, acetic acid 
or aroma were chosen in order to contrast the chemical results obtained in the study. The 
panellists used a 10 cm unstructured scale, from 0 (no defect) to 10 (very strong perceptible 
defect) to rate the intensity of the 12 attributes. 

 Statistical analyses 



 

 

All statistical analyses were performed using PC Statgraphics v. 5 software (Graphics 
Software Systems, Rockville, MD, USA). The significance was set to p <0.05 for the 
ANOVA matrix F value. A multiple range test was used to compare the means. 

Conclusion 

 
A combination of the Schizosaccharomyces pombe and Lachancea thermotolerans 

selected yeast strains is an alternative to the traditional malolactic fermentation that positively 
affects the quality of wine produced from musts with low pH. The results from the 
fermentation trails showed positive differences in several previous studied parameters such 
as acetic acid, biogenic amines, glycerol or colour. Fermentations involving S. pombe showed 
volatile profiles with lower concentrations in higher alcohols while fermentations involving 
malolactic fermentation showed higher levels in ethyl acetate and diacetyl.  Fermentations 
involving S. pombe reported higher levels in final amino acids. Combined fermentations 
between S. pombe and L. thermotolerans reported higher levels of ethanol index that are 
related to higher polysaccharides releases. Mixed fermentation involving S. pombe and L. 
thermotolerans achieved the highest score in overall impression. 
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Abstract: The most popular methodology to make red wine is through the combined use of 

Saccharomyces cerevisiae yeast and lactic acid bacteria, for alcoholic fermentation and 

malolactic fermentation respectively. This classic winemaking practice produces stable red 

wines from a microbiological point of view. This study aims to investigate a recent red 

winemaking biotechnology, which through the combined use of Lachancea thermotolerans 

and Schizosaccharomyces pombe is used as an alternative to the classic malolactic 

fermentation. In this new methodology, Schizosaccharomyces pombe totally consumes malic 

acid, while Lachancea thermotolerans produces lactic acid, avoiding excessive 

deacidification of musts with low acidity in warm viticulture areas such as Spain. This new 

methodology has been reported to be a positive alternative to malolactic fermentation in low 

acidity wines, since it has the advantage to produce wines with a more fruity flavor, less 

acetic acid, less ethyl carbamate originators and less biogenic amines than the traditional 

wines produced via conventional fermentation techniques. The study focuses on unexplored 

facts related to this novel biotechnology such as color and anthocyanin profile. 
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Introduction 

 

Until recently, classic alcoholic fermentation and malolactic fermentation were considered 

to be the unique methodologies to obtain stable red wine from a microbiological point of 

view before bottling [1–4]. Several researchers are now paying special attention to the use of 

non-Saccharomyces yeasts in oenology to improve wine quality [5–8]. These new 

biotechnologies are generating new trends in wine microbiology, to improve wine quality. 

Some of the most studied non-Saccharomyces yeast species in winemaking, are Candida 

zemplinina [9], Torulaspora delbrueckii [10,11], Kloeckera apiculata [12], Hanseniaspora 

vineae [13], Hanseniaspora uvarum [14], Candida pulcherrima [15], Hansenula anomala 

[16], Schizosaccharomyces pombe (S. pombe) [3,4], and Lachancea thermotolerans (L. 

thermotolerans) [17,18]. Most of these studies, report sequential inoculation’s of a non-

Saccharomyces and a Saccharomyces cerevisiae to produce the best improvements in wine 

quality. 

S. pombe was traditionally used for deacidification due to the fact that it can convert harsh 

tasting L-malic acid into ethanol, making very acidic wines smoother [19–21]. Nevertheless, 

microorganisms of the genus Schizosaccharomyces are being used nowadays to reach other 

objectives in modern winemaking. One new use, involves procedures that cause a high 

polysaccharide release during fermentation [4,22] and ageing over lees [22]. Another use, is 

decreasing the gluconic acid levels from initial grape juice [23] in order to increase wine 

quality in spoiled musts. S. pombe alone has also been verified to improve the color of red 

wines, because it increases the content of highly stable pigments such as vitisins and 

pyranoanthocyanin [24–26]. Finally, from a food safety viewpoint, the genus 

Schizosaccharomyces is being used to produce safer wines, because it possesses urease 

activity [27] that avoids ethyl carbamate production and reduces the risk of biogenic amine 



 

 

formation by wild lactic acid bacteria [1]. Conversely, Lachancea thermotolerans (L. 

thermotolerans) is used to produce more acidic wines in warm regions from low acidic musts 

[18,28–30]. 

The species S. pombe has not been traditionally used for winemaking [31–33] due to the 

existence of some collateral effects caused by metabolites such as acetic acid, acetaldehyde, 

acetoin and ethyl acetate [34]. Those problems have been solved recently through the 

performance of improved strain selection processes [3,35]. The main issue regarding the 

selection processes was the difficulty in isolating a representative number of strains from 

environmental samples [36], thus limiting the ability to obtain and collect representative 

strains of Schizosaccharomyces genus [37]. The number of strains available is currently very 

low compared to Saccharomyces cerevisiae (S. cerevisiae) strains offer; Thus further 

selection processes similar to those performed for S. cerevisiae in winemaking would be 

required in the future [38–40]. 

New biotechnology involving the combined use of L. thermotolerans and S. pombe has been 

studied before regarding basic winemaking parameters [1] and advanced factors such as 

aroma volatiles, amino acids or food safety factors [2]. Nevertheless, many other unexplored 

wine parameters need to be studied for this novel biotechnology. This specific study is 

focused on the influence of the combined use of L. thermotolerans and S. pombe on wine 

anthocyanin composition.  

 

Results and Discussion 

 

Fermentation Kinetics 

Yeast Population Kinetics 

Figure 1 shows the growth of the different yeast strains during fermentation. In sequential 

fermentations, inoculated with Saccharomyces cerevisiae 88 or S. pombe V2, L. 

thermotolerans CONCERTO™ started to decline just after the second inoculation, although 

the L. thermotolerans population decrease was more rapid in the presence of S. cerevisiae. The 

progressive disappearance of L. thermotolerans could be explained as a result of the presence 



 

 

of another more well-adapted yeast competitor (S. cerevisiae or S. pombe) and an ethanol 

concentration of about 9% v/v by day 6.  

L. thermotolerans has been reported to tolerate 9% v/v ethanol in a pure culture fermentation 

[28]. This limited alcohol tolerance of L. thermotolerans causes difficulties in the production 

of a dry red wine in warm regions only without using other yeast with higher ethanol tolerance 

in a combined fermentation. 

Sugar Consumption Kinetics 

The consumption kinetics of glucose and fructose were more rapid when S. cerevisiae strain 

88 was involved (Figure 2) than when L. thermotolerans and S. pombe were used. The 

alcoholic fermentation times varied from 6 to 12 days. All alcoholic fermentations finished 

correctly, reaching concentrations lower than 2 g/L of glucose and fructose (Figure 2; Table 

1). Other authors have previously described slower fermentation kinetics for L. 

thermotolerans [17,18] and S. pombe [31] than for S. cerevisiae. Musts with high sugar 

contents have been reported to be improperly fermented by L. thermotolerans alone [28]. 

 

Figure 1. Population development during fermentation of S. cerevisiae 88 alone (SC), 

sequential fermentation with Saccharomyces cerevisiae 88 and L. thermotolerans 



 

 

CONCERTO™ (LT…SC), sequential fermentation with S. pombe V2 and Lachancea 

thermotolerans CONCERTO™ (LT…SK) and S. pombe V2 alone (SK). 

 

Figure 2. Fermentation kinetics of glucose + fructose for Saccharomyces cerevisiae 88 alone 

(SC), a sequential fermentation with Saccharomyces cerevisiae 88 and L. thermotolerans 

CONCERTO™ (LT…SC), a sequential fermentation with Schizosaccharomyces pombe V2 

and L. thermotolerans CONCERTO™ (LT…SK) and Schizosaccharomyces pombe V2 alone 

(SK). 

Table 1. Final analysis of fermentations from original must of Tempranillo grapes (see 

Experimental section): S. cerevisiae 88 alone (SC), sequential fermentation with S. cerevisiae 

88 and L. thermotolerans CONCERTO™ (LT…SC), sequential fermentation with 

Schizosaccharomyces pombe V2 and L. thermotolerans CONCERTO™ (LT…SK), 

Schizosaccharomyces pombe 4.5 alone (SK), and fermentations after a malolactic 

fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds SC SC + MLF LT…SC 
LT…SC + 

MLF 
LT...SK SK 

L-Lactic Acid (g/L) 0.01 ± 0.01 a 1.21 ± 0.05 b 2.44 ± 0.14 c 3.62 ± 0.21 e 2.77 ± 0.19 d 0.01 ± 0.01 a 

L-Malic Acid (g/L) 2.06 ± 0.03 b 0.01 ± 0.01 a 1.98 ± 0.06 b 0.01 ± 0.01 a 0.01 ± 0.01 a 0.01 ± 0.01 a 

Acetic Acid (g/L) 0.31 ± 0.02 a 0.43 ± 0.04 b 0.29 ± 0.04 a 0.37 ± 0.06 ab 0.32 ± 0.04 a 0.34 ± 0.02 a 

Glucose + Fructose (g/L) 1.11 ± 0.16 b 0.06 ± 0.02 a 1.33 ± 0.21 b 0.08 ± 0.04 a 1.23 ± 0.21 b 1.08 ± 0.14 b 

Glycerol (g/L) 6.43 ± 0.02 a 6.48 ± 0.05 a 6.79 ± 0.05 b 6.82 ± 0.09 b 7.19 ± 0.06 c 7.55 ± 0.02 d 

pH 3.68 ± 0.01 b 3.79 ± 0.03 c 3.53± 0.05 a 3.62 ± 0.07 a 3.50 ± 0.05 a 3.88 ± 0.02 d 

Urea (mg/L) 2.28 ± 0.03 c 3.92 ± 0.06 e 2.06 ± 0.06 b 3.54 ± 0.19 d 0.08 ± 0.03 a 0.06 ± 0.02 a 

Citric Acid (g/L) 0.22 ± 0.01 b 0.04 ± 0.02 a 0.21 ± 0.03 b 0.05 ± 0.04 a 0.22 ± 0.03 b 0.21 ± 0.01 b 



 

 

Alcohol (% v/v) 13.27 ± 0.02 c 13.25 ± 0.04 c 13.04 ± 0.04 b 13.09 ± 0.07 b 12.83 ± 0.06 a 12.89 ± 0.03 a 

Acetaldehyde (mg/L) 55.31 ± 1.82 c 2.18 ± 0.33 a 36.42 ± 2.98 b 1.99 ± 0.24 a 63.58 ± 3.78 d 76.42 ± 2.58 e 

Pyruvic Acid (mg/L) 89.45 ± 5.43 c 27.52 ± 2.43 a 102.31 ± 7.82 d 36.73 ± 3.16 b 198.63 ± 8.56 e 286.77 ± 6.41 f 

Results are the mean ± SD of three replicates. Means in the same row with the same letter 

are not significantly different (p < 0.05). 

Acetic Acid 

The maximal final concentration of acetic acid was 0.43 g/L for a malolactic fermentation 

following an alcoholic fermentation by S. cerevisiae in pure culture (Table 1). Alcoholic 

fermentations alone did not show significant differences, with values about 0.31 g/L. 

Previous studies reported that L. thermotolerans produced less acetic acid than S. cerevisiae, 

with those differences varing from 0.18 to 0.33 g/L [30,41]. The genus Schizosaccharomyces 

was previously reported as producing more acetic acid than S. cerevisiae, with acetic acid 

concentrations up to 1 g/L [25]. Nevertheless, some S. pombe strains have been recently 

selected for their low acetic acid production [3,35], and the results for those strains agree 

with the results obtained in this study. 

Malic Acid 

Malic acid was completely degraded in all trials involving S. pombe (Table 1) during alcoholic 

fermentation. The S. cerevisiae strain degraded 7% of the initial malic acid content in the must 

(Table 1). Several authors have reported similar malic acid degradation for yeast of other 

genus than Schizosaccharomyces, which varied up to 20% [10,35] or even up to 39% for 

specific hybrids [42], but no one has reported the total degradation of malic acid (i.e., 100%) 

unless Schizosaccharomyces genus is involved [21]. The malic acid reduction clearly 

affected the final pH value of the fermentations (Table 1) because S. pombe fermentations 

reached a final pH up to 3.88. O. oeni metabolized malic acid to lactic acid during malolactic 

fermentation (Table 1). 

L-Lactic Acid 

Fermentations involving L. thermotolerans produced L-lactic acid during alcoholic 

fermentation (Table 1). The final concentration of L-lactic acid produced by L. 

thermotolerans in this study varied from 2.44 to 2.77 g/L (Table 1), which reduced the final 

pH (Table 1). Previous studies have reported significant acidification from L-lactic acid, 



 

 

varying from 0.22 g/L to 6.38 g/L when mixed cultures of L. thermotolerans were used with 

the main objective of increasing the acidity of the must [18,30,43]. Experiments involving 

malolactic fermentations showed an increase in L-lactic acid of approximately 1.21 g/L 

(Table 1). These final L-lactic acid concentration levels were significantly lower than the ones 

obtained using L. thermotolerans for the studied must. 

  



 

 

Pyruvic Acid 

All fermentations involving S. pombe produced a higher pyruvic acid concentration than the 

others (Table 1). The maximum values are usually obtained during the first days of alcoholic 

fermentation [3,4]. The pure culture of S. pombe produced, after alcoholic fermentation, a 

final pyruvic acid concentration of 286 mg/L. Greater pyruvic acid formation was associated 

to the higher color intensity observed in this study for S. pombe fermentations, due to the 

involvement of this compound in the formation of highly stable colored pigments such as 

vitisin A [18,25,26,44].  

Glycerol 

The genera Schizosaccharomyces and L. have been described as higher glycerol producers 

than the genus Saccharomyces [18,30,41]. The final levels of glycerol varied from 6.43 g/L 

to 7.55 g/L (Table 1). S. pombe produced the highest concentration (Table 1). A high glycerol 

content has been described as one of the main contributions of non-Saccharomyces strains to 

wine quality [5,45,46]. Nevertheless, other authors have reported that species such as 

Candida stellata could effectively produce higher concentrations of glycerol up to 14 g/L [5]. 

Ethanol 

The ethanol levels varied from 12.83 to 13.27% (v/v) (Table 1). Other authors have reported 

that S. pombe is highly resistant to ethanol stress conditions [47]. Sugar metabolism can be 

used to synthetize compounds other than ethanol, such as glycerol or pyruvic acid, or to 

increase the biomass of the yeast [48,49]. The results show that fermentations involving L. 

thermotolerans and S. pombe produced lower ethanol levels than S. cerevisiae. These data 

accords to other authors who confirmed that some non-Saccharomyces yeasts produced lower 

ethanol yields than Saccharomyces [23,50–53]. Previous studies have shown similar results 

for L. thermotolerans [30] and S. pombe [50]. Nevertheless, the differences (Table 1) were 

approximately 0.44% (v/v). Some authors have recently reported more significant ethanol 

reductions greater than 1% (v/v) using non-Saccharomyces strains, which may be related to 

specific conditions of high aeration [54,55] or via the use of glucose oxidase and catalase 

[56]. 

Urea 



 

 

The final concentration of urea in the completed alcoholic fermentations was lower in 

fermentations involving S. pombe, with values less than 0.1 mg/L (Table 1). This effect was 

attributed to the enzymatic capacity of Schizosaccharomyces to produce urease [27,57], 

whose enzymatic activity was proposed in the past as a preventative measure to the hazard 

of carcinogenic ethyl carbamate formation (one of the most toxic compounds reported in 

wine) [3,58] in winemaking because urease eliminates urea, the main precursor of ethyl 

carbamate. This factor is becoming increasingly important because ethyl carbamate is a 

known carcinogen present in a variety of fermented foods [59]. Some countries such as the 

USA, Japan and Canada have established legal limits.  

Citric Acid 

No statistical differences in citric acid were observed during any alcoholic fermentation 

(Table 1). However, in the experiment in which O. oeni was inoculated after an alcoholic 

fermentation, most of the citric acid was consumed (Table 1). An increase in the acetic acid 

concentration was also detected during the same period. Citric acid is converted to diacetyl, 

acetoin and 2,3-butanediol.  Acetic acid is a by-product in that process; such a collateral 

effect usually increases the final acetic acid concentration [25,60]. 

Color Measurements 

Table 2 shows the results of color assessments for the different treatments. Fermentations 

regarding S. pombe alone showed the highest color intensity levels up to 0.22. Combined 

fermentation between S. pombe and L. thermotolerans showed the second higher color 

intensity up to 0.20. Color intensity decreased up to 22% and hue increased in 0.34 in 

fermentations where malolactic fermentation took place (Table 2). 

Table 2. Color measurements in the wines produced by the different fermentation 

assays: S. cerevisiae 88 alone (SC), sequential fermentation with S. cerevisiae 88 and L. 

thermotolerans CONCERTO™ (LT…SC), sequential fermentation with S. pombe V2 and L. 

thermotolerans CONCERTO™ (LT…SK), S. pombe V2 alone (SK), and fermentations after 

malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds SC SC + MLF LT…SC LT…SC + MLF LT…SK SK 

420 nm 0.05 ± 0.01 a 0.06 ± 0.01 a 0.05 ± 0.01 a 0.06 ± 0.01 a 0.06 ± 0.01 a 0.06 ± 0.01 a 

520 nm 0.12 ± 0.01 b 0.08 ± 0.01 a 0.11 ± 0.01 b 0.09 ± 0.01 a 0.12 ± 0.01 bc 0.14 ± 0.01 c 



 

 

620 nm 0.02 ± 0.01 a 0.01 ± 0.01 a 0.02 ± 0.01 a 0.01 ± 0.01 a 0.02 ± 0.01 a 0.02 ± 0.01 a 

CI 0.19 ± 0.01 ab 0.15 ± 0.01 a 0.18 ± 0.01 ab 0.16 ± 0.01 a 0.20 ± 0.01 bc 0.22 ± 0.01 c 

Hue 0.41 ± 0.02 a 0.75 ± 0.02 b 0.45 ± 0.02 a 0.66 ± 0.02 b 0.50 ± 0.02 a 0.42 ± 0.02 a 

Results are the mean ± SD of three replicates. Means in the same row with the same letter 

are not significantly different (p < 0.05). 

Anthocyanins 

Table 3 shows the values for anthocyanins in the different fermentations. Fermentations 

involving S. pombe alone showed the highest concentration values in vitisin A up to 5.98 

mg/L. A significant decrease of about 1.33 mg/L in vitisin A was detected for the wines that 

performed malolactic fermentation. The highest vitisin A concentration values were reported 

in those fermentations that showed the highest pyruvic acid concentrations (Table 1). The 

lowest concentration in Vitisin A was reported for the S. cerevisiae assay which performed 

malolactic fermentation, probably, due to the decrease of pyruvic acid concentration reported 

during this process (Table 1). vitisin B decreased about 0.38 mg/L for the treatments which 

underwent malolactic fermentation, which is explained by the high decrease in acetaldehyde 

which took place during that process (Table 1). vitisin B levels are related to the acetaldehyde 

concentrations observed for the different trials (Table 1). The S. pombe assays showed 

significant higher values than the S. cerevisiae treatments. The fermentation performed by S. 

cerevisiae and L. thermotolerans showed lower acetaldehyde concentration, with a similar 

phenomenon being reported in the past [43]. The formation of highly stable pigments such 

as vitisins is connected with improved chromatic characteristics of the wine, especially 

during long ageing process when stable pigment forms start to dominate over unstable forms. 

On the other hand malvidin-3-O-glucoside dropped significantly up to 30 mg/L after the 

malolactic fermentation process. The assays that did not perform malolactic fermentation 

showed significantly higher values in all the studied anthocyanins. Those wines also showed 

higher color intensity values (Table 2). Indeed, important decreases in the total sum of 

anthocyanins were detected after malolactic fermentation for trials that did not involve the 

use of S. pombe (Table 3). Those drops varied from 26 to 31%. High anthocyanin levels are 

connected with better color quality, improved mouthfeel and a better ageing potential. 

Combined fermentation between S. pombe and L. thermotolerans showed higher 



 

 

concentrations in grape anthocyanins such as delphinidin-3-O-glucoside, cyanidin-3-O-

glucoside, petunidin-3-O-glucoside, peonidin-3-O-glucoside or malvidin-3-O-glucoside, 

than when S. pombe fermented alone. Combined fermentation involving S. cerevisiae and L. 

thermotolerans also showed higher levels of grape anthocyanins than when S. cerevisiae 

fermented alone. This phenomenon could be related to a low anthocyanin absorption by L. 

thermotolerans strain. The higher levels in coumaroyl compounds such as cyanidin-3-O-(6''-

p-coumaroylglucoside), petunidin-3-O-(6''-p-coumaroylglucoside) or malvidin-3-O-(6''-p-

coumaroylglucoside), reported for combined fermentations (Table 3) when compared to 

fermentations performed by S. cerevisiae and S. pombe alone, can be also explained by lower 

absorption processes. No vinyl phenol pyranoanthocyanins were detected for any treatment, 

probably becauset that studied strains do not possess any hydroxycinnamate decarboxylase 

activity [61,46]. The low concentrations detected for some anthocyanins could be related to 

the effect of heat treatment of the initial must [62]. 

Table 3. Final analysis of anthocyanins from fermentations by S. cerevisiae 88 alone (SC), 

sequential fermentation with S. cerevisiae 88 and L. thermotolerans CONCERTO™ 

(LT…SC), sequential fermentation with S. pombe V2 and L. thermotolerans CONCERTO™ 

(LT…SK), Schizosaccharomyces pombe V2 alone (SK), and fermentations after malolactic 

fermentation with Oenococcus oeni 217 (+ MLF). 
Compounds (mg/L) SC SC + MLF LT…SC LT…SC + MLF LT…SK SK 

D3G 14.63 ± 0.56 b 11.70 ± 0.56 a 19.32 ± 1.06 d 15.42 ± 1.28 bc 17.43 ± 1.22 c 15.73 ± 0.61 b 

C3G 0.25 ± 0.01 a - 0.66 ± 0.09 d 0.29 ± 0.14 ab 0.54 ± 0.18 c 0.36 ± 0.04 b 

Pt3G 19.06 ± 0.38 c 14.29 ± 0.53 a 21.48 ± 0.62 d 16.75 ± 0.81 b 21.77 ± 0.91 d 19.32 ± 0.44 c 

Pn3G 6.44 ± 0.18 b 4.83 ± 0.29 a 12.06 ± 1.46 e 8.89 ± 1.66 cd 9.86 ± 0.73 d 7.82 ± 0.33 c 

M3G 101.16 ± 2.88 c 70.91 ± 3.47 a 106.31 ± 3.55 c 79.42 ± 4.12 b 102.46 ± 3.86 c 98.44 ± 3.14 c 

VitA + VitB 4.89 ± 0.34 a  5.11 ± 0.46 a  5.98 ± 0.63 b 6.93 ± 0.41 c 

VitA 4.35 ± 0.30 b 3.02 ± 0.36 a 4.56 ± 0.31 b 3.41 ± 0.39 a 5.27 ± 0.53 c 5.98 ± 0.34 d 

VitB 0.54 ± 0.03 c 0.16 ± 0.06 a 0.42 ± 0.05 b 0.11 ± 0.08 a 0.95 ± 0.10 d 1.11 ± 0.06 e 

VitA-Ac 0.66 ± 0.05 c 0.41 ± 0.09 a 0.52 ± 0.07 b 0.38 ± 0.11 a 0.86 ± 0.12 d 1.22 ± 0.09 e 

C3GAc 1.10 ± 0.07 d 0.90 ± 0.11 c 0.57 ± 0.04 b 0.44 ± 0.07 a 1.21 ± 0.08 de 1.32 ± 0.05 e 

Pt3GAc 4.70 ± 0.29 bc 3.76 ± 0.45 ab 4.41 ± 0.21 bc 3.51 ± 0.32 a 4.93 ± 0.29 c 5.02 ± 0.23 c 

Pn3GAc 3.01 ± 0.06 c 1.68 ± 0.08 a 3.33 ± 0.16 d 2.16 ± 0.24 b 3.29 ± 0.20 cd 3.21 ± 0.08 d 

M3GAc 23.37 ± 0.77 c 15.55 ± 1.06 a 25.62 ± 1.02 d 19.26 ± 1.27 b 25.23 ± 1.21 cd 24.39 ± 0.82 cd 

C3GCm 0.62 ± 0.03 b 0.39 ± 0.06 a 0.71 ± 0.05 c 0.49 ± 0.09 a 0.69 ± 0.08 bc 0.61 ± 0.04 b 

Pt3GCm 1.68 ± 0.04 b 1.14 ± 0.09 a 2.33 ± 0.07 d 1.77 ± 0.12 b 2.06 ± 0.09 c 1.78 ± 0.03 b 

Pn3GCm 0.18 ± 0.01 a - 0.26 ± 0.03 b - 0.29 ± 0.06 bc 0.33 ± 0.03 c 

M3GCm 13.44 ± 0.19 b 9.18 ± 0.28 a 17.43 ± 0.42 d 14.26 ± 0.86 bc 15.55 ± 0.54 c 13.51 ± 0.22 b 

M3G4Vp 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 



 

 

M3G4Vg 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 

M3GAc4Vp 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 

M3GCm4Vp 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 

Total anthocyanins 200.08 137.92 225.1 166.56 218.37 207.08 

Results represent the mean ± SD for three replicates. Means in the same row with the same 

letter are not significantly different (p < 0.05). 

Sensory Evaluation 

Figure 3 shows the spider web diagram of the average scores of the taste and olfactory 

attributes that were assessed. Large differences in the perception of acidity were recorded; 

this result agrees with the acidity parameters reported in Table 1, where combined 

fermentation between L. thermotolerans and S. cerevisiae after malolactic fermentation 

obtained the lowest pH and the highest concentration in lactic acid. Even though all wines 

contained residual sugar levels below 2 g/L, fermentation performed by S. pombe alone was 

perceived as sweeter than the others. This perception could be explained due to the increase 

of that sensory sensation, because of the new balance between acidity and sweetness after 

wine microbiological deacidification by S. pombe, without acidification by L. thermotolerans 

[63]. Alcoholic fermentation followed by malolactic fermentation produced a slightly 

stronger sensation of acetic acidity. This can be explained by the reported increase of acetic 

acid after malolactic fermentation (Table 1. Nevertheless, no serious faults were reported for 

any of the wines. The combination between S. pombe and L. thermotolerans received the best 

score in terms of overall impression from all tasters. Although all fermentations involving S. 

pombe achieved the main goals related to microbiological malic acid stabilisation. Other 

authors have reported fermentations by L. thermotolerans to possess higher concentrations 

of fruity esters and lower concentrations of higher alcohols than S. cerevisiae [2,43]. It also 

has been reported a loss of fruity character after lactic bacteria action [2]. Finally the 

combined fermentation of S. pombe and L. Thermotolerans showed a higher acidity due to 

the high lactic acid level (Table 1) which positively influenced the overall impression. 

Differences in the color intensity could be explained by the different anthocyanin profiles 

(Table 3).  



 

 

 

Figure 3. Results of the sensory analysis of bottled wines from different fermentation 

processes of Saccharomyces cerevisiae 88 alone (SC), sequential fermentation with 

Saccharomyces cerevisiae 88 and L. thermotolerans CONCERTO™ (LT…SC), sequential 

fermentation with S. pombeV2 and L. thermotolerans CONCERTO™ (LT…SK), S. 

pombeV2 alone (SK), and fermentations after malolactic fermentation with Oenococcus oeni 

217 (+ MLF).  

 

Experimental Section 

 

Microorganisms 

The following yeast strains were used for the experimental fermentations: Kluyveromyces 

thermotolerans Concerto™ (Hansen, Hørsholm, Denmark; www.chr-hansen.com) belongs 

to the yeast species L. thermotolerans, Saccharomyces cerevisiae 88 (Spanish Type Culture 

Collection, Valencia, Spain) and Schizosaccharomyces pombe V2 (Chemistry and Food 

Technology department, Polytechnic University of Madrid, Madrid, Spain [35]. The strain 

of lactic acid bacteria used was Oenococcus oeni 217 (Spanish Type Culture Collection, 

Valencia, Spain). 

Vinification 



 

 

All fermentations used a must of Vitis vinifera L. cultivar Tempranillo grapes grown at the 

Entrena vineyard (Rioja Baja, Spain). The must was pasteurized at 105 °C for 5 min. A 

microvinification method similar to that described in the scientific literature was used [42]. 

Pasteurized must (4 L) was placed in a 5 L glass carboy, allowing adequate space for the 

release of carbon dioxide during fermentation. No sulfur dioxide was added. The sugar 

concentration was 226 g/L, pH = 3.64, primary amino nitrogen (PAN) 241 mg/L, malic acid 

2.21 g/L, citric acid 0.24 g/L, lactic and acetic acid bellow 0.1 g/L. To provide nutrition 40 

g/hL of Actimax Natura (Agrovín S.A., Ciudad Real, Spain) were added. Four treatments 

were used (all in triplicate): i) inoculation of the must with S. cerevisiae 88 (107 CFU/mL) 

alone (SC); ii) inoculation of the must with L. thermotolerans Concerto™ (107 CFU/mL) 

followed by S. cerevisiae 88 (107 CFU/mL) 96 h later (LT…SC); iii) inoculation of the must 

with L. thermotolerans Concerto™ (107 CFU/mL) followed by S. pombe V2 (107 CFU/mL) 

96 h later (LT…SK); and iv) inoculation of the must with S. pombe V2 (107 CFU/mL) alone 

(SK). Yeasts were inoculated using 400 mL of sterilized must containing 108 CFU/mL 

(determined using a Thomas chamber). To reach this population, 100 μL of each yeast 

suspension were cultivated in 10 mL of YEPD at 25 °C for 24 h. This procedure was repeated 

three times successively before the final inoculation of 4 mL in the inocula. All inoculations 

were performed in 500-mL flasks sealed with a Müller valve filled with 98% H2SO4 (Panreac, 

Barcelona, Spain), which allowed the release of CO2 while avoiding microbial contamination 

[64]. The temperature was maintained at 25 °C for 72 h before inoculation. The inoculations 

were developed under anaerobic conditions. All fermentations were performed in triplicate. 

All fermentation processes were carried out at 25 °C. When the sugar content was below 2 

g/L, the wines were racked and stabilized for 7 days at 4 °C, after which the final product 

was bottled. Then, a concentration of 50 mg/L of sulfur dioxide in potassium metabisulfite 

form was added. Sealed bottles were placed horizontally in a climate chamber at 4 °C until 

the sensory evaluation took place. The wines fermented with Saccharomyces cerevisiae alone 

(SC) were stabilized and racked following the same procedure when the malolactic 

fermentation by Oenococcus oeni 217 (107 CFU/mL) was finished in 2.8 L vessels at 18 °C. 



 

 

These wines remained under the same storage conditions described above, for one month 

before the tasting sessions took place. 

Measurements of biochemical compounds and pH  

Determination of glucose + fructose, L-malic acid, L-lactic acid, acetic acid, pyruvic acid, 

citric acid, acetaldehyde, urea, and glycerol concentrations (Table 1) were conducted using a 

Y15 Autoanalyser (Biosystems, Barcelona, Spain). The kits used to perform the analyses 

were obtained from Biosystems (www.biosystems.es). The alcohol content was determined 

using the boiling method GAB Microebu (http://shop.gabsystem.com). The pH was 

measured with a Crison pH Meter Basic 20 (Crison, Barcelona, Spain). 

Microvinification Growth Kinetics 

Aliquots were periodically taken aseptically during fermentation and further ten-fold serial 

dilutions were made. The yeast growth kinetics were monitored by plating 100 μL of the 

appropriate dilution on lysine media (non-Saccharomyces counts; [65]), YEPD media (total 

yeast counts; [66]) and YEPDActBzCl media (Schizosaccharomyces counts; [36]) with 

actidione and benzoic acid as the main inhibitors. In LT…SC fermentations, the population 

of L. thermotolerans was estimated by the difference between the YEPD and the Lysine 

media counts. In LT…SK fermentations, the population of L. thermotolerans was estimated 

by the difference between the YEPD and YEPDActBzCl media counts. Colonies were 

counted after growth at 30 °C for 48–72 h. Lactic acid bacteria was monitored in MRS agar 

(Oxoid, Basingstoke, UK). 

Analytical Determination of Anthocyanins 

Selected anthocyanins (Table 3) were analysed at the end of alcoholic and malolactic 

fermentations by high performance liquid chromatography using an Agilent Technologies 

series 1200 infinity series with a diode array detector (Hewlett-Packard, Palo Alto, CA, 

USA). Gradient of solvent A (water/formic acid, 95:5, v/v) and B (methanol/formic acid, 

95:5, v/v) were used in a reverse-phase Poroshell 120 (Hewlett-Packard, Palo Alto, CA, USA) 

(5 cm; particle size 2.7 µm) as follows: 85% A and 15% B linear (1 mL/min) from 0 to 2 

min, 85%–50% A and 15%–20% B linear (1 mL/min) from 2 to 10 min, 50% C and 50% B 

linear (1 mL/min) from 10–12 min and re-equilibration of the column from 12 to 13 min. 



 

 

Detection was performed by scanning in the 250–600 nm range. Quantification was 

performed by comparison against an external standard at 525 nm and expressed as a function 

of the concentration of malvidin-3-O-glucoside. The calibration was performed using 

malvidin-3-O-glucoside as an external standard, R2 > 0.999 (Extrasynthese, Geney, France). 

The sensitivity was higher than 0.1 mg/L. Controls of malvidin-3-O-glucoside were used to 

verify calibrations in each sequence. (Extrasynthese, Geney, France). Filtered wine samples 

of 20 μL (0,45 μm membrane filters made of cellulose methylic esters) (Teckorama, 

Barcelona, Spain) were injected in the HPLC apparatus. The different anthocyanins were 

identified by their retention times with respect to the majority anthocyanin malvidin-3-O-

glucoside and by comparing the UV-Visible spectra with the data in the literature [25,44]. 

The following anthocyanins and pyronoanthocyanins were determined: delphinidin-3-O-

glucoside (D3G). cyanidin-3-O-glucoside (C3G), petunidin-3-O-glucoside (Pt3G), peonidin-

3-O-glucoside (Pn3G), malvidin-3-O-glucoside (M3G), Vitisine B (Vit B), Vitisine A 

(VitA), cyanidin-3-O-(6″-acetylglucoside) (C3GAc), petunidin-3-O-(6″-acetylglucoside) 

(Pt3GAc), peonidin-3-O-(6″-acetylglucoside) (Pn3GAc), malvidin-3-O-(6″-acetylglucoside) 

(M3GAc), cyanidin-3-O-(6″-p-coumaroylglucoside) (C3GCm), petunidin-3-O-(6″-p-

coumaroylglucoside) (Pt3GCm), peonidin-3-O-(6″-p-coumaroylglucoside) (Pn3GCm), 

malvidin-3-O-(6″-p-coumaroylglucoside) (M3GCm), malvidin-3-O-glucoside-4-

vinylphenol (M3G4Vp), malvidin-3-O-glucoside-4-vinylguaiacol (M3G4Vg), and malvidin-

3-O-(6″-p-coumaroylglucoside)-vinylphenol (M3GCm4Vp). 

Color Measurements 

An Y350 diode array spectophotometer (Biosystems, Barcelona, Spain) was used for the 

analysis. Samples were analyzed in a 1mm path length quartz cuvette and a range of 200–

1100 nm. Absorbance at 420 nm, 520 nm, 620 nm was measured. Color intensity was 

calculated as the sum of absorbance at the three wavelengths, while tonality (hue) was 

calculated as the ratio between the absorbance at 420 nm and 520 nm. 

Sensory Analysis 

The final wines were assessed in a blind test by a panel of 15 experienced wine tasters, all of 

whom were staff members of the Chemistry and Food Technology Department (Madrid, 



 

 

Spain) and the Estación Enológica de Haro (Haro, Spain). Following the generation of a 

consistent terminology by consensus, three visual descriptors, four aromas and four taste 

attributes were chosen to describe the wines. The panellists used a 10 cm unstructured scale, 

from 0 (no perceived) to 10 (very strongly perceived) to rate the intensity of the 12 attributes. 

Statistical Analyses 

All statistical analyses were performed using PC Statgraphics v. 5 software (Graphics 

Software Systems, Rockville, MD, USA). The significance was set to p < 0.05 for the 

ANOVA matrix F value. A multiple range test was used to compare the means. 

 

Conclusions 

 

A combination of the S. pombe and L. thermotolerans selected yeast strains is an alternative 

to the traditional malolactic fermentation which positively affects the anthocyanin content of 

wine. The results from the fermentation trails showed positive differences in several 

parameters such as acetic acid, glycerol, acid profile, sensory evaluation, color and 

anthocyanin profile. 
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Abstract 

This study researched the winemaking performance of new biotechnology involving the 

cooperation of Lachancea and Schizosaccharomyces genera in the production of wine. In all 

fermentations where Lachancea thermotolerans was involved, higher lactic acid 

concentrations appeared, while all fermentations where Schizosaccharomyces pombe was 

involved, lower levels in malic acid concentration took place. The sensorial properties of the 

final wines varied accordingly. Differences in mouthfeel properties and acidity occurred in 

the different fermentation trials. Fermentations with the highest concentration of hydrolyzed 

mannose showed the highest mouthfeel properties, but the lack of acidity reduced their 

overall impression. Wines made from a combination of L. thermotolerans and S. pombe 

showed the highest overall impression and were preferred by the tasters due to the balance 

between mouthfeel properties and acidity. 

 

Keywords: Schizosaccharomyces, galactomanoprotein, Lachancea, mannoprotein, wine, 

polysaccharides. 



 

 

Introduction 

 

Several studies have proven that specific non-Saccharomyces strains are able to improve 

wine quality (Fleet 2008; Jolly et al. 2014; Varela 2016; Padilla et al. 2016), resulting in the 

use of these non-Saccharomyces yeast species in winemaking. During the past years, 

alternatives to conventional alcoholic fermentation and malolactic fermentation performed 

by Saccharomyces cerevisiae and Oenocoucus oeni have become available to avoid specific 

collateral effects such as high concentrations of acetic acid or biogenic amines, which take 

place under specific conditions such as those that occur in warm viticulture areas (Benito et 

al. 2015a). Combined fermentation (co-inoculation) involving Lachancea thermotolerans 

(formerly known as Kluyveromyces thermotolerans) and Schizosaccharomyces pombe seems 

to be the appropriate for warm viticulture areas such as Spain (Benito et al. 2016a; Benito 

2018).  

The deacidification ability of S. pombe allows the conversion of harsh-tasting L-malic 

acid to ethanol (Benito et al. 2016c) which result in acidic grape juice from northern Atlantic 

European grape growing regions to become smoother. However, several collateral effects 

described for S. pombe, such as the production of high concentrations of acetic acid are 

common when this species is used in winemaking (Benito et al. 2014; Roca-Domènech et al. 

2018) or other fementation industries (Minnaar et al. 2017; Satora et al. 2018). Fleet (2008) 

proposed that through proper programs of yeast selection, specific strains could perform 

fermentation processes without the formation of excessive acetic acid, ethyl acetate, 

hydrogen sulphide and sulphur dioxide, or other off-flavors. For example, recent research 

reported fermentations with low acetic acid concentrations (Benito et al. 2014; Domizio et 

al. 2017; Du Plessis et al. 2017) that varied from 0.1–0.34 g/L, while other authors reported 

values above 1 g/L (Mylona et al. 2016; Miljic et al. 2017) depending on the strain used. 



 

 

Other Schizosaccharomyces uses besides conventional malic acid deacidification 

have been reported during the last few years (Benito et al. 2018). Schizosaccharomyces can 

reduce gluconic acid concentrations (Peinado et al. 2009) and improve wine quality made 

from spoiled grape juice. It also improves wine color through the production of stable 

pigments such as vitisins (Benito et al. 2017). It can also avoid the formation of biogenic 

amines and ethyl carbamate concentrations to produce healthier wines from a food safety 

point of view (Mylona et al. 2016). Another advantage is the polysaccharide release during 

aging over lees or fermentation (Palomero et al. 2009; Domizio et al. 2017), which improves 

mouth sensory properties.  

L. thermotolerans is able to increase the acidity in low acidic musts from 

Mediterranean warm regions (Kapsopoulou et al. 2005; Kapsopoulou et al. 2007; Gobbi et 

al. 2013; Balikci et al. 2016; Benito et al. 2016b; Domizio et al. 2016) through the production 

of lactic acid, thereby improving sensory properties. The use of Lachancea thermotolerans 

has recently become popular in modern enology because of the advantages such as biocontrol 

applications that inhibit the presence of spoilage microorganisms (Nally et al. 2018; Benito 

2018). Even though there is only one commercial strain available, some researchers are 

performing selection processes in order to increase the number of available clones (Escribano 

et al. 2018). 

Mannoproteins are the second most abundant family of polysaccharides after 

arabinogalactan-proteins that originate from grapes (Vidal et al. 2003). Mannoproteins are 

released into wine from yeast cell walls during fermentation and ageing over lees (Palomero 

et al. 2009; Domizio et al. 2017). Previous studies have demonstrated a positive effect of 

polysaccharides on the quality and sensorial properties of wine (Vidal et al. 2004; Gawel et 

al. 2014). Polysaccharides affect mouth-feel properties such as fullness, while reducing the 

astringency of the final product (Vidal et al. 2004) and contribute to the retention of positive 

aroma compounds (Lubbers et al. 1994). 



 

 

The technology based on the use of Lachancea and Schizosaccharomyces genera was 

studied before for simple fermentation parameters (Benito et al. 2015a). During the last year, 

more advanced parameters such as volatile compounds, amino acids, biogenic amines 

(Benito et al. 2016b) and anthocyanin composition (Benito et al. 2017) have also been 

studied. However, several additional fermentation factors require to be researched for this 

modern technology, and to this end, our research focus on the effect of Lachancea and 

Schizosaccharomyces genera on wine mannose-containing polysaccharides release during 

alcoholic fermentation. 

 

Materials and Methods 
 

Microbiological Material  

The yeast strains selected for the trials were: Kluyveromyces thermotolerans Concerto™ 

(Hansen, Hørsholm, Denmark), S. cerevisiae CECT 87 (Type Culture Collection of Spain, 

Valencia University, Spain) and a pre-commercial S. pombe V2 (GenBank accession number 

HE963293; also deposited and publicly available in the Chemistry and Food Technology 

Department Yeast Collection of Polytechnic University of Madrid; Benito et al. 2014). The 

selected lactic acid bacteria strain was O. oeni 217 (Type Culture Collection of Spain, 

Valencia University, Spain). 

 

Vinification 

The experimental vinifications took place at a scale according to previously described 

microvinification methodology (Sampaio et al. 2007), which was modified (Belda Benito et 

al. 2015; Benito et al. 2015b). Tempranillo grape must (Rioja Alta, Spain) was used with 226 

g/L sugar, pH= 3.61, PAN 333 mg/L, malic acid was 2.54 g/L and citric acid was 030 g/L. 

Lactic and acetic acids were 0.01 g/L.  



 

 

Fermentations took place in 5 L vessels where 4 L of must fermented in triplicate for each 

treatment. The free run Tempranillo must after being destemmed and crushed was autoclaved 

at 105 °C for 5 min. The initial inoculum concentration for the different treatments were S. 

cerevisiae alone (106 cfu/mL) (SC), L. thermotolerans (106 cfu/mL) and S. cerevisiae (106 

cfu/mL) 72 h later (LT…SC), L. thermotolerans (106 cfu/mL) and S. pombe (106 cfu/mL) 72 

h later (LT…SK) and S. pombe alone (106 cfu/mL) (SK). The alcoholic fermentations took 

place at controlled temperature of 25 °C. Fermentations regarding S. cerevisiae alone (SC) 

were inoculated with O. oeni  (107 cfu /mL) and performed malolactic fermentation in 2.8 L 

vessels at 18 °C. Once fermentations were over the wines were racked into small vessels of 

2.8 L where they settled at 4 °C for seven days. After that period, the supernatant was 

introduced into 750 mL bottles where 100 mg/L of potassium metabisulfite (Agrovin S.A, 

Alcazar de San Juan, Spain) were added. The bottles were sealed and stayed horizontally in 

a refrigerator at 4 °C. The sensory session took place 58 days after the last fermentation 

ended. 

 

 

Biochemical Compounds  

The quantification of parameters showed in Table 1 were performed using the method 

described in previous studies (Belda et al. 2015;Benito et al. 2015b). A Y15 Autoanalyser 

(Biosystems, Barcelona, Spain), a GAB Microebu and a Crison pH meter (Basic 20, Crison 

Barcelona, Spain) were used. 

 

Yeast Growth 

The changes in the population of the different yeast species (Fig. 1) were studied according 

to the methodology described by Benito et al (2015b), which is based on the use of selective-

differential media such as YEPDAactBzCL Schizosaccharomyces selective media (Benito et 



 

 

al. 2018), lysine media (Morris and Eddy 1957), YEPD media (Kurtzman et al. 2011) and 

MRS agar (Oxoid, Basingstoke, UK). Schizosaccharomyces selective media allows 

monitoring Schizosaccharomyces colonies, lysine media allows to detect some non-

Saccharomyces yeasts such as L. thermotolerans, YEPD media alows to detect any wine 

yeast species and MRS agar allows monitoring lactic bacteria. 

 

 

Determination of Mannose 

Mannose content of the total soluble wine polysaccharides was evaluated according to the 

methodology described by Belda et al. 2016. 

 

Sensory Analysis 

The final wines were assessed in a blind tasting by a panel of 15 experienced wine tasters, 

all staff members of the Chemistry and Food Technology Department of Polytechnic 

University of Madrid (Madrid, Spain) and the Accredited Laboratory Estación Enológica de 

Haro (Haro, Spain). The sensory analysis was similar to that described in previous works 

(Belda et al. 2015; Belda et al. 2016; Benito et al. 2017). In this study, 14 attributes were 

established by consensus (Fig. 3).  

 

Statistical analysis  

All statistical analyses were performed using PC Statgraphics v.5 software (Graphics 

Software Systems, Rockville, MD, USA). The significance was set to p < 0.05 for the 

ANOVA matrix F value. A multiple range test was used to compare the means. 

  



 

 

 

Results  

Fermentation Performance 

Fig. 1 shows the yeast counts during the different fermentations. S. cerevisiae and S. pombe 

cells remained constant until the conclusion of fermentation in concentrations that varied from  

8.4x105 to 6.1x106 cfu/mL. L. thermotolerans cell counts decreased after day 5.  

 

Fig. 1 Change in the population of S. cerevisiae 87 alone (SC), sequential fermentation with 
Saccharomyces cerevisiae 87 and L. thermotolerans CONCERTO™ (LT…SC), sequential 
fermentation with S. pombe V2 and Lachancea thermotolerans CONCERTO™ (LT…SK) 
and S. pombe V2 alone (SK). Values are means ± standard (logCFU/mL) deviations for three 
independent fermentations 

 



 

 

S. pombe degraded all malic acid (Table 1) during alcoholic fermentation (AF) in pure and 

mixed modalities, while S. cerevisiae degraded malic acid only to about 5%  (Table 1). O. oeni 

converted the remaining malic acid into lactic acid to obtain stable wines in trials fermented 

by S. cerevisiae (Table 1). L. thermotolerans syntetized L-lactic acid during AF (Table 1). 

The final L-lactic acid concentrations varied from 1.46 g/L for the case fermented by S. 

cerevisiae and O. oeni, to 3.11 g/L for the case fermented by L. thermotolerans, S. cerevisiae 

and O. oeni. The final pH varied from 3.47–3.91 g/L due to malic and lactic acid metabolism. 

Wines produced with S. pombe had a pyruvic acid concentrations of 168 mg/L and a glycerol 

concentration of about 7.78 g/L. The reported acetic acid concentrations were below 0.4 g/L. 

Ethanol concentrations varied from 13.55-13.80 % (v/v). Wines produced with S. pombe had 

slightly lower ethanol concentration of 0.23 % (v/v) than S. cerevisiae (control) wines. 

Fermentations involving S. pombe resulted in final urea concentrations lower than 0.1 mg/L 

(Table 1). The fermentations, which did not involve S. pombe, showed final urea 

concentrations of  about 2 mg/L. Urea concentration increased from 0.2 to 0.3 g/L after 

malolactic fermentation (MLF). Malolactic fermentations performed by O. oeni showed final 

citric acid concentrations of 0.04 mg/L and below (Table 1). Slightly higher acetic acid 

concentrations were found in wines that underwent MLF. Those increases varied from 0.09 

to 0.11 g/L. 

Table 1. Final analysis of fermentations from original must of Tempranillo grapes (see Experimental section): 

S. cerevisiae 87 alone (SC), sequential fermentation with S. cerevisiae 87 and L. thermotolerans CONCERTO™ 

(LT…SC), sequential fermentation with Schizosaccharomyces pombe V2 and L. thermotolerans 

CONCERTO™ (LT…SK), Schizosaccharomyces pombe 4.5 alone (SK), and fermentations after a malolactic 

fermentation with Oenococcus oeni 217 (+ MLF). 

Compounds SC SC + MLF LT…SC 
LT…SC + 

MLF 
LT...SK SK 

L-Lactic Acid (g/L) 0.01 ± 0.01 a 1.46 ± 0.05 b 1.63 ± 0.14 c 3.11 ± 0.21 e 1.86 ± 0.19 d 0.01 ± 0.01 a 
L-Malic Acid (g/L) 2.43 ± 0.03 b 0.01 ± 0.01 a 2.39 ± 0.05 b 0.01 ± 0.01 a 0.01 ± 0.01 a 0.01 ± 0.01 a 
Acetic Acid (g/L) 0.28 ± 0.01 a 0.39 ± 0.02 b 0.25 ± 0.03 a 0.34 ± 0.04 b 0.30 ± 0.04 ab 0.36 ± 0.02 b 

Glucose + Fructose (g/L) 1.55 ± 0.19 b 0.07 ± 0.03 a 1.61 ± 0.24 b 0.05 ± 0.02 a 1.72 ± 0.25 b 1.58 ± 0.16 b 
Glycerol (g/L) 7.12 ± 0.02 a 7.17 ± 0.05 a 7.14 ± 0.06 a 7.19 ± 0.11 ab 7.39 ± 0.09 b 7.78 ± 0.03 c 

pH 3.64 ± 0.02 b 3.73 ± 0.02 c 3.47± 0.03 a 3.58 ± 0.06 b 3.53 ± 0.05 ab 3.91 ± 0.02 d 
Urea (mg/L) 1.78 ± 0.06 b 1.97 ± 0.08 c 1.82 ± 0.09 bc 2.11 ± 0.11 d 0.06 ± 0.03 a 0.03 ± 0.01 a 

Citric Acid (g/L) 0.29 ± 0.01 b 0.02 ± 0.01 a 0.27 ± 0.02 b 0.04 ± 0.02 a 0.29 ± 0.03 b 0.27 ± 0.02 b 

Ethanol (% v/v) 13.78 ± 0.02 c 13.80 ± 0.05 c 
13.72 ± 0.06 

cb 
13.70 ± 0.09 cb 13.62 ± 0.05 b 13.55 ± 0.04 a 

Acetaldehyde (mg/L) 34.16 ± 1.55 c 1.88 ± 0.33 a 29.55 ± 2.13 b 1.79 ± 0.24 a 46.38 ± 2.96 d 58.36 ± 2.55 e 

Pyruvic Acid (mg/L) 58.56 ± 3.55 b 13.67 ± 3.79 a 62.42 ± 5.73 b 17.82 ± 6.21 a 
122.63 ± 9.15 

c 
168.82 ± 5.78 d 



 

 

Results are the mean ± SD of three replicates. Means in the same row with the same letter are not significantly 

different (p < 0.05). 

 

Figure 2 shows the content of mannose after the fermentations and cold sedimentation. S. 

cerevisiae and L. thermotolerans release mannose from mannoproteins while S. pombe 

release it from galactomannoproteins. The highest increase in mannose took place in the 

fermentations where S. pombe fermented alone. The final concentration was about 250 mg/L 

of mannose released from polysaccharides after hydrolysis. The sequential fermentations 

involving L. thermotolerans and S. pombe showed a significant increase in mannose, 

compared to S. cerevisiae fermentations only. The final difference was about 100 mg/L in 

mannose. 

 

Fig. 2 Mannose released from polysaccharides after hydrolysis of wines fermented at 
microvinification scale with: S. cerevisiae 87 alone (SC), sequential fermentation with 
Saccharomyces cerevisiae 87 and L. thermotolerans CONCERTO™ (LT…SC), sequential 
fermentation with S. pombe V2 and Lachancea thermotolerans CONCERTO™ (LT…SK), 
S. pombe V2 alone (SK), and fermentations after malolactic fermentation with Oenococcus 
oeni 217 (+ MLF) 

 

 

Sensory Evaluation 

Figure 3 shows a radar graph of the scores of various attributes. It shows differences in the 

perception of acidity, as several microorganisms are able to affect acidity. Color intensity 



 

 

was higher in wines produced without malolactic fermentation, compared to wines that 

underwent malolactic fermentation. None of the wines that were produced with S. pombe or 

L. thermotolerans showed any negative organoleptic properties. Significant differences in 

mouth volume, persistence, structure and aroma were evident between the different 

treatments (Fig. 3).  Sequential fermentations by Schizosaccharomyces and Lachancea 

obtained the maximum mark in overall impression.  

 

 

Fig. 3 Results of the sensory analysis of bottled wines from different fermentation processes 
of Saccharomyces cerevisiae 87 alone (SC), sequential fermentation with Saccharomyces 
cerevisiae 87 and L. thermotolerans CONCERTO™ (LT…SC), sequential fermentation with 
S. pombe V2 and L. thermotolerans CONCERTO™ (LT…SK), S. pombe V2 alone (SK), 
and fermentations after malolactic fermentation with Oenococcus oeni 217 (+ MLF). 

  



 

 

Discussion 

 

Fermentation Performance 

 

Certain authors describe L. thermotolerans as a yeast not able to complete fermentation 

when the final alcohol levels are between 9-10% (Lubbers et al. 1994; Kapsopoulou et al. 

2005; Benito et al. 2016b). For this reason, L. thermotolerans should be used in combination 

with yeast genera such as Saccharomyces or Schizosaccharomyces to complete the 

fermentation process (Benito et al. 2015a; Balikci et al. 2016). The combine AF finished the 

fermentations as the glucose/fructose concentrations were lower than 2 g/L (Table 1). 

Other studies described L-lactic acid production of up to 6 g/L when Lachancea was 

utilized in pure fermentation (Gobbi et al. 2013; Benito et al. 2015b; Benito et al. 2016b). L-

lactic acid concentrations were higher in wines where grape juice was inoculated with L. 

thermotolerans where wines underwent MLF (O. oeni). This is a useful strategy to increase 

the acidity of wines from grapes originating from warm regions which usually have a low 

acidity (Benito et al. 2018). 

The increase in acetic acid concentrations could be due to citric acid consumption of 

O. oeni during MLF. Other authors reported high levels of acetic acid as a possible collateral 

effect when MLF occurs without proper control (Mylona et al. 2016). The increases of about 

0.1 g/L in acetic acid after MLF observed in this study support those theories (Table 1). Work 

by Comitini et al (2011) and Gobbi et al (2013) reported that L. thermotolerans produced 

lower concentrations of acetic acid than S. cerevisiae (Miljic et al. 2017) with differences 

varying between 0.18-0.33 g/L. In contrast to the above, the genus Schizosaccharomyces 

often produce acetic acid concentrations over 0.9 g/L (Mylona et al. 2016). Nevertheless, 

recent studies on Schizosaccharomyces showed that specific strains produce acetic acid only 

as low as 0.1 g/L (Domizio et al. 2017; Du Plessis et al. 2017; Roca-Domènech et al. 2018). 



 

 

Fleet (2008) proposed the selection of a Schizosaccharomyces strain to prevent conventional 

co-fermentation effects attributed to this genus, such as high acetic acid production. The final 

observed acetic acid concentration in the fermentations regarding S. pombe of about 0.35 g/L 

support the theories related to strain variability. The use of S. pombe under reduced osmotic 

stress conditions afforded by fed-batch alcoholic fermentation also allows the production of 

wines with low levels in acetic acid (Roca-Domènech et al. 2018).  

Domizio et al (2017) found concentrations of up to 430 mg/L pyruvic acid in wines 

made with Schizosaccharomyces. However, the pyruvic acid was measured five days after 

fermentation started when it reached maximum concentration during AF. Increased pyruvic 

acid formation is associated with increased concentrations of stable color pigments which 

can improve wine color (Benito et al. 2017; Benito 2018). In this study, the pure S. pombe 

fermentation produced 66 % more pyruvic acid than the S. cervisiae control. The mixed 

fermentation between L. thermotolerans and S. pombe showed a final pyruvic acid 

concentration of 50 % higher than the S. cerevisiae control.  

Non-Saccharomyces yeasts are one of the main contributors of glycerol content to 

wine quality (Jolly et al. 2006; Jolly et al. 2014; Goold et al. 2017). Domizio et al (2017) 

reported the production of glycerol of up to 11.4 g/L by certain strains of by 

Schizosaccharomyces. In this study the increases in glycerol produced by the non-

Saccharomyces were moderated. In the case of S. pombe the increase was 0.66 g/L higher 

than the S. cerevisiae control, while in the case of the mixed fermentation between L. 

thermotolerans and S. pombe the increase was only of 0.27 g/L higher. 

Schizosaccharomyces is tolerant to ethanol stress environments (Garcia et al. 2016). 

Other studies related to L. thermotolerans (Gobbi et al. 2013) and S. pombe (Benito et al. 

2013a) reported similar results. Although the ethanol concentration (Table 1) were 

significantly different, the differences were lower than 0.25% (v/v). Ethanol reduction higher 



 

 

than 1% (v/v) appear to be related to conditions of increased aeration (Contreras et al. 2015; 

Morales et al. 2015), or specific enzyme activity such as glucose oxidase or catalase (Rocker 

et al. 2016). These methodologies can be applied to avoid difficult fermentations of grape 

must with a high sugar concentration. In those cases, it is difficult for regular yeasts to convert 

all sugars into ethanol. 

The enzymatic urease ability of S. pombe is valuable for producing wines free of ethyl 

carbamate (Mylona et al. 2016), which is important from a food safety point of view as ethyl 

carbamate is considered to be a carcinogenic hazard. In this study the fermentations where S. 

pombe was involved showed urea levels 97 % lower than the controls. As urea is the main 

precursor of ethyl carbamate in wine (Benito et al. 2016c), the wines that showed final urea 

concentrations close to 0 mg/L look to be virtually stable against future ethyl carbamate 

production. 

 

Mannose-containing polysaccharides Content in Fermentations 

The increase of mannoprotein concentrations during AF is a modern approach to 

improve wine quality (Domizio et al. 2014). Domizio et al (2017) reported on the special 

ability of the Schizosaccharomyces genus to release high amounts of polysaccharides. S. 

pombe releases galactomannoproteins instead of mannoproteins (Domizio et al. 2017). Those 

galactomannoproteins contains a higher content in mannose ranging from 44 % to 47 % than 

galactose, that ranges from 36 % to 45 % for the case of S. pombe (Domizio et al. 2017). On 

the other hand, L. thermotolerans is a moderate mannoprotein producer when compared to 

S. cerevisiae (Belda et al. 2016). Non-Saccharomyces species such as T. delbrueckii also 

produce higher concentrations of mannoproteins when compared to S. cerevisiae during AF 

(Belda et al. 2015). The results of this study show higher release of mannose in all 



 

 

fermentations involving S. pombe (Fig. 2). This indicates a higher mannose-containing 

polysaccharides release during the alcoholic fermentation. 

 

Sensory Evaluation 

The high color intensity of wines of non-MLF is in agreement with previous work by 

Mylona et al (2016) that found significant anthocyanin concentration decreases through lactic 

acid bacteria metabolism. L. thermotolerans metabolism improves wine color intensity due 

to the production of lactic acid thereby decreasing the pH (Benito 2018) while S. pombe 

producers high concentrations of vitisins or pyranoanthocyanins (Benito et al. 2017; Benito 

2018). Mannoproteins can also increase the anthocyanins in wine (Vidal et al. 2003). 

According to works by Vidal et al (2004) and Gawel et al (2014), factors related to 

mouth-feel properties such as fullness sensation or perceived viscosity, are dependent on 

polysaccharides concentrations. This is in agreement with mannose-containing 

polysaccharides levels reported in this study that showed high scores of mouth-feel properties 

such as structure or mouth volume (Table 1, Fig. 2). 

Although the structure was similar in all fermentations involving S. pombe, sequential 

fermentations by L. thermotolerans and S. pombe obtained the maximum mark in overall 

impression due to a better balance between acidity and structure. Differences in aroma quality 

could be related to the ability of the mannoprotein to retain positive aroma compounds such 

as B-ionone (Lubbers et al. 1994) or the ability of L. thermotolerans to generate high levels 

of aromatic esters (Benito et al. 2015b). 

The combination of S. pombe and L. thermotolerans as a new winemaking biotechnology 

is able to improve wine quality under specific conditions. It is a substitute to the conventional 

MLF, which increases mannose-containing polysaccharides of wine and maintain a balance 

between wine structure and acidity. The results of the fermentation trials showed positive 



 

 

differences in acetic acid, urea, pyruvic acid and glycerol concentrations as well as sensory 

attributes. The proposed inoculation combination could improve wine aging aptitude as it 

reduces the pH and prevents possible collateral effects such as the formation of biogenic 

amines or ethyl carbamate. 
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Abstract: In the past, some microbiological studies have considered most non-
Saccharomyces species to be undesirable spoilage microorganisms. For several decades, 
that belief made the Saccharomyces genus the only option considered by winemakers for 
achieving the best possible wine quality. Nevertheless, in recent decades, some strains of 
non-Saccharomyces species have been proven to improve the quality of wine. Non-
Saccharomyces species can positively influence quality parameters such as aroma, acidity, 
color, and food safety. These quality improvements allow winemakers to produce 
innovative and differentiated wines. For that reason, the yeast strains Torulaspora 
delbrueckii, Lachancea thermotolerans, Metschnikowia pulcherrima, 
Schizosaccharomyces pombe, and Pichia kluyveri are now available on the market. Other 
interesting species, such as Starmerella bacillaris, Meyerozyma guilliermondii, 
Hanseniospora spp., and others, will probably be available in the near future. 

Keywords: Torulaspora delbrueckii; Lachancea thermotolerans; Metschnikowia 
pulcherrima; Schizosaccharomyces pombe; Pichia kluyveri; non-Saccharomyces. 

 

Introduction 

Over the last decades, the dry yeast market based on Saccharomyces cerevisiae has 
allowed alcoholic fermentation to start faster than the regular spontaneous methods, reducing 
the production times. In contrast, non-Saccharomyces species have often been inhibited by 
S. cerevisiae inoculations at the industrial level, despite being the predominant species in 
grapes before fermentation starts to take place [1]. The inoculation of S. cerevisiae in large 
populations exceeding 106 cfu/mL and the inhibition of non-Saccharomyces species such as 
Hanseniorsopara, Kloeckera, or Candida by initial sulfur dioxide addition, make it difficult 
for those non-Saccharomyces species to influence alcoholic fermentation. However, first-
phase non-Saccharomyces species play an important role in spontaneous fermentations until 
the alcohol level reaches 4 % (v/v), when most non-Saccharomyces species can no longer 
survive. Temperatures below 30 ºC increase the ethanol resistance of species such as 
Starmerella stellata and Kloeckera apiculate [2]. 

 
The populations of yeast during alcoholic fermentation change over time. During the 

first stage, yeast from genera with a low resistance to ethanol, such as Hanseniaspora, 
Candida, Rodotorula, and Pichia, predominate [3][4][5]. Later, some genera with a moderate 
resistance to ethanol, such as Lachancea [6] or Torulaspora [1], may persist for longer. In 
the last stages of fermentation, most authors report that the Saccharomyces genus dominates 
the medium until fermentable sugars are completely metabolized into ethanol [3][4][5]. 



 

 

 
Several studies have reported that non-Saccharomyces species show advantages that can 

improve specific parameters of wine quality [7][8] [9][10] [11] [12][13] [14] [15], depending 
on the specific yeast species and strains used (Table 1). Because of these advantages, the 
most important manufacturers are now commercializing strains of non-Saccharomyces [16] 
from Torulaspora delbrueckii, Lachancea thermotolerans, Metschnikowia pulcherrima, 
Schizosaccharomyces pombe, and Pichia kluyveri (Table 2). However, most of these species 
also show disadvantages, which must be taken into account during their use. The main 
disadvantages are their low capacity to metabolize sugar into ethanol and their low resistance 
to additives such as sulfur dioxide in most cases, although some specific genera, such as 
Schizosaccharomyces [17][18], can withstand those disadvantages. The low fermentative 
activity of some non-Saccharomyces species is usually corrected by combining them with a 
high fermentative commercial S. cerevisiae strain able to metabolize all the sugar into ethanol 
[19]. This combination usually assumes a fermentation delay of a few days compared to pure 
fermentation inoculation by S. cerevisiae. The main positive influences of non-
Saccharomyces species in modern winemaking are explained in the following paragraphs. 

 
 

Table 1. Influence of non-Saccharomyces species on winemaking quality parameters.. 

    

Starmerella bacillaris  Glycerol ↑ 

Hanseniaspora spp.  Acetate esters ↑, terpenes ↑ , Biogenic amines ↓ 

Hansenula anomala  C6 alcohols ↓ 

Lachancea thermotolerans  L-lactic acid ↑, Acidification ↑ 

Metschnikowia pulcherrima  Esters ↑, Terpenes ↑, Thiols ↑, Aroma complexity ↑, 

Pichia guillermondii  Colour Stability ↑ 

Pichia kluyveri  Thiols ↑, Esters ↑ 

Schizosaccharomyces pombe  L-Malic acid ↓, Deacidification ↑  

Torulospora delbrueckii  Acetic acid ↓, Esters ↑, Thiols ↑,  

Zygosaccharomyces bailii  Polysaccharides ↑  

   

 
 

Table 2 Main commercial products that contain non-

Saccharomyces strains.  

Product 

Name 

Manufacturer Species 

   

Biodiva™  Lallemand T. delbrueckii 



 

 

www.lallemand

wine.com 

Concerto™ Chr. Hansen 

www.chr-

hansen.com 

L. thermotolerans 

Flavia® Lallemand 

www.lallemand

wine.com 

M. pulcherrima 

Frootzen® Chr. Hansen 

www.chr-

hansen.com 

P. kluyveri 

PreludeTM Chr. Hansen 

www.chr-

hansen.com 

T. delbrueckii 

Primaflora® 

VB BIO 

CENOLIA 

www.sud-et-

bio.com 

T. delbrueckii 

ProMalic Proenol 

https://www.pr

oenol.com 

S. pombe 

Viniferm NS 

TD 

Agrovin 

www.agrovin.c

om 

T. delbrueckii 

Zymaflore® 

Alpha 

Laffort 

www.laffort.co

m/ 

T. delbrueckii 

   

 



 

 

Modern enology looks for strategies to reduce the final content of ethanol in wine. The main 
causes of this trend are the consumer demand for products with a lower content of ethanol. 
High polyphenolic maturity usually increases grape sugar due to the delay in harvest. This 
effect is common in warm viticulture areas where the over-ripening risk is high. There are 
some alternative methodologies that can be used to reduce the content of ethanol in wine, 
such as enzyme or osmotic filtration [20]. Non-Saccharomyces species allow us to reduce 
the initial ethanol content by about 1–2% (v/v), depending on the yeast species and 
fermentation conditions [21][22][23].  

 

Chemical methods based on food quality acid additions, such as tartaric acid, were the 
classical solution to acidity imbalances in over-ripe grape juices. On the other hand, for 
excess acidity, which is commonly found in cold areas, the most common solution was the 
use of calcium carbonate, potassium bicarbonate, or potassium carbonate to deacidify to 
regular levels. The main inconveniences of these solutions are the costs of these chemical 
products, which must be certified as being of food-quality. Nevertheless, over the last decade, 
some microbial alternatives have been proposed. The first alternatives involved some strains 
of S cerevisiae that are able to influence wine acidity [24][25]; however, the influence on the 
pH was not significant. The use of some non-Saccharomyces species has been proven to be 
able to reduce the pH by 0.5 units [6], while other species are able to increase the pH by up 
to 0.5 units [26]. 
 
Acetic acid is the main acid responsible for the wine fault termed volatile acidity. Although 
acetic acid influences the total acidity, it is usually considered separately, as it can negatively 
influence the wine quality. The fault threshold of volatile acidity is considered to be about 
0.8 g/L; above this, most consumers can easily identify the negative vinegar character. The 
main acetic acid ester, ethyl acetate, in concentrations higher than 12 mg/L produces 
undesired odor faults [27], which are of even more concern than acetic acid. Some non-
Saccharomyces species, such as T. delbrueckii [1] or L. thermotolerans [6], can produce 
wines with lower contents of acetic acid than S. cerevisiae, while other species, such as 
Schizosaccharomyces sp. [18], tend to produce wines with concentrations higher than the 
fault limit. Nevertheless, large strain variability is reported in most cases [7][28][29][30][31]. 
 
Some studies have shown that specific non-Saccharomyces species are able to produce higher 
concentrations of fruity esters than S. cerevisiae (control) [32]. Specific non-Saccharomyces 
strains can increase the release of varietal aromas, such as terpenes or thiols, which are 
responsible for the quality of some grape varieties, such as Muscat, Gewurztraminer, 
Sauvignon blanc, and Verdejo [33][19].  

 

The main strategies for increasing the color of red wines are based on obtaining higher final 
concentrations of total anthocyanins or higher levels of the most stable anthocyanins, such as 
vitisins or pyranoanthocyanins [34]. pH reduction is another strategy used to increase the 
color perception [35][6]. The latest studies have developed strategies to avoid malolactic 
fermentation [36][6], whose effect on wine quality is the reduction of color due to increases 
in pH and lactic bacteria enzymatic activity [37][36]. However, the necessity of producing 
stable wines that will not re-ferment in the bottle means that the vast majority of red wines 
go through malolactic fermentation. The first microbiological approaches used S. cerevisiae 
strains that absorbed reduced amounts of anthocyanins. Later approaches selected S. 
cerevisiae strains in order to obtain higher contents of acetaldehyde and pyruvic acid, which 



 

 

slightly increase the contents of vitisin A and B. Some non-Saccharomyces species may 
produce up to four times higher concentrations of pyruvic acid or acetaldehyde than S. 
cerevisiae. The combination of specific non-Saccharomyces species allows the stabilization 
of wines from a microbiological point of view, avoiding malolactic fermentation and 
additionally increasing the acidity and color perception [35][34]. 

 

Although wine is a safe product from a microbiological health hazard point of view, as no 
pathological microorganisms such as Salmonella or E. coli can withstand the wine ethanol 
concentrations [38], modern enology has discovered toxic compounds that can appear in wine 
such as biogenic amines, ethyl carbamate, and ochratoxin A. The main strategy employed to 
avoid biogenic amines in wine is based on the use of selected lactic bacteria from Oenococcus 
oeni species without decarboxylase activity able to convert specific amino acids into biogenic 
amines. Regarding this fact, some non-Saccharomyces species have been reported to produce 
higher concentrations of amino acids such as histidine that can evolve to histamine if bacteria 
decarboxylase activity takes place [30]. Other non-Saccharomyces species prevent the 
malolactic fermentation process, where the production of biogenic amines takes place [36]. 
Ochratoxin A is produced prior to harvest by spoilage fungal attacks. There are several 
methods that can be used to reduce the ochratoxin A concentration during the winemaking 
process, such as that which is conducted through the use of amicrobic filtrations of about 
0.45 µm that allow the initial concentration to be reduced by up to 80% [39]. A promising 
biotechnology method is the use of yeast lees to remove ochratoxin A. This method was first 
tested using S. cerevisiae, although newer studies have shown that some non-Saccharomyces 
species are more efficient at removing ochratoxin A, with rates of up to 70 % 
[40][41][42][38]. Ethyl carbamate is mainly produced by lactic acid bacteria and through the 
chemical combination of urea with ethanol during wine ageing. The most common type of 
management in the wine industry is based on the use of a commercial urease enzyme which 
is able to remove all the urea that can evolve into ethyl carbamate [38]. Nevertheless, the use 
of non-Saccharomyces species with urease activity allows the removal of the main ethyl 
carbamate precursor from wine, making it virtually impossible for ethyl carbamate to appear 
during wine ageing. 

 

Polysaccharides have been proven to improve the mouthfeel properties of wine [43][44][45]. 
The improvements in wine quality are mainly related to softening the wine astringency [45] 
or increasing positive aromatic compounds [46]. The most abundant group of 
polysaccharides is the arabinogalactan proteins, which originate in grapes [43]. 
Mannoproteins represent the second most abundant group; however, these polysaccharides 
are formed during alcoholic fermentation or ageing during lees processes [47][26]. Although 
the first microbiological applications for increasing the content of mannoproteins in wines 
were based on the use of S. cerevisiae strains, later studies showed that some non-
Saccharomyces species release higher concentrations of mannoproteins than S. cerevisiae 
[47][48][49][50]. Other polysaccharides of a different nature than mannoproteins are also 
reported for some non-Saccharomyces species [51][52][53][26]. 

 

All yeast species inevitably produce acetaldehyde during alcoholic fermentation. The highest 
concentration is reached during the tumultuous phase of alcoholic fermentation. It usually 
takes place within 48–72 hours of alcoholic fermentation, depending on the fermentation 



 

 

power of the yeast species. Concentrations higher than 125 mg/L usually negatively influence 
the flavor of wine [54][55], and wines are usually described as being oxidized. Some of the 
descriptors used for wines where acetaldehyde predominates in the aroma are green apples 
and fresh-cut grass [55]. Such aromas are easy to identify in white wines. Newer studies on 
red wines have proven that concentrations below the fault threshold of 125 mg/L increase the 
valuable stable color forms, such as vitisin B [56], which improves wine color, while the 
aroma of acetaldehyde cannot be identified in a sensory analysis. Some non-Saccharomyces 
species produce lower concentrations of acetaldehyde than S. cerevisiae [57], while others 
produce higher levels [58].  

 
Glycerol can increase the softness and body of wine. S. cerevisiae synthesizes glycerol from 
glucose through glycolysis, where dihydroxyacetone phosphate is reduced to glycerol-3-
phosphate and later oxidized to glycerol [59][60]. One of the first reported advantages of 
using non-Saccharomyces species was the increased glycerol concentration in wine and its 
influence on wine quality [9] [61][48]. Depending on the non-Saccharomyces species 
employed, it is possible to achieve increases from a few decimals to 4 g/L compared to S. 
cerevisiae [61][9]. From a biochemical point of view, species other than those of the 
Saccharomyces genus possess less developed alcohol dehydrogenase enzymatic activity, but 
more developed glycerol-3-phosphate dehydrogenase enzymatic activity. This metabolism 
deviates to produce higher final concentrations of glycerol during alcoholic fermentation 
[60]. 

 

Several studies attribute the properties of some non-Saccharomyces species to improved wine 
quality. Nevertheless, recent studies have shown large differences, depending on the non-
Saccharomyces strain used [62][31][63][63][62]. This oenological phenotypical variability 
is based on the huge number of different populations and the genomic diversity of those 
species [64][65][66][67][68][69][70]. These results suggest the importance of performing 
selective processes, such as those that were conducted for S. cerevisiae strains in the past. 

 
 



 

 

Torulaspora delbrueckii 

 
Torulaspora delbrueckii (Figure 1.1) is the most studied and commercialized 
of the non-Saccharomyces species in winemaking [1]. The management of T. 
delbrueckii is relatively easy compared to other non-Saccharomyces species 
due to its relatively high fermentative power of up to 9–10% (v/v) [71], while 
several non-Saccharomyces species, such as M. pulcherrima, P. 
guillermondii, P. kluyveri, S. stellata, and Hanseniaspora vinae, do not 
tolerate ethanol concentrations higher than 4% (v/v). Due to this ethanol 
resistance, this species can notably influence the final wine product during 
most of the alcoholic fermentation period, although in most wines, a second 
more fermentative species such as S. cerevisiae [48] or S. pombe [72] is 
required to properly end the alcoholic fermentation. Nevertheless, some 
industries other than conventional winemaking have started to exclusively use 
T. delbrueckii for fermentation; some examples are for the production of beer 
or sparkling base wine [1]. 
 
One of the first advantages attributed to T. delbrueckii was the reduction of 
the volatile acidity concentration in wines. Some authors have reported 
reductions in the final acetic acid concentration of about 0.14 to 0.28 g/L 
compared to S. cerevisiae [71][1]. The application of T. delbrueckii can 
decrease the final ethanol concentration in wines by up to 1% (v/v) [22], while 
increasing the glycerol concentration from 0.2 to 0.9 g/L [73][74][1][75]. 
Several authors report T. delbrueckii as being a higher mannoprotein releaser 
than S. cerevisiae and other non-Saccharomyces species [47][48]. Moderate 
malic acid consumption by T. delbrueckii has been commonly observed in 
sequential fermentations in quantities varying from 20% to 25% [48][34]. 
 
T. delbrueckii can improve the intensity and quality of wine aroma, increasing 
the overall impression and the varietal and fruity characters [73]. T. 
delbrueckii is able to diminish the concentrations of higher alcohols when it 
is used in sequential fermentations with S. cerevisiae [48]. This effect 
contributes to an increase in the varietal character perception. However, an 
increase in higher alcohols production has also been reported [76][77]. 
Several authors have reported the production of higher final concentrations 
of fruity esters [78][73]. In contrast, other studies have reported the opposite 



 

 

effect [77][74]. These differences in higher alcohols and ester formation have 
been explained by the high strain variability in these parameters shown by the 
species [63][31]. T. delbrueckii is reported to release conjugated terpenes in 
some wine varieties characterized by these varietal compounds [79]. In 
addition, proper T. delbrueckii strain selection allows for the release of higher 
concentrations of thiols, which increase the varietal character of varieties such 
as Sauvignon blanc or Verdejo [80][73]. 
 
A moderate undesirable effect reported by most authors is a delay in 
sequential fermentation involving T. delbrueckii and S. cerevisiae compared 
with the S. cerevisiae control. 
 
 

 
 

Figure 1. Microscopic observation of Torulaspora delbrueckii (1), Lachancea 
thermotolerans (2), Schizosaccharomyces pombe (3), Metschnikowia pulcherrima (4), 
Meyerozyma guilliermondii (5) and Hanseniospora uvarum (6) cells. 

 

La parte de imagen con el identificador de relación rId112 no se encontró en el archivo.



 

 

Lachancea thermotolerans 

Lachancea thermotolerans (Figure 1.2) is the most recommended of the non-
Saccharomyces species used to acidify grape juices that suffer from a lack of 
acidity [81]. This ability is very useful in viticultural areas in the south of 
Europe or any other warm viticulture region [82][6]. L. thermotolerans can 
acidify wines due to its unique ability among yeasts to produce lactic acid 
during its fermentative metabolism [7][83]. Hranilovic et al. (2018) have 
shown the pathway of lactate formation from pyruvate through the enzyme 
lactate dehydrogenase enzyme [84]. The production of lactic acid can vary 
from a few decimals of g/L to up to almost 10 g/L, depending on factors such 
as the strain or fermentative temperature used [85][6]. The production of 
lactic acid without degrading any malic acid directly influences the titratable 
acidity quality parameter. The production of lactic acid is reported to increase 
the titratable acidity by up to about 9 g/L [85] compared with the regular S. 
cerevisiae control. Some studies have reported a reduction in pH from about 
pH 4 to pH 3.5 in low-acid grape juice, which would be considered an acidic 
wine in most warm viticulture regions [6]. The reduction of pH also positively 
influences the color of red wine due to the increase in the color intensity of 
anthocyanins such as the flavylium ion [36][35].  

L. thermotolerans also has other interesting properties. Some authors have 
described L. thermotolerans as an interesting resource that can be employed 
to reduce the final concentration of volatile acidity in wine [86]. Some studies 
have reported that L. thermotolerans fermentations produce lower 
concentrations of acetic acid than S. cerevisiae, by about 0.24 g/L [85][83], 
while other authors have reported smaller differences in sequential 
fermentations of about 0.05 g/L [87][36]. Recent studies reported L. 
thermotolerans strains to show a strain variability of up to 49% in acetic acid 
production [31]. Later studies supported the idea that strain variability shows 
great biodiversity around the world [70], which translates into large 
differences in the phenotypic fermentative performance for the different 
strains [31]. Although the first studies showed lower final concentrations in 
glycerol than S. cerevisiae for single pure fermentations of about 1.5 g/L [85], 
later studies showed that, in sequential fermentations, those including L. 
thermotolerans often reach higher final levels of glycerol of up to 1 g/L 
[87][7]. These results, combined with those related to ethanol production, 
indicate that although L. thermotolerans is less fermentative than S. 



 

 

cerevisiae, it possesses a more developed glycerol–pyruvic pathway. 
Nevertheless, the production of glycerol by L. thermotolerans also depends 
on other factors, such as temperature [83], as it produces higher contents at 
20 ºC than at 30 ºC. Later studies reported that the injection of oxygen during 
L. thermotolerans fermentations increases the production of glycerol while 
reducing the production of ethanol [88].  

 

Some studies have reported that L. thermotolerans sequential fermentations 
produce lower final concentrations of higher alcohols than S. cerevisiae—
from 13 to 55 mg/L, depending on the study [83][82][89]. Nevertheless, other 
authors have reported the opposite effect, with fermentations involving L. 
thermotolerans increasing higher alcohol concentrations by up to 100 mg/L 
[7]. These discrepancies are explained by the great variability in L. 
thermotolerans strains, in terms of higher alcohol production (up to 40%) 
[63][31] and oxygen availability [88].  

Some authors have reported increases in the total ester content of up to 33% 
[70], while other studies have not observed important differences [7]. 
Nevertheless, all studies have reported increases in the specific ester ethyl 
lactate, which is related to lactic acid metabolism [32][34]. L. thermotolerans 
produces lower concentrations of fatty acids than S. cerevisiae in pure 
fermentations, although specific strains of L. thermotolerans tend to produce 
higher concentrations of the specific fatty acid isovaleric acid [63]. Specific 
L. thermotolerans strains are able to release higher amounts of terpenes, 
depending on their glucosidase activity [32][7]. 

 

Some authors have reported higher total final anthocyanin concentrations in 
sequential fermentations involving L. thermotolerans than in the S. cerevisiae 
controls. The differences varied from 8% to 10% [90][34]. Additionally, the 
higher coloration of anthocyanins produced by lactic acid acidification at a 
low pH notably influences the final color intensity, which is higher than that 
of S. cerevisiae [36][56][6] [18].  

 



 

 

Some authors have reported that some specific L. thermotolerans strains 
release up to 100 mg/L higher concentrations of polysaccharides than S. 
cerevisiae [7]. Nevertheless, this ability is strain-dependent, as the observed 
strain variability between the studied L. thermotolerans strains is close to 40% 
[7]. 

Studies that perform sensory analyses usually describe the wines fermented 
by L. thermotolerans as being more acidic than the controls fermented by S. 
cerevisiae [36][58]. This perception is not as obvious in highly acidic wines 
from northern Germany [32], but is very evident in wines fermented from low 
acidic grape juices from warm areas in southern Europe, where the pH is 
reduced by about 0.4 units and the total acidity increases by about 3 g/L [82]. 
The color intensity perception is usually higher due to the increase of visible 
red and purple colors at lower pH values [6]. 

Other modern applications of L. thermotolerans facilitate the management of 
ochratoxin A. Some L. thermotolerans strains are able to efficiently inhibit 
the development of ochratoxigenic fungi in the vineyard [91][92]. As the 
legislation trend is to reduce the applications of pesticides, L. thermotolerans 
appears to be an interesting alternative to the management of ochratoxin A. 

 

The main problems in the industry management of L. thermotolerans are its 
sensitivity to sulfur dioxide and its moderate ethanol tolerance. Among the 
non-Saccharomyces species, L. thermotolerans is considered a fermentative 
species that is able to ferment wines at up to levels slightly higher than 10% 
(v/v) in ethanol [83][28], but it must be combined with a S. cerevisiae [87] 
strain for the production of regular dry wines or with another more 
fermentative genus, such as Schizosaccharomyces [36], to ensure proper 
alcoholic fermentation cessation. In other fermentative industries such as 
beer, sweet wine, or sparkling base wines, the fermentative power of L. 
thermotolerans is sufficient to achieve the desired final ethanol concentration 
[51][6]. Additionally, some studies have observed that sequential 
fermentations between L. thermotolerans and S. cerevisiae produce lower 
final ethanol concentrations varying from 0.2% to 0.4% (v/v) [87][36][70].  

 



 

 

Another reported problem is the release of higher concentrations of biogenic 
amine amino acid precursors such as lysine, ornithine, and tyrosine during 
alcoholic fermentation compared with S. cerevisiae [32][58]. Although there 
is no direct correlation between biogenic amine formation and the presence 
of amino acid precursors, this fact must be taken into account, especially for 
wines that will perform malolactic fermentation or barrel ageing [38]. 
Nevertheless, the acidification performed by L. thermotolerans can partially 
inhibit the capacity of unselected lactic bacterial strains to produce biogenic 
amines, as the development of lactic bacterial genera is limited at low pH 
values. This potential food safety problem is also present when L. 
thermotolerans is used in ageing over lees for histidine, tyrosine, ornithine, 
and lysine amino acids[49]. 

 

Although most studies regarding the Lachancea genus and oenology have 
focused on L. thermotolerans, other species have started to show promising 
potential. For example, L. fermentati is a higher fermenter than L. 
thermotolerans. Pure inoculations of L. fermentati produce wines with lower 
concentrations of acetaldehyde, SO2, and H2S compared to the S. cerevisiae 
controls [81][93].  

 

Schizosaccharomyces species 

 
Schizosaccharomyces pombe is the most recommended of the non-
Saccharomyces species to de-acidify excessively acidic wines from cool 
areas, such as those from the north of Europe. Indeed, modern studies also 
employ this species to stabilize wines from a microbiological point of view, 
for example, in red wines from warm viticulture areas, where the performance 
of a proper malolactic fermentation process is complicated due to the low 
levels of malic acid and the high pH [36]. S. pombe is able to metabolize malic 
acid into ethanol and CO2, consequently reducing the total wine acidity [18]. 
Benito et al. (2014) have shown the biochemical pathway used to degrade 
malic acid into ethanol through pyruvate decarboxylase and alcohol 
dehydrogenase enzymes [94]. In wines with malic acid contents higher than 
5 g/L, which are considered very acidic by regular consumers, S. pombe can 



 

 

completely remove any malic acid present, decreasing the total acidity by 
about 4 g/L and the pH by about 0.4 units [95]. Figure 1.3 shows a 
microscopic observation of S. pombe cells during pure alcoholic 
fermentation. 
 
Recently, the use of S. pombe has been suggested in warm viticulture areas 
where grape juices contain high levels of sugar, pH values are close to 4, and 
malic acid concentrations are usually less than 1 g/L [48][26]. Under these 
circumstances, to try to perform malolactic fermentation is dangerous, with a 
high risk of deviations, such as the production of undesired high levels of 
volatile acidity or biogenic amines. Nevertheless, if malolactic fermentation 
is not performed before bottling, it often takes place in the bottle, generating 
undesired turbidity. In these scenarios, the use of S. pombe alone or in small 
percentages in combined inoculums with S. cerevisiae allows the 
achievement of microbiological stability so that wine can be bottled without 
the risk of bottle refermentation.    
 
Specific strains of S. pombe are the most effective option to remove gluconic 
acid from wine during alcoholic fermentation, with a removal percentage of 
up to 91% [96][97][98][99][100]. Gluconic acid can negatively influence the 
quality of wine, generating microbial instability, as it can be used by lactic 
acid bacteria to increase volatile acidity, reducing the protective effect of 
sulfur dioxide.  
 
One of the main problems of using S. pombe is that it tends to generate high 
levels of acetic acid [30][18]. This acid usually produces a quality-detrimental 
vinegar character, which is not tolerated by consumers of quality wines. This 
undesirable effect has been solved with different strategies, such as the 
combined use with S. cerevisiae [95], L. thermotolerans [36][6], or T. 
delbrueckii [72]; the addition of magnesium [101]; or the use of alginate cells 
[102] and fed-batch fermentation [103]. These alternatives allow the 
production of wines with lower acetic acid contents than those produced with 
S. cerevisiae. Another undesirable effect of the use of S. pombe is an increase 
in the ethanol concentration, as the degradation of 2.33 g/L of malic acid 
produces about 0.1% (v/v) of additional ethanol [104]. Although no 
malolactic fermentation is needed after S. pombe alcoholic fermentation, the 
concentration of amino acids that can evolve to biogenic amines usually 
increases [30].  



 

 

 
The malolactic fermentation process usually reduces the anthocyanin content 
and color intensity from 10% to 23% [36][37][35]. This phenomenon takes 
place due to the cell absorption and glycosidase enzymatic activity of lactic 
bacteria [105][35]. S. pombe-fermented wines show higher contents of total 
anthocyanins and consequently higher color intensities as malolactic 
fermentation is not needed. Additionally, S. pombe is able to produce up to 
five times more pyruvic acid than S. cerevisiae [106], which translates to the 
formation of a consequently higher concentration of the stable anthocyanin 
vitisin A, which contains pyruvic acid [35]. Additionally, the combined use 
with L. thermotolerans increases the color intensity due to the additional 
reduction of pH that increases the color intensity of flavylium ions 
[35][6][18]. S. pombe releases higher amounts of polysaccharides than any 
other Saccharomyces or non-Saccharomyces yeast [52][26], consequently 
improving the wine structure. The nature of these polysaccharides is different 
than that reported for S. cerevisie, including the presence of α-
galactomannose and β-glucans in their compositions [53]. 
 
 
S. pombe is characterized by producing significantly lower concentrations of 
higher alcohols and esters than S. cerevisiae and other yeast species [58][34]. 
This is very interesting when retention of the varietal aroma of grapes is 
desired more than the fermentative aroma [48][73][19]. 
 
Regarding food safety, the use of S. pombe allows the control of biogenic 
amines, as no malolactic fermentation, which is able to produce this toxic 
compound, is required [38]. Additionally, the urease enzymatic activity 
developed by S. pombe eliminates the main precursor of ethyl carbamate: 
urea. Indeed, S. pombe can remove 70% of the initial concentration of the 
carcinogen ochratoxin A during alcoholic fermentation [40]. 
 
 
In recent years, other industries have started to use Schizosaccharomyces 
species in products and processes other than the production of grape wine, 
such as ginger fermentation [107][108], apple wine [109], kei-apple 
fermentation [110], sparkling wine [111], bioethanol [112], bilberry 
fermentation [72], plum wine [113], and water purification [18]. 



 

 

 

Although S. pombe is the most studied yeast from the genus 
Schizosacchromyces, Schizosaccharomyces japonicus shows similar 
properties to S. pombe and a better performance in specific quality parameters 
such as glycerol production and polysaccharide release [53]. 

 

 

Metschnikowia pulcherrima 

 

Metschnikowia pulcherrima (Figure 1.4) influences wine quality parameters. 
It can increase the glycerol concentration by a few decimals in combined 
fermentations compared to single S. cerevisiae controls. It is also able to 
reduce the malic acid content by about 10% and the acetaldehyde 
concentration by about 10 mg/L [19]. One modern application is the reduction 
of the final ethanol concentration. For that purpose, M. pulcherrima can be 
used in order to achieve ethanol reductions down to 1% (v/v) [22][114][115]. 

 

Following the comparison of sequential fermentations of M. pulcherrima and 
S. cerevisiae, some studies have described M. pulcherrima as a producer of 
low higher alcohol concentrations compared to S. cerevisiae that vary from 
20% to 30% [32]. On some occasions, this effect means that varietal aroma 
compounds such as terpenes or thiols that are not masked by concentrations 
of higher alcohols that are higher than the perception threshold have a greater 
effect on wine aroma [19]. On the other hand, most studies have reported that 
M. pulcherrima is a higher producer of fruity esters [32]. Most studies have 
reported significant differences, especially for ethyl octanoate, which is 
produced in higher concentrations varying from 20% to 25% in sequential 
fermentations involving M. pulcherrima than in S. cerevisiae [19]. This 
specific ester increases fruity aromas related to pineapple, which are usually 
considered pleasant and very positive, in neutral grape varieties that do not 
possess varietal aroma compounds such as terpenes or thiols. 



 

 

 

The most relevant influence on wine quality related to the use of M. 
pulcherrima is the ability of the cystathionine-β-lyase activity of selected 
strains to cause the release of varietal thiols such as 4-methyl-4-
sulfanylpentan-2-one in concentrations six times higher than those in S. 
cerevisiae [19]. This aromatic compound is the most important quality 
indicator in thiolic wine varieties such as Sauvignon blanc or Verdejo. Figure 
4 shows a microscopic observation of alcoholic fermentation performed by a 
pure culture of M. pulcherrima and sterilized grape juice. 

 

Meyerozyma guilliermondii 

 

The use of Meyerozyma guilliermondii (Figure 1.5) focuses on wine color 
improvements. M. guilliermondii is reported to be the yeast species with the 
highest hydroxycinnamate decarboxylase enzymatic activity [116]. This 
enzymatic activity allows the production of pyranoanthocyanin adducts, 
which condensate with grape anthocyanins to produce highly stable colored 
compounds that remain for a longer period of time than other anthocyanins. 
This biological enzymatic activity was first investigated in S. cerevisiae; 
however, although the enzymatic activity improved the color intensity, color 
stability, and removed ethyl phenol precursors, a maximum activity level of 
16% was reached and there was a great dependency on the studied strain 
[117]. M. guilliermondii has been reported to increase hydroxycinnamate 
decarboxylase enzymatic activity by up to 90%. This type of biotechnology 
allows us to produce modern wines that contain up to 11-times higher 
concentrations of vinylphenolic pyranoanthocyanin adducts, which are the 
most stable color forms reported in winemaking [116]. 

 

Pichia kluyveri 

Some studies have reported the use of Pichia kluyveri (Figure 2) in sequential 
fermentations to produce higher levels of esters than S. cerevisiae, such as 2-



 

 

phenylethyl acetate, by about 20%, or ethyl octanoate, by about 10% [32]. 
The total terpene concentration was also shown to increase by about 20%; 
this fact contributed to an increase in the grape variety typicity. 

 

 
 

Figure 2. Film produced by Pichia kluyveri over grape juice. 

 

Starmerella bacillaris 

Starmerella bacillaris, formerly Candida stellata [60], produces the highest 
glycerol concentration (up to 14 g/L) of the non-Saccharomyces yeasts during 
alcoholic fermentation [118][119][9], while most S. cerevisiae strains have 
been shown to produce final concentrations that vary from 5 to 8 g/L. These 
concentrations can improve the mouthfeel sensation and flavor of wine [9]. 
Another interesting property is its fructophilic character [120][121], in 
contrast with the glucophlilic character of S. cerevisiae.  

 

Hanseniaspora 

La parte de imagen con el identificador de relación rId112 no se encontró en el archivo.



 

 

Species from the Hanseniospora genus possess a characteristic apiculate 
shape (Figure 1.6). Most of the yeasts present at the beginning of spontaneous 
fermentation belong to this genus [122][123][124][125][126]. Although no 
manufacturer has offered a commercial strain to date, the genus is supposed 
to make up an important percentage of the yeasts that are in grapes. This 
indicates that, in traditional fermentations, the Hanseniospora genus notably 
influences alcoholic fermentations during the first phase until alcohol levels 
of about 4% are reached. At these levels, most Hanseniospora strains cannot 
survive due to their low tolerance to ethanol [127]. In combination with S. 
cerevisiae, which properly ends alcoholic fermentation, strains of the 
Hanseniospora genus can positively influence wine quality [9][126]. The 
Hanseniaspora genus is an interesting source of enzymes for modern 
winemaking challenges [126]. The most remarkable enzymatic activity is 
reported for β-glucosidase [128], β-xylosidase [129], glycolytic, and protease 
[130][124]. 

 

From a sensory point of view, the improvements are based on more intense 
wine flavor and aroma complexity. At an industrial scale, H. guilliermondii, 
H. uvarum, and H. vinae [131] are the most appropriate species to achieve 
these purposes [126]. The aroma improvements are explained from a 
chemical point of view due to the production of higher concentrations of 2-
phenylethyl acetate [132][133], acetate esters such as isoamyl acetate 
[131][125][133][134][128], medium-chain fatty acid ethyl esters [135], 
benzenoids [136][137], and terpenes [126][128] and reductions in the final 
concentration of higher alcohols [131][125][134]. Martin et al. 2018 [126] 
have explained the main metabolic pathways responsible for the ability of 
some species of Hanseniaspora/Kloeckera genera to produce benzenoids, 
diacetyl-acetoin, lactones, higher alcohols, acetate esters, fatty acids, and 
isoprenoids. 

 

The most appropriate species to improve the color and polyphenolic 
composition in red wines from the Hanseniaspora genus are H. clermontiae, 
H. opuntiae, H. guilliermondii, and H. vinae [126]. These species can 
improve quality parameters such as color intensity and total anthocyanins 



 

 

[125]. These color improvements are based on the ability of Hanseniaspora 
species to produce vitisin A [138], vitisin B [139], and malvidin-3-O-
glucoside-4-vinylguaiacol [138]. 

 

Conclusions 

Non-Saccharomyces species can play an important role in winemaking. 
Depending on the specific type of wine or the enological problem to solve, 
different non-Saccharomyces strains should be selected to attain the desired 
objective. The combination of non-Saccharomyces species with 
Saccharomyces species or even with another high fermentative non-
Saccharomyces species can also lead to the best solution. At this time, the 
most commonly used strains in industry are Torulaspora delbrueckii, 
Lachancea thermotolerans, Schizosaccharomyces pombe, Metschnikowia 
pulcherrima, and Pichia kluyveri, which are present in available products. It 
is likely that over the next few years, new species will start to be available on 
the market, and products that contain combinations of non-Saccharomyces 
species will also be available in order to simulate spontaneous alcoholic 
fermentations.  
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5. General Discussion 
 

This section of the thesis summarizes the results of the published articles 

attached in the thesis document. It also compare the obtained results to other 

materials available in the scientific literature. The section is divided into two 

main sections. One is related to the proposed biotechnology that combines L. 

thermotolerans and S. pombe (Benito et al. 2015)(Benito et al. 2016a)(Benito 

et al. 2016b)(Benito et al. 2017)(Benito et al. 2019) while another section 

deals with the strain selection of the S. pombe species from the international 

microorganisms collections (Benito et al. 2016c). Finally it is explained how 

the published articles satisfy the objectives of the thesis and the degree of 

succeeding of the hypothesis. 

 

5.1.Schizosaccharomyces pombe and Lachancea thermotolerans combined 

fermentation 
 

5.1.1 Fermentation Kinetics 

 

Although combined fermentations by Schizosaccharomyces and Lachancea 

are reported to be slower than the S. cerevisiae controls about 2 to 4 days 

(Benito et al. 2015a; Benito et al., 2016a). We must consider that after the 

combined alcoholic fermentation the malolactic fermentation process by 

lactic bacteria is not needed any more. A regular alcoholic fermentation 

usually lengths from 7 to 10 days at industry level if not stopping of slowing 

down take place. However, a fast-malolactic fermentation length from 15- 21 



 

 

days when the temperature control and bacteria inoculation are optimized. 

However, if it is not possible to achieve the optimal conditions, the process 

usually lengths longer up to several months, when in the industry is not 

possible to control factors such as temperature or inoculation. So, in a global 

industrial understanding the Schizosaccharomyces and Lachancea 

combination option greatly decrease the industry wine production hours, 

energy and microbiological sources. During the combined fermentation 

process between the two-yeast species, Lachancea thermotolerans usually 

disappears when ethanol levels are about 9 %. This is due to the relatively 

low alcohol tolerance reported for this moderate fermentative species. For 

that reason, the powerful fermentative S. pombe is inoculated to ensure a 

proper alcoholic fermentation ending over 9 % ethanol levels while malic acid 

is completely removed from the media. Some authors propose that the 

alcoholic fermentation process performed by these new biotechnologies can 

be accelerate inoculating higher initial populations than those regularly use 

for S. cerevisiae in order to compensate the slightly slowness. The different 

population kinetics between the different species can be followed by 

microscope observation, as Schizosaccharomyces cells are easy to distinguish 

because of its rectangular morphology or using specific selective diferential 

media for Schizosaccharomyces or for non-Saccharomyces as Lysine media 

(Benito et., 2013b).  



 

 

 
Figure 5.1.1. Details of Combined fermentation between Schizosaccharomyces pombe and 

Lachancea thrermotolerans yeast species in wine. It is observed the bigger size of 

Schizosaccharomyces pombe of about 10 μm than Lachancea thermotolerans cells of about 

5 μm. S. pombe morphology is rectangular while L. thermotolerans is rounded. 

Figure Source: Benito, Á., Calderón, F., & Benito, S. (2019). Schizosaccharomyces pombe 

and Lachancea thermotolerans: Joint Use as an Alternative to the Traditional Fermentations 

by Saccharomyces cerevisiae and Oenococcus oeni in Oenology. In Alcoholic 

Beverages (pp. 387-417). Woodhead Publishing. DOI: 10.1016/B978-0-12-815269-

0.00012-X 

 

 

 

5.1.2. Glycerol 

 



 

 

Glycerol is the second alcohol in terms of concentration present in wine, its 

final concentration usually varies from 4 to 6 g/L. Most of glycerol is 

produced during the first stages of alcoholic fermentation (Benito et al., 

2015a). High glycerol levels are usually related to soft wines with high 

sensory scores in parameters such as sweetness, structure and body. To 

achieve Enlarged glycerol concentrations in wine is one of the main 

objectives that justify the use of non-Saccharomyces strains on modern 

winemaking (Jolly et al., 2006). Regarding this topic combined fermentations 

involving Lachancea and Schizosaccharomyces are reported to produce 

higher levels in glycerol when they are compared to the Saccharomyces 

cerevisiae controls (Benito et al., 2017). Increases of about 0,8 to 1,5 g/L are 

reported in the scientific literature. Those results are logical as Lachancea 

thermotolerans and Schizosaccharomyces pombe were reported to be higher 

glycerol producers than Saccharomyces cerevisiae species reaching levels up 

to about 8-9 g/L (Benito et al., 2016; Balikci et al., 2016a; Domizio et al., 

2017). Some non-Saccharomyces yeast produce occasionally more glycerol, 

due to a more developed glyceropyruvic pathway than S. cerevisiae (Belda et 

al., 2015). Although to achieve greater level in glycerol concentration is not 

the main goal about using combined fermentation by L. thermotolerans and 

S. pombe, it is a notable positive welcomed secondary effect. Nevertheless, if 

the main goal for a winemaker were to produce wine with high glycerol 

character, the genus Candida would be the best option as final levels over 10 

g/L are reported for several of its species (Jolly et al., 2014). 

 

5.1.3. Pyruvic Acid   



 

 

 

Pyruvic acid is a secondary acid that appear during the fermentation process 

in much lower concentrations than the main wine acids such as tartaric, malic, 

lactic or citric. Nevertheless, the interest about this secondary acid has 

increased during the last five years due to its influence in color stability, 

glycerol production and ethanol decreases. Pyruvic acid reacts with malvidin-

3-O-(6-O-acetyl)-glucoside to form acetylvitisin A, or with malvidin-3-O-(6-

O-p-coumaryl)-glucoside to form p-coumaroylvitisin A that are considered 

high stable color forms. For those reason some authors proposed the addition 

of pure pyruvic acid to produce higher concentrations of vitisin A up to 4 

mg/L that represent an important percentage of the total anthocyanin 

concentration (Morata et al. 2007). However, the direct addition of pyruvic 

acid is not legislated and some winemakers consider it controversial. Another 

trend is to select yeast strains for their ability to produce higher concentrations 

of pyruvic acid (Benito et al. 2017). Combination fermentations by S. pombe 

and L. thermotolerans increase pyruvic acid formation during fermentations 

processes. The maximun level in regular fermentations performed by S. 

cerevisiae take place during the 48 to 72 hours while in combined 

fermentations by S. pombe and L. thermotolerans takes place during 72 to 144 

hours depending on the sequential inoculation moment as most of it is 

produced by S. pombe. Schizosaccharomyces is the greatest pyruvic acid 

producer regarding winemaking yeast genus (Domizio et al., 2017) and L. 

thermotolerans (Benito et al., 2016b) is a moderate to high producer 

depending on the strain, in the end most scientific works report higher levels 

than the S. cerevisiae controls but lower than the S. pombe control. Those 



 

 

scientific works report maximum pyruvic acid levels of about 200 mg/L for 

the combined fermentations, about 400 mg/L for the S. pombe fermentations 

by itself while S. cerevisiae maximum levels are usually reported to be lower 

than 100 mg/L (Benito et al., 2015a). This secondary effect is of great interest 

in red wine production because it increases the production of high stable color 

forms such as vitisins (Benito et al., 2017; Chen et al., 2018). If the main goal 

were to get a high red stable color from high vitisin levels, the use of S. pombe 

but itself looks to be the best option. 

 

5.1.4 Ethanol 

 

The sugar metabolism of some non-Saccharomyces is used to produce higher 

concentrations of different compounds such as yeast biomass, glycerol or 

pyruvic acid that reduces the number of carbon atoms that metabolize to 

ethanol (Merico et al., 2007; Bely et al., 2008). That different metabolism 

justifies the moderate ethanol production described for the combined action 

of L. thermotolerans and S. pombe in some scientific works (Benito et al., 

2015a). Nevertheless, the ethanol reductions observed against the S. 

cerevisiae controls are moderate and varied from 0.3 to 0.6 % in volume. 

Even some works report S. pombe as slightly higher ethanol producer than S. 

cerevisiae that could be interesting in bioethanol production while other 

reports slightly decreases (Du Plessis et al., 2017; Chen et al., 2018). Modern 

trends in winemaking look to desire lower ethanol production specially in 

grape juices with high initial concentrations in sugar. New trends in 

winemakeing also point the consumer preferences for low ethanol wines. 



 

 

Even this fact is an interesting desired secondary effect, if greater ethanol 

reductions higher than 1 % vol/vol were required, other ethanol reduction 

techniques look to be more appropriate. Some specific technologies used for 

this fact are the use of osmotic filtrations, other non-Saccharomyces strains 

combined to high aeration proceses (Contreras et al., 2015; Morales et al., 

2015) or the use of specific glucose oxidase and catalase enzymes that reduce 

the level of fermentable sugars (Röcker et al., 2016). 

 

5.1.5. L-Malic Acid  

Malic acid is one of the key grape acids present in grape must. Indeed, 

alongside tartaric acid it represents up to 80 % of its total acidity. It 

significantly influence the final organoleptic characteristics of wine. Malic 

acid is a harsh sensory acid from a sensory point of view, that is responsible 

of most undesirable refermentation processes after bottling stage in red wine, 

as it can be used as nutrient by lactic acid bacteria if it is not totally removed 

from the media. Malic acid is also responsible of ‘green apple sourness’ 

sensory character that is common in wines from northern European regions 

where occasionally the concentration of the acid is high or grape maturity 

does not achieve the optimum. Its elimination is mainly partially necessary in 

red or white grape juices from colder climate areas with. All scientific works 

regarding combined fermentation between S. pombe and L. thermotolerans 

report total malic acid degradation down to 0 g/L (Benito et al., 2017). This 

fact is related to the Schizosaccharomyces malate dehydrogenase action 

during its presence. This genus is the only one able to reduce efficiently malic 

acid concentration in must during alcoholic fermentation. The reduction of 



 

 

malic acid concentration is related to the S. pombe inoculation population 

compared to L. thermotolerans. Because the level of malic acid in wine can 

varied from almost 0 to 6 g/L while the sugar level can be up to about 250 

g/L, just a small presence of S. pombe in population and time is enough to 

achieve the demalication objective (Benito et al., 2013a). Other options to 

remove malic acid from wine is the use of lactic acid bacteria, the use of other 

yeast species able to reduce malic acid concentration up to 40 % (Bonciani et 

al., 2016) or the use of genetically modified organisms (GMOs). However, 

the use of GMO remains controversial in Europe where its use is restricted 

according to specific legislations (CE No 479/2008). 

 

5.1.6. L-Lactic Acid 

 

Warm climate viticulture areas are looking for solutions to the lack of acidity 

during the last century to be able to compete with prestigious template wine 

regions such as Bordeaux, Burgundy or La Rioja. From an industry point of 

view there are several options related to the addition of acids such as tartaric 

acid, citric acid and recently lactic acid. The main draw back about tartaric 

acid is that is expensive and it is not stable from a chemical point of view and 

it is common that it precipitates during the bottle phase generating sediments. 

Citric acid is much cheaper; however, it is not stable from a microbiological 

point of view and it can produce undesirable refermentation processes by 

lactic bacteria after the wine is bottled that can generate turbidity and acetic 

acid increases (Mylona et al., 2016). Lactic acid looks to be a good option to 

acidify as it is stable from a chemical (it does not precipitate) and 



 

 

microbiological (it can not be used as nutrient) point of view. It is also 

common that wines from warm regions whose initial musts contain low levels 

in malic acid in the end achieve low final lactic levels. However, the price of 

these acids can be expensive when great acidifications are required. For that 

reason, it is starting to be common to use microbiological acidifications by 

Lachancea thermotolerans (Balikci et al., 2016) during the alcoholic 

fermentation phase, this microbiological option notably reduces the industry 

acidification costs. When Lachancea thermotolerans is used by itself can 

produces lactic acid levels up to 6 g/L that can generate very acidic wines and 

in some occasions undesirable dairy characters (Benito et al., 2016b). 

However, when Lachancea thermotolerans is used in combination with 

Schizosaccharomyces pombe, the final lactic acid concentrations vary from 

1.5 to 3 g/L that are regular levels in template wine areas such as Bordeaux 

or La Rioja (Benito et al., 2017). In most studies lactic acid production start 

to decrease when Lachancea thermotolerans population starts to decline due 

to other competitor yeast species action or ethanol intoxication. This lactic 

acid production notably influences the final pH in wine improving color, 

sensory perception, microbial stability and ageing properties.  

 

5.1.7. Acetic Acid 

  

Acetic acid is the main parameter that negatively influence wine quality. For 

that reason, most selection process performed to select microorganism for 

wine industry includes proofs to measure this specific parameter (Benito et 

al., 2016c). When the concentration of acetic acid starts to be over 0.8 g/L 



 

 

undesirable vinegar characters start to be easily detected by regular 

consumers. Former studies reported L. thermotolerans to produce less acetic 

acid than S. cerevisiae from 0.1 to 0.3 g/L (Gobbi et al., 2013; Cormitini et 

al., 2011). On the other hand, Schizosaccharomyces genus is described as a 

high acetic acid producer (Minnaar et al., 2017), unless proper strain selection 

processes take place (Benito et al., 2016c). For that reason, during the last 

years It has been probed that specific S. pombe strains can produce moderate 

acetic acid levels (Domizio et al., 2017; Chen et al., 2018), even up to 0.1 g/L 

(Du Plessis et al., 2017). All studies where combined alcoholic fermentations 

between L. thermotolerans and S. pombe were employed report moderate 

final acetic acid or volatile acidity concentrations of about 0.3 g/L (Benito et 

al., 2017). Those results are justified because in those studies selected yeast 

strains are employed while malolactic fermentation process by lactic bacteria 

where acetic acid usually increases from 0.1 to 0.2 g/L is not required as no 

malic acid remain in the media. 

 

5.1.8. Citric Acid  

One of the main drawbacks about performing malolactic fermentation by 

lactic bacteria in high pH grape juices is the consumption of citric acid during 

the last stages (Mylona et al., 2016). Citric acid is in small amounts up to 0.3 

g/L in original red musts. Once the lactic bacteria consume residual sugars 

and malic acid they start to metabolize citric acid into acetic acid (Shimazu et 

al., 1985), this effect is more evident in high pH wines. This is the reason why 

wines from warm regions where high pH is common usually increase the 

acetic acid contents during malolactic fermentation over 0.15-0.3 g/L in 



 

 

volatile acidity. Scientific studies where combined fermentations by S. pombe 

and L. thermotolerans are compared to regular alcoholic fermentations by S. 

cerevisiae and malolactic fermentation by O. oeni, it is appreciated that in the 

last case significant amounts of citric acid disappear while acetic acid 

significantly increases (Mylona et al.; 2016; Benito et al., 2016a). That 

collateral effect is related in those cases to a decrease in wine quality as acetic 

acid perception increases are detected in the sensory studies. 

 

5.1.9. Biogenic Amines  

Harmful effects of biogenic amines over humans have been probed during the 

last decades (Moreno-Arribas et al., 2008), specially for people who suffer 

from allergies to histamine. Histamine is the most toxic that is present in wine 

and its effect can be potentiated by other amines (Spano et al., 2010, Lonvaud-

Funel et al., 2001; Martuscelli et al., 2012; Martuscelli et al., 2013). Some of 

the symptoms in human beings are headaches, respiratory distress, heart 

palpitation, hyper or hypotension, and several allergenic disorders (Spano et 

al., 2010, Lonvaud-Funel et al., 2001; Martuscelli et al., 2012; Martuscelli et 

al., 2013). This justify that biogenic amines constitutes a grave matter 

regarding food safety that must be taken into account. On the other hand, 

products free of any allergenic compound start to be of great interest for 

specific markets or to achieve differentiation from the competitor companies. 

One of the main advantages in modern oenology about using a combined 

fermentation between Schizosaccharomyces pombe and Lachancea 

thermotolerans is the capacity to produce wines with 0 mg/L content in 

Biogenic amines (Benito et al., 2015a). During the last years biogenic amines 



 

 

have started to be the main problem in wine food safety due to its harmful 

effects on human health. On the other hand, people that suffer from allergy to 

histamine start to demand and to ask in the specialized shops for quality wines 

totally free in histamine. For that reason, some countries such as Switzerland, 

Canada or Japan demand certified analyzes from accredited laboratories to 

allow wine exportations. The most restrictive legal limit has been decreased 

until 2 mg/L, this very low limit demands a proper management at industry 

to avoid exportation rejections. Probably further countries will follow these 

food safety policies. Most biogenic amines are produced by lactic bacteria 

during malolactic fermentation or alcoholic fermentation undesirable 

deviations. Indeed, the biogenic amines formation increases when wine pH is 

high as in most warm viticulture areas. Until now the main strategy to avoid 

biogenic amines problems was the use of lactic bacteria strains without 

capacity to produce biogenic amines. During the last years the use of 

combined fermentations between Schizosaccharomyces pombe and 

Lachancea thermotolerans has been stablished as a new way to avoid 

histamine formation (Benito et al., 2015a) by removing malic acid during 

alcoholic fermentation (main lactic bacteria nutrient source after alcoholic 

fermentation). The decreases of pH up to 0.4 points due to lactic acid 

production by yeasts during alcoholic fermentation also notably reduces the 

risk of histamine in case of a possible deviation. All lasted scientific works 

involving combine fermentations between Schizosaccharomyces pombe and 

Lachancea thermotolerans report much lower final levels of about 0 mg/L in 

histamine than the most restrictive level of 2 mg/L. On the other hand other 

biogenic amines such as putrescine and cadaverine, produced by other fungi 



 

 

different from lactic bacteria origin, specially from spoiled original musts are 

reduced by absorption phenomena related to the use of Schizosaccharomyces 

pombe. For all those reasons these new biotechnology looks to be a reliable 

way to manage the biogenic amines food safety critical control point in 

modern food safety standards such as ISO 22001, IFS or BRC. 

 

5.1.10. Ethyl carbamate 

  

This molecule is becoming one of the most important dangers in food industry 

from a food safety point of view as ethyl carbamate is a well-known 

carcinogen that is present in many food products, especially when 

fermentation processes are involved (Xia et al., 2014). Indeed the use of 

combined fermentations including Schizosaccharomyces genera eliminates 

any lactic acid bacteria possibility of growing as it removes malic acid (main 

bacteria nutrient source after alcoholic fermentation), thus reducing the risk 

of ethyl  carbamate formation through bacteria metabolism (Masqué et al., 

2011). This carbamate compound is considered the most cancerogenic 

compound that can naturally appear in wine. For that reason, countries such 

as Canada stablished a legal limit of 30 µg/L while USA stablished a 

recommended level of 10 µg/L. Schizosaccharomyces genus is one of the few 

reported ones that possess urease activity. This enzymatic activity completely 

removes the main ethyl carbamate precursor in wine that is urea, so using 

combined fermentations involving S. pombe it is not possible from a 

theoretical point of view that ethyl carbamate can appear. Scientific 

documents that report final urea levels for alcoholic fermentations involving 



 

 

S. pombe always report urea levels to be below 0.2 mg/L that is the detection 

error for the instrumental technique (Benito et al., 2016a).  

 

5.1.11. Color Improvements 

 

It is traditionally knowing that during classic malolactic fermentation the 

wine color significantly decreases until the microbial stabilization is achieved 

(Mylona et al., 2016). It is also known that blue and red color increases at low 

pH.  The last studies involving combined fermentations by L. thermotolerans 

and S. pombe report higher color levels than the respective S. cerevisiae 

controls after performing malolactic fermentation (Benito et al. 2017). Those 

differences are reported to be up to 20 %. Those differences are justified due 

to the absence of lactic bacteria action, high color stable forms as consecuence 

of high pyruvic production by S.pombe and to the pH decrease, mainly 

performed by L. thermotolerans as consequence of chemically stable lactic 

acid production.  

 

5.1.12. Amino Acids  

 

Final amino acids concentrations of most amino acids increased when S. 

pombe performs alcoholic fermentation (Benito et al., 2016c). This fact is due 

to S. pombe consumes less assimilable nitrogen and possess a different wall 

cell structure than S. cerevisiae that allow it to release higher amounts of some 

amino acids. Alcoholic fermentations involving S. cerevisiae and L. 



 

 

thermotolerans produce higher concentrations of ornithine than those related 

to S. pombe (Benito et al., 2016a).  

A possible drawback about using combined fermentations between S. pombe 

and L. thermotolerans is the significant increase in biogenic amines 

precursors such as histidine, lysine and tyrosine. Those amino acids may 

evolve to biogenic amines such as histamine or tyramine under the action of 

lactic bacteria during malolactic fermentation. Wines that perform malolactic 

fermentation commonly show reductions in histidine and arginine, and slight 

increases in glycine, ornithine and alanine (Benito et al., 2016a). However, 

this fact has never been reported in combined fermentation by L. 

thermotolerans and S. pombe as no malolactic fermentation is required and 

the lactic bacteria action is not possible due to the absence of the main nutrient 

malic acid. This new biotechnology looks to be of special interest for wine 

ageing or ageing over lees methodologies because such wines result to be 

more acidic and to be stabilized against lactic acid bacteria development.  

 

The metabolism of threonine, valine, isoleucine and leucine is related to the 

production of higher alcohols 1-propanol, 2-methylbutanol, isobutanol and 3-

methylbutanol (Benito et al., 2015b). This fact supports the lower higher 

alcohol levels commonly observed in combined alcoholic fermentations by S. 

pombe and L. thermotolerans (Benito et al., 2016a). In those cases, the final 

higher alcohol amino acids precursors are always lower. 

 

5.1.13. Volatile Aromatic compounds  



 

 

Not selected S. pombe strains occasionally produce more higher alcohols than 

selected S. cerevisiae strains (Benito et al., 2013). Nevertheless, some 

selected S. pombe strains after complex selected procedures (Jeffares) 

produce lower amounts than the S. cerevisiae controls (Benito et al., 2016c). 

On the other hand, commonly, used L. thermotolerant strains are described 

as higher producers of fruity esters than S. cerevisiae controls (Benito et al., 

2015b), while S. pombe is described as a lower ester producer of compounds 

such as isoamyl acetate (Benito et al., 2013). Some non-Saccharomyces 

species produce lower higher alcohols concentration than S. cerevisiae 

controls (Belda et al., 2015). Nevertheless, there is a huge variability 

depending on the used strains. Some specific studies regarding wine volatile 

composition and non-Saccharomyces use describe the effect of lower higher 

alcohol production as an interesting methodology to make wines with special 

typicity for some grape varieties (Belda et al., 2015).  

Regarding combined fermentations between L. thermotolerans and selected 

S. pombe strains, the production of lower higher alcohols than S. cerevisiae 

controls is commonly reported (Benito et al., 2016). Other interesting point 

that notably influences wine quality is that some undesirable compounds that 

commonly are considered negative such as such as ethyl acetate or diacetyl 

remain in lower concentrations than in wines that perform regular malolactic 

fermentations (Benito et al., 2016a). Ethyl lactate levels usually remain 

similar as these ester is produced from lactic acid, no matter if it is produced 

by L. thermotolerans or by O. oeni. 

On the other hand, acetaldehyde concentration remains in higher 

concentrations in fermentations related to L. thermotolerans and S. pombe as 



 

 

O. oeni action reduces the concentration of that compound (Mylona et al., 

2016; Benito et al., 2017). This effect could also justify the increases in color 

commonly reported for this new biotechnology due to high stable color 

pigment forms produced from acetaldehyde combinations during trials 

involving malolactic fermentation, that are known as vitisin B.  

 

5.1.14. Polysaccharides 

 

Polysaccharides released by yeast cells throughout the winemaking process 

contribute to improve wine quality (Quiros et al., 2012). Mannoproteins are 

after arabinogalactan-proteins originating from grapes, the second most 

abundant family of polysaccharides in wine. Some studies demonstrated the 

positive effect of mannoproteins on the sensorial properties of wine. Some 

parameters such as body, sweetness, roundness, aroma perception, 

astringency, foaming properties and mouthfeel look to be related to 

mannoproteins contents. For this reason, several oenology methodologies 

have been developed in order to increase their content. Some non-

Saccharomyces are known as able to produce higher polysaccharides contents 

than S. cerevisiae (Domizio et al., 2014). The use of high polysacaride 

producers during alcoholic fermentation is much cheaper than using 

commercial products enriched in polysaccharides and mannoproteins. 

Schizosaccharomyces is the highest winemaking known yeast producer of 

polysaccharides in wines (Domizio et al., 2017). It has been able to produce 

higher concentrations up to 7 times higher than S. cerevisiae in 

polysaccharides content (Domizio et al, 2017). On the other hand  L. 



 

 

thermotolerans is known as a moderate producer (Belda et al., 2016). Even 

though no specific polysaccharide analyses have been performed in combined 

fermentations regarding S. pombe and L. thermotolerans until now. Some 

indirect indexes as the ethanol index look to indicate that those fermentations 

could contain higher final concentrations than regular wines performed by S. 

cerevisiae and O. oeni. Those results are justified by the global action of S. 

pombe over the global winemaking process. 

 

5.1.15. Anthocyanins  

Wines fermented by S. pombe produce the highest reported values regarding 

vitisin A up to 10 mg/L (Mylona et al., 2016; Chen et al., 2018). L. 

thermotolerans is described to absorb less anthocyanins than S. cerevisiae 

during fermentation processes (Benito et al., 2017). All these factors directly 

influence the final observed color in wines. On the other hand, malolactic 

fermentation processes are commonly related to significant anthocyanin 

concentration decreases (Mylona et al., 2016). Decreases of about 1.5 mg/L 

in vitisin A are common after malolactic fermentation due to the reduction in 

pyruvic acid. The higher vitisin A concentrations detected in combined 

fermentations between S. pombe and L. thermotolerans are related to the high 

pyruvic acid production by S. pombe during the alcoholic fermentation 

(Benito et al., 2017). 

Vitisin B commonly decreases 0.5 mg/L after malolactic fermentation due to 

ethanal decrease during this process (Benito et al., 2017). This fact is because 

Vitisin B formation is related the acetaldehyde combinations in the media. 

Some authors report L. thermotolerans as a lower acetaldehyde producer 



 

 

(Benito et al., 2015b) while S. pombe can be slightly higher producer than S. 

cerevisiae depending on the studied strains (Benito et al., 2016c). Highly 

stable pigment formation such as vitisin A and B are related to significant 

wine color improvements, that phenomena becomes more evident during long 

ageing process where stable pigments start to govern over the original 

anthocyanins produced in grapes.  

Malvidin-3-O-glucoside is the main anthocyanin in wine, its concentration 

commonly decreases in some decens of mg/L after a malolactic fermentation. 

This drawback is completely avoided in winemaking fermentations involving 

S. pombe and L. thermotolerans where malolactic fermentation is not needed. 

Most studies regarding combined fermentations between S. pombe and L. 

thermotolerans report higher final values in total anthocyanins. Those studies 

also report higher color intensity parameters related to anthocyanins 

influence.  

Combined fermentation between S. pombe and L. thermotolerans produce 

wines that contain higher levels in grape anthocyanins such as malvidin-3-O-

glucoside, delphinidin-3-O-glucoside, petunidin-3-O-glucoside, cyanidin-3-

O-glucoside, peonidin-3-O-glucoside, cyanidin-3-O-(600-p-

coumaroylglucoside), petunidin-3-O-(600-p-coumaroylglucoside) and 

malvidin-3-O-(600-p-coumaroylglucoside). This phenomenon is related to 

the reduced absorption ability of L. thermotolerans that avoid loses in grape 

anthocyanins (Benito et al., 2017). Those phenomena related to high 

anthocyanin levels in combined fermentations by S. pombe and L. 

thermotolerans are connected to better color quality, improved mouthfeel and 



 

 

a better ageing potential. For that reason, the explained biotechnology is of 

great interest in the production of quality red wines. 

 

5.1.16. Sensory Influence 

 

Wines fermented by Schizosaccharomyces show important differences in 

acidity decrease perception due to the malic acid remove. On the other hand, 

wines fermented by L. thermotolerans show significant increases in acidity 

perception due to the great lactic acid formation. All these differences are 

obvious when they are compared to the regular S. cerevisiae controls. 

Schizosaccharomyces wines are even occasionally perceived as sweeter due 

to the lack of acidity although they do not contain any residual sugars. This 

perception is produced due to new balances between acidity, sweetness, 

bitterness and salty that are increases when acidity drastically decreases. 

Fermentations performed by non-selected Schizosacchromyces strains are 

commonly related to vinegar acetic acid perception or reductive sulfidric acid 

character (Benito et al., 2013). On the other hand, last scientific studies probe 

that selected S. pombe strains free of undesirable secondary effects can 

improve sensory perception in wines produced from very acid grape juices of 

about 6 to 7 g/L of malic acid where a deacidification is required in order to 

satisfy regular consumers (Benito et al., 2016c). The main draw back about 

using selected S. pombe strains can be the final lack of acidity produced by 

an excessive deacidification. So, it common that winemakers decide to acidify 

with tartaric acid after a drastic deacidification process.  

  



 

 

Alcoholic fermentation followed by malolactic fermentation produced a 

slightly stronger sensation of acetic acidity. The newer studies regarding 

combinations between S. pombe and L. thermotolerans in winemaking report 

best scores in overall quality impression (Benito et al., 2016a). This 

perception is explained due to acidity balance between S. pombe 

deacidification and L. thermotolerans acidification complementary activities 

that avoid the production of unbalanced wines. Indeed, lower higher alcohol 

and high concentrations of fruity esters when selected S. pombe and L. 

thermotolerans strains are employed increases the varietal aroma of grapes 

and increases the fruity notes. This aroma factors notably influence the overall 

aroma impression in most reported cases. Indeed, malolactic fermentation is 

commonly related to acidity reductions but also to loses in fruity character 

(Benito et al., 2016a). Those studies also report significant differences in 

color perception that can be easily explained due to the variations in the pH 

and anthocyanin profiles.  



 

 

 

Figure 5.6.2. The graph shows the spider web diagram of the sensory 

perception of different wine fermentation combinations between S. pombe, S. 

cerevisiae, O. oeni and L. thermotolerans.  
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Figure Source: Benito, Á., Calderón, F., & Benito, S. (2019). 

Schizosaccharomyces pombe and Lachancea thermotolerans: Joint Use as an 

Alternative to the Traditional Fermentations by Saccharomyces cerevisiae 

and Oenococcus oeni in Oenology. In Alcoholic Beverages (pp. 387-417). 

Woodhead Publishing. DOI: 10.1016/B978-0-12-815269-0.00012-X 

 

 

5.2.Schizosaccharomyces pombe strain selection 
 

This section is based in the article included in de appendixes section of this 

thesis entitled “Selected Schizosaccharomyces pombe strains have 

characteristics that are beneficial for winemaking.”. 

 

5.2.1. First phase of S. pombe strain selection  

After fermenting the 75 S. pombe strains in test tubes for 21 days, we assessed 

the degradation of malic acid, a specific feature of Schizosaccharomyces 

yeasts. We also measured two basic parameters, residual glucose + fructose 

and acetic acid production, which are typically used in the selection of 

fermentative yeasts of the genus Saccharomyces, the main yeast genus used 

in winemaking. The final concentrations of glucose + fructose after 

fermentation were close to 0 g/L (Benito et al. 2016c). This finding is in 

agreement with data reported by other authors, and is indicative of strong 

fermentative power (Benito 2019). This property allows the production of dry 

wines that are most popular in the world market.   

 



 

 

The degradation of malic acid, which currently represents the primary 

industrial application of Schizosaccharomyces yeasts, was nearly 100% in all 

the studied strains. These data are comparable to those from other authors, 

who reported malic acid degradation rates ranging between 75 and 100%.   

Out of the 75 initial S. pombe strains tested, however, only five strains 

(JB4/NCYC683, JB837/UWOPS92.229.4, JB873/NCYC3422, JB899/Y470 

and JB917/CBS1057) showed moderate final concentrations of acetic acid 

(<0.4 g/L). According to these results, just 6.5% of the S. pombe strains could 

be used for producing quality wine. In a previous study, a similarly low rate 

of 5% was reported (Benito 2019). Three of these strains (JB837, JB873 and 

JB899) showed acetic acid concentration lower than 0.3 g/L. These data 

demonstrate that it is possible to identify S. pombe strains that can produce 

quality wines. 

  



 

 

5.3. Thesis published articles contribution to the Thesis Objectives 
 

1. To improve the acidity of Spanish wines from warm viticulture 

areas or those that will be affected by climate change in the future. 

 

All the published articles where Lachancea thermotolerans was 

used alone or combined with other species such as S. cerevisiae or 

S. pombe (Benito et al. 2015)(Benito et al. 2016b)(Benito et al. 

2016a)(Benito et al. 2017)(Benito et al. 2019) produced more 

acidic wines than the regular controls of S. cerevisiae due to a 

higher L-lactic production that varied from 1.6 to 2.8 g/L. The 

reduction reported in pH by those publications varies from 0.11 to 

0.24. 

 

2. To improve other quality parameters of Spanish wines such as 

volatile acidity, glycerol, color or mannoproteins content. 

 

All the published articles that performed the combined 

fermentation between L. thermotolerans and S. pombe and studied 

color parameters (Benito et al. 2015)(Benito et al. 2016a)(Benito 

et al. 2017), reported increases in color intensity compared to the 

regular controls that varied from 7 to 12 % higher values compared 

to the control that performed the regular alcoholic fermentation 

control and from 17 to 26 % compared to the control that 

additionally performed the malolactic fermentation. The effect 



 

 

was attributed to the reduction of the pH of the media and 

especially to the lactic bacteria during the malolactic process. 

 

3. To propose an alternative biotechnological resource to the 

traditional malolactic fermentation for specific scenarios such as 

grape juices of low acidity, high pH and high levels of sugar. The 

proposed alternative biotechnology will generate stable wines 

from a microbiological point of view reducing the risks of 

traditional malolactic fermentation in those specific scenarios. 

 

All the published articles that performed the combined 

fermentation between L. thermotolerans and S. pombe (Benito et 

al. 2015)(Benito et al. 2016a)(Benito et al. 2017) reported that the 

final wines showed no malic acid, what allowed to achieve the 

desirable microbial stability previous to bottling. The wines 

showed higher levels of L-lactic acid and lower pH than the 

control that performed Malolactic Fermentation. Aditionally the 

final wines were performed between 17 and 25 days faster than the 

controls that performed malolactic fermentation. Parameters such 

as acetic acid were lower for the proposed biotechnology and in 

the articles that performed sensorial analysis (Benito et al. 

2016a)(Benito et al. 2017)(Benito et al. 2019), those wines showed 

better scores due to a better acidity balance. These arguments 

justify in our opinion the possible use of this new biotechnology 

in specific scenarios. 



 

 

 

4. To improve some food safety parameters of Spanish wines such as 

biogenic amines and ethyl carbamate. 

 

All the published articles that performed the combined 

fermentation between L. thermotolerans and S. pombe and studied 

biogenic amines (Benito et al. 2015)(Benito et al. 2016a) reported 

slightly lower contents in histamine from 0.44 to 1 mg/L. 

Although the difference were very low and all the samples were 

bellow 2 mg/L, the risk of further developing is very low as there 

are no remaining malic acid or residual sugar that could support a 

lactic bacteria development. 

 

Although ethyl carbamate was not directly analyze in the articles. 

All the published articles involving S. pombe that analyzed the 

urea content in final wine (Benito et al. 2015)(Benito et al. 

2016a)(Benito et al. 2016c)(Benito et al. 2017), reported urea 

concentrations in final wines of about 0 mg/L while regular 

controls performed by S. cerevisiae always showed some 

milligrams per liter. As Urea is the main precursor of ethyl 

carbamate and its combination with ethanol during the 

winemaking process generates the undesirable hazardous 

molecule. It is virtually impossible to be produced in the absence 

of the precursor. 



 

 

5. To perform a selection process over and international universe of 

S. pombe strains.  

 

The published article that tested 75 S. pombe strains from different 

countries (Benito et al. 2016c) reported three strains with proper 

winemaking properties. These strains could be used to produce 

wines with low levels of malic acid, acetic acid, ethyl carbamate 

and biogenic amines, and with an appropriate volatile aroma 

profile. The main limitative factor for the other strains was their 

high production of acetic acid commonly over 0.8 g/L. 

 

  



 

 

5.4. Conclusion 
 

The novel biotechnology based on the combined use of L. thermotolerans and 

S. pombe is a reliable alternative to perform fermentations in musts from 

warm viticulture regions. In these kind of regions, to perform malolactic 

fermentation under high pH media, risk of residual sugars and high ethanol 

levels can evolve to unwanted deviances in wine quality. 

 

The studies show the combined fermentation between L. thermotolerans and 

S. pombe to be quicker than classical fermentation composed of alcoholic 

fermentation and malolactic fermentation. The same microbial stability is 

achieved in the final wines. L. thermotolerans and S. pombe fermentations 

report better performances in acidity, color intensity, polysaccharides, lower 

pH, higher alcohols, biogenic amines, and ethyl carbamate precursors. 

 

As the methodology related to the combined use of L. thermotolerans and S. 

pombe is novel. It probably can be optimized through clonal selection, 

possible strain interactions or vinification settings related to sulfur dioxide or 

temperature. As the studies were performed at laboratory scale in pasteurized 

must. Future studies must make wine at pilot scales or actual industrial scale 

in fresh must. 

 

It is possible to select S. pombe strains with proper winemaking aptitude but 

the incidence is very low (3 out of 75) and requires big numbers of different 

strains to perform a proper selective process. 
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Abstract 

At present, wine is generally produced using Saccharomyces yeast followed 

by Oenococus bacteria to complete malolactic fermentation. This method has 

some unsolved problems, such as the management of highly acidic musts and 

the production of potentially toxic products including biogenic amines and 



 

 

ethyl carbamate. Here we explore the potential of the fission yeast 

Schizosaccharomyces pombe to solve these problems. We characterise an 

extensive worldwide collection of S. pombe strains according to classic 

biochemical parameters of oenological interest. We identify three genetically 

different S. pombe strains that appear suitable for winemaking. These strains 

compare favourably to standard Saccharomyces cerevisiae winemaking 

strains, in that they perform effective malic acid deacidification and 

significantly reduce levels of biogenic amines and ethyl carbamate precursors 

without the need for any secondary bacterial malolactic fermentation. These 

findings indicate that the use of certain S. pombe strains could be 

advantageous for winemaking in regions where malic acid is problematic, and 

these strains also show superior performance with respect to food safety. 

 

 

Keywords: fission yeast, Schizosaccharomyces pombe, pyruvic acid, malic 

acid, ethyl carbamate, biogenic amines, winemaking.  



 

 

Introduction 
 

Several research teams are studying the winemaking potential of non-

Saccharomyces yeast strains [1]. For example, fission yeasts from the genus 

Schizosaccharomyces show more rapid malic acid deacidification, by 

converting malic acid to ethanol and CO2 [2-4]. Schizosaccharomyces pombe 

possesses several remarkable metabolic properties that may be useful in 

modern quality winemaking [2,5-6], including a malic dehydrogenase 

activity, high autolytic polysaccharides release [7], ability of gluconic acid 

reduction [8-11], urease activity [12,13], elevated production of pyruvic acid 

and colour improvement [14,15], as well as low production of biogenic 

amines and ethyl carbamate [6,16].  

 However, S. pombe type strains are not currently employed because 

of specific off-flavours commonly associated with their metabolism. Indeed, 

Schizosaccharomyces strains are commonly isolated from wines suffering 

from strong organoleptic and chemical deviations including the appearance 

of acetic acid, acetaldehyde, acetoin and ethyl acetate [17-21]. These 

undesirable properties of the commonly-used strains have been assumed to 

be general properties of the species, and only one commercial strain of S. 

pombe is currently available on the market [22]. The exploration of the 

winemaking properties of other S. pombe strains has generally been 

overlooked. This omission partly reflects the absence of any specific 

processes to select strains that are appropriate for winemaking [5], and 

difficulties with isolating S. pombe from environmental samples [23]. Given 

this situation, it has been difficult to obtain a representative strain collection 



 

 

of this species. However, guided by a recent analysis of genetic and 

phenotypic diversity of 161 S. pombe strains [24], we can now conduct a more 

extensive survey of the utility of this species for winemaking. 

 

The present study examines the winemaking potential of 75 S. pombe strains 

that are available from different microorganism type culture collections, or 

have been collected by us [5,25]. We apply classic selection parameters used 

in traditional fermentative Saccharomyces yeasts, along with more advanced 

and specific parameters for S. pombe. The results indicate that at least three 

S. pombe strains can potentially provide a viable and attractive alternative to 

the application of genetically modified Saccharomyces species [26-29] whose 

use is restricted in food industry by European legislation [30]. 



 

 

Materials and Methods 
 

Microorganisms  

The following yeasts were used for the experimental fermentations: 75 S. 

pombe strains, including the non-clonal 57 strains recently described [24], the 

three mating types of the standard laboratory strain: Leupold’s 972 (h-), 975 

(h+) and 968 (h90) (JB22, JB32 and JB50), strain V1 collected by us [5], and 

17 strains collected from traditional Chinese breweries by Feng-Yan Bai 

(unpublished). The following S. cerevisiae strains were used as controls: 87 

and 88 from the Spanish Type Culture collection, which have been used in 

previous studies. Data for all strains are provided in Table 1. 

Table 1. Schizosaccharomyces pombe yeast strains used in the experiments. 

 

Bähler 

laboratory 

strain 

name strain ID(s) 

location 

collected substrate 

date 

collected reference 

JB4 

CBS5557;CCY44-6-

1;CBS10393;DBVPG6275;JCM8262;NBRC1608;NCYC683 Spain Listan grapes ND NA 

JB22 Leupolds 972 (h-);CBS10395;NCYC1430 France rotten grapes 1947 NA 

JB32 Leupolds 975 (h+) 
  

 NA 

JB50 Leupolds 968 (h90) France ND ND NA 

JB758 NOTT30;NCYC936;CBS10394 Sri Lanka fermenting toddy 1979 PMID:25665008 

JB759 NOTT33;Y0036;CBS10498 South Africa beverage ND PMID:25665008 

JB760 NOTT50;DBVPG2812 Italy (Sicily) 

grape must treated 

with SO2 1966 PMID:25665008 

JB762 NOTT75;CBS358;DBVPG6374 ND ND 1987 PMID:25665008 

JB837 NOTT1;UWOPS92.229.4 Mexico Tequilla 1992 PMID:25665008 

JB838 NOTT2;UWOPS94.422.2 Mexico Tequilla 1994 PMID:25665008 

JB840 NOTT4;UFMGR435;CBS10458 Brazil (Aracaju) 

frozen pulp of Eugenia 

uniflora ("pitanga", 

Myrtaceae) 1999 PMID:25665008 

JB841 NOTT5;UFMGA1263;CBS10469 Brazil (Vicosa) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB842 NOTT6;UFMGA602;CBS10460 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 



 

 

JB845 NOTT9;UFMGR434;CBS10476 Brazil (Aracaju) 

frozen pulp of Eugenia 

uniflora ("pitanga", 

Myrtaceae) 1999 PMID:25665008 

JB846 NOTT10;UFMGA826;CBS10465 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 2000 PMID:25665008 

JB848 NOTT12;UFMGR428;CBS10475 Brazil (Aracaju) 

frozen pulp of Eugenia 

uniflora ("pitanga", 

Myrtaceae) 1999 PMID:25665008 

JB852 NOTT16;UFMGA529;CBS10462 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB853 NOTT17;UFMGA1000;CBS10465 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB854 NOTT18;UFMGR427;CBS10474 Brazil (Aracaju) 

frozen pulp of Eugenia 

uniflora ("pitanga", 

Myrtaceae) 1999 PMID:25665008 

JB858 NOTT22;UFMGA738;CBS10464 Brazil (Belo Horizonte) 

must of Brazilian 

cachaça 1996 PMID:25665008 

JB862 NOTT26;NCYC380;CBS10392 ND raw cane sugar 1953 PMID:25665008 

JB864 NOTT28*;ATCC24751;CBS10391;NCYC132 Africa African Millet Beer 1921 PMID:25665008 

JB870 NOTT34;Y0037;CBS10499 South Africa wine ND PMID:25665008 

JB872 NOTT36;CBS2775;IFO0347;NBRC0347;NCYC3418 Japan fermenting molasses 1957 PMID:25665008 

JB873 NOTT37;CBS5680;DBVPG6448;NCYC3422 Poland apple 1965 PMID:25665008 

JB874 NOTT38;CBS5682;DBVPG6376;NCYC3421 South Africa millet beer 1965 PMID:25665008 

JB875 NOTT39;CBS7335 Spain 

alpechín (water which 

oozes from a heap of 

olives) 1988 PMID:25665008 

JB878 NOTT42;DBVPG2804 Malta wine 1963 PMID:25665008 

JB879 NOTT43;DBVPG2805 Malta wine 1963 PMID:25665008 

JB884 NOTT48;DBVPG2810 Malta wine 1963 PMID:25665008 

JB899 NOTT63;Y470? ND ND ND PMID:25665008 

JB900 NOTT64;Y831 South Africa industrial glucose ND PMID:25665008 

JB902 NOTT66;CBS374 Netherlands (Delft) molasses 1928 PMID:25665008 

JB910 NOTT74;DBVPG6449;CBS1062;IFO0344;NRRLY-1358 ND cane sugar molasses ND PMID:25665008 

JB913 NOTT77;CBS1058 Indonesia molasses 1949 PMID:25665008 

JB914 NOTT78;CBS357;DBVPG6280;CLIB834 Jamaica molasses 1912 PMID:25665008 

JB916 NOTT80;CBS352;DBVPG6373 Indonesia 

arrack factory 

(distilled alcoholic 

drink made from sap of 

the coconut flower) 1923 PMID:25665008 

JB917 NOTT81;CBS1057;DBVPG6375 Sweden brewer's yeast 1933 PMID:25665008 

JB918 NOTT82;CBS1059 Mauritius cane sugar 1949 PMID:25665008 

JB929 NOTT93;CBS1063;DBVPG6450;NRRLY-1362 ND cane sugar molasses 1934 PMID:25665008 

JB930 NOTT94;FRR2208 Australia (Nundah) glace syrup ND PMID:25665008 

JB931 NOTT95;FRR2535 ND 

raspberry cordial 

concentrate 1983 PMID:25665008 

JB934 CLIB837 France winemaking ND PMID:25665008 

JB938 CLIB841 France winemaking ND PMID:25665008 

JB939 CLIB842 Spain winemaking ND PMID:25665008 

JB942 CLIB845 France winemaking ND PMID:25665008 

JB943 CLIB846 France winemaking ND PMID:25665008 

JB953 PHAFF65-116 Australia 

exudate of a 

Eucalyptus? Tree ND PMID:25665008 

JB1110 YHL266;Zimmer1987_0209 ND red current jelly 1977 PMID:25665008 

JB1117 YHL281;Zimmer1987_0208 Holland malt 1975 PMID:25665008 

JB1154 AWRI1875 Australia (Barossa Valley) ND ND PMID:25665008 

JB1171 CECT12622;NOTT123;IFI356 ND grape juice 1982 PMID:25665008 

JB1174 CECT12918;NOTT126;IFI2139 ND grape juice 1982 PMID:25665008 

JB1180 Kambucha_YFS276;NOTT132 ND ND ND PMID:25665008 

JB1197 NBRC0340;NOTT159;AJ14275;IFO0340;JCM1846 ND ND 1983 PMID:25665008 

JB1205 NBRC10568;NOTT167 ND ND ND PMID:25665008 



 

 

JB1206 NBRC10569;NOTT168 ND ND ND PMID:25665008 

JB1207 NBRC10570;NOTT169 ND ND ND PMID:25665008 

JB1468 GZLJ3.34 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1508 Santiago Benito V1; HE963293 Spain Organic Honey 2012 PMID:24929740 

JB1469 GZLJ3.36 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1470 GZLJ3.41 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1471 GZLJ5.6 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1472 GZLJ5.28 

Guizhou Laojiao 

Distillery, Changshun, 

Guizhou 
 

Dec. 2012 NA 

JB1473 QT11.6 

Gucheng Laojiao 

Distillery, Qitai, Xinjiang 
 

Sept. 2013 
NA 

JB1474 XEBLK30.8 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1475 XEBLK1.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1476 XEBLK2.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1477 XEBLK3.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1478 XEBLK4.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1479 XEBLK7.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1480 XEBLK22.2 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1481 XEBLK27.3 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1482 XEBLK29.10 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

JB1483 XEBLK30.2 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
Sept. 2013 

NA 

JB1484 XEBLK31.1 

Xiaoerbulake Distillery, 

Xinyuan, Xinjiang 
 

Sept. 2013 
NA 

- CECT1375;IFI935 Spain 
 

1983  

- CECT1376; IFI936 Spain 
 

1983  

- CECT12512; IFI87 Spain must 1999  

- CECT12513; IFI88 Spain must 1999  

 

First phase of S. pombe strain selection  

Starter cultures were grown from 100 µL of each yeast suspension, cultivated 

in 5 mL volumes of YEPD at 25 ºC for 24 h. This procedure was performed 

in triplicate before the final inoculation of 1 mL in the fermentative medium. 

1 mL (108 CFU/mL) of these starters cultures were then inoculated into tubes 



 

 

containing 9 ml of sterilised concentrated must (Dream Fruits S.A., Quero, 

Toledo, Spain), which was diluted to 212 g/L glucose + fructose and enriched 

with 4 g/L malic acid (Panreac, Barcelona, Spain) (final pH 3.1) to simulate 

acidid musts where the use of S.pombe is more recommended in order to 

increase wine qualilty [3,5]. After 21 days of fermentation, enzymatic 

analysis was performed for glucose + fructose, malic acid and acetic acid. 

This experiment was performed in triplicate for each studied strain. 

 

Yeasts used in the second phase of S. pombe strain 

selection  

The yeast strains used in the second selection phase included S. pombe 

IFI936/CECT12774 and IFI935/CECT1376 and S. cerevisiae 

IFI87/CECT12512 and IFI88/CECT12513 from the Spanish Type Culture 

collection. The S. pombe strains JB899/Y470, JB873/NCYC3422 and 

JB917/CBS1057 were selected during the first phase of the study. The strain 

V1 was selected in a previous study [5]. 

 

Second phase of S. pombe strain selection  

Microfermentations were performed using 200 ml aliquots of concentrated 

must (Dream Fruits S.A., Quero, Toledo, Spain), which were diluted to 

glucose + fructose (G + F) concentrations of 211 g/L, enriched to 4.3 g/L 

malic acid (Panreac, Barcelona, Spain) (final pH 3.08), with 60 g/L of 

Actimax Natura (Agrovín S.A., Ciudad Real, Spain) added to provide 

nutrition. Each microfermentator was inoculated with 1 mL of liquid YEPD 



 

 

medium containing 107 CFU/mL (determined using a Thomas chamber) of 

one of the above-mentioned yeasts. All fermentations were performed in 250-

ml flasks, which were sealed with a Muller valve and filled with 98% H2SO4 

(Panreac, Barcelona, Spain) to allow the release of CO2 and to prevent 

microbial contamination [31]. The temperature was maintained at 25ºC. The 

fermentations proceeded without aeration, oxygen injection or agitation. All 

fermentations were performed in triplicate. 

The glucose + fructose, malic acid, acetic acid and pyruvic acid contents of 

the fermentations were monitored over a period of 14 days. The pH, urea, 

citric acid, glycerol, alcohol content, volatile compounds, amino acids and 

biogenic amine concentrations were determined at the end of the 

fermentation.  

 

Measuraments of biochemical compounds and pH.  

Glucose + fructose, malic acid, L-lactic acid, acetic acid, pyruvic acid, urea, 

glycerol and pyruvic acid analyses (Table 2) were conducted using a Y15 

Autoanalyser (Biosystems, Barcelona, Spain). The kits to perform the 

analyses were obtained from Biosystems [32]. Alcohol content was 

determined by using the boiling method GAB Microebu [33]. The pH was 

measured with a Crison pH Meter Basic 20 (Crison, Barcelona, Spain). 

 

Quantification of volatile compounds 

Volatile compounds (Table 3) were quantified by headspace gas 

chromatography–mass spectrometry (HS-GC-MS). Analyses were carried 

out using a Perkin-Elmer Clarus 500 gas chromatograph with a flame 



 

 

ionization detector, coupled to a mass spectrometer single quadrupole Clarus 

560 S, all coupled to an automatic headspace sampler Turbomatrix 110 Trap 

(Perkin-Elmer, Massachusetts, USA). The headspace sampler conditions 

were: temperature of thermostating: 80ºC, time of thermostating: 45 min, type 

of trap: Tenax TA, cycles of purge and trap: 4, temperature of trap capture: 

45ºC, desorption temperature of the trap: 290ºC, time of dry trap purge: 10 

min, desorption time of trap: 2 min, trap cleaning time: 5 min, needle 

temperature: 110ºC, temperature of HS-GC transfer line: 150ºC, vial 

pressure: 30 psi and constant pressure column: 28 psi. A FFAP capillary 

column (60 m × 0.25 mm DI x 0.25 μm film thickness) was used. Helium (Air 

Liquide, España) was used as carrier gas. Gradient analysis was run using the 

following temperature program: 40ºC (3 min); 40–80ºC (2ºC/min); 80-180ºC 

(3ºC/min); and 210ºC (5 min). Identification of individual compounds was 

based on a comparison of the obtained mass spectra of the individual 

chromatographic peaks with those valid for the standards and available from 

the National Institute of Standards and Technology (Gaithersburg, MD) 

software library. We also compared the retention times valid for individual 

peaks from the wine samples with those of the known volatile components 

use as standard patterns. To this effect, we used Gas chromatography quality 

compounds as the sets of the volatile standards (Fluka, Sigma–Aldrich Corp., 

Buchs SG, Switzerland). 

 

Quantification of biogenic amines 

The studied biogenic amines (Table 4) were analysed using a Jasco (Tokyo, 

Japan) UHPLC chromatograph series X-LCTM, equipped with a 



 

 

Fluorescence detector 3120-FP. Gradients of solvent A 

(methanol/acetonitrile, 50:50, v/v) and B (sodium acetate /tetrahydrofuran, 

99:1, v/v) were used in a C18 (HALO, USA) column (100 mm × 2.1 mm; 

particle size 2.7 µm) as follows: 60% B (0.25 ml/min) from 0 to 5 min, 60–

50% B linear (0.25 ml/min) from 5 to 8 min, 50% B from 8 to 9 min, 50-20% 

B linear (0.2 ml/min) from 9 to 12 min, 20% B (0.2 ml/min) from 12 to 13 

min, 20–60% B linear (0.2 ml/min) from 13 to 14.5 min, and re-equilibration 

of the column from 14.5 to 17 min. Detection was performed by scanning in 

the 340–420 nm range. Quantification was performed by comparison against 

external standards of the studied amines. The different amines were identified 

by their retention times. 

 

Analytical determinations of amino acids  

Selected amino acids (Table 5) were analysed using a Jasco (Tokyo, Japan) 

UHPLC chromatograph series X-LCTM, equipped with a Fluorescence 

detector 3120-FP. Gradients of solvent A (methanol/acetonitrile, 50:50, v/v) 

and B (sodium acetate /tetrahydrofuran, 99:1, v/v) were used in a C18 

(HALO, USA) column (100 mm × 2.1 mm; particle size 2.7 µm) as follows: 

90 % B (0.25 mL/min) from 0 to 6 min, 90–78 % B linear (0.2 mL/min) from 

6 to 7.5 min, 78 % B from 7.5 to 8 min, 78–74 % B linear (0.2 mL/min) from 

8 to 8.5 min, 74 % B (0.2 mL/min) from 8.5 to 11 min,74–50 % B linear (0.2 

mL/min) from 11 to 15 min, 50 % B (0.2 mL/min) from 15 to 17 min, 50–20 

% B linear (0.2 mL/min) from 17 to 21 min, 20–90 % B linear (0.2 mL/min) 

from 21 to 25 min, and re-equilibration of the column from 25 to 26 min. 

Detection was performed by scanning in the 340–455 nm range. 



 

 

Quantification was performed by comparison against external standards of 

the studied amino acids. The different amino acids were identified by their 

retention times. 

 

Further selection parameters related to stressful 

fermentative conditions  

Study of fermentation in stress caused by ethanol, sulphur dioxide and the 

osmotic stress caused by salts (NaCl and KCl), were performed based on 

methods described previously for S.cerevisiae [34]. 15 ml sealed test tubes 

contatining 10 ml of sterilized grape must were inoculated with the studied 

strains. The grape must final sugar concentration was 206 g/L diluted from a 

concentrated grape must (Dream Fruits S.A., Quero, Toledo, Spain) that was 

corrected to the respective stressful conditions before yeast inoculation: 

Ethanol (6 %; 10 %; 12 % and 14%), KCl (0.75 M), NaCl (1.5 M) (both 

osmotic stress) and KHSO3 (150 and 300 mg/L) (sulphur dioxide). Ethanol, 

KCl, NaCl products were from Panreac (Panreac, Barcelona, Spain) and 

KHSO3 was from Agrovín S.A. (Alcázar de San Juan, Spain). The testing 

tubes were inoculated to a cellular density of 5x106 cells/mL with the studied 

strains: S. pombe strains (JB899/Y470, JB917/CBS1057, JB873/NCYC3422, 

JB4/ NCYC683, JB837/ NOTT1 and V1), non-selected S. pombe strains from 

the Spanish culture collection (936/CECT12774 and IFI 935/CECT1376) and 

selected S. cerevisiae strains (IFI 87/CECT12512 and IFI 88/CECT12513) 

from the Spanish culture collection. Final optical density was determined at 

640 nm after 24 h of incubation at 25ºC by an Y15 spectrophotometer 

(Biosystems, Barcelona, Spain).  The maximal ethanol production was 



 

 

estimated through the fermenting power method [35,36]. In this case the 

original concentrated grape must (Dream Fruits S.A., Quero, Toledo, Spain) 

was diluted to a sugar concentration of 300 g/L, the sealed flasks with Müller 

trapflasks (Alamo, Madrid, Spain) were incubated at 25ºC. All the tests were 

performed in triplicate. 

 

Sensory analysis 

For a sensory analysis, fermentations triplicate with S. pombe strains 

(JB899/Y470, JB873/NCYC3422, JB917/CBS1057, JB4/NCYC683, JB837/ 

NOTT1, 936/CECT12774, IFI935/CECT1376 and V1) and S. cerevisiae 

strains (IFI 87/CECT12512 and IFI88/CECT12513) were performed with 

microvinifications with similar methodology to previously described [13, 15]. 

Sealed 1 L flasks with a Müller trapflasks (Alamo, Madrid, Spain) containing 

800 ml of sterilised (115º, 15 min) concentrated must (Dream Fruits S.A., 

Quero, Toledo, Spain), which was diluted to 202 g/L glucose + fructose and 

enriched with 4 g/L malic acid (Panreac, Barcelona, Spain) (final pH 3.11). 

The flasks were inoculated with the studied strains to initial population of 106 

CFU/mL. The completion of the fermentation process was verified by weight 

loss and confirmation that final enzymatic analysis of glucose + fructose was 

below 3 g/L after fermenting at 25 ºC. After fermentation, wines were racked 

and stored for 7 days at 4 ºC in 750 mL wine bottles. The final product was 

bottled in 350 mL wine bottles, sealed bottles and stored horizontally in a 

climate chamber at 4 ºC for two weeks until sensory evaluation. 

Final wines were assessed (in a blind test) by a panel of 10 experienced wine 

tasters, all members of the staff of the Food Technology Department of the 



 

 

Technical University of Madrid, Spain. Assessments took place in standard 

sensory analysis chambers with separate booths. Following the generation of 

a consistent terminology by consensus, one visual descriptor, four aromas and 

four taste attributes were chosen to describe the wines. Formal assessment 

consisted of two sessions held on different days where wine tasters tasted all 

fermented triplicates. The panellists used a 10-cm unstructured scale, from 0 

(no character) to 10 (very strong character), to rate the intensity of the 10 

attributes. 

 

Statistical analyses 

All statistical analyses were performed using PC Statgraphics v. 5 software 

(Graphics Software Systems, Rockville, MD, USA). The significance was set 

to p <0.05 for the ANOVA matrix F value. The multiple range test was used 

to compare the means. 

 

Results and Discussion 

First phase of S. pombe strain selection  

After fermenting the 75 S. pombe strains in test tubes for 21 days, we assessed 

the degradation of malic acid, a specific feature of Schizosaccharomyces 

yeasts. We also measured two basic parameters, residual glucose + fructose 

and acetic acid production, which are typically used in the selection of 

fermentative yeasts of the genus Saccharomyces, the main yeast genus used 

in winemaking. The final concentrations of glucose + fructose after 

fermentation were close to 0 g/L (Fig. 1a). This finding is in agreement with 



 

 

data reported by other authors, and is indicative of strong fermentative power 

[37,3]. This property allows the production of dry wines that are most popular 

in the world market.   



 

 

 



 

 

Fig. 1. (a) Glucose + fructose concentrations (g/L); (b) malic acid degradation 

(%); (c) acetic acid concentration (g/L). Scatterplots and box-and-whisker 

plots for the mean values of the final concentrations of glucose + fructose for 

the 75 studied S. pombe strains after 21 days of fermentation. . The red points 

indicate the values of the standard laboratory reference strain (Leupolds, 972, 

975, 978), green points indicate  values of strains with low levels of malic 

acid (<0.4 g/L).  

 

 

 

The degradation of malic acid, which currently represents the primary 

industrial application of Schizosaccharomyces yeasts, was nearly 100% in all 

the studied strains (Fig. 1b). These data are comparable to those from other 

authors, who reported malic acid degradation rates ranging between 75 and 

100% [38].   

Out of the 75 initial S. pombe strains tested, however, only five strains 

(JB4/NCYC683, JB837/UWOPS92.229.4, JB873/NCYC3422, JB899/Y470 

and JB917/CBS1057) showed moderate final concentrations of acetic acid 

(<0.4 g/L) (Fig. 1c). According to these results, just 6.5% of the S. pombe 

strains could be used for producing quality wine. In a previous study, a 

similarly low rate of 5% was reported [5]. Three of these strains (JB837, 

JB873 and JB899) showed acetic acid concentration lower than 0.3 g/L. 

These data demonstrate that it is possible to identify S. pombe strains that can 

produce quality wines (Fig. 1c). 

 



 

 

Comparison between pre-selected S. pombe strains and 

other culture collection strains 

After identifying the three S. pombe strains that show low acetic acid 

production, we studied additional features in detail. Microvinifications (200 

mL) were performed to verify the acetic acid data and to confirm the proper 

fermentative ability of the pre-selected strains. In this portion of the study, the 

pre-selected S. pombe strains (JB837, JB873 and JB899) were compared with 

two S. cerevisiae strains (87/CECT12512 and 88/CECT12513) and with three 

other S. pombe strains (V1, 935/CECT1376 and 936/CECT12774) that had 

been tested previously [5].  

 

Acetic acid 

The maximal final concentrations of acetic acid were approximately 0.3 g/L 

(Fig. 2.a.1; Table 2) for all selected strains, while the S. pombe strains from 

the Spanish Type Culture Collection produced acetic acid concentrations of 

up to 1 g/L (Fig.2.b.1; Table 2). Therefore, when used as a single strain during 

fermentation, the latter strains are not suitable for the production of quality 

wines [14,5]. 

 

Table 2. Final analysis of fermentations performed by studied strains. Selected strains are JB899/Y470, JB917/CBS1057, 

JB873/NCYC3422 and V1, non-selected S. pombe strains from the Spanish culture collection (IFI936/CECT12774 and IFI935/CECT1376) 

and selected S. cerevisiae strains (IFI87/CECT12512 and IFI88/CECT12513). 

Compounds 899 917 873 V1 935 936 87 88 

L-Lactic Acid (g/L) 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 

L-Malic Acid (g/L) 0.02 ± 0.01a 0.01 ± 0.01a 0.02 ± 0.01a 0.01 ± 0.01a 1.02 ± 0.11b 0.01 ± 0.01a 3.16 ± 0.14c 3.72 ± 0.08d 

Acetic Acid (g/L) 0.24 ± 0.02a 0.29 ± 0.02b 0.33 ± 0.03b 0.30 ± 0.02b 0.93 ± 0.05c 0.98 ± 0.07c 0.21 ± 0.02a 0.24 ± 0.02a 



 

 

ar (g/L) 1.77 ± 0.52a 1.89 ± 0.64a 2.02 ± 0.58a 2.12 ± 0.36a 2.11 ± 0.43a 1.99 ± 0.35a 1.74 ± 0.26a 2.22 ± 0.31a 

L)  8.32 ± 0.16a 8.88 ± 0.21c 8.02 ± 0.09a 8.91 ± 0.18c 8.14 ± 0.13a 8.48 ± 0.11b 8.36 ± 0.14ab 8.14 ± 0.08a 

3.44 ± 0.02d 3.45 ± 0.02d 3.44 ± 0.02d 3.42 ± 0.02d 3.36 ± 0.03c 3.45 ± 0.03d 3.14 ± 0.02 b 3.11 ± 0,02a 

0.42 ± 0.02a 0.48 ± 0.02b 0.39 ± 0.03a 0.44 ± 0.02ab 0.42 ± 0.03a 0.51 ± 0.03b 2.48 ± 0.03c 2.52 ± 0.04c 

g/L) 0.27 ± 0.01a 0.29 ± 0.02a 0.29 ± 0.03a 0.28 ± 0.02a 0.28 ± 0.03a 0.27 ± 0.02a 0.29 ± 0.02a 0.28 ± 0.01a 

/v) 12.15 ± 0.02b 12.04 ± 0.02a 12.26 ± 0.03c 12.02 ± 0.02a 12.24 ± 0.02c 12.13 ± 0.03b 12.43 ± 0.02d 12.44 ± 0.03d 

are the mean ± SD of three replicates. Means in the same row with the same letter are not significantly different 

5).  

 

 

 

Fig. 2. Fermentation kinetics of acetic acid (1), malic acid (2) and glucose + 

fructose (3) for (a) selected S. pombe strains (JB899/Y470, JB917/CBS1057, 



 

 

JB873/NCYC3422 and V1); (b) non-selected S. pombe strains from the 

collection (935 and 936); (c) selected S. cerevisiae strains (87 and 88). 

 

Malic acid 

The malic acid degradation was almost complete for most of the studied S. 

pombe strains (Fig. 2.a.2, 2.b.2; Table 2), although the degradation kinetics 

differed. The two S. cerevisiae strains degraded 11-24% of the initial malic 

acid content in the must (Fig. 2.c.2; Table 2). Several authors have proposed 

similarly high malic acid degradation for yeast belonging to other genera than 

Schizosaccharomyces [5, 39-43]. The malic acid reduction influenced the 

final pH of the wine (Table 2), as S. pombe fermentations showed up to 0.34 

higher pH values than S. cerevisiae fermentations. 

 

Sugar consumption kinetics 

The consumption kinetics of glucose + fructose was more rapid in the S. 

cerevisiae strains than in most studied S. pombe strains (Fig.2.a.3, 2.b.3, 2.c.3; 

Table 2). Similar results have been described before [6]. Nevertheless, 

differences in degradation kinetics of glucose + fructose between the studied 

S. pombe strains were evident (Fig. 2.a.3, 2.b.3). 

 

Pyruvic acid 

All studied S. pombe strains produced more pyruvic acid than the S. cerevisiae 

yeasts (Fig. 3). Strain JB873 yielded a maximum pyruvic acid concentration 

of 487 mg/L after 48 h of fermentation, which is a slightly higher 

concentration than those obtained in previous studies [5,6]. The other S. 



 

 

pombe strains provided a maximum pyruvic acid content that varied from 254 

to 276 mg/L, except for the case of S. pombe JB899 that reached a pyruvic 

acid content of 374 mg/L (Fig. 3). Previous pyruvic acid studies with S. 

cerevisiae and non-Saccharomyces species other than Schizosaccharomyces 

showed maximum values of about 150 mg/L during the first stages of 

fermentation [43]. These values are substantially lower than those obtained 

for the studied S. pombe strains. There is a strong correlation between the 

amount of pyruvic acid released by yeasts and the formation of vitisin A 

[3,5,15]; vitisin A is a stable pigment that influences wine colour quality. 

Thus, the selected strains with high pyruvate production rates such as JB873 

and JB899 may be of interest in red wine production. 

 



 

 

Fig. 3. Fermentation kinetics of pyruvic acid for selected S. pombe strains 

(JB899/Y470, JB917/CBS1057, JB873/NCYC3422 and V1), non-selected S. 

pombe strains from the collection (935 and 936) and selected S. cerevisiae 

strains (87 and 88). 

 

Glycerol 

Schizosaccharomyces species have previously been reported to produce more 

glycerol than Saccharomyces species [15]. In this study, final levels of 

glycerol varied from 8.02 g/L to 8.91 g/L (Table 2). Even though two S. 

pombe strains showed the highest levels (V1 and JB917), several differences 

were observed between the studied strains, and not in every case were the 

values higher than those obtained for the two S. cerevisiae strains. Increased 

glycerol content has been described as one of the main contributors of non-

Saccharomyces strains on wine quality [1,44].  

 

Ethanol 

Among all strains tested, the final ethanol levels varied from 12.04 to 12.44 

(% vol/vol) (Table 2). The fermentations involving S. pombe produced very 

similar ethanol levels to the S. cerevisiae strains we examined (Table 2). 

Among the S. pombe strains, only slight differences in final ethanol levels of 

less than 0.24 (% vol/vol) were evident. In contrast other authors have shown 

that some non-Saccharomyces types of yeast produce lower ethanol yields 

than Saccharomyces [45-47]. The sugar metabolism can also be used to 

produce compounds other than ethanol, such as glycerol or pyruvic acid, or 

to increase the yeast biomass [48,49]. Previous studies with S. pombe showed 



 

 

similar results to those obtained here [13]. Other authors observed lower final 

ethanol levels using other non-Saccharomyces species under specific high 

aeration conditions [50,51]. 

 

Urea 

The urea content of the finished wines was lower in the fermentations 

involving S. pombe, with values less than 0.5 mg/L (Table 2). This result can 

be attributed to the special ability of the Schizosaccharomyces genus to 

produce urease [12,52]. This enzymatic activity also could reduce the initial 

level of precursors for ethyl carbamate (one of the most toxic compounds 

reported in wine) [3,15]. This factor is becoming increasingly important as 

ethyl carbamate is a known carcinogen that is present in a variety of fermented 

foods [53].  

 

Citric acid and lactic acid 

No differences were evident with respect to citric and lactic acid (Table 2), as 

no wine performed malolactic fermentation [6] or Lachancea thermotolerans 

species were used [54]. Note that after a traditional malolactic fermentation 

process by lactic bacteria, all citric acid could be converted into acetic acid; 

this collateral effect increases the final acetic acid content [6] and 

consequently slightly reduces wine quality. 

 

Volatile aromas 

Higher alcohols were produced in higher total concentrations by S. cerevisiae 

fermentations (Table 3). Some differences were observed between the studied 



 

 

S. pombe strains (Table 3). Other authors described non-Saccharomyces 

yeasts as lower producers of higher alcohols than S. cerevisiae [42,43,54-57], 

and much strain variability has been reported [58,59]. This finding could be 

of interest in facilitating the making of wines with typicity for specific grape 

varieties or to increase wine complexity [60]. Similarly, the tested S. pombe 

strains produced less esters than the S. cerevisiae strains. No differences 

between the S. pombe and S. cerevisiae strains were observed with respect to 

compounds considered negative, such as ethyl acetate and diacetyl. However, 

those compounds could increase after a malolactic fermentation process 

performed by lactic bacteria [15]. Significant differences in compounds such 

as acetaldehyde and ethyl acetate were evident between the different S. pombe 

strains. 

 

Table 3. Final analysis of volatile compounds from fermentations. Selected S. pombe strains (JB899/Y

JB917/CBS1057, JB873/NCYC3422 and V1), non-selected S. pombe strains from the Spanish culture collec

(936/CECT12774 and IFI 935/CECT1376) and selected S. cerevisiae strains (IFI 87/CECT12512 and IFI 88/CECT125

from the Spanish culture collection. 

Compounds (mg/L) 899 917 873 V1 935 936 87 88 

         

Acetaldehyde 16.46±1.52a 17.82±2.31a 16.99±1.78a 18.13±2.42a 32.46±3.11b 36.52±2,97b 16.18±1.86a 17.56±2

Ethyl lactate  6.32±0.43a 6.58±0.47a 6.52±0.49a 6.39±0.45a 7.76±0.58b 7.82±0.54b 7.23±0.48ab 7.54±0.3

Ethyl acetate  16.32±1.87a 18.11±2.16a 18.33±2.28a 18.62±2.39a 82.41±4.54b 89.13±5.26b 17.45±1.54a 19.23±3

Diacetyl 2.24±0.16a 2.67±0.32a 2.48±0.26a 2.32±0.24a 2.91±0.55a 2.84±0.48a 2.29±0.33a 2.36±0.3

Isoamyl acetate  2.28±0.28a 2.21±0.32a 2.44±0.43a 2.33±0.28a 2.68±0.42a 2.59±0.38a 3.77±0.51b 3.62±0.4

2- Phenyl ethyl acetate  5.25±0.21a 5.36±0.28a 5.29±0.25a 5.38±0.19a 5.48±0.25a 5.54±0.27a 6.41±0.28b 6.34±0.2

1-Propanol [mg/L] 11.42±1.52a 10.12±1.36a 13.26±2.08ab 10.73±1.84a 18.99±3.62b 19.76±3.93b 28.45±4.01c 31.33±4

Isobutanol  9.31±1.46a 8.57±1.88a 9.86±1.74a 8.94±2.02a 12.11±2.36a 13.52±2.58ab 17.51±2.24b 18.13±2

1-Butanol 5.13±1.03a 5.45±1.09a 5.36±1.14a 5.28±1.19a 7.23±1.26ab 7.44±1.42ab 7.81±1.12b 7.96±1.2



 

 

3-Methyl-butanol  11.36±1.56a 12.16±1.36a 11.98±1.43a 12.28±1.86a 18.44±1.68b 18.88±1.95b 26.12±2.33c 28.06±2

2-Methyl-butanol  23.34±2.36a 24.48±2.43a 25.68±2.67a 24.19±1.88a 31.08±2.09b 33.16±2.24b 40.44±3.16c 42.83±4

Isobutyl acetate n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl butyrate n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

2-Phenyl-ethanol  21.76±2.11a 22.28±1.98a 21.44±1.78a 22.35±2.23a 24.17±1.79a 24.66±1.68a 28.97±1.82b 29.12±1

Hexanol 1.31±0.12a 1.39±0.14a 1.36±0.15a 1.34±0.16a 1.42±0.14a 1.46±0.16a 2.45±0.21b 2.48±0.2

 
  

     
 

Results are the mean ± SD of three replicates. Means in the same row with the same letter are not significantly different 

0.05), n.d.= not detected. 

Biogenic amines 

During the past years, harmful effects of biogenic amines [61-64] have been 

demonstrated, which now constitutes a serious matter in food safety that must 

be taken into account. A histamine value of 2 mg/L is considered the 

maximum level [65] in some countries. All studied strains reported values 

below that threshold (Table 4). The study shows that S. pombe does not 

produce higher levels of biogenic amines than S. cerevisiae. Subtle statistical 

differences were observed in the case of cadaverine (Table 4), but this 

biogenic amine is not produced by yeasts, and the slight differences could 

reflect that some strains remove biogenic amines during the fermentation 

process; similar processes have been described before [66]. However, most 

biogenic amines are produced during wine ageing and malolactic 

fermentation [67], as they are compounds produced primarily by lactic acid 

bacteria [68,69]. Thus, the wines that still contain malic acid (Fermentations 

by S. cerevisiae) could increase their biogenic amine contents later on [6,16]. 

 



 

 

Table 4. Final analysis of biogenic amines. Fermentations by selected S. pombe strains (JB899/Y470, JB917/CBS1057, 

JB873/NCYC3422 and V1), non-selected S. pombe strains from the Spanish culture collection (936/CECT12774 and IFI 935/CECT1376) 

and selected S. cerevisiae strains (IFI 87/CECT12512 and IFI 88/CECT12513). 

Compounds 899 917 873 V1 935 936 87 88 

Histamine (mg/L) 0.32 ± 0.03a 0.36 ± 0.04a 0.32 ± 0.04a 0.34 ± 0.03a 0.38 ± 0.04a 0.36 ± 0.02a 0.33 ± 0.02a 0.32 ± 0.03a 

Tiramine (mg/L) 0.16 ± 0.01a 0.18 ± 0.04a 0.16 ± 0.02a 0.17 ± 0.06a 0.18 ± 0.04a 0.16 ± 0.02a 0.16 ± 0.02a 0.15 ± 0.02a 

Phenylethylamine 

(g/L) 
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Putrescine (g/L) 0.43 ± 0.03a 0.46 ± 0.06a 0.42 ± 0.05a 0.44 ± 0.04a 0.43 ± 0.05a 0.45 ± 0.07a 0.42 ± 0.03a 0.41 ± 0.04a 

Cadaverine (g/L)  0.56 ± 0.03ab 0.55 ± 0.05ab 0.49 ± 0.05a 0.52 ± 0.04a 0.52± 0.03a 0.53 ± 0.03a 0.63 ± 0.03b 0.62 ± 0.04b 

Results represent the mean ± SD for three replicates. Means in the same row with the same letter are not 

significantly different (p < 0.05), n.d.= not detected..  

 

Amino acids 

S. pombe fermentations showed higher final levels in most amino acids (Table 

5). Similar results were obtained before, as it has been described as 

demanding less nitrogen [14] and releasing more nitrogen [7] than S. 

cerevisiae. However some differences were observed among the studied 

strains (Table 5). S. cerevisiae fermentations produced a higher final level in 

ornithine. The observed differences in threonine, valine, isoleucine and 

leucine explain the differences measured for higher alcohols (Table 5), 

because they are precursors of 1-propanol, isobutanol, 2-methylbutanol and 

3-methylbutanol, respectively (Table 5) [43]. The statistical differences 

reported for histidine, tyrosine and lysine show that S. pombe fermentations 

increase the content of some biogenic amine precursors [65,67]. Nevertheless, 

the transformation of some of those precursors to biogenic amines takes place 

during the malolactic fermentation, therefore the wines fermented by S. 



 

 

pombe did not run a serious risk of increasing the levels of histamine or 

tyramine since they do not need any longer a malolactic fermentation [16]. 

 

Table 5. Final analysis of amino acids from fermentations by selected S. pombe strains (JB899/Y470, 

JB917/CBS1057, JB873/NCYC3422 and V1), non-selected S. pombe strains from the Spanish culture collection 

(936/CECT12774 and IFI 935/CECT1376) and selected S. cerevisiae strains (IFI 87/CECT12512 and IFI 

88/CECT12513) from the Spanish culture collection. 

Compounds (mg/L) 899 917 873 V1 935 936 87 88 

         

Aspartic acid  10.82±1.51b 11.96±1.68b 11.42±1.33b 12.16±1.78b 21.52±2.46c 18.83±2.13c 7.36±0.68a 8.12±0.74a 

Asparagine  19.68±1.56b 20.25±1.72b 19.93±1.84b 21.37±2.12b 30.18±2.89c 29.06±2.52c 16.34±1.09a 17.45±1.14a 

Serine 6.25±0.89b 6.88±1.02b 6.47±0.78b 7.43±0.93b 11.69±1.36c 10.78±1.27c 3.18±0.35a 3.64±0.48a 

Histidine 81.32±3.59a 83.29±3.52a 82.94±2.89a 84.32±3.46a 92.35±4.48c 94.88±4.69c 65.47±3.18a 69.34±3.46a 

Glycine 28.42±1.33a 27.83±1.16a 28.48±1.26a 29.68±1.44a 39.68±1.77b 41.12±2.24b 27.43±1.11a 28.56±1.23a 

Arginine 66.52±4.62b 64.52±3.96b 63.14±3.54b 69.52±5.43b 78.21±6.22c 76.52±5.84c 42.43±3.53a 40.88±3.17a 

Threonine 53.17±3.46c 51.19±2.98c 46.23±2.72c 49.94±2.56c 37.46±2.97b 36.82±2.64b 24.72±1.82a 22.58±2.01a 

Alanine  27.31±2.07a 28.43±2.16a 32.05±3.08a 29.86±3.17a 42.57±3.21b 43.26±3.45b 31.68±2.49a 29.72±2.28a 

Tyrosine 9.82±0.68b 10.13±0.62b 11.28±0.86bc 10.22±0.75b 12.88±0.93c 13.31±1.14c 4.48±0.26a 4.69±0.34a 

Valine 4.73±0.31c 5.29±0.44c 4.82±0.35c 5.18±0.42c 2.96±0.27b 3.18±0.31b 1.25±0.19a 1.14±0.16a 

Tryptophan 1.41±0.26b 1.46±0.22b 1.59±0.28b 1.54±0.23b 1.76±0.23b 1.81±0.29b 0.52±0.13a 0.46±0.07a 

Phenylalanine  5.54±0.42b 5.26±0.38b 5.69±0.51b 5.89±0.54b 7.62±0.86b 7.98±1.02 b 3.65±0.29a 3.78±0.33a 

Isoleucine  12.04±0.74c 12.56±0.78c 12.64±0.76c 13.24±0.88c 8.17±0.63b 8.35±0.68b 2.45±0.32a 2.62±0.36a 

Leucine 15.18±0.93c 14.69±0.87c 15.92±1.05c 15.86±0.92c 10.22±0.81b 11.46±0.98b 3.87±0.68a 3.98±0.673a 

Ornithine 18.36±1.65a 17.87±1.42a 18.45±1.72a 19.88±1.78a 19.93±1.86a 20.98±1.89a 29.48±2.27b 30.74±2.36b 

Lysine  12.27±0.96b 12.59±0.88b 12.72±0.91b 14.13±1.02b 23.56±1.94c 24.56±2.23c 6.16±0.85a 6.77±0.94a 

Methionine 2.68±0.43b 2.89±0.36b 2.73±0.41b 3.27±0.52b 6.26±0.89c 6.47±0.97c 1.23±0.19a 1.29±0.22a 

 
  

     
 

Results represent the mean ± SD for three replicates. Means in the same row with the same letter are not significantly 

different (p < 0.05).  

 

Fermentations in stress conditions 



 

 

Several authors have reported how important is to study yeast performance 

under stress conditions [70,71]. After performing the stress tests conditions 

for the selected low acetic acid strains (Table 6) for some parameters 

described before in literature [34]. We observed that different phenotypic 

cases were detected for the studied strains in the studied parameters. Other 

authors have reported before the importance of phenotypic performance in 

yeasts [72,73]. According to these results strain S.pombe 936/CECT12774 

would develop better than the others S.pombe under circumstances similar to 

KCl test and strain JB837/NOTT1 would not be able to perform properly. In 

the NaCl test strains JB873/NCYC3422, JB4/NCYC683, 935/CECT1376 and 

936/CECT12774 performed slightly better than the others. For the ethanol 

resistence tests strains JB873/NCYC3422, 935/CECT1376 and 

936/CECT12774 could perform better than the others. In the case of KHSO3 

test strains JB873/NCYC3422, JB4/NCYC683, 935/CECT1376 and 

936/CECT12774 showed to be more resistant. The higher fermenting powers 

were obtained by strains JB873/NCYC3422, JB4/NCYC683, 935/CECT1376 

and 936/CECT12774. Even though the values were better for the S.cerevisiae 

controls. These differences could be related to the slower developing kinetic 

describe for S.pombe than S.cerevisiae observed in the previous trials and 

reported by other authors [6]. Because S.pombe has been described before as 

highly resistant to stress conditions [23]. 

Table 6. Final analysis of phenotypic classes for different stressful parameters by selected S. pombe strains (JB899/Y470, 

JB917/CBS1057, JB873/NCYC3422, JB4/ NCYC683, JB837/NOTT1  and V1), non-selected S. pombe strains from the Spanish culture 

collection (936/CECT12774 and IFI 935/CECT1376) and selected S. cerevisiae strains (IFI 87/CECT12512 and IFI 88/CECT12513). 



 

 

 

 

Sensory evaluation 

A sensory evaluation was performed to verify that the selected strains may 

produce wines without desired flavor and taste. Fig. 4 shows a spider web 

diagram of the average scores of some olfactory and taste attributes. Large 

differences in the perception of acidity were recorded; this result agrees 

acidity parameters explained above in the previous fermentations. Slightly 

differences were reported regarding to sweetness even tough all fermentations 

ended successfully all the sugars, this can be explained by differences in acid-

sweet balance. Serious faults were reported for non-selected S. pombe strains 

IFI935/CECT1376 and 936/CECT12774 regarding to high acetic acid and 

Number of strains belonging to different phenotypic classes, regarding values of optical density after developing in corrected must with 

studied stressful parameter (Class 0: A640 = 0.1; Class 1: 0.2<A640>0.4; Class 2: 0.5<A640>1.0; Class 3: A640>1.0). 

Compounds (mg/L) 899 917 873 4 837 V1 935 936 87 88 

           

KCl (0.75 M) 1 1 2 2 0 1 2 3 3 3 

NaCl (1.5 M) 0 0 1 1 0 0 1 1 1 1 

Ethanol 6 % (% v/v) 1 1 2 1 1 1 1 2 3 2 

Ethanol 10% (% v/v) 0 0 1 0 0 0 1 1 1 1 

Ethanol 12% (% v/v) 0 0 0 0 0 0 0 0 1 1 

Ethanol 14% (% v/v) 0 0 0 0 0 0 0 0 0 0 

KHSO3 (150 mg/L) 2 2 3 3 1 2 3 3 3 3 

KHSO3 (300 mg/L) 1 1 2 2 0 1 2 2 3 3 

Fermenting power 

(Ethanol (% v/v)) 
11.21±0.18b 11.39±0.24b 12.36±0.21c 

12.42±0.23c 10.68±0.28a 
11.33±0.22b 12.44±0.31c 12.61±26c 13.81±0.29d 13.68±0.33d 

 
  

       
 

Results represent the mean ± SD for three replicates. Means in the same row with the same letter are not significantly different (p < 0.05).  



 

 

reduction characters. Fermentations by selected S. pombe strains JB899/Y470 

and JB873/NCYC3422 received the best scores from all tasters while non 

selected IFI935/CECT1376 and 936/CECT12774 received the lowest scores, 

S. cerevisiae strains IFI87/CECT12512 and IFI88/CECT12513 received 

moderate scores in overall impression scores related to excessive high acidity 

for the tasters. This result probes that the use of S. pombe use is reliable under 

very acidic conditions. The above data show that all fermentations with S. 

pombe achieved the main goals related to malic acid deacidification from a 

very acidic must. However, the preferred fermentation strategy depended on 

selected strains as differences were observed among different S.pombe strains 

in aroma quality, reduction and acetic acid characters. This result probes how 

important is to select proper strains for a controlled fermentation process free 

of collateral effects. 



 

 

 

Fig. 4. Results of the sensory analysis coming from different fermentation 

processes of selected S. pombe strains: JB899/Y470, JB873/NCYC3422, 

JB917/CBS1057, JB4/NCYC683, JB837/NOTT1 and V1. Non selected S. 

pombe strains: 936/CECT12774 and IFI935/CECT1376. Selected S. 

cerevisiae strains: IFI87/CECT12512 and IFI88/CECT12513. 



 

 

 

Conclusions 
 

Among 75 S. pombe strains tested, we have discovered three strains with 

highly promising winemaking properties. These strains could be used to 

produce wines with low levels of malic acid, acetic acid, ethyl carbamate and 

biogenic amines, and with an appropriate volatile aroma profile. Because 

these S. pombe strains produced similar ethanol as the budding yeast strains 

we examined, this species may well have untapped potential for the producing 

of ethanol as a fuel (‘bioethanol’). 
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Abstract: Several  researchers are  studying  the winemaking potential of non‐Saccharomyces 

yeast  strains  in  order  to  improve wine  quality.  For  that  porpoise  yeast  species  such  as 

Torulaspora delbrueckii, Lachancea thermotolerans, Metschnikowia pulcherrima, Candida zemplinina, 

Kloeckera apiculata, Hansenula anomala and Pichia guilliermondii were studied in the past. Yeasts 

from the genus Schizosaccharomyces have been traditionally studied from a winemaking point 

of view due to its rapid malic acid deacidification, by converting malic acid to ethanol and 

CO2. Nevertheless, during the last five years it has been discovered that Schizosaccharomyces 

pombe possesses several remarkable metabolic properties different from its traditional malic 

acid deacidification  that may be useful  in modern quality winemaking,  including a malic 

dehydrogenase  activity,  high  autolytic  polysaccharides  release,  ability  of  gluconic  acid 

reduction, urease activity in order to avoid ethyl carbamate formation, elevated production 

of pyruvic acid related to colour improvement, as well as low production of biogenic amines. 
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1. Introduction 

 

 In modern traditional winemaking Saccharomyces cerevisiae has been considered as the main 

specie used in the production of quality wines. The incidences of non‐selected Saccharomyces 

or non‐Saccharomyces opportunistic yeasts during fermentations were usually related to off‐

flavours such as high levels of acetic acid, ethyl phenols and great levels of higher alcohols. 

On the other hand, at the present time scientists and winemakers have started to believe in 

the  helpful  effect  of  some  non‐Saccharomyces  in  winemaking  in  matters  such  as  aroma 

complexity  [1‐6].  The main  problem  about  using  non‐Saccharomyces  in  oenology  is  their 

inefficiency  to  finish  alcoholic  fermentation  in  a  proper way.  So, most  of  the  times  it  is 

required the combined use of Saccharomyces cerevisiae strains during alcoholic fermentations 

in order to ensure a proper fermentation end without any residual sugar at industrial levels. 

The production of remarkable metabolites by non‐Saccharomyces  in higher amounts than S. 

cerevisiae such as glycerol, pyruvic acid, and mannoproteins has awakened especial interest 

during  the  last  years  [3,7].  The  better  performance  of  enzymatic  activities  by  non‐

Saccharomyces  such as  the  type glycosidase or  β‐lyase  is a  relatively new  issue  in modern 

oenology. The use on non‐Saccharomyces also  looks to be the only microbiology way to get 

wines with lower alcohol content in warm areas. 

Some studies have analysed the use and influence of different non‐Saccharomyces species in 

wine  quality.  Some  of  this  yeast  species  are  Kloeckera  apiculata,  Hanseniaspora  uvarum, 

Hanseniaspora vineae, Torulospora delbrueckii, Metschnikowia pulcherrima , Starmerella bacillaris , 

Zygosaccharomyces  bailii,  Pichia  guilliermondii,  Schizosaccharomyces  pombe,  Lachancea 

thermotolerans,  and  Hansenula  anomala  [1].  Table  1  summarizes  the  main  quality 

improvements about using these different yeast species in winemaking.  

 

 

Table 1.  Summary of oenological interest of some non-Saccharomyces species. 

Yeast Species    Oenological interest   

Kloeckera apiculata    Aroma complexity   

Hanseniaspora vineae    Aroma complexity, high 2‐phenyl‐ethyl 

acetate production ,biogenic amines reduction 

Torulospora delbrueckii    Aroma complexity, acetic acid reduction. 



 

 

Metschnikowia 

pulcherrima 

  Aroma complexity, increase in esters, terpenes 

and thiols. 

Starmerella bacillaris     

Zygosaccharomyces bailii    Polysaccharides increase 

Pichia guilliermondii    Formation of high stability colour compounds 

Pichia kluyveri    Aroma complexity, increase in varietal thiols 

and esters. 

Lachancea thermotolerans    Acidification, L‐lactic acid production 

Hansenula anomala    Decreased of C6 alcohols 

Schizosaccharomyces 

pombe 

  Deacidification, L‐Malic acid consumption 

Candida stellata    high glycerol production 

 

The  chance  to modify  the  flavour  and elegance of  fermented beverages  through different 

fermentation methodologies  is  increasing  the  awareness  in  researching most  imaginable 

blends of non‐Saccharomyces and Saccharomyces [8]. Regarding this matter, most scientific trials 

performed  fermentations  with  non‐Saccharomyces  strains  by  their  own,  with  mixed 

fermentations  (synchronized)  and  sequential  inoculation,  comparing  them  against  an 

alcoholic fermentation performed by S. cerevisiae by itself. Most studies testimony sequential 

inoculation as the finest option in winemaking. 

Among non‐Saccharomyces yeast genera, Schizosaccharomyces has been  traditionally used  to 

reduce acidity in wines presenting high levels of malic acid. This fact is related to its unique 

ability  to  transform  L‐malic  acid  into  ethanol  [9‐11].  Nevertheless,  novel  uses  of  these 

Schizosaccharomyces species related to different abilities no so well studied until the last years, 

have been developed to increase wine quality and food safety [12‐14]. Figure 1 summarizes 

these new uses. One  of  this novel uses  is  the performance  of  specific  Schizosaccharomyces 

mutants to decrease the original content of gluconic acid from rotten grape juices [15]. Other 

modern use  is  its application  in ageing over  lees,  thanks  to  their  superior polysaccharide 

release [16]. S. pombe metabolism also offers a method of increasing the pyranoanthocyanin 

content in red wines [12]. Schizosaccharomyces is also of great interest in food safety. The urease 

activity of Schizosaccharomyces reduces high ethyl carbamate content in wine by reducing the 

concentration of urea (main precursor of ethyl carbamate) [13,14,17]. Schizosaccharomyces can 



 

 

also  reduce  biogenic  amines  contents  avoiding  the  classical  malolactic  fermentation 

performed by lactic bacteria. 

 

Figure 1. Summary of the new uses of Schizosaccharomyces.  

 

The use of the genus Schizosaccharomyces in winemaking was approved by the International 

Organisation  of Vine  and Wine  (Resolution OENO⁄MICRO⁄  97  ⁄  75  ⁄  phase  7). However, 

Schizosaccharomyces was not commonly used due to specific off‐flavours associated with the 

metabolism of non‐selected wild strains of  this genus  [12].  Indeed, Schizosaccharomyces has 

been  described  to  be  isolated  from  wines  showing  strong  organoleptic  and  chemical 

deviations such as high  levels of acetic acid, sulfidric acid, acetaldehyde, acetoin and ethyl 

acetate [12]. Due to the enormous variability in the genetic composition of any species such 

as S. pombe  [18], recent selection processes have been performed  in order  to obtain proper 

strains  for winemaking  porpoises  [19‐20].   The  last  studies  regarding  Schizosaccharomyces 

genus have demonstrated that it is possible to produce quality wines through the combination 

of  wild  Schizosaccharomyces  strains  with  selected  Saccharomyces  strains  or  more  recently 

through the use of selected Schizosaccharomyces strains that are able to perform by themselves 

a complete proper fermentation process, especially under very acidic conditions. This study 

aims to show the main new potential of this genus in modern winemaking. 

 

2. Physiology, morphology and taxonomy of Schizosaccharomyces genus 

 

In  the  past  Lodder  and  Kreger  van  Rij  documented  four  species  belonging  to 

Schizosaccharomyces: Schizosaccharomyces pombe Lindner (1883), Schizosaccharomyces octosporus 

Beijerinck  (1894), Schizosaccharomyces  japonicus var. versatilis Wickerhan and Duprat  (1945) 

and  Schizosaccharomyces malidevorans Rankine  and  Fornachon  (1964)  [12]. Nowadays,  it  is 



 

 

thought  that  the  genus  Schizosaccharomyces  is  compound  of  three  species:  S.  pombe,  S. 

octosporus and S. japonicus. They have been mainly classified according to the principle that 

involves the number of spores per ascus and their ability to ferment Sucrose and Raffinose 

[12] (Table 2). Most of the time their presence is related to hot climate regions.  

 

Table 2. Summary of fermentation and assimilation properties of 

species from Schizosaccharomyces genus. 

    Fermentation  Assimilation 

    Sucrose  Raffinose  Sucrose  Raffinose 

S. pombe    +  +  +  +   

S. 

japonicus 

  +  +  +  + 

S. 

octosporus 

  +  +  +  + 

 

The species S. pombe are usually  long rectangular cells of about 2–4 x 5–18 μm  (Figure. 2). 

They commonly appear as single cells or in pair groups. S. pombe is a sporulating species. It 

can reproduce asexually by binary fission (Figure. 2) when it forms a septum in the midpoint 

of the cell. S. pombe is not able to assimilate nitrates, it does not have β‐glucosidase activity 

and  it  cannot breaking down arbutin by  enzymatic activity. The  species possesses urease 

positive activity. It reacts with diazonium blue that makes it possible to distinguish it from 

other basidiomycetous (Figure. 3). It possesses a high fermentative power, producing 11°–13° 

of alcohol in anaerobiosis and 14°–15.5° with slight aeration.  

 

 



 

 

Figure 2. Details of Schizosaccharomyces pombe.  

 

 

Figure 3. Details of Schizosaccharomyces pombe reaction with diazonium blue that makes it 

possible to distinguish it from other yeast specie 

 

 

S. pombe can metabolise malic acid and to convert it into ethanol and CO2. In the past a strain 

of S. Pombe was denominated ‐Schizosaccharomyces acidovorans (acidodevoratus)‐by Chalenko 

(1941) [12] due to its special ability to eliminate most of the malic acid from growing media, 

nowadays it is now that this ability is highly strain dependent [19‐20].  

 

Schizosaccharomyces genus owns a cell structure known as Schizosaccharomyces‐type that is very 

particular among ascomycetes. It is richer in polysaccharides and α‐galactomannose than any 

other known yeast species [16, 21].  

 

3. Physiological and Biochemical Properties of Schizosaccharomyces genus  

 

Due to its peculiar fission cell division (Figure 2), Schizosaccharomyces genus is considered as 

a model organism to study this phenomenon for molecular and genetic microorganism cycle 

studies [18]. On the other hand, until the last decade just little information had been published 

related  to  factors  that  influence  its  growth,  survival  and  biochemical  activities  of  these 

microorganisms in industry processes. Most of the few studies available are focus on S. pombe. 



 

 

During  the  last  years  several  studies  have  been  performed,  especially  for  winemaking 

industry, but further studies are needed. 

 

This genus is facultative anaerobic and able to metabolise hexose sugars such as glucose and 

fructose  or  disaccharides  such  as  sucrose.  They mainly  ferment  by means  of  glycolytic 

pathway  producing  ethanol  and  carbon  dioxide  as  main  products;  several  secondary 

metabolites are also produced. Schizosaccharomyces was occasionally described as a higher 

producer of hydrogen sulphide when it was compared to S. cerevisiae [12]. This genus has also 

been described as a high glycerol producer [22]. 

 

Schizosaccharomyces genus is notable known among yeast genera due to its high capacity to 

metabolise  malic  acid  into  ethanol  during  anaerobic  fermentation  processes.  A  NAD‐

dependent  malic  enzyme  decarboxylates  malate  to  pyruvate.  Later,  pyruvate  is 

decarboxylated  to  ethanol  that  is  finally  reduced  to  ethanol  (Figure  4).  A  proton–

dicarboxylate symport was proved for the transportation of L‐malic acid into S. pombe and the 

presence of glucose is required for malic acid metabolism. 

 

 

Figure 4. Summary of main metabolic routes performed by Schizosaccharomyces pombe. 

 

During  the  last years  it was suggested  that extracellular amylases, pectolytic enzymes and 

proteases were not produced by Schizosaccharomyces spp., but some new studies start to show 

that  those  activities  could  be  strain  dependent. Nevertheless,  S.  pombe  has  been  used  to 

degrade  starch  with  plasmids  carrying  the  glucoamylase  gene  of  Sacch.  diastaticus. 

Schizosaccharomyces  octosporus  produces  an  extracellular  lipase  that  can  hydrolyse  lard  to 

produce significant quantities of stearic acid, but the lipid degrading ability of other species 

of Schizosaccharomyces is not known. 

 



 

 

Schizosaccharomyces pombe has been reported as being able to develop at higher temperatures 

than S. cerevisiae, up to 35 °C, data from other Schizosaccharomyces species do not have been 

reported [12]. Other data indicates that S. japonicus is skilful of growing at 37°C, but earlier 

literature reports the growth of S. pombe and S. octosporus at this temperature. Nevertheless, 

the optimum fermentation temperatures are reported to be between 24 and 30 °C [23], further 

studies are needed to determinate the minimum and maximum performing temperatures of 

this genus. The pH influence is not very well known. It grows properly in pH close to 7 but it 

is usually isolated from grape juices with pH 2.9 to 3.1. Probably, due to the inhibition of other 

competitor microorganisms that cannot develop as so low pH such as S.cerevisiae.     

 

The Schizosaccharomyces genus shows a special ability to develop in food media of high sugar 

content and osmotic pressure  [24]. Some authors have  reported  it as osmotolerant yeasts, 

capable of growth in the presence of 50% glucose (and possibly 60% glucose) at water activity 

(aw) values as low as 0.78 [24].  This ability has been described as species dependent for S. 

pombe and S. octosporus, minimum aw values of 0.89–0.90 with glycerol, glucose and fructose 

are described as stressing levels; in the case of S. japonicus, those levels are higher up to 0.92–

0.94. Conversely,  the  genus  is  less  resistant  to high  salt  concentrations  [19]  and does not 

develop at aw levels less than 0.95 of this solute. Most S. pombe strains are incapable of growing 

in the presence of 3% NaCl, pH 5.5. Growth in low aw environments is accompanied by the 

production of intracellular glycerol as a compatible solute.  

 

Schizosaccharomyces  genus  has  been  widely  described  to  be  higher  tolerant  to  several 

stabilizers than other microorganisms such as S.cerevisiae or Dekkera bruxellensis [24]. Some of 

those preservatives are acetic acid, sulphur dioxide, benzoate or sorbate  that are normally 

used during food processing (Table 3). This genus looks to be notably higher tolerant to these 

preservers  than S. cerevisiae. Opposition  to  inactivation by heat  treating was studied  for S. 

pombe. About 99% of the population suspended in phosphate buffer, pH 6.5, containing 48% 

sucrose (aw 0.95), was destroyed at 65°C in 3 min (D65 1.99 min). Quicker death proportions 

were  achieved  when  sucrose  was  absent  from  the  buffer.  Nevertheless,  higher 

thermotolerance is achieved by yeast pre‐exposition to minor heat (40°C). This phenomenon 

makes the production of intracellular trehalose that is used as a thermoprotectant agent. 

 

Table 3. Summary of several resistence factors of 

S.pombe. 

S. pombe    Temperature  37 º C 

  Acetic acid  1 % v/v 



 

 

  SO2  120 mg/kg 

  Benzoate  >600 mg/l 

  Sorbate  >600 mg/l 

  Actidione  >100 mg/l 

 

4. Schizosaccharomyces strain isolation 

 

Schizosaccharomyces genus strains have been occasionally isolated from fermented drinks and 

similar products such as wine, must, grapes and beer. However, most of the isolates related 

to genus Schizosaccharomyces have been reported in foods containing high sugar levels, such 

as dried fruit, sweets, molasses and honey [20,24,25]. Indeed, no yeast species belonging to 

Schizosaccharomyces genus are included in the 20 Food‐Borne Yeasts most frequently described 

[24,  25]  (Figure  5).  This  lack  of  yeast  strains  from  this  genus  in  nature  has  avoided  the 

obtaining of commercial strains with proper industrial abilities and free of collateral effects. 

On the other hand, there is an especial interest from oenological industry yeast manufacturers 

to get strains able to perform properly at industry level, as a result of the OIV’s approval of 

“Deacidification  by  Schizosaccharomyces”  as  an  authorised/recommended  practice 

(Resolution  OENO/MICRO/97/75/Stage  7).  However,  at  this  moment  there  are  no  any 

commercial strains selected after performing an appropriate selection process, due  to  their 

low presence in grape juices and the absence of an adequate method for isolating strains from 

this complicate genus. 

 

 



 

 

Figure 5. Estimated frecuencies (%) of yeast species in fruit and beverages and in high sugar 

concentrated products. Estimated from [18]. 

 

In the past some authors suggested the use of culture media rich in tryptone glucose yeast 

extract agar combined with some antibacterial antibiotics, such as streptomycin gentamicin, 

oxytetracycline and chloramphenicol. It was also suggested the use of sugar and acetic acid 

in  high  concentrations  as  selective  agents.  Lysine  as  a  selective  source  of  nitrogen was 

suggested as a way to inhibit the growth of the main yeast specie competitor S. cerevisiae. Our 

personal experience showed us that, in spite of using these culture media, there are too many 

false positives produced by competitor microorganisms; this fact makes impossible to isolate 

an elevated number of Schizosaccharomyces strains. So, in spite of the fact that most important 

yeasts posse an specific selective‐differential method, no specific culture medium has been 

described until  the  last years for  isolating yeasts of the genus Schizosaccharomyces  [24],  this 

media has appeared as a consequence to the great interest an demand that these species have 

awakened in oenological industry.  

 

A  novel  and  specific  isolation method  for  Schizosaccharomyces  is  nowadays  in  process  of 

patenting. It has been developed and optimized during the last years in order to isolate and 

to select strains of S. pombe (Figure 6). This new method uses a differential selective medium 

that contains selective factors such as actidione antibiotic. This antibiotic has been described 

before  in  most  differential  selective  media  regarding  the  genera  Brettanomyces/Dekkera. 

Among the reported false positives for those media, the genus Schizosaccharomyces appeared 

in some occasions. 

 

 

Figure 6. Summary of the specific isolation method developed to isolate Schizosaccharomyces 

strains. 

 



 

 

Even though other false positive remain  in the described method due to their resistance to 

actidione (Figure. 7). Those can also be avoided throw the use of other inhibitor agents such 

as  benzoic  acid,  acetic  acid  or  high  sugar  concentration  (Table  3).  To  improve  the 

differentiation process, malic  acid  is  commonly used  as  it makes possible  to  identify  the 

presence of microorganism able to degrade it throw pH control or enzymatic analyse. This 

methodology (Figure. 6) has allowed generating Schizosaccharomyces collections of hundreds 

of different strains [12]. 

 

 

 

Figure 7. Summary of the main points regarding Schizosaccharomyces pombe selective‐

differential media. 



 

 

 

5. Schizosaccharomyces selections for winemaking 

 

The isolation methodology explained above has allowed obtaining representative universes 

of Schizosaccharomyces genus that made it possible to perform basic selection processes to get 

strains with especial aptitude  for winemaking  [20].  It has been observed  that  just a  small 

percentage up to 5 % of strains could perform a proper alcoholic fermentation process without 

collateral effects. 

 

Some of the basic parameters studied in this initial selection processes have been correct sugar 

consumption, moderate  acetic  acid production,  complete malic  acid degradation, glycerol 

production and the correct sensory profile of the wines produced with these strains. 

 

5.1 Sugar consumption 

 

Most recent studies report that S.pombe ferments great quantities of sugars during alcoholic 

fermentation up to 240 g/l. However most studies report a slower kinetic metabolism than 

that described for S. Cerevisiae [12]. Some authors have reported differences up to 2‐4 days to 

complete  an  alcoholic  fermentation  process  when  duration  was  compared  against  a  S. 

cerevisiae  control  [9,19,22].  Nevertheless,  we  must  take  into  account  that  the  second 

fermentation performed by lactic bacteria in red wines is not needed in the case of wines made 

by  Schizosaccharomyces  yeasts  [7]. This  process  usually  takes  long  time  than  the  alcoholic 

fermentation by yeasts and the risk of deviations is higher. 

 

5.2 Malic acid consumption 

 

Malic acid consumption has been reported in most studies regarding S. pombe to be completed 

in most cases. Nevertheless, great differences regarding different kinetics depending on the 

strains have been reported  [19,20].    In some occasion, especially  in very acidic musts with 

malic acids contents over 6 g/l [9] from northern regions, the deacidified wines were preferred 

by  the  testing panels due  to  the excessive acidity described  for  the controls performed by 

regular S. cerevisiae without malate dehydrogenase activity.  Increments of about 0.4  in pH 

were produced after malic acid consumption by S. pombe [7,9]. 

 



 

 

5.3 Acetic Acid Production 

 

Acetic acid is the factor that has showed the biggest variety among the studied strains in most 

studies [19,20]. In same occasions values over 1 g/L have been reported [9]. These values are 

not compatible with quality wines. Nevertheless, in other studies moderate levels have been 

reported. According to the last studies we can report that it is possible to select S. pombe strains 

that  produce wines with  as  low  content  of  acetic  acid  as  regular wines  performed  by  S. 

cerevisiae if they are properly selected [19,20]. Another option to reduce this possible collateral 

effect was to combine the use of S. pombe with other yeast species that produce lower levels 

of acetic acid such as L. thermotolerans [7]. 

 

5.4. Urease activity/ethyl carbamate reduction 

 

Schizosaccharomyces genus has been described among the few yeast species that can develop 

urease activity [17,19,25]. This enzymatic activity was observed  in several  fermentation 

trials  [4,10,12-14] were  Schizosaccharomyces  fermentations  always  reported  final  urea 

values after fermentation of about 0 mg/l. However controls regarding S. cerevisiae reported 

notably  higher  values  up  to  3  mg/l.  The  main  meaning  of  this  enzymatic  activity  in 

winemaking is that reduces the initial level of the main precursor (urea) for ethyl carbamate 

(one of the most toxic compounds reported in wine) formation. Nowadays, ethyl carbamate 

is a main problem for human health as it is consider a powerful carcinogen with an especial 

incidence in fermented beverages [19]. It is also a very important problem regarding to wine 

exportations  as  several  countries  have  already  set  specific  limits  for  this  toxicological 

compound that varied from 10 to 30 μm.  
 

5.5. Pyruvic acid 

 

Fermentations performed by Schizosaccharomyces always were reported as higher producers 

of pyruvic acid  than S.  cerevisiae. Nevertheless,  important differences have been observed 

depending on the Schizosaccharomyces strains [12,13].  Maximum values during the first days 

of  alcoholic  fermentation  up  to  about  0.5  g/L  have  been  achieved  by  Schizosaccharomyces 

fermentations while maximum values up to about 0.1 g/L have been reported for specific S. 

cerevisiae  strains  selected  according  to  this  criterion  [6].  The  oenological meaning  about 

producing high levels of pyruvic acid is related to the strong correlation between the amount 

of pyruvic acid released during alcoholic fermentation by yeasts and the formation of vitisin 

A [15,16]. Vitisin A is known as a very stable colored pigment that directly influences wine 

color quality and stability. This parameter is considered nowadays an important criterion in 



 

 

red  wine  yeast  selection  processes.  Until  now  Schizosaccharomyces  genus  is  the  highest 

producer yeast of pyruvic acid in winemaking.  

 

5.6. Glycerol 

 

One  of  the  first  experiments  involving  Schizosaccharomyces  [7] indicated  that 

Schizosaccharomyces pombe possesses a highly developed glyceropyruvic pathway compared 

to other yeast species. This fact explains also the greater production of pyruvic acid explained 

before. Modern trials have reported glycerol productions up to 10 g/L [13] and values higher 
than 1 g/L when they were compared to S.cerevisiae controls [4,6]. Increased glycerol content 
is  described  as  one  of  the  main  contributions  of  some  non‐Saccharomyces  strains  in 

winemaking [5] due to the fact that it directly influences positively to the mouth‐feel. Even 

though other yeast species such as Candida stellata have been described as higher producer of 

glycerol [5], the use of Schizosaccharomyces could be interesting in order to improve this quality 

parameter. 

 

5.7. Ethanol 

 

Many winegrowing areas observe an increase in the alcohol content of their wines, on some 

occasions to more than 14% by volume. This phenomenon may become increasingly common 

due to the effects of climate change. Several practices are proposed to decrease the ethanol 

levels  in  fermented beverages  either  completely or partially,  for  instance  the use of great 

temperatures to drive off the ethanol, chemical extraction, cryoconcentration, filtration using 

semipermeable membranes  and  supercritical  fluids  extraction  [26].  Some  authors  have 

reported  that  some  non‐Saccharomyces  types  of  yeast  produce  lower  ethanol  levels  than 

Saccharomyces. Schizosaccharomyces has been described in some occasions as lower producer of 

ethanol than S.cerevisiae in amounts of about 0,4‐0,2 % vol [2,3,7,9]. However other authors 

have reported no significant differences when compared to S.cerevisise strains selected for its 

high developed glyceropyruvic pathway [19]. It is known that sugar metabolism can be used 

to produce different compounds than ethanol, such as glycerol or pyruvic acid, or to increase 

the yeast biomass [12]. Other authors observed  lower  final ethanol  levels using other non‐

Saccharomyces species [2]. This phenomenon is developed under very specific settings related 

to high aeration conditions. In those cases, reductions higher than 1 or 2 % vol in ethanol can 

be  achieved.  This  reduction  is  higher  and  more  efficient  than  those  described  for 

Schizosaccharomyces, so S.pombe could be interesting when the needed reduction in ethanol is 

about 0,5 % vol in ethanol.  

 

5.8. Biogenic Amines 



 

 

 

Biogenic amines are other toxicological compounds that can appear in wine. Several authors 

have described harmful  effects  in human beings produced by biogenic amines  [7,17]. For 

those reasons this topic is considered a serious matter in food safety that must be taken into 

account.  Several  countries  have  stablished  legal  limits.  A  histamine  value  of  2 mg/L  is 

considered  the  most  restrictive  level  in  some  countries.  Several  trials  performed  by 

Schizosaccharomyces shows that S. pombe does not produce higher  levels of biogenic amines 

than S. cerevisiae [7,17]. Reduction in biogenic amines that come from spoilage grapes such 

as cadaverine have been reported to decrease for Schizosaccharomyces in quantities up to a few 

mg/l. Similar processes have been described before for other yeast species [7]. However, the 

main use of Schizosaccharomyces about reducing/avoiding biogenic amine formation, is based 

in the fact that most biogenic amines are produced during wine ageing and especially during 

malolactic  fermentation  [7,17],  as  they  are  compounds  produced  primarily  by  lactic  acid 

bacteria. Thus, wines that no contain malic acid (a lactic bacteria nutrient) any more, like those 

fermented by Schizosaccharomyces could not  increase  their biogenic amine contents  later on 

due to lactic bacteria metabolism [17]. 

 

5.9. Volatile aroma 

 

Schizosaccharomyces  strains  were  not  used  in  the  past  because  of  specific  off‐flavours 

commonly  associated  with  the  metabolism  of  non‐selected  strains.  In  the  past 

Schizosaccharomyces was  commonly  isolated  from wines  suffering  from  organoleptic  and 

chemical  faults  through  the appearance of sulfidric acid, acetic acid, acetaldehyde, acetoin 

and  ethyl  acetate  [12].  First  control  fermentations  performed  by  mixed  non‐selected 

Schizosaccharomyces  strains  combined  with  S.  cerevisiae  fermentations  reported  higher 

concentrations  of  acetaldehyde,  propanol  and  2,3‐butanediol  up  to  several  mg/L  [9]. 

Nevertheless, the last fermentations performed by selected Schizosaccharomyces strains show 

lower levels in higher alcohols than the non‐selected Schizosaccharomyces and the S. cerevisiae 

controls [7,18]. In those studies the tested S. pombe strains produced also less esters than the 

S. cerevisiae strains. Similar effects have been reported for other non‐Saccharomyces [1]. This 

finding  could be of  interest  in  facilitating  the making of wines with varietal  character  for 

specific  grape  varieties  or  to  increase wine  complexity  avoiding  the  influence  of  higher 

alcohols or esters. No differences between selected S. pombe and S. cerevisiae strains have been 

observed with respect to compounds considered negative, such as ethyl acetate and diacetyl 

when  selected  strains  have  been  employed  [19,20].  Nevertheless,  compounds  such  as 

acetaldehyde and ethyl acetate shows significant differences depending on  the different S. 

pombe strains [20].  

 

5.10. Gluconic acid 

 



 

 

Rotten grape musts contain high concentrations of gluconic acid formed by fungal attacks and 

acetic bacteria from rotten grapes. This fact drastically reduces the quality of wines made from 

those grapes. The  sensory properties of wines are considerably altered by  the presence of 

gluconic  acid, which  decreases  the wine’s microbiological  stability  and  raises  long‐term 

storage problems that can be solved only by reducing its concentration in the wine. Specific 

S. pombe strains have been used to remove gluconic acid in 50% rates from wines up to 2.5 g/L 

obtaining  in  the  end  better  final wines.  This  fact  produced  a  good  influence  in  volatile 

compounds spoilage by gluconic acid influence [15]. 

 

5.11. Polysaccharydes 

 

The methodology of aging over lees is nowadays considered important in the making of red 

wines because it has been probed that it produces high quality wines with peculiar identity. 

It  allows  winemakers  to  produce  new  different  wines  in  a  market  that  shows  great 

homogeneity. This methodology, however, demands appreciable investment in resources and 

is not free of problems. Many research groups are now working on how to minimize these 

difficulties, and on how to obtain balanced products quicker and simpler.  

Schizosaccharomyces  pombe  is  yeast  specie whose  cell wall  has  a  particular  structure  and 

composition owed to the presence of polysaccharides and sugar derivatives that are unusual 

within the family Saccharomycetaceae. The main difference between Saccharomyces cerevisiae 

and Schizosaccharomyces pombe  is  the possession of a‐galactomannose rather  than mannose, 

along with the presence of α‐(1=>3) glucan. The use of Schizosaccharomyces pombe in over‐lees 

aging has reported faster release kinetics and increases of about 100 mg/L in polysaccharides 

pullulans than S. cerevisiae in 142 days [16]. 

 

5.12. Sensory impact 

 

Wines  developed  by  Schizosaccharomyces  usually  show  big  differences  in  the  sensory 

perception of acidity when they are compared to S. cerevisiae controls (Figure 8) [7,9,19]. This 

fact is related with the malic acid consumption and pH increased explained above. In some 

occasions wines fermented by Schizosaccharomyces have been described as sweeter than those 

fermented by S. cerevisiae in spite of the fact that all wines did not contain any residual sugar 

[9,19].  This  phenomenon  is  explained  by  the  new  balance  generated  between  acidity, 

sweetness, bitterness and salty perception when acidity is highly reduce. Severe faults have 

been reported in trials involving non‐selected S. pombe strains regarding to high acetic acid, 

reduction and sulfidric acid characters  [19,22]. Nevertheless,  in modern  fermentation  trials 

some selected S. pombe have received  the best scores when compared against non‐selected 

Schizosaccharomyces  strains  and S.  cerevisiae  strains when  fermentations  took place  in high 

acidic musts [19,22]. The preference commonly has been related to excessive high acidity for 



 

 

the  tasters due  to high  levels of malic acid up  to 6 g/L and  in  the case of  the non‐selected 

Schizosaccharomyces strains due to their several collateral effects.  

 

 

 



 

 

Figure 8. Summary of sensory profiles performed by Selected S. pombe, non‐selected S. 

pombe and selected S. cerevisiae strains from very acidic grape musts. 

 

5.13. Combination with other yeast species 

 

New trends involving mixed fermentations between S. pombe and L. thermotolerans have been 

recently performed in warm viticulture regions with few malic acid content and really high 

pH of about 4. The objective of this combination is to avoid biogenic amines formation during 

malolactic fermentation at high pH. In that case L. thermotolerans is used in order to avoid an 

excessive deacidification through lactic acid formation. These wines showed lower final levels 

of  biogenic  amines  up  to  almost  2  mg/L  than  the  controls  that  underwent  malolactic 

fermentation [7]. The pH was also reduced in 0.25 instead of increasing. 

 

Conclusion 

 

There are many new uses related to Schizosaccharomyces genus that can be applied in modern 

enology different from the classic malic acid deacidification. These new applications are not 

only related to improve wine quality. They can also improve food safety parameters doing 

the act of drinking wine a healthier habit. Last studies have demonstrated that is possible to 

make quality wine by using Schizosaccharomyces genus when selected strains are used. These 

strains can be used to produce wines with low levels of malic acid, acetic acid, gluconic acid,  

ethyl carbamate and biogenic amines, and with an appropriate volatile aroma profile.  
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Schizosaccharomyces pombe isolation protocol 
A. Benito, F. Calderón and S. Benito. 

 

Abstract 

 

This chapter describes a methodology to isolate yeast strains from Schizosaccharomyces pombe species. 

The method is bases on a selective-differential medium which notably facilitate the isolation of S. pombe. 

The main difficulty in isolating microorganisms from this genus is their extremely low incidence in 

nature when they are compared to other microorganisms. The proposed methodology allows to isolate 

and to select individuals from this species for industrial purposes. But it also allows detecting the 

presence of those yeasts when they are considered as spoilage microorganisms. Several selective-

differential agents based on the basic physiological characteristics of S. pombe species are exposed 

during the chapter introduction and the use is properly justified. Some of those representative 

characteristics are its extraordinary resistance to high sugar concentrations, sulfur dioxide, sorbic acid, 

benzoic acid, acetic acid or their unique malo-ethanolic fermentation ability. The proposed selective 

medium is mainly based on S. pombe resistance to the antibiotic actidione and the unusual tolerance to 

the inhibitory agent benzoic acid compared to possible microorganisms that could produce false-positive 

results during an isolation process. In addition, malic acid is proposed as the main differential factor due 

to the exclusive ability of this species to metabolize malic acid into ethanol. This fact allows the detection 

of malic acid degradation. Cloramphenicol is used to inhibit bacteria growth and liquid media to avoid 

fungi development. 

 

Key words Schizosaccharomyces pombe, benzoic acid, actidione, cloramphenicol, differential selective 

medium, malic acid. 

 

1 Introduction 
 

Yeasts of the species Schizosaccharomyces pombe were frequently described as spoilage yeasts in the 

past, most of the time by reason of the synthesis of undesirable sensory compounds in food industry (1). 

However, this species is recently used to solve specific industry problems, principally in the winemaking 

manufacturing and other fermentation industries, due to its unique ability to metabolise L-malic acid to 

ethanol (2, 3). On the other hand S. pombe remains as a very interesting microorganism whose unique 

reproduction by schizogony is being studied by many medical and biology research groups (4). In spite 



 

 

of the fact that there are several positive S. pombe uses, the availability of commercial S. pombe strains 

is still very restricted, due to the reduced frequency of this species when it is compared to other yeasts 

(5). For that reason the isolation of S. pombe strains must be carefully optimized in order to successfully 

isolate colonies without any interference from any other competitor microorganisms. Just a few 

references report the isolation of yeast strains of Schizosaccharomyces genus, the most relevant ones are 

from wine and palm wine, grapes and beer (6). Nevertheless, the highest presence was reported in 

products with high sugar content, such as sweets, dried fruit, molasses or honey (6, 7). So the most 

logical way to try to find representative universes of this species is in those high sugar niches. In addition, 

S. pombe or any other species from genus Schizosaccharomyces are reported among the 20 most 

common Food-Borne Yeasts collected by (8). Prefessor Deák (8) reported calculated frequencies of 

yeasts in Food: Schizo. Octosporus (all foods: 0.18% /Fruit, beverages, wine and beer: 0.35%/ Low aw 

products: 1.06%) and Schizo. pombe (All foods: 0.98% / Fruit, beverages, wine and beer: 1.69%/ Low 

aw products: 2.98%). For that reason, looking in Low aw products for considering them is the best 

scenario. From a statistical point of view, we only could achieve four strains from each 100 strains 

isolations. Therefore, achieving a suitable universe of representative S. pombe strains at an industry scale 

requires a huge effort that makes it almost impossible if classic yeast isolation methods are applied. 

Table 1 proposes a simplified model of the estimated frequencies of the different species of yeast in 

foods ordered by genus. 

 Table 1. Simplified model by genus of the frequencies (%) calculated for yeast species in 
foods from Deák (Deak 2007).  1: All Foods, 2: Fruits, Beverages, Wine and Beer, 3: Low-
aw Products. The reduced incidence of the genus Schizosaccharomyces with respect to the 
others can be seen.   

Candida 22.61 Candida 17.02 Candida 10.42 

Cryptococcus 4.43 Cryptococcus 2.81 Cryptococcus 1.94 

Dekkera 0.35 Dekkera 1.08 Dekkera 0 

Hanseniospora 2.15 Hanseniospora 5.03 Hanseniospora 2.47 

Kluyveromyces 3.96 Kluyveromyces 2.49 Kluyveromyces 4.58 

Pichia 18.37 Pichia 16.74 Pichia 17.97 

Rhodotorula 9.3 Rhodotorula 6.58 Rhodotorula 2.58 

Saccharomyces 7.94 Saccharomyces 9.17 Saccharomyces 8.12 

Saccharomycodes 0.69 Saccharomycodes 1.26 Saccharomycodes 0.94 

Schizosaccharomyces 1.16 Schizosaccharomyces 2.04 Schizosaccharomyces 4.04 

Torulospora 4.23 Torulospora 5.91 Torulospora 8 

Zygosaccharomyces 6.44 Zygosaccharomyces 9.67 Zygosaccharomyces 19.99 

Other Genera 18.37 Other Genera 20.2 Other Genera 18.95 

 

In low osmotic food products there is a reduced incidence of Schizosaccharomyces genus compared to 
other yeast genera such as Zygosaccharomyces, Torulospora, Saccharomycodes, Hanseniospora, 
Rhodotorula, Kluyveromyces, Dekkera or Saccharomyces. Fig. 1 reviews the principles of the proposed 
differential-selective media reported in the scientific references for yeast isolation/detection. Regarding 
S. pombe only one selective medium has been reported until now (6). 
 



 

 

 
Fig. 1. Summary of the specific selective-diferential factors used to isolate Schizosaccharomyces pombe strains. 

 
Those selective media are founded on the principal physiological and metabolic characteristics of the 
specific microorganisms that Scientifics try to isolate. The specific characteristics of S.pombe are: High 
resistance to the antibiotic actidione that only a reduce number of yeast species are (9) able to tolerate. 
Other actidione resistance species are Dekkera bruxellensis, Dekkera anomala, Hanseniaspora uvarum 
and Candida parapsilosis. Table 2 simplifies the occurrence of actidione resistant species. It can be 
observed that the incidence of the genus Schizosaccharomyces would increase to a value higher than 
50% (S. pombe 41.62% + S. octosporus 14.8%) in case of using actidione as a selective factor.  
 

 Table 2. Frequency model (%) calculated by yeast species resistant to selective factor actidione in 
foods by (Deák 2007) corrected to actidione-resistant  species. 1: All Foods, 2: Fruits, Beverages, Wine, 
Beer, 3: Low-aw Products.  
 

D.bruxellensis 1.71 D.bruxellensis 4.26 D.bruxellensis 0.00 

D. anomala 2.57 D. anomala 6.44 D. anomala 0.00 

S. pombe 11.98 S. pombe 16.73 S. pombe 41.62 

S. octosporus 2.20 S. octosporus 3.47 S. octosporus 14.80 

P. guilliermondi 30.81 P. guilliermondi 23.76 P. guilliermondi 19.69 

H.uvarum 16.50 H.uvarum 31.68 H.uvarum 8.24 

C. parapsilosis  34.23 C. parapsilosis  13.66 C. parapsilosis  15.64 
 
 

Those species were also reported as capable of develop on high sugar media as Malt Yeast 50% Glucose 

Agar(1). Some of those species were also reported extremely resistant to preservative agents as sorbic 

or benzoic acid up to 600 mg/L(9). Most yeast species are inhibited at 250 concentrations, one exception 

to this rule is Zygosaccharomyces species that can tolerate up 1500 mg/L (9). Nevertheless, most 

actidione resistant yeast species were reported to be especially sensitive to benzoic acid up to 200 mg/L 

at pH 3.5 (Benito, 2009b). One example is Kloeckera/Hanseniaspora that was reported to be sensitive 

to benzoate at levels less than 188 mg/L at pH 3.5(9). On the other hand, D. bruxellensis was reported 

as especially resistant to sorbates up to 1000 mg/L at pH 3.6 (10). Candida parapsilosis was also 

described as especially resistant to sorbate concentrations up to 10 to 20 g/L at pH 4(9). 

Schizosaccharomyces was also described as highly resistant to sulfur dioxide up to 120 mg/kg at pH 



 

 

3.5(1). It was also isolated from 45º Brix concentrated raspberry juice with a sulphur dioxide content up 

to 250 mg/kg at pH=3 (1). Other actidione resistant yeast species such as Dekkera or Kloeckera were 

reported as more sensitive to free SO2 concentrations of 20 mg/L at pH 3.5(10). Furthermore, 

Schizosaccharomyces is able to assimilate glucose, maltose, sucrose and raffinose or D-gluconate as 

carbon source (1). The genus is also reported as resistant to high ethanol levels (11) up to 16%. S.pombe 

is also especially resistant to high acetic acid contents as malt acetic agar, whose other actidione resistant 

yeasts  as Dekkera, Kloeckera or Candida parapsilosis are not (1). 

It must be also mentioned that the main characteristic of this species is its unique ability to perform 

malo-alcoholic fermentation in order to carry out malic acid deacidification (2). No other genus has been 

described as able to perform a deacification higher than 20 % while most S. pombe strains perform about 

100% malic acid deacidification (11). This malic acid degradation clearly indicates the presence of 

yeasts with this ability in any culture media that contains the acid. So it constitutes an interesting aspect 

to be used as differential factor in order to detect S. pombe. 

This chapter summarized the main points to optimize a selective-differential medium in order to 

successfully isolate Schizosaccharomyces pombe strains. Those points are showed in Fig. 1. Those 

principles can be used to facilitate the detection of this microorganism.  

 

2 Materials 
 

In this methodology, the growth media supplemented with differential-selective agents is used in order 

to inhibit most common competitor microorganism of S. pombe (Fig. 1). Actidione is used to inhibit 

most yeasts that are present in nature and benzoic acid is used in order to inhibit the few yeasts resistant 

to actidione from a different genus than Schizosaccharomyces. Malic acid is used in order to evaluate its 

degradation, this special ability only have been described until now for Schizosaccharomyces genus, so 

the degradation of the acid is related to the presence of Schizosaccharomyces yeasts. Chloramphenicol 

is used as an inhibitor for most bacteria. 

 

The materials used were:  

Yeast extract, petone and Bacteriological agar from Pronadisa (Pronadisa, Madrid, Spain). 

Glucose (J. T. Baker Chemicals B.V., Denventer, Holland). 

Actidione (Fluka Steinheim, Switzerland). 

 Ethanol, sodium benzoate, orthophosphoric acid and malic acid all supplied by Panreac (Panreac, 

Barcelona, Spain). 

Chloramphenicol (Sigma-Aldrich, St. Louis, USA). 

Y350 diode array spectophotometer (Biosystems, Barcelona, Spain). 



 

 

Biosystems malic acid enzymatic analytical kit 

(http://www.biosystems.es/products/FOODQUALITY/Enolog%c3%ada/REACTIVOS%20ENOLOGI

A/Malic%20Acid/L-MALIC%20ACID). 

Chloramphenicol from Sigma-Aldrich (Sigma-Aldrich, St. Louis, USA).  

Autoclave trade steam sterilizer from Raypa (Raypa, Barcelona, Spain). 

Petri dishes from Deltalab (Barcelona, Spain). 

1000 µm Tips from Deltalab (Barcelona, Spain). 

100 µm-1000 µm Micropipet Sartorious (Helsinki, Finland). 

Ultraviolet laminar flow chamber. 

 

2 Isolation Methodology 
 

1. Prepare YEPD liquid base medium with 10 g/L of Yeast Extract (Pronadisa, Barcelona, Spain), 
10 g/L of Glucose and 10 g/L of Peptone and sterilized water. Calculate the volume depending 
on the size of samples to perform.  

2. Fix the pH values of the media adding phosphoric acid to 3.6 (Panreac, Barcelona, Spain) 
previous to sterilization. 

3. Sterilize the medium by autoclaving it at 121º C for 15 minutes. 
4. Prepare a vessel with ethanol to reach a final ethanol concentration of 4 % in volume in the liquid 

YEPD media. 
5. Add to the ethanol solution the products: actidione, chloramphenicol, benzoic acid and malic 

acid in order to reach a final concentration in liquid YEPD media the following concentrations: 
20 mg/L (actidione), chloramphenicol (200 mg/L), 350 mg/L (benzoic acid) and 4 g/L (malic 
acid). If possible sterilize the vessel with the content of ethanol solution and the other selective 
factors by ultraviolet light. 

6. Combine the ethanol solution containing the selective factors with liquid YEPD solution. 
7. Combine the selective medium with the subtract to isolate (50% to 50% proportion if liquid 

subtracts) or introduce solid subtracts in the same proportion in mass. 
8. Incubate the sample vessels at 25 ºC for 17 days. (Note: analyze the initial concentration of malic 

acid in case the original substract contains it). 
9. After 17 days analyze the final malic acid content by spectrophotometry. 
10. Select samples that show malic acid degradation over 50 %.  
11. Verify the presence of yeasts performing schizogony (Fig.2) reproduction if possible. 
12. Cultivate on Petri dishes using the same selective media but in solid agar phase (30 g/L of 

Agar) by dilutions until getting individuals strain colonies of S.pombe (Fig. 2).  
 



 

 

 

Fig. 2. Proposed method of isolating strains of Schizosaccharomyces pombe. 

 

3 Notes 
 

1. Fig. 2 summarizes the isolation methodology. 
2. All commercial trademarks that were used to optimize the medium were properly indicated. Even 

though The use of other ones should also work in a similar way. 
3. The concentrations used in this work are the ones that were used to optimize the medium testing 

for many microorganisms from different culture collections. Nevertheless, the use of other ones 
could also work.  

4. We used previous liquid media. Because usually in the subtracts where we try to isolate S. pombe 
there are many fungi that usually make it impossible to isolate S. pombe colonies directly in solid 
media.  

5. Alcohol inhibits low ethanol resistant species such as Kloekera/Hanseniospora. 
6. When adding the selective factors into the ethanol solution to the vessel, the vessel can be 

sterilized 10 minutes under ultraviolet light exposition if possible. 
7. Recommended to look in high sugar concentration subtracts to increase the probability of 

success. 
8. Malic acid content can be analyzed by other techniques different from spectrophotometry. For 

example paper chromatography is really cheap. It can also be performed by high performance 
liquid chromatography.  

9. Methodology can be adapted to more accurate techniques than those described in this chapter if 
there is availability. 

10. Chloramphenicol is included in formulation in order to inhibit bacterial growth. 



 

 

11. It is recommended to use big volumes of liquid or mass samples to compensate the reduce 
number of S. pombe in the environment. 

12. It is easy to detect the presence of S. pombe in the vessels as they start to ferment. 
13. To isolate from the vessels where fermentation is detected, malic acid degradation and 

Schizogony reproduction increases the probability of success in isolating S. pombe almost at 100 
%. 
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Abstract 

 

The traditional way of producing wine is through the use of Saccharomyces cerevisiae in order to convert 

glucose and fructose into alcohol. In the case of red wines, after this alcoholic fermentation lactic bacteria 

Oenococus oeni is used to stabilize wine from a microbiological point of view by converting malic acid 

into lactic acid that it is not a microbiological substract. The yeast species Schizosaccharomyces pombe 

was traditionally considered as spoilage yeast. Nevertheless, during the last decade it started to be used 

due to its unique malic acid deacidification ability to reduce the harsh acidity of wines from northern 

Europe, by converting malic acid to ethanol and CO2 without producing lactic acid as lactic bacteria 

does. Additionally, during the last years, S. pombe has started to be used to solve the problems of modern 

winemaking industry such as increasing food quality or food safety. Some of those new uses, different 

from its traditional malic acid deacidification, are: high autolytic polysaccharides release, gluconic acid 

reduction, urease activity that make impossible ethyl carbamate (toxic compound) formation, high 

pyruvic acid production, that is related to colour improvement, and removing lactic bacteria subtracts 

while avoiding biogenic amines (toxic compounds such as histamine) formation. 

Key words Schizosaccharomyces pombe, winemaking, malic acid, microbiological deacidification, 

malic acid, food safety, urea, ethyl carbamate, pyruvic acid, glycerol, ageing over lees, anthocyanins, 

pyranoanthocyanins, vitisin, fermentation, wine. 

 

  



 

 

1 Introduction 
 

The Schizosaccharomyces pombe species were frequently reported as a spoilage microorganism in 

winemaking industry. That belief was originated due to the fact that some wines performed by a reduce 

number of S. pombe strains without previous selection process showed some undesirable sensory 

compounds in finished wines (1). Nevertheless, in some specific situations such as high acidic grape 

juices with high contents in malic acid the use of S. pombe showed to be really advantageous in order to 

get softer wines (2, 3). This problem is quite common in northern European regions. For that reason The 

International Organization of Vine and Wine decided to authorize a practice call 'Deacidification by 

Schizosaccharomyces' (OENO/MICRO/97/75/Stage 7) as it was probed to improve wine quality from 

very acidic initial grape juices. However, the first limitation about using S. pome at winemaking industry 

was the really reduced number of commercial strains available on the market. The reason of that 

limitation was due to the low incidence of these species compared to other yeasts in nature (4). Just a 

few strains are available in the world (5). Nowadays there is only one commercial strain available on the 

market (1). Nevertheless, S. pome strains availability problem was recently solved due to the 

development of new selective-differential culture media (6) that are specific for Schizosaccharomyces 

genus. This fact made it possible to achieve representative numbers of S. pombe strains to perform proper 

selection processes. Several companies are now performing selection processes in order to start to 

commercialize new strains of S. pombe for winemaking porpoises (7, 8). 

 

On the other hand during the last five years new winemaking uses different from the classic malic acid 

deacidification have started to be discovered and have been probed to increase wine quality and food 

safety. Some of those new industrial uses are ageing over lees, due to their high polysaccharide release 

that notably increases mouth feeling (9). The scientific references also report the application of specific 

mutants of Schizosaccharomyces pombe to minimize the initial content of gluconic acid (indicator of 

juice quality) in spoiled grape juices (10, 11). S. pombe fermentations notably increase the overall 

pyranoanthocyanin levels in red wines (12). These compounds notably contribute to stabilize wine 

colour through time. Other new applications of S. pombe are the reached improvements in food safety. 

S. pombe has been proved to be able to produce wines free from histamine and other biogenic amines 

produced by lactic bacteria (13). Another toxic compound common in wines with legal limits in the same 

countries is not present in wines fermented by S. pombe, as this yeast produces urea free wine that is the 

main precursor of this cancerogenic compound. 

The specie S. pombe has also been reported to be used in other industries different from winemaking 

such as fermentation for rum production from sugar cane, palm wine production, cocoa fermentation 

and beer (1). 



 

 

 

 

2 Biotechnological applications in winemaking 
 

This chapter summarized the main S. pombe applications in winemaking in order to optimize wine food 

quality and food safety under specific scenarios. Those points are showed in Figue 1.  

 

Figure 1. Summary of Schizosaccharomyces pombe biotechnological applications in winemaking.  

 

1. Malic acid acidity reduction: Wines with excessive high levels in malic acid are considered harsh 
and not balanced from a sensory point of view. The oenologists (winemakers) in difficult years 
with lack of proper grape maturity can suffer this problem in any part of the wine world. This 
situation is quite common in northern European wine regions, where to get very acidic grape 
juices with malic acids concentrations over 5 g/L is a usual problem. Under these circumstances 
the use of S. pombe can be an interesting oenological resource. Studies performed in 
fermentations involving grape juices deacidified by S. pombe produced wines that were preferred 
by professional testing panels to the excessive acidic controls performed by regular S. cerevisiae. 
Most studies involving S. pombe report almost total malic acid degradation. However, 
pronounced differences concerning different degradation kinetics are reported depending on the 
diversity of strains (7, 8). Increases in pH up to 0.5 have been also reported after total malic acid 
deacidification by S. pombe, depending on the consumed amount of malic acid (2, 14).  
 

2. Fermentative power: Several researchers are studying the winemaking potential of non-
Saccharomyces yeast species in order to improve wine quality and to get different products. For 



 

 

that purpose, yeast species such as Torulaspora delbrueckii, Lachancea thermotolerans, 
Metschnikowia pulcherrima, Candida zemplinina, Kloeckera apiculata, Hansenula anomala or 
Pichia guilliermondii are being studied. Even though S. pombe species main ability is its fast 
malic acid deacidification. This species also possess the second advantage of being able to 
completely ferment a high sugar grape juice as S. cerevisiae while the other non-Saccharomyces 
yeast species are not and they have to be used in combination with some S. cerevisiae strain. 
Most recent studies report S. pombe to be able to ferment high quantities of sugar and to be able 
to stand high concentrations of ethanol. Most studies show a slower kinetic metabolism in sugar 
consumption than S. cerevisiae controls (7). Differences up to 2-4 days are usually reported when 
alcoholic fermentation length is compared to S. cerevisiae (2, 8, 15). Nevertheless, we must take 
into account that the second fermentation completed by lactic bacteria in classic red wine 
production is not needed for wines fermented by S. pombe as those wines do not contain residual 
malic acid anymore (13). It is important to emphasize that malic acid second fermentation by 
lactic acid bacteria usually takes longer time than alcoholic fermentation by S. cerevisiae or S. 
pombe and the risk of suffering some deviation is higher than for alcoholic fermentation (14). 
 

3. Moderate acetic acid production: Wines with excessive high levels over 0.8-1 g/L in acetic acid 
are considered as faulty ones due to strong undesirable vinegar character. Acetic acid was 
traditionally considered the main side effect in using S. pombe (3, 6) and it is the main point 
while performing proper selection processes. Recent studies demonstrated that it is possible to 
select S. pombe strains with moderate acetic acid production (8, 9) similar to that produced by 
regular S. cerevisiae controls. Different S. pombe strains show a great variety about acetic acid 
production in most studies as S. pombe genome is very vast (5). Concentrations over 1 g/L have 
been reported for non selected strains (7). Those concentrations are not compatible with high 
quality wines. Nevertheless, in other studies, moderate levels have been reported.  
 

4. High Pyruvic acid  production: Yeast strains that produce high concentrations of pyruvic acid 
during fermentation process are related to wines with higher color stability. Fermentations 
carried out by S. pombe strains are always reported as much higher producers of pyruvic acid 
than classic S. cerevisiae. Nevertheless, significant differences are usually detected depending 
on the S. pombe strains (8, 12, 13). Maximum concentrations of pyruvic acid are detected during 
the first days of alcoholic fermentation. Levels up to about 0.5 g/L were reported by S. pombe 
fermentations while top values up to about 0.1 g/L were reported for high pyruvic acid producer 
selected S. cerevisiae strains (8, 9). The winemaking importance of generating high 
concentrations of pyruvic acid is associated to the high correlation between the quantity of 
pyruvic acid produced during alcoholic fermentation and the production of vitisin A (12). Vitisin 
A is a high stable coloured pigment that contains the pyruvic acid molecule in its composition.  
This colored molecule strongly influences wine colour quality and specially its stability in time. 
The high production of this compound was considered during the last years an important criterion 
in S. cerevisiae selection (16, 17) to produce red wine. However Schizosaccharomyces genus has 
been recently reported as the highest yeast producer of pyruvic acid in winemaking (8, 9).  
 

5. High Glycerol production: Yeast strains that produce high glycerol concentrations during 
alcoholic fermentation process are related to wines with better sensory profile due to mouth 
smoothness (18). Most scientific trails involving S. pombe (14) indicate that it possesses a higher 



 

 

developed glyceropyruvic pathway compared to S. cerevisiae. These results also explain the high 
synthesis of pyruvic acid explained above. Some authors reported glycerol synthesis up to 10 g/L 
and concentrations higher than 1 g/L when compared to classic S. cerevisiae controls (8). High 
glycerol concentrations are described as one of the key influences of some non-Saccharomyces 
yeasts in wine production (18) as it positively influences mouth-feel. Although another non-
Saccharomyces species named Candida stellata is the highest producer of glycerol in 
winemaking (18), the use of S. pombe remains better than S. cerevisiae from this point of view. 
 

6. Non Biogenic amines incidence: Even though wine is a safe product from a microbiological point 
of view, as no pathogenic microorganisms as Sallmonela or Eschericia coli can develop on it 
due to the presence of ethanol. There are some food safety problems with difficult solution related 
to wine consumption. One of those problems is the presence of histamine in most red wines, so 
consumers that suffer from allergy to histamine still remain as a challenge for modern 
winemaking. The harmful effects of biogenic amines in food consumers have been deeply 
studied (14). For that reason, food safety related to biogenic amines (especially histamine) 
remained as a very serious matter for winemaking industry. Indeed several countries have 
established legal limits and it is starting to be an importation problem for some producers. 2 mg/L 
of histamine is the most restrictive concentration in Europe. It has been probed that S. pombe 
does not produce higher concentrations of histamine than S. cerevisiae (12). However, the key 
point of S. pombe is the preventing stabilization about avoiding biogenic amine formation that is 
based on the fact that most biogenic amines are synthetized during wine ageing and malolactic 
fermentation due to lactic acid bacteria metabolism (8, 12-14). Therefore, wines fermented by S. 
pombe do not have anymore the main lactic bacteria nutrient that is malic acid after a proper 
alcoholic fermentation without residual sugars. This fact makes it impossible for lactic bacteria 
to develop and synthesize biogenic amines such as histamine in a wine previously fermented by 
S. pombe. So the risk of biogenic amines formation in wine is totally eliminated (14). 
 

7. Non ethyl carbamate incidence: Another food safety problem in current winemaking industry 
and in every fermentation industry is ethyl carbamate(19). This compound is considered a 
powerful carcinogenic(8) and its levels have started to be controlled in some countries, 
representing also a serious importation problem. Those legal limits varied from 10 to 30 μg/L. 
Ethyl carbamate is the most toxic compound reported in wine from microbiological origin. S. 
pombe species was designated among the uncommon yeast species that are able to perform urease 
activity (20). This enzymatic ability has been reported in several fermentation experiments 
involving S. pombe (2, 3, 21), in those cases the final urea levels were always close to 0 mg/L 
after alcoholic fermentation. Conversely, controls involving S. cerevisiae showed remarkably 
higher concentrations up to 5 mg/L. The use of this unique microbiological enzymatic activity in 
oenology eliminates the initial concentration of the main precursor of ethyl carbamate that is 
urea.   
 

8. Gluconic acid reduction: Gluconic acid is the main indicator of grapes quality health. Grapes 
suffering attacks from fungi and acetic bacteria usually contain high concentrations of gluconic 
acid over 1 g/L that notably reduce the initial quality of wine. Gluconic acid produces off-flavors 
and decreases the wine’s microbiological stability. Those problems can be solved by removing 
gluconic acid from wine at initial stages in grape juice. Specific S. pombe strains are used to 



 

 

eliminate gluconic acid up to 2.5 g/L obtaining higher quality in final wines. This removal 
eliminates volatile spoilage compounds that notably influence the sensory profile (10). 
 

9. High Polysaccharides release: High concentrations of polysaccharides in wines are related to 
what is named wine body. Those molecules inhibit negative sensory sensations produced by 
astringent compounds resulting in rounded soft wines. S. pombe cell wall particular structure 
possesses polysaccharides and sugar derivatives totally different from that possessed by 
Saccharomyces genus (1). The main difference between S. cerevisiae and S. pombe is the 
presence of a-galactomannose rather than mannose, along with the presence of B-(1=>3) glucan. 
The use of S. pombe during fermentation and over-lees ageing processes produce faster release 
kinetics and higher final concentrations in polysaccharides than S. cerevisiae (9). Higher indirect 
indexes like ethanol index that quantify the content of polysaccharides have recently reported to 
be higher when S. pombe is involved in alcoholic fermentation (13). The ageing over lees 
methodology is considered innovative in red winemaking because it produces high quality wines 
with different identity (22).  
 

10. Sensory impact: Wines fermented by S. pombe show significant differences in the acidity 
perception when they are compared to S. cerevisiae fermentations (Figure 2). This perception is 
directly related to malic acid elimination and the pH increased due to malic-alcoholic 
fermentation. S. pombe wines are usually described as sweeter than S. cerevisiae controls 
although wines do not contain residual sugars. This is explained due to the fact that sensory 
balance between acidity, sweetness, salty and bitterness is modified when one of those factors 
increases or reduces. When non-selected S. pombe strains are used, it is common to report faults 
such as high acetic acid or vinegar character, reduction and sulfidric acid perception. 
Nevertheless, when properly selected S. pombe strains are used in very acidic grape juices with 
malic acid concentrations over 6 g/L, those wines usually received the best scores when they are 
compared to S. cerevisiae or non-selected S. pombe strains.  
 

 

Figure 2. Summary of sensory profiles performed by selected (a) S. cerevisiae, (b) non-selected S. pombe and (c) selected S. pombe 
strains in very acidic grape musts. It can be observed that the main problem for (a) S. cerevisiae is the excessive acidity perception. In the 

case of (b) non-selected S. pombe the excessive acidity is corrected but the negative acetic acid and reduction characters are notably 
increased. Finally (c) selected S. pombe shows the highest scores in overall impression due to the observed decrease in acidity perception 

without any increase in acetic acid or reduction characters. 

 

 

 



 

 

11. S. pombe combination with other yeast species: Modern winemaking microbiology is starting to 
use combined fermentations between S. pombe and L. thermotolerans (13, 14)in warm viticulture 
regions like southern wine regions from the south of Europe. The problematic in those regions is 
opposite to the one in the north of Europe. In those cases most grape juices contain just a few 
g/L of malic acid and pH are usually over 4. The main purpose of that combination is to produce 
wines biogenic amines free because when malolactic fermentation takes place at high pH 
environments, the final contents in histamine are always higher. In those cases of low acidity 
initial grape juice, L. thermotolerans yeast is used to avoid excessive deacidification (Figure 3) 
due to the special ability of this yeast species to produce lactic acid during alcoholic 
fermentation(23).  

 

Figure 3. Summary of sensory profiles performed by selected (a) S. cerevisiae, (c) selected S. pombe and (b) selected S. pombe combined 
with L. thermotolerans strains in low acidic grape musts in order to achieve a better food safety profile through elimination of biogenic 
amines and ethyl carbamate risks. It can be observed that the main problem for selected S. pombe is the excessive lack of acidity even when 
food safety improvements are achieved. Finally (c) selected S. pombe combined with L. thermotolerans shows the highest scores in overall 
impression due to the observed increase in acidity perception while food safety improvements are achieved. 

 

 

2 Conclusion 
 

S. pombe species possess new winemaking uses different from its classic malic acid deacidification that 

can be applied in modern oenology to increase wine quality in parameters such as colour improvement, 

mouth tasting or grape health. Some new uses are related to improve wine food safety in parameters 

such as biogenic amines (histamine) or carcinogenic compounds such as ethyl carbamate. 
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Abstract 

 

Commercialized red wines perform malolactic fermentation method to achieve microbiological stability. 

During malolactic fermentation, malic acid is metabolized into Lactic acid under controlled situations 

that avoid future problems before the commercial wine is bottled. Though this procedure wine can suffer 

possible deviations that could evolve to undesirable off-flavors or even health problems that seriously 

influence wine quality and human health. Some of those problems are high acetic acid and biogenic 

amine concentrations. Those problems risk increases in warm viticulture regions where the probability 

of malolactic fermentation deviations increases under specific high must pH and sugar concentration 

circumstances. This chapter explains a modern red winemaking method based on the use of 

Schizosaccharomyces pombe and Lachancea thermotolerans non-Saccharomyces species to reduce 

traditional malolactic fermentation possible problems. In this methodology, Lachancea thermotolerans 

produces lactic acid that increases the acidity of low acidity musts while malic acid is removed by 

Schizosaccharomyces pombe. The influence in parameters such as ethanol, amino acids and volatile 

compounds is properly reported according to the last studies.  

 

Keywords: Schizosaccharomyces pombe; Lachancea thermotolerans; malic acid; lactic acid; urea; ethyl 

carbamate; histamine; aroma compounds; anthocyanins. 

 

1. Introduction. Non-Saccharomyces in modern winemaking.  

The first studies about wine microbiology performed by Pasteur considered malolactic fermentation 

performed by lactic bacteria of Oenococus genus to be a wine disease. However, nowadays most red 

wine manuals assumed malolactic fermentation by Oenococus oeni to be the unique procedure to get 

stabilized red wines from a microbiological point of view as malic acid is completely removed from the 



 

 

media avoiding uncontrolled fermentations inside the bottles in the wine shops or supermarkets (Benito 

et al., 2015a).  

 

On the other hand, modern winemakers and Scientifics have demonstrated that new non-conventional 

winemaking microorganisms can be used to remove malic acid from fermented products and getting 

stabilized wines without microbiological risk of undesirable malic acid fermentations (Benito et al., 

2017). The use of new yeast species different from S. cerevisiae able to produce lactic acid to acidify 

wines from warm regions whose quality commonly suffer from lack of acidity when they are compared 

to wines from prestigious cooler template viticulture regions, is also getting special interest for 

winemakers (Benito et al., 2016a).  

 

Some decades ago before dehydrated commercial yeast, it was quite common to make wine throw 

spontaneous fermentations where non-Saccharomyces from grapes used to perform and important role 

during alcoholic fermentation. Spontaneous fermentation develops according to a sequential action. 

During the first stages, the alcoholic fermentation is ruled by different non-Saccharomyces that perform 

in time according to their resistance to ethanol. During the last stages of alcoholic fermentation, 

indigenous S. cerevisiae usually predominate and finish the alcoholic fermentation due to their superior 

resistance to ethanol that inhibits other possible competitor yeast species. On the other hand, during the 

last decades the use of S. cerevisiae starters became quite popular at industry level and non-

Saccharomyces stopped developing their important role in winemaking in most cases.  That trend was 

based on the desired reduction of any deviation risks in great companies because it is easier to achieve 

predictable and reliable wines in order to standardized wine quality.  Nevertheless, during the last years 

a new trend that try to simulate spontaneous fermentations by non-Saccharomyces but under controlled 

developments is starting to appear at industry scale (Varela 2016; Belda et al., 2015; Jolly et al., 2014). 

For that reason, non-Saccharomyces starters to simulate natural fermentations similar to those that took 

place in the past start to be available in market. 

 

Although in some occasions non-Saccharomyces yeasts performance during fermentation processes 

used to be related to wines with high levels of volatile acidity and other undesirable flavors, especially 

when the process is not controlled. Some non-Saccharomyces strains are nowadays considered able to 

improve wine quality (Jolly et al., 2014; Varela et al., 2016; Cordero-Bueso et al., 2013; Petruzzi et al., 

2017). One of the most important problems related to the use of non-Saccharomyces yeasts, is that most 

of them are not able to complete a proper fermentation process due to their low resistance to ethanol in 

most cases. That is the reason because it is required to combine most of those yeast species to a most 

fermentative yeast species, as the ones included in the most winemaking popular yeast genus named 



 

 

Saccharomyces. Although other high fermentative genus different from Saccharomyces starts to be 

successfully used in oenology (Benito et., 2014b; Benito et al., 2016c; Domizio et al., 2017). 

Nevertheless, some non-Saccharomyces such as Torulospora or Lachancea look to be suitable 

themselves to produce beer or sweet wines as not very high tolerance to ethanol is required for those 

porpoises (Domizio et al., 2016; Tataridis et al., 2013; Michel et al., 2016). Some of the main properties 

form winemaking attributed to non-Saccharomyces species that improve wine quality are ethanol 

reduction (Varela et al., 2015; Ciani et al., 2016), high glycerol production (Belda et al., 2015), high 

pyruvic acid formation (Domizio et al., 2017; Benito et al., 2016c), enzymatic activities such as 

glycosidases or β-lyase (Belda et al., 2016; Belda et al., 2017) or high developed mannoproteins release 

(Belda et al., 2015).   

Some non-Saccharomyces species are probed to be spoilage in oenology such as Brettanomyces, 

Dekkera, Saccharomycodes or Zygosaccharomyces (Benito et al., 2009b). Those spoilage yeasts are 

commonly responsible for producing undesirable off-flavors such as ethyl acetate, ethyl phenols, acetic 

acid or isovaleric acid (Benito et al., 2009a). For that reason, their presence must be controlled throw 

detection procedures and eliminated as soon as possible when they are detected (Benito et al., 2009a). 

On the other hand, several specific winemaking yeast species different from Saccharomyces genus that 

usually appear in wine grapes have been recently proved to increase wine quality in the scientific 

literature under controlled procedures. The most relevant ones are Candida pulcherrima (González-

Royo et al., 2015; Sadoudi et al., 2012; Oro et al., 2014), Candida Sake (Maturano et al., 2015), 

Hanseniaspora uvarum (Zironi et al., 1993; Tristezza et al., 2016), Kloeckera apiculata (Herraiz et al., 

1990), Hanseniaspora viane (Viana et al., 2011; Lleixa et al., 2016), Candida zemplinina (Di Maio et 

al., 2012), Torulospora delbrueckii (Azzolini et al., 2012; Belda et al., 2015; González-Royo et al., 2015; 

Renault et al., 2016, Belda et al., 2017), Pichia Guillermondii (Benito et al., 2011), Pichia fermentans 

(Domizio et al., 2014), Pichia kluyveri (Benito et al., 2015b),  Zygosaccharomyces bailii (Domizio et 

al., 2011a; Domizio et al., 2011b; Garavaglia et al., 2015), Hansenula anomala (Izquierdo-Cañas et al., 

2011; Izquierdo-Cañas et al., 2014), Zygotorulospora florentina (Lencioni et al., 2016), Lachancea 

thermotolerans (Gobbi et al., 2013; Kapsopoulou et al., 2005; Kapsopoulou et al., 2007; Ciani et al., 

2010) and Schizosaccharomyces pombe (Benito et al., 2017; Domizio et al., 2017). In most cases 

sequential inoculation between non-Saccharomyces and Saccharomyces cerevisiae looks to be the best 

option.   

 

T.delbrueckii is used in order to get lower levels in acetaldehyde, acetic acid, and ethyl acetate while 

increasing beneficial compounds such as thiols such as 4-mercapto-4-methylpentane-2-one (4-MMP), 

3mercaptohexan-1-ol (3-MH) and 3-mercaptohexyl acetate (3-MHA)), fruity esters or mano proteins 

(Belda et al., 2015; Belda et al., 2017). Metschnikowia pulcherrima is used to decrease the volatile 



 

 

acidity or ethanol concentration and to increase the concentration of thiols, medium-chain fatty acids, 

fruity esters, terpenols, glycerol or foam persistence (Varela et al., 2016). Candida stellata is used to 

increase glycerol levels over 10 g/L (Jolly et al., 2017). Candida zemplinina is used to achive increases 

in glycerol production, ethanol reduction, aroma complexity, or to reduce malic acid and acetic acid 

(Englezos et al., 2015). Pichia guillermondi is used to improve color stability throw the production of 

high color stable forms such as pyranoanthocyanins (Benito et al., 2011). Pichia kluyveri increases thiols 

and fruity esters such as 2- Phenyl ethyl acetate while reduces final contents in higher alcohols such as 

Hexanol (Benito et al. 2015b). P. membranifaciens increased esters production (Viana et al., 2008). P. 

fermentans (Clemente-Jimenez et al., 2005) generate wines with higher concentrations in acetaldehyde, 

ethyl acetate, 1-propanol, n-butanol, 1-hexanol, ethyl caprilate, 2,3-butanediol and glycerol. H. uvarum 

(Tristezza et al. 2016) generate high levels of glycerol, heptylacetate, 2-phenyl ethyl acetate and low 

volatile acidity concentrations. Hanseniaspora vineae increases fruity aromas, acetate esters, 2-phenyl 

ethyl acetate and ethy lacetate, while reduces biogenic amines concentrations such as histamine (Lleixà 

et al., 2016). Hanseniaspora guilliermondii improves 2-phenylethyl acetate 1propanol, 2-phenylethyl 

acetate and 3-(methylthiol) propionic acid formation, while decreases the levels in ethyl hexanoate, 

pentanoic acid, free fatty acids, 2-methyltetrahydrothiophen-3-one and acetic acid-3-(methylthio) 

propylester (Viana et al., 2008). Selected strains of Zygosaccharomyces genus can increase levels of 

ethyl esters that improve fruity and floral perception (Garavaglia et al., 2015; Whitener et al., 2016). 

Debaryomyces pseudopolymorphus can increase terpenols concentrations (Cordero Otero et al., 2003). 

Williopsis saturnus is used to increase isoamyl acetate (Chen et al., 2015). Zygotorulaspora florentina 

is used to increase polysaccharides, 2-phenylethanol, glycerol and other esters while reduces volatile 

acidity (Lencioni et al., 2016). Table 1 summarizes some abilities of the main non-Saccharomyces used 

in winemaking. 

 

Table 1.  Oenological influence on wine quality of the main non-Saccharomyces yeast 

species reported in wine making. 

    

    

Torulospora delbrueckii  Acetic acid ↓ reduction, Aroma complexity ↑ 

Metschnikowia 

pulcherrima 

 Esters ↑, terpenes ↑ and thiols↑. 

Pichia kluyveri  Varietal thiols ↑ and esters ↑. 

 Hanseniaspora vineae  2-phenyl-ethyl acetate ↑, biogenic amines ↓ 



 

 

Kloeckera apiculate  Aroma complexity ↑ 

Candida stellata  Glycerol ↑  

Pichia guillermondii  High stable colour forms ↑ 

Zygosaccharomyces bailii  Polysacchaarides ↑ 

Hansenula anomala  C6 alcohols ↓ 

Lachancea 

thermotolerans 

 L-lactic acid ↑, Acidification, 

Schizosaccharomyces 

pombe 

 L-Malic acid ↓, Deacidification 

 

 

Among non-Saccharomyces yeast species, Lachancea thermotolerans is described for being able to 

acidify low acidic grape juices from warm regions where that point is the main quality problem when 

those wines are compared to the ones from templated regions (Benito et al., 2016b; Balikci et al., 2016). 

On the other hand, Schizosaccharomyces pombe is commonly used to deacidify high acidic grape juices 

from cold viticulture regions in the north of Europe. The use is justified because of the specific skill to 

metabolize malic acid into ethanol removing the main lactic bacteria nutrient in red dry wines (Benito 

et al., 2014b). Apart from this, modern enology employs this genus in new oenology challenges such as 

ageing over lees to increase polysaccharide and mano proteins concentrations (Domizio et al., 2017), 

gluconic acid reduction by specific Schizosaccharomyces mutant strains to improve wine quality 

produced from spoiled grape juices (Peinado et al., 2009), increasing high color stable pigments such as 

pyranoanthocyanins content in red wines (Benito et al., 2017). For all those reasons, the great genetic 

variability reported for S. pombe (Jeffares et al., 2015) invites to develop new selection processes to find 

the most adequate strains for those purposes and new future ones to solve modern oenology challenges. 

 

This book chapter documents how it is possible to produce a higher quality wines under specific 

circumstances related to warm viticulture regions without Saccharomyces or Oenococus genus presence 

through the use of the combine action of Schizosaccharomyces pombe and Lachancea thermotolerans. 

Under those specific circumstances related to warm regions such as high ethanol levels and lack of 

acidity, the risk of collateral effects produced by lactic bacteria when they perform in high pH grape 

juices are avoided (Benito et al., 2017). In those scenarios, the combined action of Schizosaccharomyces 

pombe and Lachancea thermotolerans establishes a suitable alternative at industry scale to solve classic 

malolactic fermentation problems in the production of red wines while final wine quality improves. 



 

 

 

2. Schizosaccharomyces 

 

Schizosaccharomyces genus is nowadays compound of three species: Schizo. octosporus, Schizo. 

japonicus and Schizo. pombe. In classic food microbiology, they are classified according to the number 

of spores per ascus and their aptitude to ferment raffinose and sucrose (Benito et al., 2014a). They usually 

appear in high osmotic pressure media related to high sugar concentrations and hot climate regions. 

The most common species that appears or is used in food industries is S. pombe, although S. japonicus 

is starting to be used (Domizio et al., 2017). Schizosaccharomyces genus morphology is very peculiar. 

S. pombe morphology is rectangular, the cells size varied from 2 x 6 µm to 4 x 20 µm (Figure. 1). Under 

natural environments they appear as isolate cells or in reduces groups of two cells. S. pombe can 

sporulate. It possesses a very specific asexual reproduction ability that is denominated binary fission. It 

consists on generating a septum in the center of the cell before dividing the cell into two independent 

yeasts. Some characteristic of the species is that it can not assimilate nitrates, it does not possess α-

glucosidase activity, it possesses urease activity and it is not able to break down arbutin through 

enzymatic activity. It is possible to distinguish it as it reacts with diazonium blue turning into blue/green. 

Among the fermentative yeasts is characterized because of its high fermentative power similar to 

Saccharomyces cerevisiae up to 15 % ethanol vol/vol. Another specific characteristic of this genus is its 

ability to totally metabolize malic acid into carbonic anhydride and ethanol. For that reason, S. pombe 

species was firstly named Schizosaccharomyces acidovorans. A specific NAD-dependent malic enzyme 

decarboxylates malate to pyruvate under anaerobic conditions. Pyruvate is after decarboxylated into 

ethanol and later reduced into ethanol. The cell structure is very specific and peculiar among the different 

ascomycetes. It is rich in polysaccharides , α-galactomannose and some amino acids than any other 

known yeast species (Benito et al., 2014a). 

 



 

 

 

Figure 1. Details of Schizosaccharomyces pombe fermentation in wine where can be observed the basic 
morphology characteristics. 
 

The genus is facultative anaerobic and can metabolize hexose sugars such as fructose and glucose or 

sucrose disaccharide. They ferment through glycolytic pathway producing carbon dioxide, ethanol and 

some other secondary metabolites. Schizosaccharomyces was described before the strain selection age 

as a great hydrogen sulphide producer when it was compared to Saccharomyces. It also produces notable 

glycerol concentrations Schizosaccharomyces spp are not considered to be able to produce extracellular 

amylases, pectolytic enzymes and proteases. Nevertheless, new studies report that those activities are 

strain-dependent. Some specific S. pombe strains degrade starch with plasmids carrying the 

glucoamylase gene of Sacch. diastaticus. Schizosaccharomyces octosporus can hydrolyse lard to stearic 

acid. (Benito et al., 2014a). S. pombe can growth at higher temperatures than S. cerevisiae of about 36°C. 

S. japonicus is able to develop at slightly high temperatures of about 40°C. This ability allows 

Schizosaccharomyces species to ferment with less refrigeration demanding than S. cerevisiae. The genus 

is also found in media with low pH of about 3 where probably can assimilate the acid responsible of that 

low pH. 



 

 

 

Schizosaccharomyces genus is able to develop in media of high osmotic pressure, most of the time due 

to high sugar contents. Its osmotolerant ability allows it to growth in media containing up to 50% glucose 

and water activity (aw) values of about 0.78. Contrarywise, the Schizosaccharomyces species are not so 

resistant to high salt concentration. They usually do not develop at aw levels below 0.95 of this solute. 

In low aw environments Schizosaccharomyces increases the production of intracellular glycerol as 

defense reaction. (Benito et al., 2014a). 

 

Schizosaccharomyces species are widely described to be tolerant to high concentrations up to 1000 mg/L 

of several stabilizers/inhibitors such as acetic acid, sulphur dioxide, benzoate or sorbate. Those additives 

are common in food industries, this is one of the reason because it was considered a spoilage 

microorganism at the beginning (Benito et al., 2013a).  

 

The isolation of Schizosaccharomyces strains is based on differential selective media that contains 

selective and differential factors such as actidione antibiotic. Even though there are a few actidione yeast 

resistant species from genus such as Brettanomyces and Dekkera can tolerate it. Those possible false 

positives are usually avoided throw the use of additional inhibitor agents such as benzoic acid, sorbic 

acid, acetic acid or high sugar concentration. Differentiation processes are based on malic acid presence 

that is commonly used as a way of detecting microorganisms able to degrade it that can be easily 

identified by pH controls or specific enzymatic analyses. The use of those diferential/selective media 

has allowed the isolation of hundreds of Schizosaccharomyces different strains and to select some ones 

with proper winemaking attitude (Benito et al., 2014b). 

 

The use of Schizosaccharomyces genus in winemaking was discussed at the International Organisation 

of Vine and Wine. Nowadays it is a recommended practice to deacidify wines from very acidic musts 

from the north of Europe. However, despite offering the advantage of malic dehydrogenase activity, plus 

a wall structure that ensures the autolytic release of mannoproteins and polysaccharides during ageing 

over lees, only one commercial strain of Schizosaccharomyces pombe is currently available at the 

market. 

 

3. Lachancea thermotolerans 

 

Lachancea thermotolerans is the main species of the genus Lachancea (Kurtman et al., 2011). The genus 

was previously known as Kluyveromyces (Batt 2014). That is the reason why some commercial products 

keep the former genus name. This genus was proposed to join several different genera showing 



 

 

similarities in their rRNA level (Kurtman et al., 2011). The genus is one of the more basal genera in 

Saccharomycetaceae family.  

The genus possesses asexual reproduction by cell division based on multilareral budding. Cells can be 

spherical, ovoid ellipsoidal or elongate. Morphology is quite like Saccharomyces genus although the 

size of the cells is slightly smaller. The yeast cell size varies from 3 to 5 µm (Figure. 2). Even the genus 

is not able to form Pseudohyphae, true hyphae can be generated. The sexual production is performed 

through conjugation that originates ascus that contain from one to four ascospores. The main 

physiological characteristics of the genus are its vigorous glucose fermentation, no nitrate assimilation, 

ethylamine assimilation, coenzyme Q-6 as main ubiquinone and diazonium blue B negative reaction.  

 

 
 

Figure 2. Details of Lachancea thermotolerans fermentation in wine where can be observed the basic 
morphology characteristics. 

 

Nowadays, the genus includes 11 other species: L. cidri, L. dasiensis, L. fantastica, L. fermentati, L. 

kluyveri, L. lanzarotensis, L. meyersi, L. mirantina, L. nothofagi, L. quebecensis and L. walti. From the 

ecological viewpoint, most Lachancea species are ubiquitous. Lachancea species are defined according 

to growth reactions related to melobiose, galactose, melezitose, sorbose, cycloheximide or 37 ºC. 

 

The ability of the genus to use lactose enzyme is its main application in biotechnology. It is also 

important because of other enzymes and other biomolecules that are produced by the genus. It is also 

common the use of the genus due to its ability to be used as host for the expression of recombinant 

enzymes. Is is a very safe genus from a food safety point of view as it is denominated GRAS. These 



 

 

status is given to microorganisms whose usage records in food applications do not show any incidence 

related to food toxicology. The genus can secrete a considerable number of enzymes and for secreting 

heterologous proteins. It also possesses applications as set of recombinant DNA tools and as replicating 

and integrative vectors. The genus is an important source of hydrolytic enzymes. The purified enzymes 

are used as biocatalysts to produce lactase, cellulase or inulinase.  

 

The main use of Lachancea genus at food industry level is to reduce the lactose content in dairy products 

and the production of food products of 0 g/L content in lactose for people who suffer from lactose 

intolerance. Another use is to produce single cell protein from whey. This factor helps to reduce in dairy 

industry problems of waste disposal in some cheese production processes. Some applications that are 

being studied at pharmacy industry are related to interleukin, hepatitis B surface antigen, human serum 

albumin, and granulocyte colony-simulating factor. 

 

L. thermotolerans usually appears in a great range of natural habitats, such as plants, soil and 

horticultural crops, but it is particularly common in grapes and wine. According to some authors yeast 

form the genus represent about 4 % of the yeast population in fruits while Saccharomyces reprents about 

8 % and Schizosacchromyces less than 1 % (Deak et al., 2007). 

 

The use of L. thermotolerans inocula to moderately ferment sugar is being increasingly explored in 

winemaking and specially in brewing industries where the final alcohol levels are lower than in wine 

(Domizio et al, 2016). Nevertheless, the lactic acid biological acidification is considered to positively 

affect the organoleptic quality and microbial stability of resulting fermented beberages from original 

low acidic fruit juices or in beer where the pH is almost neutral under regular circunstances (Domizio et 

al, 2016; Benito et al., 2016b; Balikci et al., 2016). Other positive chemical and sensorial effect includes 

slightly lower final ethanol content than S. cerevisiae (Benito et al., 2016b). Several scientific studies 

report improvements in wine aroma, flavor and mouthfeel that justify its use even is not as much 

powerful fermenter as S. cerevisiae (Gobbi et al., 2013; Comitini et al., 2011; Kapsopoulou et al., 2007). 

Those activities have notable increased the commercial demand of this yeast, for those reasons several 

L. thermotolerans are now available as starters at the yeast market to be used in wine fermentations or 

brewing in simultaneous or sequential inoculation with S. cerevisiae. 

 

 

4. Oenococus oeni  

 



 

 

Oenococus oeni is a specie include in Oenococus genus from Leuconostocaceae family (Lonvaud-Funel 

et al., 2014). Leuconostocaceae family is part of the order of Lactobacillales that are regularly called 

lactic acid bacteria. The family formerly was considered the Leuconostoc genus. That common name is 

given for the exclusive ability of this microorganisms to produce lactic acid from carbohydrates 

fermentation. All the species included in this family are gram-positive, non sporulating and their DNA 

exhibits a G+C content below 50 %. They can grow in either anaerobic or aerobic conditions and 

commonly catalase is not present. They are mesophiles, their optimum growth temperature is about 30 

ºC. The optimal pH for development is about 6, but some genus are able to develop at low pH close to 

3. They need specific growth media due to their needs in amino acids, peptides, carbohydrates, vitamins 

and metallic ions. Most of the species belonging to the family growth in the selective and differential 

media name MRS (Man, Rogosa and Sharpe). Oenococus oeni species was formerly called Leuconostoc 

oenos. The specie is mainly isolated from grapes and apple juices or their fermented products where 

significant concentrations of malic acid are common. It becomes the main microorganism in those niche 

after alcoholic fermentation takes place when just a few possible competitors microorganisms can 

survive in high ethanol and acid concentrations. However, it is considered a spoilage microorganism in 

some food industries such as mango juices.  

Leucononostaceae family is commonly used in food industries such as dairy, acidified vegetables, wine 

or cider industries. They are used in the production of fermented milks, butter and cheese production. 

The fermentation in vegetables increases the microbial stability and avoid spoilage microorganism’s 

development due to the significant decrease in pH. 

Oenococus oeni became almost exclusive in wine and cider industries after yeast action.  The most 

significant ability of this specie from a food industry point of view is the ability to transform L-malic 

acid to L-lactic acid and CO2. The specie is also able to metabolize citric acid and to produce volatile 

compounds such as diacetyl. Oenococus oeni achieve biological stability in wine and cider because most 

available nutrients are depleted after their metabolism generating stable products from a microbiological 

point of view. 

However, several species of the Leucononostaceae family can be considered as spoilage microorganisms 

depending of the moment that they appear in certain food industries. In industries that deal with sugar 

products, in some occasions produce dextran or souring effects. In sugar factories can originate delays 

in crystallization and yield reduction. In rum industry it also produces undesirable dextrans. In any yeast 

fermentation industry also can stop alcoholic fermentation when it reaches high populations that inhibit 

yeast development. In cured meat industries can also produce undesirable discoloring, off-odor, acetic 

acid, acetoinic compounds and ethanol. The spoilage of alcoholic beverages is mainly due to their 

heterofermentative metabolism of hexoses during the alcoholic fermentations by yeasts where 

undesirable compounds such as acetic acid or diacetyl are produced. 



 

 

The main concern about being consider spoilage microorganisms in specific cases in the capability of 

producing biogenic amines, that are biological compounds able to negatively influence human health. 

The main biogenic amines are histamine, tyramine, diaminobutane (putrescine), and diaminopentane 

(cadaverine). The presence of some strains with amino acid decarboxylase-positive activity allows them 

to produce those toxic compounds. It is important to stat that enzymatic activity is strain dependent and 

it is not related to the family, genus or species. 

 

 

5. Traditional Malolactic fermentation  

 

Spontaneous malolactic fermentation is an unpredictable risky procedure that depends on several 

variables such as initial must/wine, temperature, sulfur dioxide, ethanol or total polyphenol index. From 

a winemaking point of view the use of direct bacteria inoculation looks to be the most reliable option. 

Nevertheless, that process can be delicate, depending on environmental conditions that directly influence 

the viability of the inoculum. Malolactic fermentation can be developed by several lactic acid bacteria 

species. Those species share the ability to import malate and to decarboxylate it. Oenococcus oeni is the 

one which is best adapted to the final wine conditions. This is due to its acidophilic and ethanolic 

resistance that make it the most used species in oenology from a commercial point of view.  

Another no so common option is the use of Lactobacillus plantarum species that recently started to be 

commercialized. This species possesses a homofermentative metabolism that avoid acetic acid 

deviations while other lactic bacteria species such as Oenococus oeni metabolizes glucose or citric acid 

increasing final volatile acidity. Pediococcus genus is considered to be undesirable in winemaking 

malolactic fermentation due to the production of ropiness character or high concentration of diacetyl.  

A common drawback in malolactic fermentation management is the delay in starting that in some 

occasions lead to wine spoilage microbiota contamination. Bacteria inoculation of selected strains 

adapted to wine conditions looks to be a proper solution to achieve fast industry processes that vary from 

10 to 21 days. Other new trend is to inoculate the grape juice before the alcoholic fermentation to ensure 

a rapid malic acid consumption. However, if a sluggish takes place during alcoholic fermentation a great 

growth of lactic bacteria over yeasts can decrease wine quality due to high volatile acidity final 

concentrations. This phenomenon is due to O. oeni heterofermentative metabolism that produces lactic 

and acetic acid from sugar when residual hexoses remain in the media before alcoholic fermentation 

properly ends.  Another new option is to inoculate a selected strain of Lactobacillus plantarum prior or 

simultaneous to the regular yeast inoculation. L. plantarum prefers malate as energy source at low pH, 

doing malate decarboxylation mixed fermentation or in prealcoholic fermentation by yeasts.  

 



 

 

6. Schizosaccharomyces pombe and Lachancea thermotolerans combined fermentation 
 

6.1 Fermentation Kinetics 

 

Although combined fermentations by Schizosaccharomyces and Lachancea are reported to be slower 

than the S. cerevisiae controls about 2 to 4 days (Benito et al. 2015a; Benito et al., 2016a). We must 

consider that after the combined alcoholic fermentation the malolactic fermentation process by lactic 

bacteria is not needed any more. A regular alcoholic fermentation usually lengths from 7 to 10 days at 

industry level if not stopping of slowing down take place. However, a fast-malolactic fermentation length 

from 15- 21 days when the temperature control and bacteria inoculation are optimized. However, if it is 

not possible to achieve the optimal conditions, the process usually lengths longer up to several months, 

when in the industry is not possible to control factors such as temperature or inoculation. So, in a global 

industrial understanding the Schizosaccharomyces and Lachancea combination option greatly decrease 

the industry wine production hours, energy and microbiological sources. During the combined 

fermentation process between the two-yeast species, Kluyveromyces thermotolerans usually disappears 

when ethanol levels are about 9 %. This is due to the relatively low alcohol tolerance reported for this 

moderate fermentative species. For that reason, the powerful fermentative S. pombe is inoculated to 

ensure a proper alcoholic fermentation ending over 9 % ethanol levels while malic acid is completely 

removed from the media. Some authors propose that the alcoholic fermentation process performed by 

these new biotechnologies can be accelerate inoculating higher initial populations than those regularly 

use for S. cerevisiae in order to compensate the slightly slowness. The different population kinetics 

between the different species can be followed by microscope observation, as Schizosaccharomyces cells 

are easy to distinguish because of its rectangular morphology or using specific selective diferential media 

for Schizosaccharomyces or for non-Saccharomyces as Lysine media (Benito et., 2013b). Figure 3 shows 

a combined fermentation between S. pombe and L. thermotolerans where it is very easy to distinguish 

the two species due to their peculiar different morphologies (Figure 3). 



 

 

 

Figure 3. Details of Combined fermentation between Schizosaccharomyces pombe and Lachancea 
thrermotolerans yeast species in wine. It is observed the bigger size of Schizosaccharomyces pombe of 
about 10 μm than Lachancea thermotolerans cells of about 5 μm. S. pombe morphology is rectangular 
while L. thermotolerans is rounded. 
 

 

6.2. Glycerol 

 

Glycerol is the second alcohol in terms of concentration present in wine, its final concentration usually 

varies from 4 to 6 g/L. Most of glycerol is produced during the first stages of alcoholic fermentation 

(Benito et al., 2015a). High glycerol levels are usually related to soft wines with high sensory scores in 

parameters such as sweetness, structure and body. To achieve Enlarged glycerol concentrations in wine 

is one of the main objectives that justify the use of non-Saccharomyces strains on modern winemaking 

(Jolly et al., 2006). Regarding this topic combined fermentations involving Lachancea and 

Schizosaccharomyces are reported to produce higher levels in glycerol when they are compared to the 

Saccharomyces cerevisiae controls (Benito et al., 2017). Increases of about 0,8 to 1,5 g/L are reported 



 

 

in the scientific literature. Those results are logical as Lachancea thermotolerans and 

Schizosaccharomyces pombe were reported to be higher glycerol producers than Saccharomyces 

cerevisiae species reaching levels up to about 8-9 g/L (Benito et al., 2016; Balikci et al., 2016a; Domizio 

et al., 2017). Some non-Saccharomyces yeast produce occasionally more glycerol, due to a more 

developed glyceropyruvic pathway than S. cerevisiae (Belda et al., 2015). Although to achieve greater 

level in glycerol concentration is not the main goal about using combined fermentation by L. 

thermotolerans and S. pombe, it is a notable positive welcomed secondary effect. Nevertheless, if the 

main goal for a winemaker were to produce wine with high glycerol character, the genus Candida would 

be the best option as final levels over 10 g/L are reported for several of its species (Jolly et al., 2014). 

 

6.3. Pyruvic Acid   

 

Pyruvic acid is a secondary acid that appear during the fermentation process in much lower 

concentrations than the main wine acids such as tartaric, malic, lactic or citric. Nevertheless, the interest 

about this secondary acid has increased during the last five years due to its influence in color stability, 

glycerol production and ethanol decreases. Pyruvic acid reacts with malvidin-3-O-(6-O-acetyl)-

glucoside to form acetylvitisin A, or with malvidin-3-O-(6-O-p-coumaryl)-glucoside to form p-

coumaroylvitisin A that are considered high stable color forms. For those reason some authors proposed 

the addition of pure pyruvic acid to produce higher concentrations of vitisin A up to 4 mg/L that represent 

an important percentage of the total anthocyanin concentration (Morata et al. 2007). However, the direct 

addition of pyruvic acid is not legislated and some winemakers consider it controversial. Another trend 

is to select yeast strains for their ability to produce higher concentrations of pyruvic acid (Benito et al. 

2017). Combination fermentations by S. pombe and L. thermotolerans increase pyruvic acid formation 

during fermentations processes. The maximun level in regular fermentations performed by S. cerevisiae 

take place during the 48 to 72 hours while in combined fermentations by S. pombe and L. thermotolerans 

takes place during 72 to 144 hours depending on the sequential inoculation moment as most of it is 

produced by S. pombe. Schizosaccharomyces is the greatest pyruvic acid producer regarding 

winemaking yeast genus (Domizio et al., 2017) and L. thermotolerans (Benito et al., 2016b) is a 

moderate to high producer depending on the strain, in the end most scientific works report higher levels 

than the S. cerevisiae controls but lower than the S. pombe control. Those scientific works report 

maximum pyruvic acid levels of about 200 mg/L for the combined fermentations, about 400 mg/L for 

the S. pombe fermentations by itself while S. cerevisiae maximum levels are usually reported to be lower 

than 100 mg/L (Benito et al., 2015a). This secondary effect is of great interest in red wine production 

because it increases the production of high stable color forms such as vitisins (Benito et al., 2017; Chen 



 

 

et al., 2018). If the main goal were to get a high red stable color from high vitisin levels, the use of S. 

pombe but itself looks to be the best option. 

 

6.4. Ethanol 

 

The sugar metabolism of some non-Saccharomyces is used to produce higher concentrations of different 

compounds such as yeast biomass, glycerol or pyruvic acid that reduces the number of carbon atoms 

that metabolize to ethanol (Merico et al., 2007; Bely et al., 2008). That different metabolism justifies the 

moderate ethanol production described for the combined action of L. thermotolerans and S. pombe in 

some scientific works (Benito et al., 2015a). Nevertheless, the ethanol reductions observed against the 

S. cerevisiae controls are moderate and varied from 0.3 to 0.6 % in volume. Even some works report S. 

pombe as slightly higher ethanol producer than S. cerevisiae that could be interesting in bioethanol 

production while other reports slightly decreases (Du Plessis et al., 2017; Chen et al., 2018). Modern 

trends in winemaking look to desire lower ethanol production specially in grape juices with high initial 

concentrations in sugar. New trends in winemakeing also point the consumer preferences for low ethanol 

wines. Even this fact is an interesting desired secondary effect, if greater ethanol reductions higher than 

1 % vol/vol were required, other ethanol reduction techniques look to be more appropriate. Some specific 

technologies used for this fact are the use of osmotic filtrations, other non-Saccharomyces strains 

combined to high aeration proceses (Contreras et al., 2015; Morales et al., 2015) or the use of specific 

glucose oxidase and catalase enzymes that reduce the level of fermentable sugars (Röcker et al., 2016). 

 

6.5. L-Malic Acid  

Malic acid is one of the key grape acids present in grape must. Indeed, alongside tartaric acid it represents 

up to 80 % of its total acidity. It significantly influence the final organoleptic characteristics of wine. 

Malic acid is a harsh sensory acid from a sensory point of view, that is responsible of most undesirable 

refermentation processes after bottling stage in red wine, as it can be used as nutrient by lactic acid 

bacteria if it is not totally removed from the media. Malic acid is also responsible of ‘green apple 

sourness’ sensory character that is common in wines from northern European regions where occasionally 

the concentration of the acid is high or grape maturity does not achieve the optimum. Its elimination is 

mainly partially necessary in red or white grape juices from colder climate areas with. All scientific 

works regarding combined fermentation between S. pombe and L. thermotolerans report total malic acid 

degradation down to 0 g/L (Benito et al., 2017). This fact is related to the Schizosaccharomyces malate 

dehydrogenase action during its presence. This genus is the only one able to reduce efficiently malic 

acid concentration in must during alcoholic fermentation. The reduction of malic acid concentration is 

related to the S. pombe inoculation population compared to L. thermotolerans. Because the level of malic 



 

 

acid in wine can varied from almost 0 to 6 g/L while the sugar level can be up to about 250 g/L, just a 

small presence of S. pombe in population and time is enough to achieve the demalication objective 

(Benito et al., 2013a). Other options to remove malic acid from wine is the use of lactic acid bacteria, 

the use of other yeast species able to reduce malic acid concentration up to 40 % (Bonciani et al., 2016) 

or the use of genetically modified organisms (GMOs). However, the use of GMO remains controversial 

in Europe where its use is restricted according to specific legislations (CE No 479/2008). 

 

6.6. L-Lactic Acid 

 

Warm climate viticulture areas are looking for solutions to the lack of acidity during the last century to 

be able to compete with prestigious template wine regions such as Bordeaux, Burgundy or La Rioja. 

From an industry point of view there are several options related to the addition of acids such as tartaric 

acid, citric acid and recently lactic acid. The main draw back about tartaric acid is that is expensive and 

it is not stable from a chemical point of view and it is common that it precipitates during the bottle phase 

generating sediments. Citric acid is much cheaper; however, it is not stable from a microbiological point 

of view and it can produce undesirable refermentation processes by lactic bacteria after the wine is 

bottled that can generate turbidity and acetic acid increases (Mylona et al., 2016). Lactic acid looks to 

be a good option to acidify as it is stable from a chemical (it does not precipitate) and microbiological 

(it can not be used as nutrient) point of view. It is also common that wines from warm regions whose 

initial musts contain low levels in malic acid in the end achieve low final lactic levels. However, the 

price of these acids can be expensive when great acidifications are required. For that reason, it is starting 

to be common to use microbiological acidifications by Lachancea thermotolerans (Balikci et al., 2016) 

during the alcoholic fermentation phase, this microbiological option notably reduces the industry 

acidification costs. When Lachancea thermotolerans is used by itself can produces lactic acid levels up 

to 6 g/L that can generate very acidic wines and in some occasions undesirable dairy characters (Benito 

et al., 2016b). However, when Lachancea thermotolerans is used in combination with 

Schizosaccharomyces pombe, the final lactic acid concentrations vary from 1.5 to 3 g/L that are regular 

levels in template wine areas such as Bordeaux or La Rioja (Benito et al., 2017). In most studies lactic 

acid production start to decrease when Lachancea thermotolerans population starts to decline due to 

other competitor yeast species action or ethanol intoxication. This lactic acid production notably 

influences the final pH in wine improving color, sensory perception, microbial stability and ageing 

properties.  

 

6.7. Acetic Acid 

  



 

 

Acetic acid is the main parameter that negatively influence wine quality. For that reason, most selection 

process performed to select microorganism for wine industry includes proofs to measure this specific 

parameter (Benito et al., 2016c). When the concentration of acetic acid starts to be over 0.8 g/L 

undesirable vinegar characters start to be easily detected by regular consumers. Former studies reported 

L. thermotolerans to produce less acetic acid than S. cerevisiae from 0.1 to 0.3 g/L (Gobbi et al., 2013; 

Cormitini et al., 2011). On the other hand, Schizosaccharomyces genus is described as a high acetic acid 

producer (Minnaar et al., 2017), unless proper strain selection processes take place (Benito et al., 2016c). 

For that reason, during the last years It has been probed that specific S. pombe strains can produce 

moderate acetic acid levels (Domizio et al., 2017; Chen et al., 2018), even up to 0.1 g/L (Du Plessis et 

al., 2017). All studies where combined alcoholic fermentations between L. thermotolerans and S. pombe 

were employed report moderate final acetic acid or volatile acidity concentrations of about 0.3 g/L 

(Benito et al., 2017). Those results are justified because in those studies selected yeast strains are 

employed while malolactic fermentation process by lactic bacteria where acetic acid usually increases 

from 0.1 to 0.2 g/L is not required as no malic acid remain in the media. 

 

6.8. Citric Acid  

One of the main drawbacks about performing malolactic fermentation by lactic bacteria in high pH grape 

juices is the consumption of citric acid during the last stages (Mylona et al., 2016). Citric acid is in small 

amounts up to 0.3 g/L in original red musts. Once the lactic bacteria consume residual sugars and malic 

acid they start to metabolize citric acid into acetic acid (Shimazu et al., 1985), this effect is more evident 

in high pH wines. This is the reason why wines from warm regions where high pH is common usually 

increase the acetic acid contents during malolactic fermentation over 0.15-0.3 g/L in volatile acidity. 

Scientific studies where combined fermentations by S. pombe and L. thermotolerans are compared to 

regular alcoholic fermentations by S. cerevisiae and malolactic fermentation by O. oeni, it is appreciated 

that in the last case significant amounts of citric acid disappear while acetic acid significantly increases 

(Mylona et al.; 2016; Benito et al., 2016a). That collateral effect is related in those cases to a decrease 

in wine quality as acetic acid perception increases are detected in the sensory studies. 

 

6.9. Biogenic Amines  

Harmful effects of biogenic amines over humans have been probed during the last decades (Moreno-

Arribas et al., 2008), specially for people who suffer from allergies to histamine. Histamine is the most 

toxic that is present in wine and its effect can be potentiated by other amines (Spano et al., 2010, 

Lonvaud-Funel et al., 2001; Martuscelli et al., 2012; Martuscelli et al., 2013). Some of the symptoms in 

human beings are headaches, respiratory distress, heart palpitation, hyper or hypotension, and several 

allergenic disorders (Spano et al., 2010, Lonvaud-Funel et al., 2001; Martuscelli et al., 2012; Martuscelli 



 

 

et al., 2013). This justify that biogenic amines constitutes a grave matter regarding food safety that must 

be taken into account. On the other hand, products free of any allergenic compound start to be of great 

interest for specific markets or to achieve differentiation from the competitor companies. One of the 

main advantages in modern oenology about using a combined fermentation between 

Schizosaccharomyces pombe and Lachancea thermotolerans is the capacity to produce wines with 0 

mg/L content in Biogenic amines (Benito et al., 2015a). During the last years biogenic amines have 

started to be the main problem in wine food safety due to its harmful effects on human health. On the 

other hand, people that suffer from allergy to histamine start to demand and to ask in the specialized 

shops for quality wines totally free in histamine. For that reason, some countries such as Switzerland, 

Canada or Japan demand certified analyzes from accredited laboratories to allow wine exportations. The 

most restrictive legal limit has been decreased until 2 mg/L, this very low limit demands a proper 

management at industry to avoid exportation rejections. Probably further countries will follow these 

food safety policies. Most biogenic amines are produced by lactic bacteria during malolactic 

fermentation or alcoholic fermentation undesirable deviations. Indeed, the biogenic amines formation 

increases when wine pH is high as in most warm viticulture areas. Until now the main strategy to avoid 

biogenic amines problems was the use of lactic bacteria strains without capacity to produce biogenic 

amines. During the last years the use of combined fermentations between Schizosaccharomyces pombe 

and Lachancea thermotolerans has been stablished as a new way to avoid histamine formation (Benito 

et al., 2015a) by removing malic acid during alcoholic fermentation (main lactic bacteria nutrient source 

after alcoholic fermentation). The decreases of pH up to 0.4 points due to lactic acid production by yeasts 

during alcoholic fermentation also notably reduces the risk of histamine in case of a possible deviation. 

All lasted scientific works involving combine fermentations between Schizosaccharomyces pombe and 

Lachancea thermotolerans report much lower final levels of about 0 mg/L in histamine than the most 

restrictive level of 2 mg/L. On the other hand other biogenic amines such as putrescine and cadaverine, 

produced by other fungi different from lactic bacteria origin, specially from spoiled original musts are 

reduced by absorption phenomena related to the use of Schizosaccharomyces pombe. For all those 

reasons these new biotechnology looks to be a reliable way to manage the biogenic amines food safety 

critical control point in modern food safety standards such as ISO 22001, IFS or BRC. 

 

6.10. Ethyl carbamate 

  

This molecule is becoming one of the most important dangers in food industry from a food safety point 

of view as ethyl carbamate is a well-known carcinogen that is present in many food products, especially 

when fermentation processes are involved (Xia et al., 2014). Indeed the use of combined fermentations 

including Schizosaccharomyces genera eliminates any lactic acid bacteria possibility of growing as it 



 

 

removes malic acid (main bacteria nutrient source after alcoholic fermentation), thus reducing the risk 

of ethyl  carbamate formation through bacteria metabolism (Masqué et al., 2011). This carbamate 

compound is considered the most cancerogenic compound that can naturally appear in wine. For that 

reason, countries such as Canada stablished a legal limit of 30 µg/L while USA stablished a 

recommended level of 10 µg/L. Schizosaccharomyces genus is one of the few reported ones that possess 

urease activity. This enzymatic activity completely removes the main ethyl carbamate precursor in wine 

that is urea, so using combined fermentations involving S. pombe it is not possible from a theoretical 

point of view that ethyl carbamate can appear. Scientific documents that report final urea levels for 

alcoholic fermentations involving S. pombe always report urea levels to be below 0.2 mg/L that is the 

detection error for the instrumental technique (Benito et al., 2016a).  

 

6.11. Color Improvements 

 

It is traditionally knowing that during classic malolactic fermentation the wine color significantly 

decreases until the microbial stabilization is achieved (Mylona et al., 2016). It is also known that blue 

and red color increases at low pH.  The last studies involving combined fermentations by L. 

thermotolerans and S. pombe report higher color levels than the respective S. cerevisiae controls after 

performing malolactic fermentation (Benito et al. 2017). Those differences are reported to be up to 20 

%. Those differences are justified due to the absence of lactic bacteria action, high color stable forms as 

consecuence of high pyruvic production by S.pombe and to the pH decrease, mainly performed by L. 

thermotolerans as consequence of chemically stable lactic acid production.  

 

6.12. Amino Acids  

 

Final amino acids concentrations of most amino acids increased when S. pombe performs alcoholic 

fermentation (Benito et al., 2016c). This fact is due to S. pombe consumes less assimilable nitrogen and 

possess a different wall cell structure than S. cerevisiae that allow it to release higher amounts of some 

amino acids. Alcoholic fermentations involving S. cerevisiae and L. thermotolerans produce higher 

concentrations of ornithine than those related to S. pombe (Benito et al., 2016a).  

A possible drawback about using combined fermentations between S. pombe and L. thermotolerans is 

the significant increase in biogenic amines precursors such as histidine, lysine and tyrosine. Those amino 

acids may evolve to biogenic amines such as histamine or tyramine under the action of lactic bacteria 

during malolactic fermentation. Wines that perform malolactic fermentation commonly show reductions 

in histidine and arginine, and slight increases in glycine, ornithine and alanine (Benito et al., 2016a). 

However, this fact has never been reported in combined fermentation by L. thermotolerans and S. pombe 



 

 

as no malolactic fermentation is required and the lactic bacteria action is not possible due to the absence 

of the main nutrient malic acid. This new biotechnology looks to be of special interest for wine ageing 

or ageing over lees methodologies because such wines result to be more acidic and to be stabilized 

against lactic acid bacteria development.  

 

The metabolism of threonine, valine, isoleucine and leucine is related to the production of higher 

alcohols 1-propanol, 2-methylbutanol, isobutanol and 3-methylbutanol (Benito et al., 2015b). This fact 

supports the lower higher alcohol levels commonly observed in combined alcoholic fermentations by S. 

pombe and L. thermotolerans (Benito et al., 2016a). In those cases, the final higher alcohol amino acids 

precursors are always lower. 

 

6.13. Volatile Aromatic compounds  

Not selected S. pombe strains occasionally produce more higher alcohols than selected S. cerevisiae 

strains (Benito et al., 2013). Nevertheless, some selected S. pombe strains after complex selected 

procedures (Jeffares) produce lower amounts than the S. cerevisiae controls (Benito et al., 2016c). On 

the other hand, commonly, used L. thermotolerant strains are described as higher producers of fruity 

esters than S. cerevisiae controls (Benito et al., 2015b), while S. pombe is described as a lower ester 

producer of compounds such as isoamyl acetate (Benito et al., 2013). Some non-Saccharomyces species 

produce lower higher alcohols concentration than S. cerevisiae controls (Belda et al., 2015). 

Nevertheless, there is a huge variability depending on the used strains. Some specific studies regarding 

wine volatile composition and non-Saccharomyces use describe the effect of lower higher alcohol 

production as an interesting methodology to make wines with special typicity for some grape varieties 

(Belda et al., 2015).  

Regarding combined fermentations between L. thermotolerans and selected S. pombe strains, the 

production of lower higher alcohols than S. cerevisiae controls is commonly reported (Benito et al., 

2016). Other interesting point that notably influences wine quality is that some undesirable compounds 

that commonly are considered negative such as such as ethyl acetate or diacetyl remain in lower 

concentrations than in wines that perform regular malolactic fermentations (Benito et al., 2016a). Ethyl 

lactate levels usually remain similar as these ester is produced from lactic acid, no matter if it is produced 

by L. thermotolerans or by O. oeni. 

On the other hand, acetaldehyde concentration remains in higher concentrations in fermentations related 

to L. thermotolerans and S. pombe as O. oeni action reduces the concentration of that compound (Mylona 

et al., 2016; Benito et al., 2017). This effect could also justify the increases in color commonly reported 

for this new biotechnology due to high stable color pigment forms produced from acetaldehyde 

combinations during trials involving malolactic fermentation, that are known as vitisin B.  



 

 

 

6.14. Polysaccharides 

 

Polysaccharides released by yeast cells throughout the winemaking process contribute to improve wine 

quality (Quiros et al., 2012). Mannoproteins are after arabinogalactan-proteins originating from grapes, 

the second most abundant family of polysaccharides in wine. Some studies demonstrated the positive 

effect of mannoproteins on the sensorial properties of wine. Some parameters such as body, sweetness, 

roundness, aroma perception, astringency, foaming properties and mouthfeel look to be related to 

mannoproteins contents. For this reason, several oenology methodologies have been developed in order 

to increase their content. Some non-Saccharomyces are known as able to produce higher polysaccharides 

contents than S. cerevisiae (Domizio et al., 2014). The use of high polysacaride producers during 

alcoholic fermentation is much cheaper than using commercial products enriched in polysaccharides and 

mannoproteins. Schizosaccharomyces is the highest winemaking known yeast producer of 

polysaccharides in wines (Domizio et al., 2017). It has been able to produce higher concentrations up to 

7 times higher than S. cerevisiae in polysaccharides content (Domizio et al, 2017). On the other hand,  

L. thermotolerans is known as a moderate producer (Belda et al., 2016). Even though no specific 

polysaccharide analyses have been performed in combined fermentations regarding S. pombe and L. 

thermotolerans until now. Some indirect indexes as the ethanol index look to indicate that those 

fermentations could contain higher final concentrations than regular wines performed by S. cerevisiae 

and O. oeni. Those results are justified by the global action of S. pombe over the global winemaking 

process. 

 

6.15. Anthocyanins  

Wines fermented by S. pombe produce the highest reported values regarding vitisin A up to 10 mg/L 

(Mylona et al., 2016; Chen et al., 2018). L. thermotolerans is described to absorb less anthocyanins than 

S. cerevisiae during fermentation processes (Benito et al., 2017). All these factors directly influence the 

final observed color in wines. On the other hand, malolactic fermentation processes are commonly 

related to significant anthocyanin concentration decreases (Mylona et al., 2016). Decreases of about 1.5 

mg/L in vitisin A are common after malolactic fermentation due to the reduction in pyruvic acid. The 

higher vitisin A concentrations detected in combined fermentations between S. pombe and L. 

thermotolerans are related to the high pyruvic acid production by S. pombe during the alcoholic 

fermentation (Benito et al., 2017). 

Vitisin B commonly decreases 0.5 mg/L after malolactic fermentation due to ethanal decrease during 

this process (Benito et al., 2017). This fact is because Vitisin B formation is related the acetaldehyde 

combinations in the media. Some authors report L. thermotolerans as a lower acetaldehyde producer 



 

 

(Benito et al., 2015b) while S. pombe can be slightly higher producer than S. cerevisiae depending on 

the studied strains (Benito et al., 2016c). Highly stable pigment formation such as vitisin A and B are 

related to significant wine color improvements, that phenomena becomes more evident during long 

ageing process where stable pigments start to govern over the original anthocyanins produced in grapes.  

Malvidin-3-O-glucoside is the main anthocyanin in wine, its concentration commonly decreases in some 

decens of mg/L after a malolactic fermentation. This drawback is completely avoided in winemaking 

fermentations involving S. pombe and L. thermotolerans where malolactic fermentation is not needed. 

Most studies regarding combined fermentations between S. pombe and L. thermotolerans report higher 

final values in total anthocyanins. Those studies also report higher color intensity parameters related to 

anthocyanins influence.  

Combined fermentation between S. pombe and L. thermotolerans produce wines that contain higher 

levels in grape anthocyanins such as malvidin-3-O-glucoside, delphinidin-3-O-glucoside, petunidin-3-

O-glucoside, cyanidin-3-O-glucoside, peonidin-3-O-glucoside, cyanidin-3-O-(600-p-

coumaroylglucoside), petunidin-3-O-(600-p-coumaroylglucoside) and malvidin-3-O-(600-p-

coumaroylglucoside). This phenomenon is related to the reduced absorption ability of L. thermotolerans 

that avoid loses in grape anthocyanins (Benito et al., 2017). Those phenomena related to high 

anthocyanin levels in combined fermentations by S. pombe and L. thermotolerans are connected to better 

color quality, improved mouthfeel and a better ageing potential. For that reason, the explained 

biotechnology is of great interest in the production of quality red wines. 

 

6.16. Sensory Influence 

 

Wines fermented by Schizosaccharomyces show important differences in acidity decrease perception 

due to the malic acid remove. On the other hand, wines fermented by L. thermotolerans show significant 

increases in acidity perception due to the great lactic acid formation. All these differences are obvious 

when they are compared to the regular S. cerevisiae controls. Schizosaccharomyces wines are even 

occasionally perceived as sweeter due to the lack of acidity although they do not contain any residual 

sugars. This perception is produced due to new balances between acidity, sweetness, bitterness and salty 

that are increases when acidity drastically decreases. 

Fermentations performed by non-selected Schizosacchromyces strains are commonly related to vinegar 

acetic acid perception or reductive sulfidric acid character (Benito et al., 2013). On the other hand, last 

scientific studies probe that selected S. pombe strains free of undesirable secondary effects can improve 

sensory perception in wines produced from very acid grape juices of about 6 to 7 g/L of malic acid where 

a deacidification is required in order to satisfy regular consumers (Benito et al., 2016c). The main draw 

back about using selected S. pombe strains can be the final lack of acidity produced by an excessive 



 

 

deacidification. So, it common that winemakers decide to acidify with tartaric acid after a drastic 

deacidification process.  

  

 

 

 

 

Alcoholic fermentation followed by malolactic fermentation produced a slightly stronger sensation of 

acetic acidity. The newer studies regarding combinations between S. pombe and L. thermotolerans in 

winemaking report best scores in overall quality impression (Benito et al., 2016a). This perception is 

explained due to acidity balance between S. pombe deacidification and L. thermotolerans acidification 

complementary activities that avoid the production of unbalanced wines. Indeed, lower higher alcohol 

and high concentrations of fruity esters when selected S. pombe and L. thermotolerans strains are 

employed increases the varietal aroma of grapes and increases the fruity notes. This aroma factors 

notably influence the overall aroma impression in most reported cases. Indeed, malolactic fermentation 

is commonly related to acidity reductions but also to loses in fruity character (Benito et al., 2016a). 

Those studies also report significant differences in color perception that can be easily explained due to 

the variations in the pH and anthocyanin profiles. Figure 4 summarizes the main ideas regarding sensory 

perception. 

 



 

 

 

 

Figure 4. The graph shows the spider web diagram of the sensory perception of different wine 
fermentation combinations between S. pombe, S. cerevisiae, O. oeni and L. thermotolerans.  
 

7. Conclusions  

During the last decade the use of non-Saccharomyces to improve wine quality have started to be usual 

and there are several options in the market from different trademarks that make it easy to use them. 

Nevertheless, even such an offer is available, most wine makers do not yet exactly know in which cases 

those specific yeast species can perform properly or which one is the right one for each specific situation. 

The combination of the non-Saccharomyces Lachancea thermotolerans and Schizosaccharomyces 

pombe increases the wine quality in the specific case of low acidic red grape varieties. The combination 

of Lachancea thermotolerans and a selected Schizosaccharomyces pombe strains produce wines 



 

 

stabilized from a malic acid point of view without any need of performing a risky malolactic 

fermentation by Oenococus oeni lactic bacteria at high pH conditions. On the other hand, the common 

drawback generated by yeasts able to drastically reduce malic acid concentrations is compensated by the 

ability of L. thermotolerans of producing the stable lactic acid that acidifies low acidic grape juices. 

Other secondary quality improvements are high glycerol and pyruvic acid production without increasing 

acetic acidity that positively influence sensory properties. From a food safety point of view the wines 

performed by this new biotechnology show very low final levels of biogenic amines and ethyl carbamate 

precursors that represent the main toxicological risk in modern winemaking. Figure 4 summarizes the 

main applications of combined fermentation by S. pombe and L. thermotolerans. 

 

 

 

Figure 5. Summary of the main applications of combined fermentation by S. pombe and L. 
thermotolerans. 
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