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Introducciéon

1. Microorganismos asociados a la elaboracion del vino

La existencia de alimentos fermentados por levaduras como el pan, la cerveza y el
vino es milenaria; es bien conocido que estos productos eran ya consumidos por los
egipcios, y probablemente por pueblos vecinos y otros con los que comerciaban
(Spencer & Spencer, 1997). Sin embargo, los agentes responsables de la fermentacion
no fueron observados por primera vez hasta finales del s. XVII (1680), cuando el
comerciante danés Antonie van Leeuwenhoek haciendo uso de un rudimentario
microscopio construido por él mismo, observd unos pequeios corpusculos ovalados en
la cerveza fermentada a los que llam6 “animéculas”. A pesar de que comunicd sus
observaciones a la Real Sociedad de Londres, se desconoce hasta qué punto se especuld
sobre la naturaleza de esos organismos o sobre su papel en la fermentaciéon de la cerveza

y del vino.

Cagniard-Latour en Fancia (1835) y Schawnn y Kutzing en Alemania (1837)
observaron la presencia de organismos unicelulares en sedimentos procedentes de las
vasijas de fermentacion, y aunque no identificaron dichos organismos, demuestran que
la causa de la fermentacion estd ligada a su desarrollo (Spencer & Spencer, 1997,
Suarez Lepe & Inigo Leal, 2004); en 1838, Meyen los clasifica como Saccharomyces,
siendo mas tarde conocidas como levaduras (de “levare” o levantar) (Hidalgo Togores,

2003).

Sin embargo, fue Louis Pasteur quien a través de sus trabajos Etudes sur le Vin
(1866) y Etudes sur la Biere (1876) demostré de manera irrefutable la naturaleza
bioldgica de las fermentaciones. Sin la presencia de levaduras no ocurre la fermentacion
y si otros organismos de morfologia diferente estan presentes, la fermentacion no ocurre
de forma deseada y el vino se estropea (Spencer & Spencer, 1997). Por primera vez
obtiene cultivos de levaduras diferentes, establece el origen y ciclo de algunas de ellas
en la naturaleza, precisando su inexistencia sobre la superficie de las uvas verdes y su
asentamiento cuando estan maduras, adheridas a través de la pruina, y también esclarece
la naturaleza bacteriana de algunas enfermedades del vino (Hidalgo Togores, 2003;

Suérez lepe & Inigo Leal, 2004).
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Desde Pasteur, la microbiologia de las vinificaciones ha sido ampliamente
estudiada revelando la gran complejidad de su ecologia (Fleet, 1993). Aunque las
levaduras juegan un papel central, las uvas, mostos y vinos pueden contener otros
microorganismos, como hongos (otros diferentes a las levaduras), bacterias lacticas y
acéticas y virus (Fleet, 1993; Pretorius, 2000; Hidalgo Togores, 2003). La intervencion
de estos microorganismos es limitada debido a la cantidad de interacciones que se
producen entre ellos y a los efectos acumulados del etanol y el pH combinados con la
escasez de nutrientes y a las medidas tomadas durante el proceso que evitan su
desarrollo (Fugelsang, 1997). De esta manera, segun Pardo et al. (1989), los hongos
desaparecen rapidamente al inicio de la fermentacion, la poblacion de bacterias lacticas
disminuye durante la fermentacion alcoholica para luego incrementar y llevar a cabo la
fermentacion malolactica y las levaduras, por el contrario, crecen rapidamente en el

mosto y alcanzan su poblacion méaxima para el desarrollo de la fermentacion alcohdlica.

Las bacterias lacticas de interés enoldgico estan representadas por los géneros
Lactobacillus, Pediococcus, QOenococcus y Leuconostoc (Fugelsang, 1997). Su
actividad influye positiva y negativamente en la produccién del vino. Por un lado, su
accion positiva estd relacionada con la fermentaciéon malolactica (de la que es
responsable principalmente Oenococcus oeni) a traves de la cual degradan el acido
malico a acido lactico disminuyendo asi la acidez de los vinos (esencial en los tintos) y
ademas contribuye a la estabilidad microbiologica del producto final pues, por una
parte, eliminan nutrientes residuales impidiendo que el vino pueda fermentar tras su
embotellado comercial y, por otra producen bacteriocinas (Fleet, 2003; Muiioz et al.,
2005). Por otro lado, pueden producir alteraciones que disminuyen la calidad del vino.
Algunas son ya bien conocidas, como la degradacion del glicerol o el denominado
“picado lactico”; y otras se han descrito en la tltima década y todavia no se conocen con
suficiente detalle; estas alteraciones afectan al plano sensorial ya que producen olores
indeseables debidos a la produccion de fenoles volatiles o a la formaciéon de bases
heterociclicas aromaticas. También se ha estudiado en los ultimos afios, la implicacion
de las bacterias lacticas en la calidad higiénica de los vinos que derivan del metabolismo
de los aminoécidos, como es la formacion de carbamato de etilo y de aminas bidgenas

(Muiioz et al., 2005).

Otro factor de gran importancia econémica en la industria, relacionado con las

bacterias lacticas es la infeccion por bacteriéfagos ya que provocan paradas en la
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degradacion de acido malico durante la fermentacion malolactica, por pérdida de la
viabilidad de las bacterias lacticas aunque atin no esta clara esta relacion (Mufioz et al.,

2005).

Las bacterias aceticas estan representadas por 6 géneros: Acetobacter,
Gluconobacter, Gluconacetobacter, Acidomonas, Asaia y Kozakia. Su crecimiento es
indeseable ya que estan asociadas a procesos de alteracion del vino, fundamentalmente
mediante la produccion de acido acético, acetaldehido y acetato de etilo (Fugelsang,
1997). Son responsables del picado acético en los vinos, pero también de la pudricion
acida en uvas y mostos, de la producciéon de polisacaridos extracelulares que dificultan
el filtrado de los vinos, de la degradacion del glicerol y de la produccion de acido
gluconico y exofructosa como productos del metabolismo de los azucares, los cuales
poseen una elevada capacidad para unirse al SO,, disminuyendo su capacidad

antimicrobiana y antioxidante, entre otros efectos (Guillamén & Mas, 2005).

Los hongos filamentosos intervienen en diferentes etapas de la produccion del
vino aunque principalmente influyen durante el cultivo de la uva causando su deterioro
(Fugelsang, 1997; Fleet, 2003). Los mas importantes o habituales en la vid son Oidium
tuckeri causante del oidio, Plasmopara viticola causante del Mildiu, Botrystis cinerea
que ocasiona la podredumbre gris o “botritis”, Phyllosticta ampelicida responsable de la
podredumbre negra, Phomopsis viticola que provoca la excoriosis y FEutipa lata,
causante de la eutipiosis (Cantoral & Collado, 2005). Por otro lado, el crecimiento de
hongos como Botrytis cinerea, Aspergillus spp. y Penicillium spp. puede dar lugar a la
produccion de diversos metabolitos y condiciones influyendo sobre la ecologia y
crecimiento de las levaduras durante la fermentacion (Fleet, 2003). Sin embargo, se han
encontrado algunas levaduras que poseen una fuerte actividad fungicida, como
Metschnikowia pulcherrima, varias especies de Candida, Pichia, Cryptococcus, y
algunas especies de Saccharomyces y Zygosaccharomyces; que ha propiciado la

iniciativa de usarlas como agentes naturales en biocontrol (Fleet, 2003).

2. Laslevaduras vinicas: su origen

Las levaduras son hongos unicelulares microscopicos, que se reproducen por
gemacion o escision, constituyendo un grupo taxondomico complejo y heterogéneo, que

incluyen Ascomicetos, Basidiomicetos y Hongos Imperfectos segiin su desarrollo
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sexual (modo de formacién de esporas), si bien la mayoria de levaduras vinicas
pertenecen a los Ascomicetes (Saccharomyces, Debaryomyces, Dekkera, Hansenula,
Kluyveromyces, Pichia, Zygosaccharomyces, Torulospora, Hanseniaspora, 'y
Schizosaccharomyces) 'y a los Hongos Imperfectos (Brettanomyces, Candida,
Kloeckera, Cryptococcus, Rhodotorula y Metschnikowia). Mientras que en los
Ascomicetos las esporas o ascosporas haploides estan contenidas en ascas (especie de
sacos formados a partir de la célula vegetativa), en las levaduras asporogenas no se
pudo evidenciar un modo de reproduccion sexuada y estan clasificadas entre los Hongos

Imperfectos o Deuteromicetos (Ribéreau-Gayon et al., 2003 a; Hidalgo Togores, 2003).

El origen de las levaduras que participan en la fermentacion ha sido tema muy
discutido en estos ultimos anos. Segun algunos estudios, se encuentra en los nidos o
colmenas de los insectos, o incluso en el propio insecto formando parte de su microbiota
intestinal (Mortimer, 2000). Las levaduras alcanzan el vifiedo por los insectos o por
efecto de diseminacion del viento, que las transportan desde sus nidos o colmenas de
forma que estan presentes en las uvas desde el inicio de maduracion (Lafon-Lafourcade,
1983; Mortimer & Porsinelli, 1999). La poblacién de levaduras en el mosto fresco de
uva sana y madura oscila entre 10°-10° ufc/ml. Sin embargo, la poblacién total de
levaduras en el grano de uva, asi como la proporcion relativa de cada especie, depende
de diversos factores como la temperatura, la pluviometria y otros factores climaticos,
grado de madurez de la uva, uso de fungicidas o pesticidas, dafio fisico por hongos,
insectos o péjaros, la altitud, la variedad de uva y la campaia de estudio (Fleet & Heard,
1993; Boulton et al., 1996; Sabate et al., 2002; Ribéreau-Gayon et al., 2003 a; Fleet,
2003). Los géneros Kloeckera/Hanseniaspora representan entre el 50-75% de la
poblacion total de levaduras en el grano de uva, aunque en menor proporcion es posible
encontrar otras especies de levaduras estrictamente oxidativas o débilmente
fermentativas y poco tolerantes al etanol, pertenecientes a los géneros Metschnikowia,
Candida, Cryptococcus, Rhodotorula, Pichia, Kluyveromyces y Hansenula (Fleet &
Heard, 1993; Ribéreau-Gayon et al., 2003 a; Barata et al., 2008). Estas especies también
son conocidas como no-Saccharomyces. Sin embargo, la presencia de Saccharomyces
en las uvas es muy reducida o incluso nula (Fleet & Heard, 1993; Sabate et al., 2002;
Ribéreau-Gayon et al., 2003 a; Ciani et al., 2004), siendo mas abundantes en uvas rotas,
dafiadas y sobremaduras (De la Torre et al., 1999; Mortimer & Polsinelli, 1999; Sabate
et al., 2002; Schuller et al., 2005; Barata et al., 2008). Por otro lado, Valero et al. (2007)
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en su estudio en el vifiedo encuentran una gran diversidad de S. cerevisiae y exponen
que la biodiversidad de esta especie en el vifiedo depende de la edad o el tamafo del
mismo y de las condiciones climaticas. Resultados similares obtienen Schuller et al.
(2005) que todas las colonias que aislan en el vifiedo pertenecen a S. cerevisiae. Sin
embargo, aunque hay autores que defienden que las levaduras que participan en la
fermentacion provienen en parte del vifiedo y en parte de la bodega (Le Jeune et al.,
20006), Ciani et al. (2004) y Mercado et al. (2007) demuestran que la contribucién en el
proceso de fermentacion de las levaduras Saccharomyces cerevisiae presentes en las

uvas es poco significativa o nula.

Por otra parte, en las superficies y equipos de bodega, con la que el mosto puede
entrar en contacto durante el proceso de vinificacion, se desarrolla una microflora de
levaduras caracteristica conocida como residencial, constituida principalmente por S.
cerevisiae aunque también han sido aisladas en este ambiente especies de los géneros
Kloeckera, Torulospora, Brettanomyces, Candida, Hansenula y Pichia (Fleet & Heard,
1993). Segiin Martin & Martin (1990) ésta constituye la principal fuente de cepas
indigenas de S. cerevisiae para el desarrollo de la fermentacion. Por tanto, la poblacion
de levaduras que se desarrolle en la bodega dependera de la naturaleza de la superficie y
del grado de limpieza y estado sanitario en el que se encuentre (Fleet & Heard, 1993).
Sin embargo, las condiciones en las que se realicen las fermentaciones determinan la
naturaleza de las cepas S. cerevisiae que se encuentran en estas superficies. Asi, el
empleo de levaduras comerciales, la frecuencia de su uso y la edad de la bodega
influyen en la poblaciéon de levaduras autdctonas encontradas en las superficies y
equipos de bodega y en las fermentaciones (Beltran et al., 2002; Santamaria et al., 2005;

Mercado et al., 2007).

3. Biologia de las levaduras Saccharomyces cerevisiae

La levadura es el mas simple de los organismos eucariotas. Son hongos
unicelulares formados por dos envueltas celulares (pared y membrana plasmatica), un
citoplasma con organulos y un nucleo verdadero recubierto por una membrana
encerrando los cromosomas. Pared y membrana plasmatica son muy importantes para el
desarrollo de la fermentacion alcohdlica y para la composicion del vino ya que ceden

algunos de sus componentes al medio (Ribéreau-Gayon et al., 2003 a).
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Por su destacado papel en la vinificacion, se describen a continuacion algunos
aspectos sobre la pared celular, las mitocondrias, la constitucion genética, la
reproduccion y ciclos de vida, el metabolismo, el crecimiento y cinética de fermentacion

de S. cerevisiae.

3.1. La pared celular

La pared celular representa entre el 15 y el 25% del peso seco de la célula. Es de
naturaleza esencialmente polisacaridica, formada por glucanos (60% del peso seco),
manoproteinas (25-50%) y quitina (1-2%). Aunque es una envoltura rigida, estd dotada

de cierta flexibilidad.

Es una estructura dindmica, multifuncional, cuya composicion y funciones
evolucionan en el curso de la vida de la célula y segun los factores de su medio
ambiente. La pared celular le confiere a la levadura proteccion, su propia forma (por su
organizacion macromolecular) y lugar de anclaje de moléculas que determinan ciertas
interacciones celulares (como la unioén sexual, la floculacion y el factor killer) y de
numerosas enzimas, generalmente hidrolasas, asociadas a la pared algunas y otras
alojadas en el espacio periplasmatico (entre la pared y la membrana plasmatica) cuyos
sustratos son sustancias nutritivas del medio en el que se desarrollan e incluso las
macromoléculas de la pared, constantemente modificadas en el transcurso de la

morfogénesis celular (Ribéreau-Gayon et al., 2003 a).

La liberacion “artificial” de la pared mediante la accion hidrolitica de enzimas en
una solucion estabilizada osmoéticamente origina un protoplasto o esferoplasto, lo que
ha facilitado el estudio de la propia pared celular, el aislamiento de orgénulos y otros
componentes celulares (como el ADN) y también estudios genéticos en los que se

precisa la fusion y transformacion de levaduras con material genético exogeno.

3.2. Las mitocondrias

Es fundamental el papel metabolico de las mitocondrias, los verdaderos organulos
respiratorios de las levaduras. En aerobiosis la célula de S. cerevisiae contiene cerca de
cincuenta. En anaerobiosis, estos organulos degeneran pero de forma reversible, de
forma que si las células formadas en anaerobiosis son reubicadas en aerobiosis, las

mitocondrias recuperan su forma normal (Ribéreau-Gayon et al., 2003 a).
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Debido a su naturaleza fermentativa, pueden existir cepas de Saccharomyces sin
mitocondrias (los denominados mutantes deficientes en respiracion o “petite”). Durante
la fermentacion, debido a la elevada concentracion de glucosa en el medio de cultivo, se
produce una inhibicion de la sintesis de enzimas implicados en el ciclo del &cido citrico
y de los citocromos de la cadena respiratoria, y la actividad oxidativa mitocondrial es
baja. Este fenomeno se conoce como “represion catabdlica de la glucosa”. Sin embargo,
durante algunas etapas de la vinificacion, las levaduras realizan un metabolismo
respiratorio, con una implicacion muy importante de las mitocondrias (Hidalgo

Togores, 2003; Aranda et al., 2005).

Las mitocondrias poseen un genoma cuyos genes codifican proteinas de este
organulo implicadas en la cadena respiratoria (Barre et al., 1993; Ribéreau-Gayon et al.,

2003 a).

3.3. Elgenoma

El genoma de S. cerevisiae y en general, el de las levaduras vinicas, es el mas
pequeio de los genoma eucariotas conocidos. Este material genético esta formado por el
ADN cromosémico, el mitocondrial y el plasmidico y segun la cepa, dos moléculas de
ARN ubicadas en el citoplasma que confieren el llamado factor killer (Barre et al.,

1993).

3.3.1. ADN nuclear

El ADN nuclear estd formado por el ADN cromosémico y el plasmidico.

El ADN cromosémico representa el 80-85% del ADN total en una cepa haploide
y contiene alrededor de 14.000 kb, escaso comparado al de los eucariotas superiores.
Esté4 organizado en 16 cromosomas de tamafio comprendido entre 2.000 y 200 kpb que
no pueden ser observados al microscopio Optico por su pequefio tamafo y su débil
condensacion. Sin embargo, las cepas vinicas son principalmente diploides, aneuploides
y ocasionalmente poliploides, y altamente heterocigbticas mostrando un gran
polimorfismo en la longitud cromosémica, de forma que el analisis de los cariotipos es
uno de los principales criterios de identificacion de las cepas (Barre et al., 1993;

Pretorius, 2000; Pérez-Ortin et al., 2002; Ribéreau-Gayon et al., 2003 a).

Los cromosomas de las levaduras contienen pocos intrones y relativamente pocas

secuencias repetidas; la mayoria de los genes s6lo estan presentes en un solo ejemplar
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en un genoma haploide. Sin embargo, los genes de los ARN ribosomicos (5,8S, 18S y
26S) son abundantemente repetitivos, se agrupan en tandem formando unidades de
transcripcion que se repiten en el genoma entre 100 y 200 veces (Fernandez-Espinar et

al., 2005; Ribéreau-Gayon et al., 2003 a).

Ademas de los cromosomas, en el nucleo existe un plasmido de 2 um. Se trata de
una molécula circular de ADN que contiene 6 kpb, presentes en cantidades de 50 a 100

copias por célula, cuya funcion bioldgica es desconocida (Ribéreau-Gayon, 2003 a).

3.3.2. ADN mitocondrial

El ADN mitocondrial (ADNmt) consiste en ADN circular de 75 kpb cuyos genes
confieren resistencia a ciertos antisépticos, sistemas de enzimas respiratorios y sistemas
de componentes estructurales de la membrana mitocondrial (Suédrez Lepe, 1997). La
molécula posee dos propiedades notables: su alto grado de polimorfismo seguin la cepa
y su estabilidad (baja tasa de mutacion) durante la multiplicacion vegetativa (Ribéreau-
Gayon, 2003 a). Los distintos tamafios del ADNmt entre las distintas cepas de S.
cerevisiae resultan de la presencia variable de algunos intrones y de variaciones de
tamafio en las regiones intergénicas (Clark-Walter et al., 1981). Esta variabilidad ha
sido utilizada para la caracterizacion de cepas unida a otra caracteristica de esta
molécula: su rica composicion en regiones AT (75% de la molécula) ademés de unas

200 regiones ricas en GC (Barre et al., 1993; Ferndndez-Espinar et al., 2005).

3.3.3. ARN killer

La propiedad killer, que confiere a las cepas que la poseen la capacidad de matar a
otras cepas de fenotipo sensible, consiste en genes nucleares y dos ARN citoplasmaticos
de doble cadena: L y M. EI ARN L esta normalmente en las células, s6lo el ARN M es
especifico de cepas de fenotipo killer o neutras ya que es el que codifica para la toxina
killer y para el factor de inmunidad a toxinas. Se han descrito 5 tipos de toxinas killer en
S. cerevisiae: K1, K2, K3 (Young & Yagiu, 1978), KT28 (Pfeiffer et al., 1982) y
K3GR1 (Extremera et al., 1982) segtn la agresividad de éstas, siendo K1 la de mayor
agresividad (Suarez Lepe, 1997). El tamano del ARN M difiere segun el tipo killer (2-
1,5 kb) mientras que el del ARN L es practicamente constante (4,7 kb). Las toxinas mas
ampliamente distribuidas entre las cepas vinicas son la K1 y la K2 aunque es la K2 la
mas importante en vinificaciéon ya que es estable al pH del mosto. Los ARN L y M

estan en el citoplasma en el interior de una cépsida proteica similar a particulas de tipo
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viral. El1 ARN L codifica para las proteinas de la capsida y para una ARN polimerasa

(Barre et al., 1993; Shimizu, 1993; Hidalgo Togores, 2003).

3.4. Reproducciény ciclo de vida

S. cerevisiae, como otras levaduras espordgenas que pertenecen a la clase de los
Ascomicetos, puede reproducirse asexualmente por via vegetativa o de forma sexual

formando ascosporas.

3.4.1. Reproduccién asexual

La reproduccion vegetativa o asexual en S. cerevisiae se produce por gemacion.
El proceso se realiza en cuatro fases: la primera, en G1, es el periodo precedente a la
sintesis de ADN; la segunda, S, donde se empieza a formar un brote o gema y el huso
polar del nucleo se extiende fuera de éste hacia la citada protuberancia; la tercera, G2,
en la que el nucleo empieza a estirarse para meterse en la gema, en la que también
entran mitocondrias y pequefias vacuolas; y por ultimo, la cuarta fase corresponde a la
mitosis (M) propiamente dicha, que esta marcada por el estiramiento maximo del ntcleo
y la separacion de la célula madre y de la célula hija, luego por la construccion de la
pared de separacion y finalmente, por el depdsito de un anillo de quitina sobre la cicatriz

de brotacion en la célula madre (Hidalgo Togores, 2003; Ribéreau-Gayon et al., 2003
a).

En el mosto de uva, la duracion de la gemacién es de una a dos horas, de modo
que, en la fase de crecimiento activo de las levaduras durante la fermentacion, el

numero de células se duplica en dos horas (Ribéreau-Gayon et al., 2003 a).

3.4.2. Reproduccion sexual

Cuando las células diploides de las levaduras esporogenas se encuentran en un
medio que les es hostil, como por ejemplo carente de azlicares asimilables o pobre en
nitrégeno o muy aireado, cesan de multiplicarse por gemacion, transformandose las
células en ascas con una gruesa pared y conteniendo cuatro ascosporas o esporas

haploides procedentes de la division meidtica del nicleo (Hidalgo Togores, 2003).

En S. cerevisiae, las ascosporas son de dos tipos de signo sexual: a y a. En el asca
existen dos de cada tipo. En condiciones favorables de esporulacion, como la presencia
de azlcares, la pared del asca se rompe liberando las ascosporas que se multiplican

vegetativamente en el medio. Dos células de signo opuesto pueden entonces aparearse,
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uniéndose sus nucleos y citoplasmas en un zigoto, formando una nueva levadura

diploide (a/a), que entonces puede multiplicarse por gemacion.

En ciertas especies de levaduras, mientras que las células haploides se
multiplican, algunas de ellas tienen la capacidad de invertir su signo sexual gracias a un
gen llamado HO, pudiendo entonces unirse entre si para formar una nueva levadura
diploide (a/a o a/a). Estas son conocidas como especies homotélicas y corresponden a la
mayoria de las levaduras vinicas, a diferencia de las especies heterotalicas, que no
presentan esta propiedad y pueden pasar varias generaciones manteniéndose en estado

haploide y con signo sexual constante.

Las levaduras del género Saccharomyces son diploides y homotalicas y tienen un
ciclo de reproduccion diplofasico en el que la reduccidon o meiosis se produce antes de
la formacion de esporas de forma que siempre son diploides cuando se reproducen

vegetativamente.

El jugo de uva y el vino no parecen ser un campo propicio para la esporulacion de

las levaduras, por lo que mayoritariamente se reproduciran asexualmente.

3.5. Metabolismo

Las levaduras en condiciones anaerobicas realizan la fermentacion alcohdlica, en
la que los azucares presentes en el mosto de uva (glucosa y fructosa, principalmente),
son transformados en alcohol etilico y anhidrido carbonico, ademas de otras sustancias,
transforméandose, entonces, en vino. Esta compleja reaccion bioquimica se produce con
desprendimiento de calor, pues en el catabolismo de los azlcares se produce un exceso
de energia que no se utilizan en los procesos de anabolismo de construccion de las

células o de su multiplicacion.

Durante la fermentacion alcoholica también se producen una serie de fendmenos
bioquimicos colaterales de gran importancia en el desarrollo de la misma y en la
composicion del vino, como la fermentacion gliceropirvica, fermentacion homoldctica,
fermentacion maloalcohdlica, catabolismo y anabolismo de los aminoacidos y

metabolismo de los compuestos azufrados.

Es necesario disponer de pequenas cantidades de oxigeno durante la fermentacion
alcohdlica con el objeto de que las levaduras se multipliquen y su desarrollo sea el

adecuado. En este momento cobra gran importancia el metabolismo aerobio de las
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levaduras, donde los azucares u otros sustratos son transformados finalmente en agua y
anhidrido carbonico mediante la respiracion, produciéndose una energia veinte veces
superior a la de la fermentacion alcohdlica que explica el mayor crecimiento de la

poblacion celular en estas condiciones (Hidalgo Togores, 2003).

Las levaduras deben sintetizar durante su crecimiento todas las proteinas que
necesita. Para ello asimila del medio fermentativo los compuestos nitrogenados que
contiene en forma de ion amonio o de aminoacidos, a partir de los cuales podra
sintetizar otros aminodcidos que formardn parte de las proteinas. Sin embargo,
Saccharomyces es incapaz de asimilar las fuentes de nitrégeno inorganico del medio
(como nitratos y nitritos) asi como las proteinas y polipéptidos, ya que carece de los
sistemas de digestion extracelular para este tipo de compuestos, por lo que el contenido
en nitrégeno de los mostos suele ser limitante para el crecimiento de S. cerevisiae desde
el punto de vista nutricional y el principal causante de paradas de fermentacién. En
cuanto al catabolismo de los aminoacidos es importante destacar la formacion de
metabolitos como los alcoholes superiores y los ésteres derivados de éstos, ambos con
una participacion decisiva en la fraccion aromatica de los vinos (Aranda et al., 2005;

Hidalgo Togores, 2003).

Respecto a los compuestos azufrados, las levaduras son capaces de incorporar y
metabolizar sulfitos, sulfatos, aminoacidos azufrados, glutation, tiamina, biotina, etc.,
pero también producir y segregar al medio otras sustancias azufradas, como sulfitos,
sulfuro de hidrogeno, dimetilsulfuro, mercaptanos, tioésteres, sulfuros, etc. La mayor
parte de ellos influyen en las cualidades organolépticas de los vinos (Hidalgo Togores,

2003).

3.6. Ciclo de crecimiento y cinética de fermentacion

El desarrollo de la fermentacion alcohdlica esta intimamente ligado al ciclo de
crecimiento de las levaduras, de forma que depende el uno del otro. En el ciclo de
crecimiento se pueden apreciar seis fases de desarrollo (Aranda et al., 2005; Hidalgo

Togores, 2003):

1. Fase de latencia: La poblacion de levaduras no aumenta, ya que no se

producen multiplicaciones celulares al estar adaptandose al medio.
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2. Fase de aceleracion: Las levaduras empiezan a multiplicarse, alcanzandose
una poblacion de unas 10° células/ml. Esta fase junto con la anterior transcurre
en varios dias, dependiendo de la temperatura, y termina cuando el mosto se
satura de anhidrido carbonico. Si el proceso fermentativo se inicia mediante

inéculos de aproximadamente 10° células/ml, esta fase puede acortarse.

3. Fase de crecimiento exponencial: La poblacion de levaduras crece
exponencialmente hasta alcanzar 10’-10° células/ml, coincidiendo el namero
de células totales con las vivas y sucediéndose un méximo de 4 a 5
poblaciones de células. Esta fase dura entre 2 y 5 dias y en ella la velocidad de
fermentacion es maxima y constante y suele consumirse entre 1/3 y 1/2 de la

cantidad de aztcares iniciales.

4. Fase de ralentizacion del crecimiento: Corresponde a la ultima parte de la
fase anterior, donde debido a los factores limitantes del medio fermentativo, la
poblacion de levaduras deja de crecer. Practicamente la totalidad de las

levaduras estan vivas y activas.

5. Fase estacionaria: El crecimiento es nulo. Las levaduras no se multiplican,
permaneciendo la poblacidn estacionaria durante unos 8 dias. Sin embargo, las
células siguen metabdlicamente activas y la velocidad de fermentacion

continua en su valor maximo.

6. Fase de declive 0 muerte: Transcurre durante varias semanas. La poblacion
de levaduras totales disminuye ligeramente pero son las levaduras vivas las
que sufren una importante reduccion hasta 10° células/ml, debiendo éstas de
terminar de transformar los ultimos azlicares del mosto en condiciones cada
vez mas adversas. La pérdida de viabilidad va acompaiiada de una
disminuciéon de la velocidad de fermentacion debida no Unicamente a la
disminucion del nimero de células viables sino también a una inhibicion de la
actividad metabolica de las células no proliferativas. La pérdida de capacidad
fermentativa se ha relacionado con la deplecion del ATP y la acumulacion del
etanol, que producen efectos negativos sobre la capacidad de transporte a
través de las membranas. Las células mueren y por autolisis empiezan a

excretar al medio las sustancias que contienen.
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El mosto de uva es un medio facilmente fermentable que contiene todos los
nutrientes necesarios para permitir el crecimiento de las levaduras; por tanto, cuando
cesa su multiplicacién se debe a la aparicion de uno o mas “factores limitantes” que
frenan su crecimiento. Estos factores pueden ser de caracter fisicoquimico o bien
pueden estar relacionados con algunas necesidades nutritivas de las levaduras (Fleet &
Heard, 1993), con la poblacién inicial, diversidad e interacciones entre las diferentes
especies y cepas presentes en el mosto asi como con la incorporacion de levaduras

mediante indculos (Fleet, 2003).

3.6.1. Factores fisicoquimicos

La temperatura de fermentacion: Es el factor de mayor incidencia en la cinética
fermentativa, duplicandose la intensidad de fermentacion cada 10 °C, hasta el maximo
de 30 a 35 °C (6ptimo fermentativo). Se estima que por cada grado de temperatura
aumentado, la levadura es capaz de fermentar un 10% mas de azucares. Las
temperaturas comprendidas entre 5 a 40 °C son posibles para el inicio y desarrollo de la
fermentacion alcohdlica; por encima de 40 °C se produce la muerte celular debido a la
desnaturalizaciéon de sus proteinas. Este maximo de temperatura estad ligado a la
presencia de otros factores limitantes como la concentracion de etanol, cuya toxicidad
aumenta con la temperatura, acidos grasos de cadena corta, e incluso también el acido
acético (Fleet, 2003; Hidalgo Togores, 2003). Las levaduras no-Saccharomyces son mas
sensibles a las altas temperaturas que las especies de Saccharomyces (Torija et al.,
2003; Torrens et al., 2007). Las temperaturas demasiado elevadas en la fase de
multiplicacion de las levaduras, del orden de 25 a 30 °C, aceleran la velocidad de
fermentacion, pero pueden ser causa de una parada posterior, generando casi siempre
problemas de finalizacion de la misma, y ademas, provocan la evaporacion del etanol y
la pérdida de compuestos volatiles esenciales para las caracteristicas organolépticas del
vino. También tiende a aumentar la concentracion de acido acético y de glicerol y a
disminuir las de acetaldehido y acido succinico (Torija et al., 2003). Por otra parte,
temperaturas bajas pueden inhibir la fermentacion alcohoélica, sin llegar a producir la
muerte de las levaduras, debido a un funcionamiento deficiente de la ATPasa como
“bomba de protones”, produciéndose entonces una acidificacion del citoplasma celular
(Hidalgo Togores, 2003). S. cerevisiae muestra una temperatura 6ptima de crecimiento
alrededor de los 30 °C, aunque puede adaptarse a un amplio abanico de temperaturas,

con un maximo de 40 °C, a partir del cual se observa una caida de viabilidad (Watson,
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1987). En general, la fermentacion de los vinos blancos se tiende a hacer entre los 15y
20 °C, mientras que la temperatura para la elaboracion de los tintos se sittia en valores
mas elevados, entre los 20 y 30 °C (Ough, 1992), para favorecer las extraccion de las

sustancias fenolicas tipicas de los mismos.

El régimen de aireacion: La presencia de oxigeno es necesaria para la
multiplicacion de las levaduras y para ciertas funciones de su metabolismo como la
sintesis de esteroles y acidos grasos insaturados que aumentan la permeabilidad de las
membranas celulares y cuya ausencia es frecuentemente causa de paradas de
fermentacion (Hidalgo Togores, 2003). Sin embargo un exceso de oxigeno puede
producir un aumento de acetaldehido y SH; y un descenso en la produccion de ésteres
aromaticos (Nykénen, 1986) y también inhibir la fermentacion, lo que se conoce como
efecto Pasteur (Aranda et al., 2005). Las levaduras no-Saccharomyces parecen ser
menos tolerantes a la ausencia o baja disponibilidad de oxigeno que las Saccharomyces

(Visser et al., 1990; Fleet, 2003).

El efecto del pH: El rango tipico de pH en el mosto no representa una limitacién
para el crecimiento de Saccharomyces; s6lo valores inferiores a pH 2,8 pueden plantear
dificultades (Aranda et al., 2005). Los efectos nocivos del pH bajo se deben a que
incrementan el efecto nocivo del etanol y del sulfito afectando al correcto
funcionamiento de la ATPasa de protones de la membrana plasmatica encargada de

mantener el pH neutro en el interior celular (Hidalgo Togores, 2003).

La clarificacion: La eliminaciéon de particulas solidas del mosto conlleva la
eliminacion conjunta de nutrientes asociados a ellas, sobre todo nitrogenados, que
pueden dificultar el crecimiento de las levaduras (Ayestaran et al., 1995). Este factor es
importante sobre todo en la produccion del vino blanco en el que se realiza la

clarificacion previa a la fermentacion.

El diéxido de azufre (SO;): La adicion del SO, en el mosto controla las
reacciones de oxidacion y restringe el crecimiento de la microbiota autoctona. Como
antimicrobiano, el SO, presenta los siguientes efectos sobre la cinética de crecimiento
de las levaduras durante la fermentacion (Fleet & Heard, 1993): incrementa la fase de
latencia y retrasa el inicio de la fermentacion; disminuye la tasa de crecimiento e
incrementa el tiempo para completar la fermentacién aunque a dosis pequefias es

activador del crecimiento; acelera la fase de declive o muerte celular y ejerce una
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seleccion sobre las especies o cepas que crecen en el mosto y desarrollan la
fermentacion. En general, restringe el crecimiento de las especies autoctonas de no-

Saccharomyces y fomenta el desarrollo de S. cerevisiae.

3.6.2. Necesidades nutricionales o composicion del mosto

La composicién del mosto afecta a la tasa de fermentacion y a que ésta se realice
por completo asi como a la concentracion de compuestos aromaticos constituyentes del
vino. Es importante tener en cuenta que tal composicion varia con la variedad de uva,
las condiciones del suelo, el uso de fertilizantes y la madurez de la uva al vendimiar
(Fleet & Heard, 1993). Generalmente, el mosto contiene una cantidad suficiente de
nutrientes para desarrollar la fermentacién alcohdlica; sin embargo, en mostos
excesivamente desfangados en algunas ocasiones, se originan algunas carencias que
pueden generar problemas en la finalizacion de la fermentacion (Hidalgo Togores,
2003), destacando entre estas sustancias las nitrogenadas y las minerales y algunos
factores de crecimiento y de supervivencia esenciales para el crecimiento de las

levaduras (Ribéreau-Gayon et al., 2003 a).

Compuestos carbonatados: Los azucares fermentables por las levaduras son la
principal fuente de carbono, especialmente la glucosa y la fructosa. La concentracion de
azucares que posee el mosto determina su velocidad de fermentacion: es constante entre

20-200 g/l y decrece fuera de este rango (Hidalgo Togores, 2003; Fleet & Heard, 1993).

Compuestos nitrogenados: El mosto es bastante rico en compuestos
nitrogenados de los que un 5-10% esta constituido por la fraccion mineral o amoniacal,
un 20-30% por aminoacidos, un 30-40% por polipéptidos y un 5-10% por proteinas. Sin
embargo, las levaduras, como se ha mencionado anteriormente, solo utilizan las fuentes
mas facilmente asimilables, como el i6n amonio, los aminoacidos y algunos péptidos de
bajo peso molecular. Generalmente el mosto contiene una cantidad suficiente de estas
sustancias asimilables para el crecimiento de las levaduras y el desarrollo correcto de la
fermentacion, pero suelen ser factor limitante en mostos desfangados muy limpios o en
determinadas vendimias empobrecidas en estas sustancias (Hidalgo Togores, 2003).
Ademas, si existe carencia de nitrégeno durante la fase de crecimiento exponencial de
las levaduras, éstas producen una gran cantidad de SH, (Jiranek et al., 1995),

responsable del caracteristico olor a huevos podridos (Pisarnitskii, 2001).
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Otros compuesto que merecen especial atencion son las vitaminas. Las levaduras
vinicas no son tan dependientes de estos cofactores como otros organismos mas
complejos ya que son capaces de sintetizar sus propias vitaminas, excepto la biotina. No
obstante, la presencia de estos compuestos en le mosto estimula el crecimiento y la
actividad metabdlica de las levaduras por lo que se les considera factores de crecimiento

(Ribéreau-Gayon et al., 2003 a).

Compuestos minerales: Estos compuestos son importantes para asegurar las
funciones vitales de las levaduras. La levadura seca contiene de 5 a 10% de compuestos
minerales y son principalmente o6xidos de fésforo, potasio, magnesio, calcio, azufre,

sodio, hierro y silice y el i6n cloro (Ribéreau-Gayon, 2003).

En relacion a los lipidos, las levaduras no pueden sintetizar acidos grasos de
cadena larga ni esteroles en las condiciones de anaerobiosis propia de la fermentacion
vinica. La carencia de este tipo de lipidos afecta a la estructura y funcion de la
membrana plasmatica, aumentando los efectos del etanol y dificultando la captacion de
glucosa. A estos compuestos se les denomina factores de supervivencia ya que su
presencia es necesaria para la viabilidad celular aunque su adicion no produce un

aumento del crecimiento (Ribéreau-Gayon et al., 2003 a).

3.6.3. Interacciones entre levaduras. Efecto de la inoculacion de levaduras

seleccionadas y del factor killer

Aunque S. cerevisiae es la especie principal en la produccion del vino, otras
especies también juegan un papel importante y entre ellas se producen una gran
diversidad de interacciones a lo largo de las diferentes etapas del proceso. Estas
interacciones influyen tanto en la eficiencia de la producciéon como en la calidad del
vino (Fleet, 2003). Las interacciones que ocurren entre las levaduras a causa de la
inoculacién de levaduras en la fermentacion y el factor killer provocan la inhibicion y
muerte, respectivamente, de unas especies o cepas y determinan el predominio de otras

que van a ser las responsables del desarrollo de la fermentacion.

La inoculacion de levaduras seleccionadas afectan al crecimiento de levaduras ya
existentes en el mosto y, por tanto, al desarrollo de la fermentacion, ya que se reduce la
fase de latencia y el riesgo de contaminaciéon del mosto por otros microorganismos
indeseables y la fermentacion se completa con mayor rapidez (Fleet & Heard, 1993). La

ecologia de las levaduras que participan en la fermentacion se ve afectada por el indculo
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de cepas S. cerevisiae que suprime el crecimiento de las especies de no-Saccharomyces
(Egli et al., 1998; Henick-Kling et al., 1998; Beltran et al., 2002) y disminuye la
diversidad de cepas S. cerevisiae autdctonas (Schiitz & Gafner, 1993; Egli et al., 1998;
Henick-Kling et al., 1998; Torija et al., 2001; Beltran et al., 2002; Santamaria et al.,
2005; Lopes et al., 2007), siendo este hecho mas acentuado en bodegas de nueva

construccion (Constanti et al., 1997; Beltran et al., 2002; Santamaria et al., 2005).

El uso de indculos con capacidad killer puede prevenir o reducir de forma
importante la posibilidad de contaminaciones (Suarez Lepe, 1997). Aunque hay muchas
variables en la vinificaciéon que influyen en la expresion de los fenotipos killer o
sensible, es evidente que las interacciones killer determinan la evolucion de las especies
y cepas de levaduras durante la fermentacion (Fleet, 2003). Las cepas S. cerevisiae con
fenotipo killer provocan la muerte de las cepas de fenotipo sensible disminuyendo la
biodiversidad de las levaduras a lo largo de la fermentacion; de esta forma garantizan su
permanencia o incluso su dominio en la fermentacion hasta el final (Vagnoli et al.,
1993; Suérez Lepe, 1997, Sangorrin et al., 2001; Zargoc et al., 2001). Estos fenomenos
de antagonismo entre levaduras killer y sensibles pueden provocar paradas o retrasos en

la fermentacion alcohodlica, por lo que se hace necesario controlar estos procesos.

4. Fermentacion alcoholica

La produccion del vino implica la transformacion del mosto por la actividad
metabolica de las levaduras, principalmente S. cerevisiae, mediante el desarrollo de la
fermentacion alcohdlica. Se trata de una ruta catabodlica que tiene lugar en el citoplasma
de las células y consiste en la transformacion de las hexosas presentes en el mosto
(glucosa y fructosa, principalmente) en etanol y CO, y puede expresarse mediante la

siguiente ecuacion global:

C¢H1206 +2 ADP + 2 HPO4, = 2 C,HsOH+2 CO, +2 ATP +2 H,O

4.1. Fermentacion espontanea. Sucesion de especies de levaduras

La fermentacion alcoholica natural o espontdnea es un proceso microbioldgico
complejo en el que intervienen una gran biodiversidad de especies de levaduras que
proceden del grano de uva o bien de la superficie de los equipos de bodega (Heard &

Fleet, 1993) cuya composiciéon ya se ha comentado en el apartado 2. En una
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fermentacion natural o espontanea (sin indculo) dichas especies no acttian de forma
simultanea, sino que crecen de forma secuencial a lo largo de la fermentacion alcoholica
(Fleet & Heard, 1993; Schiitz & Gafner, 1993; Querol et al., 1994; Schiitz & Gafner,
1994; Sabate et al., 1998; Torija et al., 2001; Santamaria et al., 2005; Maro et al., 2007;
Mercado et al., 2007). La fermentacion alcohdlica es iniciada principalmente por
especies de Kloeckera, Hanseniaspora y Candida, y en menor medida de Hansenula y
Pichia, pero a medida que ésta avanza estos microorganismos van desapareciendo
dando paso a otras especies de Saccharomyces, fuertemente fermentativas y tolerantes
al etanol, capaces de finalizar la fermentacion. La desaparicion de las especies no-
Saccharomyces parece estar relacionada con su baja tolerancia al etanol y a su
incapacidad para sobrevivir en un medio con concentraciones crecientes de etanol
producido por las especies de Saccharomyces. Sin embargo, Pérez-Nevado et al. (2006)
apuntan que algunas no-Saccharomyces como H. guilliermondii y H. uvarum toleran
grandes cantidades de etanol en cultivos puros pero mueren rapidamente cuando crecen
en cultivos mixtos con S. cerevisiae por lo que postulan que la causa de muerte (y por
tanto de la sucesion durante la fermentacion alcoholica) podria ser distinta a la toxicidad
por el etanol. Segiin Ribéreau-Gayon et al. (2003 a), ademas del etanol, la seleccion
natural de S. cerevisiae se produce por otros tres factores: la anaerobiosis, el sulfitado de
los mostos y la riqueza en azucar, a los cuales las especies no-Saccharomyces son mas

sensibles que S. cerevisiae.

El empleo de técnicas de caracterizacion molecular ha puesto de manifiesto que
durante la fermentacion participan diversas cepas de S. cerevisiae encontrandose dos
situaciones, fermentaciones en las que s6lo un pequefio numero de ellas son
mayoritarias (1 a 3) representando el 70-80% de las colonias aisladas (Ribéreau-Gayon
et al., 2003), o bien fermentaciones en las que ninguna cepa domina sobre las demas
(Torija et al., 2001; Sabate et al., 1998). La aplicacion de estas técnicas ha permitido
ademds estudiar la distribucion geografica de cepas de S. cerevisiae salvajes o
indigenas, demostrando la adaptacion de algunas de ellas a microambientes especificos

(Nadal et al., 1996; Schiitz & Gafner, 1994).

Uno de los principales inconvenientes de las fermentaciones espontaneas, sin
embargo, es la variabilidad en la poblacion total de levaduras y en su composicion de
una campaifia a otra, que por una parte puede no ser suficiente para asegurar el inicio de

la fermentacion alcohdlica o que ésta sea muy lenta favoreciendo la proliferacion de
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levaduras contaminantes y, por otra, hace que las caracteristicas del producto final de la
fermentacion varie cada vendimia y que, por tanto, la fermentacién espontanea resulte

altamente impredecible (Pretorius, 2000).

4.2. Fermentaciones inoculadas

Frente al desarrollo de las fermentaciones espontaneas, a cargo de la microflora
presente en los racimos de uva y la residencial en la bodega, las fermentaciones pueden
ser dirigidas mediante la inoculacion de levaduras seleccionadas, bien en forma de
levaduras secas activas o bien mediante su adicién a partir de una cepa conservada en

laboratorio y debidamente propagada en escalonamientos sucesivos.

Sin embargo, antes de que se iniciaran los procesos de seleccion de cepas vinicas,
para paliar los problemas expuestos anteriormente en relacion a las fermentaciones
espontaneas, se recurria al empleo de un pie de cuba, que no era mas que un mosto en
plena fermentacion, conducida en las mejores condiciones para procurar el predominio
de las mejores levaduras para el proceso enoldgico (Suarez Lepe, 1997). Se trata de una
técnica antigua pero que hoy dia se sigue utilizando en muchas bodegas para aquellas
elaboraciones donde se desea que la poblacion de levaduras proceda del propio
ecosistema, sobre todo en vinos que presentan una fuerte expresion de su origen o

“terroir’”.

El pie de cuba se prepara unos dias antes de la vendimia a partir de racimos de uva
sanos y maduros de los que se extrae el mosto que se deja fermentar de forma
espontanea. Cuando esta en fermentacion tumultuosa y alcanzado una graduacion
alcohdlica de entre 6-8 % vol, se anade a los depodsitos de fermentacion en proporcion
variable de 3-5%, que asegura la siembra de una poblacién de 2 6 3 x 10° levaduras/ml
y la presencia de levaduras mas favorables para el proceso de fermentacion. Se ha de
mezclar bien con el mosto a fermentar por remontado o mejor situdndolo en el fondo del
depdsito antes de ser llenado, acto que le da nombre a la técnica pie de cuba (Suérez

Lepe, 1997; Hidalgo Togores, 2003).

Por otra parte, el concepto de empleo de levaduras seleccionadas para conducir la
fermentacion tampoco es reciente. A principios del siglo pasado el instituto La Claire en
Francia comenzo6 a aislar, mantener y producir a pequefia escala cepas puras de levadura
en forma de cultivos liquidos que se utilizaban como pies de cubas en mostos, en un

proceso que se iba escalonando hasta permitir el indculo de los tanques industriales de
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fermentacion (Degre, 1993; Ramoén., 2005). A nuestro pais dicho concepto lleg6 de la
mano de Tommaso Castelli en 1955, discipulo de Gino de Rossi. El objetivo era la
obtencién de una coleccion de microorganismos de distintas regiones vitivinicolas,
entendiendo que las mas abundantes en las distintas fases de fermentacion (inicio,
tumultuosa y final) serian potencialmente interesantes como futuras levaduras
seleccionadas. Segun Castelli, aunque la fermentacién en pureza no era implacable,
podria permitir una mayor regularidad, mayor producciéon de alcohol, mejor relacién
rendimiento alcohdlico y menor acidez volatil. Tomasso Castelli y Baldomero Iiigo
fueron los responsables de los primeros andlisis microbiolégicos de fermentaciones

realizados en Espafia a final de la década de los 50 del siglo XX (Gonzalez et al., 2005).

No obstante, no fue hasta la década de los 60 cuando comienza la produccion
industrial de cepas enologicas de levaduras en forma de levaduras secas activas (LSA)
en respuesta a las necesidades de una creciente produccién de vinos en California, y
aunque en principio el numero de cepas disponibles era muy reducido (Montrachet y
Pasteur champagne), en la actualidad rondan el centenar las cepas comerciales ofrecidas
por diferentes empresas (Degre, 1993; Gonzalez et al, 2005). El empleo de LSA,
ademas de aumentar el grado de reproducibilidad del vino afio tras afo, asegura una
rapida y completa fermentacion del mosto y disminuye la fase de latencia de las
levaduras (Fleet & Heard, 1993) reduciendo asi el riesgo de contaminaciéon y
permitiendo un mayor control de la fermentacion y calidad en los vinos (Henick-Kling
et al., 1998). Otra de las ventajas de la LSA es su facil manipulacion en bodega, que no
requiere personal especializado. Para su inoculacion tan solo es precisa una fase previa
de rehidratacion durante 15-20 minutos en agua caliente (30-40 °C) a la que se le debe

anadir mosto o sacarosa con objeto de evitar el choque osmotico.

Sin embargo, hay que tener en cuenta que el empleo de levaduras comerciales no
asegura su total implantacioén durante la fermentacion, que puede ser incluso baja o nula
(Barrajon et al., 2009). El grado de implantacion de las LSA depende principalmente de
la dosis usada, de las condiciones de rehidratacion y de la temperatura de inoculacion,
aunque también otros factores pueden afectar directamente a su viabilidad, vitalidad y
actividad fisioldgica y, por tanto, a su capacidad de competir con la microflora salvaje
presente en el mosto, por ejemplo, el contenido intracelular en carbohidratos, contenidos
de nitrégeno en el mosto, la presencia de factores de supervivencia y la temperatura de

fermentacion (revisado por Barrajon et al., 2009). En este sentido, las técnicas de
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biologia molecular son una herramienta importante que permite la monitorizacion de las
fermentaciones y el control del grado de implantacion de la levadura inoculada y, de
este modo, tomar a tiempo las medidas pertinentes en caso de no observarse una

adecuada implantacion de la cepa inoculada.

A pesar de las ventajas del uso de levaduras comerciales, muchos autores
defienden el empleo de levaduras autdctonas seleccionadas (Martini & Vaughan-
Martini, 1990; Suérez Lepe & Iiigo Leal, 2004; Querol et al., 1992a; Regodoén et al.,
1997; Romano et al., 1998). Por un lado, estas ultimas estan mejor adaptadas a su
microambiente y pueden imponerse mas facilmente garantizando la homogeneidad de la
flora (Martini & Vaughan-Martini, 1990, Lema et al., 1996; Regodoén et al., 1997,
Pretorius, 2000; Esteve-Zarzoso et al., 2001; Romano et al., 2003; Lopes et al., 2007;
Barrajon et al., 2009; Rodriguez et al., 2009). Por otro lado, esta practica facilita el
mantenimiento de la tipicidad del producto segun la region de origen (Regoddn et al.,
1997; Nikolaou et al., 2006; Rementaria et al., 2006; Rodriguez et al., 2009). Por ello, el
mantenimiento del patrimonio biolégico es esencial para obtener indculos capaces de
desarrollar por completo los sabores y aromas tipicos de los vinos originados en los

diferentes viniedos (Pretorius, 2000).

5. Seleccion de levaduras autdoctonas

Los beneficios de controlar el proceso fermentativo mediante la inoculacion de
levaduras frente al desarrollo de la fermentacién de forma espontanea o natural han sido
ya expuestos en el apartado anterior, asi como las ventajas que supone el empleo de
levaduras autoctonas seleccionadas frente al de levaduras comerciales en relacion a la
mas facil implantacion de las primeras en el proceso fermentativo y en el
mantenimiento de las caracteristicas particulares de los vinos producidos en una region

determinada.

El proceso de seleccion clonal de levaduras lleva consigo determinar las
propiedades enologicas de cada cepa que la haga mas adecuada para el proceso
fermentativo, bien por su comportamiento tecnoldgico durante la fermentacion, bien por
las caracteristicas que aporte al producto final. Si ademas la seleccion se lleva a cabo

entre las levaduras autdctonas (o locales) de la propia region donde se vayan a emplear
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en la vinificacion se llegaria al concepto de levadura local seleccionada ya apuntado en

1964 por Inigo Leal (Suarez Lepe & Iiigo Leal, 2004).

El primer paso, por tanto, en el proceso de seleccion de una levadura local o
autoctona es el aislamiento e identificacion de la microflora levaduriforme que participa
en la fermentacion espontdnea de los mostos en una region determinada (Briones et al.,
1995). Lo mas habitual es realizar los aislamientos en el mosto en fermentacion,
normalmente en la ultima fase de la misma, aunque también pueden usarse otros
sustratos como la propia uva, mosto fresco e incluso lias (Gonzalez et al., 2005), para

después proceder a la identificacion y caracterizacion de las especies y cepas presentes.

A continuacion las cepas identificadas son ensayadas de acuerdo a unos criterios
de seleccion. Segun Suérez Lepe & Iiigo Leal (2004) debe diferenciarse entre criterios
primarios de seleccion, basicos o fundamentales, ttiles para la seleccion de levaduras
destinadas a fermentar cualquier mosto, y otros que una vez superados los primeros, se
deben estudiar con carécter especifico segiin el tipo de vino a elaborar. Consideran
basicos un poder fermentativo elevado, baja produccion de acidez volatil y una correcta
cinética fermentativa. Otros criterios a tener en cuenta son la resistencia al SO,, fenotipo
killer y la ausencia de defectos olfativos (producciéon de SH;). Posteriormente, la
seleccion debe proseguir en funcién de su aplicacion tecnoldgica, considerando la
produccion de vinos comunes, vinos tintos o blancos de calidad, o bien de vinos

especiales como los de crianza bioldgica o los espumosos.

Degré (1993) resume algunas de las propiedades tecnologicas de las levaduras,
clasificandolas en funcion de sus efectos en el proceso de vinificacion y/o calidad del

producto final como:

- Favorables: poder fermentativo, fermentacion completa de azhcares, cinética
fermentativa adecuada, alta tolerancia al etanol, capacidad de fermentar a diferentes
temperaturas, resistencia al SO,, factor killer o resistencia a toxinas killer, degradacion

del 4cido malico, produccion de B-glucosidasa y produccion de glicerol.

- Desfavorables: produccion acidez volatil, de SH;, de acetaldehido, formacion

de precursores del carbamato de etilo, y formacion de espuma.
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5.1. Propiedades favorables

El poder fermentativo o poder alcoholigeno corresponde al mdximo porcentaje
de etanol que es capaz de producir una levadura al fermentar un mosto estéril con
cantidad suficiente de azicares; indica, por tanto, su capacidad para producir vinos de
elevado grado alcoholico (Suarez Lepe & Iiigo Leal, 2004). Esta propiedad esta
asociada a alta velocidad de fermentacion, fases de latencia cortas y consumo casi total
de los azucares presentes en el mosto (Gonzélez et al., 2005), y constituye uno de los
primeros criterios empleados en la seleccion de levaduras. Es muy variable entre las
distintas especies de levaduras vinicas y, a menudo, entre diferentes cepas de una misma
especie. Normalmente las cepas con mayor poder fermentativo son también las mas
resistentes al etanol. S. cerevisiae y otras levaduras vinicas pertenecientes a este género,
son los microorganismos mas tolerantes al etanol de entre los eucariotas, son capaces de
crecer a concentraciones comprendidas entre 8-12% vol etanol y de producir una

graduacion alcoholica superior a 12% vol (Sudrez Lepe, 1997).

Otra propiedad de interés en relacion a la seleccion de una cepa de levadura es
su cinética fermentativa, que se establece mediante la determinacién de otros
parametros como la duracion de la fase de latencia (relacionada con el tiempo que tarda
en producirse el arranque de la fermentacion), la regularidad fermentativa de la cepa, la
duracion total del proceso y la curva termodinamica de cada cepa, que deben definirse

en las mismas condiciones experimentales (Suarez Lepe & Iiigo Leal, 2004).

En relacion a la temperatura de fermentacion, cada cepa tiene su optimo de
temperatura (Torija et al., 2003). Puede ser de gran utilidad contar con cepas
seleccionadas capaces de fermentar a temperaturas elevadas en zonas vinicolas con altas
temperaturas durante la vendimia y el periodo de fermentacion y con bodegas que
carecen de sistemas de refrigeracion, situaciones que pudieran conducir a paradas de
fermentacion (Regodoén et al., 1997, Nikolaou et al., 2006). Sin embargo, en otras
ocasiones interesa fermentar a temperaturas bajas para favorecer la conservacion de los
aromas varietales y fermentativos en el vino, aunque disminuye la tasa de crecimiento

de las levaduras y por tanto de la fermentacion.

La resistencia al sulfuroso sigue siendo un caracter a tener en cuenta en la
seleccion de cepas vinicas, especialmente cuando no se limita a especies de S.

cerevisiae. El empleo de sulfito es una practica habitual durante la vinificacion,
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justificada por su actividad antiséptica, entre otras, que ayuda a controlar el crecimiento
de microorganismos indeseables en el mosto y en el vino. La resistencia a este
compuesto es caracteristica comun de las cepas vinicas de S. cerevisiae, que poseen una
copia del alelo SSUI-R del gen SSUI que les confiere mayor resistencia a este

compuesto que las cepas que poseen el alelo normal (Gonzalez et al., 2005).

También parece interesante contar con cepas killer de S. cerevisiae como
inéculos, capaces de liberar toxinas y de este modo matar cepas que no posean factor
killer o cuyo factor killer es diferente (Gonzalez et al., 2005) favoreciéndose la
implantacion de la cepa inoculada y evitando el desarrollo de levaduras sensibles que

puedan contaminar y dafiar el vino (Kunkee, 1984).

El 4cido malico no sdlo contribuye a la acidez en el vino provocando un
desequilibrio organoléptico (Sudrez Lepe, 1997), sino que también sirve de sustrato para
contaminaciones por bacterias lacticas que pueden dafiar el vino tras su
embotellamiento. Por ello es esencial eliminar el exceso de 4cido malico del vino para
asegurar la estabilidad fisica, bioquimica y microbioldgica y por tanto, la calidad del
vino (Pretorious, 2000). La capacidad de degradar dacido malico del vino difiere con la

especie y la cepa de levadura (Redzepovic et al., 2003).

El aroma varietal, o primario del vino puede verse afectado por la cepa de
levadura que se emplee en la vinificacion. La produccion de enzimas p-glucosidasa por
algunas cepas vinicas permite la hidrolisis de los precursores aromdticos procedentes de
la uva, que suelen ser terpenos unidos por enlace B-glucosidico a un resto azucarado,
liberando asi el verdadero compuesto aromatico, que es el terpeno libre (Fernandez-
Gonzalez et al., 2003; Hernandez et al., 2003). Por otra parte, la accion de otras enzimas
hidroliticas ayudan también a la extraccion de componentes del aroma y color a partir
de las paredes celulares de la uva, por lo que la produccion de estas enzimas con estas

actividades también se han propuesto como criterio de seleccion (Gonzaléz et al., 2005).

La produccion de glicerol también se asocia con una mejora de las propiedades
sensoriales del vino al proporcionarle dulzor, cuerpo y suavidad (Nikolaou et al., 2006).
En algunos vinos puede ser, después del alcohol y el agua, el constituyente presente en
mayor cantidad (Ribéreau-Gayon et al., 2003 b; Suarez Lepe & Iiigo Leal, 2004). Su
formacién transcurre en los primeros estadios de la fermentacién alcohdlica, como

consecuencia de la reduccion de la fosfohidroxiacetona, cuando todavia hay poco
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acetaldehido formado. Teniendo en cuenta que cada vez existe una mayor demanda de
vinos con baja graduacion alcohdlica, y que un aumento en la produccion de glicerol
implica un descenso en la de etanol, la seleccion de cepas productoras de glicerol tiene

interés desde ambos puntos de vista.

5.2. Propiedades desfavorables

Desde un punto de vista negativo, un exceso de acido acético y por tanto, una
produccion de acidez volatil elevada, es uno de los defectos més facilmente detectables
en el vino. A menudo un exceso de acético se asocia al desarrollo incontrolado de
bacterias —normalmente acéticas aunque también lacticas- pero también puede haber
una contribucion apreciable de este compuesto como consecuencia del propio

metabolismo de S. cerevisiae que dependera de cada cepa (Suarez Lepe, 1997).

También un exceso en sulfuro de hidrogeno disminuye la calidad de los vinos
acabados ya que produce un desagradable olor a huevos podridos (Pisarnitskii, 2001).
Aunque todas las cepas de Saccharomyces pueden producir una pequefia cantidad de
este compuesto (Gutiérrez et al., 1997), su produccion depende de la cepa de levadura y
de sus caracteristicas fisiologicas (Rementaria et al., 2006). Existen cepas cuyas
caracteristicas genéticas les permite bloquear la sintesis de SH, cuando existe una traza
de éste en el medio; estas cepas poseen lo que se conoce como “caracter SH, negativo”
que consiste en un sistema de control especifico para la reduccion de sulfatos (Sudrez

Lepe & Inigo Leal, 2004).

El acetaldehido es un compuesto muy reactivo que se une facilmente al SO,,
impidiendo que ejerza sus funciones, y a otros constituyentes del vino, como los
compuestos fendlicos provocando insolubilizaciones (Mareca Cortés, 1983). En exceso
provoca la denominada maderizacion o gusto oxidado (Mesas & Alegre, 1999).
Ademas, su oxidacion produce acido acético, aumentando asi la acidez volatil de los

vinos (Mareca Cortés, 1983).

El carbamato de etilo esta relacionado con la calidad higiénica. Parece ser un
agente cancerigeno cuyo principal precursor es probablemente la urea por reaccion
quimica entre ésta con el etanol. Durante la fermentacion alcohdlica, la urea es liberada
bajo la accion de la arginasa en el transcurso de la metabolizacion de la arginina

(Flanzy, 2003).
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La formacion de espuma durante la fermentacion hace necesario dejar una
camara de aire en los depositos de fermentacion para evitar que rebosen y dificulta el
transporte del mosto por las bombas (Kunkee, 1984), por ello es importante seleccionar

las cepas que menos espuma produzcan.

5.3. Ensayos de seleccion

La determinacion del comportamiento de las cepas de levaduras a ensayar en
relacion con los criterios seleccionados implica el empleo de medios sintéticos o bien de
microfermentaciones en mosto natural en condiciones de laboratorio, asi como la
determinacion de compuestos volatiles y analisis sensorial en los productos finales
obtenidos en vinificaciones de laboratorio (Briones et al., 1995). Finalmente, el
comportamiento de las cepas seleccionadas debe ensayarse también en vinificaciones en

bodega (Regodon et al., 2000; Rementaria et al., 2006; Rodriguez et al., 2009).

En nuestro pais se han llevado a cabo diversos trabajos de seleccion enfocados a
la seleccion de alguna cepa de S. cerevisiae para su aplicacion en una region vinicola
dada: en la DO de Alicante (Querol et al., 1992a), en la DO de Valdepenas (Briones et
al., 1999), en Extremadura (Regodon et al., 1997), en La Mancha (Pérez-Coello et al.,
1999), en El Penedés (Esteve-Zarzoso et al., 2000), en la DO Terra Alta (Torija, 2002)
y, mas recientemente, en la provincia de Céadiz (Rodriguez et al., 2009), entre otros.
Trabajos similares han sido realizados recientemente en Grecia (Nikolaou et al., 2006) y
en la Patagonia argentina (Lopes et al., 2007). En términos generales, los criterios de
seleccion mas frecuentemente empleados fueron la cinética fermentativa, tasa de
consumo de azucares, produccion de acidez volatil, de SH; y de espuma, fenotipos killer
y resistencia a diferentes concentraciones de SO,, estudiados en la mayoria de ellos.
Otras propiedades estudiadas, aunque en menor medida, fueron la tolerancia al etanol
(Briones et al., 1995; Pérez-Coello et al., 1999), a diferentes temperaturas (Querol,
1992, Regododn et al., 1997, Nikolaou et al., 2006), la adaptaciéon a concentraciones de
azucares elevadas (Querol, 1992), produccion de fenoles volatiles (Briones et al., 1995;
Pérez-Coello et al., 1999), de glicerol y aminas bidgenas (Nikolaou et al., 2006). Por
tanto, no existe un protocolo estandar para la seleccion de levaduras, hallandose
diferencias en la totalidad de propiedades enoldgicas estudiadas asi como en la prioridad
que se le da a cada una de ellas en el proceso de seleccion. Sin embargo, todos los

trabajos de seleccion coincidieron en la realizacion de microvinificaciones, con un
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numero reducido de cepas preseleccionadas, en las que se evaluan las propiedades
sensoriales y, en algunos casos, se determinan el contenido en compuestos volatiles de
los vinos obtenidos. Finalmente, en algunos de ellos se hacen vinificaciones en bodega
para comprobar la implantacion de la cepa seleccionada, su adaptacion a las condiciones
locales y las propiedades de los vinos elaborados (Briones et al., 1995, Esteve-Zarzoso

et al., 2000, Rementeria et al., 2006).

6. Papel de las levaduras en el aroma del vino

El aroma de los vinos es de una gran complejidad que se debe en parte a su
origen, pues es el resultado final de una larga secuencia biologica, bioquimica y
tecnoldgica, y en parte al nimero elevado de constituyentes volatiles que contiene,
cuyas concentraciones van desde algunos nanogramos por litro a algunas centenas de
microgramos, o algunos miligramos. En el potencial aromatico de los vinos hay que
tener en cuenta otros compuestos ligados llamados también precursores del aroma

(Bayonove et al., 2000).

Los constituyentes aromaticos del vino se clasifican segtn su origen (Bayonove et

al., 2000; Romano et al., 2003), en:

- Aromas varietales que provienen de la uva y que dependen esencialmente de
la variedad pero también de otros factores. En el caso de variedades poco
aromaticas, estos constituyentes son esencialmente precursores: acidos
grasos, glucosidos, carotenoides y compuestos fendlicos.

- Aroma prefermentativo que se forma en las operaciones de extraccion,
maceracion y acondicionamiento del mosto como consecuencia de la accion
de enzimas sobre ciertos lipidos; son esencialmente compuestos de 6 atomos
de carbono.

- Aromas fermentativos, formados por las levaduras durante la fermentacion
alcoholica y por las bacterias lacticas en aquellos vinos en los que tenga lugar
la fermentacion malolactica. Cuantitativamente son los mas abunadantes y
son considerados como los responsables de la nota vinosa comun a todos los
Vinos.

- Aromas postfermentativos, incluyen todos los compuestos volatiles que se

forman durante el envejecimiento y la conservacion del vino.
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El aroma del vino es, por tanto, el resultado de los compuestos volatiles que lo
forman de manera que el aroma que se percibe al oler, raramente puede corresponder a
un compuesto especifico. Sin embargo, no todos los compuestos contribuyen igual al
aroma del vino. Los compuestos aromaticos del vino pueden ser clasificados atendiendo
al papel aromatico mas relevante que pueden jugar en el vino. Cada compuesto se
asignara a la clase correspondiente al papel aromatico mas importante que dicho
componente puede jugar en toda la gama de vinos. De acuerdo con este criterio
podemos establecer las siguientes categorias (Ferreira, 2007):

1. Compuestos impacto o altamente activos: Son los componentes que pueden
transmitir de manera efectiva sus caracteristicas especificas (caso de los impacto) o sus
caracteristicas primarias (altamente activos) sin la necesidad del soporte de mas
componentes quimicos.

2. Familias de compuestos impacto: Se trata de familias de compuestos con
similitud tanto en sus estructuras quimicas como en sus caracteristicas sensoriales.
Varios de estos grupos estan formados por series de compuestos homoélogos, como es el
caso de la lactonas.

3. Compuestos o familias de papel sutil o secundario: Se trata de aquellos
componentes o grupos de componentes que no son capaces de transmitir sus notas
aromaticas especificas al vino pero que contribuyen de manera neta a alguna nota
aromatica secundaria o genérica (como por ejemplo frutal, dulce). La nota aromatica
sera el resultado de la interaccion de estos componentes con otros compartiendo alguna
similitud aromatica. Los compuestos clasificados en las categorias 1 y 2, cuando no
alcanzan suficiente concentracion, o si incluso alcanzandola, concurren con muchos
otros aromas potentes (tal y como ocurre en vinos complejos), pueden pertenecer a esta
categoria.

4. Compuestos formando la base del aroma. Estos son los componentes genéricos
de fermentacion presentes en todos los vinos en concentraciones superiores al valor
umbral e integrando el buffer aromatico. El aroma de todos estos componentes esta
totalmente integrado, de manera que no es posible identificar las notas de los
componentes individuales. Dentro de este grupo hay algunos compuestos que pueden
actuar como potenciadores del aroma y otros que lo hacen como depreciadores.

5. “Off-flavours”. Son los componentes cuya presencia lleva asociada una

disminucién en la calidad general del vino.
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Como se ha comentado, los compuestos responsables del aroma fermentativo
tienen un gran peso en el aroma del vino y constituyen la base aromatica comun a todos
los vinos. Se han identificado mas de 1000 compuestos volatiles de los que mas de 400

son producidos por las levaduras durante la fermentacion (Nykénen, 1986).

Por tanto, la especie de levadura que participa en la fermentacion es muy
importante ya que es responsable de la naturaleza y la concentracion de los productos
finales del vino (Henick-Kling et al., 1998; Ribéreau-Gayon et al., 2003 a; Romano et
al., 2003; Clemente-Jiménez et al., 2004), de forma que cada especie de levadura, e
incluso cada cepa, proporciona peculiaridades distintas en el producto final (Lurton et
al., 1995; Egli et al., 1998; Pérez-Coello et al, 1999; Romano et al., 2003; Estévez et al.
2004; Torrens et al., 2008). Existe una gran diversidad de cepas de S. cerevisiae que
participan en una misma fermentacion. Todas ellas contribuyen a la composicion
quimica y a las cualidades sensoriales del vino resultante (Lurton et al., 1995). Estas
cualidades pueden ser deseables o indeseables al sabor y aroma de los vinos (Sudrez
Lepe, 1997), lo que ha conducido a la seleccion y utilizacion de aquellas cepas de
levaduras que produzcan un aroma y un sabor mas agradables. Ademas, el origen del
mosto y su composicion se ha de tener en cuenta al seleccionar una cepa de S.
cerevisiae, pues la composicion cualitativa y cuantitativa del mosto influye en las
caracteristicas de los vinos obtenidos (Romano et al., 2003) de modo que mostos de
diferentes variedades fermentados con las mismas levaduras producen vinos distintos

(Egli et al., 1998).

Las levaduras contribuyen en el aroma de los vinos a través de la fermentacion
alcohdlica mediante diferentes mecanismos (Lambrechts & Pretorius, 2000; Fleet,

2003):

- utilizando constituyentes del mosto de uva,

- produciendo etanol y otros compuestos que ayudan a extraer los componentes
aromaticos de las uvas,

- produciendo enzimas que transforman los compuestos neutros de la uva en
compuestos aromaticos,

- produciendo centenas de aromas activos, metabolitos secundarios (por ejemplo,
acidos, alcoholes, ésteres, polioles, aldehidos, cetonas, compuestos azufrados

voléatiles)
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-y através de la autolisis de las levaduras muertas.

Los productos sintetizados mayoritariamente por las levaduras son el etanol, el
glicerol y el didéxido de carbono (Henschke & Jiranek, 1993). Pero son los éacidos
organicos, los alcoholes superiores y ésteres, y en menor medida los aldehidos, algunos
fenoles volatiles los que constituyen el principal grupo de compuestos que forman el
aroma fermentativo (Rapp & Versini, 1991). Cuando estos compuestos se encuentran en
exceso pueden ser considerados indeseables (Romano et al., 2003). Al aroma también
contribuyen sustancias derivadas de los acidos grasos y de compuestos que contienen
nitrégeno y azufre, entre otros, puesto que en las reacciones bioquimicas que éstos
experimentan se producen como subproductos numerosas sustancias volatiles (Boulton

et al., 1996).

ESTERES
GLUCOSA ACIDOS
FRUCTOSA GRASOS

ALCOHOLES

SUPERIORES
F ETANAL) =— PIRUVATO —# ACETIL CoA T

CETOACIDOS
]

ACETOLACTATO = || AMINOACIDOS

A @

Figura 1. Implicaciones aromaticas del metabolismo microbiano de azlicares y
aminoacidos (Suarez Lepe, 1997)

6.1. Acidos grasos volatiles

El vino contiene una gran variedad de acidos. En relacién al aroma, el acido
acético interviene en la fraccion aromatica de los vinos: es el responsable principal de la
acidez volatil produciendo el olor caracteristico del vinagre, y por ello sus niveles estan
muy controlados y no deben superar los 600 mg/l, considerados valor umbral de
aceptabilidad en un vino (Romano et al., 2003). La cantidad de acido acético varia

sensiblemente con las especies de levaduras que llevan a cabo la fermentacion (Suarez
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Lepe, 1997). S. cerevisiae lo produce en cantidades que varian entre 0.3-0.8 g/L segin

la cepa (Fleet & Heard, 1993).

Aunque el acido acético es el mas estudiado, dentro del grupo de los acidos grasos
se encuentran también los acidos grasos de cadena corta (C6-C12) y los de cadena larga
(C16 y C18), aunque estos ultimos generalmente no aparecen en los vinos (Manzanares
& Vallés, 2005). Los acidos grasos de cadena corta de numero par de atomos de
carbono tales como el hexanoico, octanoico y decanoico, presentan aromas lacteos
relacionados con notas negativas aromaticas (rancio, queso, aceitoso, agrio); sin
embargo, son muy importantes en el equilibrio aromético de los vinos si se oponen a la
hidrolisis de los ésteres etilicos correspondientes (Sudrez Lepe, 1997; Torrens et al.,
2008) y su presencia juega un papel importante en la complejidad aromatica. Los acidos
grasos se generan en la levadura a partir del acetil-CoA procedente de la

descarboxilacion oxidativa del piruvato.

6.2. Alcoholes superiores

Son alcoholes con mas de dos atomos de carbono cuyo peso molecular y punto de
ebullicion son superiores a los del etanol. Son los compuestos que cuantitativamente
mas influyen en el aroma del vino (Amerine et al., 1980). La capacidad de producir
alcoholes superiores es una caracteristica general de todas las levaduras pero la cantidad
varia en funcion del género, la especie y la cepa, siendo ademas un caracter hereditario
(Suarez Lepe, 1997). Se considera que a concentraciones inferiores a 300 mg/l
contribuirian a la deseada complejidad del vino, mientras que valores superiores a 400
mg/l tendrian un efecto negativo en la calidad del mismo (Nykénen, 1986; Rapp &
Versini, 1991; Lambrechts & Pretorius, 2000). Los alcoholes superiores producidos en
mayor cantidad por las levaduras durante la fermentacion alcohdlica son: 1-propanol, 2-
metil-1-propanol, 2-metill-1-butanol, 3-metill-1-butanol, 1-hexanol (herbaceo) y 2-
feniletanol (rosa) (Henschke & Jiranek, 1993). Estos compuestos son también

importantes como precursores en la formacion de ésteres.

La formacion de los alcoholes superiores se puede producir mediante dos vias
(Aranda et al., 2005): la sintesis de novo a partir de azucares, mediante la formacion
inicial de los correspondientes cetodcidos; o la conversion por transaminacion y
reduccion, de aminodcidos de cadena lateral ramificada (valina, leucina, isoleucina y

treonina); esta ultima via es dependiente de la cantidad y tipo de fuente nitrogenada
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presente en el mosto (Giudici et al., 1993). Su formacién varia notablemente en funcion

de las condiciones de aireacion y temperatura de la fermentacion (Suarez Lepe, 1997).

6.3. Esteres

Es uno de los grupos de compuestos volatiles mas importantes y numerosos que
afectan al aroma y, a excepcion del acetato de etilo, el acetato de metilo y el acetato de
propilo, su contribucion en el aroma es positiva ya que son responsables en gran medida
del caracter afrutado y floral de diversos vinos. Los ésteres que contribuyen en mayor
grado al aroma son los ésteres de alcoholes superiores y acido acético (acetato de 2-
feniletanol y acetato de isoamilo, entre otros) que proporcionan aromas a frutas
tropicales, y los ésteres etilicos de acidos grasos saturados de cadena media, como por
ejemplo el hexanoato de etilo (manzana), octanoato de etilo (pifia, pera), decanoato de
etilo (floral); éstos dos ltimos se consideran responsables directos de la calidad de los
vino jovenes (Suarez Lepe, 1997). Todos estos compuestos derivan principalmente del
metabolismo de azlicares (Aranda et al., 2005). Los niveles finales de estos compuestos
en el vino se ven afectados por dos factores: su hidrolisis durante las fases tempranas de
la maduracion del vino y la proporcion en que son transferidos al medio, que disminuye
con el aumento de la longitud de la cadena y esta influida por la temperatura a la que se

realiza la fermentacion.

6.4. Compuestos carbonilicos

Los aldehidos volatiles de cadena corta contribuyen sobre todo a aromas tipo
manzana, pifia o limén (Aranda et al., 2005) aunque en exceso transmiten sabores
lacteos y amargos indeseables (Mesas & Alegre, 1999). El mas importantes es el
acetaldehido (olor agrio, a pifia verde) producido por descarboxilacion del piruvato en la

fermentacion alcohdlica de las levaduras o por oxidacion del etanol.

Otro de los compuestos carbonilicos principales (en un 90% junto con el
acetaldehido) es el diacetilo. Es una cetona que proporciona aroma a mantequilla y tiene
su origen en la condensacion y descarboxilacion de dos moléculas de acido piravico.

(Aranda et al., 2005; Mesas & Alegre, 1999).
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6.5. Compuestos azufrados

Su contribucion al aroma del vino es muy importante, debido tanto a que son
moléculas muy reactivas como a sus umbrales de deteccion extraordinariamente bajos,

aunque en algunos casos son responsables de aromas indeseables (Aranda et al., 2005).

Existen muchos compuestos azufrados volatiles producidos por Saccharomyces
durante la fermentacion. Sulfuros, tioles (mercaptanos), tiolésteres y ésteres de acido
tioacético son los grupos funcionales méas comunes. Estos metabolitos primarios
reaccionan con otros compuestos formando una gran diversidad de volatiles azufrados

(Bisson & Karpel, 2010; Flanzy, 2003).

El principal es el sulfuro de hidrégeno (SH;). Su produccion esta relacionada con
el metabolismo del nitrogeno y del azufre y ha sido estudiada en detalle en S. cerevisiae
debido a que ocurre con frecuencia cuando se parte de mostos bajos en nitrégeno

(Manzanares & Vallés, 2005).

Otros compuestos azufrados volatiles producidos por S. cerevisiae son el metionol
y el dimetil sulfuro que provocan aromas a verdura cocida, o el metil mercaptano que

produce olor fecal (Pisarnitskii, 2001).

6.6. Actividades enzimaticas que influyen en el aroma del vino

Durante la fermentacion del vino, la actividad metabodlica de las levaduras actia
en dos niveles diferentes: mediante la produccién de compuestos aromaticos y por
transformacion de los precursores presentes en el mosto (Romano et al., 2003). En esta

doble accion intervienen decisivamente enzimas producidas por las levaduras.

Glucosidasas

Los compuestos aromaticos varietales se pueden encontrar en forma libre,
siendo percibidos por el olfato tal cual se encuentran en las uvas, o por el contrario en
forma combinada o ligada, generalmente sin propiedades olfativas (Hidalgo Togores,
2003). El aroma varietal se debe mayoritariamente a la presencia de monoterpernos,
principalmente linalol (aroma a rosa), geraniol (aroma a pelargonio), nerol (aroma a
rosa), citronerol (aroma a citrico) y a-terpineol (aroma a herbaceo) (Pisarnitskii, 2001),
ademas de sesquiterpenos, pirazinas o norisoprenoides que juegan un papel dominante
en la calidad del aroma (Hidalgo Togores, 2003). Seglin Pisarnitskii (2001) la mayoria

de los terpenos de las uvas aparecen glucosilados, es decir, unidos a azucares que
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pueden ser glucosa, ramnosa, arabinosa, y apiosa, asi como disacaridos. Las levaduras
de fermentacion poseen una cierta actividad glucosidica, siendo un importante factor de
liberacion de aromas varietales (Rosi et al., 1994; Fernandez-Gonzalez et al., 2003;
Hernandez et al., 2003). Cuando estos glucdsidos son liberados por la accion de las
enzimas glucosidasas, el contenido en terpenos en el mosto aumenta de dos a cinco

VECES.

La actividad glucosidica depende de la cepa de S. cerevisiae utilizada pero no es
inhibida por la presencia de glucosa como es el caso de las glucosidasas de la uva y
presenta un maximo de actividad al finalizar la fase de crecimiento de las levaduras,
aunque luego decrece rapidamente (Hidalgo Togores, 2003). La actividad de esta
enzima en la elaboracion del vino son limitadas ya que las condiciones optimas de

actividad son pH 4 y a 40° C de temperatura (Rosi et al., 1994; Herndndez et al., 2003).

La diana de accion de estas enzimas son las uniones entre un compuesto no
glucidico (o aglicona) con otro glucidico formando heterdsidos. Muchos precursores de
aromas varietales se encuentran en forma de heterdsidos, especialmente los que la
aglicona es un terpenol, norisoprenoide o un fenol volatil. Las enzimas pf-D-
glucosidasas son capaces de hidrolizar estos compuestos, liberando asi los aromas

varietales.

6.6.2. Proteasas

Aunque las proteasas tienen un papel importante en el proceso de clarificacion y
estabilidad del vino al hidrolizar las proteinas (Canal-Llauberes, 1993) y en evitar la
formacion de espuma (Kunkee, 1984), también como consecuencia de esta actividad

influyen indirectamente en el aroma del vino.

Las proteasas intervienen en la produccion de compuestos aromaticos mediante la
“fermentacion alcoholica de los aminoéacidos”. La actividad de estas enzimas
extracelulares producidas por algunas cepas de S. cerevisiae, hidrolizan las proteinas del
mosto en los aminoacidos correspondientes (Bilinski et al., 1987; Ubeda Iranzo et al.,
1998), estimulando su metabolismo y, al tomar los aminodcidos como fuente de
nitrogeno para atender sus funciones vitales, excretan al medio los alcoholes superiores

correspondientes como sustancias de desecho (Hidalgo Togores, 2003).
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7. Técnicas de identificacion y caracterizacion molecular de levaduras

El conocimiento de las levaduras presentes en la fermentacién es fundamental,
dada la influencia de éstas en la produccion de compuestos que determinan el sabor y el
perfil aromatico de los vinos. Por ello, es preciso contar con técnicas de identificacion y
caracterizacion que permitan distinguir y determinar las especies de levaduras a nivel de
cepa para llevar a cabo el estudio ecoldgico de levaduras responsables de la
fermentacion, los controles de produccion, de comercializacion, y de implantacion de
las levaduras seleccionadas utilizadas como inoculo, asi como la constitucién y el

mantenimiento de las colecciones de levaduras autoctonas o seleccionadas.

Los primeros métodos de identificacion y, por tanto, de clasificacion de las
levaduras, se basaron en el estudio de caracteres morfologicos, tales como la forma,
dimensiones celulares, y formaciéon de esporas. También se aplicaron criterios
fisiologicos de asimilacion de compuestos carbonados y nitrogenados, asi como la
necesidad de factores de crecimiento. Estos métodos eran muy laboriosos, su realizacion
era lenta y costosa y su interpretacion requeria de un especialista. Ademads, estos
factores fenotipicos no permitian la precision suficiente para establecer una correcta
clasificacion y delimitacion de las especies de levaduras (Hidalgo Togores, 2003, Fleet,
1993) ya que por otro lado, podian variar los resultados en funcion de las condiciones
de cultivo y en ocasiones, las especies estdn delimitadas por una sola caracteristica

fisiologica en algunos casos determinada por un solo gen.

Sin embargo, a partir de la década de los ochenta del siglo pasado, como
consecuencia del avance de la genética y de la tecnologia molecular se han podido
aplicar diversas técnicas de analisis del ADN que han permitido diferenciar entre
especies e incluso entre cepas distintas. Entre ellas, se comentan a continuacion aquellas

que han sido utilizadas en el desarrollo de esta Tesis.

7.1. Métodos de identificacion de especies
Los genes ribosomales 5,8S, 18S y 26S asi como los espaciadores internos (ITS,
del inglés Internal Transcribed Spacer) y los espaciadores intergénicos (NTS, del inglés
Non-Transcribed Spacer) constituyen poderosas herramientas para el establecimiento
de las relaciones filogenéticas y la identificaciéon de especies (Kurztman & Robnett,
1998), debido a la existencia de secuencias conservadas en las mismas, asi como por su

evolucion concertada, es decir, la similitud entre las unidades de transcripcion repetidas
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es mayor dentro de especies que entre unidades de distintas especies (Fernandez Espinar
et al., 2005). Esta técnica ha sido ampliamente usada en la identificacion de levaduras
vinicas (Guillamén et al., 1998; Esteve-Zarzoso et al., 1999; Granchi et al., 1999;
Fernandez-Espinar et al., 2000; Esteve-Zarzoso et al., 2001; Torija et al., 2001; Beltran
et al., 2002; Sabate et al., 2002; Clemente-Jiménez et al., 2004; Lopes et al., 2007; Maro
et al., 2007; Valero et al., 2007; Barata et al., 2008; Jeyaram et al., 2008; Barrajon et al.,
2009; Tofalo et al., 2009).

El analisis de estas regiones ribosomales se basa en la técnica de la Reaccion en
Cadena de la Polimerasa (PCR). Se trata de la amplificacion de la region génica o
secuencia diana deseada a la que se unen en cada cadena del ADN de la levadura, dos
oligonucleotidos de secuencia conocida utilizados como cebadores para la enzima que
lleva a cabo la reaccion: la ADN polimerasa. Esta enzima, conocida como Tag
polimerasa al haber sido aislada de la bacteria termoéfila Thermophilus aquaticus, es

estable a las elevadas temperaturas a las que se desarrolla la PCR.

Esta técnica consiste en un nimero de ciclos (habitualmente entre 25 y 45) y cada

uno de ellos consta de los siguientes pasos:
- desnaturalizacion del ADN, en la que se separan las dos cadenas de la molécula,
- hibridacion o union de los cebadores a cada cadena, y

- extension, en la que la Tag polimerasa se une a los cebadores y a partir de ellos

copia o replica la cadena de ADN molde.

El resultado es la amplificacion del ADN, duplicando la cantidad de ADN diana

en cada ciclo.

7.1.1. Analisis de restriccion de regiones ribosomales
Se basa en la amplificacion por PCR de la region 5,8S-ITS del ADN ribosémico
(ADNr) a partir de los cebadores ITS1 e ITS4 descritos por White et al. (1999) y la
posterior restriccion de los amplificados. Es una técnica de facil manipulacion y gran

reproducibilidad.

Aunque lo habitual es usar ADN directamente como molde en la reaccion de
amplificacion (Guillamén et al., 1998; Fernandez-Espinar et al., 2000; Torija et al.,

2001; Beltran et al., 2002; Sabate et al., 2002; Clemente-Jiménez et al., 2004), diversos
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autores han utilizado como molde una pequefia cantidad de biomasa de una colonia
aislada (Esteve-Zarzoso et al., 1999; Granchi et al., 1999; Esteve-Zarzoso et al., 2001;
Barata et al., 2008; Jeyaram et al., 2008; Tofalo et al., 2009). Esto supone un gran
ahorro de tiempo y s6lo precisa de un paso previo de 15 minutos a 95°C en el protocolo
de amplificacion con objeto de liberar el ADN a la mezcla de reaccion, para que pueda

ser utilizado como molde.

Los perfiles de amplificacion se visualizan en geles de agarosa al 1.4%. Los
productos de amplificado de distinto tamafio corresponden a especies diferentes, sin
embargo, cuando los amplificados son del mismo tamafio, no siempre corresponden a la
misma especie. Siempre es necesario recurrir a la digestion de estos fragmentos para

llegar a la definitiva identificacion.

La digestion de los productos de PCR se lleva a cabo directamente sin necesidad
de un paso previo de purificacion. Para ello se emplean enzimas de restriccion de ADN:
son endonucleasas que reconocen una secuencia diana interna del ADN y generan un
corte especifico en dicha secuencia. Para la identificacion de las especies de levaduras
vinica las endonucleasas mas empleadas son Cfol (con la misma diana y corte en el
ADN que la enzima Hhal), Haelll e Hinfl y en ocasiones Ddel (Guillamoén et al., 1998;
Esteve-Zarzoso et al., 1999; Granchi et al., 1999; Esteve-Zarzoso et al., 2001; Torija et
al., 2001; Beltran et al., 2002; Sabate et al., 2002; Barrajon et al., 2009).

Los fragmentos generados son separados por electroforesis en geles de agarosa al

3% vy, una vez tefiidos, revelan un perfil de bandas caracteristico de especie.

7.1.2. Secuenciacion de regiones ribosomales

La secuenciacion es una técnica muy precisa y de aplicacion relativamente rapida
basada en la determinacién y comparacion de secuencias nucleotidicas de las regiones
ribosomales. Las dos regiones mas utilizadas son las correspondientes a los dominios
D1 y D2 situados en el extremo 5’ del gen 26S (Kurtzman & Robnett, 1998; Baleiras
Couto et al., 2005; Maro et al., 2007; Tofalo et al., 2009) y el gen 18S (James et al.,
1997), aunque la region 5,8S-ITS también ha sido empleada en algunos trabajos
(Nisiotou & Gibson, 2005). La disponibilidad de las secuencias en bases de datos, sobre
todo en el caso de la region D1/D2 del gen 26S, hacen que esta técnica sea muy ttil para
asignar una levadura desconocida a una especie concreta cuando el porcentaje de

identidad de sus secuencias sea superior o igual a 99% (Kurtzman & Robnett, 1998).
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La amplificacion del dominio considerado se lleva a cabo por PCR a partir del
ADN total. En este caso, los productos de PCR han de ser purificados mediante kits
comerciales para eliminar los cebadores y el exceso de desoxinucledtidos que

interferirian en la reaccidon de secuenciacion.

7.2. Métodos de caracterizacion de cepas de la especie S. cerevisiae

Existe una gran diversidad de técnicas para la diferenciacion entre cepas. Se han
utilizado técnicas de hibridacion (Querol et al., 1992b; Xufre et al., 2006), analisis del
cariotipo electroforético (Schiitz & Gafner, 1993; Schiitz & Gafner, 1994; Briones et al.,
1996; Izquierdo Canas et al., 1997; Pérez-Coello et al., 1999; Fernandez-Espinar et al.,
2001; Valero et al., 2007; Jeyaram et al., 2008), analisis de restriccion de mtADN
(Querol et al., 1992c; Querol et al., 1994; Constanti et al., 1997; Sabate et al., 1998;
Esteve-Zarzoso et al., 2001; Torija et al., 2001; Beltran et al., 2002; Sabate et al., 2002;
Schuller et al., 2004; Santamaria et al., 2005; Lopes et al., 2007; Mercado et al., 2007;
Garijo et al., 2008; Barrajon et al., 2009), métodos de amplificacion por PCR ya sea
RAPD (Ramdon Amplified Polymorphic DNA) (Baleiras Couto et al. 1996; Maro et al.,
2007; Tofalo et al., 2009), PCR de zonas repetitivas del genoma (Masneuf-Pomarede et
al., 2007) , amplificacion de secuencias ¢ (Egli et al., 1998; Fernandez-Espinar et al.,
2001; Ciani et al., 2004; Le Jeune et al., 2006; Mercado et al., 2007; Domizio et al.,
2009), y AFLP (Amplified Fragment Length Polymorphism) (Flores Berrios et al.,
2005).

7.2.1. Analisis de restriccion del ADNmt

El alto grado de polimorfismo que revela el ADNmt entre cepas vinicas de S.
cerevisiae hace que el analisis de esta variabilidad sea uno de los mas aplicados para la
caracterizacion de este tipo de aislados (Querol et al., 1992c; Querol et al., 1994;
Constanti et al., 1997; Sabate et al., 1998; Esteve-Zarzoso et al., 2001; Torija et al.,
2001; Beltran et al., 2002; Sabate et al., 2002; Schuller et al., 2004; Santamaria et al.,
2005; Lopes et al., 2007; Mercado et al., 2007; Garijo et al., 2008; Barrajon et al.,
2009). Ademas, no requiere equipos sofisticados ni una gran habilidad personal (Querol

etal., 1992¢c).

Querol et al. (1992¢) desarrollaron un método de analisis de ADNmt que evita la
utilizacion de gradientes de cloruro magnésico y el uso de una ultracentrifuga, factor

limitante para su uso en la industria. La simplificacion de la técnica se basa en el hecho
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de que el ADNmt de levaduras tiene un alto contenido en AT (75%) aunque contiene
unas 200 regiones ricas en GC. Por tanto, digestiones del ADN total con enzimas del
tipo GCAT no reconocen las secuencias ricas en GC ni las ricas en AT. Dado el bajo
nimero de sitios de restriccion en el ADNmt y el alto nimero de puntos de corte en el
ADN nuclear, éste ultimo se rompe en fragmentos de pequefio tamafio, lo que permite
visualizar claramente las bandas correspondientes al ADNmt como bandas definidas,
superpuestas a la sombra de degradacion del ADN nuclear mediante una electroforesis
convencional en gel de agarosa al 1%. No todos los enzimas revelan el mismo grado de
polimorfismo y es muy dependiente de la especie. En el caso concreto de S. cerevisiae,
el enzima mas apropiado para la diferenciacion a nivel de cepa es Hinfl (Querol et al.,

1994).

8. Breve historia del vino en Malaga, sus Denominaciones de Origen (D.0.) y

situacion actual de la viticultura en Ronda

8.1. Breve historia del vino y D.0. en Malaga
Las primeras referencias del vino en Malaga se remontan a la llegada de los
fenicios a sus costas en el s. VIII a.C., quienes no so6lo introdujeron vinos procedentes
del mediterraneo oriental sino que ademas cultivaron la vid en asociaciéon con los

grupos autdctonos elaborando vinos (http://www.vinomalaga.com).

Coincidiendo con la fundacion de la mitica Mainake, hacia el afio 600 a.C., los
griegos se establecieron en Malaga y ensefiaron a los indigenas a podar las vifias segin

Guillén Robles (1987).

En las ruinas romanas de Acinipo, en Ronda, se han encontrado numerosas
monedas con la representacion de un racimo de uvas, lo que da ha entender la

importancia de la produccion viticola en ese territorio.

En las tierras malaguefias de Al andalus se sigui6 cultivando la vifia para producir
vino y pasas. El vino llamado xarab al malaqui se siguié consumiendo, fue muy famoso
y cantado por los mas destacados poetas. El cultivo de la pasa sigue realizandose en
nuestros dias siguiendo la més genuina tradicion, protegida bajo la D.O. Pasas de

Malaga.
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Con el descubrimiento de América se produce un gran auge de la viticultura en
toda Andalucia, enviandose las primeras partidas al Nuevo Mundo. Se empieza a
exportar a Europa en el siglo XV, siendo en el siglo XVI cuando se establece

oficialmente el mercado con Inglaterra y Dinamarca (http://www.serraniaderonda.cc).

En este siglo, se constituye en Malaga la Hermandad de Vifieros, que subsiste en su
faceta gremial en lo que hoy es el Consejo Regulador y en su faceta religiosa en la Muy
[lustre Antigua y Venerable Hermandad Sacramental de Ntro. Padre Jesus Nazareno de
Vifleros, Ntra. Sra. del Traspaso y Soledad de Videros y S. Lorenzo Martir

(http://www.vinomalaga.com).

A finales del siglo XIX se produce de forma involuntaria, la renovacion total del
vifiedo como consecuencia de la invasion por Phylloxera vastatrix (ano 1876), insecto
que ataca a la raiz de las cepas sensibles a esta plaga, responsable de la destruccion de
practicamente  todos los  vifiedos establecidos en  ese  momento

(http://www.serraniaderonda.cc).

En el afio 1900 aparece el Reglamento de la Asociacion Gremial de Criadores
Exportadores de Vino de Malaga, para velar por los intereses generales del comercio de
vinos expidiendo certificados, nombrando arbitros y peritos y sobre todo, garantizando
por medio de su sello de origen, la legitimidad de los vinos que exportaban. En 1924

consiguen la inscripcion de la marca “Malaga” (http://www.vinomalaga.com).

La Denominacion de Origen Malaga es una de las mas antiguas del pais (1933).
Ampara vinos cuyas uvas se recogen en cinco zonas de la provincia, alrededor de 1.030
hectareas, repartidas por 66 municipios. Las zonas de produccion son: Norte, Axarquia,

Montes, Costa Occidental y Serrania de Ronda.
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ZONAS DE PRODUCCION

Norte

. Serrania de
™~ Andalucia Ronda

‘_ Montes

~Malaga Costa Occidental

Figura 2. Zonas de produccion de las DDO Malaga y Sierras de Malaga

En 2001 se crea la Denominacion de Origen “Sierras de Malaga”,
subdenominacion “Serrania de Ronda”, compartiendo Consejo regulador con la D.O.

“Vinos de Malaga™.

Los vinos “Sierras de Malaga” se clasifican en blancos, tintos y rosados y se
pueden elaborar con las variedades blancas: Pero Ximen (Pedro Ximénez), Moscatel de
Alejandria, Moscatel Morisco (Moscatel de grano menudo), Chardonnay, Macabeo,
Sauvignon Blanc, Lairén y Doradilla; y las tintas: Romé, Cabernet Sauvignon, Merlot,
Syrah, Tempranillo, Garnacha, Cabernet Franc, Pinot Noir, Colombard y Petit Verdot.
Ampara los vinos “tranquilos”, aquellos que se obtienen mediante la fermentacion

natural de los mostos, con un contenido alcoholico de entre 10y 15 %.

8.2. Situacion actual de la viticultura en Ronda
La década de los sesenta trajo consigo una fuerte emigracion que supuso el
abandono del cultivo de la vid en muchas parcelas de la comarca de Ronda, aunque

nunca se ha dejado totalmente de producir (http://www.serraniaderonda.cc).

Actualmente el cultivo de la vid estd resurgiendo. Se estan estableciendo
plantaciones modernas, con densidades de plantacion que van de 4.300 a 5.000 plantas
por hectarea, formadas en espaldera, cultivo en la mayoria de los casos ecoldgico,
utilizando variedades ya injertadas sobre pies seleccionados en funcion de un analisis
realizado sobre el suelo donde se van a plantar. Estas variedades son mayoritariamente

tintas, como Tempranillo, Merlot, Syrah, Cabernet Sauvignon, Pinot Noir, Garnacha

43



Introducciéon

Tinta, Petit Verdot, y en menor medida con variedades blancas como la Chardonnay. La
superficie existente en la actualidad ronda las 200 ha, comprendiendo éstas las antiguas

(40 ha) y las de nueva plantacion.

La corriente vitivinicola que se esta desarrollando en la comarca es heredera de
los cambios que se han producido en el sector a nivel espafiol en la década de los
ochenta y noventa, pasando de la produccion en gran cantidad (destinada
mayoritariamente a la destilacion) a la produccion de vinos de alta calidad y sobre todo
vinos con identidad propia. También se ha optado por la fusion entre el viticultor y el
elaborador de vinos en una misma persona, dejando de ser asi el trabajo en bodega un
proceso industrial y pasa a ser un proceso artesanal, donde cada vitivinicultor da al vino
unas caracteristicas propias que reflejan todo lo que el suelo donde se cultivan esas
viias tiene de particular y caracteristico. Se compite asi con un producto de altisima

calidad y con una identidad diferente a lo que existe en el mercado.

9. Viticultura y vinos ecologicos

Se entiende por agricultura ecologica, biologica, organica, biodinamica o
biologico-dinamica al sistema agrario cuyo objetivo fundamental es la obtencion de
alimentos de maxima calidad respetando el medio ambiente y conservando la fertilidad
de la tierra, mediante la utilizaciéon Optima de los recursos y sin el empleo de los
productos de sintesis. La viticultura ecologica es una consecuencia de la anterior, donde
la uva como fruto de la vid puede ser objeto de una produccion ecoldgica. Sin embargo,
la elaboracion de vino ecoldogico como tal es un término no amparado por la legislacion
comunitaria actual, ya que este tipo de vino no se encuentra recogido en la Organizacién
Comun del Mercado Vitivinicola de la Uniéon Europea, y por lo tanto, no se puede
hablar de vino ecolédgico, si no mas bien de “vino procedente de uvas de agricultura

ecologica” (Hidalgo Togores, 2003).

Las parcelas destinadas a la agricultura ecoldgica deberan pasar por un periodo de
conversion de al menos dos afios antes de la siembra, o en el caso de cultivos vivaces
distintos de las praderas de al menos tres afios antes de la primera cosecha, aplicdndose

esta normativa en el caso del establecimiento de un vifiedo ecologico.
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La fertilidad y la actividad bioldgica del suelo deberan ser mantenidas o

incrementadas mediante:

El cultivo de leguminosas, abono verde o plantas de enraizamiento profundo,

con arreglo a un programa de rotacion plurianual adecuado.

La incorporacion de estiércol procedente de la produccion ganadera ecologica,
con un maximo de animales por hectdrea equivalente a 170 kg de nitrégeno por

hectérea y aio.

La incorporacion de cualquier otro material orgdnico procedente de

explotaciones de produccion ecologica.

Podran afiadirse excepcionalmente y como complemento, fertilizantes
establecidos, organicos o minerales, tales como estiércol, mantillo de
excrementos solidos o excrementos liquidos de animales, arcillas, serrin,

sulfato de potasio, carbonato célcico de origen natural, entre otras.

Para la activacion de compost podran utilizarse preparados apropiados a base
de vegetales o preparados a base de microorganismos, que no estén
modificados genéticamente, pudiendo utilizarse los llamados preparados

biodindmicos a base de polvo de roca, estiércol de granja o vegetales.

Para mejorar el estado general del suelo o su disponibilidad de nutrientes,
podran utilizarse preparados apropiados a base de microorganismos, que no
estén modificados genéticamente, cuando la necesidad de su empleo se

reconozca expresamente por las autoridades.

La lucha contra parasitos, enfermedades y malas hierbas también estd establecida

mediante una serie de medidas determinadas a adoptar segun el caso.

A pesar de no estar reglamentados los vinos ecoldgicos en la Union Europea, en

Espafia, desde octubre de 2006, existen unas directrices para la elaboraciéon vinos

procedentes de uvas de agricultura ecologica (CAECV, 2010), donde destacan una serie

de practicas permitidas, entre otras:

Transporte de la uva a la bodega en el mismo dia y de forma que se evite su

compactacion y alteracion.
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- Sistemas mecanicos de prensado que no dafien o dislaceren los componentes

soOlidos del racimo.

- Fermentacion con levaduras existentes de forma natural en el mosto, y con
levaduras seleccionadas que no podran ser genéticamente modificadas (OGMs)

ni derivadas de OGMs.

- Sulfitado por combustion de azufre puro o de mezclas azufradas sobre soporte
de celulosa o bien por adicién de soluciones sulfurosas del 5-8 % de SO,,
pastillas de azufre que no permitan el goteo y gases liquidos a presion. La cifra
de SO, total en el producto terminado y dispuesto para el consumo, debera ser
lo més bajo posible y no exceder de 100 o 120 mg/L en vinos tintos jovenes o
envasados con mas de un afo, respectivamente, 120 o 160 mg/L para los
blancos y rosados secos o dulces, semidulces y semisecos, respectivamente, y

120 mg/L para generosos y de licor y espumosos.

10. La bodega de estudio

El estudio realizado en esta Tesis se ha llevado a cabo la Bodega Joaquin
Ferndndez, Finca los Frutales, en el municipio de Ronda. Situada en plena sierra a 723
m s.n.m., sobre suelo de textura franco arcillo arenosa, en una ladera orientada al sur por
lo que recibe la luz del sol durante todo el dia y, al estar en ladera, el aire frio se
desplaza hacia las zonas bajas. La temperatura media en Ronda es de 15°C y la

precipitacion anual de 648 L/m* (http://www.ronda.es). Los duros inviernos y el clima

continental producen vinos intensos y con caracter.

La historia de esta bodega es bastante reciente (http://www.bodegajf.es). En el afio

2001 se empezaron a preparar los terrenos para la plantacion del vifiedo en la Finca Los
Frutales. A finales del invierno de 2002 se plantaron cerca de 2 ha de vifa de las
variedades Cabernet Sauvignon, Syrah, Merlot y Garnacha. En el afio 2003 se amplio la
superficie de vifiedo con 2,2 hectareas de Merlot, Syrah y Garnacha, alcanzando mas de
4 hectareas de viiledo. En 2003 se inscribio la finca en el Comité Andaluz de
Agricultura Ecologica (CAAE), organismo que controla y certifica la produccion para
que, de esta forma, el producto pueda ser vendido como “vino producido a partir de uva

ecologica” tras el periodo de reconversion correspondiente. En nuestro pais los vinos
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ecoldgicos no gozan todavia del prestigio y aceptacion que en otros paises pioneros en
estas labores, como Alemania o Estados Unidos, pero poco a poco se van aceptando
como una nueva e innovadora manera de producir el vino de forma mads natural,

sostenible y respetuosa con el medio ambiente.

La bodega es también de reciente construccion, como otras de la Serrania de
Ronda. La primera campana de vinificacion en esta bodega fue en el afio 2003 con uvas
procedentes de otra finca del mismo municipio, mediante fermentaciones inoculadas
con levaduras secas comerciales con el fin de asegurar fermentaciones completas. Desde
entonces, en cada campafia se utilizan varias levaduras comerciales distintas en sus
vinificaciones. También fue practica comin en la bodega durante los afios de inicio
(2003-2005) esparcir las lias de las fermentaciones sobre el vifiedo como abono

ecologico.
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Justificacion, objetivos y plan de trabajo

1. Justificacion y Objetivos

La Tesis Doctoral que se presenta se ha desarrollado como consecuencia de mi
participacion como becaria en el proyecto “Mejora de la vinificacion ecologica
mediante el empleo de levaduras autdctonas seleccionadas en la Serrania de Ronda
(Mélaga)”, contrato P-2005/1258, entre la Empresa Publica de Desarrollo Agrario y
Pesquero (Junta de Andalucia) y la Universidad de Sevilla. Los investigadores que
participan en ¢l pertenecen al Area de Edafologia y Quimica Agricola, al de Nutricion y

Bromatologia y al Departamento de Genética de la Universidad de Sevilla.

Este proyecto tiene su origen en la convocatoria de concurso para la realizacion de
proyectos de investigacion y transferencia de tecnologia en el ambito de la agricultura y
ganaderia ecoldgica (Expdte.: 92162/1) de la Junta de Andalucia, siendo los procesos
industriales agroalimentarios ecoldgicos una de las lineas de investigacion y, en
concreto, la mejora de los métodos de vinificacion ecologica. Dentro de este contexto, el
proyecto se presentd coordinado con una bodega recientemente establecida en la
Serrania de Ronda con vocacion de producir vinos, tintos particularmente, a partir de

uva de cultivo ecoldgico.

A pesar de no existir una regulacion europea sobre la elaboracién de vinos
ecoldgicos, a nivel nacional existen unas recomendaciones para la elaboracion de dichos
vinos; entre ellas la fermentacion a partir de las levaduras presentes de forma natural en

el mosto (fermentaciones espontdneas) o el empleo de levaduras seleccionadas.

Por tanto, el objetivo principal de nuestro trabajo era la mejora de la elaboracion
ecoldgica de los vinos en la bodega de estudio mediante el empleo de levaduras
autdctonas de la Serrania de Ronda que proporcionen caracteristicas Unicas y propias de
la zona de produccion, y que contribuya a la conservacion de la biodiversidad. Por otra
parte, dada las caracteristicas de la bodega y de su vifiedo, ambos de reciente creacion,
ha sido practica comin el empleo de levaduras comerciales desde el inicio de la

actividad de la bodega para asegurar el desarrollo de la fermentacion.

El primer paso, por tanto, y antes de realizar los trabajos de seleccion, era conocer
la microbiota levaduriforme propia (autdctona) de Ronda, nunca antes estudiada y crear

una coleccion de cultivos puros de Saccharomyces cerevisiae autdctonas. El empleo de
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las técnicas de identificacion molecular nos permite identificar de forma fiable las cepas
de levaduras a nivel de especie e incluso a nivel de cepa, permitiendo de este modo,
distinguir entre cepas de S. cerevisiae autdctonas y aquellas comerciales usadas por la

bodega.

De acuerdo con lo expuesto anteriormente, los objetivos principales de esta Tesis

son:

1. Obtenciodn, identificacidon y caracterizacion molecular de cultivos puros de

Saccharomyces autoctonas.

2.  Evaluacion del grado de implantacion en bodega de las levaduras

comerciales empleadas y su posible diseminacion en el vifiedo.

3. Estudio del comportamiento tecnoldgico de las cepas autoctonas de
Saccharomyces asi como de las caracteristicas fisicoquimicas y
organolépticas (especialmente perfil aromatico) de los productos obtenidos,
en relacion al de las levaduras comerciales empleadas en la bodega de

estudio.

4. Evaluacion de la idoneidad del uso de levaduras autoctonas seleccionadas

frente al de levaduras comerciales en la bodega.

Esta Tesis se ha podido llevar a cabo gracias a la subvencion de dos proyectos:

e  P-2005/1258 “Mejora de la vinificacion ecoldgica mediante el empleo de
levaduras autoctonas seleccionadas en la Serrania de Ronda (Mélaga)”, entre
la Empresa Publica de Desarrollo Agrario y Pesquero (Junta de Andalucia) y

la Universidad de Sevilla .

. FEDER RM2007-00008-C02-00, “Identificacién y caracterizaciéon de
levaduras autoctonas del género Saccharomyces de la zona sur de Espafia.
Evaluacién, conservacion y ampliacion de la coleccion de levaduras de la
Universidad de Sevilla” dentro de la convocatoria de “Conservacion de los
recursos genéticos de interés agroalimentario”del INIA-Ministerio de

Educacion y Ciencia de Espaia.
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2. Plan de trabajo

El plan de trabajo disefiado para alcanzar los objetivos descritos consta
basicamente de tres partes. La primera de cardcter ecologico, con la finalidad de
conocer la dinamica de cepas autoctonas y comerciales de S. cerevisiae durante el
proceso de fermentacion en la bodega de estudio y en el vifiedo proximo, y de crear una
coleccion de cultivos puros de cepas de S. cerevisiae autoctonas.

La segunda parte consiste en el estudio de algunas propiedades tecnoldgicas de las
cepas de S. cerevisiae autoctonas aisladas y de las cepas comerciales mas
frecuentemente usadas por la bodega, con el fin de conocer el potencial enoldgico de las
primeras y la idoneidad de su empleo frente a las comerciales. Para ello se determinan
algunas propiedades en las cepas y se realizan diferentes ensayos de fermentacion en el
laboratorio que permitan seleccionar aquellas con mejor comportamiento. En la tercera
parte, las levaduras seleccionadas se ensayan en fermentaciones a escala semi-piloto en
la bodega de estudio.

Los resultados obtenidos se presentan en forma de Capitulos, cada uno
correspondiente a un articulo cientifico; la metodologia seguida se detalla al final de la

Memoria en el Anexo .

1. Estudio ecoldgico de levaduras vinicas en la Serrania de Ronda

1.1. En bodega

Durante la campana de 2005 el estudio ecologico se realizd durante el proceso de
fermentacion en dos depdsitos de la bodega con mosto de la variedad Cabernet
Sauvignon. Un depdsito fue inoculado con una levadura comercial y el otro con un pie
de cuba natural. En la campana de 2007 se estudiaron 3 depositos de la bodega, cada
uno de una variedad de uva distinta, Merlot, Syrah y Cabernet Sauvignon. Los dos
primeros depositos se inocularon con un pie de cuba natural y el Gltimo con una
levadura comercial. De cada depdsito se aislaron cepas de levaduras en diferentes
momentos de la fermentacion. Ademas, a principios de 2007, una vez finalizada la
campafia de 2006, se realizaron aislamientos a partir de diferentes superficies de la

bodega (suelo, paredes y diversos equipos de la bodega).
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Las cepas aisladas se identificaron a nivel de especie mediante PCR-RFLP de la
region génica 5.8S-ITS del ADN ribosomico y mediante secuenciacion de los dominios
D1 y D2 del ADNr 26S. La caracterizacion de cepas de S. cerevisiae se realizod
mediante andlisis RFLP del ADN mitocondrial. Los resultados obtenidos se exponen y

discuten en los Capitulos 1y 3.

1.2 . Envinedo

El estudio de la poblacion de S. cerevisae presente en el vifiedo se realizé durante
dos campanas consecutivas (2006 y 2007). Durante la campana de 2006 se eligieron dos
vifiedos, uno junto a la bodega en la que se seleccionaron dos parcelas (una de la
variedad Syrah y otra de Merlot) y otro vifiedo de la variedad Syrah que no tenia
ninguna bodega adyacente. Durante la campana 2007, las muestras se tomaron s6lo en
tres parcelas del vifiedo anexo a la bodega, cada una de una variedad de uva (Merlot,
Syrah y Cabernet Sauvignon). Durante las dos campafias de estudio se establecieron
diferentes fechas y puntos de muestreo. Los racimos se recolectaron de forma aséptica,
y a partir de ellos se realizaron microfermentaciones en el laboratorio. Los aislamientos
se efectuaron cuando en cada microfermentador se hubieron consumido 2/3 de los
azucares del mosto. La identificacion y caracterizacion de las cepas aisladas se realizo
siguiendo la misma metodologia indicada en el apartado anterior. Los resultados

obtenidos se exponen y discuten en el Capitulo 2.

2. Caracterizacion enolégica y seleccion de levaduras

Para esta parte del estudio se seleccionaron aquellas cepas autdctonas que se
aislaron con mayor frecuencia durante las campafias 2005 a 2007 y las comerciales mas
frecuentemente empleadas por la bodega. En primer lugar se estudiaron algunas
propiedades de interés tecnoldgico para el proceso de vinificacion como el factor killer,
produccion de SH», produccion de espuma, resistencia a SO, y presencia de actividades

enzimaticas B-glucosidasa y proteasa.

A continuacion, se realizaron ensayos de fermentacion con cada una de las cepas
en mosto sintético con diferentes concentraciones de azucar (225 y 275 g L") y a dos
temperaturas (20 y 30 °C). Se estudi6 la cinética de fermentacion, capacidad de agotar

los azuicares del medio y la produccién de etanol y de acidez volatil, entre otros.
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Finalmente también se hicieron ensayos de fermentacion con mosto natural
(variedad Merlot) estéril con las cepas seleccionadas a partir de las pruebas anteriores.
En las muestras de vino obtenidas se determinaron parametros fisico-quimicos
generales y se hicieron ademas analisis de compuestos volatiles y analisis sensorial. Los

resultados obtenidos se exponen y discuten en el Capitulo 4.

3. Ensayos en bodega

Finalmente, se realizaron 5 vinificaciones en la bodega en depdsitos de 100 litros
de acero inoxidable con 5 cepas distintas. La implantacion de las cepas inoculadas se
valor6 mediante analisis de restriccion del ADN mitocondrial. En los productos finales
se determinaron parametros fisico-quimicos generales y se realizaron analisis sensorial
y de compuestos volatiles. Los resultados obtenidos se exponen y discuten en el

Capitulo 5.
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Abstract

An ecological study of a spontaneous and an inoculated fermentation in red wine
was carried out in the 2005 vintage in a winery located in the Denomination of Origin
“Sierras de Méalaga” (Malaga, southern of Spain). The winery operated by the first time
with the 2003 vintage and since then has used commercial yeast inoculums to start
alcoholic fermentation. Yeast isolates were identified by ribosomal DNA and
mitochondrial DNA RFLP analysis. All the isolates were found to be strains of
Saccharomyces cerevisiae whose mitochondrial restriction patterns matched to some of
those of the commercial yeasts employed by the winery during the successive vintages.
The same four restriction patterns were found in non inoculated and inoculated vats,
although with different frequencies. No non-Saccharomyces yeasts or indigenous
Saccharomyces yeasts were isolated during fermentation, and the former were only
found in the fresh must before fermentation. The use of commercial yeast starter in a
new established winery seems to have prevented the development of a resident
indigenous Saccharomyces flora, and suppressed the growth of non-Saccharomyces
yeasts during the early stages of the fermentation.

Keywords: Saccharomyces cerevisiae, alcoholic fermentation, inoculation, new winery
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1. Introduction

The conversion of grape must to wine is a complex microbiological reaction
involving the sequential development of various yeast and lactic acid bacteria species.
Traditionally, wine has been produced by natural fermentation of grape juice by yeasts
that originate from the grapes and winery equipment. As summarized by Beltran et al.
(2002), the diversity, composition and evolution of yeast flora in grape musts depend on
a variety of factors: geographic location, climatic conditions, age of the vineyard and
grape variety. Yeast of the genera Kloeckera, Hanseniaspora, Candida, Pichia and,
sometimes, Hansenula grow during the early stages of fermentation but eventually die
off, leaving Saccharomyces cerevisiae as the dominant species to complete the
fermentation (Heard and Fleet 1985).

On the other hand, using active dry yeast in fermentation is becoming one of the
most common practices in winemaking because it ensures a reproducible product and
reduces the lag phase and the risk of wine spoilage (Beltran et al. 2002; Heard and Fleet
1985; Santamaria et al. 2005). The inoculation of a large population of S. cerevisiae
strains could inhibit the growth of other Saccharomyces and also non-Saccharomyces
species. Hence, inoculation limits the growth of wild yeasts (Santamaria et al. 2005).
Thus, the winemaking community is still widely divided about this practice because of a
widespread belief that native yeast strain gives a distinctive style and quality to wine
(Beltran et al. 2002).

This study shows the influence of the winery characteristics, in special, the age
and the use of commercial yeasts, on the yeast ecology of the winery: the behaviour of
the commercial strains used in different vintages in order to become a component of the

winery yeast flora and participate in inoculated and non-inoculated fermentations.
2. Materials and Methods
2.1. The vineyard and the winery

The vineyard and the winery are located in the “Serrania de Ronda” (Malaga,
South of Spain), both belonging to the Denomination of Origin “Sierras de Malaga”.
The vineyard, established in 2002, has an extension of approximately four ha of
cultivated grapevines (Merlot, Syrah, Cabernet Sauvignon and Garnacha) and it is
managed under the routine practices of Integrated Production and Organic Farming.
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The winery was built just prior to the 2003 vintage, and it is adjacent to the
vineyard. Its first vinification took place during the 2003 and 2004 vintages but with
grapes harvested in other vineyards from the same municipality. All the equipment in
the winery was totally new and neither the winery, nor the equipment had been
previously exposed to must, fruit juices, wines, or any beverage or food before the 2003
vintage. For this reason, the use of commercial starter has become a usual practice in

this winery to ensure the alcoholic fermentation.
2.2. Wine fermentations

The conditions of fermentations were established by the management of the

winery according to their common practises and commercial interests

Wines were produced from Cabernet Sauvignon grapes harvested during the
2005 vintage. The must was supplemented with sulfur dioxide (35 mg/liter) and was
separated in two different vats of 700 liters each and kept at 10 °C during 48 h. Next,
Vat 1 was inoculated with the active dry yeast Excellence XR (Lamothe-Abiet, France),
that was rehydrated prior to inoculation according to the instructions of the supplier (25
g/HI); and Vat 2 was inoculated with a spontaneous fermenting must of the same variety
prepared separately from the winery. This addition of natural preconditioned yeast cells
is called the “pie de cuba” method of inoculation (pied de cup). The fermentations in
both vats took place under the same conditions of temperature (25-30°C) and kinetics of
the fermentation was monitored by measuring the Baume degree.

2.3. Yeast isolation

Samples were taken periodically during the fermentation for the isolation and
enumeration of yeasts. Density was monitored in each vat and three sampling points
were considered: the beginning (14 Baume degree), the middle (6-7 Baume degree) and
the end (less than 2 Baume degree) of the alcoholic fermentation. Additionally, a
sample of the fresh must before filling the vats was also taken for microbiological

analysis perfomance.

Aliquots (0.1 ml each) of serial dilutions were spread onto plates of YEPD agar
(yeast extract 1% wi/v, peptone 1 % wl/v, glucose 2 % w/v, agar 2 % w/v). Plates were
incubated at 28 °C for 72 hours and, for each sample, 30 colonies were randomly chosen
and submitted to further studies.
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2.4. Yeast identification

To rapidly discriminate between Saccharomyces and non-Saccharomyces yeast,
every isolate was evaluated according to its ability to grow on L-lysine plates (Barnett
et al. 1990). Isolates that were not able to grow using L-lysine as the sole nitrogen
source were classified as Saccharomyces. This classification was confirmed by PCR of
the ribosomal region encompassing the 5,8S ribosomal DNA (rDNA) gene and the two
internal transcribed spacers. rDNA was amplified by PCR in a TC-312 Techne
termocycler using primers ITS1 and ITS4, described by White et al. (1990). The species
of the isolates were identified by PCR-RFLP (restriction fragment length
polymorphism) digesting with the restriction endonucleases Hinfl, Hhal (same
enzymatic activity than Cfol) and Haelll (Amersham Biosciences) as previously
described by Guillamén et al. (1998). PCR products and restriction fragments were
separated on a horizontal 1.4% and 3 % (w/v) agarose gel, respectively, in TAE buffer

and compared with standards (100-bp DNA ladder, Amersham Biosciences).
2.5. Strain differentiation

Mitochondrial DNA (mtDNA) restriction analysis was used to differentiate
strains of S. cerevisiae. DNA extraction and restriction of mtDNA was performed
according to Querol et al. (1992b). Electrophoresis was carried out as described before
except that restriction products were separated on a 1 % (w/v) agarose gel and lambda
DNA digested with Pstl was used as standard. Results of restriction with Hinfl

(Amersham Biosciences) were found to be the most informative (Querol et al. 1994).
2.6. Commercial yeasts

Samples of the active dry yeasts used in the winery since the first vinification
(2003 vintage) were also analysed in order to distinguish between indigenous
Saccharomyces strains and commercial ones. Table 1 shows the commercial yeasts used
in the winery during the 2003 to 2005 vintages.

3. Results

Two vats from the winery specified in Materials and Methods were selected to
study the evolution of Saccharomyces strains populations during the fermentation of
Cabernet Sauvignon musts. One of the vats was inoculated with the commercial dry

yeast strain coded as LSA7, and the other one was inoculated with a pied de cup
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prepared with the same grape variety. Four sampling points were defined and a total of

206 yeast colonies were isolated.
3.1. Yeast identification

Wine yeasts isolated from the fresh must and during the fermentation of
Cabernet Sauvignon must in both vats were initially tested for their capability to grow
in L-lysine medium. According to this test, non-Saccharomyces yeasts were only found
in the fresh must sample, but in a low proportion (five out of the 26 isolates), and the

rest of the yeast strains were assigned to the genus Saccharomyces.

The PCR-amplified products from Saccharomyces ITS1-5,8S rDNA-ITS2
regions showed the same size (850 pb), indicating that those isolates belonged to the
Saccharomyces sensu-stricto group (Fernandez Espinar et al. 2000). The PCR products
digested with Hhal, Haelll and Hinfl endonucleases were analysed comparing the sizes
of the restriction products with those described previously (Esteve-Zarzoso et al. 1999).
These results showed that all the Saccharomyces isolates correspond to the species S.

cerevisiae (Figure 1).
3.2. Strain differentiation

The mtDNA restriction patterns of the S. cerevisiae isolates revealed scarce
diversity at strain level, with only four different patterns characterized (A, B, C and D).
The number and frequencies of the patterns of the isolates are presented in Table 2 and
represented in Figure 2. In addition, when comparing these patterns with those obtained
from the commercial yeasts used in the winery (Figure 3), we found that the patterns A,
B, C and D were coincident with those of the commercial yeast coded as starter LSA2,
LSA4, LSA3 and LSA7, respectively (Figure 4). More interestingly, no indigenous
(wild) Saccharomyces strains were isolated during the fermentation and not even in the
fresh must where, curiously enough, most of the isolates in the fresh must corresponded
to commercial Saccharomyces cerevisiae strains but four non-Saccharomyces isolates
(Table 2).

Yeast strains with each of the four patterns were found in both vats during the
fermentation, but pattern C was scarcely represented. This mtDNA restriction pattern
corresponds to commercial starter LSA3 that was used only during the 2004 vintage,
prior to this study. Strains showing restriction patterns A, B and D were found in both
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vats with some differences in their frequencies, particularly in Vat 1 (Figure 2). In Vat 2
the three main patterns (A, B and D) were found at slightly different frequencies,
especially at the beginning and middle fermentation stages, thus, none of these yeast

strains prevailed during the alcoholic fermentation.

Active dry yeast coded as starter LSA4 (pattern B) has been used every vintage
since the start of the vinification activity in the winery (2003, 2004 and 2005 vintages).
In both vats the number of isolates increased in the middle stage of the fermentation but

decreased in the last stage.

Active dry yeast LSA2 (profile A) used in the winery in the 2005 vintage for the
first time to inoculate other fermentation vats, was found in both vats at frequencies
close to 30% (33.3 and 26.6 % in Vat 1 and 2, respectively).

Commercial starter LSA7 (profile D) has been used in the 2004 and 2005
vintage campaigns and for inoculating Vat 1 during this study. This fact explains its
dominance in this vat and its prevalence until the end of the fermentation, representing
52.2 % of isolates.

Finally, no strain with a profile similar to commercial strain LSAL (firstly used

during the vintage campaign of this study) was isolated in any of the sampled vats.
4. Discussion

Different authors have studied the fermentation of grape juice into wine pointing
out the role of yeasts, mainly S. cerevisiae but also other non-Saccharomyces species, as
primarily responsible for the alcoholic fermentation (Heard and Fleet 1985; Querol et al.
1994; Torija et al. 2001). These studies demonstrate that S. cerevisiae, extremely rare on
grape and vineyard (Le Jeune et al. 2006, Martini 1993, Pretorius 2000; Sabate et al.
2002) but mainly colonising the surface of winery equipment (Beltran et al. 2002; Ciani
et al. 2004; Le Jeune et al. 2006; Rosini 1984; Sabate et al. 2002; Sangorrin et al. 2002;
Vaughan-Martini and Martini 1995), dominates the fermentation process due to its
efficient fermentative metabolism. The use of S. cerevisiae starters in the form of active
dry yeast has become a usual practice to ensure the reproducibility of fermentations and
the final product quality (Beltran et al. 2002; Henick-Kling et al. 1998; Querol et al.
1990, 1992b; Santamaria et al. 2005). Diverse molecular methods to clearly differentiate

between the inoculated S. cerevisiae strain and the wild S. cerevisiae strains present in
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musts are available (Le Jeune et al. 2006; Mercado et al. 2007; Querol et al. 1992a;
Schuller et al. 2005; Schitz and Gafner 1993). Among these techniques, mitochondrial
DNA restriction analysis has proven useful for monitoring inoculated wine
fermentations due to the high mtDNA polymorphism among wine Saccharomyces
strains (Constanti et al. 1997, Querol et al. 1992a).

In this work, we have stated how the use of commercial yeast in a modern
winery since the first vintage influenced the composition of the winery yeast flora as to
participate in inoculated (Vat 1) and non-inoculated (Vat 2) fermentations. According to
our results, commercial Saccharomyces strains have been the most isolated both from
the fresh must and during the alcoholic fermentation in the two vats sampled, we have
not isolated any indigenous Saccharomyces strain from these sources and only a low
population of non-Saccharomyces has been detected in the fresh must. The absence of
indigenous S. cerevisiae strains results especially curious in the vat 2 inoculated with a
natural pied de cup prepared separately of the winery. In this kind of inoculums cellular
densities may achieve values of 10°10’ cells/ml, thus it seems quite unlikely that
indigenous or wild S. cerevisiae strains that occur in such a high concentration are
completely suppressed by the winery’s resident commercial S. cerevisiae strains, unless
the natural flora is mainly composed of commercial S. cerevisiae strains. Therefore, it is
important to bear in mind some considerations about the characteristics of our work.
Both the vineyard and the winery were recently established, the winery equipment was
also brand new and, thus, a resident Saccharomyces microbiota was not available to
initiate and lead the fermentation, for this reason, the use of commercial yeasts has been
a usual practice since the beginning of the winery activity in the 2003 campaign to
ensure the alcoholic fermentation. In such circumstances, after several vintages and
fermentations, the equipment, walls and the rest of the winery has become suitable for
the development of a microbiota adapted to the winery environment (Martini et al.
1996), and it is likely that this winery resident microbiota is composed of commercial
strains that have been selected for their good adaptation to the winemaking process
(Boulton et al. 1996). On the other hand, it is of interest to note that during the two first
vintages (2003 and 2004 vintages) the lees obtained from the fermentation vats,
containing the commercial yeasts used in the winery, were spread along the closest
vineyard with fertilizing purposes. Since the vineyards were recently established it

seems that not only the winery but also the vineyard became “contaminated” with

75



Capitulo 1

commercial yeast strains. Valero et al. (2005) reported how commercial strains were
isolated in the vineyard at very close proximity to the winery, especially after the
harvest and once the winery activity have started, reflecting immediate dissemination.
Thus, further studies about the evolution of these yeasts in the vineyard would be of
great interest. Furthermore, our experiment took place when other grape varieties had
already been harvested and fermented, thus the winery was already enriched with
fermenting commercial Saccharomyces strains. It is well known than “cross-
contamination” between adjacent vats by means of insects or winery equipment is
frequent (Constanti et al. 1997, Ribereau.Gayon et al. 2000), even the air in itself could
behave as a means for the dispersal of microorganisms within the winery and for the
inoculation of tanks (Garijo et al. 2008), which may explain that commercial strains
used during the vintage and contaminating the winery become dominant during

fermentation.

All these reasons may explain the sole presence of commercial yeasts in both
fermentation vats. However, the isolation of the different commercial yeasts used in the
cellar does not occur to the same extent. The presence of starters LSA2, LSA4 and
LSA7 was quite remarkable in both vats, while starter LSA3 (used in the 2004 vintage)
and starter LSA1 (used in the 2005 vintage) were scarce or null, respectively.
Santamaria et al. (2005) reported that as more vintages are studied in a winery, more
previously detected strains appear, indicating that different S. cerevisiae strains remain
in the winery ecosystem. According to these authors, the different conditions of each

harvest could determine which specific strains develop during the fermentation.

Finally, a significant dominance of the inoculated yeast (starter LSA7) in Vat 1
could not been observed contrary to results described in other works when monitoring
wine fermentations conducted by active dry yeast (Querol et al. 1992a). In our study, at
the end of the fermentation, the frequency of isolation of the strain inoculated in Vat 1
was only 52.2 %, higher than in the non inoculated Vat 2 (33.3 %), but lower than that
suggested by Delteil et al. (2001) to consider that the implantation is effective (80 %).
So, it seems that in Vat 1, the inoculated starter strain LSA7 competed with strains
LSA2, LSA3 already present in the fresh must and with LSA4 detected during
fermentation, but did not completely suppress their growth (see Figure 2). This result
agrees with that of Querol et al. (1992a), demonstrating the competence among
Saccharomyces strains resident in the must before the inoculation, and the inoculated
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one. Depending on the proportion of each yeast strain and their own nature, one or more
strains will persist during the fermentation process (Lopez et al. 2003, Schiitz and
Gafner 1993).

Our results confirm the influence of some winery characteristics, in special, the
conjunction of the age of the winery (a newly built one) together with the practice of the
use of commercial yeasts, on the yeast ecology of the winery. The use of active dry
yeast can not only induce a decrease in the presence of non-Saccharomyces yeasts and
indigenous Saccharomyces, as reported by other authors (Beltran et al. 2002; Constanti
et al. 1997; Henick-Kling et al. 1998; Santamaria et al. 2005), but hindering their
development in the winery environment during the first vintages. Therefore, the practice
of using wine lees as fertilizer facilitates the dissemination of commercial strains in the
vineyard near to the winery, probably explaining their presence in the fresh must and in
the fermentation vats when pied de cup starters are prepared, as it seems likely to have
happened in our study. We also conclude that further studies on the yeast population on
the vineyard, winery equipment and pied de cup would be of great interest in order to a
better understanding of yeasts dynamics during the fermentation process. We consider
these results to be taken into account in the case of newly established wineries and of
particular relevance for winemakers that intend to implement Organic Farming and that
consider avoiding the use of commercial strains and instead rely on indigenous (native)

flora.
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Figures

1 2 3 4 5 6 7 8 9 1011 12 13 14

Figure 1 Electrophoretic patterns of rDNA PCR-RFLP of four Saccharomyces isolates (12/52, 12/50,
12/51 y 12/32) digested with endonucleases Hhal (lanes 2-5), Haelll (lanes 6-9) and Hinfl (lanes 10-13).
Lanes 1 and 14: 100 bp size marker.
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Figure 2 Frequencies of isolation of non-Saccharomyces yeasts (non-Sac) and S. cerevisiae strains with
pattern A, B, C, D of mtDNA in each fermentation vat in must and during the alcoholic fermentation
(AF). a) Vat 1 inoculated with commercial yeast LSA7 (pattern D); b) Vat 2 prepared with a “pied de
cup”
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Figure 3 Electrophoretic patterns of mitochondrial DNA of commercial yeast strains used in the winery
digested with Hinfl. Lanes 1 and 7: phage lambda digested with Pstl (ladder); lane 2: pattern A (LSA2);
lane 3: pattern B (LSA4); lane 4: pattern C (LSA3); lane 5: pattern D (LSA7Y); lane 6: pattern E (LSAL).

Figure 4 Comparison of patterns of mtDNA digested with Hinfl of commercial yeast strains used in the
winery with some of the Saccharomyces strains isolated during the fermentation. Top: lanes 2, 4, 6 and 8
correspond to commercial starters (LSA2, LSA4, LSA3 and LSA7, respectively), lanes 3, 5, 7 and 9
correspond to the strain isolates (12/52, 12/50, 12/51 and 12/32, respectively) and lanes 1 and 10
correspond to phage lambda digested with Pstl (ladder). Bottom: codes assigned to each mtDNA pattern.
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Tables

Table 1. Commercial yeasts strains used in the winery during 2003-2005.

Commercial yeast Assigned code Vintage
2003 2004 2005
BDX, Lallemand LSA4 X X X
Rhoéne 2056, Lallemand LSA3 -- X --
Excellence XR, Lamothe-Abiet LSA7 -- X X
Excellence SP, Lamothe-Abiet LSA2 -- -- X
LA-BJL, Lamothe-Abiet LSA1 -- -- X

X: used. --: Not used

Table 2. Number and frequencies (%) of S. cerevisiae strains presenting patterns A, B, C, D of mtDNA,
isolated from each fermentation vat and yeast population in must and each stage of fermentation (BF:
beginning; MF: middle; EF: end). Vat 1 inoculated with commercial yeast LSA7 (pattern D); Vat 2
prepared with a “pied de cup”.

Vat 1 Vat 2
Strain/Pattern Must BF MF EF BF MF EF
LSA2/ A 8 9 5 10 12 8 10
(31%) (30%)  (16.7%)  (33.3%) | (40%)  (26.7%)  (33.3%)
6 8 3 7 13 9
LSA4/B 0 (20%)  (267%)  (10%) | (234%)  (433%)  (30%)
6 1 1 1
LSA3/C 23%) | (3.3%) 0 3.3%) | (3.3%) 0 0
LSA7/D 7 14 17 16 10 9 11
(27%) (46.7) (56.6%)  (53.4%) | (33.3%)  (30%)  (36.7%)
S. cerevisiae 21 30 30 30 30 30 30
isolates
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Abstract

The present study has been carried out in an organic winery established in 2003
in the Denomination of Origin “Sierras de Malaga” (Southern Spain) region, during the
2007 vintage. The aim of this work was to ascertain the yeast microflora present in the
winery and the vinifications and to obtain by the first time a collection of autochthonous
S. cerevisiae strains from this area. Yeast population from three vats containing
fermenting musts from different grape varieties were analysed. Two of them were
inoculated with a natural “pied de cup” while the third was sown with a rehydrated
commercial yeast strain. A total of 382 yeasts were isolated and identified, initially by
restriction analysis of ribosomal DNA and further by sequencing of this region. Non-
Saccharomyces yeasts were found in all three musts but they practically disappeared as
the fermentations progressed. Analysis of mitochondrial DNA RFLP revealed 13
different restriction patterns of Saccharomyces cerevisiae strains, five of them similar to
those of commercial strains used in the winery. Commercial strains were found even in
vats inoculated with “pied de cups” generated by spontaneous fermentation of a must
sample. The analysis of samples recovered from different winery surfaces and
equipments demonstrated that non-Saccharomyces, and both commercial and
autochthonous Saccharomyces strains were part of the resident microflora in the winery.
Biodiversity of autochthonous S. cerevisiae in fermentation vats was low but two of
them were able to compete with the commercial ones and they were isolated even at the

end of fermentations.

Keywords: Saccharomyces cerevisiae, commercial strains, alcoholic fermentation,

inoculation, winery surfaces
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1. Introduction

Wine is the result of the alcoholic fermentation of must by different yeast
strains. S. cerevisiae is the main yeast species which carries out the fermentation (Fleet
& Heart, 1993). Traditionally, wine has been produced by natural fermentation of grape
juice by yeasts that originate from the grapes and winery equipment (Fleet & Heart,
1993; Le Jeune et al., 2006). However, Martini (1993) concluded that few, if any, cells
of S. cerevisiae resident on the grapes provide an extremely limited contribution to
spontaneous must fementation. These results have been confirmed by Ciani et al. (2004)
that demonstrated that S. cerevisiae strains colonising the winery surfaces are
responsible of the natural must fermentation. On the other hand, the use of active dry
yeast in fermentation is becoming one of the most common practices in winemaking
because it ensures a reproducible product and reduces the lag phase and the risk of wine
spoilage (Beltran et al., 2002; Heard & Fleet, 1985; Santamaria et al., 2005). The
inoculation of a large population of S. cerevisiae strains could inhibit the growth of
other Saccharomyces and also non-Saccharomyces species, thus limiting the growth of
wild yeasts (Santamaria et al., 2005). Commercial yeast strains used in the wineries
could become winery-resident strains and take over the spontaneous fermentation
(Mercado et al., 2007; Santamaria et al., 2005). However, the use of starter cultures can
also produce loss of complexity in the final wine (Mas et al., 2002) displacing or even
eliminating from fermentation native yeast strains that confer a distinctive style and

quality to the wine.

The “Serrania de Ronda” is a wine-producing area of Malaga (Southern Spain)
characterized by recently new established small cellars, where the use of commercial
strain in vinification is a common practice by winemakers, even in wineries producing
organic wines as that in which this study was carried out. However, one of the
recommendations is the use of autochthonous or native yeasts to carry out the
fermentations (Hidalgo Togores, 2003). In this context, it is very important to isolate
and identify yeast strains present in the media and to study their oenological
characteristics in order to evaluate their potential in wine-making (Briones et al. 1995;
Pérez-Coello et al., 1999). In a previous work, we isolated and identified the yeast
microflora present in fermenting Cabernet Sauvignon musts, both in a vat that was
inoculated with commercial yeast and in vat in which fermentation took place

spontaneously. In that campaign (2005 vintage) only commercial Saccharomyces strains
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used in that vintage and in previous ones were isolated, thus suggesting that they had
become natural residents of the winery participating even in inoculated and non-
inoculated fermentations. In the present study we have sampled fermenting vats during
the 2007 campaign in order to follow up the evolution of the yeast microflora after
several campaigns and to evaluate the implantation of the commercial strains in the
vinification process. In addition, yeast population associated to the winery surfaces has
also been investigated in order to asses their role in vinification. Finally, the obtainance
of a collection of autochthonous S. cerevisiae strains of the “Serrania de Ronda”, never
accomplished before, will make it possible to evaluate their oenological properties in

future studies.
2. Materials and Methods
2.1. The vineyard and the winery

The vineyard and the winery are located in the Serrania de Ronda (Malaga,
South of Spain), both belonging to the Denomination of Origin “Sierras de Malaga”.
The vineyard, established in 2002, has an extension of approximately four ha of
different cultivated grapevines (Merlot, Syrah, Cabernet Sauvignon and Garnacha) and

is managed under the routine practices of Integrated Production and Organic Farming.

The winery that was built just prior to the 2003 vintage, is adjacent to the
vineyard. Its first vinifications took place during the 2003 and 2004 vintages but with
grapes harvested in other vineyards from the same area. All the equipment in the winery
was totally new and neither the winery, nor the equipment had been previously exposed
to must, fruit juices, wines, or any beverage or food before 2003 vintage. For this
reason, the use of commercial starter became a usual practice in this winery in order to
ensure the alcoholic fermentation. Table 1 shows the commercial strains used by the

winery in the 2003 to 2007 vintages.
2.2. Wine fermentations

The conditions of fermentations were established by the management of the

winery according to their common practises and commercial interests.

Wines were produced from Merlot, Syrah and Cabernet Sauvignon grapes

harvested during the 2007 vintage. Musts were supplemented with 35 mg/liter of
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sulphur dioxide. A “pied de cup” was prepared by allowing a sample of Merlot must to
ferment spontaneously for approximately 9 days. In the Merlot fermentation, must was
inoculated 9 days after cold maceration, with 20 L of the prepared “pied de cup”. In the
Syrah fermentation, the “pied de cup” was added to the vat only 24 hours after the
extraction of the must because a strong spontaneous fermentation was detected. In the
latter case, 10 L of fresh Syrah must was added to 10 L of the “pied de cup” prior to
inoculation. Cabernet Sauvignon vat was inoculated five days after cold maceration,
with the active dry yeast LSA7 (Excelence XR, Lamothe-Abiet, Bordeaux, France) that
was rehydrated prior to inoculation according to the instructions of the supplier (25

g/Hl). All fermentation took place in vats containing 700 L of must kept at 25-30°C.
2.3. Yeast isolation

Fermentation kinetics was monitored by density measurement. Five samples
were considered for the isolation and enumeration of yeast: (1) grape juice before SO,
addition; (2) must before inoculation; (3) inoculum; (4) at the middle (6.5° Baume) and
(5) at the end (< 2° Baume) of alcoholic fermentation. However, in the case of Cabernet
Sauvignon vat, since it was inoculated with a rehydrated commercial strain, the
inoculum was not analysed; the sample corresponding to the middle of the fermentation

was not taken due to accidental circumstances.

An additional study of the yeast microflora that was present in the winery
surface previous to the 2007 campaign was also carried out. Once the 2006 campaign
was over and all the winery equipment had been cleaned with a solution of NaOH,
microbial analyses were conducted on winery surfaces and winery equipment. The
isolation was performed as follows: sterile cotton plugs were streaked on surfaces of
approximately 400 cm” each on the winery floor (two samples), on the winery wall (two
samples), of the pneumatic press (two samples), of the destemmer (one sample), of the
empty fermentation vats (internal and external, four samples), of the storage vat (two
samples), of the barrels with wine (four samples) and of winery sink (one sample).
Then, the cotton plugs were introduced in sterile tubes filled with 5 ml sterile Ringer
solution and upon arrival to the laboratory where they were vigorously shaken for 1

hour at room temperature before plating.

Aliquots (0.1 ml each) of serial dilutions were spread onto plates of YEPD agar

(yeast extract 1% w/v, peptone 1 % w/v, glucose 2 % w/v, agar 2 % w/v) and the plates
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were incubated at 28 °C for 72 hours. When possible, 30 colonies of each sample were

randomly chosen and submitted to further studies.

2.4. Yeast identification

To rapidly discriminate between Saccharomyces and non-Saccharomyces yeasts
in samples from winery surfaces and equipment, every isolate was evaluated according
to its ability to grow on L-lysine plates (Barnett et al., 1990). Isolates that were not able

to grow using L-lysine as the sole nitrogen source were classified as Saccharomyces.

PCR of the ribosomal region encompassing the 5,8S rRNA gene and the two
internal transcribed spacers was used to identify species of yeast isolates. rDNA was
amplified by PCR in a TC-312 Techne termocycler using primers ITS1 and ITS4,
described by White et al. (1990). The species of the isolates were identified by PCR-
RFLP (Restriction Fragment Length Polymorphism), digesting the PCR products with
the restriction endonucleases Hhal (same enzymatic activity as Cfol), Haelll and Hinfl
(Takara BIO INC, Otsu, Shiga, Japan) as previously described by Guillamon et al.
(1998). PCR products and restriction fragments were separated on a horizontal 1.4%
and 3% agarose gel, respectively, in TAE buffer and compared with standards (100-bp
DNA ladder, Amersham Biosciences).

Species were confirmed by sequencing the D1/D2 variable domains of 26S
rRNA gene, of at least two isolates of each species. Amplification of the fragments to be
sequenced was carried out using the external primers NL-1 (5°’-
GCATATCAATAAGCGGAGGAAAAG-3’) and NL-4 (5°-
GGTCCGTGTTTCAAGACGG-3’). PCR reactions were performed in a 100 pl volume
containing 0.25 uM of each primer, 80 uM of dNTP, 1 x buffer (MBL, Dominion), 1.5
mM MgCl,, 5 U Taq polymerase (MBL Dominion, Cordoba, Spain), and DNA isolated
according to Querol et al. (1992) and diluted to 1-50 pg/ul. PCR was performed in a
TC-312 cycler (Techne) as follows: a first denaturation step at 95 °C for 5 min, followed
by 36 cycles with a temperature profile of 94 °C for 1 min, 58 °C for 1 min and 72 °C
for 1.5 min. An extension period of 5 min at 72 °C was carried out after 36 cycles. The
PCR products were purified using a Wizard® SV Gel and PCR Clean-Up system
(Promega, Madrid, Spain) according to the manufacturer’s instructions and then

sequenced by the company Stab Vida (Portugal). A BLAST analysis
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(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) was performed for the sequences

obtained. Identification was considered to be valid when the identity was at least 98 %.
2.5. 8. cerevisiae strain differentiation

Mitochondrial DNA (mtDNA) restriction analysis was used to differentiate
strains of S. cerevisiae. DNA extraction and restriction of mtDNA was performed
according to Querol et al. (1992). Electrophoresis was carried out as described before
except that restriction products were separated on a 1 % agarose gel and lambda DNA
digested with Pstl was used as standard. Results of restriction with Hinfl (Takara BIO
INC., Otsu, Shiga, Japan) were found to be the most informative (Gonzalez et al., 2007,
Querol et al., 1994).

Samples of the active dry yeasts used in the winery since the first vinification
(2003 vintage) were also analysed in order to distinguish between indigenous

Saccharomyces and commercial ones.

3. Results
3.1. Vinifications

A total of 390 colonies (30 colonies from 13 different samples) were isolated
from the three tanks sampled. However, since a few isolates (eight) died off before
being identified, only 146 colonies from Merlot, 146 from Syrah and 90 from Cabernet

Sauvignon vats were analysed.
3.1.1. Yeast identification

Table 2 indicates the number of isolates of each species found during the
fermentation of the musts. Analysis of RFLP of PCR 5.8-ITS rRNA region products
revealed that 287 of 382 isolates were S. cerevisiae strains. The other species identified
were Hanseniaspora guilliermondii (68 isolates), H. uvarum (18 isolates), Issatchenkia
orientalis (2 isolates), Pichia anomala (6 isolates) and Kluyveromyces thermotolerans
(only 1 isolate). Sequencing of the D1/D2 variable domains of 26S rDNA confirmed

these results.

Non-Saccharomyces yeasts were isolated only in the grape juice (before SO,

addition) in all the fermentations and, in the Cabernet Sauvignon vat, also in the must
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before inoculation. Afterwards, Saccharomyces strains took over the fermentation in all

cases (Table 2).
3.1.2. Saccharomyces strain differentiation

Mitochondrial DNA restriction analysis of the 287 Saccharomyces isolates
revealed 13 different patterns (Figure 1). Five of them were coincident with those of the
commercial yeast used in the winery, namely LSA2 (A), LSA3 (C), LSA7 (D), LSAS8
(F) and LSA1/LSA9 (E) (LSAT and LSA9 presented the same pattern) (Figure 2). The
eight remaining patterns were different from those described of the 45 commercial
strains described in Fernandez-Espinar et al. (2006) and, thus, they were considered
autochthonous or indigenous, although the possibility of them being commercial ones
used in nearby wineries can not be discarded although we consider it to be unlikely.
Patterns M and N had been also found during the 2006 campaign on the surface of the
grapes from the surrounding vineyard, but the other 6 patterns coded V, W, X, Z, AG

and AM were isolated by the first time in this zone.

However, as shown in Tables 3 to 5 not all the patterns were found in the three
vats. S. cerevisiae strains corresponding to profiles A, C, D and F (commercial strains)
and AG (autochthonous strain) were isolated in the three vats, although with different
frequencies, but other patterns were only found in some of the vats. Merlot vat
presented a higher S. cerevisiae diversity than Syrah and Cabernet Sauvignon vats. Six
restriction profiles corresponding to one commercial (pattern E) and five autochthonous
strains (M, N, V, W and Z) were only found in Merlot vat, while pattern X is exclusive

from Syrah vat and pattern AM was common to Syrah and Cabernet Sauvignon vats.

Merlot grapes were vinificated in first place. In the grape juice, although non-
Saccharomyces species were predominant, some S. cerevisiae yeasts were also present
(4 colonies out of 27) (Table 3). Two of them corresponded to one of the commercial
strains (LSA1/9, pattern E), and the other 2 isolates, to wild S. cerevisiae strains. After 9
days of cold maceration, in the must before inoculation, non-Saccharomyces yeasts had
died off and only S. cerevisiae strains were found, mainly commercial ones; most of
them corresponded to commercial strain LSAS. Autochthonous strains were also found
but were different to those previously isolated in the grape juice: pattern AG (4 isolates)

and V and W (one isolate each).
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The inoculum, consisting in the same must that had fermented spontaneously
during 9 days, contains almost 97% of commercial yeasts confirming the displacement
of the non-Saccharomyces, by the Saccharomyces strains. However, the growth of
autochthonous strains was not suppressed by commercial strains and in the middle of
the fermentation, they constitute the 36.7% of the isolates and by the end of the
alcoholic fermentation, commercial and autochthonous strains coexisted with similar

frequency, but autochthonous strain with pattern AG was the most isolated.

Commercial strains were present throughout the fermentation but the different
number of each fluctuated during the process, being LSA8 and LSA7 the most prevalent

at the end of the fermentation.

The case of Syrah yeast population vats was somehow different (Table 4).
Although grapes were harvested 9 days after Merlot grapes, vinification of both musts
was carried out at the same time because it was inoculated with the “pied de cup” only
24 h after harvest because, according to the oenologist, the must began to ferment
quickly. For the same reason, it was not possible to prepare a “pied de cup” with the
Syrah must and that prepared for the Merlot vat was also used. During this brief
fermentation a common feature with the Merlot must was found namely the
disappearance of the non-Saccharomyces strains and the appearance of both commercial
and autochthonous Saccharomyces strains. In this case, at the end of the fermentation
the prevalence of commercial strains, mainly LSA7, LSA3 and LSAS, was evident but

the autochthonous AMY could also be found.

In Cabernet Sauvignon vat, only non-Saccharomyces species were isolated in the
fresh must and they were still present in the must after 5 days of cold maceration,
although similarly to the other vats, S. cerevisiae strains took over the fermentation
(Table 5). As expected, inoculation of this vat with LSA7 contributed significantly to
the prevalence of this strain at the end of the fermentation. This inoculation implied a
threefold increase of the LSA7 (from 7 x 10° to 2.5 x 107 cfu/ml), thus decreasing the

proportion of cells corresponding to the other LSA strains.

Figure 3 reflects a whole view of the differences in the proportion of non-
Saccharomyces and commercial and autochthonous S. cerevisiae yeasts throughout the

fermentation of the three grape varieties. In Figure 4 we have represented the yeast
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population of each type of strains calculated using total population and the proportion of

each of them.
3.2. Analysis of winery surfaces and equipment microbiota

Yeast analysis was performed on winery surfaces and equipment in January
2007, upon completion of the 2006 campaign and after the winery equipment had been
cleaned and disinfected. Total yeast count ranged from 10" to 10* cfu mL™. Of a total of
189 isolates, 93 of them were non-Saccharomyces yeasts and the rest (96) corresponded
to Saccharomyces genus according to their differential growth in L-lysine media.
Curiously enough, while non-Saccharomyces were found in all surfaces except the
barrels, Saccharomyces strains were isolated almost exclusively or massively in the

barrels, and in low proportion on the winery floor and the pneumatic press.

RFLP-PCR of 5,8S-ITS rRNA and mtDNA restriction analysis of the
Saccharomyces isolates revealed four different S. cerevisiae strains (Table 6), one of
which corresponded to LSA7 (pattern D), a commercial strains used in the previous
campaigns and was only found in the pneumatic press accounting for the 3% of all S.
cerevisiae isolates in the winery environment. The other three patterns (R, S and T) did
not corresponded to any commercial strain; they had not been isolated before, neither

there was found in the following campaign described in this paper.
4. Discussion

This study has been carried out in 2007 in a winery built in 2003 at the “Serrania
de Ronda” (Southern Spain). In this wine growing region red wines are usually
elaborated by induced fermentation with commercial yeast strains. The winery is
surrounded by a vineyard with Merlot, Syrah, Cabernet Sauvignon and Garnacha grape
varieties planted also in recent times. The circumstances of this winery are quite similar
to other ones also recently established in the same region. In a previous work (submitted
manuscript) carried out in the 2005 campaign, the third vinification campaign of this
winery, we observed that the use of commercial yeasts since the first vinification
campaign seemed to have propitiated that these strains become a component of the
winery yeast flora participating in the fermentations. In that campaign, no wild S.

cerevisiae yeasts were isolated even in fresh grape juice sample.
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In the present study, we have isolated and identified the yeast microflora
participating in the fermentation of different musts. Vats containing Merlot and Syrah
musts were inoculated with a natural “pied de cup”, e.g., a must in full fermentation to
which no active dry yeasts had been added. A third vat containing Cabernet Sauvignon

must was inoculated with rehydrated commercial yeast coded as LSA7.

Some differences have been found among the three vats. Although in all of them
non-Saccharomyces species prevailed in the fresh musts, in the case of the Merlot and
Syrah vats, they disappeared during the following days (9 and 1 day , respectively)
during which they were kept in the cold. Moreover, they also disappeared from the
“pied de cup”, a sample of the Merlot must that had been spontaneously fermenting
during 9 days. However, in the Cabernet Sauvignon vat non-Saccharomyces species
coexisted with S. cerevisiae yeasts in a significant amount (43 %) of total isolates before
inoculation. Commercial strains of S. cerevisiae predominated in Merlot and Cabernet
Sauvignon musts respectively, whereas wild strains were mostly frequent in Syrah must.
In the “pied de cup” employed for Merlot and Syrah vinifications, commercial strains
(mainly LSA7 and LSAS, but also LSA2 and LSA3 strains) represented most of the
isolations, and only one isolate in both musts corresponded to a wild strain with
restriction pattern AG. In Syrah fermentation, commercial strains LSA3, LSA7 and
LSAS8 predominate in the fermentation and only the wild strain AMY (which accounted
for the 81 % of the isolates in the must before adding the “pied de cup”) was present
until the end of the fermentation, although in a low proportion. However, in the case of
Merlot vat, commercial strains (LSA3, LSA7 and LSAS) carried out the fermentation
together with the wild strain AGY that represented the 50 % of the isolates at the end of
the fermentation. These results might reflect the robustness of strain AGY since in
Merlot must just before adding the “pied de cup” they only represented 14 % of the
isolations and the commercial strains were predominant. However, the composition of
the must seem to influence in this result since in Syrah must, strain AGY present in the
“pied de cup” disappeared before the middle of the fermentation. In Cabernet
Sauvignon vat both strains AGY and AMY were found at the end of the fermentation.
These results suggest differences in the behaviour of both wild strains in different
musts, both being well adapted to the vinification conditions since they are capable of
surviving until the end of the fermentation together with commercial strains. However,

according to Lopes et al. (2007) differences in the population ranges of the must before
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inoculation and of the “pied de cup” could also explain the different behaviour of
Merlot and Syrah fermentations. In the first case, the relationship between both
populations (almost 10" and 10° cfu ml”, respectively) was lower than in Syrah
fermentation where difference between the must and the “pied de cup” populations was
higher (10° and 10° cfu ml™, respectively), and thus autochthonous strains AGY grew
together with commercial strains in Merlot vat but the growth of strain AMY was
highly inhibited by commercial strains in Syrah vat. It has to be pointed out that Syrah
grapes were harvested and processed later than Merlot grapes. According to some
authors (Beltran et al., 2002) when other grape varieties had been previously harvested,
there is enrichment in the cellar environment with already fermenting Saccharomyces
strains. Moreover, Mercado et al. (2007) found that the yeast population on the winery

surfaces also increases as the wine making goes on.

However, when analysing the yeast population present in the winery
environment in January 2007, once completion of the 2006 campaign, the only
commercial S. cerevisiae strain found was LSA7 (restriction profile D). LSA2, LSA3
and LSAS8 were not isolated from the winery surfaces, but were present, although in low
proportion, in the elaborated “pied de cup”, in the must before inoculation and during
the alcoholic fermentation in the three vats during 2007 campaign. Some authors have
found that commercial strains used in the winery may remain in the equipment and
participate actively in future spontaneous fermentations (Constanti et al., 1997,
Mercado et al., 2007), even if their presence is scarce (Mercado et al., 2007). The
presented results only partially agree with the cited literature since only one of them was
found among the winery resident microflora and none of the other strains found,

namely, wild strains, participated in the 2007 fermentations.

In our case, we do not find a correlation between the microflora isolated from
the winery surfaces and equipment and that present in fermenting vats and “pied de
cup”. The former was composed mainly by non-Saccharomyces strains also present in
the must probably derived from the grape surface. Among the Saccharomyces strains
found in the equipment, only the commercial strain LSA7 was also found in different
stages of fermentation in all three vats. It has to be pointed that this strain together with
other commercial one, LSA4, were repeatedly used in the different vintages but the
latter was not found in any of the samples analysed. Thus, other sources of yeast strains

have to be postulated. On the other hand, the amount of wine yeasts present on the
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winery equipment would depend on the standards of cleanliness of the winery and the
nature of the surface. Irregular, unpolished surfaces and difficult to clean may support
dense populations of winery yeasts (Pretorius, 2000), which could explain differences in
the yeasts growth from different sources of samples from the winery surfaces.
Alternatively, a scarce presence in the analysed equipment or grapes cannot be
discarded. They would, thus, remain undetected by the sampling method used (Mercado
et al., 2007). The conditions of the fermentations would select the most robust strains
among others. Commercial strains such as LSA2, LSA3, LSA7 and LSAS8 were isolated
from fermentations inoculated with a spontaneous fermenting “pied de cup” (Merlot and
Syrah vats) and even from Cabernet Sauvignon vat inoculated only with one of them.
On the other hand, a low biodiversity of wild or autochthonous S. cerevisiae yeasts have
been found, especially if we compare our results with those obtained from older
wineries even if commercial strains were employed (Lopes et al., 2007; Santamaria et
al.,, 2005; Torija et al., 2001). In our study only eight different restriction patterns
corresponding to wild strains have been characterized. Among them, yeasts strains
corresponding to pattern AG and AM seem to be competitive with commercial ones

even at the end of the fermentation.

The present study constitutes the first one carried out in the recently established
wineries in the “Serrania de Ronda” (Malaga). The presented results should be useful to
other wineries with similar characteristics (recently established and use of commercial
strains) present in the region. The isolation and preservation of natural genetics
resources of technological importance is of great interest for further strain development,
especially of autochthonous strains with very good performance during fermentation
that could be used in a future as starters, thus avoiding the use of commercial strains.

This practice could help in developing a more characteristic and singular wine.
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Figures
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Figure 1. Electrophoretic patterns of mitochondrial DNA cut with Hinfl from S. cerevisiae isolated in the
three vats under study. Lanes: 1, pattern A (LSA2); 2, pattern C (LSA3); 3, pattern D (LSA7); 4, pattern
E (LSA1/9); 5, pattern F (LSAR); 6, pattern M; 7, pattern N; 8; pattern V; 9, pattern W; 10, pattern X; 11,
pattern Z; 12, pattern AG; 13, pattern AM. m: size marker digested with Pstl (A-PstI).

Figure 2. Electrophoretic patterns of mitochondrial DNA cut with Hinfl from of the commercial yeasts
used in the winery during 2003 to 2007 vintages. Lanes: 1, LSA4; 2, LSA3; 3, LSA7; 4, LSA2; 5, LSA1;
6, LSA8; 7, LSA9; 8; LSA6; 9, LSA10; 10, LSA11 and m is the size marker digested with Pstl (A-PstI).
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Figure 3. Relative proportion (%) of commercial and autochthonous Saccharomyces and non-Saccharomyces yeasts in samples from different stages of fermentations of the
three grape varieties studied: A) Merlot vat; B) Syrah vat; C) Cabernet Sauvignon vat.
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Figure 4. Yeast population (cells/mL) in samples from the three grape varieties studied: (A) Merlot vat; (B) Syrah vat; (C) Cabernet Sauvignon
vat in different stages of fermentation: M, must; BF, before fermentation; BF+I, must before fermentation plus inoculum; MF, middle of
fermentation; FF, end of fermentation. A Autochthonous (AUT); [Jj Commercial (LSA); @ non-Saccharomyces (Non-Sac) strains.
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Tables

Table 1. Commercial yeasts strains used in the winery during 2003 to 2007 vintages.

Commercial yeast Code Vintage

2003 2004 2005 2006 2007

BDX, Lallemand LSA 4 X X X X X
Rhoéne 2056, Lallemand LSA 3 -- X - -- -
Excellence XR, Lamothe-Abiet LSA 7 -- X X X X
Excellence SP, Lamothe-Abiet LSA 2 - -- X -- --
LA-BJL, Lamothe-Abiet LSA 1 -- -- X - X
Fermol Premier Cru LSA 8 -- -- -- X --
Fermol Mediterranée LSA9 -- -- -- X --
43, Lallemand LSA 6 - -- -- X --
Chalenge Selection ES U42,

LSA 10 -- - - - X

Sepsa-Enartis
Star, Agrovin LSA 11 -- -- -- -- X

X: used; --: not used
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Table 2. Number of isolates of each species found in the samples from the three fermentations studied.

K.
Date Sampling point Total Isolates S. cerevisiae H. guilliermondii H. uvarum 1. orientalis P.anomala thermotolerans

11/09/2007 Grape juice 27 4 4 11 2 6 --
20/09/2007 Must before inoculation 29 29 -- - -- -- -
20/09/2007 Inoculum (*““pied de cup”) 30 30 -- -- - - -
26/09/2007 Middle of fermentation 30 30 -- - -- -- -
04/10/2007 Final of fermentation 30 30 -- - -- - -
Total 146 123 4 11 2 6 0
19/09/2007 Grape juice 29 - 22 7 - - —
20/09/2007 Must before inoculation 27 27 -- - -- -- -
20/09/2007 Inoculum (““pied de cup”™) 30 30 - - - - -
27/09/2007 Middle of fermentation 30 30 -- - -- -- -
04/10/2007 Final of fermentation 30 30 -- - -- -- -
Total 146 117 22 7 0 0 0

19/10/2007 Grape juice 30 -- 29 - -- -
24/10/2007 Must before inoculation 30 17 13 -- -- -- --
24/10/2007 Inoculum (LSA7) n/s’ - - - - - -
Middle of fermentation n/s* -- - - - - -
08/11/2007 Final of fermentation 30 30 -- - -- - -
Total 90 47 42 0 0 0 1
Total 382 287 68 18 1

“n/s: not samples
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Table 3. Number of yeast strains showing different mtDNA restriction pattern isolated from different samples studied in the Merlot must containing vat.

Merlot Must Before Inoculation Inoculum Middle F* Final F*
Species Code®  Pattern
S. cerevisiae LSA2 A -- -- 4 2 --
“ LSA3 C - 2 6 3 1
“ LSA7 D - 4 10 7 4
« LSA1/9 E 2 1 1 -- --
« LSAS8 F - 16 8 7 10
« M 1 -- -- -- -
« AG - 4 1 10 15
« N - - - 1 --
« A% - 1 - -- --
“ W - 1 -- -- --
“ Z 1 -- -- -- --
H. guilliermondii 4 -- -- - -
H. uvarum 11 -- -- -- --
I. orientalis 2 -- -- -- --
P. anomala 6 -- -- -- --
Total isolates 27 29 30 30 30
Population 2.9 x10° 9.7 x10° 8.9 x10° 2.1x10° 7.3 x10°
Total LSA® 2 23 29 19 15
Total AUT ¢ 2 6 1 11 15
Total non-Sac’ 23 0 0 0 0

* Commercial yeast code; "LSA: Commercial yeasts; “AUT: Autochthonous yeasts; ¢ non-Sac: Non-Saccharomyces; Middle F: ¢ Middle of fermentation;
‘Final F: End of fermentation
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Table 4. Number of yeast strains showing different mtDNA restriction pattern isolated from different samples studied in the Syrah must containing vat.

Syrah Must Before Inoculation  Inoculum Middle F© Final F'
Species Code”  Pattern
S. cerevisiae LSA2 A - - 2 2 1
“ LSA3 C -- 1 10 10 6
“ LSA7 D -- -- 13 5 15
“ LSAS F -- 3 4 11 6
“ AG -- - 1 -- --
«“ AM -- 22 -- 2 2
“ X -- 1 -- -- --
H. guilliermondii 22 -- - - -
H. uvarum 7 -- -- -- --
Total 29 27 30 30 30
Population 2.4 x10’ 4.6 x10° 2.0x10° 3.1x10’ 9.6 x10°
Total LSA” 0 4 29 28 28
Total AUT ¢ 0 23 1 2 2
Total non-Sac* 29 0 0 0 0

* Commercial yeast code; "LSA: Commercial yeasts; “AUT: Autochthonous yeasts; ¢ non-Sac: Non-Saccharomyces; Middle F: ¢ Middle of
fermentation; 'Final F: End of fermentation
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Table 5. Number of yeast strains showing different mtDNA restriction pattern isolated from different samples studied in the Cabernet Sauvignon must containing vat.

Cabernet Sauvignon Must Before Inoculation Final F*
Species Code" Pattern
S. cerevisiae LSA2 A -- 3 3
“ LSA3 C - 1 2
« LSA7 D - 8 19
“ LSAS F - 5 4
« AG - - 1
“ AM -- -- 1
H. uvarum 29 13 --
K. thermotolerans 1 -- --
Total 30 30 30
Population 5.4x10° 2.8x10’ 2.4x10
Total LSA” 0 17 28
Total AUT ¢ 0 0 2
Total non-Sac® 30 13 0

* Commercial yeast code; °LSA: Commercial yeasts; ‘“AUT: Autochthonous yeasts; 4 non-Sac: Non-Saccharomyces; ‘Final F:
End of fermentation
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Table 6. Number of yeast colonies showing different mtDNA restriction pattern isolated from the winery
surfaces and equipment.

Yeasts/Patterns Surfaces Equipment
WF*  WW° | PP D FV¢ sV’ B:  ws"

S. cerevisiae 3 0 3 0 0 0 90 0
Pattern D' -- -- 3 -- -- - - --
Pattern R -- -- -- -- - - 29 -
Pattern S -- -- - - - - 18 -
Pattern T 3 -- -- -- -- - 43 -
Non-Saccharomyces 15 1 5 1 11 30 0 30
Total isolates 18 1 8 1 11 30 90 30

*WE: winery floor; > WW: winery wall; © PP: pneumatic press; 4D destemmer; ¢ FV: fermentation vats; *
SV: storage vat; £B: barrels; " WS: winery sink; ' corresponds to strain LSA7.
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Abstract

For the first time, an ecological survey of wine yeasts present in grapes growing
in two vineyards located in the region of “Serrania de Ronda” (Malaga, southern Spain)
has been carried out. During the 2006 and 2007 vintages, grapes from different varieties
were aseptically collected and allowed to ferment spontaneously in the laboratory. From
a total of 1586 colonies isolated from microvinifications, 1281 were identified
according to ITS polymorphisms and their identity confirmed by sequencing of the
D1/D2 region of 26S rDNA. Most of the isolates (84 %) corresponded to thirteen
different non-Saccharomyces species with  Kluyveromyces thermotolerans,
Hanseniaspora guilliermondii, Hanseniaspora uvarum and Issatchenkia orientalis
accounting for 42.7 % of the total. Mitochondrial DNA restriction analysis from the
Saccharomyces cerevisiae isolates revealed a low diversity since only eleven different
profiles were found, nine of them corresponding to local strains and two to commercial
ones that had been used in different campaigns and that very likely were disseminated
from the winery to the adjacent vineyard. A different distribution of strains was found in

the three grape varieties studied.

Keywords: biodiversity, vineyard, Saccharomyces, non-Saccharomyces, dissemination
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1. Introduction

The transformation of grape juice into wine by natural alcoholic fermentation is
the result of the combined action of several yeasts species that grow more or less
sequentially throughout the fermentation process. Fermentations are initiated by various
species of Candida, Debaryomyces, Hanseniaspora, Hansenula, Kloeckera,
Metschnikowia, Pichia, Schizosaccharomyces, Torulospora and Zygosaccharomyces in
principle present on the grapes surface. Their growth is generally limited to the first two
or three days of fermentation, after which they die off. Subsequently, the most strongly
fermenting and more ethanol tolerant species of Saccharomyces take over the
fermentation (Fleet & Heard, 1993). Different theories explain the early growth arrest of
non-Saccharomyces strains: their low tolerance to ethanol or to other toxic compounds
(Fleet, 2003, Pérez-Nevado et al., 2006) but also a cell-cell contact mechanism
dependent on the presence of viable S. cerevisiae cells at high concentrations (Nissen et

al., 2003).

Nowadays, fermentations inoculated with selected commercially available S.
cerevisiae strains are prevalent in large-scale wine production due to the ease of control
and homogeneity of fermentations. However, the use of local (autochthonous) strains of
S. cerevisiae is preferable since they are better acclimatised to the environmental
conditions (Degré, 1993, Martini & Vaughan-Martini, 1990, Regodén et al., 1997) thus
assuring the maintenance of the typical sensory properties of the wines of a given region

(Hernéndez et al., 2003).

In this context, the present work was performed to ascertain the biodiversity of
Saccharomyces cerevisiae flora found in vineyards from the viticultural region
“Serrania de Ronda” (Malaga, southern Spain) in order to define strategies for future
wine yeasts selection programs. Besides, the establishment of a yeast strain collection
will contribute to the preservation of genetic resources from a viticultural region never

explored before.

In a previous study (submitted manuscript) yeasts from fermenting musts from a
winery in the “Serrania de Ronda” (2005 vintage) were isolated and characterized. In
that case, only commercial S. cerevisiae strains used in the winery were found in the
fermenting vats. In this region, where most of the vineyards and wineries are recently

established, the use of commercial selected yeasts in order to ensure the fermentation is
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a usual practice. For the present study carried out during the 2006 and 2007 campaigns,
grapes were aseptically collected from the vineyards and fermented in the laboratory to
avoid contamination with the winery microbiota. Species diversity was evaluated by
PCR of 5,8S-ITS rDNA region RFLP combined with the sequencing of D1/D2 region
of 26S rDNA, and S. cerevisiae strains were characterized by mtDNA RFLP.

2. Materials and Methods
2.1. Sampling plan

During the 2006 harvest campaign, the sampling plan included a total of 6 sites in
two plots of a vineyard located in the South of Spain (“Serrania de Ronda”, Malaga)
(summarized in Table 1). The grapevine varieties sampled were Syrah (plot BS) and
Merlot (plot BM). In each plot, three sampling points were defined (BSI, BSII, BSIII
and BMI, BMII, BMIII, respectively). The distance between the winery and the
sampling sites varied between 20 and 200 m. Five sampling campaigns were performed
in a time frame of about 5 weeks, in order to assess the diversity among fermentative
yeast communities during the last stage of grape maturation, harvest and post-harvest
stages. Samples were always collected from the same vine plant or, if necessary, from,
plants at a distance of 1-2 m. Sampled vine plants were marked and not collected during

regular harvest.

Additionally, during the 2006 harvest campaign another vineyard located far from
the winery was also sampled (plot PS). In this case, the dissemination phenomenon of
yeas strains from the winery to the vineyard was supposed to be lower. Three sampling
sites were also defined (PSI, PSII, PSIII), all of them corresponding to the Syrah
grapevine variety. Only two sampling campaigns were carried out: an early sampling

stage before harvest, and a harvest sampling stage.

During the 2007 harvest, six points were sampled in the first vineyard. Four
sampling sites corresponded to four of the sites of BS and BM plots sampled during the
2006 campaign (BSI, BSII, BMI, BMII), and two new points were sampled from
Cabernet sauvignon grapevines (plot BCS, sampling points BCSI and BCSII). During
this year, two sampling campaigns were carried out, in the harvest and post-harvest

stages, with a gap of nine to ten days in between (Table 1).
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2.2. Sample collection, microvinifications and yeast isolation

From each sampling point, approximately 1.5 to 2 kg of grapes were collected
aseptically and directly placed into sterile plastic bags that were transported to the
laboratory. Grapes were carefully crushed in the plastic bags, and 80 ml of juice was
poured into 100 ml erlenmeyer flasks. Duplicates of microvinifications were carried out
for all samples except for samples 15BH and 20AH from the 2006 campaign. The
fermentors were placed at 25 °C. Daily weight determination allowed the monitoring of
the fermentation progress. When a consumption of about 2/3 of the sugar content was
observed, diluted must samples were spread on YEPD plates (yeast extract 1% w/v,
peptone 1% w/v, glucose 2% w/v, agar 2% w/v) and incubated for 48-72 hours at 28 °C.

Thirty colonies were selected at random from each spontaneous fermentation.
2.3. Yeast identification

To rapidly discriminate between Saccharomyces and non-Saccharomyces yeasts,
every isolate was evaluated according to its ability to grow on L-lysine plates (Barnett
et al., 1990). Isolates that were not able to grow using L-lysine as the sole nitrogen

source were classified as Saccharomyces.

The species of the yeast isolates was determined according to their rDNA
polymorphism of the 5,8S-ITS gene region. This region was amplified by PCR using
primers ITS1 and ITS4, described by White et al. (1990). The PCR products were
digested with restriction endonucleases Hinfl, Haelll and Hhal (same activity than
Cfol) (Takara, Japan). PCR amplification products and restriction fragments were
separated on a horizontal 1.4 and 3 % agarose gel, respectively, in TAE buffer and their
size determined comparing with a standard (100-bp DNA ladder, Amersham
Biosciences). An additional restriction endonuclease (Ddel) was used to differentiate

Hanseniaspora species (Esteve-Zarzoso et al., 1999).

Strains of the Lachancea clade (Zygosaccharomyces fermentati,
Zygosaccharomyces cidri, Kluyveromyces thermotolerans and Kluyveromyces waltii)
with similar restriction profiles and yeast isolates with misidentified restriction profiles
were identified by sequencing the D1/D2 variable domains of the large subunit rRNA
gene. They were amplified using the external primers NL-1 (5°-
GCATATCAATAAGCGGAGGAAAAG-3’) and NL-4 (5-
GGTCCGTGTTTCAAGACGG-3’). PCR reactions were performed in a 100 pl volume
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containing 0.25 uM of each primer, 80 uM of ANTP, 1 x buffer (MBL, Dominion), 1.5
mM MgCl,, 5 U Taq polymerase (MBL, Dominion) and DNA isolated according to
Querol et al. (1992) and diluted to 1-50 pg/ul. PCR was performed in a TC-312 cycler
(Techne) as follows: a first denaturation step at 95 °C for 5 min, followed by 36 cycles
with a temperature profile of 94 °C for 1 min, 58 °C for 1 min and 72 °C for 1.5 min. An
extension period of 5 min at 72 °C was carried out at the end of the 36 cycles. The PCR
products were purified using a Wizard® SV Gel and PCR Clean-Up system (Promega)
according to the manufacturer’s instructions and then sequenced directly (StabVida,

Portugal). A BLAST analysis (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) was

performed for the sequences obtained. We considered identification to be valid when

the identity was at least 98 %.
2.4. Characterization of S. cerevisiae isolates

The colonies identified as S. cerevisiae were also characterized at strain level by
mtDNA restriction analysis as described by Querol et al (1992). Yeast DNA was
digested with Hinfl, the fragments were separated in 1 % agarose gels and their size

determined comparing with a standard (Lambda DNA digested with PstI).
2.5. Commercial yeast

Samples of the active dry yeasts used in the winery since the first vinification
(2003 vintage) were also characterized in order to distinguish between indigenous
Saccharomyces and commercial ones. Table 2 shows the commercial yeasts used in the

winery during the 2003 to 2007 vintages.
3. Results
3.1. Yeast isolation and identification from microvinifications

Microfermentations of a total of 75 samples were attempted (54 and 21 during
2006 and 2007 harvest seasons, respectively), but only 58 of them were able to start
fermentation, after more as 30 days of incubation. None of the samples of date 15BH (2
weeks before harvest) in the 2006 vintage fermented and few of the samples of date
7BH (one week before harvest) did. In general terms, fermentation took place for most
of the samples only at harvest and post-harvest dates. For this reason, sampling dates

15BH and 7BH were discarded for the 2007 vintage campaign.
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Yeast population ranged from 3 x 10* to 2.2 x 10’ cfu/mL and, in general terms, it
increased with the sampling date and campaign, with higher values from harvest
sampling onwards, and in the 2007 campaign. In order to ascertain the natural yeast
flora present in the vineyard, 1586 isolates from microvinifications carried out during
the 2006 and 2007 vintages were selected for analysis, 1334 of them corresponded to
non-Saccharomyces yeasts and the rest (252) to Saccharomyces species as determined
by their ability to grow on plates containing L-lysine as the sole nitrogen source
(Barnett et al., 1990). However, 305 isolates of non-Saccharomyces yeasts (mainly
belonging to sampling dates 7B and H from the 2006 vintage) died off before further
analysis. The rest of the isolates were identified according to the ITS polymorphisms
and the results confirmed by sequencing of the D1/D2 region of 26S rDNA of each
PCR-RFLP pattern obtained and this technique was also applied to those yeast isolates
with misidentified restriction profiles (Table 3). The PCR products sizes ranging from
400 to 850 bp were digested with Hhal, Haelll and Hinfl, whereby 12 different profiles
were obtained. Nine of the 12 patterns were identified after comparing the molecular
mass of the restriction products with those previously described (Esteve-Zarzoso et al.,
1999, 2001, Granchi et al., 1999). These 9 groups were Candida stellata, Candida
parapsilosis, Issatchenkia orientalis, Metschnikowia pulcherrima, Pichia anomala,
Pichia guilliermondii, Torulospora delbrueckii, Zygosaccharomyces bailii and
Saccharomyces cerevisiae. An additional restriction analysis with endonuclease Ddel
was necessary to differentiate between H. guilliermondii, H. uvarum and H. vineae
(Esteve Zarzoso et al., 2001). Another group of similar restriction profiles (profile n. 11)
included the species Kluyveromyces thermotolerans, K. waltii, Zygosaccharomyces
cidri and Z. fermentati. Their 26S rRNA gene sequence results yielded 100 % similarity
to Kluyveromyces thermotolerans. The last profile (n.12) was also identified by this

technique as Aureobasidium pullulans.

As stated in Table 3, S. cerevisiae, K. thermotolerans, H. uvarum and H.
guilliermondii were the yeast species most frequently isolated. Although non-
Saccharomyces yeasts were mostly isolated, it is remarkable that the percentage of S.
cerevisiae isolates (19.7 and 9.8 % in 2006 and 2007 vintages, respectively is higher
than reported elsewhere (Fleet & Heard, 1993, Mortimer & Polsinelli, 1999). In most of
the fermentations (45 out of 58) isolates corresponded only to non-Saccharomyces

species. In 6 of the fermentations, only S. cerevisiae strains were isolated and both S.
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cerevisiae and non-Saccharomyces were isolated in the rest of them (7 fermentations).
Spontaneous fermentations were performed by one or more predominating species

accompanied by a very heterogeneous yeast community with no prevalent species.
3.2. Yeast population diversity in spontaneous fermentation

Table 4 indicates the distribution of yeasts during spontaneous must fermentation
according to sampling dates, grape variety and vintage. Although data of the 2006
vintage are incomplete, results seem to indicate that greater yeast diversity existed in
sample 20AH (20 days after harvest) for Merlot and Syrah fermentations from BM and
BS plots. Before harvest (sampling date 7BH), Pichia anomala was the predominant
yeast in Merlot and Syrah musts (49.2 and 100 %, respectively) but it was hardly
isolated after this date. In harvest and post-harvest samples (H, 10AH and 20AH
sampling dates), C. parapsilosis, H. guilliermondii, I. orientalis and S. cerevisiae were
frequently isolated but with some differences among Merlot and Syrah fermentations.
.Whereas in Merlot samples S. cerevisiae yeasts were only found 10 days after harvest
(date 10AH) and accounted for almost 100 % of the isolates, in Syrah samples they
were isolated from harvest onwards (dates H, 10AH, 20AH), although in much lower
frequencies (Table 4). During the 2006 campaign, another Syrah plot was sampled (PS),
in this case there was no winery in the proximity of the vineyard. Only sampling date H
experiments fermented. Again, |. orientalis and H. guilliermondii were mostly
identified (20.0 and 18.9 %, respectively), together with S. cerevisiae (12.2 %),but in
this case Zygosaccharomyces bailii, not isolated in BS or in BM plots, was also found
(15.6 %).

When focusing in the 2007 results, we observed some differences in the species
found in both the 2006 and 2007 campaigns (Table 3). K. thermotolerans and H.
uvarum were the major species isolated in the 2007 (33.6 and 25.5 %, respectively), but
they were hardly found in the 2006 campaign, at least considering the limitations of our
work for that vintage. H. guilliemondii and S. cerevisiae yeast strains were also isolated,
but in lower percentages than in 2006 (14.4 and 9.8 %, respectively). As in the 2006
harvest, differences were observed among the grape varieties studied, with Cabernet
Sauvignon fermentations showing greater yeasts diversity than Merlot and Syrah assays
(Table 4). Finally, S. cerevisiae strains were only isolated from after harvest samples

(10AH) in Cabernet Sauvignon fermentations.

119



Capitulo 3

3.3. Characterization of S. cerevisiae strains

From the 1598 yeasts isolated, only 252 of them corresponded to S. cerevisiae
(192 and 60 isolates during the 2006 and 2007 campaigns, respectively). They were
characterized at strain level by RFLP of the mtDNA. Eleven different restriction
profiles were identified (Figure 1), two of which corresponded to two of the commercial

yeasts employed by the winery (Figure 2), namely profile C (LSA3) and D (LSA7).

Differences in the restriction profiles distribution were found according to grape
varieties, sampling dates and sampling campaigns as reflected in Table 5. During the
2006 campaign, six restriction profiles were detected, four of them corresponded to
local strains (patterns M, N, O and Q) and the rest (patterns C and D) to two commercial
ones. In the Merlot fermentations, S. cerevisiae species were only isolated in post-
harvest assays (sampling date 10AH) and autochthonous strains (restriction profiles N
and O) and commercial strains (profiles C and D) were isolated with similar frequency.
In Syrah assays, different S. cerevisiae strains were characterized depending on the
sampling date. Autochthonous strains all from the same profile (M) were isolated
exclusively at harvest date (H) in both BS and PS vineyards. However, only commercial
strains were isolated in post-harvest sampling dates (profiles D and C in dates 10AH
and 20AH, respectively) in BS plots. Thus, a succession of S. cerevisiae strains was

observed during this vintage.

Autochthonous S. cerevisiae strains isolated in 2006 were different from those
isolated in the 2007 campaign, with a higher diversity in the latter (Table 5). Five new
different restriction profiles were characterized, but most of the isolates (85 %)
corresponded to the pattern coded as AF. S. cerevisiae strains were only isolated from
Cabernet Sauvignon fermentations in date 10AH. No commercial strains were found in

this campaign.

S. cerevisiae strains were found in 13 microfermentations (Table 5). Interestingly,
yeast with profile M were found only in Syrah grapes in both vineyards but in that
located close to the winery (BS), it was substituted by the commercial strains LSA3 and
LSA7 in samples taken after harvest (10AH and 20 AH). The cited commercial strains
were found also in grapes from two sites of the BM vineyard, also located near the
winery, but not in the BCS one. In this latter location, autochthonous strains with profile

AF were predominant but other local strains were also found.
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4. Discussion

One of the goals of this work was the isolation for yeast selection purposes of
indigenous S. cerevisiae in the “Serrania de Ronda”, a viticultural region where no
ecological study on wine yeasts had been performed before. This task was not possible
to fulfil in the 2005 vintage since only commercial strains were isolated from
fermenting vats (publication submitted). Thus, microfermentations from grapes
aseptically taken from the vineyard were carried out in the laboratory during the 2006
and 2007 campaigns. It is well known that the presence of S. cerevisiae in grapes is
rather rare, according to Mortimer and Polsinelli (1999) only about one in a thousand
berries is S. cerevisiae positive. However, in our case, during the 2006 and 2007
vintages, 15.6 % of the isolates corresponded to this species. As described by Valero et
al. (2007) fermentations could perform as an enrichment media enhancing S. cerevisiae
growth. Only six and five different profiles were characterized in each vintage,
indicating a low biodiversity in contrast to the results found by other authors (Schuller
et al., 2005, Torija et al., 2001, Valero et al., 2007). Moreover, two of the profiles
matched commercial strains. As described by Martini et al. (1996), the youth of the
vineyard (in this case, established between 2002 and 2003) influences the quantity and

biodiversity of yeasts.

Several authors have reported studies about the biodiversity of yeasts associated
with the vineyard in order to evaluate the dynamics of autochthonous populations of
Saccharomyces and the impact of the use of commercial yeasts in wine regions of
France and Portugal (Schuller et al., 2005, Valero et al., 2005, Valero et al., 2007). In
our case, the presence of commercial strains has been detected in vineyards adjacent to
the winery. This result indicates that dissemination of commercial yeasts from the
winery to the nearby vineyard could be frequent, probably facilitated by vectors such as
insects and wasps, but also by other common operations in the cellar (Mortimer &
Polsinelli, 1999, Ribereau-Gayon et al., 2003). Valero et al. (2005) also indicate that the
topography of the vineyard, for instance the fact that it is sloped could constitute a
factor that facilitates the dissemination because of water run-off. This is the case of
vineyards BS, BM and BCS. In our study, commercial yeasts were isolated at places
located at distances less than to 200 m from the cellar, which, according to Valero et al.
(2005), is, in general, the maximum radius of dissemination of yeasts. The practice of

throwing out the fermentation lees from the winery to the neighbouring vineyard during
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2003 to 2005 vintages could have facilitated the dissemination of commercial yeasts in

the adjacent vineyards.

Different commercial strains have been used by the winery since 2003 (Table 2),
but only Rhone 2056 (LSA3) and Excellence XR (LSA7) have been isolated in the
present study. The latter has been used in the winery since 2004 in all vintages, while
Rhoéne 2056 was only used in 2004. In contrast, the other widely used commercial strain
(BDX, coded as LSA4) has not been isolated. Thus, there is no strict correlation
between the utilisation level and the frequency of dissemination (Valero et al., 2005)
and a permanent implantation of commercial strains in the vineyard did not occur, but
instead these strains are subject to natural fluctuations of periodical

appearance/disappearance like autochthonous strains do (Valero et al., 2005).

On the other hand, it should be borne in mind that some aspects of our
methodology involving fermentations, plating on nutrient plates and isolation of a
restricted number of colonies may limit our view about the microflora diversity. Killer
phenotype may also play an important role in fermentation aptitude and competitive
traits making possible that only certain strains participate or dominate in fermentation
although their population was scarce at the beginning (Mercado et al., 2007, Van
Vuuren & Jacobs, 1992). It is to be noted that the commercial strains Excellence XR
(LSA7) and Rhone 2056 (LSA3) presented a killer-resistant phenotype, while strain
BDX (LSA4) was sensitive to the killer toxin (data not shown).

Finally, 13 different non-Saccharomyces species have been identified. H.
guilliermondii, 1. orientalis and, to a lesser extent, P. anomala were the most frequent
species isolated in the 2006 vintage, and K. thermotolerans, H. uvarum and H.
guilliermondii in the 2007 campaign. According to the literature, the yeasts of
Kloeckera and Hanseniaspora genera are the predominant species on the surface of the
grapes, accounting for 50-75 % of the total yeast population (Fleet & Heard, 1993) and,
to a lesser extent, it is also possible to detect the species of Candida, Cryptococcus,
Rhodotorula, Pichia, Metschnikowia and Kluyveromyces (De la Torre et al., 1999, Fleet,
1993, Longo et al., 1991, Martini et al., 1996).

Although non-Saccharomyces wine yeasts have traditionally been associated with
high volatile acidity, ethyl acetate production, off-flavours and wine spoilage, the role

of non-Saccharomyces yeasts in winemaking has been re-evaluated (Ciani et al., 2006,

122



Capitulo 3

Viana et al., 2008, Zott et al., 2008). Several studies have shown their capacities to
contribute positively to wine flavour (Ciani and Maccarelli, 1998, Esteve-Zarzoso et al.,
1998, Fleet, 2003, Romano et al., 2003), or considered the biotechnical interest of their
enzymatic activities (Arévalo Villena et al., 2007, Fernandez et al., 2000, Manzanares et
al., 2000, Strauss et al., 2005, Ubeda Iranzo et al., 1998). For this reason, some authors
have evaluated the possibility of using mixed starters to improve the quality of wines
(Ciani et al.,, 2006, Clemente-Jiménez et al., 2005, Garde-Cerdan and Ancin-
Azpilicueta, 2006, Moreira et al., 2008, Rojas et al., 2003, Viana et al., 2008, 2009).
One of the species more frequently isolated in our study, l. orientalis, has been also
isolated in Spanish fermentations by Clemente-Jimenez et al. (2004), who also
experimented their capability to ferment Macabeo musts obtaining a very good profile
of higher alcohols even if their did not consum all the initial glucose. This species has
been proven to reduce the malic acid content in wines when co-fermenting with S.
cerevisiae obtaining a higher score in sensory evaluations when compared to wines
fermented with S. cerevisiae alone (Kim et al., 2008). On the other hand, Kapsopoulos
et al (2007) used K. thermotolerans and S. cerevisiae in mixed culture fermentations of
grape must and found that it provided an effective biological acidification during
alcoholic fermentation by the production of L-lactic acid. The fermentation behaviour of
K. thermotolerans has also been studied by Ciani et al (2006). Moreira et al. (2008)
found that the growth of H. guilliermondii and H. uvarum during the first days of
fermentation enhanced the production of desirable compounds, such as esters, and may
not have a negative influence on the production of higher alcohols and heavy sulphur
compounds. Studies on acetate ester formation in wine by mixed cultures of S.
cerevisiae and P anomala and H. guilliermondii in laboratory fermentations have been
carried out by Rojas et al. (2003), Viana et al. (2008) also accomplished a rational
selection of non-Saccharomyces wine yeasts for mixed starters based on ester formation
and oenological traits that involved different strains of the genera Candida, Pichia,

Hanseniaspora, Torulospora and Zygosaccharomyces.

Accordingly, the current trend in the wine industry is to develop new technologies
and promote the use of mixed and sequential cultures of non-Saccharomyces together
with S. cerevisiae strains in order to increase the aromatic properties of wine while

obtaining a desirable ethanol production. In this work, we have isolated and identified a
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number of cultivable yeasts and also built a collection of yeast present in grapes which

could participate in winemaking in the studied area.
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Figure 1. Mitochondrial DNA restriction patterns with Hinfl of S. cerevisiae isolates found during the
2006 and 2007 vintages. Lanes 1 and 2 correspond to commercial strain LSA3 and lanes 3 and 4, to
commercial strain LSA7;m is the size marker (A-PstI).

m
- e

Figure 2. Mitochondrial DNA restriction patterns with Hinfl of the commercial yeasts used in the winery
during 2003 to 2007 vintages. Lanes: 1, LSA4; 2, LSA3; 3, LSA7; 4, LSA2; 5, LSA1; 6, LSAS; 7, LSA9;
8; LSA6; 9, LSA10; 10, LSA11; m: size marker (A-PstI).
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Tables

Table 1. Vineyards, grapevine variety, sampling plots and sampling dates during the 2006 and 2007

campaigns.
) Grapevine | Plot | Sampling Sampling campaigns
Vineyard ‘ .
variety code point I15BH | 7BH H 10AH | 20AH
2006 campaign
BSI X X X X X
Syrah BS BSII X X X X X
B BSIII X X X X X
BMI X X X X X
Merlot BM BMII X X X X X
BMIII X X X X X
PSI X -- X -- --
P Syrah BP PSII X -- X -- -
PSIII X -- X -- --
2007 campaign
B BS BSI -- -- X X --
Syrah
BS BSII -- -- X X -
B | | BM | BMI | - - | X | x | —-
Merlot
BM BMII -- -- X X -
B | Cabernet | BCS | BCSI | - | - | X | x | —-
Sauvignon | BCS | BCSII - - X X -

Vineyards: B (close to the winery); P (far from winery). Sampling campaigns: 15BH (15 days before
harvest campaign); 7BH (7 days before harvest campaign); H (harvest campaign); 10AH (10 days after
harvest campaign) and 20AH (20 days after harvest campaign)
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Table 2. Commercial yeasts strains used in the winery during 2003-2007.

Commercial yeast Code Vintage

2003 2004 2005 2006 2007

BDX, Lallemand LSA 4 X X X X X
Rhone 2056, Lallemand LSA 3 -- X -- -- -
Excellence XR, Lamothe-Abiet LSA 7 -- X X X X
Excellence SP, Lamothe-Abiet LSA 2 -- -- X -- --
LA-BJL, Lamothe-Abiet LSA 1 -- -- X -- X
Fermol Premier Cru LSA 8 -- -- -- X --
Fermol Mediterranée LSA9 -- -- -- X --

43, Lallemand LSA 6 -- -- -- X --

Chalenge Selection ES U42,
LSA 10 -- -- -- -- X
Sepsa-Enartis

Star, Agrovin LSA 11 -- -- -- -- X
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Table 3. Results of the comparison of the isolates with those present in GenBank from NCBI database and relative frequency of each species during the 2006 and 2007

campaigns.
Saccharomyces cerevisiae 35/61 550 N11{£1{6152Y ) AY048154 100 19,7 9,8
Aureobasidium pullulans BCSII/2 530%* T4Bl1c.7P FJ490622 100 0,0 6,7
Candida parapsilosis 44/31 561 26.4 EU660860 100 3,7 0,0
Candida stellata 59/31 401* Al17-1-2 EF648014 98 2,9 0,3
Hanseniaspora guilliermondii 35/31 553 TY20 FJ972220 100 18,9 14,4
Hanseniaspora uvarum BCSI,/25 557 SYAKW EU326135 99 3,2 25,5
Hanseniaspora vineae BCSI1/2 553 NzR%Ig 6Y ) DQ655684 100 0,0 4,3
Issatchenkia orientalis BCSII/2 551 Nl?;; 6Y' EF550222 100 11,0 2,6
Kluyveromyces thermotolerans BCSII/9 567 ng;; 4Y' U69581 100 1,5 33,6
Metschnikowia pulcherrima BCSI/15 483 MBS510 DQ872871 100 0,0 0,8
Pichia anomala 25/31 566 Lv196 EU795420 100 7,0 0,0
Pichia guilliermondii BCSL,/32 573 Ng%ﬁ; " | DQ655689 100 0.1 0.7
Torulospora delbrueckii 46/66 565 CO4 EU879961 100 0,8 0,0
Zygosaccharomyces bailii 32/62 575 N2314 EU268642 100 2,9 0,0
Non identified Non-Saccharomyces -- -- -- -- -- 28.4 1,3

* Sequencing product from PCR 5,8S ITS

133



Capitulo 3

Table 4. Distribution of yeast (%) during spontaneous must fermentation according to
sampling campaign (2006 and 2007)

sampling dates, grape variety (Merlot, Syrah, Cabernet Sauvignon) and

BM BS PS BCS
2006 2007 2006 2007 2006 2007
Yeast species 7BH H 10AH 20AH H 10AH | 7BH H 10AH 20AH H 10AH H H 10AH
N - - 992 - -- - - 196 78 156 | - - 122 | - 250
S. cerevisiae
- - - - - - - - - - 100 - - - -
A. pullulans
o -- - -- -- - -- -- - 33,3 6,7 -- - - -- --
C. parapsilosis
- - - 1.1 - - - - - - - - - -
C. stellata 3L, 08
- . - 19,2 -- 30,0 - 27,5 - 353 256 178 - 57,8 | 18,9 | 2,5 -
H. guilliermondii
- - —~ 344 | - 225 | - - - - — 422 | - | 442 15,8
H. uvarum
H. vineae ’
o —- 23,1 - 1,1 - -- -- - - 378 | - —~ 1200 | 133 -
I. orientalis
K. thermotolerans 3 0.8 33 50,0 0,0 73 36,7
_ - - - - - - - - - - - - - 4,2 -
M. pulcherrima
49,2 0,6 - - - - 100 - - 4.4 - - - - -
P. anomala
. N - - - - - - - - - 1,1 - - - 08 1,3
P. guilliermondii ’ ’ ’
N - -- - - - - - - 8,9 - - - -- - -
T. delbrueckii
Z. bailii a N a N N a a N N N - N 156 a a
47,7 57,1 - - - - - 45,1 244 6,7 - - 33,3 5.8 0,4

Non identified

BM: Merlot vineyard; BS: Syrah vineyard; PS: Syrah vineyard far from winery; BCS: Cabernet Sauvignon vineyard. 7BH: one week before harvest; H: harvest; 10AH:
ten days after harvest; 20AH: twenty days after harvest.
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Table 5. Mitochondrial DNA RFLP patterns of S. cerevisiae yeast isolates from microvinifications of
grapes samples collected in vineyard BM, BS, PS and BCS in harvest (sampling date H) and post harvest
(sampling dates 10AH and 20AH) during the 2006 and 2007 campaigns.

Campaign Vineyard Sampling Isolates Number of Pattern
date S. cerevisiae

30 30 N

30 30 O

BM 10AH 30 30 C

28 D

30 1 0

H 30 30 M

2006 BS 10AH 30 7 D
20AH 30 14 C

30 9 M

30 10 M

PS H 30 2 M

30 1 M

29 AF
30 1 AQ

22 AF
2007 BCS 10AH 2 AN
30 4 AP
1 AQ
1 AU
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Abstract

Eight autochthonous Saccharomyces cerevisiae strains isolated in a winery and its
vineyard from “Serrania de Ronda” (Malaga, southern Spain) and five commercial
yeasts commonly used by the same winery were evaluated according to their
oenological properties. Most of them were found to present B-glucosidase activity and
two of them protease activity as well. Some statistically significant differences were
found among the strains when fermenting different glucose concentration media (225
and 275 g L") at 30 °C. However, none of the strains tested satisfied all the established
criteria. For further studies, two commercial and one local strain were discarded because
they were sensitive to killer yeast toxins; the rest, were used for micro-scale
fermentations (330 ml of sterile Merlot must) carried out under controlled conditions.
The results showed no differences among them in most of the analytical parameters of
the fermented products. However, sensory analysis results and volatile composition of
the produced wines showed that some autochthonous strains seem to produce wines
with better quality. Finally, one commercial and four autochthonous strains were

preselected for pilot scale fermentation in the winery.

Keywords: Saccharomyces cerevisiae, Yeast selection; Oenological characteristics;

Volatile compounds; Sensory evaluation
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1. Introduction

Wine fermentation is a complex microbial process involving the transformation
of must into wine by the action of different species of yeasts and lactic acid bacteria
originally present on the grapes and the winery equipment (Fleet & Heard, 1993). The
main agents responsible of the alcoholic fermentation are strains of the species
Saccharomyces cerevisiae. Commercially available dried yeast strains of S. cerevisiae
can be inoculated into the grape juice in order to establish a high population and
accomplish well-controlled must fermentations (Nikolau et al., 2006, Lopes et al.,
2007). However, the use of local, autochthonous strains of S. cerevisiae is preferable
since they are better acclimatised to the environmental conditions (Martini & Vaughan-
Martini, 1990; Degré, 1993; Regoddn et al., 1997) thus assuring the maintenance of the
typical sensory properties of the wines of a given region (Hernandez et al., 2003). In
consequence, for local strains selection purposes, it is necessary the isolation and
identification of yeast species present in the fermenting must, together with their
evaluation in accordance with established oenological criteria (Briones et al., 1995;
Pérez-Coello et al., 1999; Rodriguez et al., 2009). Among the most important
oenological properties that wine strains should present are: tolerance to and high ethanol
production, exhaustion of sugar potential and high fermentation activity, growth at low
and high temperatures, growth at high sugar concentration, good glycerol production,
resistance to and low sulphur dioxide production, low volatile acidity and hydrogen
sulfide production, resistance to killer toxins but killer phenotype, good enzymatic
profile (high B-glucosidase and proteolytic activities) and low acetaldehyde production
(Ubeda Iranzo et al., 1998; Pérez-Coello et al., 1999; Esteve-Zarzoso et al., 2000,
Rementeria et al., 20006).

The “Serrania de Ronda” (Malaga, southern Spain) is located at 5° 10" and 36°
44' northern latitude, and less than 750 m above sea level. The Denomination of Origin
(DO) “Sierras de Malaga” accomplished red and white wines produced in the province
of Malaga, but gives a special mention to those wines elaborated in the “Serrania de
Ronda” thus recognizing the climatic and geographic peculiarities of this region. The
use of commercial yeasts is rather common in the region since most of the wineries and
vineyards are newly established and no study of the indigenous yeast population has

been as far reported.
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In a previous work, we isolated and identified the yeast population present in a
newly built winery and in its neighbouring vineyard located in the “Serrania de Ronda”
(DO Sierras de Malaga) during 2005 to 2007 campaigns (submitted publication). This
population comprised non-Saccharomyces and Saccharomyces strains, both
autochthonous and of commercial origin. This winery, as many other in the area,
elaborates organic wines (wines produced with grapes from organic farming).
Nowadays there is no an EU normative regulating the production of these wines.
However, some recommendations for their elaboration and composition do exist in
Spain (CAECV, 2010; Hidalgo Togores, 2003) and, among them, the use of selected
autochthonous yeasts for the fermentation process.

In this work we have studied some relevant oenological characteristics of eight
autochthonous S. cerevisiae strains isolated from the “Serrania de Ronda” area, and
compared with that of five commercial strains commonly used by the winery. Some of
the tested strains were finally used for microvinification assays carried out under
controlled laboratory-scale conditions, and the produced wines were evaluated by

sensory and instrumental analysis.
2. Materials and Methods
2.1 Yeast strains

For this study, eight autochthonous strains were selected on the basis of their
frequency of isolation during 2005 to 2007 campaigns. They were coded MY, NY, OY,
RY, SY, TY, AGY and AMY, defined for their particular molecular pattern of mtDNA-
RFLP polymorphism analysis. Additionally, five of the most frequently employed
commercial strains were also chosen for the same purpose, namely (in order to facilitate
yeast designation, a code was assigned to each strain): Excellence SP (LSA2), Rhone

2056 (LSA3), BDX (LSA4), Excellence XR (LSA7) and Fermol Premier cru (LSAS).

To determine the killer production/sensitivity phenotype, the following S.
cerevisiae strains were used: 1101 (K1 killer yeast) and 1384 (K2 killer yeast), provided
by Dr. R. Esteban (University of Salamanca, Spain), and 47G (sensitive non-killer
yeast) provided by Dr. T. Villa (University of Santiago de Compostela, Spain).

As a positive control for B-glucosidase activity, a strain of S. cerevisiae T73
(provided by Dr. A. Querol, IATA, Valencia, Spain) was used.
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2.2. Oenological properties

To study hydrogen sulfide production, flasks containing 90 ml of YNB medium
(Yeast Nitrogen Base, Difco 6.7 g L) plus 20 % glucose, were inoculated with a
suspension of each strain to achieve a cellular population of 10° cells mL”, and
incubated at 25 °C for 7 days without shaking. Paper impregnated with lead acetate was

used to perform a qualitative control of SH» production (Ubeda Iranzo et al., 1998).

Foam production was examined according to Regodon et al. (1997). Yeasts were
inoculated in test tubes containing 10 mL sterile must (cultivar Merlot) and incubated at
25 °C. The must contained 305 g L™ sugars, pH 3.6 and 5.3 g L' total acidity expressed
as tartaric acid and 0.62 g L' malic acid. Foam height was measured everyday
throughout the fermentation. Yeasts were classified into three categories based on the
maximum foam height reached: FO (foaming lower than 2 mm), F1 (foaming between 2

and 4 mm) and F2 (foaming greater than 4 mm).

For the test of resistance to sulfur dioxide, the strains were suspended in sterile
must (cultivar Merlot) supplemented with 100 and 150 mg L™ of total sulfur dioxide,
and the time required by each strain to begin fermentation was determined. Higher
concentrations of SO, were not tested because the winery produces organic wines and

no more than 120 mg L™ is allowed for red wines (CAECV, 2010).

Killer activity and sensitivity was determined as described by Sangorrin et al.
(2001) with minor modifications: Each strain was tested for killer activity against the
sensitive reference strain 47G whereas killer sensitivity was tested against the killer
reference strains 1101 (K1) and 1384 (K2). Test plates were incubated for one week at
22°C. A strain was designated as killer yeast (K) when its streak was surrounded by a
clear zone of inhibition fringed with blue colour of the sensitive lawn. Yeasts that did
not show immunity or resistance to the killer toxin produced by the killer reference
strains were designated as sensitive (R)), if they did as resistant (R") but if they,
additionally, did not kill the sensitive strain, they were designated neutral (N). Yeast
biotype characterization was performed against the two killer reference strains (K1 and

K2 biotypes) as described by Sangorrin et al. (2007).

B-glucosidase activity was determined using the screening method described by

Rosi et al. (1994), carried out on agar containing arbutin (Sigma-Aldrich, Steinheim,
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Germany) as substrate. Strains with this activity hydrolyze the substrate and a dark
brown colour develops in the agar. Strain T73 with known B-glucosidase activity was

used as positive control.

Protease activity was determined by the method proposed by Bilinski et al.
(1987). The strains were inoculated in radial streaks on skim milk agar (Oxoid Unipath
Ltd., England) plates and the appearance of clear zones was observed. Protease from
Bacillus licheniformis (EC.3.4.21.14, Sigma-Aldrich, Steinheim, Germany), was used

as a positive control.
2.3. Fermentations

Synthetic media (Medium I and Medium II) containing two different glucose
concentration (225 and 275 g L', respectively) were used. Both media contained
KH,PO,4 (5 g L), (NH,),S04 (2 g L), MgSO4-7H,0 (0.4 g L), yeast extract (1 g L)
and malic acid (5 g L™"); pH was adjusted to 3.8 and the media sterilized in the autoclave
(115 °C, 30 min). 250 mL of each medium were poured in Erlenmeyer flasks. Yeast
strains were cultured in a liquid YEPD medium for 48 h, washed twice by
centrifugation with sterile water and suspended in the 250 mL of Media I and II at a
concentration of 10° cells mL". Fermentations were conducted at two different
temperatures (20 and 30 °C) in duplicate. Fermentation kinetics was monitored by loss
of weight in the glass flasks. The rate was expressed as loss of CO, (g L™ h™), within
periods of 24 and 72 h (Ubeda Iranzo et al., 1999).

2.4. Microvinifications

A number of the strains under study were preselected for microvinification
experiments. Fresh Merlot must was treated by adding 1 mg L' of dimethyl di-
carbonate (Fluka, Sigma-Aldrich, Stenheim, Germany) and stored at -20 °C until use. A
volume of 330 mL was fermented in 500 mL Erlenmeyer-flasks at 25 °C in duplicate.
Musts were inoculated with 10° cells mL™ from 24 h cultures grown in liquid YEPD
medium. Fermentation kinetics was monitored as described above, and fermenting
musts were periodically sampled to enumerate yeast populations plating dilutions onto
YEPD containing plates. At the end of the fermentation, settled solid were discarded,

the samples were centrifuged and used for analytical and sensory assays.
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2.5. Analytical methods

Some physicochemical parameters were analyzed in the products resulting from
the fermentations and microvinifications. L-malic acid and glycerol were determined
using enzymatic kits provided by Boehringer Mannheim (GmbH, Germany), pH by
potentiometric method, total acidity (g L tartaric acid) by indicator titration to pH 8.2
using standardized sodium hydroxide, volatile acidity (g L acetic acid) by steam
distillation and titration with standardized sodium hydroxide, reducing sugars by
Rebelein method involving reaction of reducing sugars with copper (II) in alkaline

solution, and ethanol by titrametric dichromate analysis.
2.6. Sensory analysis

Sensory analysis using orthonasal evaluation was performed by an expert panel
composed of seven tasters (five females and two males). All members belonging to the
laboratory staff had been trained according to international protocols (ISO, 1983 and
ISO, 1985). 15 ml of wine sample was presented in dark glass covered with a plastic
dish. Discriminant sensory evaluation was performed through triangular tests to assess

significant differences between wines fermented by each yeast strain.

Quantitative descriptive analysis (QDA) was carried out using 13 sensory terms:
green, floral, red fruit, ripe fruit, raisin, sweet, meat/sweat odour, nutty, citrus, balsamic,
spicy, coffee and general impression. These terms to describe the samples were selected
by the panel during preliminary sessions. The selected attributes were compiled in a
tasting-card and panellists were asked to rank each descriptor on a 10-cm unstructured

scale (from not noticeable to very strong).
2.7.Volatile compounds determination

The volatile compounds were determined using Headspace Sorptive Extraction

and Gas Chomatography-Mass Spectrometry (HSSE-GC-MS).

The 48 standards of aroma compounds employed for the quantification were
obtained from several commercial sources: Sigma-Aldrich (Stenheim, Germany);
Merck (Darmstadt, Germany) and Fluka (Sigma-Aldrich, Stenheim, Germany). 4-

methyl-2-pentanol (Merck, Darmstadt, Germany) was used as internal standard (IS).
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The HSSE sampling conditions were as follows (Callejon et al., 2008): 5 mL of
sample and 10 pL of 4-methyl-2-pentanol (IS) at 1045 mg L™ was placed into a 20-mL
headspace vial with 1.67 g of NaCl. A 10 mm long stir bar coated with a 0.5 mm
polydimethylsiloxane (PDMS) layer (Twister, Gerstel, Miillheim an der Ruhr,
Germany) was put in an open glass insert and placed in the vial to carry out the
extraction in the headspace. Then, the vial was tightly capped and heated for 60 minutes
at 62 °C in a thermostatic bath. The stir bar was removed with tweezers, rinsed with
Milli-Q water and dried with lint-free tissue paper. Finally, for the thermal desorption
(TD), the stir bar was placed in a glass tube 60 mm long, 6 mm o.d. and 4 mm i.d. This
tube was then placed on the autosampler tray of the thermo desorption unit for GC-MS

analysis.

Gas Chromatography analysis was carried out with a 6890 Agilent GC system
coupled to an Agilent 5975 inert quadrupole mass spectrometer equipped with a
Thermo Desorption System (TDS2) and a cryo-focusing CIS-4 PTV injector (Gerstel).
The thermal desorption was performed in splitless mode and with a flow rate of 90 mL
min™. The desorption temperature program was the following: 35 °C for 1 min, ramped
at 60 °C min™' to 250 °C held for 5 min. The CIS-4 PTV injector, with a Tenax TA inlet
liner, was held at —35 °C with liquid nitrogen for the total desorption time and then
raised at 10 °C s to 290 °C and held for 4 min. The solvent vent mode was used to
transfer the sample to the analytical column. A CPWax-57CB column, 50 m x 0.25 mm,
0.20 pm film thickness (Varian, Middelburg, Netherlands) was used and the carrier gas
was He at a flow rate of 1 mL min™. The oven temperature program was 35 °C for 5
min, which was then raised to 220 °C at 2.5 °C min™ (held for 5 min). The quadrupole,
source and transfer line temperatures were maintained at 150, 230 and 280 °C,

respectively.

Electron ionization mass spectra in the full-scan mode were recorded at 70 eV

electron energy in the range 35 to 350 amu.

All data were recorded using a MS ChemStation (Agilent Technologies, Santa
Clara, California). The identity of peaks was assigned using the NIST 98 library and
confirmed by standard retention indices when they were available. Quantification was
performed by using the relative area calculated as the ratio between the target ion of

each compound and the internal standard (Callejon et al., 2008). The samples were
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analyzed in triplicate and blank runs were made with empty glass tubes before and after
each analysis. RIs were calculated from the retention times of n-alkanes by linear

interpolation, in accordance with the literature (Silva Ferreira et al., 2003).
2.8. Statistical analysis

The Statistical version 7.0 software package (Statsoft, Tulsa, USA) was used to
perform multiple range tests to compare sample means and correlation studies. One-way
ANOVA analyses were carried out using Tukey’s test to determine differences between

means (statistical level of significance was set at P < 0.05).
3. Results and Discussion
3.1. Oenological properties and fermentation of synthetic media

In a first stage, 8 autochthonous and 5 commercial strains were evaluated in their
technological and qualitative properties using both specific assays (SH, production,
foam production, SO, tolerance, enzymatic activities, killer behaviour,) and small-scale

fermentations carried out on synthetic media as described in Material and Methods.

As shown in Table 1, there were little differences in the behaviour of most of the
isolates in relation to their oenological properties. Hydrogen sulfide causes an
undesirable sulfurous off-flavour that is reminiscent of rotten eggs when concentrations
exceeding its odour threshold in wine (50-80 ug L™). Despite the fact that chemical and
biological factors affect the production of SH, in wines, most significantly, its
production varies with the strain of S. cerevisiae (Rauhut, 1993). In our study, most of
the strains screened were found to be moderate or high sulfide producers. Only

indigenous RY strain was a non-SH; producer.

Another undesirable feature is the production of foam, which is usual during
alcoholic fermentation and that is a problem of economic importance because
fermentors can be commonly filled only to about two-thirds of their capacity to allow
space for the foam. There seems to be a relationship between the amount of foam, the
variety of grape, and the wine yeast carrying out the fermentation (Kunkee, 1984). In
our case, all strains tested were medium (F1) or high (F2) foam producers. Finally, with
respect to SO, tolerance, all strains were capable to initiate fermentation in less than 48

h when 100 mg L of SO, was added to the must.
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Enzymatic activities such as protease and P-glucosidase activities were also
screened. Grape proteins may cause wine instability and haze formation due to
aggregation of these molecules in the finished wine. The extracellular hydrolases
produced by yeast may degrade wine proteins and other macromolecules thereby
decreasing the formation of haze in wine (Esteve-Zarzoso et al., 1998, Dizy & Bisson,
2000, Strauss et al., 2001). Moreover, yeast proteases also play a major role during the
autolysis process in wines kept on yeast lees during ageing (Esteve-Zarzoso et al., 1998,
Dizy & Bisson, 2000). Additionally, yeast involved in winemaking could be important
producers of pectinases, glycosidases and other enzymes. However, S. cerevisiae, the
main yeast involved in wine making, is not recognised as a significant producer of
extracellular hydrolases (Esteve-Zarzoso et al., 1998, Dizy & Bisson, 2000).
Accordingly, in our study, only two autochthonous strains (MY and SY) produced clear
zones on casein agar medium when screened for protease activity. On the other hand, 3-
glucosidase activity is desirable for wine strains since these enzymes would release
conjugated terpenes enhancing the varietal characteristics (Arévalo Villena et al., 2006).
Although this activity is frequent in non-Saccharomyces yeasts present in grapes and
wine, we have found that 12 strains out of 14 were capable to produce a brown colour
around the colony on the agar plates and, thus, hydrolysing the arbutin. Only the

autochthonous strains SY and TY did not show B-glucosidase activity.

Killer wine yeast may offer some advantages over conventional ones when
employed as fermentation starters to eliminate undesirable wild strains and dominate the
wine fermentation. It is, thus, important to know the killer behaviour of yeast biota
naturally present in the area where the selected strain is to be used, because different
killer interactions between starter and wild strains could be established during
fermentation affecting both the fermentative process, and the final quality of wine
(Sangorrin et al., 2001).Accordingly, the yeast strains were tested for their capacity to
kill a sensitive reference strain and their sensitivity to the most common killer toxins K1
and K2 produced by two killer reference strains. As shown in Table 1, all strains were
sensitive to killer toxin K1 and strains LSA2, LSA4 and TY were also sensitive to K2
and did not present killer activity (K'R"), MY and SY were also sensitive to both toxins
but presented killer activity (K'R"). Other strains with this activity were LSA3, LSA7,
LSAS, NY, OY and RY (K'R), these strains together with AGY and AMY were
resistant to K2 toxin, although the latter were not killer phenotype (K'R").
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Fermentation in different glucose containing media (Medium I and Medium 1II)
at different temperatures (20 and 30 °C) were carried out. Table 2 presents the results
obtained from the determination of physicochemical parameters (residual sugars,
ethanol production and volatile acidity) in each experiment. At the early stages of the
experiment, fermentation rates were, in all cases, higher than 0.2 g L' CO, which is
consistent with the data presented by Pérez-Coello et al. (1999) and Nikolau et al.
(2006). As for the rest of the parameters, statistically significant differences among the
yeast strains tested were found, although not in all the assays. As reflected in Table 2, in
the experiments carried out at 20°C, no significant differences were found in either
media, with the exception of the alcohol produced by RY which is significantly higher
than the others in Medium II. Additionally, some differences were also found in the
production of volatile acidity in this experiment. More differences were observed,
however, in the experiments carried out at 30 °C. In Medium I, differences were found
specially in the production of volatile acidity, the highest value corresponding to strain
RY In Medium II at 30°C the strains showed major difference in their behaviour. None
of them were capable to consume all the sugars from the medium but while for some
strains (LSA3, LSAS8 and NY) residual sugar was less than 25.7 g L™, for others (LSA2,
LSA7, MY, RY and TY) was more than 60 g L' They all produced more than 0.56 g L~
! of volatile acidity, but some strains even more than 0.90 g L! (LSA3, OY, RY, TY)

expressed as acetic acid.

Differences were found when comparing the mean values of the four
experiments (Table 3). In general, all strains were capable of fermenting sugars at a
level <5 g L in both Medium I and Medium II at 20 °C, but no strain did it when
fermenting Medium II at 30 °C (Table 2). On the other hand, and as expected,
differences in initial sugar content in the media (225 or 275 g L™ glucose) caused
differences in the final ethanol produced, with greater values in Medium II at both
temperatures (Table 3). Criterion for ethanol production was established depending on
the glucose concentration of the media, being at least 8.5 % and 10.5 % vol for 225 and
275 g L™ glucose media, respectively. Most of the strains reached ethanol values similar
or higher than those established except for TY in Medium I at 30 °C and LSA7, RY and
TY in Medium II at 30 °C (Table 2).

The production of volatile acidity, a highly undesirable trait with negative

consequences in organoleptics properties of the wines (Ribéreau-Gayon et al., 2006),
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was also measured. Significant differences between fermentations in Medium I and
Medium II were found (Tables 2 and 3). At both temperatures, most strains (except for
MY) produced values around or higher than 0.8 g L™ acetic acid in Medium II, but less

than this amount in Medium I, with the exception of strain RY.

Additionally, we have also compared the behaviour of commercial strains
against autochthonous ones (Table 4). No significant differences between both types of
yeasts were found in the experiments with Medium I at 20 °C and in Medium II at 30 °C
for the considered analytical parameters. However, production of volatile acidity in
Medium II at 20 °C was higher for commercial strains than for autochthonous ones, and
commercial strains produced higher alcohol degree in Medium I at 30 °C, than the

autochthonous ones.

Thus, it is difficult to select a strain having both good oenological and enzymatic
properties together with a good behaviour when fermenting different sugars
concentration media at different temperatures. For further studies, strains LSA2, LSA4
and TY strains were discarded since they are sensitive to both K1 and K2 killer toxins
and therefore, did not present killer activity either, thus, if they were to be used as
starters, this characteristic would make them less competitive against other fermenting
yeasts. (Jacobs and Van Vuuren., 1991, Lopes et al., 2007). On the other hand,
autochthonous strains AG and AM were highly isolated during campaign 2007 and it
seemed interesting them to be included in this study. However, they were not submitted
to synthetic media fermentations: results obtained in the rest of the strains (a total of
eleven) were not clarifying for the selection of any particular strain among tested. Thus,
once their oenological properties regarding SH, and foam production, SO, tolerance,
killer phenotype and enzymatic activities were determined (Table 1), they were included

for fresh must microvinifications assays.
3.2. Microvinifications

Using the eight preselected yeast strains indicated above, duplicate
fermentations were carried out in 330 mL sterile grape must from Merlot cultivar.
Fermentation pattern (fermentation rate and evolution of yeast population) was
monitored and some physicochemical parameters, together with sensory and volatile
compounds analysis, were performed. Figure 1 shows the growth of the yeast strains in

Merlot must inoculated with pure cultures and the fermentation kinetics of each yeast
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tested. All strains were able to grow in the must until the end of fermentation. The
growth peaked at viable populations exceeding 10" cells x mL™ and only commercial
strains and two autochthonous strains (MY and AGY) reached 10® cells L. At the end
of the fermentation, viable populations of most of the strains fell down to 10° cells x
mL™" except for OY and AMY strains which reached 10° cells x mL™. Despite those
differences in viable populations among the strains, all of them showed the same
fermentation kinetics except MY fermentation that was slower. All fermentations began
one day after inoculation and the population began to decline when most of the sugar

had been exhausted.

Table 5 summarizes fermentation rate, fermentation days and general parameters
of wines fermented with preselected yeasts. Again, some statistically significant
differences were found among the yeast strains tested, mainly in the production of
volatile acidity. In all cases, fermentations were complete (< 5 g L™ sugars left), ethanol
production was about 12.5 % vol except for SY and AGY strains (15 and 15.5. % vol,
respectively) and volatile acidity was lower than 0.6 g L™ for SY, AGY and AMY

strains and equal or less than 0.2 g L™ acetic acid for the rest of the strains.

Glycerol is quantitatively the most important fermentation product after ethanol
and carbon dioxide (Ribéreau-Gayon et al., 2006). Although its importance in wine
quality is questionable (Ribéreau-Gayon et al., 2006), some researchers postulate that it
influences wine’s smoothness and viscosity and, in general, it is considered to
contribute positively to the sensory quality of wine (Wang et al., 2001). Glycerol levels
in this study ranged between 6.7 and 10.4 g L™'were considered comparable well with

reported values for other wines (Amerine & Ough, 1976).
3.3. Volatile compounds

The profile analysis of the wines produced by microvinofication led to the
identification of 38 compounds comprising mainly esters, alcohols, acids, aldehydes and

acetals.

The higher amounts of volatiles were found in three wines produced by
autochthonous yeasts OY, RY and SY. In general, the major volatile compound was
acetaldehyde diethylacetal. As expected, alcohols were the most abundant group,

followed by ethyl esters.
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Although these wines present a wide variety of volatile compounds, their
influence on the final aroma depends on their odor threshold that is related to the
parameter known as “odor activity value” (OAV). This parameter is defined as the
concentration/threshold ratio. Odorants with low OAVs, or low impact odorants (i.e.
with typical values <I) are generally considered to be unimportant to the overall sensory

perception (Ryan et al., 2008).

In our case, among all volatile compounds quantified, only 16 had an OAV
greater than 1 (Table 6). Hence, these compounds would contribute mainly to wine
aroma. One of the main sensorial qualities in young red wines is the fruity aroma which
is closely related to esters. Our wines contented the following esters: ethyl octanoate,
which showed OAVs between 28.9 and 98.2, followed by ethyl furoate with OAVs
between 30.0 and 57.4 and ethyl hexanoate with the lowest values, 8.2-25.4, except to
wine WLSAS8 (Table 6). According to esters OAVs, the wines studied presented similar
values, with the exception of the wine produced by the commercial yeast LSA8 due to
the remarkable high content of ethyl hexanoate in this last sample. Other ester that had
OAVs higher than 1 in all the samples, excepting WSY where it was not detected, was
ethyl lactate. This compound is formed during malolactic fermentation and it does not

contribute to the fruity aroma in wines.

Regarding alcohols, only 3-methyl-1-butanol, 2-methyl-1-butanol, 2-
phenylethanol, furfuryl alcohol and isobutanol had an OAV greater than 1 (Table 6).
This last compound together with 3-methyl-1-butanol and 2-methyl-1-butanol are
related to solvent aroma. If we consider the sum of their OAVs, the commercial yeasts
provided slightly higher values. On the other hand, 2-phenylethanol is the only alcohol
described at a sensory level in pleasant terms (rose aroma) (Lorenzo et al., 2008).
Although the range of values was quite similar in all the samples, the highest value was

reached by the wine produced by the commercial yeast LSA3.

All the quantified acids had OAVs greater than 1, although this fact only was
observed for decanoic acid in sample WSY. The acid that contributed mainly to the
overall aroma of wine was isovaleric acid, showing OAVs ten times higher than the
other acids. As it is well known, these compounds are not associated with the wine
quality since they are related to rancid aroma. The highest amounts of acids were found

in sample WSY.
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Regarding ketones, acetoin was the only compound of this chemical group
detected in the samples. This compound showed OAV higher than 1 in two samples,
WRY and WSY. According to Enshani et al., (2009), acetoin at concentrations higher
than its threshold level (around 150 mg L") can confer an unpleasant buttery flavour on

wines.
3.4. Sensory analysis

Wines obtained by microvinifications were submitted to quantitative descriptive
analysis (QDA). In this sensory analysis, thirteen sensory attributes, mentioned in
Materials and Methods, were used to define the aromatic profile of the samples. Among
these attributes, ripe fruit, sweet, green and general impression reached the highest
scores (Figure 2). The descriptor “general impression” is a hedonic descriptor that
shows the general sensory quality of wines. When statistical correlations among the
attributes were performed, we observed that general impression and sweet aroma are
directly correlated. If we consider the chemical data, the total amount of alcohols and
acids are inversely correlated with these two attributes. These compounds are generally
related to “solvent” and “fatty aroma” respectively. Among the wines produced by
autochthonous strains, the lowest general impression was reached in sample WSY and

WAMY, and WLSA3 in wines produced by commercial yeasts.

On the other hand, the descriptor “meat/sweat odour” is a negative aromatic
characteristic that means a defect in the wine. This attribute presented the scores 0.16,
0.21 and 0.46 in the samples WLSAS, WAMY and WLSA3, respectively. Therefore,
two of the three commercial yeast strains tested seem to produce negative aroma in

wines.

Taking into account the results obtained in sensory analysis, among
autochthonous yeasts employed, we would discard SY and AMY, since they produce
wines with lowest general impression values and high scores in green descriptor. For
similar reasons, AMY would also be discarded because it produces wines with negative
aromatic notes (meat/sweat odour) and LSA3 because it provides aromatic defects in the
produced wines. The two remaining commercial yeasts produced wines with a similar
sensory profile, since the panellists were not able to differentiate them in the triangular
tests although, as indicated above, LSA8 seem to provide some meat/sweat odour to the

wine.

152



Capitulo 4

The aim of this work was a preliminary selection of S. cerevisiae strains for the
production of organic wines in the “Serrania de Ronda” (southern Spain). For this
purpose we have studied the oenological properties of some autochthonous S. cerevisiae
strains isolated from a winery and its surrounding vineyard in that region and compare
them with those of commercial strains frequently employed in the same winery. As
stated above, we have not found statistically significant differences in the behaviour of
strains when fermenting different glucose concentration media at 20 °C. However,
differences were found when fermenting at 30 °C, especially in medium containing 275
g L' glucose. Yeasts behaviour differed according to fermentation conditions, being the
production of volatile acidity higher at 30 °C than at 20 °C and residual sugar higher in
Medium II (275 g L™ glucose) at 30 °C. As expected, final alcohol degree was higher in
experiments carried out with Medium II than in Medium I (275 and 225 g L™ initial

glucose, respectively).

Regarding fresh must microvinifications, differences were found in the
production of volatile acidity, although mean values were lower than those obtained in
synthetic media I and II. Sensory analysis indicated different preferences for the
resulting wines from the fermentation of Merlot must. Autochthonous strains RY, SY
and AMY and commercial strain LSA3 and LSAS8 obtained the lowest general
impression or showing some aromatic defects in the resulting wines. Accordingly, only
commercial strain LSA7 and four autochthonous strains (MY, NY, OY and AG) were

preselected for a pilot scale fermentation in the winery.
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Figure 1. Yeast population evolution (left panel) and consumption of sugars (right panel) in must
inoculated with different preselected yeasts

158



Capitulo 4

Green
6,0

General Impression Red Fruit

coffee Ripe Fruit

nutty Raisin

—&—WRY
—o—WSY
—A = WAMY

Meat/sweat odour

Sweet

Figure 2A

General Impression Red Fruit

coffee Ripe Fruit

nutty Raisin

= WMY
= A= WNY
- ®- WOY

Meat/sweat odour Sweet ——WAGY

Figure 2B.

159



Capitulo 4

Green
6,0

General Impression Red Fruit

coffee Ripe Fruit

nutty Raisin

- 4 - WLSA3
=l — WLSA7
Meat/sweat odour Sweet —&—WLSAS

Figure 2C.

Figure 2. Sensory profiles of Merlot red wine samples: A and B, wines produced by autochthonous yeast
strains; C, wines produced by commercial yeast strains
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Tables

Table 1. Strain code, number of isolates, origin, identity and some technological and qualitative properties of commercial and autochthonous S. cerevisiae isolates

‘ o SO; tolerance  Proteinase ‘ _ _ b
Strain code Origin SH, Foam | o B-glucosidase activity ~ Killer phenotype®  Killer biotype
(100 mg L™) activity

LSA2 Commercial + F2 + - + KR K1, K2
LSA3 Commercial +  F2 + - + K'R’ K1
LSA4 Commercial + F2 + - + KR K1, K2
LSA7 Commercial + F2 + - + KR K1
LSAS Commercial ++  F2 + - + K'R K1
MY Grape + R + + + K'R K1, K2
NY Grape + F2 + - + K'R K1
oY Grape + Fl + - + K'R K1
RY Wine barrel surface - F2 + - + K'R K1
SY Wine barrel surface ++  F1 + + - KR K1, K2
TY Wine barrel surface ++ F1 + - - KR’ K1, K2
AGY Fermenting must  ++  F2 + - + KR’ K1
AMY Fermenting must + F2 + - + KR’ K1

KR, sensitive; KR, killer/sensitive
® K1, sensitive to toxin K1; K2, sensitive to toxin K2.
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Table 2. Fermentation rate and physicochemical parameters (RA: residual sugars, VA: volatile acidity
and Eth: ethanol production) in fermentation duplicates from two media containing different glucose
concentrations incubated at different temperatures (20 and 30 °C).

20°C 30°C
Medium I (225 g L' glucose)
RS VA Eth RS VA Eth
Strain (gL (gL' AcH) (% vol) (gL™h (g L' AcH) (% vol)
LSA2 22.7+256a 0.43+0.22a  9.6t0.1a 1.5+0.2 a 0.49+0.06 cd 11.1£0.2 ¢
LSA3 09+0.5a 0.78£0.10a  8.4+0.8 a 1.440.2 a 0.5620.01 de 11.0+0.2 ¢
LSA4 23.70£26.2 a 0.53+0.33a  8.4tfl.2a 1.4+0.2 a 0.47+0.03 becd  10.7£0.2 ¢
LSA7 19.5+22.1 a 0.35+0.16a  9.3t1.0a 27.6£2.6 ¢ 0.36+0.01 ab 8.210.1b
LSAS 0.8£0.9 a 0.63+0.03a  10.2+0.2a 1.3+0.2 a 0.53+0.01 de 10.8+0.2 ¢
MY 0.4+0.3 a 0.36+£0.09a  10.1+0.1 a 1.30.2 a 0.2840.01 a 10.8+0.4 ¢
NY 0.5£0.3 a 0.46+0.04a 10.2+0.1a 13203 a 0.38+0.01 abc ~ 11.5+0.0 ¢
oYy 03104 a 0.40+0.04a  9.740.1a 1.4+0.2 a 0.54+0.04 de 8.8£0.1b
RY 0.9£0.1 a 0.85+0.05a 10.2+04a 1.5+0.2 a 0.90+0.07 g 11.4£0.2 ¢
SY 1.0£0.2 a 0.6810.03a  9.9t0.5a 6.4+0.4 b 0.70+0.01 f 11.5£0.4 ¢
TY 1.9+0.3 a 0.71£0.03a  9.4104a 11.1£1.3b 0.64+0.04 ef 48404 a
Medium II (275 g L™ glucose)
LSA2 1.6£0.1 a 0.79+£0.06 ab  11.2+0.4a | 64.8t13.7bc  0.75£0.04 ab  11.3+0.8 abc
LSA3 1.5+0.2 a 0.89+£0.09 ab  10.5+0.4 a 7.4+1.6 a 0.92+0.02 be 13.7+0.2 ¢
LSA4 1.4+0.2 a 0.91+0.06 ab 11.6+0.4a | 35.1+1.5ab  0.83+0.00ab  11.8+0.7 abc
LSA7 1.6£0.2 a 0.90+£0.01 ab 11.1+0.1a | 96.8£3.9c¢ 0.70+0.06ab 9.6£0.6 a
LSAS 1.4+0.2 a 0.88+£0.03 ab 11.2+0.0a 16.1+2.4 a 0.83+0.08 ab 13.2+0.1 ¢
MY 1.6£0.3 a 0.58+0.09a  11.2+0.5a | 64.0+0.9 be 0.56+0.00 a 10.5£0.8 ab
NY 1.2+0.1 a 0.72+0.10 ab  10.6+0.9a | 25.74223a  0.86+0.20 b 13.5+0.1 ¢
004 1.440.1 a 0.62+0.23a  10.7+0.0a | 399453 ab  0.91£0.01 bc 13.6101 ¢
RY 1.31+0.2a 0.92+0.00 ab  14.1+0.1a | 63.3£1.1 bc 1.16+0.01 ¢ 10.24+0.6 ab
SY 1.3+0.2 a 1.06£0.10b  11.1£0.4a | 37.9£2.3 ab 0.87+0.03 b 12.5+1.0 be
TY 1.9£0.7 a 0.79+£0.02ab  11.2+0.1a | 75.6f£3.1¢ 0.95+0.02 be 9.9+0.8 a

a, b, ¢ : Data of a certain row with the same letter do not differ at a 95 % confidence level
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Table 3. Mean values of reducing sugars (RS), volatile acidity (VA), ethanol produced (Eth) and days of

fermentation for each fermentation experiment carried out in synthetic media I and II.

Temp RS VA Eth Days of
Medium (°C) (gL™h) (gL' AcH) (% vol)  fermentation
I 20 6.649.9%  0.56+0.18°  9.6£0.7®  13.044.9°
I 30 5148.1*°  0.53+0.17°  10.0£2.0*  11.5¢1.9°
I 20 15402  0.82+0.14°  11.3+1.0°  183%5.5°
I 30 479+272° 0.85+0.15° 11.8%1.6°  12.3%1.6°

a, b: Data with the same letter do not differ at 95 % confidence level

Table 4. Mean values of reducing sugars (RS), volatile acidity (VA) and ethanol produced (Eth) for
commercial (C) and autochthonous (A) strains in each fermentation experiment carried out in synthetic
media [ and II.

20 °C 30°C
Medium I (225 g L™ glucose)
RS VA Eth RS VA Eth
Strain (gL™h (gL' AcH) (% vol) (gL™h (gL' AcH) (% vol)
C 13.5420.6 0.54+022 92+09a | 6.7+I1l.1a 0.48+0.57a 103+12b
a a
A | 0824058 058+0.19 99+04a | 3.8+39a 0.57+021a 9.8+25a
a a
Medium II (275 g L' glucose)
C 1.540.1a  0.87+0.06b 11.1+0.5a | 44.0+348a 0.8120.09a 11.9%1.6a
A 1440.4a  0.78+020a 11.5+13a | 51.1#20.4a 0.89+0.19a 11.7+1.7a

a, b: Data with the same letter do not differ at 95 % confidence level
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Table 5. Fermentation rate, days of fermentations and general parameters of Merlot wines fermented with commercial and authoctonous yeast strains

Fermentation Days of Reducing Volatile Ethanol pH Total Acidity Glycerol Malic Acid
Strain rate fermentation  gygar acidity (% vol) (g L' tartaric acid) (gL (gL
(gL'hh (gL (g L' acetic acid)
LSA3 1.67 12 1.2+0.1a 0.240.0 abc 12.840.2a 3.3940.04 ab 6.010.1 a 8.8+0.2 a 0.620.1 bc
LSA7 1.46 12 1.1£0.1 a 0.1£0.0 ab 12.0+0.3a 3.3940.01 ab 6.240.1 a 6.710.2 a 0.5£0.0 b
LSAS 1.53 12 1.0£0.1 a 0.2+.0.1 abc 12.62£0.1a 3.41+0.01 ab 5.610.1 a 8.0£0.4 a 0.4+0.0 a
MY 0.90 13 1.2+0.1a 0.1+0.0 ab 12.4+0.1a 3.37+0.02 a 5.6£0.3 a 8.41+0.6 a 0.5£0.0 b
NY 1.53 11 1.440.1 a 0.1£0.0 ab 12.6£0.1 a 3.3940.01 ab 52402 a 7.710.1 a 0.620.0 ¢
0) 1.69 11 1.3+03 a 0.1+0.0 abc 12.3+0.5a 3.3940.01 ab 5.310.1 a 7.610.1 a 0.610.0c
RY 1.77 11 1.6+£0.0 a 0.240.0 abc 12.3+0.2a 3.45+0.01 b 5.740.2 a 9.6£0.2 a 0.420.0 a
SY 1.77 12 2.1+1.1a 0.6x0.3 ¢ 15.842.9a 3.404+0.03 ab 5.740.5 a 10.4+2.3 a 0.4+0.0 a
AGY 1.83 12 39433 a 0.5%0.1 be 15.5£82.0a 3.4140.03 ab 5.740.2 a 9.1£1.8 a 0.6£0.0 ¢
AMY 1.53 11 1.2+0.2 a 0.4£0.0 abc 12.6£0.1 a 3.4240.03 ab 5.31+0.1a 8.0+0.0 a 0.5£0.0 b

a, b, ¢c: Data with the same letter do not differ at 95 % confidence level
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Table 6. Odour activity value (OAV*) of volatile compounds in red wines (W) produced by commercial and autochthonous yeast strains.

Wine samples
Compounds

WLSA3 | WLSA7 | WLSAS8 | WAGY | WOY | WMY | WAMY | WNY | WRY | WSY
Acetaldehyde diethylacetal 3677 4572 4111 5086 | 9027 | 4524 2066 | 5371 | 9842 | 8880
Ethyl octanoate 62.2 80.2 72.08 66.6 95.0 28.9 94.5 98.2 | 552 | 66.2
Ethyl furoate 54.2 57.4 48.3 30.0 35.0 33.0 38.6 439 | 31.6 | 56.4
Ethyl lactate 26.4 28.0 21.9 26.0 28.9 60.3 21.9 24.0 17.2 | 0.00
Ethyl hexanoate 13.1 17.4 142.7 25.4 18.9 8.2 17.9 16.7 12.2 15.9
Isovaleric acid 20.2 32.8 23.0 20.3 21.7 32.8 14.7 16.8 | 33.7 | 325
3-Methyl-1-butanol 4.95 3.82 3.70 3.85 3.04 3.28 3.06 3.03 330 | 4.52
Hexanoic acid 3.64 491 3.04 2.10 3.64 1.31 2.78 3.19 | 390 | 4.87
2-Phenylethanol 5.74 4.35 2.65 2.06 4.76 3.01 3.25 489 | 244 | 4.68
Furfuryl alcohol 1.26 2.77 1.08 2.82 1.13 0.00 1.76 1.61 1.27 | 3.85
2-Methyl-1-butanol 1.39 1.18 0.00 1.11 2.08 0.00 1.57 1.74 | 0.00 | 0.00
Octanoic acid 4.63 3.94 1.47 0.00 2.50 0.00 2.02 422 | 2.11 6.87
Isobutanol 0.00 0.00 1.03 1.35 0.00 0.00 0.00 0.00 | 0.00 | 1.11
Acetoin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.0 1.0
Decanoic acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 | 2.05
Methyl acetate 0.00 0.00 0.00 1.37 0.00 0.00 0.00 0.00 | 0.00 | 0.00

*OAYV calculated using the odour threshold showed in Ortin, 2006; Moyano et al., 2009
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Abstract

Organic wines were produced at pilot scale to select the best autochthonous and
commercial yeast strains to obtain wines with high organoleptic qualities. We tested the
behaviour of five S. cerevisiae yeast strains and determined their volatile composition
and organoleptic characteristics by sensory analysis. A total of 51 volatile compounds
were quantified in the wines produced. The concentration of most of the volatile
compounds was significantly influenced depending on which yeast strain was
inoculated. The differences observed in the volatile composition of the wines appear to
be quantitative rather than qualitative. In general, acetals were the most abundant group
of volatile compounds in all the samples studied, followed by alcohols without ethanol.
The highest contents of volatile compounds were found in two of the wines produced by
autochthonous yeast strains. The results obtained in the sensory analysis suggest that
autochthonous yeast produced wines of higher organoleptic quality because this sample

gave the lowest value for the general impression attribute.

Keywords: organic red wine, yeast, volatile compounds, sensory analysis, HS-SBSE-
TDU-GC-MS.
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1. Introduction

Growing concern among consumers in developed countries regarding the health
and the protection of the environment has increased the demand for organic food over
the last decade (especially in Germany, the United Kingdom, Switzerland, New
Zealand, Japan, and the United States). Among organic products, EU consumers have
shown an increasing interest in organic wines. More and more new organically based
wineries are being established and old traditional wineries are adding organic wine to

their product lines (Azabagaoglus et al., 2007).

Wine quality is influenced, in part, by the composition of the grape juice and by
the microbial communities present during the fermentation process. Aroma is one of the
main characteristics that determine a wine’s quality and value. The aroma of wine is a
unique mixture of volatile compounds originating from grapes (varietal aromas),
secondary products formed during the wine fermentation (fermentative aromas) and
aging (post-fermentative aromas) (Swiegers et al., 2005). The volatile fraction of wine
can be made up of more than 800 different compounds (Rapp, 1998) with a wide
concentration range varying from hundreds of mg L™ to ug L™ or ng L™ levels (Garde-
Cerdan et al., 2008). This great variety of volatile compounds, with different polarities,
volatilities and a wide range of concentrations, is responsible for the complexity of the

wine’s bouquet and ensures its specificity and character (Mauriello et al., 2009).

The particular importance of each compound to the final aroma is related to its
odour perception threshold (Garde-Cerdan et al., 2008). General approaches to
identifying “important” or high impact odorants are based on odour activity values
(OAVs) and the concentration/threshold ratio. Odorants with low OAVs, or low impact
odorants (i.e. with typical values <1) are generally considered to be unimportant to the

overall sensory perception (Ryan et al., 2008).

However, Ryan et al. (2008) hypothesise that compounds with low OAVs could
play a critical role in characterizing the overall odour of a sample. Furthermore, other
authors think that OAVs provide only a rough evaluation of the real contribution of
each compound to the overall aroma. In fact, the volatility and the perception of aroma
compounds are significantly affected by the basic chemical composition of the wine,

which can both mask the odour impact of certain compounds present in concentrations
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above their detection thresholds and favour the detection of other molecules present in

concentrations below theirs (Molina et al., 2009).

A vast number of volatile compounds are formed and modulated by yeast during
alcoholic fermentation and significantly impact the flavour and overall quality of wines
(King, et al., 2008). The volatile compounds synthesized by wine yeast include higher
alcohols, medium- and long-chain volatile acids, acetate esters, ethyl esters and
aldehydes among others (Delfini et al., 2001; Lambrechts & Pretorius, 2000). The
capacity to form aroma depends not only on yeast species but also on the particular
strain of the individual species (Torrens et al., 2008). Different strains of S. cerevisiae
can produce significantly different flavour profiles when fermenting the same must. This
is a consequence of both the differential ability of wine yeast strains to release varietal
volatile compounds from grape precursors and the differential ability to synthesise de
novo yeast-derived volatile compounds (Wondra & Boveric, 2001; Swiegers et al.,
2006; Ugliano et al., 2006; Vilanova & Sieiro, 2006). Therefore, selecting the proper
yeast strain can be critical for the development of the desired wine style (Molina et al.,
2009). For this reason, modern wine makers prefer to employ selected yeast strains. For
the production of young wine, the wineries select yeast strains that produce both the
high levels of the esters and acetates needed for the desirable fruity taste and the low
levels of higher alcohols that contribute negatively to aroma (Torrens et al., 2008).
Moreover, employing selected starter yeast cultures provides technological advantages
such as guaranteeing that the must ferments in the correct way. On the other hand, the
use of autochthonous yeast strains, besides promoting biodiversity, is rather preferable
since they are better acclimated to the environmental conditions and assure the

maintenance of the typical sensory properties of the wines of any given region.

The aim of this work is to select the best yeast strains among autochthonous and
commercial to obtain organic wines with high organoleptic qualities.
2. Experimental
2.1. Yeast strains and yeast implantation control

Five different strains of S. cerevisiae were tested; four autochthonous strains were
compared with a commercial yeast strain frequently employed by the winery for the
vinification of red wines. The commercial yeast was Excellence XR (XR) (Lamothe-

Abiet, Bordeaux, France) and the autochthonous yeasts were coded as MY, NY, OY
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and AGY. The commercial yeast was selected in accordance with the winery’s
preferences and the autochthonous strains were isolated from the same cellar and the
neighbouring vineyard and selected according to their oenological traits in a previous
selection study which evaluated ethanol production, sugar consumption, volatile acidity
production, malic acid degradation, glycerol production, foam and SH, production,
killer behaviour, volatile compounds production and the organoleptic characteristics of

the experimental wines obtained (data not shown).

In order to assess the implantation of the inoculated yeast in each vinification vat,
samples were taken at different stages of fermentation: 24 h after inoculation, in the
middle (day 3) and at the end of the fermentation (day 6). In addition, a sample of fresh
grape juice was taken to determine the yeast microflora in the must before the vats were
filled and sown with the starter. Aliquots (0.1 mL each) of serial dilutions were spread
onto plates of YEPD agar (yeast extract 1% w/v, peptone 1 % w/v, glucose 2 % w/v,
agar 2 % w/v). Plates were incubated at 28 °C for 72 hours and, for each sample, 20

colonies were randomly chosen and submitted to further studies.

Isolates from the fresh juice were identified by PCR of the ribosomal region
encompassing the 5,8S rRNA gene and the two internal transcribed spacers. IDNA was
amplified by PCR in a TC-312 Techne termocycler using primers ITS1 and ITS4,
described by White et al. (1990). The species of the isolates were identified by PCR-
RFLP (restriction fragment length polymorphism) digesting with the restriction
endonucleases Hinfl, Hhal (same enzymatic activity as Cfol) and Haelll (Takara Japan)
as previously described by Guillamén et al. (1998). PCR products and restriction
fragments were separated on a horizontal 1.4% and 3 % agarose gel, respectively, in
TAE buffer and compared with standards (100-bp DNA ladder, Amersham
Biosciences). Isolates from the five fermenting musts were directly characterized by
restriction analysis of mitochondrial DNA in order to compare the resulting profiles
with those of the S. cerevisiae strains inoculated in each vat. Thus, all these isolates
were initially presumed to belong to S. cerevisiae species; PCR-RFLP would only be
used to identify the rDNA if any of the profiles did not match any of the inoculated
strains. DNA extraction and restriction analysis were performed following the method
proposed by Querol et al. (1992). DNA (6 pL) was digested with Hinfl endonuclease
(Takara Japan) and restriction fragments were separated by electrophoresis on 1%

agarose gel with added ethidium bromide and visualized in a UV transilluminator. This
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technique was also applied to each yeast strain used as starter. The genetic profiles of all
the isolates were compared with the profiles of the inoculated yeasts and this enabled us

to determine the implantation percentage of each strain tested.
2.2. Grape musts and pilot scale fermentation

Pilot scale fermentations took place in the winery in 100 L stainless vats with
Merlot grape variety must. The physical and chemical must parameters were the
following: pH 3.40, total acidity (g L™ tartaric acid) 5.1, density 1.0945 and 30 mg L™
of SO,.

All the yeast inocula (including the commercial strain) came from pure cultures
previously sown in a solid medium which were inoculated in a small volume of
sterilized must to a final concentration of 10° cell mL™ and incubated at 28 °C for 24 h.
The starters were progressively diluted with sterilized must in the laboratory and
inoculated with a volume sufficient to obtain a cellular population of 107 cell mL™ in
the winery vat. In all the cases fermentation took place at room temperature and kinetics

were monitored by measuring the Baume degree of the fermenting must.

At the end of the alcoholic fermentation, wines were run off and placed in a vat
for malolactic fermentation to occur. For this purpose, wines were inoculated with
commercial lactic acid bacteria Oenococcus oeni (Challenge EASY ML, Sepsa-Enartis,
Spain) and malolatic fermentation took place at 20 °C for 9 to 15 days depending on the

vat. Subsequently, wines were racked twice and plate-and-frame filtered before bottling.
2.3. Physicochemical analysis

Some physicochemical parameters were analyzed in the resulting wines. L-malic
acid and glycerol were determined using enzymatic kits from Boehringer Mannheim
(GmbH, Germany), pH by using the potentiometric method, total acidity (g L™ tartaric
acid) by indicator titration to pH 8.2 using standardized sodium hydroxide, volatile
acidity (g L™ acetic acid) by steam distillation and titration with standardized sodium
hydroxide, reducing sugars by Rebelein method which involves reacting reducing
sugars with copper (II) in alkaline solution, and ethanol by titrametric dichromate

analysis.
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2.4. Sensory analysis

An expert panel composed of seven tasters (five females and two males) carried
out sensory analysis using orthonasal evaluation. All members belonging to the
laboratory staff were trained according to international protocols (ISO 1983; ISO 1985).

A 15 ml wine sample was presented in dark glass covered with a plastic dish.

Quantitative descriptive analysis (QDA) was carried out using 13 sensory terms:
green, floral, red fruit, ripe fruit, raisin, sweet, meat/sweat odour, nutty, citrus, balsamic,
spicy, coffee and general impression. These terms were selected by the panel during
preliminary sessions to describe the samples. The selected attributes were put on a
tasting-card and panellists were asked to rank each descriptor on a 10-cm unstructured

scale (from unnoticeable to very strong).

Discriminant sensory evaluation was performed through triangular tests to assess

the significant differences caused by each yeast strain in each wine.
2.5. Volatile compound analysis

We used two methods of analysis because we expected to find volatile compounds
with different volatilities and a wide range of concentrations. Therefore, those
compounds present in high concentrations (major volatile compounds) were determined
by direct injection using Gas Chromatography-Flame Ionization Detection (GC-FID).
The minor compounds were extracted by Headspace Sorptive Extraction (HSSE) and

then determined by Gas Chomatography-Mass Spectrometry (HSSE-GC-MS).

The 51 standards of aroma compounds used for quantification (see Table 2) were
obtained from several commercial sources as follows: 2, 3, 14, 15, 19-21, 23-27, 29-32,
40-42, 45-51, (Sigma Aldrich, Madrid, Spain); 1, 4, 6-10, 13, 17, 18, 28, 34-39, 44,
(Merck, Darmstadt, Germany); 5, 11, 12, 16, 22, 33, 43 (Fluka, Madrid, Spain). 4-
methyl-2-pentanol (Merck) was used as the internal standard (IS).

2.5.1. GC-FID Analysis.

Ethyl acetate, acetaldehyde, methanol, propanol, isobutanol, 2-methyl-1-butanol,
3-methyl-1-butanol and 2-phenylethanol were quantified by GC-FID using the method
proposed by Morales et al. (2001). A 1 mL sample was filtered through 0.22 um Millex-
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GV13 filters and 10 pL of 4-methyl-2-pentanol at 102.14 mg L was added as the
internal standard (IS).

The samples were analyzed using a Hewlett-Packard 6890 gas chromatograph
equipped with a flame ionization detector (FID). 1 uL of filtered sample was injected in
the split mode (1:60) into a CP-Wax 57 CB column, 50 m x 0.25 mm ID x 0.2 pum film
thickness (Varian, Middelburg, Netherlands). The carrier gas was H, at 1 mL min™'. The
program temperature was: 35 °C for 5 min, ramped at 4 °C min™ to 150 °C and held for
17.5 min. The injector was set at 220 °C and the detector at 250 °C. The data acquisition
software was the HPChemstation data processing system (Agilent Technologies, Santa

Clara, California).
2.5.2. HSSE-GC-MS Analysis.

The HSSE sampling conditions were as follows (2008): 5 mL of sample and 10
uL of 4-methyl-2- pentanol (IS) at 1045 mg L™ was placed into a 20-mL headspace vial
with 1.67 g of NaCl. A 10 mm long stir bar coated with a 0.5 mm polydimethylsiloxane
(PDMS) layer (Twister, Gerstel, Miillheim an der Ruhr, Germany) was put in an open
glass insert and placed in the vial to carry out the extraction in the headspace. Then, the
vial was tightly capped and heated for 60 minutes at 62 °C in a thermostatic bath. The
stir bar was removed with tweezers, rinsed with Milli-Q water and dried with lint-free
tissue paper. Finally, for the thermal desorption (TD), the stir bar was placed in a glass
tube 60 mm long, 6 mm o.d. and 4 mm i.d. This tube was then placed on the

autosampler tray of the thermo desorption unit for GC-MS analysis.

Gas Chromatography analysis was carried out with a 6890 Agilent GC system
coupled to an Agilent 5975 inert quadrupole mass spectrometer equipped with a
Thermo Desorption System (TDS2) and a cryo-focusing CIS-4 PTV injector (Gerstel).
The thermal desorption was performed in splitless mode and with a flow rate of 90 mL
min”'. The desorption temperature program was the following: 35 °C for 1 min, ramped
at 60 °C min”' to 250 °C and held for 5 min. The CIS-4 PTV injector, with a Tenax TA
inlet liner was held at —35 °C with liquid nitrogen for the total desorption time and then
raised at 10 °C s™ to 290 °C and held for 4 min. The solvent vent mode was used to
transfer the sample to the analytical column. A CPWax-57CB column, 50 m x 0.25 mm,
0.20 pm film thickness (Varian, Middelburg, Netherlands) was used and the carrier gas

was He at a flow rate of 1 mL min™. The oven temperature program was 35 °C for 5
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min, which was then raised to 220 °C at 2.5 °C min™ (held for 5 min). The quadrupole,
source and transfer line temperatures were maintained at 150, 230 and 280 °C,

respectively.

Electron ionization mass spectra in the full-scan mode were recorded at 70 eV

electron energy in the range 35 to 350 amu.

All data were recorded using a MS ChemStation (Agilent Technologies, Santa
Clara, California). Peaks were identified using the NIST 98 library and confirmed by
standard retention indices when they were available. Quantification was performed by
using the relative area calculated as the ratio between the target ion of each compound
and the internal standard (Callejon et al., 2008). The samples were analyzed in triplicate
and blank runs were made with empty glass tubes before and after each analysis. Rls
were calculated from the retention times of n-alkanes by linear interpolation, in

accordance with the literature (Silva Ferreira et al., 2003).
2.6. Statistical analysis

One-way analysis of variance (ANOVA) and principal component analysis (PCA)

were performed using Statistica, version 7.0 software (Statsoft, Tulsa, USA).
3. Results and Discussion
3.1. Yeast analysis and fermentation kinetics

Forty yeast strains were isolated from the fresh juice before yeast inoculation.
According to PCR-RFLP of the 5,8S rDNA gene, 38 isolates corresponded to non-
Saccharomyces strains, and the remainder to the Saccharomyces genus. Further analysis
characterised the last strains as the commercial yeast Excellence XR, frequently used by

the winery.

To determine the implantation of the inoculated yeast in each vat, samples at
different fermentation stages were analysed by mitochondrial DNA RFLP. Fig.1 shows
the restriction profiles of the five strains tested, and Fig. 2 indicates the initial yeast
population in the fresh must and during the fermentation progress (day 1, day 3 and day
6) in each vat. The restriction profiles of all the isolated colonies matched the profile of
the inoculated yeast in their respective vats. Thus, in all the vinifications the inoculated

yeast strains began to predominate immediately after inoculation (24 h, 100%
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implantation) and the same results were obtained at the middle and the end of the
fermentation. The inoculated yeast population in each vat was therefore sufficient to
eliminate a significant quantity of wild no-Saccharomyces and Saccharomyces yeast

throughout the course of fermentation.

Yeast enumeration in the fresh must before inoculation revealed an initial
population of 3.1 x 10* cell mL™', mainly corresponding to non-Saccharomyces species
as described above. On the other hand, starters of pure cultures were inoculated in
sufficient volume to reach a final population of 10’ cell mL™" in the must. Thus,
differences between the initial yeast population in the fresh must and the inoculated
yeast population in each vat together with differences in the fermentative activity of the

cells in each case justify the rapid implantation of the latter after 24 h.

The progress of the fermentations was monitored by measuring the Baume degree
of the fermenting must. A comparison of fermentation kinetics in the five vats is shown
in Fig. 3. According to this figure, the duration of all fermentations was about six days.
In all the cases the rate of fermentation is very similar and the lag phase happened in
only one day. Most of the sugar is consumed in the first three days for all the yeast

strains tested, although the commercial strain (XR) showed a slower consumption rate.
3.2. Physicochemical analysis

Table 1 summarizes the chemical composition of the wines obtained. The residual
sugar content showed that all yeast strains tested fermented the wines to dryness and the
degree of alcohol ranged from 11.9 to 12.6 % vol, which agreed with the amount of
sugars in the must. No L-malic acid was detected in any of the samples, total acidity
ranged from 4.37 to 5.57 g L™ expressed as tartaric acid, pH was close to 3.5 in all the
samples and values for volatile acidity were no greater than 0.3 g L™ acetic acid in any
case. Finally, glycerol production varied from 6.2 to 8.6 g L. Thus, although slight
differences were observed in some parameters according to the inoculated yeast strain,

no statistical differences among the physicochemical properties were found.
3.3. Volatile composition

A total of 80 volatile compounds were detected in the red wines analyzed. Among
them 51 were quantified with their corresponding calibration curve. Remaining

compounds (29) were tentatively identified by comparing their mass spectra with those
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in a commercial library and with those reported in the literature. These compounds
belong to several chemical classes including alcohols, esters of fatty acid (ethyl, methyl
and isoamyl esters), acetic esters, acids, acetals, aldehydes, ketones, volatile phenols,

lactones and terpenes (Table 2).

The differences observed in the volatile composition of the wines obtained from
different yeast strains seem to be quantitative rather than qualitative, which agrees with
previous studies (Mateo et al., 2001; Patel & Shibamoto, 2002; Romano et al., 2003).
Hence, wines M and N had the highest total content of volatile compounds (> 2 g L™).
The high total content of volatile compounds in N is caused by acetals (acetaldehyde
diethylacetal), whilst M stands out for its high content in ethyl esters, alcohols, ketones

and acids.

In general, acetals were the most abundant volatile compounds in all the samples
studied, followed by alcohols without ethanol (Fig. 4). The principal compound of this
alcoholic fraction is 3-methyl-1-butanol followed by methanol. As Table 2 shows, this
last compound is present in higher concentrations in red wine and reached
concentrations lower than expected in samples AG and XR (Ribéreau-Gayon, et al.
2006). Methanol results exclusively from enzymic hydrolysis of the methoxyl groups of
the pectins during fermentation but it is not formed by alcoholic fermentation. However,
the concentrations of higher alcohols in wine are important variables for differentiating
between yeast strains because of their strict relation with yeast metabolism (Romano et
al., 2003).These compounds have not been considered as factors of wine quality
because they possess fusel-like odours (Mallouchos et al.,, 2002). Moderate
concentrations of these, however, contribute to the wine’s aromatic complexity. In this
study, the value of higher alcohols varied significantly according to the yeast used
(Table 2). Other alcohols that reached high concentrations in all the wines were 2-
methyl-1-butanol, 2-phenylethanol, 1-propanol and isobutanol. However, only 3-
methyl-1-butanol, 2-methyl-1-butanol and 2-phenylethanol (rose aroma) have an OAV
greater than 1.0 in all the samples. According to Torrens et al. (2008), alcohols
characterized by a “vegetal” and “herbaceous” aroma, such as 1-hexanol and cis-3-
hexen-1-ol, seem to be linked to the yeast strains used. In fact, the highest producer of
these compounds was the M strain while the lowest amounts were formed by the XR

strain. Significantly different concentrations were found among the strains employed.
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Esters in wine have two distinct origins: enzymic esterification during the
fermentation process and chemical esterification during long-term aging. The same
esters may be synthesized in either way (Ribéreau-Gayon et al., 2006). The most
prevalent ester in wine is ethyl acetate. This compound adds complexity to the aroma of
wines at low levels, but it can give an unpleasant odour (vinegary) to the wine at
concentrations higher than 150 mg L (Mallouchos et al., 2002). For all our wines, its
content was always below the level considered negative (Table 2), the lowest amount of
ethyl acetate being found in the wine made with the commercial yeast strain. However,
this compound showed OAV > 1 in all the samples. The other acetic ester which was
present in high concentrations was methyl acetate, as was expected in red wines
(Ribéreau-Gayon et al., 2006). This compound makes a different contribution to wine
aroma since it does not present the typical fruity aroma as the other acetic esters do. As
Table 2 shows, concentrations of methyl acetate are higher in wines elaborated using

autochthonous yeast strains than in those made using commercial strains.

Among acetates, isoamyl acetate has been considered as a quality factor by
several authors especially in young wines (Ferreira et al., 1995; Van der Merwe & Van
Wyk, 1981). This compound was the only acetate to reach an OAV greater than 1 and
only in the XR wine. Moreover, its concentration was significantly higher compared

with those provided by autochthonous yeast strains.

On the other hand, wine M had the highest amounts of ethyl esters due to its high

content of ethyl lactate and diethyl succinate (malolactic esters).

All of the ethyl esters responsible for the fruity aroma in wine showed OAV >1.
Ethyl octanoate, which has a sweet aroma, showed the highest concentrations followed
by ethyl hexanoate (green apple aroma) and ethyl butyrate (acid fruit aroma), (Table 2).
Ethyl furoate was the ethyl ester with the lowest concentrations, ranging between 54-46
ng L. Ethyl isovalerate (strawberry aroma (Callejon et al., 2008)) was only found in

the wine made with the commercial yeast strain.

AG and XR were the samples with the highest content of all “fruity” ethyl esters,
including unquantified ones such as ethyl decanoate, ethyl trans-4-decenoate, ethyl
dodecanoate, etc. Moreover, we detected some isoamylic esters (isoamyl hexanoate,
octanoate and decanoate), the samples AG and XR particularly standing out for their

high contents. Therefore, these samples should be the fruitiest wines.
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According to Pérez-Coello et al. (1999), yeast strains differ in their ability to
produce acetaldehyde depending on the enzymatic activity (alcoholic dehydrogenase).
In our study, we found significant differences among the acetaldehyde produced by
some yeast strains, independently of their origin (autochthonous or commercial) (Table

2).

Fatty acids have been described as giving rise to fruity, cheesy, fatty and rancid
notes. Although, C¢-C) fatty acids are usually related to the appearance of negative
odours, they are very important for aromatic equilibrium in wines because they oppose
the hydrolysis of the corresponding esters (Torrens et al., 2008), and their presence
plays an important role in the complexity of the aroma (Shinohara, 1985). The
production of medium chain fatty acid in wines depends on which yeast strain is
inoculated. Hence, Torrens et al. (2008) observed that specific yeast strains stood out for
their production level of characteristic fatty acids (Torrens et al., 2008). In our case,
wine M presented the highest total amount of acids. Hexanoic acid was the most
abundant acid followed by octanoic and isovaleric acid respectively, excepting wine N,
whose main acid was octanoic. Accordingly, our results show that the difference among
the yeast strains studied is due to the amount of acid and not the predominant acid. On
the other hand, decanoic acid had the lowest concentrations in all samples. In fact, it
was the only acid whose OAV did not exceed the unit, in similar way to that observed

by Lorenzo et al. (2008).

We did not find notable differences between the wines regarding those
compounds that were identified but not quantified, such as trans-3-hexanol, ethyl-3-
methylthio-propanoate, dihydro-2-methyl-3-(2H)-thiophenone, and p-damascenone

among others.
3.4. Sensory analysis

We carried out triangular tests to compare the wines obtained using the different

yeast strains. In all cases, the wines were differentiated by the panel (p<5).

The aroma of the wines were assessed by seven tasters, using thirteen descriptors
(green, floral, red fruit, ripe fruit, raisin, sweet, meat/sweat odour, nutty, citrus,
balsamic, spicy, coffee and general impression) previously agreed upon as the best for

describing sensory characteristics of wines.
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Fig.5 shows a “spider-web” graph of the results obtained in quantitative
descriptive analysis (QDA). The attributes that did not achieve scores higher than 1 in
any sample were not represented in this graph. The sample that showed the highest
sensory quality was N because it reached the highest score for attribute “general
impression”. In contrast, the wine obtained using commercial yeast (XR) had the lowest
value for this attribute. In fact, this wine reached the highest value for the “meat/sweat

odour” attribute, that is a negative aromatic characteristic.

If we consider the volatile composition of these wines, samples AG and XR
should have the highest values for the attributes “ripe fruit” and “sweet aroma” due to
their large quantities of fruity ethyl esters. Moreover, these were the only two wines that
presented the unpleasant “meat/sweat odour” aroma. The presence of compounds
responsible for the “meat/sweat odour” could hinder or distort the assessment of the
descriptor “ripe fruit”. On the other hand, we found some correlations between
descriptors and volatile compounds such as “green” with ethyl acetate or “ripe fruit”

with B-damascenone.

PCA of the data obtained in QDA was carried out. Fig. 6 shows the score plot of
the first two PCs. The plan made of the first two PCs (Fig. 6) indicates that the samples
are divided into three groups. One group is closely related to fresh and vegetable aroma
(M, AG), another with fruit-sweet aroma (N, O), and the last group with the unpleasant
aroma “meat/sweat odour” (XR). This last sample is also the most separated from the
rest. These results are consistent with those obtained in the triangle tests. The samples
differentiated by the panel with the highest percentages of success are those that appear
more distant in Fig.6, such as: M-N, N-XR, M-O or AG-XR.

4. Conclusions

The concentrations of most of the volatile compounds were significantly
influenced by the yeast strain. Furthermore, because the implantation percentage of the
strain sown in each vat was 100 %, we can say that each strain tested is responsible for
the volatile profile of the resulting wine. The differences observed in the volatile
composition of wines obtained from different yeast strains appear to be quantitative

rather than qualitative.

181



Capitulo 5

The results obtained in the sensory analysis suggest that autochthonous yeast

produced wines of higher organoleptic quality.

Autochthonous yeast strains could be employed instead of commercial ones, thus

enhancing the biodiversity.

Autochthonous yeast strains have been shown to be able to produce wines with
different volatile profiles. Some of them have produced wines rich in alcohols and
others have produce wines rich in fruity esters. All of them could be suitable for
winemaking depending on the desired wine style. Moreover, several authors have
demonstrated that coinoculation of wine yeast can be used in order to modulated the
volatile composition and sensory profile of wines when a balanced yeast combination is
used. Coinoculated fermentations are a promising tool for the wine industry, allowing
winemakers to alter the aroma of wines according to market specifications (King et al.,

2008). Future research will focus on coinoculated fermentations.
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Figures
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Figure 1. Electrophoretic profiles of mitochondrial DNA of yeast strains used in the study (MY, NY, OY,
AGY and XR) digested with Hinfl. (m), marker: phage lambda digested with Pstl.
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Figure 2. Yeast population in the fresh must and during the fermentation (day 1, day 2 and day 3) in each
experiment.
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Figure 3. Fermentation kinetics of the five yeast strains monitored by Baume degree.
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Figure 4. Contribution (%) of different groups of quantified volatile compounds to the volatile profile of
wines.
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Figure 5. Sensory profiles of red wine samples (a: significant differences between samples produced by
commercial and autochthonous yeast strains; b: significant differences between samples produced by
commercial and O, N, and M yeast strains respectively.
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Figure 6. Score plot of sensory descriptive variables (A) and wine samples (B) in the plan made of the

first two principal components (PC1 against PC2).
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Tables

Table 1. Chemical composition of wines obtained.

Wines % vol. Residual  Glycerol L-malic Total pH Volatile Free SO, Total SO,

ethanol sugars (gL™h) acid acidity acidity (mgL™") (mgL™")
(gLh) eLh (gL (gL

M 11.9£0.1 3.70+£0.14 8.6+0.1 nd 5.57+0.06  3.4+0.0 0.26+0.01 20.9+2.3 193+23
12.4+0.0 1.55+£0.07 6.7+0.0 nd 437+0.06  3.5£0.0 0.28+0.02  30.0+£5.7 243413

R 12.3£0.0 2.65+0.07 6.2+0.2 nd 4.73+0.34  3.5£0.0  0.27£0.01  29.543.3 178+21

AG 12.5£0.0 2.65+£0.07 6.7+0.0 nd 4.93+0.06  3.5£0.0  0.27+0.01 27.9+£2.5 141+19

XR 12.6£0.1 2.60+£0.14 7.4+0.1 nd 529+0.11 3.4+0.0 0.26+0.03 35.9+1.9 1114

mean | 12.4+03 2.69+0.67 7.0+£0.9 - 4.88+0.47  3.5+£0.0 0.27+£0.02  30.1+£5.9 173+45

The data are mean values of duplicates; nd: no detected
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Table 2. Volatile compounds of organic red wine.

N° Compound

Mean concentration (ug/L)

M N @) AG XR
Aldehydes
1 Acetaldehyde” 36 + 454! 53+ 65! 18.7+ 0.4 9.1 0.9 11+ 1%
2 Hexanal 7.3+0.8™¢ 8.9+0.8™¢  20.5+0.7%% 54+0.5% 26.4 + 1.5%0¢¢
3 2-Furfuraldehyde 940 + 20*° 731 +31°¢ 481 + 59%cde 779 + 60° 1081 + 127°
4 Benzaldehyde 45 £ 7+b¢ n.q. n.q. n.q. 39 £ 3%b¢
5 ?urMﬁfrt%Lﬁy de 114 + 13%0¢ 55+ 7% 30 + 400 64 + 3% 57 + 8°¢
Total aldehydes” 36.7 54.0 19.3 9.9 12.4
Acetal
?i:}tl‘;ll‘i‘zgﬁ? 761+ §2%! 1764 £ 20081 644 4 4301 696 + 3! 680 + 7!
Acetic esters
7 Methyl acetate” 1.680 £ 0.003¢  1.450+0.023¢  2.05+0.05% 1.35+0.09° 1.00 + 0.08"¢
8 Ethyl acetate” 132.0 £ 0.2*>¢! 86+ 115! 101 + 6% 133 + 530! 80 + 125!
9  Propyl acetate 84 + pvbed 212 + 4°ede 157 + 7% 76.3 +0.8*>4* 58 + 440ee
10 TIsobutyl acetate n.g. n.g. 125 + 6~4¢ 116.5 + 1.4*04¢ n.g.
11 Butyl acetate n.d. n.d. n.d. n.d. n.d.
12 Isoamyl acetate’ 0.99 + 0.03% 1.03 £ 0.02° 1.1+0.1¢ 1.31+£0.03*%  1.72+0.03*>c!
13 Hexyl acetate n.q. n.q. n.q. n.g. n.q.
14 Benzyl acetate n.d. n.d. n.d. n.d. n.d.
15 ii?;gylethyl n.q. n.q. n.q. n.q. n.q.
Total acetic 134.7 88.7 104.0 135.5 83.2
esters
Ketones
16 Diacetyl’ ngq. n.g. n.qg. 3.20+0.22! n.qg.
17 Acetoin 20+ 14 10.74+£0.03°  11.45+0.18° n.q. n.q.
18 Acetophenone n.q. n.q. n.q. n.q. n.q.
Total ketones" 20.0 10.7 11.4 32 -

*: concentration in mg/L
n.d.: below detection limit
n.q.: below quantification
' OAV >1

% significant differences with sample N
®: significant differences with sample O

limit

°: significant differences with sample AG
4. significant differences with sample XR

®: significant differences with sample M
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Table 2. (Continued)

Mean concentration (ug/L)

N° Compound
M N (0] AG XR
Ethylic esters
19 Ethyl propanoate n.d. n.d. n.d. n.d. n.d.
20 Ethyl isobutyrate n.q. n.q. n.q. 130 + 2%Pde! 103 + 280!
21 Ethyl butyrate 426 = 1540 14 i.z,ﬁ,;ﬁ 386 + grede] 669 £ 14°041 456+ 30bee
Ethyl 2-
22 methylbutyrate n.g. ng. n.g. n.g. n.g.
23 Ethyl isovalerate n.g. ng. n.g. n.g. 63.7 + 1.7*bce!
24 Ethyl valerate n.q. n.q. n.q. n.q. n.q.
25 Ethyl hexanoate 502 + 64°%! 597 + 51°%! 564 + 2% 1138 + 63*0de! 833 4 sgabeel
26  Ethyl heptanoate n.q. n.q. n.q. n.q. n.q.
27 Ethyl lactate’ 148 £ ™4 59 9 4 (.9 59 +7%! 69 + 24! 45.5+ 0.7+
28  Ethyl octanoate 1143 £ 13194 810 +24%! 1030 + 117! 1700 + 103*>¢! 1723 + 96™>!
29  Ethyl furoate 53.9+0.6™' 48 + 2°! 51+ 3! 483+ 1.8' 46 + 4!
30 Ethyl benzoate n.q. n.q. n.q. n.q. n.q.
31 Ethyl phenylacetate n.q. n.g. n.q. n.q. n.q.
32 Diethyl succinate” 3.5+0.3%0¢ 1.7+0.3° 1.14 £0.16% 1.4 +0.2% 2.7+0.3%
Total ethylic esters” 154.0 63.4 61.9 74.4 51.4
Alcohols
33 Metanol’ 23] + 314 129 + 304¢ 136.9+ 1.3%¢ 54 + gbe 64 + 90
34 1-Propanol’ 44 + 52bed 104 + gbede 69.3 + 17404 19 + 3%b¢ 16.1 £2.3%>¢
35  Isobutanol” 39.4+1.8° 346+13 27.0 +0.9° 356+ 1.4 33.5+0.7
36  2-Methyl-1-butanol” 87 + 3bed! 82 + 5¢! 75.8 + 0.5 48 +7%! 57 + 700!
37 3-Methyl-1-butanol” | 369+ 10°*" 330 +23>! 2345+ 1.4*! 208 + 25! 246 + 36°!
38 1-Hexanol 2613 +26*4 2351 +219¢ 2212+ 101° 2350 + 12%¢ 1902 + 36°*
39 Cis-3-hexen-1-ol 63.7 + 0.7+ 48 + 3¢ 45 £ 26° 45.0 £0.5° 434+2.1°
40 Benzyl alcohol 453.0+1.1°¢  437+23¢ 331 +3° 408 + 3" 348 + 9*°*
41 Furfuryl alcohol 1083 £ 117¢ 1342 + 10 1228 +24*¢ 2273 + 1340de 1323 £ 52°
42 2-Phenylethanol” 92 + 4°! 77+ 40! 51 +4*! 37.94 +0.01*¢! 60 + 8'
Total alcohols” 865.4 760.5 599.0 406.7 479.5

*: concentration in mg/L

n.d.: below detection limit
n.q.: below quantification limit
' 0AV >1

* significant differences with sample N

®: significant differences with sample O

¢: significant differences with sample AG

4: significant differences with sample XR

°: significant differences with sample M
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Table 2. (Continued)

Mean concentration (ug/L)

N°  Compound
M N O AG XR
Terpene
43 o-Terpineol n.d. n.g. n.d. n.q. n.d.
Acids
44 Isovaleric acid 2178 + 305! 1104 + 28°¢e! 715 + 34%cdel 1208 + g*b¢! 1343 + 99!
45 Hexanoic acid 4571 £593*P¢1 1806 + 145! 1915 + 256! 3081 + 21704 1965 + 221°¢!
46 Heptanoic acid n.q. n.q. n.q. n.q. n.q.
47  Octanoic acid 3038 + 388%¢! 2358 + 322°! 836 + 124! 1317 + 131°! 1885 + 278!
48 Nonanoic acid n.qg. n.q. n.qg. n.q. n.q.
49 Decanoic acid 802 + 12274 960 + 127> 172 + 26 172 + 3%4¢ 278 + 32%¢*
Total acids” 10.6 6.2 3.6 5.8 5.5
Lactones
50 y-Butyrolactone 4161 + 162>¢ 3426 + 3424 5040 + 118*¢ 5650 + 552° 6167 + 490
Phenols
51  Guaiacol 61.7+2.1%bed! 39 + 3beel 24 + 3! 21.6 +1.2%! 26 + 4%
Total amounts” 2016 2763 1464 1355 1324

*: concentration in mg/L
n.d.: below detection limit

* significant differences with sample N
®: significant differences with sample O

n.q.: below quantification limit

' 0AV >1
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Conclusiones generales

De los resultados obtenidos durante el desarrollo de la presente Tesis Doctoral se

obtienen las siguientes conclusiones:

1. Durante la campafa de 2005 se realizaron analisis de la poblacion de levaduras en
dos depdsitos de Cabernet Sauvignon. Todos los aislamientos realizados durante el
proceso de fermentacion correspondieron a cuatro cepas de S. cerevisiae
comerciales empleadas en la bodega durante esa campafias y/o anteriores, con
patrones de restriccion A, B, C y D (levaduras comerciales LSA2, LSA4, LSA3 y
LSAY7, respectivamente). No se aislaron, por tanto, cepas de S. cerevisiae autoctonas
o locales y solo se aislaron cepas no-Saccharomyces a partir de la muestra del mosto

fresco.

2. Durante la campafia de 2007 la participacién de levaduras comerciales en el
desarrollo de las fermentaciones en bodega siguidé siendo evidente tanto en
fermentaciones inoculadas con pie de cuba natural (depositos de Merlot y Syrah)
como en el depdsito de Cabernet Sauvignon (inoculado con una levadura
comercial), identificAndose hasta 5 cepas diferentes de levaduras comerciales. Si
bien, a diferencia de lo descrito para la campafa de 2005, se observo la presencia de
cepas autdctonas de S. cerevisiae en el transcurso de las fermentaciones. Entre las 8
cepas autdctonas caracterizadas, dos de ellas, las de perfiles de restriccion AG y AM
destacaron en alguna de las fases de fermentacion en los depdsitos de Merlot y
Syrah y fueron las Unicas cepas autoctonas encontradas en el deposito de Cabernet
Sauvignon al final de la fermentacion, lo que podria indicar que se trata de cepas

capaces de competir con las comerciales presentes en el mosto.

Por otra parte, el analisis de diversas superficies de bodega reveld la presencia
de diferentes cepas de S. cerevisiae, principalmente en las barricas muestreadas v,
en menor medida, en la prensa. Se trataba mayoritariamente de tres cepas autoctonas
de S. cerevisiae, y solo en la prensa se aislé la cepa comercial LSA7; sin embargo,
ninguna de las cepas autoctonas encontradas fue aislada después en las
fermentaciones estudiadas durante la vendimia, sélo la comercial LSA7, usada para

inocular el deposito de Cabernet Sauvignon y aislada en los tres depdsitos.

3. El andlisis de la microflora levaduriforme presente en el vifiedo durante las

campafas 2006 y 2007 a partir de uvas en diferentes estados de maduracion, reveld
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la presencia mayoritaria de especies no-Saccharomyces en todas las fechas
muestreadas, principalmente H. guilliermondii, Kluyveromyces thermotolerans, H.
uvarum e Issatchenkia orientalis; pero en muestras de vendimia y fechas posteriores
a ella, también se aislaron diversas cepas de S. cerevisiae, llegando a representar
cerca del 20 % y 10 % de los aislamientos en 2006 y 2007, respectivamente, por lo
que su presencia parece estar ligada al grado de madurez de la uva. Entre las cepas
de S. cerevisiae caracterizadas, solo dos corresponden a cepas comerciales
(concretamente, LSA3 y LSA7) y fueron aisladas en la campafia de 2006,
probablemente favorecida por la préctica de usar las lias de fermentacion como
fertilizantes en el vifiedo en camparias anteriores, facilitando la diseminacion de
algunas de las cepas comerciales usadas en la bodega; el resto correspondidé a
diferentes cepas autdctonas de S. cerevisiae (4 en la campafia de 2006 y 5 en la de
2007) ninguna de las cuales se repitieron en cada campafia estudiada.

4. En total, durante las campafias de analisis microbioldgico en bodega y vifiedo
durante 2005 a 2007, se han caracterizado 24 cepas de S. cerevisiae, 18 autdctonas y
6 comerciales. Estos resultados indican una baja biodiversidad de cepas S.
cerevisiae tanto en las fermentaciones desarrolladas en bodega como en las de
laboratorio a partir de racimos de uva, que puede deberse a las propias
caracteristicas de la bodega y del vifiedo adyacente (construida en 2003 y de
reciente plantacion, respectivamente) y de las fermentaciones (realizadas en su

mayoria con levaduras comerciales).

5. Algunas de las cepas, tanto autoctonas como comerciales, de S. cerevisiae fueron
estudiadas en relacion a sus propiedades enologicas (cepas MY, NY, QY, RY, SY,
TY, AGY y AMY; y las comerciales LSA2, LSA3, LSA4, LSA7 y LSA8), no
encontrdndose diferencias significativas entre el comportamiento fermentativo de
cada una de ellas en medio sintético con distinta concentracién de glucosa a 20 °C,
pero si a 30 °C. Tampoco se encontraron diferencias estadisticamente significativas

en los parametros fisicoquimicos generales al fermentar mosto de Merlot estéril.

De los 38 compuestos volatiles identificados en los vinos resultantes de dichos
ensayos, principalmente esteres, alcoholes, acidos, aldehidos y acetales, s6lo 16
mostraron valores de OAV mayor que 1. El analisis sensorial indico diferentes
preferencias por los vinos obtenidos siendo las cepas autéctonas RY, SY y AMY y

las comerciales LSA3 y LSA8 las que obtuvieron valores mas bajos en la impresion
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general o mostraron algun defecto olfativo. Por todo ello, sélo las cepas autoctonas
MY, NY, OY y AG, y la comercial LSA7 fueron seleccionadas para ensayos a

escala piloto en la bodega.

6. El ensayo en bodega de las cinco cepas seleccionadas en mosto de la variedad
Merlot indicé la total implantacion de la cepa inoculada en cada depésito y un
correcto desarrollo de la fermentacion alcohodlica, con consumo casi total de los
azlcares, no encontrandose, ademas, diferencias significativas entre los vinos
obtenidos en relacion a los pardmetros fisicoquimicos generales. Sin embargo, la
cepa de levadura inoculada en cada ensayo influyé significativamente en la
composicion, cuantitativa mas que cualitativa, en compuestos volatiles. El analisis
sensorial de los vinos obtenidos sugiere que las cepas autoctonas producen vinos
con mejores cualidades sensoriales que las comerciales; mientras que algunas de

ellas producen vinos mas ricos en alcoholes, otras lo hacen en ésteres afrutados.
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1. Medio de crecimiento, seleccion, recuento y conservacion de
levadurasYEPD (Yeast Extract Peptone Dextrose) agar

Extracto de levadura (Cultimed) 10 g/L
Peptona (Cultimed) 10 g/L
Glucosa (Panreac) 20 g/L
Agar (Cultimed) 20 g/L

Se autoclava a 120 °C, 20 min. y se distribuye en placas de Petri.

1.2. YEPD liquido

La misma composicion del medio anterior pero sin agar.

1.3. Medio lisina (Barnet et al., 1990)

Este medio se emplea para diferenciar entre levaduras Saccharomyces y no-
Saccharomyces (Barnet et al., 1990) ya que las primeras no pueden crecer en un medio
con Lisina como unica fuente de carbono.

YNB-aa-NH4SO, (Yeast Nitrogen Base without aminoacids and ammonium

sulfate) (Difco) 1,7 g/L
Lisina (Sigma) 2 g/L
Glucosa (Panreac) 10 g/L
Agar (Cultimed) 20 g/L

Se autoclava a 120 °C, 20 min. y se distribuye en placas de Petri.

El medio control del experimento se prepara de la misma forma pero en vez de lisina, se
afiaden 5 g/L de sulfato amonico.

1.4. Mosto sintético (modificado de Querol, 1992)

Glucosa (Panreac) 22506275 g/L
K H; PO4 (Panreac) 5,0 g/LL
(NH4), SO4 (Panreac) 2,0 g/l
MgSOy4-7 H,O (Panreac) 0,4 g/L
Acido malico (Merck) 5,0 g/lL
Extracto de levadura (Cultimed) 1,0 g/lL

Se autoclava a 115 °C, 30 min.

1.5. Solucion para recuento de Unidades Formadoras de Colonias (UFC)/mL (E.B.C,,

1997)

Azul de metileno (Panreac) 0,01 g
Citrato sodio dihidratado (Panreac) 2,00 g
Agua destilada 10 mL

Se filtra (0 0,22 pm) y se lleva a un volumen de 100 mL con agua destilada estéril.

Se conserva en frasco topacio en oscuridad a 4 °C.
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1.6. Conservacion células a -80 2C

Se dejan crecer las cepas de levaduras en medio YEPD liquido a 28 °C, 24 horas.
Se afiade 800 pl del cultivo de células a 200 pl de glicerol (Panreac) estéril.

Se homogeniza con el vortex y se congela.

2. Técnicas de Biologia Molecular

2.1. Andlisis de los perfiles de restriccion (RFLP) de la region génica 5,8S-ITS del
DNA ribosémico (ADNr)

PCR (Reacciéon en Cadena de la Polimerasa) (Guillamdn et al., 1998)
La mezcla de la reaccion de PCR (Viina = 100 pl) estd formada por:
5,0 ul Primer ITS1? (10 pM, Invitrogen)
5,0 pl Primer ITS4" (10 uM, Invitrogen)
8,0 ul NTPs (1 mM, Dominion)
10,0 pl Tampon Taq 10X, sin Mg (Dominion)
6,0 ul Cloruro Magnésico (25 mM, Dominion)
65,5 ul Agua Milli-Q

Con un palillo estéril se toma una muestra de cultivo fresco de la levadura a ensayar y

se afiade a la mezcla de reaccion de PCR.

Se calienta a 95 °C, 15 min. en un termociclador TC-312 (Techne) para romper las
paredes y membranas celulares y afadir 0,5 pl Taq polimerasa (5 U/ul, Dominion)

Condiciones del programa de PCR:
*  Desnaturalizacion inicial a 95 °C durante 5 min.
= LaPCR se realiza con un programa de 40 ciclos consistente en:

Desnaturalizacion a 94 °C durante 1 min.
Hibridacién a 55,5 °C durante 2 min.
Extensién a 72 °C durante 2 min.

=  Extension final a 72 °C durante10 min.

? Primers ITS1 e ITS4 descritos por White et al. (1990):
Primer ITS1 (5 TCCGTAGGTGAACCTGCGG 3°)
Primer ITS4 (5 TCCTCCGCTTATTGATATGC 3°)

Gel para la visualizacion de los productos de PCR
Se prepara gel de agarosa al 1,4 % (D-1 low EEO, Pronadisa) en tampon TAE 1X".

La mezcla de carga (Viina = 10 pl) esta formada por:

3 ul Agua Milli-Q
3 ul Tampodn de carga®
4 ul ADN amplificado
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El gel se tifie con bromuro de etidio (0,001 pg/mL, Sigma)

Las bandas se visualizan mediante transiluminador de luz UV y se fotografian mediante
un documentador de geles Uvitec. El tamafio de cada banda se estimdé en comparacion
con un marcador estdndar de longitudes de ADN (7 ul de la escalera de 100 pb,
Amersham Biosciences).

b TAE 1X: preparado a partir de un stock de TAE 40X (trizma base (Sigma), 242 g/L; acido acético glacial (Panreac),
57,1 mL; 0,5M EDTA (Panreac) (pH 8)).

¢ Tampon de carga: 50 % glicerol (Panreac), 0,1 M EDTA (Panreac), 5 ul azul de bromofenol (Sigma) al 0,25 %

Digestion del producto de PCR
La mezcla de digestion (Viina = 25 pul) consiste en:
15 ul ADN amplificado
3 ul Tampon segun el enzima
1 pl Enzima de restriccion™®
6 ul Agua Milli-Q

Se incuba a 37 °C durante toda la noche.
*Endonucleasas empleadas: Hhal, Haelll, Hinfl y Ddel y sus correspondientes
tampones (Takara).

Gel para la visualizacion de la digestion de los productos de PCR
Se prepara gel de agarosa al 3 % (D-1 low EEO, Pronadisa) con tampén TAE 1X".

La mezcla de carga estd formada por:

2,5 pl Tampoén de carga®
25,0 ul ADN digerido

El gel se tifie con bromuro de etidio (0,001 pg/mL, Sigma).

Las bandas se visualizan mediante transiluminador de luz UV y se fotografiaron
mediante un documentador de geles Uvitec. El tamafio de cada banda se estim6 en
comparacion con el marcador de 100 pb (7 ul, Amersham Biosciences).

2.2. Andlisis de los perfiles de restriccion (RFLP) del ADN mitocondrial (ADNmt)

Extraccion del ADN genémico (modificado de Querol et al., 1992)
Se hacen crecer las células en 2 mL de YEPD liquido a 28 °C durante una noche.

Se centrifuga 3 min. a 12000 rpm. Se elimina el sobrenadante y el precipitado se limpia
con 1 mL de agua destilada estéril.

Se centrifuga 3 min. a 12000 rpm. Se elimina el sobrenadante y el precipitado se
resuspende en 1 mL de la Solucion 14,

Se afiade 30 pl de zimoliasa (15 mg/mL, USBiological). La mezcla se incuba a 37 °C
durante 20 min.

Se centrifuga 3 min. a 12000 rpm. Se elimina el sobrenadante y el precipitado se
resuspende en 500 pl de Solucion 2°.
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Se adiciona 13 pl de SDS (Sigma) 10 % pH 7,2, se homogeniza en el vortex y se incuba
a 65 °C durante 5 min.

Se afiade 200 pl de acetato potasico’ SM/3M, se agita y se deja en hielo 10 min.

Se centrifuga 15 min. a 13000 rpm. Se transfiere el sobrenadante a un nuevo Eppendorf,
se adicionan 700 ul de isopropanol (Sigma), se agita suavemente y se deja precipitar
durante 10 min. a temperatura ambiente.

Se centrifuga 10 min. a 12000 rpm. Se elimina el sobrenadante y se lava con 500 ul de
etanol (Panreac) 70 % (v/v).

Se centrifuga 5 min. a 12000 rpm. Se elimina el sobrenadante.

Se seca el ADN a temperatura ambiente o con una bomba de vacio.
Se resuspende el ADN en 18 pl de TE®.

Se conserva a -20 °C.

d Solucién 1: 0,9 M sorbitol (Sigma); 0,1 M EDTA (preparado a partir de un stock de 0,5 M EDTA-2H,0 (Panreac)
pH 8).

¢ Solucién 2: 50 mM Tris-HCI (preparado a partir de un stock de Tris-HC1 1M: 121g/L Trizma base (Sigma); 42 mL
de acido clorhidrico); 20 mM EDTA (preparado a partir de un stock de 0,5 M EDTA-2H,0 (Panreac) pH 8).

f . . . . .
Acetato potasico SM/3M: 294,7 g/L acetato potasico (Panreac); acido acético glacial hasta pH 4,8.

€ TE: 10 mM Tris-HCL (preparado a partir de un stock de Tris-HC1 1M: 121g/L Trizma base (Sigma); 42 mL de
acido clorhidrico); 1 mM EDTA (preparado a partir de un stock de 0,5 M EDTA-2H,0 (Panreac) pH 8).

Digestion del ADN extraido
La mezcla de digestion (Vina = 19,5 pl) estd compuesta de:

9,0 ul ADN extraido
2,0 ul RNasa (500 pg/mL, Sigma)
2,5 ul Tampoén del enzima

1,0 ul Enzima de restriccion Hinfl (Takara)
5,0 ul Agua Milli-Q

Se incuba a 37 °C durante una noche.

Gel para la visualizacion de digestion del ADN extraido
Se prepara un gel de agarosa al 1 % (D-1 low EEO, Pronadisa) en tampon TAE 1X°.

La mezcla de carga estd formada por:

3 ul Tampon de carga BPB"
12 ul ADN digerido

El gel se tifie con bromuro de etidio (0,001 pg/mL, Sigma).

Las bandas se visualizan mediante transiluminador de luz UV y se fotografiaron
mediante un documentador de geles Uvitec. El tamafio de cada banda se estim6 en
comparacion con el marcador A-Pstl (4 pl de la digestion del ADN del fago Lambda
(Roche) con la endonucleasa Pstl (Amersham Biosciences)).
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h Tampon de carga BPB: 50 % glicerol; 20 % 0,5 M EDTA pHS; 0,25 % azul de bromofenol; 0,25 % xilen glicol

2.3. Secuenciacion de la region D1/D2 del ADN ribosémico 26S

PCR (Reacciéon en Cadena de la Polimerasa) (Baleiras Couto et al., 2005)
La mezcla de reaccion de PCR (Viina = 100 pl) esta formada por:

2,5 ul Primer NL1' (10 pM, Invitrogen)

2,5 ul Primer NL4' (10 pM, Invitrogen)

8,0 ul dANTPs (1 mM, Dominion)
10,0 pl Tampon Taq 10X, sin Mg (Dominion)

6,0 ul Cloruro Magnésico (25 mM, Dominion)
66,5 ul Agua Mili-Q

0,5 pl Taq polimerasa (5 U/pl, Dominion)

4,0 ul ADN extraido

Condiciones del programa de PCR:
»  Desnaturalizacion inicial a 94 °C durante 3 min.
» LaPCR se realiza con un programa de 36 ciclos consistente en:

Desnaturalizacion a 94 °C durante 1 min.
Hibridacién a 58 °C durante 1 min.
Extension a 72 °C durante 1,5 min.

=  Extension final a 72 °C durante 5 min.

" Primer NL1 (5> GCATATCAATAAGCGGAGGAAAAG 3%)
Primer NL4 (5 GGTCCGTGTTTCAAGACGG 3°)

Gel para la visualizacion de los productos de PCR
Se procede segun lo explicado en el apartado 2.1

Purificacion de los productos de PCR
Se realizé con el kit Wizard® SV Gel and PCR Clean-Up System (Promega) segun las
instrucciones del fabricante.

Cuantificacion del ADN purificado

La cuantificacion de ADN purificado se realiz6 usando el equipo Nanodrop 3.0.1.
(Colema Tecnologies Inc.) midiendo la absorbancia en 1 pl de la muestra a 260 nm y
280 nm. El programa Nano-Drop 3.0.1. de NanoDrop Technologies calcula la
concentracion del ADN purificado a partir de la medida de 260 nm y mediante el
calculo de la relacion A260/A280 proporciona una estimacion de la pureza del acido
nucleico.

Secuenciacion

La secuenciacion del producto de PCR se encargd a una empresa externa (Stab Vida,
Portugal).
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Para cada cepa de levadura, se alinean las dos secuencias (forward y reverse) con el
programa ClustalW2 (http://www.ebi.ac.uk/Tools/clustalw2/index.htmL). Para ello se
necesita la secuencia reversa complementaria de una de las dos secuencias a alinear.
Esta se consigue con el programa Reverse Complement
(http://www.bioinformatics.org/sms/rev_comp.htmL).

La secuencia consenso obtenida se compara usando el servicio Blast de la base de datos
NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) y del buscador Fungal Genomes
(http://www.yeastgenome.org/cgi-bin/blast-fungal.pl).

3. Determinacion del Factor killer (Sangorrin et al., 2001)

Preparacion del medio
Medio MBM.
El medio esta formado por tres fracciones:

- Medio A: peptona, 20 g; extracto de levadura (Cultimed), 10 g; glucosa (Panreac),
20 g; agar (Cultimed), 20 g; agua destilada, 500 mL. Se esteriliza en autoclave a 121 °C
durante 15 min.

- Medio B: Tampoén citrato-fosfato 1M pH 4,5 (500 mL). Se prepara mezclando 250
mL de citrato 1M con la cantidad necesaria de fosfato 1M (algo mas de 450 mL), de
aqui se toman los 500 mL necesarios. Se esteriliza por filtracion (@ 0,022 pm).

= Citrato 1M: 10,5 g de acido citrico monohidratado (Panreac) en 50 mL de agua
destilada.

= Fosfato 1M: 21 g de fosfato dipotasico (Panreac) en 120 mL de agua destilada.

- Soluciéon azul de metileno: azul de metileno (Panreac) al 0,003 % (Boone et al.,
1990). Se esteriliza por filtracion (@ 0,022 pm).

Tras la esterilizacion por separado de las tres fracciones, éstas se mezclan asépticamente
a 60 °C y se dispensa el medio en placas de Petri.

Preparacion de las cepas para el analisis
La preparacion se hace para todas las cepas de levaduras a ensayar y para tres cepas
control: 2 cepas con fenotipo killer (K1 y K2) y una con fenotipo sensible (S).

A.  Siembra del césped:

Se crecen las cepas en 2 mL de YEPD liquido a 30 °C durante una noche.
Se lava el cultivo con agua destilada estéril.
Se diluye 1/5 la solucidn celular.

Se siembran 100 pl de la dilucién celular de cada cepa en el medio MBM.
B. Siembra de las cepas mediante réplica:
A partir de un cultivo fresco de levaduras a ensayar y de las tres cepas control se

preparan tres “placas madres” en medio YEPD agar:
“Placa cepas control”: con las tres cepas control (K1, K2, S).
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“Placa autoctonas™: con las 8 cepas autdctonas a ensayar y las 3 cepas control.
“Placa comerciales™: con las 5 cepas comerciales a ensayar y las 3 cepas control.

Las placas se incuban a 30 °C durante una noche.

Las placas madres asi preparadas se siembran mediante réplica sobre césped en medio
MBM del siguiente modo:

- La “placa cepas control” se siembra sobre el césped de cada levadura autoctona y
comercial a ensayar.

- Las placas “autoctonas” y “comerciales” se siembran sobre el césped de cada
control (K1, K2y S).

Cada ensayo se hace por duplicado y tras sembrar cada placa, se hace una réplica en una
placa con medio YEPD como control de crecimiento para comprobar que se sembro una
cantidad de biomasa celular suficiente.

Placa control Placa LSA Placa AUTOCTONAS
K1,K2yS 5 LSA'y 3 controles 8 autdctonas y 3 controles
(K1,K2yS) (K1,K2yS)

Analisis
Se distinguen cuatro fenotipos posibles:

Fenotipo killer/resistente (K'R™): cepas ensayo que producen halo en el césped sensible
y los biotipos control K1 y/o K2 no lo producen cuando ellas son el césped.

Fenotipo killer/sensible (K'R"): cepas ensayo que producen halo en el césped sensible y
los biotipos control K1 y K2 producen halo cuando ellas son el césped.

Fenotipo resistente (K'R™): cepas ensayo que no producen halo en el césped sensible y
los biotipos control K1 y/o K2 tampoco lo producen cuando ellas son el césped.

Fenotipo sensible (K°R"): cepas ensayo que no producen halo en el césped sensible pero
los biotipos control K1 y K2 si lo producen cuando ellas son el césped.

4. Determinacion de la produccion de espuma (Regodon et al., 1997)

En un tubo de ensayo con 10 mL de mosto estéril (1g/L dimetil dicarbonato, Fluka) se
inocula la cepa de levadura a ensayar (10° cel/mL) a partir de un cultivo fresco (24 h).
Los ensayos se hacen por duplicado. A continuacion los tubos se incuban a 25 °C sin
agitacion. Los tubos se pesan a diario para el seguimiento de la fermentacion alcohdlica
y se mide la altura de la espuma.
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Analisis

Las levaduras se clasifican en tres categorias segun la altura maxima alcanzada:
- FO: menos de 2 mm de espuma.
- F1: entre 2 — 4 mm de espuma.
- F2: mas de 4 mm de espuma.

5. Determinacion de la produccion de SH; (Perez-Coello et al., 1999)

Preparacion del medio YNBG
YNB (Difco) 6,7 g/L
Glucosa (Panreac) 20,0 g/L

El medio se esteriliza mediante filtracion (@ 0,22 pm).

Se dispensan aproximadamente 90 mL del medio en erlenmeyers de 100 mL, se taponan
con algoddn y se inserta una tira de papel de acetato de plomo (Panreac).

Se inoculan 10° ufc/mL de un cultivo fresco de la levadura a ensayar y se incuba a 25
°C. Se lleva el control de la fermentacion pesando a diario los matraces.

Analisis

Es una medida cualitativa de la produccion de SH,. Si existe produccion de SH», se vera
un precipitado de color negro en la tira de papel correspondiente al sulfuro de plomo
(Pb S) formado como producto de la reaccion del acetato de plomo (Pb (C, Hs O3)) con
el SH; generado por la levadura.

Pb (C2 H; Oz) -3 H,0+H,S 2 PbS + H,O + C, H; O,

6. Determinacion de la resistencia a SO; (adaptacion de Parish & Carroll,
1987)

Preparacién del medio YNBG
YNB (Difco) 6,7 g/L
Glucosa (Panreac) 10,0 g/LL

Se preparan 4 lotes en los que se afiade 0, 50, 100 y 200 mg/L de metabisulfito sédico
(Panreac).

Se ajusta el pH a 3,3 con HCI o NH3j.

Se esteriliza mediante filtracion (@ 0,45 um). Se dispensan 10 mL de medio en tubos de
ensayo (16 x 160 mm) con campana Durham y se taponan con algodon. Cada dosis se
ensaya por duplicado.

Los tubos se inoculan por duplicado con 10° ufc/mL de un cultivo fresco de la levadura
a ensayar y se incuban a 30 °C.
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Se controla a diario la fermentacién por el desprendimiento de CO, observado en el
desplazamiento de la campana Durham y el pesado de los tubos.

7. Determinacion de actividades enzimaticas

7.1. B-Glucosidasa (Rosi et al., 1994)

Preparacion del medio

Arbutina (Sigma) 5¢/lL
Extracto de levadura (Cultimed) 1g/L
Agar (Cultumed) 20 g/L

Se deposita 0,1 mL de una solucion de cloruro de hierro (III) (Panreac) al 1 % en cada
tubo de ensayo. Se dispensan a continuacion 5 mL del medio fundido en cada tubo. Se
autoclava a 1 atm, 15 min.

Analisis

Los tubos se siembran con un cultivo joven (48 horas en YEPD agar) de la cepa de
levadura a ensayar. A continuacion se incuban en estufa a 27 °C durante 15 dias. Como
testigo se utiliza un tubo sin inocular, y como controles positivos, un tubo sembrado con
la cepa T73 modificada genéticamente para ser B-Glucosidasa positiva y otro tubo en el
que se dispensa la enzima -Glucosidasa pura (EC 3.2.1.21, Sigma).

A los 15 dias se compara la tonalidad del medio con la del tubo testigo. La sal férrica
soluble reaccionard con la quinona libre procedente de la arbutina, dando lugar a la
aparicion de un color oscuro si actia el enzima o queda del color original si no lo hace.

7.2. Proteasa (Bilinsky et al., 1987)

Preparacion del medio

MYPG agar

Extracto de malta (Merck) 3¢/l
Extracto de levadura (Cultimed) 3¢/l
Peptona (Cultimed) 5¢g/L
Glucosa (Panreac) 20 g/L
Agar (Cultimed) 20 g/L

Se dispensa en tubos de ensayo y se autoclava 20 min., a 120 °C. Se deja enfriar con el
agar inclinado.

Skim Milk agar
Este medio esta formado por tres fracciones:

A) Se preparan 70 mL de:

Skim Milk (Difco) 100,00 g/L
Tampon fosfato pH 6,7 0,05 M
83,7 % Fosfato monopotasico (Panreac) 6,80 g/L
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16,3 % Fosfato disodico (Panreac) 7,10 g/L
Se autoclava 10 min., a 100 °C
B) Se preparan 60 mL de:

Fosfato monopotasico (Panreac) 24 g/L
Fosfato disodico (Panreac) 35¢g/L

Se filtra (0 0,22 pm) y se mezcla con la fraccion A.

C) Se preparan 480 mL de:

Glucosa (Panreac) 10 g/L
YNB sin aminoacidos ni sulfato amonico (Sigma) 2 g/L
Agar (Cultimed) 1 g/LL

Se autoclava 20 min., a 120° C y se mezcla con la fraccidn restante.

Analisis

Las levaduras a ensayar se siembran en medio MYPG agar y se incuban a 30 °C durante
una noche. A continuacioén se siembran en el medio Skim Milk agar y se incuban a 27
°C durante 48 h. La apariciéon de zonas claras alrededor de las colonias indica la
actividad de la enzima. Como control positivo se utiliza Proteasa de Bacillus
licheniformis (EC.3.4.21.14, Sigma)

8. Determinacion de los compuestos volatiles del vino

Los compuestos volatiles se han determinado mediante dos métodos de analisis:

» Para los compuestos volatiles mayoritarios: Cromatografia de gases con
deteccion de ionizacion en llama (GC-FID) por inyeccion directa.

» Para los compuestos minoritarios: EXxtraccion en espacio de cabeza por
absorcion con barras magnéticas agitadoras y Cromatografia de Gases-Espectrometria
de Masas (HSSE-GC-MS).

Los patrones de compuestos aromaticos empleados para la cuantificacion se obtuvieron
de varias fuentes comerciales: Sigma-Aldrich, Merck y Fluka (Sigma-Aldrich). Como
patrén interno (PI) se utilizé 4-metil-2-pentanol (Merck).

8.1. Cromatografia de gases-deteccion de ionizacién de llama (GC-FID)

La cuantificacion de acetato de etilo, acetaldehido, metanol, propanol, butanol, 2-metil-
1-butanol, 3-metil-1-butanol y 2-feniletanol se realizé por GC-FID de acuerdo con el
método propuesto por Morales et al. (2001).

Se filtra 1 mL de la muestra a través de filtros Millex-GV13 de 0,22 pm y se anaden 10
pL de 4-metil-2-pentanol (102,14 mg/L) como patrén interno (PI).

Las muestras se analizan utilizando un cromatografo de gases Hewlett-Packard 6890
equipado con detector de ionizacion de llama (FID). Se inyecta 1 pLL de muestra filtrada
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en el modo division de flujo (1:60) en una columna CP-WAX 57 CB de 50 m x 0,25
mm diametro interno x 0,2 micras de espesor de pelicula (Varian). El gas portador es H;
a 1 mL/min.

La temperatura del programa es 35 °C durante 5 min., se incrementa esta temperatura a
razoén de a 4 °C/min. hasta 150 °C y se mantiene durante 17,5 min.

La temperatura del inyector es 220 °C y la del detector 250 °C. El software de
adquisicion de datos es el sistema de procesamiento de datos HPChemstation (Agilent
Technologies).

8.2. Extracciéon en espacio de cabeza por absorcion con barras magnéticas
agitadoras y Cromatografia de Gases-Espectrometria de Masas (HSSE-GC-MS)

La determinacion de los compuestos minoritarios se llevd a cabo segin el método
establecido por Callejon et al. (2008). Las condiciones de muestreo HSSE fueron las
siguientes:

1. En un vial de 20 mL se anaden 1,67 g de NaCl, 5 mL de muestra y 10 uL de 4-
metil-2-pentanol (PI) a 1045 mg/L.

2. Se coloca un inserto de vidrio abierto en el vial donde se introduce la barra
magnética de 10 mm recubierta de 0,5 mm de polidimetilsiloxano (PDMS) (Twister,
Gerstel).

3. Se cierra el vial herméticamente y se calienta durante 60 min. a 62 °C en un
bafio termostatizado.

4. Se extrae el twister con pinzas, se enjuaga con agua Milli-Q y se seca con
papel.

5. Para la desorcion térmica (TD), se introduce el twister en un tubo de vidrio de
60 mm de largo, 6 mm de diametro exterior y 4 mm de diametro interior. Este tubo se

coloca en la bandeja del muestreador automatico de la unidad de desorcion térmica para
el analisis por GC-MS.

El analisis de cromatografia de gases se lleva a cabo con un equipo Agilent 6890
acoplado a un detector de espectrometria de masas (MS) tipo cuadrupolo Agilent 5975
inert, equipado con un sistema de desorcion térmica (TDS2) y un inyector con
crioconcentrador CIS-4 PTV (Gerstel).

La desorcidn térmica se realizo en el modo sin division de flujo de 90 mL/min.

El programa de temperaturas de desorcion fue el siguiente: 35 °C durante 1 min.,
incrementando esta temperatura 60 °C/min. hasta 250 °C y se mantiene durante 5 min.

El inyector CIS-4 PTV se mantiene a -35 °C con nitrogeno liquido durante el tiempo de
desorcion total; posteriormente se sube la temperatura a 10 °C/s hasta 290 °C y se
mantiene durante 4 min.
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Para transferir la muestra a la columna de analisis se utiliza el modo de inyeccion
“venteo de solvente”. Se usa una columna CPWax-57CB, de 50 m x 0,25 mm, 0,20 pm
de espesor de pelicula (Varian) y el gas portador es He, con un flujo de 1 mL/min.

El programa de temperatura del horno es de 35 °C durante 5 min., que se eleva a razon
de 2,5 °C/min. hasta 220 °C a y se mantiene durante 5 min.

El cuadrupolo, la fuente y la linea de transferencia se mantuvieron a 150, 230 y 280 °C,
respectivamente.

Se registran espectros de masas de ionizacion de electrones en el rango de 35 a 350
uma, a 70 eV de energia de electrones mediante un ChemStation MS (Agilent
Technologies).

La identidad de los picos se asigna comparando con la biblioteca de espectros NIST 98
y se confirma por los tiempos de retencion de los estandares.

La cuantificacion se realiza utilizando el area relativa del ion cualificador de cada
compuesto respecto a la del PI. Las muestras se analizan por triplicado y se realiza un
blanco entre analisis.

9. Anadlisis sensorial del vino

El andlisis sensorial se realiza mediante evaluacion ortonasal por un panel de expertos
integrado por siete catadores (cinco mujeres y dos hombres). Todos los miembros
pertenecientes al personal de laboratorio han sido entrenados de acuerdo a los
protocolos internacionales (ISO, 1983; ISO, 1985).

Se presentan 15 mL de muestra de vino en copas de vidrio negras cubiertas con placas
de petri.

9.1 Analisis descriptivo cuantitativo

El andlisis descriptivo cuantitativo se realiza utilizando 13 descriptores sensoriales:
herbaceo, floral, frutos rojos, fruta madura, pasas, dulce, carnico/sudor, frutos secos,
citricos, balsdmico, especias, café¢ e impresion general. Estos descriptores fueron
seleccionados por el panel durante sesiones preliminares para describir las muestras.
Los atributos seleccionados se recogen en una ficha de cata y a los expertos se les pide
que puntien cada descriptor en una escala de 10 cm no estructurada (que va desde no
perceptible a muy fuerte).

9.2 Evaluacion sensorial discriminante

La evaluacion sensorial discriminante se realiza mediante pruebas triangulares para
probar si existen diferencias significativas entre los vinos fermentados por cada cepa de
levadura.
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10. Analisis quimico

10.1. Grado alcohélico (Ribéreau-Gayon et al., 1980)

Se fundamenta en la oxidacion crémica de etanol (1) y posterior valoracion del exceso
de bicromato potasio mediante adicién de una solucion valorada de sulfato de hierro
amoniacal (sal de Mohr) (2), seglin las reacciones:

(1)

2 K,CrO; + 8 H,S04 + 3 CH;CH,0H = CH;COOH + 2 Cry(SO,); + 2 K580, + 11 H,0

(2)

KzCI'O7 +8 H2$O4 +6 FC(NH4)2(SO4)2'6H20 9 3F62(SO4)3 + CI‘Q(SO4)3 +2 HKSO4 +6 (NH4)2$O4 +13 H20

Reactivos
Licor valorado de bicromato potasico:
Bicromato potasico (Panreac) 33,79 ¢
Agua destilada c.s.p. 1L (20°C)
Licor reductor de sal de Mohr:
Sal de Mohr (Panreac) 135,1¢g
Acido sulfarico (Panreac) 20 mL
Agua destilada c.s.p. 1 L (20°C)

Este valor es tal que 2 mL de este licor reducen 1 mL de licor de dicromato. Esta solucion debe ser
revalorada frecuentemente con respecto a la solucion de bicromato.

Solucién de permanganato de potasio:

Permanganato de potasio (Panreac) 1,083 g

Agua destilada Cc.S.p. 1L

Acido sulfurico diluido:

Acido sulfurico puro (Panreac) 500 mL (sobre agua)

Agua destilada Cc.s.p. 1L

Reactivo de ortofenantrolina ferrosa:

Sulfato ferroso (Panreac) 0,695 g

Agua destilada c.s.p. 100 mL

Ortofenantrolina monohidrato (Panreac) 1,485 g
Analisis

A.  Destilacion

Se toma un volumen de vino V =20 mL y se lleva a 200 mL con agua destilada. El vino
asi diluido se introduce en el balon de destilacion del aparato de destilacion y se
alcaliniza afiadiendo 10 mL de cal 4 N. El destilado se recoge sobre matraz aforado de
200 mL que se enrasa con agua destilada.

B.  Oxidacion

En un matraz Erlenmeyer de 250 ml con tapén esmerilado se introducen 20 mL de
solucion valorada de bicromato potasico, 20 mL de acido sulfurico al 50 % y se agita.
Se agregan a continuacion 10 mL de destilado. Se tapa el erlenmeyer, se agita y se
esperan 30 min. como minimo agitando de vez en cuando.
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C. Valoracion

El exceso de bicromato se valora mediante adicion de solucion de sal de Mohr con la
ayuda de una bureta graduada. Cuando la coloracion verde de la solucion vira a verde-
azulado, se agregan cuatro gotas de reactivo de ortofenantrolina. Se contintia la adicién
de sal de Mohr hasta que el medio pasa de verde-azulado a marrén.

Como a menudo se pasa un poco el viraje, hay que retornar al viraje preciso por medio
de la solucion de permanganato de potasio. La décima parte del volumen empleado de
esta solucion se resta del volumen de la solucion de sal de Mohr: sea n esta diferencia.

La sal de Mohr debe valorarse, por otra parte, en relacién con la solucioén de bicromato
de potasio, como ya se indico antes. Para ello se realiza la oxidacion y valoracion
anteriormente indicadas de la misma manera con la salvedad de afiadir en la oxidacion,
10 mL de agua destilada en lugar del destilado. Sea n’ el volumen de sal de Mohr que
corresponde a 20 mL de solucion de bicromato de potasio.

Calculos
El grado alcoholico de ese liquido es:

% vol =400 - @
.n'

10.2. Glicerol

El contenido en glicerol se determind mediante kit enzimatico especifico (Boehringer
Mannheim, Ref. 148270) siguiendo el protocolo del fabricante.

Principio del método

El glicerol es fosforilado por la gliceroquinasa, en presencia de adenosina-5-trifosfato
dando lugar a glicerol-3-fosfato y adenosina-5-difosfato. Esta es reconvertida en
adenosina-5-trifosfato por el fosfoenolpiruvato mediante la piruvatoquinasa formandose
piruvato. El piruvato es reducido a lactato por nicotinamida-adenina dinucledtido
(NADH). La cantidad NADH oxidado a NAD" en este ultimo paso es equivalente al
glicerol presente en la reaccion. Se mide en la region del espectro ultravioleta de 340
nm.

10.3. Azuicares reductores por el método Rebelein (Garcia Barcel6, 1990)

El método Rebelein estd basado en la reduccion de un reactivo cuprico-alcalino en
presencia de los aztcares y valoracion del cobre residual por yodometria.

Reactivos
Solucion de sulfato de cobre pentahidrato:
Sulfato ciprico  (Carlo Erba) 4192 ¢
Acido sulftrico 0,5 M (Panreac) 10 mL
Agua destilada C.S.p. 1L
Solucién alcalina:
Tartrato sodio potasio (Panreac) 250 g en 400 mL de agua
Hidroéxido sédico (Panreac) 80 g en 400 mL de agua
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Se mezclan las dos soluciones y se completa a volumen de un litro cuando esté frio.

Solucién ioduro potasico:

Ioduro potasico (Panreac) 300g en 500 mL de agua

Hidréxido soédico 1 M (Panreac) 100 mL

Agua destilada c.s.p. 1L

Solucién écido sulftirico al 16 %:

Acido sulfiirico puro (Panreac) 175 mL (sobre agua)

Agua destilada c.s.p. 1L

Solucion almidén:

Almidon (Panreac) 8 g en 500 mL de agua en ebullicion (2 min.)
Ioduro potasico (Panreac) 20 g en 400 mL de agua

Hidroéxido sédico 1 M (Panreac) 10 mL

Se mezcla y se completa con agua destilada al volumen de un litro.

Solucién de tiosulfato:

Tiosulfato sodico puro (Panreac) 13,777 g

Hidroéxido sédico 1 M (Panreac) 50 mL

Agua destilada C.S.p. 1L
Analisis

A. Reduccion

En un matraz Erlenmeyer de 250 mL se vierten 10 mL de solucion cuprica, 5 mL de
solucion alcalina, 2 mL de la muestra de vino (de menos de 28 g de azuicar por litro) y

un poco de piedra pémez.

Se hierve durante un min. y medio exactamente, enfriando rapidamente al chorro de

agua fria.
Se afiade 10 mL de solucion de ioduro y 10 mL de 4cido sulfurico.

B.  Valoracion
Se valora con solucion de tiosulfato sddico, hasta un color ligeramente amarillo.

En este momento se afiaden 10 mL de almidén y se completa la valoracion hasta una

coloracion crema claro.
Es necesario hacer un blanco tomando 2 mL de agua destilada en vez de vino.

Calculos
El contenido en azlcares reductores es el siguiente:
Azucares reductores, g/L =N’ - N

Siendo:

N’ = mL de la solucion de tiosulfato gastados en la valoracion del blanco (con agua

destilada)

N =mL de la solucion de tiosulfato gastados en la valoracion de la muestra de vino

Si el vino ha sido diluido, se deberd multiplicar por el factor de dilucion.
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10.4. Acidez total o titulable

Se considera acidez titulable de un vino (o acidez valorable) la suma de los acidos
titulables presentes en el mismo. Deben excluirse de ésta las acideces de adicion como
son el dioxido de carbono y el sulfuroso.

Para su determinacion se ha seguido el procedimiento de la A.O.A.C., descrito por
Amerine y Ough (1974).

Analisis

Se colocan 200 mL de agua hirviendo en un matraz Erlenmeyer de 500 mL.

Se afiaden unas gotas de fenolftaleina al 1 % como indicador y se valora con hidréxido
sodico 0,1 N hasta color rosa suave pero definido.

A continuacion se afiaden al mismo erlenmeyer 5 mL de mosto o vino y se valora con
hidréxido sodico 0,1 N hasta el mismo color.

Calculos
La acidez total o titulable se expresa en acido tartdrico mediante el siguiente calculo:
. - . 75-f-V-N
Acidez total, g/L acido tartarico = ——
v
Siendo:

f = factor de disolucion de la solucion de NaOH 0,1 N

V = volumen de hidroxido sodico 0,1 N consumido en la valoracion (mL)
N = normalidad de la solucion de NaOH

v = volumen de la muestra de vino o mosto (mL)

10.5. pH

Este parametro determina la concentracion de hidrogeniones del medio, medida
orientativa de los estados de combinacién o ionizacion de los compuestos del vino.

La determinacion se realiza directamente sobre la muestra, utilizando un pH-metro
CRISSON (micropH 2000) de lectura directa y con sonda térmica para la correccion de
la temperatura.

10.6. Acidez volatil (M.A.P.A., 1993)

La acidez volatil estd constituida por parte de los acidos grasos pertenecientes a la serie
acética que se hallan en los vinos en estado libre o salificado.

El método empleado se basa en el descrito en los Métodos Oficiales de Analisis del
M.A.P.A. (1993), cuyo fundamento es la valoracion de los acidos volatiles separados
del vino por arrastre de vapor de agua y rectificacion de los vapores. Para la destilacion
se ha empleado el aparato Mathieu.

Previamente debe eliminarse el didxido de carbono; y la acidez del didxido de azufre
libre y combinado, destilados en dichas condiciones, debe restarse de la acidez del
destilado.
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Analisis

A.  Destilacion

Se introducen 20 mL de vino y un poco de piedra pémez en el matraz de destilacion.

Se llena el embudo del aparato Mathieu de destilacion con agua destilada.

Se inicia la destilacion y, una vez recogidos 6 mL de destilado en la probeta, se afiade
del embudo otros 6 mL de agua; se recogen hasta 12 mL del destilado y se afiade de
nuevo agua para mantener el volumen en el matraz de destilacion y asi sucesivamente
hasta recoger 24 mL de destilado.

B.  Valoracion
Se afiaden dos gotas de fenolftaleina (1 %) como indicador y se valora el destilado con
hidroxido sédico 0,1 N hasta aparicion de color rosa suave pero definido.

C. Valoracion del sulfuroso libre

Se aniade una gota de acido clorhidrico puro (para acidular nuevamente), un cristal de
Ioduro de potasio y 2 mL de solucion de almidéon como indicador.

Se valora el SO, libre con la solucion de iodo 0,01 N.

D. Valoracion del acido sulfuroso combinado con el acetaldehido
Se anade 20 mL de solucién saturada de borax; el liquido tomard un color rosa palido.
Se valora nuevamente con solucion de Iodo 0,01 N.

Calculos

La acidez volatil, expresada como g/L. de &cido acético, se determina mediante el
siguiente célculo:

Acidez volatil aparente, g/L 4acido acético = 0;26 \Y
Vl VH

Acidez volatil real, g/L acido acético = 06, V-——-—)
2 10 20

Siendo:

V = volumen en mL de NaOH 0,1 N consumidos en la primera valoracion

V’= volumen en mL de Iodo 0,01 N consumidos en la oxidacién del anhidrido sulfuroso
libre

V>’= volumen en mL de Iodo 0,01 N consumidos en la oxidacion del anhidrido
sulfuroso combinado con el acetaldehido

10.7. Acido malico

El contenido en acido malico se determin6 mediante kit enzimatico especifico
(Boehringer Mannheim, Ref. 139068) siguiendo el protocolo del fabricante.

Principio del método

En presencia de L-malato dehidrogenasa, el L-malico o sus sales, es oxidado por el
NAD a oxalacetato. La reaccion, catalizada por la enzima glutamato-oxalacetato-
transaminasa (GOT), el oxalacetato se convierte en L-aspartato, en presencia de I-
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glutamato. La cantidad de NADH formada es estequiométrica con la concentracion de
L-malato. La NADH es la que provoca la absorbancia en la longitud de onda de 340 nm.

10.8. Diodxido de azufre libre y total por el método de Ripper doble (M.A.P.A., 1993)

Para esta determinacion se ha seguido el método descrito en los Métodos Oficiales de
Analisis del M.A.P.A. (1993). El dioxido de azufre libre se determina por valoracion
yodométrica directa; el dioxido de azufre combinado, tras hidrolisis alcalina, se
determina también por valoracion yodométrica. La suma del didxido de azufre libre y
combinado permite obtener el didxido de azufre total.

En un matraz Erlenmeyer de 500 mL se introducen 50 mL de vino, 3 mL de acido
sulfurico (Panreac) al 10%, 30 mg de EDTA (Panreac) y 5 mL de almidén (Panreac)
como indicador. Se homogeneiza y se valora con solucion de iodo (Panreac) 0.05 N
hasta color azul persistente, siendo V el volumen de iodo empleado.

A continuacidn se afiaden 8 mL de hidréxido sodico (Panreac) 4N, se agita una sola vez
y se deja en reposo durante 5 minutos. Se afiaden 10 mL de acido sulftrico (Panreac)
(10%), se agitar enérgicamente y se valora con solucion de iodo (Panreac) 0,05 N
inmediatamente. El volumen V’ serd el del iodo gastado.

Por ultimo se afiaden 20 mL de hidroxido sdédico (Panreac) 4N, se agita una vez y se
deja en reposo durante minutos. Se diluye con 200 mL de agua destilada muy fria y se
agita enérgicamente. Se afiaden entonces 30 mL de acido sulfurico (Panreac) (10%) y se
valora con la solucién de iodo (Panreac) 0,05 N, siendo V”* el volumen empleado.

Calculos

El resultado se expresa en mg/L de SOx:

SO, libre = 32-f-V
SO, combinado = 32-f- (V' +V”)
SO, total = 32-f-(V+V +V?)

Siendo f el factor de titulacidon de la solucion de iodo 0,05 N.

11. Elaboracion del pie de cuba (Suarez Lepe, 1997)

Para el ensayo del comportamiento de las levaduras autdctonas y comerciales en bodega
a escala semipiloto fue necesario preparar un pie de cuba de cada cepa con el que
inocular el deposito de fermentacion.

Para ello, dos semanas antes del inicio del ensayo, se extrajeron aproximadamente 50 L
de mosto a partir de racimos maduros y sanos de uva de la variedad Merlot. El mosto se
esterilizd en laboratorio mediante adicion de 1 g/ de dimetil dicarbonato (se dejo
actuar 6 horas a 20 °C); a continuacion se desfang6 en frio y se repartid en tubos en
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ensayos (10 mL), en matraces Erlenmeyer de 250 mL (150 mL) y en garrafas de 5 litros
(3 litros), y se conservé a 4 °C.

Para cada cepa a ensayar se inocularon 6 tubos con 10 mL de mosto estéril a partir de un
cultivo fresco en YEPD agar y se incubaron a 25 °C durante 24 horas.

A continuacion se inocularon 3 matraces Erlenmeyer (150 mL) para cada cepa, cada
uno con dos tubos de los sembrados el dia anterior y se incubaron durante 48 h a 25 °C.

Para cada cepa se inocula una garrafa con 3 L de mosto estéril con los 3 matraces
Erlenmeyer sembrados 48 horas antes y se incubaron a 25 °C durante 24-48 horas.

El pie de cuba se mantiene en fermentacion tumultuosa afiadiendo mosto fresco hasta el
momento de inocular los depositos en la bodega. Se comprueba mediante conteo de
células viables que la poblacion celular se mantenga en el orden de 10® ufe/mL.
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ABSTRACT

Organic wines were produced at pilot scale to select the best autochthonous and commercial yeast strains
to obtain wines with high organoleptic qualities. We tested the behaviour of five S. cerevisiae yeast strains
and determined their volatile composition and organoleptic characteristics by sensory analysis. A total of
51 volatile compounds were quantified in the wines produced. The concentration of most of the volatile
compounds was significantly influenced depending on which yeast strain was inoculated. The differences
observed in the volatile composition of the wines appear to be quantitative rather than qualitative.
In general, acetals were the most abundant group of volatile compounds in all the samples studied,
followed by alcohols without ethanol. The highest contents of volatile compounds were found in two of
the wines produced by autochthonous yeast strains. The results obtained in the sensory analysis suggest
that autochthonous yeast produced wines of higher organoleptic quality because this sample gave the
highest value for the general impression attribute.

HS-SBSE-TDU-GC-MS

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Growing concern among consumers in developed countries
regarding the health and the protection of the environment has
increased the demand for organic food over the last decade (espe-
cially in Germany, the United Kingdom, Switzerland, New Zealand,
Japan, and the United States). Among organic products, EU con-
sumers have shown an increasing interest in organic wines. More
and more new organically based wineries are being established and
old traditional wineries are adding organic wine to their product
lines [1].

Wine quality is influenced, in part, by the composition of the
grape juice and by the microbial communities present during the
fermentation process. Aroma is one of the main characteristics that
determine a wine’s quality and value. The aroma of wine is a unique
mixture of volatile compounds originating from grapes (varietal
aromas), secondary products formed during the wine fermenta-
tion (fermentative aromas) and aging (post-fermentative aromas)
[2]. The volatile fraction of wine can be made up of more than 800
different compounds [3] with a wide concentration range varying
from hundreds of mgL~! to pwgL~! or ngL~! levels [4]. This great
variety of volatile compounds, with different polarities, volatilities
and a wide range of concentrations, is responsible for the complex-

* Corresponding author. Tel.: +34 954556760; fax: +34 954233765.
E-mail address: raqcalfer@alum.us.es (R.M. Callejon).

0003-2670/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.aca.2009.09.040

ity of the wine’s bouquet and ensures its specificity and character
[5].

The particular importance of each compound to the final aroma
isrelated to its odour perception threshold [4]. General approaches
to identifying “important” or high impact odorants are based on
odour activity values (OAVs) and the concentration/threshold ratio.
Odorants with low OAVs, or low impact odorants (i.e. with typical
values <1) are generally considered to be unimportant to the overall
sensory perception [6].

However, Ryan et al. [6] hypothesise that compounds with low
OAVs could play a critical role in characterizing the overall odour
of a sample. Furthermore, other authors think that OAVs provide
only a rough evaluation of the real contribution of each compound
to the overall aroma. In fact, the volatility and the perception of
aroma compounds are significantly affected by the basic chemical
composition of the wine, which can both mask the odour impact of
certain compounds present in concentrations above their detection
thresholds and favour the detection of other molecules present in
concentrations below theirs [7].

A vast number of volatile compounds are formed and mod-
ulated by yeast during alcoholic fermentation and significantly
impact the flavour and overall quality of wines [8]. The volatile
compounds synthesized by wine yeast include higher alcohols,
medium- and long-chain volatile acids, acetate esters, ethyl esters
and aldehydes among others [9,10]. The capacity to form aroma
depends not only on yeast species but also on the particular strain
of the individual species [11]. Different strains of S. cerevisiae can
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produce significantly different flavour profiles when fermenting
the same must. This is a consequence of both the differential ability
of wine yeast strains to release varietal volatile compounds from
grape precursors and the differential ability to synthesise de novo
yeast-derived volatile compounds [12-15]. Therefore, selecting
the proper yeast strain can be critical for the development of the
desired wine style [7]. For this reason, modern wine makers prefer
to employ selected yeast strains. For the production of young wine,
the wineries select yeast strains that produce both the high levels
of the esters and acetates needed for the desirable fruity taste
and the low levels of higher alcohols that contribute negatively to
aroma [11]. Moreover, employing selected starter yeast cultures
provides technological advantages such as guaranteeing that the
must ferments in the correct way. On the other hand, the use of
autochthonous yeast strains, besides promoting biodiversity, is
rather preferable since they are better acclimated to the envi-
ronmental conditions and assure the maintenance of the typical
sensory properties of the wines of any given region.

The aim of this work is to select the best yeast strains among
autochthonous and commercial to obtain organic wines with high
organoleptic qualities.

2. Experimental

2.1. Yeast strains and yeast implantation control

Five different strains of S. cerevisiae were tested; four
autochthonous strains were compared with a commercial yeast
strain frequently employed by the winery for the vinification of
red wines. The commercial yeast was Excellence XR (XR) (Lamothe-
Abiet, Bordeaux, France) and the autochthonous yeasts were coded
as MY, NY, OY and AGY. The commercial yeast was selected in
accordance with the winery’s preferences and the autochthonous
strains were isolated from the same cellar and the neighbouring
vineyard and selected according to their oenological traits in a pre-
vious selection study which evaluated ethanol production, sugar
consumption, volatile acidity production, malic acid degradation,
glycerol production, foam and SH, production, killer behaviour,
volatile compounds production and the organoleptic characteris-
tics of the experimental wines obtained (data not shown).

In order to assess the implantation of the inoculated yeast in
each vinification vat, samples were taken at different stages of fer-
mentation: 24 h after inoculation, in the middle (day 3) and at the
end of the fermentation (day 6). In addition, a sample of fresh grape
juice was taken to determine the yeast microflora in the must before
the vats were filled and sown with the starter. Aliquots (0.1 mL
each) of serial dilutions were spread onto plates of YEPD agar (yeast
extract 1% w/v, peptone 1% w/v, glucose 2% w/v, agar 2% w/v). Plates
were incubated at 28 °C for 72 h and, for each sample, 20 colonies
were randomly chosen and submitted to further studies.

Isolates from the fresh juice were identified by PCR of the
ribosomal region encompassing the 5.8S rRNA gene and the two
internal transcribed spacers. rDNA was amplified by PCR in a TC-
312 Techne termocycler using primers ITS1 and ITS4, described by
White et al. [16]. The species of the isolates were identified by PCR-
RFLP (restriction fragment length polymorphism) digesting with
the restriction endonucleases Hinfl, Hhal (same enzymatic activity
as Cfol) and Haelll (Takara Japan) as previously described by
Guillamén et al. [17]. PCR products and restriction fragments were
separated on a horizontal 1.4% and 3% agarose gel, respectively,
in TAE buffer and compared with standards (100-bp DNA ladder,
Amersham Biosciences). Isolates from the five fermenting musts
were directly characterized by restriction analysis of mitochondrial
DNA in order to compare the resulting profiles with those of the
S. cerevisiae strains inoculated in each vat. Thus, all these isolates
were initially presumed to belong to S. cerevisiae species; if any

of the profiles did not match any of the inoculated strains, these
isolates would be identified by PCR-RFLP of the rDNA as described
above. DNA extraction and restriction analysis were performed
following the method proposed by Querol et al. [18]. DNA (6 pL)
was digested with Hinfl endonuclease (Takara Japan) and restric-
tion fragments were separated by electrophoresis on 1% agarose
gel with added ethidium bromide and visualized in a UV transillu-
minator. This technique was also applied to each yeast strain used
as starter. The genetic profiles of all the isolates were compared
with the profiles of the inoculated yeasts and this enabled us to
determine the implantation percentage of each strain tested.

2.2. Grape musts and pilot scale fermentation

Pilot scale fermentations took place in the winery in 100 L stain-
less vats with Merlot grape variety must. The physical and chemical
must parameters were the following: pH 3.40, total acidity (gL~!
tartaric acid) 5.1, density 1.0945 and 30 mgL~! of SO,.

All the yeast inocula (including the commercial strain) came
from pure cultures previously sown in a solid medium which were
inoculated in a small volume of sterilized must to a final concen-
tration of 10% cellmL~" and incubated at 28 °C for 24 h. The starters
were progressively diluted with sterilized must in the laboratory
and inoculated with a volume sufficient to obtain a cellular popula-
tion of 107 cellmL~! in the winery vat. In all the cases fermentation
took place at room temperature and kinetics were monitored by
measuring the Baume degree of the fermenting must.

At the end of the alcoholic fermentation, wines were run off
and placed in a vat for malolactic fermentation to occur. For this
purpose, wines were inoculated with commercial lactic acid bacte-
ria Oenococcus oeni (Challenge EASY ML, Sepsa-Enartis, Spain) and
malolatic fermentation took place at 20 °C for 9-15 days depending
on the vat. Subsequently, wines were racked twice and plate-and-
frame filtered before bottling.

2.3. Physicochemical analysis

Some physicochemical parameters were analyzed in the result-
ing wines. L-Malic acid and glycerol were determined using
enzymatic kits from Boehringer Mannheim (GmbH, Germany), pH
by using the potentiometric method, total acidity (gL~! tartaric
acid) by indicator titration to pH 8.2 using standardized sodium
hydroxide, volatile acidity (gL~! acetic acid) by steam distillation
and titration with standardized sodium hydroxide, reducing sug-
ars by Rebelein method which involves reacting reducing sugars
with copper (II) in alkaline solution, and ethanol by titrametric
dichromate analysis.

2.4. Sensory analysis

An expert panel composed of seven tasters (five females and
two males) carried out sensory analysis using orthonasal evalua-
tion. All members belonging to the laboratory staff were trained
according to international protocols [19,20]. A 15 mL wine sample
was presented in dark glass covered with a plastic dish.

Quantitative descriptive analysis (QDA) was carried out using
13 sensory terms: green, floral, red fruit, ripe fruit, raisin, sweet,
meat/sweat odour, nutty, citrus, balsamic, spicy, coffee and general
impression. These terms were selected by the panel during pre-
liminary sessions to describe the samples. The selected attributes
were put on a tasting-card and panellists were asked to rank each
descriptor on a 10-cm unstructured scale (from unnoticeable to
very strong).

Discriminant sensory evaluation was performed through trian-
gular tests to assess the significant differences caused by each yeast
strain in each wine.
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2.5. Volatile compound analysis

We used two methods of analysis because we expected to find
volatile compounds with different volatilities and a wide range of
concentrations. Therefore, those compounds present in high con-
centrations (major volatile compounds) were determined by direct
injection using gas chromatography-flame ionization detection
(GC-FID). The minor compounds were extracted by headspace sorp-
tive extraction and then determined by gas chromatography-mass
spectrometry (HSSE-GC-MS).

The 51 standards of aroma compounds used for quantifica-
tion (see Table 2) were obtained from several commercial sources
as follows: 2, 3, 14, 15, 19-21, 23-27, 29-32, 40-42, 45-51
(Sigma-Aldrich, Madrid, Spain); 1, 4, 6-10, 13, 17, 18, 28, 34-39,
44 (Merck, Darmstadt, Germany); 5, 11, 12, 16, 22, 33, 43 (Fluka,
Madrid, Spain). 4-Methyl-2-pentanol (Merck) was used as the
internal standard (IS).

2.5.1. GC-FID analysis

Ethyl acetate, acetaldehyde, methanol, propanol, isobutanol, 2-
methyl-1-butanol, 3-methyl-1-butanol and 2-phenylethanol were
quantified by GC-FID using the method proposed by Morales et al.
[21]. A1 mL sample was filtered through 0.22 pm Millex-GV13 fil-
ters and 10 WL of 4-methyl-2-pentanol at 102.14 mg L~! was added
as the internal standard (IS).

The samples were analyzed using a Hewlett-Packard 6890 gas
chromatograph equipped with a flame ionization detector (FID).
1 L of filtered sample was injected in the split mode (1:60) into
a CP-Wax 57 CB column, 50 m x 0.25 mm i.d. x 0.2 wm film thick-
ness (Varian, Middelburg, Netherlands). The carrier gas was H; at
1 mLmin~'.The program temperature was: 35 °C for 5 min, ramped
at4°Cmin~! to 150°C and held for 17.5 min. The injector was set at
220°Cand the detector at 250 °C. The data acquisition software was
the HPChemstation data processing system (Agilent Technologies,
Santa Clara, California).

2.5.2. HSSE-GC-MS analysis

The HSSE sampling conditions were as follows [22]: 5mL of
sample and 10 pL of 4-methyl-2-pentanol (IS) at 1045 mgL~! was
placed into a 20-mL headspace vial with 1.67 g of NaCl. A 10 mm
long stir bar coated with a 0.5 mm polydimethylsiloxane (PDMS)
layer (Twister, Gerstel, Miillheim an der Ruhr, Germany) was put
in an open glass insert and placed in the vial to carry out the extrac-
tion in the headspace. Then, the vial was tightly capped and heated
for 60 min at 62 °Cin a thermostatic bath. The stir bar was removed
with tweezers, rinsed with Milli-Q water and dried with lint-free
tissue paper. Finally, for the thermal desorption (TD), the stir bar
was placed in a glass tube 60 mm long, 6 mm o.d. and 4 mm i.d.
This tube was then placed on the autosampler tray of the thermo
desorption unit for GC-MS analysis.

Gas chromatography analysis was carried out with a 6890 Agi-
lent GC system coupled to an Agilent 5975 inert quadrupole mass
spectrometer equipped with a Thermo Desorption System (TDS2)
and a cryo-focusing CIS-4 PTV injector (Gerstel). The thermal des-
orption was performed in splitless mode and with a flow rate of
90 mLmin~!. The desorption temperature program was the fol-
lowing: 35 °C for 1 min, ramped at 60°Cmin~! to 250°C and held
for 5min. The CIS-4 PTV injector, with a Tenax TA inlet liner was
held at —35°C with liquid nitrogen for the total desorption time
and then raised at 10°Cs~! to 290°C and held for 4min. The
solvent vent mode was used to transfer the sample to the ana-
lytical column. A CPWax-57CB column, 50 m x 0.25 mm, 0.20 pm
film thickness (Varian, Middelburg, Netherlands) was used and the
carrier gas was He at a flow rate of 1 mLmin~!. The oven tem-
perature program was 35°C for 5min, which was then raised to
220°C at 2.5°Cmin~! (held for 5 min). The quadrupole, source and

transfer line temperatures were maintained at 150, 230 and 280°C,
respectively.

Electron ionization mass spectra in the full-scan mode were
recorded at 70 eV electron energy in the range 35-350 amu.

All data were recorded using a MS ChemStation (Agilent Tech-
nologies, Santa Clara, California). Peaks were identified using the
NIST 98 library and confirmed by standard retention indices when
they were available. Quantification was performed by using the
relative area calculated as the ratio between the target ion of each
compound and the internal standard [22]. The samples were ana-
lyzed in triplicate and blank runs were made with empty glass tubes
before and after each analysis. RIs were calculated from the reten-
tion times of n-alkanes by linear interpolation, in accordance with
the literature [23].

2.6. Statistical analysis

One-way analysis of variance (ANOVA) and principal compo-
nent analysis (PCA) were performed using Statistica, version 7.0
software (Statsoft, Tulsa, USA).

3. Results and discussion

3.1. Yeast analysis and fermentation kinetics

Forty yeast strains were isolated from the fresh juice before
yeast inoculation. According to PCR-RFLP of the 5.8S rDNA gene,
38 isolates corresponded to non-Saccharomyces strains, and the
remainder to the Saccharomyces genus. Further analysis charac-
terised the last strains as the commercial yeast Excellence XR,
frequently used by the winery.

To determine the implantation of the inoculated yeast in each
vat, samples at different fermentation stages were analyzed by
mitochondrial DNA RFLP. Fig. 1 shows the restriction profiles of the
five strains tested, and Fig. 2 indicates the initial yeast population
in the fresh must and during the fermentation progress (day 1, day
3 and day 6) in each vat. The restriction profiles of all the isolated
colonies matched the profile of the inoculated yeast in their respec-
tive vats. Thus, in all the vinifications the inoculated yeast strains
began to predominate immediately after inoculation (24 h, 100%
implantation) and the same results were obtained at the middle
and the end of the fermentation. The inoculated yeast population
in each vat was therefore sufficient to eliminate a significant quan-
tity of wild no-Saccharomyces and Saccharomyces yeast throughout
the course of fermentation.

Yeast enumeration in the fresh must before inoculation revealed
aninitial population of 3.1 x 104 cell mL~!, mainly corresponding to
non-Saccharomyces species as described above. On the other hand,
starters of pure cultures were inoculated in sufficient volume to
reach a final population of 107 cellmL~! in the must. Thus, differ-
ences between the initial yeast population in the fresh must and the
inoculated yeast population in each vat together with differences
in the fermentative activity of the cells in each case justify the rapid
implantation of the latter after 24 h.

The progress of the fermentations was monitored by measuring
the Baume degree of the fermenting must. A comparison of fermen-
tation kinetics in the five vats is shown in Fig. 3. According to this
figure, the duration of all fermentations was about six days. In all
the cases the rate of fermentation is very similar and the lag phase
happened in only one day. Most of the sugar is consumed in the first
three days for all the yeast strains tested, although the commercial
strain (XR) showed a slower consumption rate.

3.2. Physicochemical analysis

Table 1 summarizes the chemical composition of the wines
obtained. The residual sugar content showed that all yeast strains
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Fig. 1. Electrophoretic profiles of mitochondrial DNA of yeast strains used in the
study (MY, NY, OY, AGY and XR) digested with Hinfl. (m), marker: phage lambda
digested with Pstl.
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Fig. 2. Yeast population in the fresh must and during the fermentation (day 1, day
2 and day 3) in each experiment.

Table 1
Chemical composition of wines obtained.
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Fig. 3. Fermentation kinetics of the five yeast strains monitored by Baume degree.

tested fermented the wines to dryness and the degree of alcohol
ranged from 11.9 to 12.6% vol, which agreed with the amount of
sugars in the must. No L-malic acid was detected in any of the
samples, total acidity ranged from 4.37 to 5.57 gL~! expressed as
tartaric acid, pH was close to 3.5 in all the samples and values for
volatile acidity were no greater than 0.3gL~! acetic acid in any
case. Finally, glycerol production varied from 6.2 to 8.6 gL~!. Thus,
although slight differences were observed in some parameters
according to the inoculated yeast strain, no statistical differences
among the physicochemical properties were found.

3.3. Volatile composition

A total of 80 volatile compounds were detected in the red wines
analyzed. Among them 51 were quantified with their correspond-
ing calibration curve. Remaining compounds (29) were tentatively
identified by comparing their mass spectra with those in a com-
mercial library and with those reported in the literature. These
compounds belong to several chemical classes including alcohols,
esters of fatty acid (ethyl, methyl and isoamyl esters), acetic esters,
acids, acetals, aldehydes, ketones, volatile phenols, lactones and
terpenes (Table 2).

The differences observed in the volatile composition of the
wines obtained from different yeast strains seem to be quantita-
tive rather than qualitative, which agrees with previous studies
[24-26]. Hence, wines M and N had the highest total content of
volatile compounds (>2gL-1). The high total content of volatile
compounds in N is caused by acetals (acetaldehyde diethylacetal),
whilst M stands out for its high content in ethyl esters, alcohols,
ketones and acids.

In general, acetals were the most abundant volatile compounds
in all the samples studied, followed by alcohols without ethanol
(Fig. 4). The principal compound of this alcoholic fraction is 3-
methyl-1-butanol followed by methanol. As Table 2 shows, this
last compound is present in higher concentrations in red wine
and reached concentrations lower than expected in samples AG
and XR [27]. Methanol results exclusively from enzymic hydrol-
ysis of the methoxyl groups of the pectins during fermentation
but it is not formed by alcoholic fermentation. However, the con-
centrations of higher alcohols in wine are important variables for
differentiating between yeast strains because of their strict relation
with yeast metabolism [26]. These compounds have not been con-

Wines % vol. ethanol Residual sugars Glycerol (gL~ 1) L-Malic acid Total acidity pH Volatile acidity Free SO, Total SO,
(gL™") (gL™") (gL™) (gL™") (mgL™") (mgL™")
M 11.9 £ 0.1 3.70 +£ 0.14 8.6 £0.1 nd 5.57 + 0.06 34 +£0.0 0.26 + 0.01 209 + 2.3 193 +£ 23
N 12.4 £ 0.0 1.55 £+ 0.07 6.7 £ 0.0 nd 4.37 + 0.06 3.5 +£0.0 0.28 + 0.02 30.0 £ 5.7 243 +£ 13
R 123 £ 0.0 2.65 + 0.07 6.2 +£0.2 nd 473 £ 0.34 3.5 +0.0 0.27 + 0.01 295+ 33 178 + 21
AG 12.5 £ 0.0 2.65 + 0.07 6.7 £ 0.0 nd 4.93 + 0.06 3.5 +0.0 0.27 + 0.01 279 +£ 2.5 141 £ 19
XR 12.6 £ 0.1 2.60 + 0.14 74 £ 0.1 nd 529 +0.11 34 +£0.0 0.26 + 0.03 359+ 1.9 111+ 4
mean 124+03 2.69 + 0.67 7.0 £ 09 - 4.88 + 047 35+ 00 0.27 + 0.02 30.1 £59 173 £ 45

The data are mean values of duplicates; nd: no detected.
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Table 2

Volatile compounds of organic red wine.
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No. Compound Mean concentration (g L1
M N 0 AG XR
Aldehydes
1 Acetaldehyde? 36+4P.c.d 53+ 6b.c.d 18.7+0.44 9.1+0.9¢8f 11+1¢8fd
2 Hexanal 7.3+0.88:C 8.9+0.88b.c 20.5+0.7¢:b.c.f 5.4+0.588¢ 26.4+1.5¢:8b.f
3 2-Furfuraldehyde 940+ 2088 731318 f 481 +59¢:b.c.f 779 +608 1081+1278
4 Benzaldehyde 45+ 7¢.8.b n.g. n.g. nq. 394 3€.8b
5 5-Methyl-2-furfuraldehyde 114+13¢:8:D 55+7¢:8 30+4¢.b.c.f 64+ 38.f 57 +88.f
Total aldehydes? 36.7 54.0 193 9.9 124
Acetal
6 Acetaldehyde diethylacetal? 761+82¢.d 1764 +28:b.c.f.d 644 +43¢.d 696 +3¢d 680+ 7¢d
Acetic esters
7 Methyl acetate? 1.6800.003¢ 1.450 +£0.023¢ 2.05+0.05%f 1.3540.098 1.00+0.08¢:8:f
8 Ethyl acetate? 132.0+0.2¢:8:.¢.d 86+11b.f.d 101 +6P-f.d 133 +£5e:8.¢.d 80+ 12b.f.d
9 Propyl acetate 84+ 20.8b.c 212 +48b.cf 157 £ 78:b.c.f 76.3 +0.82:8:C.f 58 +4¢.8.b.f
10 Isobutyl acetate n.q. ng. 125+ 6¢.¢.f 116.5+1.48:8.¢f nq.
11 Butyl acetate n.d. n.d. n.d. n.d. n.d.
12 Isoamyl acetate? 0.99+0.03b:¢ 1.03+£0.02b-¢ 1.1+0.1¢ 1.31+£0.03%¢f 1.72+£0.03¢.8:b.f.d
13 Hexyl acetate n.q. n.q. n.q. n.qg. n.q.
14 Benzyl acetate n.d. n.d. n.d. n.d. n.d.
15 2-Phenylethyl acetate n.qg. n.qg. n.q. n.qg. n.qg.
Total acetic esters?® 134.7 88.7 104.0 135.5 83.2
Ketones
16 Diacetyl? n.q. n.q. n.q. 3.20+0.224 n.q.
17 Acetoin? 20+14 10.74+0.038 11.45+0.18¢ n.g. n.g.
18 Acetophenone n.q. n.qg. n.q. n.qg. n.qg.
Total ketones? 20.0 10.7 114 3.2 -
Ethyl esters
19 Ethyl propanoate n.d. n.d. n.d. n.d. n.d.
20 Ethyl isobutyrate n.gq. n.q. n.q. 130+2¢:8.¢.f.d 103 +2¢.8:b.f.d
21 Ethyl butyrate 426 +1588.¢.d 457.4+1.58b.c.f.d 386+ 9¢e:b.c.f.d 669 + 14¢.8.¢.d 456 +30¢.8:b.f.d
22 Ethyl 2-methylbutyrate n.g. n.q. n.g. n.q. n.g.
23 Ethyl isovalerate n.q. ng. n.g. ng. 63.7 +1.7¢:8:b.f.d
24 Ethyl valerate n.q. n.q. n.q. n.q. n.q.
25 Ethyl hexanoate 502 + 64P.¢.d 597 +51b.c.d 564 + 2b.c.d 1138 +£63¢.8.c.fd 833 +58¢:8:b.f.d
26 Ethyl heptanoate nq. n.q. n.q. n.qg. n.q.
27 Ethyl lactate? 148+ 6¢8:8:b.c.d 59.9+0.9b.c.f.d 59+7f.d 69 +2¢.c.f.d 45.5+0.7¢.8b.d
28 Ethyl octanoate 1143 +131b.cd 810+ 24b.c.d 1030+ 117b.¢.d 1700 + 103¢-8.f.d 1723 +968.8.f.d
29 Ethyl furoate 53.9+0.6¢d 48 +2f.d 51+3d 483+1.84 46 +44
30 Ethyl benzoate n.g. n.qg. n.g. n.g. n.g.
31 Ethyl phenylacetate n.q. n.q. n.q. n.q. n.qg.
32 Diethyl succinate? 3.5+0.3¢8D 1.7+0.3f 1.14+0.16%f 14+026f 2.7+0.38b
Total ethyl esters? 154.0 63.4 61.9 74.4 51.4
Alcohols
33 Methanol? 231+318b.C 129+ 3b.c.f 136.9+1.3b:¢ 54+ 8¢.8.f 64+ 928
34 1-Propanol? 44 4 58.8.b.C 104 £98:b.c.f 69.3+1.7¢:b.c.f 19+3eb.f 16.1£2.3¢8f
35 Isobutanol® 39.4+1.88 34.6+1.3 27.0+0.9f 35.6+1.4 33.5+0.7
36 2-Methyl-1-butanol? 87+38b.cd 82+ 5b.d 75.8+0.5P-f.d 48+ 7f.d 57 +7¢.8fd
37 3-Methyl-1-butanol? 369 +108:b.c.d 330+238:b.d 234.5+1.4¢fd 208 +25¢f.d 246 +36f.d
38 1-Hexanol 2613 +26°:8:b.¢ 23514216 2212 +101f 2350+ 126:f 1902 + 36¢8'b.f
39 Cis-3-Hexen-1-ol 63.7+0.7¢:8/b.c 48 +3f 45 + 261 45.0+0.5f 43.4+2.1f
40 Benzyl alcohol 453.0+1.18:b:¢ 437 +£23¢ 331+3f 408 +38:¢ 348 +9¢.b.f
41 Furfuryl alcohol 1083 +117P 1342+£108:P 1228 +24¢:P 2273 £13488.¢.f 1323 +52P
42 2-Phenylethanol? 92 +4b.d 77 £48b.d 51+4¢.d 37.94+0.01¢fd 60+ 8d
Total alcohols? 865.4 760.5 599.0 406.7 479.5
Terpene
43 a-Terpineol n.d. n.g. n.d. n.g. n.d.
Acids
44 Isovaleric acid 2178 +305¢8:b.d 1104 +288:b.f.d 715+ 348:b.c.fid 1208 + g¢-&.f.d 1343 +998.d
45 Hexanoic acid 4571 +593¢.8.c.d 1806 + 145P:f.d 1915 +256P-f.d 3081+217¢8.¢.d 1965 +221b.f.d
46 Heptanoic acid n.q. n.g. n.qg. n.g. n.g.
47 Octanoic acid 3038 +3888:b.d 2358 +3228.d 836+ 124¢.¢.f.d 1317+131fd 1885 +2788:d
48 Nonanoic acid n.g. n.g. n.g. n.g. n.g.
49 Decanoic acid 802 +1228:b.¢ 960 +1278:b:¢ 172 +26¢f 172+ 38cf 278 +32¢8/b.f
Total acids?® 10.6 6.2 3.6 5.8 5.5
Lactones
50 y-Butyrolactone 4161+ 1628:C 3426 + 3428:b.c 5040 +1188:f 5650 + 552 6167 £490¢f
Phenols
51 Guaiacol 61.7+2.1¢.8b.cd 39+38b.fid 24 +3e.fd 21.6+1.2¢.0d 26+4fd
Total amounts? 2016 2763 1464 1355 1324

n.d.: below detection limit. n.q.: below quantification limit.

2 Concentration in mgL-1.

b Significant differences with sample AG.
¢ Significant differences with sample XR.
4 OAV>1.

¢ Significant differences with sample N.
¢ Significant differences with sample O.

f Significant differences with sample M.
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Fig. 4. Contribution (%) of different groups of quantified volatile compounds to the
volatile profile of wines.

sidered as factors of wine quality because they possess fusel-like
odours [28]. Moderate concentrations of these, however, contribute
to the wine’s aromatic complexity. In this study, the value of higher
alcohols varied significantly according to the yeast used (Table 2).
Other alcohols that reached high concentrations in all the wines
were 2-methyl-1-butanol, 2-phenylethanol, 1-propanol and isobu-
tanol. However, only 3-methyl-1-butanol, 2-methyl-1-butanol and
2-phenylethanol (rose aroma) have an OAV greater than 1.0 in all
the samples. According to Torrens et al. [11], alcohols characterized
by a “vegetal” and “herbaceous” aroma, such as 1-hexanol and cis-
3-hexen-1-o0l, seem to be linked to the yeast strains used. In fact,
the highest producer of these compounds was the M strain while
the lowest amounts were formed by the XR strain. Significantly
different concentrations were found among the strains employed.

Esters in wine have two distinct origins: enzymic esterification
during the fermentation process and chemical esterification during
long-term aging. The same esters may be synthesized in either way
[27]. The most prevalent ester in wine is ethyl acetate. This com-
pound adds complexity to the aroma of wines at low levels, but
it can give an unpleasant odour (vinegary) to the wine at concen-
trations higher than 150 mgL-! [28]. For all our wines, its content
was always below the level considered negative (Table 2), the low-
est amount of ethyl acetate being found in the wine made with the
commercial yeast strain. However, this compound showed OAV > 1
in all the samples. The other acetic ester which was present in high
concentrations was methyl acetate, as was expected in red wines
[27]. This compound makes a different contribution to wine aroma
since it does not present the typical fruity aroma as the other acetic
esters do. As Table 2 shows, concentrations of methyl acetate are
higher in wines elaborated using autochthonous yeast strains than
in those made using commercial strains.

Among acetates, isoamyl acetate has been considered as a qual-
ity factor by several authors especially in young wines [29,30]. This
compound was the only acetate to reach an OAV greater than 1
and only in the XR wine. Moreover, its concentration was signif-
icantly higher compared with those provided by autochthonous
yeast strains.

On the other hand, wine M had the highest amounts of ethyl
esters due to its high content of ethyl lactate and diethyl succinate
(malolactic esters).

All of the ethyl esters responsible for the fruity aroma in wine
showed OAV > 1. Ethyl octanoate, which has a sweet aroma, showed
the highest concentrations followed by ethyl hexanoate (green
apple aroma) and ethyl butyrate (acid fruit aroma) (Table 2). Ethyl
furoate was the ethyl ester with the lowest concentrations, rang-
ing between 54 and 46 g L~!. Ethyl isovalerate (strawberry aroma
[31]) was only found in the wine made with the commercial yeast
strain.

AG and XR were the samples with the highest content of all
“fruity” ethyl esters, including unquantified ones such as ethyl

decanoate, ethyl trans-4-decenoate, ethyl dodecanoate, etc. More-
over, we detected some isoamylic esters (isoamyl hexanoate,
octanoate and decanoate), the samples AG and XR particularly
standing out for their high contents. Therefore, these samples
should be the fruitiest wines.

According to Pérez-Coello et al. [32], yeast strains differ in
their ability to produce acetaldehyde depending on the enzymatic
activity (alcoholic dehydrogenase). In our study, we found signifi-
cant differences among the acetaldehyde produced by some yeast
strains, independently of their origin (autochthonous or commer-
cial) (Table 2).

Fatty acids have been described as giving rise to fruity, cheesy,
fatty and rancid notes. Although, Cg—Cq( fatty acids are usually
related to the appearance of negative odours, they are very impor-
tant for aromatic equilibrium in wines because they oppose the
hydrolysis of the corresponding esters [11], and their presence
plays an important role in the complexity of the aroma [33]. The
production of medium chain fatty acid in wines depends on which
yeast strain is inoculated. Hence, Torrens et al. [11] observed that
specific yeast strains stood out for their production level of charac-
teristic fatty acids [11]. In our case, wine M presented the highest
total amount of acids. Hexanoic acid was the most abundant acid
followed by octanoic and isovaleric acid respectively, excepting
wine N, whose main acid was octanoic. Accordingly, our results
show that the difference among the yeast strains studied is due
to the amount of acid and not the predominant acid. On the other
hand, decanoic acid had the lowest concentrations in all samples.
In fact, it was the only acid whose OAV did not exceed the unit, in
similar way to that observed by Lorenzo et al. [34].

We did not find notable differences between the wines regard-
ing those compounds that were identified but not quantified,
such as trans-3-hexanol, ethyl-3-methylthio-propanoate, dihydro-
2-methyl-3-(2H)-thiophenone, and [3-damascenone among others.

3.4. Sensory analysis

We carried out triangular tests to compare the wines obtained
using the different yeast strains. In all cases, the wines were differ-
entiated by the panel (p<5).

The aroma of the wines were assessed by seven tasters, using
thirteen descriptors (green, floral, red fruit, ripe fruit, raisin, sweet,
meat/sweat odour, nutty, citrus, balsamic, spicy, coffee and gen-
eral impression) previously agreed upon as the best for describing
sensory characteristics of wines.

Fig. 5 shows a “spider-web” graph of the results obtained in
quantitative descriptive analysis (QDA). The attributes that did not
achieve scores higher than 1 in any sample were not represented
in this graph. The sample that showed the highest sensory quality
was N because it reached the highest score for attribute “gen-
eral impression”. In contrast, the wine obtained using commercial
yeast (XR) had the lowest value for this attribute. In fact, this wine
reached the highest value for the “meat/sweat odour” attribute,
that is a negative aromatic characteristic.

If we consider the volatile composition of these wines, samples
AG and XR should have the highest values for the attributes “ripe
fruit” and “sweet aroma” due to their large quantities of fruity ethyl
esters. Moreover, these were the only two wines that presented
the unpleasant “meat/sweat odour” aroma. The presence of com-
pounds responsible for the “meat/sweat odour” could hinder or
distort the assessment of the descriptor “ripe fruit”. On the other
hand, we found some correlations between descriptors and volatile
compounds such as “green” with ethyl acetate or “ripe fruit” with
[3-damascenone.

PCA of the data obtained in QDA was carried out. Fig. 6 shows
the score plot of the first two PCs. The plan made of the first two
PCs (Fig. 6) indicates that the samples are divided into three groups.
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Fig. 5. Sensory profiles of red wine samples (a) significant differences between samples produced by commercial and autochthonous yeast strains; (b) significant differences
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Fig. 6. Score plot of sensory descriptive variables (A) and wine samples (B) in the
plan made of the first two principal components (PC1 against PC2).

One group is closely related to fresh and vegetable aroma (M, AG),
another with fruit-sweet aroma (N, O0), and the last group with the
unpleasant aroma “meat/sweat odour” (XR). This last sample is also
the most separated from the rest. These results are consistent with
those obtained in the triangle tests. The samples differentiated by

the panel with the highest percentages of success are those that
appear more distant in Fig. 6, such as: M-N, N-XR, M-0 or AG-XR.

4. Conclusions

The concentrations of most of the volatile compounds were sig-
nificantly influenced by the yeast strain. Furthermore, because the
implantation percentage of the strain sown in each vat was 100%,
we can say that each strain tested is responsible for the volatile pro-
file of the resulting wine. The differences observed in the volatile
composition of wines obtained from different yeast strains appear
to be quantitative rather than qualitative.

The results obtained in the sensory analysis suggest that
autochthonous yeast produced wines of higher organoleptic qual-
ity.

Autochthonous yeast strains could be employed instead of com-
mercial ones, thus enhancing the biodiversity.

Autochthonous yeast strains have been shown to be able to
produce wines with different volatile profiles. Some of them have
produced wines rich in alcohols and others have produce wines
rich in fruity esters. All of them could be suitable for winemaking
depending on the desired wine style. Moreover, several authors
have demonstrated that coinoculation of wine yeast can be used
in order to modulated the volatile composition and sensory profile
of wines when a balanced yeast combination is used. Coinoculated
fermentations are a promising tool for the wine industry, allow-
ing winemakers to alter the aroma of wines according to market
specifications [8]. Future research will focus on coinoculated fer-
mentations.
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