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RESUM

El desenvolupament de resisténcia als fungicides per part de molts patogens en
postcollita de fruites i vegetals, conjuntament amb una preocupacié creixent de la
societat respecte als perills sanitaris i mediambientals que comporten els pesticides i els
seus residus, han generat un gran interés pel desenvolupament de metodes alternatius
als productes quimics de sintesi. El control bioldgic mitjangant la utilitzacié de
microorganismes antagonics s’ha presentat com una de les alternatives més
prometedores al control quimic. L’esfor¢ que la investigacié dedica a aquesta area ha
incrementat d’una manera espectacular, i aix0 s’esta comengant a reflexar en el nombre
d’agents de biocontrol disponibles en el mercat o en fase de recerca. Entre ells destaca
la soca CPA-1 del llevat Candida sake, aillada de la superficie de pomes en el
laboratori de Patologia del Centre UdL-IRTA. Aquesta soca ha demostrat tenir una
bona capacitat antagonica enfront els principals fongs patdgens en postcollita de fruita
de llavor. Fins al moment, C. sake ha estat patentada a Espanya i cinc paisos més. No
obstant, cara a la comercialitzacié d’aquest biofungicida és necessari obtenir una
formulacid, que permeti una presentacié adequada del producte, amb una alta viabilitat
i estabilitat en el temps i que faciliti la seva distribuci6 i aplicacié mitjangant les
técniques ja existents. Ademés, aquesta formulacié ha de tenir una efectivitat
comparable a les cél-lules fresques.

L’objectiu de la present tesi ha estat ’estudi de les bases per a la formulaci6 d’aquest
agent de biocontrol. En primer lloc, es va estudiar la possibilitat de deshidratar aquest
agent mitjangant la liofilitzacié, avaluant els diferents factors que poden contribuir a
incrementar la viabilitat, com el métode de congelaci6 i I’addicié de substancies
protectores (Capitol 3), i el medi utilitzat en la rehidratacié de les cél-lules liofilitzades
(Capitol 4). També es va avaluar ’efectivitat de les céllules liofilitzades contra
Penicillium expansum en pomes “Golden Delicious” i la seva estabilitat en condicions
d’emmagatzematge (Capitol 4). Ja que la manipulaci6 fisiologica de les condicions de
creixement pot afectar significativament la qualitat de les célllules i la seva
competéncia ecologica, es van dur a terme estudis per avaluar ’efecte que té la
modificacié de I’activitat aigua (ay) d’un medi de cultiu a base de melassa de sucre de
canya en el potencial hidric de les cél-lules (Capitol 5), en el creixement de C. sake, en
I’acumulacié de reserves enddgenes i en la resisténcia a I’estrés hidric (Capitol 6).
Finalment, basant-nos en aquests resultats, es va estudiar per primer cop la possibilitat
de conservar les cél-lules de C. sake en solucions liquides isotdniques (Capitol 7).

Les cél'lules de C. sake es van mostrar molt sensibles al procés de liofilitzacid. La llet
en pols desnatada, utilitzada al 10%, va presentar-se com un bon protector i va donar
un producte sec pords i facilment rehidratable. Amb la utilitzacié d’una solucié
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protectora que contenia el 10% de llet en pols i el 10% de lactosa, es va aconseguir
augmentar la viabilitat de les cél-lules fins el 40%. El medi de rehidrataci6 també es va
presentar com un factor important per a la reactivacié del llevat. Aixi, utilitzant el 10%
de llet en pols com a medi de rehidratacié enlloc de la solucié amortidora de fosfat, la
viabilitat va augmentar del 40 al 85%. Les céllules liofilitzades van reduir el
percentatge de podridures causades per P. expansum en pomes “Golden Delicious”. No
obstant, la seva efectivitat va ser menor que la de les cél-lules fresques. La viabilitat del
producte liofilitzat va disminuir fins el 10% després de 2 mesos de conservacio6 a 4°C.

El potencial hidric de les cél-lules crescudes en el medi a base de melassa amb a,,
modificada i sense modificar, va disminuir en disminuir I’a,, del medi de cultiu
Ademés, aquesta modificacié de I'a,, del medi de cultiu va provocar un canvi en les
reserves endogenes de les cél'lules de C. sake, sense afectar significativament el seu
creixement quan U'a,, del medi va ser de 0,98. Les cél-lules crescudes durant 48 hen el
medi de melassa no modificat i els modificats a a,, de 0,98 mitjangant 1’addici6 de
glicerol o NaCl, van presentar gran resisténcia a I’estrés hidric. Els principals soluts
acumulats en les cél-lules de C. sake quan I’a,, del medi de cultiu es va reduir van ser el
glicerol i P’arabitol.

El medi de cultiu, el solut utilitzat per a disminuir el potencial hidric de les solucions
liquides i la temperatura de conservacid, van influir en la viabilitat de C. sake
conservada en medi liquid, essent el medi de melassa no modificat i els modificats a a,,
0,98 amb glicerol o sorbitol els millors. S’ha aconseguit una formulacié isotonica que
després de 7 mesos de conservacié a 4°C manté la seva viabilitat, i efectivitat contra
P. expansum en pomes “Golden Delicious”. Aquesta formulacié es va preparar fent
créixer les cél-lules en el medi de melassa modificat amb sorbitol (a, 0,98) i
conservant-les amb una solucio isotonica de trealosa.



RESUMEN

El desarrollo de resistencias a los fungicidas por parte de muchos patégenos,
conjuntamente con un creciente interés social sobre los riesgos medioambientales y
para la salud que tienen estos pesticidas, han generado un gran interés en el desarrollo
de métodos alternativos a los productos quimicos de sintesis. El control biolégico de
las enfermedades de postcosecha en fruta de pepita se ha mostrado como una de las
alternativas mas prometedoras al control quimico. El esfuerzo que la investigacion
dedica a esta 4rea ha incrementado de manera espectacular, y eso se estd empezando a
reflejar en el niimero de agentes de biocontrol disponibles en el mercado o en fase de
estudio. Entre ellos destaca la cepa CPA-1 de la levadura Candida sake aislada de la
superficie de manzanas en el laboratorio de Patologia del Centro UdL-IRTA. Esta cepa
ha demostrado tener gran actividad antagénica contra los principales patégenos de fruta
de pepita. Hasta el momento se ha patentado en Espafia y cinco paises més. Sin
embargo, para su aplicacién comercial, es necesario formular este agente de biocontrol,
con la finalidad de presentar el producto, con una alta viabilidad y estabilidad a lo largo
del tiempo y que facilite su distribucidn y aplicacién con las técnicas ya existentes.
Ademés, esta formulacion ha de tener una efectividad comparable a la de las células
frescas.

El objetivo de la presente tesis ha sido el estudio de las bases para la formulacion de
este agente de biocontrol. En primer lugar se estudié la posibilidad de deshidratar este
agente mediante liofilizacion, evaluando los diferentes factores que puedan contribuir a
incrementar su viabilidad, como el método de congelacion y la adicién de sustancias
protectoras (Capitulo 3), y el medio utilizado para la rehidratacién de las células
liofilizadas (Capitulo 4). Se evalu6 la efectividad de las células liofilizadas contra
Penicillium expansum en manzanas “Golden Delicious” y su estabilidad en
condiciones de almacenamiento (Capitulo 4). Como la manipulacién fisioldgica de las
condiciones de crecimiento pueden influir significativamente en la calidad de las
células y en su competencia ecologica, se llevaron a cabo estudios para evaluar el
efecto que tiene la modificacion de la actividad de agua (ay) de un medio de cultivo a
base de melaza de aziicar de caiia en el potencial hidrico de las células (Capitulo 5), en
el crecimiento de C. sake, en la acumulacién de reservas endégenas y en la resistencia
al estrés hidrico (Capitulo 6). Finalmente, basidndonos en estos resultados, se estudié
por primera vez la posibilidad de conservar las células de C. sake en soluciones
liquidas isoténicas (Capitulo 7).

Las células de C. sake se mostraron muy sensibles al proceso de liofilizacion. La leche
en polvo desnatada utilizada al 10% se presenté como un buen protector. Ademds el
producto obtenido fue poroso y facilmente rehidratable. Con la utilizacién de una
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solucion protectora, que contenia el 10% de leche en polvo y el 10% de lactosa, se
consiguié aumentar la viabilidad de las células hasta el 40%. El medio de rehidratacion
también se presenté como un factor importante para la reactivacion de la levadura tras
su liofilizacion. Asi, la viabilidad de las células de C. sake utilizando el 10% de leche
en polvo como medio de rehidratacién en vez de tampén fosfato, aumentd del 40 al
85%. Las células liofilizadas redujeron el porcentaje de podredumbre causado por
P. expansum en manzanas “Golden Delicious”. Sin embargo, su efectividad fue menor
que la de las células frescas. La viabilidad del producto liofilizado disminuyé hasta el
10% después de dos meses de conservacion a 4°C.

El potencial hidrico de las células crecidas en un medio a base de melaza con a,
modificada y sin modificar, disminuyé al disminuir la a,, del medio de cultivo.
Ademds, esta modificacion de la ay, del medio de cultivo, provocé un cambio en las
reservas enddgenas de las células de C. sake sin afectar significativamente a su
crecimiento cuando la a,, del medio de cultivo fue 0,98. Las células que crecieron
durante 48 h en el medio de melaza no modificado y en los modificados a a,, 0,98 con
glicerol o NaCl presentaron una gran resistencia al estrés hidrico. Los principales
solutos acumulados en las células de C. sake cuando la g, del medio de cultivo se
redujo fueron el glicerol y el arabitol.

El medio de cultivo, el soluto utilizado para disminuir el potencial hidrico en las
soluciones liquidas y la temperatura de conservacion, influyeron en la viabilidad de
C. sake conservada en medio liquido, siendo los mejores el medio de melaza no
modificado y los modificados a a,, 0,98 con glicerol o sorbitol. Se consiguié una
formulacién isotonica que, después de 7 meses de conservacion a 4°C, mantuvo su
viabilidad y efectividad contra P. expansum en manzanas “Golden Delicious”. Esta
formulacién se prepar6 haciendo crecer las células en el medio de melaza modificado
con sorbitol (a,, 0,98) y conservandolas con una solucién isoténica de trealosa.
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SUMMARY

Biological control has emerged as the most promising alternative to chemicals in
controlling postharvest diseases of fruit and vegetables. The development of resistance
to many fungicides by major postharvest pathogens and concern for public safety have
been the main driving force in the search for new and safer methods. The research
effort expended in this area has increased dramatically and this is beginning to be
reflected in the number of biocontrol agents available in the marketplace or in study.
Among them stands out the strain CPA-1 of the yeast Candida sake, which was
isolated from the apple surface in the Pathology laboratory of the UdL-IRTA Centre.
This strain has demonstrated to have antagonistic activity against the major postharvest
pathogens of pome fruits. C. sake has been patented in Spain and in five other
countries. However, for commercial application, this antagonist should be formulated
in order to present the product in a usable form, with high viability, stability, safety,
ease of distribution and application, and with retained biocontrol activity similar to that
of fresh cells.

The objectives of the present work were to carry out fundamental and applied studies
to enable effective formulations of C. sake. Thus, dehydration of this biocontrol agent
using freeze-drying was studied. The effect of freezing method and protectants was
evaluated (Chapter 3), and the effect of rehydration media on viability examined
(Chapter 4). Subsequently, the efficacy of such treatments against Penicillium
expansum on Golden Delicious apples, and stability of the freeze-dried C. sake cells
was also investigated (Chapter 4). Because physiological manipulation of growth
conditions can significantly affect quality of cells and ecological competence studies
were carried out on the effect of different water activity (ay,) treatments in molasses-
based media on changes in internal water potentials (Chapter 5), and on growth
parameters, accumulation of endogenous reserves and water stress tolerance identified
(Chapter 6). Finally, based on these studies the potential for preserving C. sake cells in
isotonic solutions to conserve viability and shelf-life were evaluated for the first time
(Chapter 7).

C. sake cells were very sensitive to the freeze-drying process. Powdered skimmed milk
(SM) used at 10% concentration was shown to give good protection to cells of C. sake
against freeze-drying, providing the freeze-dried product with a porous structure that
made rehydration easier. The combination of 10% SM + 10% lactose was the best
combination tested, with 40% of cells remaining viable after freeze-drying. The
rehydration medium was shown to be a critical factor influencing the recovery of
C. sake cells. Using 10% SM as a rehydration medium instead of potassium phosphate,
cell viability increased from 40 to 85%. Freeze-dried C.sake cells reduced the
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incidence of decay caused by P. expansum in Golden Delicious apples. However, its
efficacy was lower than that obtained with fresh cells. Stability of freeze-dried cells
decreased during their preservation, and their viability was reduced to 10% after 2
months storage at 4°C.

Water potential of C. sake cells grown in molasses-based media with modified a,,
decreased with decreasing a,, of medium. Moreover, modification of the a, of the
culture medium changed the concentration of endogenous sugars and polyols without
affecting significantly its growth when the a,, of the medium was 0.98. Cells grown for
48 h in the unmodified molasses-based medium, and in those modified to 0.98 a,, with
the addition of NaCl or glycerol showed high water stress resistance. The main solutes
accumulated in C. sake cells in response to lowered a, of molasses media were
glycerol and arabitol.

Culture and preservation medium and temperature greatly influenced the viability of
C. sake cells in isotonic liquid solutions. Unmodified molasses medium and those
modified to 0.98 a,, with the addition of glycerol or sorbitol were shown to be the best
culture medium for cells of C. sake. This study enabled an isotonic liquid formulation
of C. sake cells with retained viability and efficacy against P. expansum on Golden
Delicious apples after 7 months of storage at 4°C to be achieved. This formulation was
prepared by growing the cells in sorbitol-modified molasses medium (ay, 0.98) and
preserving them in an isotonic trehalose solution.
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1. EL CONTROL BIOLOGIC

1.1. Introduccid

El control biologic, en un sentit ampli, pot definir-se com 1I’is d’agents vius per a
controlar plagues, patogens i males herbes. Durant ’Gltima década, el control biologic
ha sofert una atenci6 creixent per part de la comunitat cientifica, la premsa i el domini
public. Aquests esforgos van sorgir de la necessitat d’alternatives als productes quimics
de sintesi per al control de malalties degut al desenvolupament de soques resistents
(Bertrand i Saulie-Carter, 1978; Rosenberg i Meyer, 1981; Viiias i cols., 1991, 1993) i
la preocupaci6 per la seguretat del consumidor (National Research Council, 1987).
L’esforg en la investigacié dedicat en aquesta area, ja sigui per part del sector public o
privat, ha incrementat d’una manera espectacular, i aixo s’estd comengant a reflexar en
el nombre d’agents de biocontrol disponibles en el mercat (Butt i cols., 1999; Droby i
cols., 1998; Janisiewicz i Jeffers, 1997; Rhodes, 1993).

1.2. Avantatges del control biologic

Alguns dels avantatges del control microbiologic en relacié a altres sistemes de lluita,
es poden resumir en els segiients (Deacon, 1983):

Sén més segurs

Poden ser persistents al llarg del temps

Produeixen un efecte insignificant en el balang ecologic

Son freqiientment compatibles amb altres sistemes de control, inclosos els
productes quimics de sintesi, per la qual cosa es poden aplicar
conjuntament

YV VVY

1.3. Caracteristiques desitjables d’un agent de biocontrol

A P’hora d’establir la seleccié dels agents de biocontrol que aplicarem per controlar una
determinada malaltia, haurem de considerar les segiients caracteristiques (Wisniewski i
Wilson, 1992):

Estabilitat genética

Efectivitat a baixes concentracions

Poca exigéncia pel que fa a requeriments nutritius

Efectivitat per a un gran nombre de patdgens i per diversos fruits i
vegetals

Capacitat de reproduir-se en medis de creixement econdomics

Facilitat d’aplicacio

VVVY

A\ 2%
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» No produir metabolits secundaris que siguin toxics per les persones o
animals

> Resisténcia als insecticides i fungicides amb qué pot arribar a estar en

contacte

Compatibilitat amb altres tractaments quimics o fisics

No patogénic sobre I’hoste

Capacitat de sobreviure sota condicions adverses (incloses baixes

temperatures i I’emmagatzematge en atmosferes modificades)

VvV VYV V

1.4. Situaci6 actual

Darrerament s’ha intensificat la recerca en el camp de la lluita biologica de les
malalties de postcollita en fruita. En pomes i peres podem destacar, entre d’altres, els
estudis de Janisiewicz (1987, 19884, 1991), Janisiewicz i Roitman (1988), Janisiewicz
i Marchi (1992), Vifias i cols. (1998), Usall i cols. (2000a, b). En el camp dels citrics
destaquen els estudis de Chalutz i cols. (1988), Smilanick i Denis-Arrue (1992), Vifias
i cols. (1999). En fruits tropicals i subtropicals trobem les investigacions de
Kanapathipilla i Jantan (1985), Koomen i Jeffries (1993), Korsten i cols. (1993) i sobre
fruites petites, com ara la maduixa, Janisiewicz (19885). En la Taula 1 estan descrits
alguns exemples d’éxits obtinguts en la recerca d’agents de biocontrol de patdgens en
pomes i peres.

La industria, el govern i la poblacié comparteixen expectatives en el control biologic.
Si aquestes expectatives s’han de veure complertes, es necessiten formulacions
adequades. Fins ara, la recerca publicada en aquesta area €s, malauradament, escassa en
comparacié amb el volum considerable de bibliografia que existeix en referéncia a
efectivitat, mode d’acci6 i genética. Aixd pot ser degut, en part al fet de qué molta
informacié existeix com a secret comercial. El desenvolupament d’una tecnologia de
formulacio dirigida als requeriments dels agents microbians és essencial si els agents
de biocontrol volen presentar-se com una alternativa real als productes quimics
(Rhodes, 1993).

Actualment també s’esta treballant en la millora de la capacitat antagonica dels agents
de biocontrol ja descoberts, com ara ’addici6 de nutrients (Janisiewicz i cols., 1992) o
la combinacié amb altres sistemes de lluita (El-Ghaouth i Wilson, 1995). També

s’estan dedicant molts esfor¢os en comengar a treballar en la seva manipulaci6 genetica
(Pusey, 1994).
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Taula 1. Antagonistes en el control dels principals patdgens de postcollita en fruita de llavor,

Malaltia Patogen Agent de biocontrol Referéncia

POMES" -

Podridura blava  Penicillium expansum  Pseudomonas syringae Janisiewicz, 1987
Pseudomonas cepacia Janisiewicz i Roitman, 1988
Cryptococcus spp. Roberts, 1991;

Wilson i cols., 1993

Pichia guilliermondii McLaughlin i cols., 1990
Candida sake Wilson i cols., 1993
Pichia anomala K i Jijakli i cols., 1993
Candida sake O
Candida sake CPA-1 Viftas i cols., 1996, 1997
Cryptococcus laurentii HRAS, Chand-Goyal i Spotts, 1997
Cryptococcus infirmominiatus YY6 i
Rhodotorula glutinis HRB6

Podridura grisa ~ Botrytis cinerea Pichia guilliermondii Wisniewski i cols., 1988;

McLaughlin i cols., 1990

Pseudomonas cepacia Janisiewicz i Roitman, 1988
Cryptococcus laurentii Roberts, 1990a
Acremonium breve Janisiewicz, 19885
Candida sake CPA-1 Vifias i cols., 1996, 1997

Podridura per Rhizopus nigricans Candida sake CPA-1 Viitas i cols., 1996, 1997

Rhizopus

'PERES. =
Podridura blava  Penicillium expansum  Pseudomonas cepacia Janisiewicz i Roitman, 1988
Podridura grisa  Botrytis cinerea Pseudomonas cepacia Janisiewicz i Roitman, 1988

Bacillus pumilus 3PPE i Mari i cols.. 1996
Bacillus amyloliguefaciens 2TOE

Mucor Cryptococcus laurentii, Cryptococcus Roberts, 1990b
Savus i Cryptococcus albidus

2.PROCES DE DESENVOLUPAMENT D'UN AGENT DE
BIOCONTROL

Bowers (1982), va indicar la seqiiéncia de passos necessaris per poder comercialitzar
un agent de biocontrol:

» Descobriment i identificaci6 de I’agent de biocontrol

> Realitzaci6 dels assaigs d’eficacia
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» Realitzacié dels assaigs de seguretat, tant per a [’home, com per a
I’ambient i per als organismes que no ha de controlar

» Estudi de I’estabilitat genética de I’agent de biocontrol, ja que durant la

seva utilitzacié no hauria de perdre la seva viruléncia

Estudi del seu potencial per a la produccioé en massa

Formulaci6 de I’agent de biocontrol amb elements que incrementin la seva

eficacia

Realitzacié d’assaigs d’estabilitat i caducitat del producte

Estudi de mercat potencial

Avaluacio dels costos del producte

Realitzacié d’analisis d’inversid

Realitzaci6 d’assaigs a nivell comercial

Patentar I’agent de biocontrol

Registre de I’agent de biocontrol

Comercialitzacio i venda del biopesticida als usuaris

vV Vv

YV VVVVVYVYV

2.1. Descobriment, identificacié, assaigs d’eficacia, toxicologia i patent
de I’'agent de biocontrol C. sake

La soca CPA-1 del llevat Candida sake (Saito i Ota) van Uden i Buckley va ser aillada
de la superficie de pomes procedents de frigoconservacio en el centre UdL-IRTA de
Lleida. Aquesta soca presenta una efectivitat molt elevada com a antagonista de les
principals floridures causants de podridura en postcollita de pomes i peres al nostre
pais: Penicillium expansum, Botrytis cinerea i Rhizopus nigricans (Vifias i cols., 1998).

Aquesta soca va ser identificada pel “Centraalbureau voor Schimmelcultures”
d’Holanda i es troba dipositada a la “Coleccion Espafiola de Cultivos Tipo” (CECT-
10817) de Valéncia. Esta patentada a Espanya (Viiias i cols., 1997) i als EUA, Xile,
Austrdlia, Nova Zelanda i la Republica Sud-africana. Queda pendent I’extensié de la
patent a 16 paisos més. L’empresa Sipcam-Inagra en té els drets d’explotacio.

En cultiu en placa, les seves colonies son de color blanc cremds, rodones, ben
definides, amb vora llisa i una lleugera elevacié central. Presenta pseudohifes en els
cultius. Al microscopi de rastreig (Scanning Electronic Microscope, SEM) s’observa
que les cél-lules sén elliptiques o el-liptiques allargades i presenten reproduccio
vegetativa per gemacié multilateral (Fotografia 1).

Aquesta espécie es pot trobar al sake, la cervesa, el vi, el suc de raim i I’aigua, entre
daltres productes naturals (Barnett i cols., 1990). Es important destacar que I’espécie
C. sake no s’ha trobat associada a animals de sang calenta (Hurley i cols., 1987). A
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més a més la ingestio de les dosis aplicades en el control biologic de I’esmentada soca
no representen cap perill toxicologic per a I’ésser huma, ja que no pot desenvolupar-se
a 37°C (temperatura corporal) i és rapidament destruida en contacte amb el suc gastric
simulat (Usall, 1995). La seva Dosi Letal 50 (DLso) és superior a 1,7 x 10" ufc kg™,
quan s’administra per via oral a rates Wistar. Els estudis toxicologics es van realitzar al
“Centre d’Investigacié i Desenvolupament Aplicat” (SAL) de Barcelona.

Fotografia 1. Vista general del llevat C. sake després de 24 h de creixement
sobre pomes “Golden Delicious” (x 7500, Microscopi Electronic de Rastreig,
SEM). '

La seva efectivitat ha estat ampliament demostrada a nivell de laboratori, tant a 20°C
com en condicions de refrigeracio (Usall, 1995; Vifias i cols., 1996, 1998). També és
efectiva a nivell semi-comercial en condicions de refrigeraci6 (Usall i cols., 2000a). A
petita escala també s’ha demostrat la seva efectivitat contra P. expansum en pomes en
refrigeracié amb diferents condicions d’atmosfera controlada (Usall i cols., 2000a).
Finalment cal destacar que durant tres campanyes s’han fet assajos en condicions
comercials que han demostrat que C. sake, aplicada a una concentracié de 10" ufc ml”,
és igualment efectiva en el control de patdgens de postcollita que el fungicida de sintesi
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imazalil i més efectiva inclis que la barreja de tiabendazol i folpet a les dosis
comercials (Usall i cols., 20005). També s’ha assajat la seva efectivitat contra
P. expansum en pomes mitjangant aplicacions en precollita (Teixid6 i cols., 1998a,
1999). La fotografia 2 mostra ’aplicacié de C. sake a nivell comercial mitjangant
drenxer.

Fotografia 2. Assaig comercial d’efectivitat de C. sake en pomes “Golden Delicious”.
Esquerra: Aplicaci6 en drenxer. Centre: Vista superior del drenxer. Dreta: Palots tractats.

2.2. Producci6 d’agents de biocontrol

La producci6 de la biomassa és el segiient pas en el desenvolupament d’un agent de
biocontrol. Per aquesta finalitat es poden utilitzar sistemes de fermentaci6 liquida,
semi-solida i solida (Lumsden i Lewis, 1989). No obstant, la fermentaci6 liquida és la
preferida (Churchill, 1982).

Un primer pas en la produccié d’un agent de biocontrol és el desenvolupament d’un
medi de cultiu adequat, utilitzant subproductes agricoles barats, rapidament disponibles
i amb P’adient balang¢ nutricional (Latgé i Soper, 1977). Les melasses, el llevat de
cerveseria, I’aigua de maceraci6 de panis, i la farina de soja, entre altres, son materials
acceptables (Lisansky, 1985).

Hi ha altres factors a considerar en la fermentacié liquida, com ara la velocitat a la que
es produeix la biomassa, ja que aquesta afecta el cost de produccié aixi com també el
risc de contaminacions (Lisansky, 1985). Aixi, és desitjable obtenir I’0ptima quantitat
de biomassa en el menor temps possible. Actualment, les melasses sén la font de sucres



8 BASES PER A LA FORMULACIO DE L’ AGENT DE BIOCONTROL Candida sake CPA-1

fermentables més barata i son les més utilitzades en la produccié industrial del llevat de
pastisseria i de cerveseria, Saccharomyces cerevisiae (Reed i Nagodawithana, 1991).

Quant a la producci6 del llevat C. sake, actualment s’estan duent a terme assajos en
I’optimitzacié de les condicions de fermentaci6 en planta pilot. El medi de cultiu i les
condicions de creixement a nivell laboratori estan ja definides. El medi estd compost
principalment per melassa de sucre de canya suplementada amb urea, degut a qué la
melassa és deficitiria en nitrogen. En aquest medi és possible produir una gran
quantitat de cél-lules que sén igualment efectives per al control de les principals
malalties en fruita de llavor (Arévalo, 1998).

2.3. Formulacié d’agents de biocontrol

Gairebé totes les matéries actives emprades en la proteccié dels conreus es formulen
abans de la seva comercialitzaci. La formulaci6 és necessaria per poder obtenir una
presentaci6é adequada del producte i optimitzar la seva eficacia, estabilitat, seguretat i
maneig (Rhodes, 1993). Ja que aquest és un dels punts centrals de la tesi, se’n fara
referéncia extensa més endavant.

2.4. Registre d’agents de biocontrol

Un cop obtinguda la patent de I’agent de biocontrol i la formulaci6 adequada que
compleixi amb els requisits desitjats s’ha de procedir al registre del producte. També es
pot registrar el microorganisme com a matéria activa.

En el cas dels EUA, ja existeix una normativa especifica de registre d’agents de
biocontrol (biopesticides). L’Agéncia de Proteccié Mediambiental dels EUA (EPA), va
crear la “Biopesticides Pollution and Prevention Division” (BPPD) amb la finalitat
d’accelerar el registre de biopesticides. Aixi, la BPPD va aprovar el registre de catorze
nous biopesticides 1’any 1995 i deu el 1996, representant un 35-40% del total dels nous
pesticides registrats. La durada mitja per al registre d’un biopesticida és de 12 mesos
vs. 36-45 mesos necessaris per a un pesticida quimic convencional. A més a més,
I’agéncia requereix moltes menys dades per un biopesticida ja que molts d’ells no
presenten cap efecte advers ni pels humans ni pel medi ambient (Menn i Hall, 1999).
D’entre els biopesticides registrats I’any 1995 cal destacar alguns productes biologics
en el control de malalties de postcollita de fruita: el Bio-Save 10 i 11 (Pseudomonas
syringae ESC-10 i ESC-11, EcoScience Corp., Worcester, MA) i I’Aspire (Candida’
oleophila 1-182, Ecogen Inc., Langhorne, PA).

En canvi, al nostre pais i a la resta de la UE, el registre representa un obstacle
important per a la comercialitzaci dels agents de biocontrol i la situaci6 regulatoria
esta encara en un moment de canvi continu. No existeix una normativa especifica pels
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agents de biocontrol, i és la Directiva 91/414/CEE, Ia que cobreix els requeriments per
ambdés, els pesticides quimics i els biologics. La finalitat d’aquesta directiva és
establir els procediments harmonitzats per I’autoritzacié de productes per a la protecci6
de cultius dins la UE. En aquesta directiva es defineixen tots els assajos que s’han de
dur a terme i totes les dades que s’han de facilitar, tant si és un biopesticida com a
materia activa o si és ja un producte formulat. El procés de registre pot durar 3-4 anys o
més (Neale i Newton, 1999).

3. FORMULACIO D’AGENTS DE BIOCONTROL

3.1. Principis de formulacié

La formulacié €s necessaria per a presentar el producte en una forma utilitzable, i per a
optimitzar I’eficacia, estabilitat, seguretat i facilitat d’aplicacié del producte (Rhodes,
1993). La matéria activa d’un pesticida biologic (biopesticida) és, generalment, el
microorganisme en si, excepte en el cas que sigui un antibiotic o toxina que produeix
durant la seva fermentaci6 o quan s’associa amb el patogen o la planta hoste
(Whitesides i cols., 1994). A més a més de la matéria activa, el dissolvent o el suport
inert, les formulacions poden contenir un nombre d’adjuvants, definits com els
compostos que ajuden o modifiquen 1’accié de Pingredient actiu (Foy, 1989). Els
adjuvants compleixen tres funcions principals. Primer, poden ser utilitzats per
optimitzar I’activitat de I’ingredient actiu; Segon, poden millorar les caracteristiques
del producte formulat durant la seva aplicacid, per tal de distribuir i retenir I’ingredient
actiu de la manera més eficient. [ tercer, poden utilitzar-se per a mantenir P’estabilitat i
la integritat fisica de la formulaci6 durant el procés d’aplicacié (Rhodes, 1993).

La principal diferéncia entre els productes quimics i els agents de biocontrol és que,
aquests Gltims sén organismes vius, capagos de multiplicar-se en el medi ambient.
Freqiientment, és necessari que es multipliquin després de la seva aplicacié per tal de
controlar la plaga, patogen o mala herba. L’agent de biocontrol ha de formular-se i
mantindre’s en forma activa o viable. Els agents de biocontrol son particules discretes,
ja siguin cél-lules, espores, virus o estructures multicel-lulars. En general, Ia integritat
d’aquestes estructures no pot ser alterada sense inactivar ’agent. La formulaci6 ha de
proveir les condicions que mantinguin la viabilitat durant la preparacio,
emmagatzematge i aplicacid, i afavoreixin la supervivéncia de P’agent en el medi
ambient, aixi com que recuperin rapidament els seus processos metabolics un cop s’ha
aplicat (Rhodes, 1993). Per aconseguir aixo, es realitza algun tipus de deshidrataci6 de
’agent, ja sigui mitjangant aire, atomitzaci6 o liofilitzacié. Aixd també afavoreix el
maneig de ’agent de biocontrol pels canals normals de distribucid i emmagatzematge.
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L’exclusio de ’aigua ralenteix el metabolisme de les cél-lules, preveu ’acumulacié de
productes toxics i disminueix la desnaturalitzacié de les proteines. Aquesta alternativa
ha estat utilitzada amb éxit amb bacteris, virus i fongs. Desafortunadament, no tots els
microorganismes s han mostrat susceptibles a ser assecats i molts tendeixen a perdre la
viabilitat durant el procés d’assecat i d’emmagatzematge (Kirsop i Doyle, 1991;
Lapage i Redway, 1974).

Mantenir la viabilitat dels agents de biocontrol presenta un gran nombre de problemes
t€cnics, ja que els microorganismes i proteines, especialment quan no tenen estructures
especialitzades de repos, s’inactiven o moren facilment en condicions mediambientals
desfavorables (Kirsop i Doyle, 1991). Aixo pot passar durant el procés de formulacio,
si el microorganisme s’exposa a la calor, compostos tOxics, dessecacié incontrolada, o
prematura germinaci6 en preséncia d’humitat. Per tant, el procés de formulaci6 ha de
ser dissenyat amb molta cura segons les necessitats i limitacions de cada organisme
(Rhodes, 1993).

Una alternativa a la deshidratacié és la suspensio en olis, amb la finalitat d’excloure
Poxigen de I’organisme, prevenint aixi la respiracié. Un exemple d’aquest sistema
seria el Dipel ESNT, un insecticida formulat de Bacillus turingensis subspp. kurstaki,
en el qual I’ingredient actiu esta encapsulat i després suspés en una base oliosa (Butt i
cols., 1999).

Finalment, la formulaci6 de ’agent de biocontrol ha d’estar composada de substancies
inofensives. Una de les principals caracteristiques dels agents de biocontrol és el seu
benefici en el respecte del medi ambient, dels enemics naturals, dels consumidors i dels
usuaris. Aquests beneficis serien eliminats si s’afegeixen components toxics en la
formulacié (Butt i cols., 1999).

3.2. Emmagatzematge i distribuci6

Un altre problema, encara més dificil, és la necessitat de mantenir la viabilitat o
activitat durant ’emmagatzematge o conservacié i distribucid, ja que els productes
s’haurien de poder emmagatzemar durant periodes entre dos i quatre anys, i les
condicions d’emmagatzematge estan habitualment fora del control del productor. En
algunes ocasions és possible estipular que el producte s’hagi de refrigerar i utilitzar
durant un perfode restringit, o encarregar-lo amb antelacid i utilitzar-lo immediatament
un cop lliurat. No obstant, aquestes restriccions s’accepten només quan el producté
s’utilitza en poca quantitat o quan té alguna propietat unica que justifica la
inconveniéncia i les despeses per part del distribuidor i usuari (Rhodes, 1993). El
distribuidor també espera que el producte envasat tingui el tamany i la forma estandard
(Butt i cols., 1999).
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Les formulacions d’organismes vius pateixen degradacions significants en el temps.
Aquest problema s’agreuja quan s6n fongs o bacteris no formadors d’espores. La
situaci6 és una mica més facil quan el microorganisme forma espores. Les estructures
de repos estan dissenyades per a retenir 1’aigua, ser resistents i sobreviure de forma
viable incliis quan les condicions sén adverses. Aquests tipus de microorganismes son
més facilment formulables i els productes liquids, com per exemple suspensions
concentrades, sén molt factibles (Butt i cols., 1999).

3.3. Aplicacio

Es igualment important que el tipus de formulacié i el material d’embalatge siguin
similars a aquells amb qué¢ el productor esta acostumat. Els Vproductes s’han de poder
aplicar mitjangant les técniques i equipaments ja existents. Es poc probable que el
productor inverteixi en una nova maquina només per a tractar amb un agent de
biocontrol. D’altra banda, el productor vol comprar I’agent de biocontrol a través del
mateix canal de distribucié que els agroquimics (Butt i cols., 1999).

3.4. Tipus de formulacions

Les formulacions de biopesticides poden ser liquides o solides. Aquestes varien des del
fresc comprimit conservat a 4°C i utilitzat rapidament fins a sofisticades preparacions
liofilitzades i conservades en atmosferes de nitrogen (Powell, 1992).

3.4.1. Formulacions liquides

Inclouen aquelles que s6n de base oliosa, base aquosa, base polimérica o les seves
combinacions.

Formulacions en base oliosa. Suposen normalment la barreja d’un cultiu
processat amb un oli mineral o un oli de base vegetal i emulsificants per afavorir la
seva dissolucié en aigua. Les formulacions de base oliosa redueixen 1’evaporaci6 de les
gotes i permeten una aplicaci6 acria de producte micronitzat (Boyetchko i cols., 1999).

Formulacions en base aquosa. Necessiten de pocs passos per a la seva
consecucid: fermentacié de 1’organisme en un medi liquid i addici6 de components,
com per exemple, estabilitzants, adherents, surfactants, colorants, compostos
anticongelants o altres nutrients addicionals (Boyetchko, 1996; Bryant, 1994; Fages,
1992; Harman i cols., 1991).

No obstant, la major part d’aquestes formulacions liquides necessiten ser
emmagatzemades i distribuides a temperatures de refrigeracié i tenen una vida
comercial bastant curta.
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3.4.2. Formulacions solides

La majoria de formulacions que proporcionen una llarga vida util requereixen mantenir
les cél-lules en estat sec. L’assecat es pot aconseguir mitjangant un gran nombre de
mitjans, entre els quals tenim la liofilitzaci6 (Kirsop i Doyle, 1991), assecat amb gel de
silice (Blachére i cols., 1973; Kirsop i Doyle, 1991), I’atomitzacié (Dulmage i cols.,
1990) i ’assecat amb aire amb o sense 1I’ds d’un llit fluiditzat (Boyetchko i cols.,
1999). Degut a la importancia de la deshidratacié com a part del procés de formulacio,
se’n parlara detingudament més endavant. La capacitat de sobreviure a la dessecacio i
conservacio en I’estat sec varien molt segons I’organisme (Lapage i Redway, 1974),
perd en alguns casos, les formulacions seques romanen estables durant un periode
d’alguns anys. Aquestes formulacions seques es poden trobar, entre altres, en forma de
pols mullable, particules deshidratades fluiditzables i granulats, incloent granulats
mullables. Els granulats mullables i secs es produeixen mitjangant I’addicié de lligants,
dispersants, agents mullants i aigua al microorganisme sec en pols en un granulador.
Tot i que les formulacions solides requereixen de més passos en el seu processat, cosa
que incrementa les despeses de manufactura, es redueixen les despeses de transport
degut a la reducci6 de pes (Boyetchko i cols, 1999).

La gran majoria de formulacions seques inclouen un material de suport, com poden ser
argila, torba, vermiculita, alginats o boletes de poliacrilamida. Entre tots els
components que formen la formulacid, el material de suport ocupa el volum més gran.
Per tant, aquests han de ser barats, facilment esterilitzables, no toxics i amb
caracteristiques fisiques consistents (Boyetchko i cols, 1999). Alguns materials afegits
a les formulacions de bacteris son la terra de diatomees, talc i vermiculita i altres
polimers, com la goma xanta (Digat, 1989).

S’han estudiat técniques per a I’encapsulaci6é d’agents de biocontrol en poliacrilamida i
alginat sodic (Digat, 1989; Fravel i cols., 1985; Glass, 1993; Jha i cols., 1993 ;
Knudsen i cols, 1991; Lewis, 1991; Lewis i Papavizas, 1985, 1987; Papavizas i cols.,
1987). No obstant, la lenta hidratacié i alliberament de la matéria activa son els
principals impediments d’aquesta tecnologia. En canvi, la utilitzacié de 1’encapsulacio
en alginat com a métode de formulaci6 granular de Gliocladium virens (Soil Gard) s’ha
desenvolupat amb éxit, aixi com també les formulacions en pols que contenen
Trichoderma amb pirofil-lita (Pyrax) (Lumsden i cols., 1995).

S’ha intentat utilitzar les propietats de dessecacio-proteccié de polisacarids com ara la
metilcel-lulosa i la goma xanta en la conservacio de cultius i formulaci6é de cél-lules
microbianes. Malauradament, aquestes formulacions solen perdre viabilitat durant
I’emmagatzematge (Kloepper i Schroth, 1981; Suslow i Schroth, 1981). Quimby i cols.
(1999) han estudiat un métode simple de granulaci6 dels fongs
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Colletotrichum gloeosporioides i Fusarium oxysporum. El métode, que s’anomena
“Stabilaze” consisteix en la barreja d’una suspensié de les espores amb midd, sacarosa,
oli de panis i silica. Una matriu de gluten de blat (indcul liquid, farina de blat i caoli)
s’ha utilitzat per formular els agents fingics Colletotrichum truncatum, Alternaria
crassa i Fusarium lateritium. Aquesta formulacié s’anomena “Pesta”, i s’aplica
directament al sol. La vida util del producte es pot variar manipulant el contingut de
sacarosa i d’humitat del granul (Connick i cols., 1991, 1996).

L’adsorcié de ceéllules en torba és una técnica utilitzada habitualment per a la
formulacié d’indculs de Rhizobium aixi com també d’agents de biocontrol com
Pseudomonas fluorescens (Mclntyre i Press, 1991). La funci6 de la torba és tant de
dispersant com de medi de proteccié dels organismes. S’ha demostrat que aquesta
técnica no té €xit degut a que la torba no és un material homogeni i la vida util de la
torba no estéril és molt limitada.

Per a simplificar la produccio i el procés de formulacié, s’ha estudiat la fermentacio
dels microorganismes en un substrat solid, que més tard funciona com a matéria inert.
El substrat i I’organisme s’apliquen conjuntament al camp. Alguns exemples inclouen
la fermentaci6 dels microorganismes en vermiculita o terra de diatomees (Backman i
Rodriguez-Kabana, 1974; Paau i cols., 1991). El material pot ser aplicat directament al
sol, extrussionat en granuls o suspés en aigua per alliberar les cél-lules, que sén
aplicades per al control biologic de patdogens del sol. Riba (1984, 1985) ha
desenvolupat una técnica similar per a la produccié de fongs per al control biologic
d’insectes: Beauveria bassiana es fa créixer en uns microgranuls d’argila impregnats
de nutrients que s’apliquen directament als verticils del blat de moro per a controlar el
barrinador del blat de moro.

S’ha desenvolupat una formulacié liofilitzada seca del bacteri Enterobacter
agglomerans E8 per al control de la podridura d’arrels en pomeres que presenta la
mateixa efectivitat que les cél-lules fresques (Utkhede i Smith, 1997).

3.5. Agents de biocontrol comercials

Tot i que ja fa temps que s’esta investigant sobre el tema del control biologic, encara és
forga nou de cara a la patentabilitat, registre i comercialitzacié. En la Taula 2 estan
descrits alguns exemples d’agents de biocontrol formulats, registrats i disponibles
comercialment.
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3.5.1. Productes biologics comercials per a postcollita de pomes, peres i citrics

L’any 1995, PEPA va registrar els primers productes bidlogics contra malalties de
postcollita de pomes, peres i citrics, I’ Aspire i el Bio-Save 101 11.

L’Aspire (actualment anomenat Decco 1-182) és un biofungicida que té com a matéria
activa el llevat Candida oleophila 1-182. Es efectiu per al control de Penicillium
digitatum (podridura verda) i Penicillium italicum (podridura blava) en citrics. Es
presenta com a pols mullable del qual un 55% és llevat deshidratat i un 45% de matéria
inert, amb un contingut >2 x 10" ufc g”'. Esti envasat al buit i es conserva al menys
durant 400 dies en refrigeraci6 (1-4°C) i/o 20 dies a temperatura ambient (25-30°C).

El Bio-Save 10 i 11 sén formulacions en forma de pols mullable del bacteri
Pseudomonas syringae ESC-10 i ESC-11, respectivament, que han estat substituides
per les noves formulacions Bio-Save 100 i 1000 (ESC-10) i Bio-Save 110 (ESC-11)
Pany 1996. El Bio-Save 100 és efectiu per al control de P. expansum {(podridura blava),
B. cinerea (podridura gris) i Mucor pyriformis en pomes i peres. El Bio-Save 110, a
més a més, controla també les podridures causades per Fusarium sambucinum i per
Helminthosporium solanum en patates. El Bio-Save 1000 és efectiu contra P. italicum i
P. digitatum i Geotrichum candidum en citrics i contra P. expansum i B. cinerea en
cireres. Tots tres productes estan formulats com a suspensions concentrades
congelades, on un 83% és la matéria activa (el bacteri) i I’altre 17% sén matéries inerts.
El producte conté un minim de 9 x 10'° ufc g de producte i s’ha de conservar en
congelacid (-70°C o amb gel sec). A més a més, la suspensi del bacteri s’ha de fer
com a minim 10 min abans de la seva aplicacio.

Actualment, 'empresa EcoScience, en collaboracié amb universitats, PUSDA i
empreses de conservacié de fruita, estan en procés de desenvolupament de la
formulacié de I’agent de biocontrol Cryptococcus laurentii, descobert per Roberts
(1990a), anomenada Bio-Save 150 (Stack, 1998).

També es troba en el mercat un altre llevat formulat en forma seca, el Cryptococcus
albidus. El producte s’anomena YieldPlus, i esta produit per Anchor Bio-Technologies
(Cape Town, South Africa). El producte esta registrat a Sudafrica i s’aplica en
postcollita de fruita de Havor (De Kock i cols., 1998).

4. DESHIDRATACIO DE LLEVATS

Com ja hem vist, la majoria de formulacions que proporcionen una llarga vida util al
producte requereixen mantenir les cél-lules en estat sec. Pel que fa als llevats, 1a seva
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deshidrataci6 es pot aconseguir mitjangant un gran nombre de mitjans, entre els quals
tenim la liofilitzacid, I’atomitzacio i el it fluiditzat, entre d’altres.

4.1. Técniques de deshidratacio

4.1.1. Liofilitzacio

Alguns materials bioldgics que no poden ser assecats convencionalment amb aire es
poden liofilitzar. La substancia a ser assecada es congela, i I’aigua s’elimina en forma
de vapor mitjan¢ant la seva sublimacié en una cambra al buit (Liapis, 1987). La
liofilitzacié s’utilitza ampliament per a deshidratar microorganismes al laboratori i a
nivell comercial i, degut al rapid desenvolupament de les bioindustries, també s’ha
convertit en un metode estandard per I’estabilitzacié de proteines i preparacions
terapéutiques (Aguilera i Karel, 1997).

La liofilitzacié esta descrita com el métode més convenient i de més éxit per a
conservar bacteris, llevats i fongs filamentosos (Berny i Hennebert, 1991). Els
avantatges de la liofilitzacié son: llarga viabilitat, proteccié enfront la contaminaci6
durant ’emmagatzematge i facilitat de distribucié de les soques (Smith i Onions,
1983). No obstant, no totes les soques sobreviuen durant el procés i s’han trobat
viabilitats <0,1% (Bery i Hennebert, 1991; Smith i Onions, 1983).

4.1.2. Atomitzacid

El procés d’atomitzacié transforma un liquid bombejable en un producte sec en una
sola operacid. El liquid passa a través d’un atomitzador d’agulla o bé centrifug, i les
petites gotes atomitzades entren rapidament en contacte amb un flux d’aire calent.
L’evaporaci6 és molt rapida, degut a la gran superficie d’evaporacié de les gotes i
aquestes es mantenen a una temperatura més baixa que ’aire. El temps d’assecat de les
gotes atomitzades €s molt petit en comparacié amb la majoria de processos d’assecat.
La baixa temperatura del producte, juntament amb el curt temps d’assecat, permeten la
deshidratacio de productes sensibles a la calor (Filkova i Mujumdar, 1987).

Tot i que I’atomitzacié és un métode altament productiu i econdmic, i que s’utilitza
ampliament en la industria per a I’obtenci6 de llet, café, te i altres productes alimentaris
en pols, I’aplicacié de ’atomitzacié per a cél-lules de llevat és limitada, ja que la
viabilitat del producte sec és molt baixa (Reed i Nagodawithana, 1991).

4.1.3. Assecadors de cinta i tiinel

Els assecadors de cinta i tinel son generalment utilitzats per a la produccié de llevat
sec actiu (Active Dry Yeast, ADY, 7,5-8,5% humitat). El llevat premsat s’extrussiona
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en fils de 0,2-2,0 mm de didmetre, que es tallen a una llargada de 1-2 cm. Aquests fils
extrussionats es dipositen sobre una malla i una banda continua transporta la capa de
llevat extrussionat a través de tres a sis cambres d’assecat. L’aire passa alternativament
de dalt a baix i de baix a dalt per la capa de llevat, a una temperatura entre 28-42°C
durant 2-4 h (Reed i Nagodawithana, 1991).

4.1.4. Llit fluiditzat

Els assecadors de llit fluiditzat sén els preferits per a la produccié de llevat
instantani (Instant Active Dry Yeast, IADY, 4,0-6,0% humitat). El procés es pot
realitzar per lots o de forma continua. El llevat s’extrussiona en forma de tires de
0,2-0,5 mm de diametre, que es dipositen en una safata de metall perforada de
I’assecador. L aire s’injecta per sota a través de la capa de llevat a velocitats que
fan que les particules de llevat es suspenguin. Generalment, els llits fluiditzats
operen durant menys temps que els assecadors de cinta i tnel perqué permeten
particules de llevat més finament granulades (Reed i Nagodawithana, 1991).
Langejan (1972) va utilitzar un corrent d’aire a 100-150°C al comengament del
procés d’assecat. D’aquesta manera, el temps del procés va ser de 10-30 min i la
temperatura de les particules de llevat es va mantenir entre 25-42°C.

4.2. Danys que sofreixen les cél-lules durant un procés de deshidratacio6-
rehidratacio '

La biomassa microbiana conté un 70-90% d’aigua. Els biopolimers i les membranes
estan dispersos en un medi aquods, i la vida només té lloc en la preséncia d’aigua.
L’aigua és un component estructural d’ambdés, biopolimers i membranes biologiques.
A més a més, I’aigua com a substancia estd directament involucrada en nombroses
reaccions bioquimiques. Una part d’aquesta aigua es troba lligada, combinada
directament amb proteines, acids nucleics, membranes i altres substancies i és
responsable de mantenir la seva organitzaci6 estructural. La biomassa de llevat conté
entre un 15-20% d’aigua lligada, les membranes biologiques un 25%, aproximadament.

Durant I’assecat, en primer lloc s’evapora I’aigua lliure, a una velocitat més o menys
constant. Quan I’aigua lligada es comenga a evaporar, la velocitat d’assecat decreix. En
el llevat S. cerevisiae aixo té lloc aproximadament quan la massa microbiana té un 20%
d’humitat (Beker i Rapoport, 1987). Es en aquest punt on el comportament fisioldgic
de les cel'lules canvia drasticament. A nivells d’humitat per sota del 20% la respiraci6
cellular s’atura. En Pinterval entre el 10-20% d’humitat, I’aigua juntament amb les
substancies dissoltes forma un gel que ja no pot actuar més com a medi per a qué
tinguin lloc les reaccions bioquimiques. Una disminucié més gran de la humitat
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comporta una translocacié d’aigua a les cél-lules en forma de vapor i canvia els
parametres fisics del llevat en aspectes bastant essencials.

4.2.1. Canvis morfologics

L’interior de la cél-lula, es veu reduit de tamany degut a la deshidratacio, es deforma i
s’encongeix. Les cél-lules microbianes poden sobreviure tot i 'extraccié d’aigua si la
contraccio interior de la cél-lula arrossega la membrana i la paret cel-lular cap al centre
i fa que es dobleguin. Només la ruptura de la paret cellular i el protoplast té
conseqiiéncies letals (Josic, 1982).

4.2.2. Canvis en la pressié osmotica

La pressid osmotica de la cél-lula augmenta rapidament a baix contingut d’humitat.
Una creixent pérdua d’aigua implica la formacié d’una barrera osmaotica (Josic, 1982).
La resisténcia de la paret cel-lular té valors negatius que s’incrementen a causa de la
pressio osmotica de la cél-lula.

4.2.3. Lesions en les membranes

Durant la deshidratacié de les cél-lules, arriba un moment en el que la membrana
canvia la seva estructura degut a transicions de liquid a gel-cristal-li que tenen lloc
durant el procés de deshidrataci6. Es conegut que els sistemes de la membrana model
perden la seva funci6 de barrera quan s’indueix una fase gel (Ladbrooke i Chapman,
1969).

La conservaci6 de la membrana cel-lular és de critica importancia per a la produccié de
massa microbiana seca i activa. Alguns dels canvis que deterioren la cél-lula viva, com
podrien ser el pardejament enzimatic, protedlisi i similars, no tenen lloc per I’Gnica raé
que substrat i enzims estan localitzats en diferents compartiments cel-lulars, separats
entre ells per les membranes cel-lulars. Només quan les membranes perden parcial o
totalment les seves funcions és quan s’estableix el contacte entre enzims i substrats.
Analogament, el desenvolupament o alliberament de substancies perjudicials apareix
només com a conseqiiéncia de membranes danyades (Josic, 1982).

4.2 4. Canvis bioquimics

Entre alguns dels molts canvis bioquimics que sofreixen les cél-lules durant el procés
de deshidratacié podem destacar:

> Decreixement de la quantitat de fosfolipids (Harrison i Trevelyan, 1963;
Zikmanis i cols., 1983)
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» Alteraci6 del grau de saturacié dels acids grassos, la qual cosa també pot
danyar les cél-lules (Zikmanis i cols., 1980)

> Reaccions de peroxidacid, que poden portar a la destrucci6 dels lipids de
la membrana (Bewley, 1979)

Ja hem vist que el procés de deshidratacié pot produir invaginacions i pot causar la
ruptura d’alguna de les seves parts, perdent la funci6 de barrera. Llavors, durant la
rehidratacié ’aigua entra a les cél-lules bruscament fins que s’equilibra la pressi6
osmotica. Al mateix temps, la cél-jula perd substancies de baix pes molecular
(electrdlits, carbohidrats, aminoacids i nucleotids) a través de la membrana
citoplasmatica que encara no ha recuperat la seva funcié de membrana semipermeable
(Josic, 1982).

4.3. Factors que afecten a la viabilitat de les cél-lules durant un procés
de deshidrataci6

4.3.1. Congelacid

En el cas particular de la liofilitzacio, la velocitat de refredament de les cél-lules és un
factor critic. Com va demostrar Mazur (1977), la velocitat optima de congelacié és
aquella que resulta de dos efectes oposats: quan la velocitat és més baixa que 1’dptima,
la concentracié dels soluts intra- i extracel-lulars és la responsable dels danys, mentre
que la formacié de gel en I’interior de la cél-lula és la responsable dels danys cel-lulars
quan la velocitat de refredament és més rapida que I’0ptima.

Si la velocitat de refredament és més lenta que 1’0ptima, I’aigua es va congelant fora de
la soluci6. Degut a la concentracié progressiva de soluts extracel-lulars, 1’aigua
intracel-lular surt cap a I’exterior, augmentant la pressi6é osmotica de la cél-lula. Aixo
comporta que la cél-lula estigui exposada a elevades concentracions d’electrdlits durant
llargs periodes de temps, excessiva deshidratacié i/o efectes mecanics de la formacié
de gel extracel-lular. Quan la velocitat de congelacié és més rapida que 1’0ptima, la
cél-lula no és capag de perdre I’aigua de manera suficientment rapida per mantenir el
potencial osmotic intracel-lular en equilibri amb I’extracel-lular. La soluci6
intracel-lular esdevé més i més sobrerefredada, resultant finalment, en la formacié
intracel-lular de nuclis de gel que poden produir danys letals (Berny i Hennebert, 1991;
Meryman, 1974).

4.3.2. Medi de cultiu

Les condicions de cultiu influeixen de manera notable en la resisténcia dels
microorganismes a la deshidratacié. Esta demostrat que s’obté llevat sec amb alta



20 BASES PER A LA FORMULACIO DE L’ AGENT DE BIOCONTROL Candida sake CPA-1

viabilitat quan s’utilitza com a medi de creixement melassa concentrada amb un
contingut de nitrogen limitat (Beker i Rapoport, 1987; Harrison i Trevelyan, 1963).
També cal destacar que les cél-lules en la fase de creixement exponencial son més
labils/sensibles a la deshidratacié que aquelles que estan en fase estacionaria (Beker i
Rapoport, 1987).

Mitjangant P’enriquiment del medi de cultiu sintétic, és possible incrementar
’estabilitat dels llevats durant la deshidratacié. Algunes vitamines (principalment la
biotina), I’acid oleic, I’acid glutamic, asparaginic i el glutati6 estan referenciades com a
substancies que, afegides al medi, incrementen la resisténcia de S. cerevisiae (Beker i
Rapoport, 1987).

La resisténcia dels llevats a la deshidrataci6 també es pot veure incrementada
mitjangant 1’augment del contingut intracel-lular de trealosa. En cél-lules de
S. cerevisiae, el contingut de trealosa augmenta incrementant la temperatura i
disminuint 1’airejacié al final de la fase de creixement. A més a més, el contingut de
trealosa en S. cerevisiae pot incrementar-se fins al 15-16% amb 1’augment de la pressié
osmotica 0 mitjangant un periode d’inanicié de 2-3 h abans del final de la fase de
creixement (Beker i Rapoport, 1987).

4.3.3. Substancies protectores

Com ja s’ha esmentat anteriorment, no totes les soques poden sobreviure a un procés
de deshidratacio. En el cas de la deshidratacié mitjangant la liofilitzacié, una gran
quantitat de substancies com per exemple polimers, sucres, albimina, llet, mel, poliols
i aminoacids s’han testat pel seu efecte protector (Font de Valdez i cols., 1983a; Malik,
1976; Meryman i cols., 1977; Morris i Farrant, 1972; Pedersen, 1965). Aquestes
substancies s’afegeixen a la suspensié del microorganisme abans de la seva
liofilitzaci6. S’ha demostrat que els components d’aquest medi de suspensi6 tenen dos
funcions principals en I’obtencié de cél-lules liofilitzades viables. La primera és donar
al residu sec una estructura fisica, que actui com a material de suport. La segona és
protegir les cel-lules davant els danys bioquimics que es produeixen a les cel-lules
durant la liofilitzaci6 i/o deshidratacié (Berny i Hennebert, 1991).

La llet s’ha utilitzat ampliament com a substancia protectora durant el procés de
liofilitzacié de llevats (Berny i Hennebert, 1991), de bacteris lactics (El-Sadek i cols.,
1975; Font de Valdez i cols., 1983a, 19854, b; Kilara i cols., 1976) i de floridures
(Berny i Hennebert, 1991). Entre els sucres utilitzats com a protectors, destaca la
trealosa. Es creu que aquest disacarid estabilitza les membranes biologiques durant la
deshidrataci6 perqué es Iliga mitjangant ponts d’hidrogen a la membrana fosfolipidica,
substituint 'aigua que es va perdent durant la deshidrataci6 (Crowe i cols., 1984).
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Altres substancies utilitzades satisfactdriament han estat, entre altres, la lactosa (Kilara
i cols., 1976), la sacarosa (Nikolova, 1978), I’adonitol (Font de Valdez i cols., 1983)),
el manitol (Efiuvwevwere i cols., 1999) i el glutamat sodic (Font de Valdez i cols,,
1983b; Kilara i cols., 1976). L’efecte protector de la llet s’ha augmentat en alguns
estudis mitjangant la seva combinacié amb algunes d’aquestes substancies (Berny i
Hennebert, 1981; Font de Valdez i cols., 1983a; Smith i Onions, 1983).

Certes substancies protectores també s’han afegit en processos d’atomitzacid, com per
exemple, llet condensada al 30% per a protegir cél-lules de Brevibacterium linens (To i
Etzel, 1997a). Una solucié de maltodextrines i lactosa també s’han utilitzat per a
protegir bacteris acidolactics enfront la congelacid, liofilitzacié o atomitzacié (To i
Etzel, 1997b). Solucions de glicerina i sacarosa també s’han emprat per a la proteccié
de I’agent biologic Pseudomonas cepacia BS enfront la deshidratacié (Aoki i cols.,
1993).

4.3.4. Condicions de rehidratacio

S’ha demostrat que la osmolalitat del medi de rehidratacié (Choate i Alexander, 1967;
Font de Valdez i cols., 19854, b; Ray i cols., 1971), la temperatura del medi (Morichi i
cols., 1967) i la velocitat i el volum utilitzat (Font de Valdez i cols., 1985q, ) tenen
una gran importancia en la recuperaci6 de bacteris liofilitzats.

Quan es reactiva una poblacié microbiana després d’un periode d’anabiosi, es poden
distingir tres processos (Beker i Rapoport, 1987):

» Humitejament de la mostra (rehidratacio)

» Reparacio de les estructures i macromolécules danyades i resintesi d’una
gran varietat de compostos per a substituir aquells degradats durant el
procés (reactivacio)

» Restabliment de la poblacid inicial mitjangant la multiplicacié de les
cel-lules viables (creixement i multiplicacio cel-lular)

La rehidrataci6 €s un procés purament fisic. S’aconsella comengar la rehidratacio de les
céllules seques de forma gradual, en atmosfera saturada amb vapor d’aigua. La
temperatura del medi de rehidratacié també €s important. Les pérdues de components
intracel-lulars disminueixen si la rehidratacio es duu a terme a temperatures altes. En el
cas de S. cerevisiae, es poden disminuir les pérdues de components intracel-lulars si la
seva rehidratacié es fa a temperatures entre 35 i 45°C (Beker i Rapoport, 1987).

El medi de rehidrataci6 i la seva molaritat també sén factors importants (Ray i cols.,
1971). L’aigua no és un bon medi de rehidratacié (Champagne i cols., 1991). Sinha i
cols. (1982) van demostrar que la sacarosa, dextrosa, la llet i la peptona, utilitzades al
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10%, van resultar els millors medis de rehidratacié per a estreptococs. També s’han
utilitzat medis de rehidrataci® més complexos, com una solucié que conté una
combinaci6 de peptona, extracte de llevat, triptona, glucosa, Tween 80 i acid formic
per a la rehidratacio d’estreptococs i Leuconostoc spp. (Font de Valdez i cols., 1985a).

La duracié de la reactivacié depén del caracter i nivell dels danys intracel-lulars. Els
processos que tenen lloc durant la reactivacié son els segiients (Beker i Rapoport,
1987):

> Biosintesi de noves molécules (macromolécules incloses) enlloc de les
danyades

» Recuperaciéo de la funcié de les estructures danyades amb [I’ajuda de
mecanismes de reserva

> Destrucci6 i aillament de les estructures parcialment danyades

> Reparacid de les estructures reversiblement danyades

5. FORMULACIO LIQUIDA

La formulaci6 liquida dels agents de biocontrol és una alternativa a la formulacié
solida quan aquests sén sensibles a la deshidratacié. Com ja s’ha vist anteriorment, les
formulacions liquides d’agents de biocontrol no sén tan utilitzades com les solides, ja
que sén menys estables. Existeixen molt poques publicacions al respecte. Es poden
preparar en base aquosa o en base oliosa. Per introduir el tipus de formulacié liquida
que es va estudiar en aquesta tesi, cal definir primer alguns aspectes ecofisiologics de
les cel-lules que es troben en suspensions liquides.

5.1. Potencial hidric de les cél-lules

El potencial hidric (¢) és un parametre fonamental ampliament acceptat per a
quantificar ’estat d’energia de I’aigua en solucions organiques. El potencial hidric es
pot expressar en termes d’activitat aigua (ay) tal i com es presenta en la segiient
equacio:

R Tln@)
|28

On R és la constant dels gasos (J mol™ K™), 7 la temperatura (K) i ¥, és la mitjana del
volum parcial de ’aigua (m® mol™).
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Aquesta equacio, a 20°C equival a (Blomberg i Adler, 1992):
w=1351n (ay)

El potencial hidric d’una cellula (y.) és la suma del potencial osmotic del citoplasma
(ys) 1 la pressi6 de turgéncia (y,) (Blomberg i Adler, 1992). Aquesta pressi6 de
turgéncia depén de la naturalesa de la paret cel-lular i és més important per a especies
osmotolerants (Levin, 1979). El potencial hidric de les cél-lules gairebé &s igual al del
medi que I’envolta (yy,). Aquesta diferéncia entre el y, i el vy, és el que permet el flux
d’aigua cap a D’interior de les cél-lules (Jennings, 1995; Papendick i Mulla, 1986).
Quan les cél-lules es sotmeten a un canvi hidric, s’ha de restablir aquest equilibri. Aixi,
s’observen dos mecanismes de resposta: passiva i activa.

La resposta termodinamica passiva es caracteritza per un flux d’aigua i soluts a través
de la membrana cel-lular. El flux d’aigua esta directament relacionat amb el gradient de
potencial hidric entre la céllula i el medi exterior. Si es tracta d’un xoc hiperosmotic,
hi ha una sortida d’aigua de la cél'lula a I’exterior, les cél-lules s’encongeixen i
finalment poden sofrir plasmolisi i morir (Gervais i Marechal, 1994). Si és un xoc
hipoosmbtic, hi ha una entrada d’aigua cap a la cél-lula, que s’expandeix i pot arribar a
trencar-se (Atlas i Bartha, 1998).

La resposta biologica activa és deguda al sistema d’osmoregulaci6 activa de la cél-lula
(Brown i Edgley, 1980). Aquest metabolisme correspon a la sintesi de soluts, glicerol
(Edgley i Brown, 1983), arabitol (Yancey i cols., 1982), i finalment a una rapida
modificacid de les propietats de permeabilitat de la membrana (Watanabe i Takakuwa,
1987). Aquest sistema permet que la cél-lula recuperi el seu volum intern només si la
resposta termodindmica no ha provocat danys irreversibles. L’osmoregulacié té lloc
més a poc a poc (minuts o hores) que la resposta passiva (Niedermeyer i cols., 1977;
Zimmermann, 1978).

5.2. Els soluts compatibles: Polihidroxialcohols

Com ja hem vist, quan les cél-lules sén sotmeses a un estrés hiperosmotic, molts
microorganismes acumulen intracel-lularment compostos de baix pes molecular (Van
Eck i cols., 1993). Els principals soluts acumulats en llevats son els polihidroxialcohols
(poliols) com el glycerol, D-arabitol, D-manitol i meso-eritritol (Spencer i Spencer,
1978). Aquests soluts sén compatibles amb [’activitat metabolica de les cel-lules i és
per aixo que es coneixen amb el nom de soluts compatibles (Brown, 1978). També s’ha
demostrat que altes concentracions de soluts compatibles fan possible que els sistemes
enzimatics funcionin sota condicions d’estrés hidric i de vegades fins i tot d’estrés de
temperatura (Brown, 1978).
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El nombre de molécules que poden actuar com a soluts compatibles és relativament
reduit i son els mateixos per a tipus de microorganismes filogenéticament molt separats
i diferents (Yancey i cols., 1982). La concentracid intracel-lular de glicerol, arabitol i
manitol incrementen significativament en llevats com Pichia sorbitophila,
Candida cacaoi, Candida magnoliae i Zygosaccharomyces bisporus sotmesos a un
estrés osmotic (Van Eck i cols., 1993). Zygosaccharomyces rouxii (Brown, 1978;
Edgley i Brown, 1978) i Hansenula anomala (Van Eck i cols., 1989) també acumulen
glicerol quan creixen a a,, reduides. La sacarosa, la glucosa i el sorbitol sén acumulats
quan estan presents en el medi (Corry, 1987). També s’ha observat que la prolina i
altres aminoacids poden tenir un paper important en fongs com ara Fusarium solani o
Sclerotium rolfsii, naturals de sols salins (El-Abyad i cols., 1994).

El glicerol és també el principal solut compatible en agents de biocontrol fingics com
Epicoccum nigrum (Pascual i cols., 1996) i Penicillium frequentans (Pascual i cols.,
2000). Estudis recents han demostrat que el llevat C. sake també acumula glicerol quan
creix en medi NYDA amb baixa a,, (Teixid6 i cols., 19985, ¢).

5.3. La trealosa

El disacarid trealosa (a-D-glucopiranosil-a-D-glucopiranosid), és 1"nic disacarid no
reductor de la glucosa i €s isomer de la maltosa. En principi, en llevats i altres fongs, la
trealosa es presenta com el principal carbohidrat de reserva a més a més del glicogen.
No obstant, s’ha vist que el comportament de la trealosa no és el que s’esperaria d’un
compost de reserva tipic, ja que no s’acumula quan les fonts exdgenes sén abundants
per aixi servir de font de carboni quan hi ha periodes d’inanicié (Wiemken, 1990). A
més a més, tant en plantes com en fongs, la trealosa no es troba compartimentada en les
vacuoles, com els compostos de reserva, siné que és un component purament del
citosol, cosa que va permetre especular en la seva possible funci6 com a agent
protector (Keller i cols., 1982).

Es pensa que la concentracié intracel-lular de trealosa juga un paper important en
I’habilitat que tenen molts microorganismes, incloent els llevats, per a tolerar
condicions mediambientals adverses (Thevelein, 1984; Van Laere, 1989). Elevades
concentracions de trealosa en llevats s’ha associat amb I’increment de
I’osmotolerancia, termotolerancia i tolerancia a ’etanol (Van Laere, 1989). Molts
autors han trobat que hi ha una gran correlacié entre la concentracié i I’habilitat de les
céllules a sobreviure un llarg periode de conservacié en congelacié (Gadd i cols.,
1987; Hino i cols., 1990). Existeix una correlaci6é entre el contingut de trealosa en
llevats i la seva habilitat per a suportar I’assecat, amb un minim d’11-12% i,
comunament el 20% (Aguilera i Karel, 1997). Van Dijck i cols. (1995) van observar
que augmentant el contingut intracel-lular de trealosa de S. cerevisiae per sobre del
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10% (pes sec), la seva resisténcia a la congelacié i la liofilitzacié va resultar dptima.
Tot i que elevades concentracions endogenes de trealosa poden millorar la resisténcia a
la deshidratacid, aquesta resisténcia es pot augmentar mitjangant la preséncia de
trealosa exogena (Eleutherio i cols., 1993; Gadd i cols., 1987).

Es creu que els 8 grups -OH de cada molécula de trealosa estan disponibles per formar
ponts d’hidrogen amb els grups fosfat i carboxil de la doble capa lipidica, i que el sucre
ocupa I’espai entre les molécules dels lipids de la membrana, substituint la funci6 que
fa la molécula d’aigua (Aguilera i Karel, 1997; Crowe i Crowe, 1986). A més a més,
Pefecte osmotic de I’acumulacié de trealosa també pot afegir un valor secundari a les
funcions cel-lulars anteriorment citades, ja que acumulada en grans quantitats, pot tenir
una gran influéncia en P’estat del citosol, particularment pel que respecta a I'a,,. Aixi,
pot contribuir a disminuir el metabolisme i d’aquesta manera promoure la transicié de
les cél-lules a un estat de repos. Per tant, la trealosa pot actuar com un inhibidor general
de les activitats metaboliques, impedir el funcionament i conservar 1’estructura de les
cel-lules en Pestat estacionari (Wiemken, 1990).

5.4. Millora dels microorganismes enfront I’estrés

Segons el que s’ha explicat en I’apartat anterior, quan fem créixer un microorganisme
en condicions d’estrés acumula una série de substancies, ja siguin poliols o trealosa,
que el fan més resistent a les esmentades condicions adverses. Aquest enfoc s’ha
intentat utilitzar en agents de biocontrol per tal de fer-los més resistents a les
condicions extremes de camp.

Estudis fisiologics recents en fongs entomopatdgens utilitzats en el control biologic de
plagues, han demostrat que és possible manipular fisiologicament les condicions de
creixement, les fonts de carboni, i les relacions carboni:nitrogen per aconseguir
’acumulacié de poliols de baix pes molecular, com ara el glicerol i Peritritol a
Pinterior del miceli i els propaguls de fongs filamentosos. Aquesta sintesi de poliols
déna lloc a una millor i més rapida germinacié sota condicions d’estrés hidric
(Hallsworth i Magan, 19944, 1995, 1996). Els conidis modificats d’aquesta manera
poden ser més patogénics per a controlar plagues en condicions de baixa humitat
relativa que aquells que no han estat modificats i per tant contenen petites traces de
poliols de baix pes molecular (Hallsworth i Magan, 1994b, ¢).

Pascual i cols. (1996) han demostrat que modificant I’indcul de ’agent de biocontrol
E. nigrum amb altes concentracions de glicerol i eritritol, s’ha aconseguit un millor
control de la podridura causada per Monilinia laxa en préssecs a camp que amb
I’indcul sense modificar. Estudis similars han demostrat que I’acumulacié de soluts
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intracel-lulars també augmenta la capacitat de 1’agent de biocontrol P. frequentans
contra M. laxa en préssec (Pascual i cols., 2000).

Altres autors han suggerit que la trealosa millora la tolerancia a la dessecaci6 dels
conidis de I’agent de biocontrol Trichoderma harzianum (Harman i cols., 1991) i
d’Aspergillus japonicus (Gornova i cols., 1992). Hallsworth i Magan (1994c) van
demostrar que modificant I’a,, del medi de cultiu amb diferents soluts, es poden obtenir
elevades concentracions de trealosa en els conidis dels fongs entomopatdgens
Beauveria bassiana, Metarhizium anisopliae i Paecilomyces farinosus. Aquests conidis
crescuts en medis modificats van romandre viables durant un periode
d’emmagatzematge set setmanes més llarg que aquells conidis no modificats.

Teixido i cols. (19985, ¢) van demostrar que 1’agent de biocontrol C. sake va acumular
principalment glicerol i arabitol quan va créixer en el medi sintétic NYDB amb una ay,
de 0,96, obtinguda mitjan¢ant I’addici¢ de glicerol i glucosa, respectivament. Aquestes
cel'lules amb el contingut intracel-lular de soluts modificat respecte el control, va
presentar una major tolerancia a condicions de baixa a,. A més a més, aquestes
modificacions de les reserves endogenes van mantenir o inclis augmentar el control
biologic de P. expansum en pomes. No obstant, no sabem si aquests canvis en les
reserves intracel-lulars es poden produir també quan C. sake creixi en un medi a base
de melassa que és el que s’utilitzaria per a la produccié industrial d’aquest agent de
biocontrol, ni quin efecte tindrien aquestes modificacions en la viabilitat de les cél-lules
sotmeses a un procés de conservacid en forma liquida.

5.5. Formulacions liquides isotoniques

El medi de cultiu és un factor molt important a I’hora d’obtenir cél-lules resistents als
processos de deshidratacié. En principi, el medi de cultiu ha de ser I’adequat per a
obtenir una produccié maxima de cél-lules de C. sake, i que alhora siguin resistents.
Una possible proposta seria fer créixer 1’agent de biocontrol en medi a base de melassa
amb activitat d’aigua modificada i sense modificar i mesurar-ne el seu creixement, el
potencial hidric i la concentracié de soluts intracellulars. La formulacié liquida es
podria preparar amb cél-lules crescudes en medi modificat i no modificat. Degut a la
diferent a,, del medi de cultiu les cél-lules podrien tenir, en principi, potencials hidrics
diferents i haurien acumulat en el seu interior alguns soluts intracel-lulars. Aquestes
cél-lules es separarien del medi i es resuspendrien en solucions que tinguessin el mateix
potencial hidric (isotoniques). D’aquesta manera les cél-lules no es veurien sotmeses a .
cap tipus d’estrés hidric. Aquestes solucions de baix potencial hidric, es podrien
preparar amb soluts descrits com a soluts compatibles. Fins ara, no hi ha cap estudi
similar publicat en aquest camp.
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OBJECTIUS

L’objectiu principal d’aquesta tesi és la recerca d’un métode de conservaci6 del llevat
C. sake, que mantingui la seva viabilitat i eficicia al llarg del temps, per aixi assentar
les bases per a la seva posterior formulacié. Amb la finalitat d’assolir aquest repte, es
van plantejar els segiients objectius:

1. Estudi de la liofilitzacié com a métode de deshidratacié del llevat C. sake

1.1. Avaluacié del métode de congelacié a utilitzar abans de la liofilitzacio.

1.2. Efecte de I’addici6 de medis protectors a diferents concentracions.

1.3. Efecte de la combinacié dels millors protectors amb la llet.

1.4. Efecte del medi de rehidrataci6 en la viabilitat de C. sake.

1.5. Estudi de I’efectivitat de les cél-lules de C. sake liofilitzades contra
P. expansum en pomes “Golden Delicious”.

1.6. Estudi de ’efecte del medi protector i rehidratant, i la temperatura en la
conservaci6 del llevat liofilitzat.

2. Estudi de P’ecofisiologia de C. sake en medi de cultiu a base de melassa

2.1. Efecte de la modificacié de I’a, del medi de cultiu mitjangant I’addici6 de
diferents soluts en el creixement de C. sake.

2.2. Efecte de la modificacié de I’a,, del medi de cultiu en el potencial hidric de les
cél-lules.

2.3. Efecte de la modificacié de I’a,, del medi de cultiu, del solut utilitzat per a
reduir-la i de I’edat del cultiu en ’acumulacié intracel-lular de sucres i poliols.

2.4. Efecte de I’a,, del medi de cultiu, del solut utilitzat per a reduir-la i de I’edat
del cultiu en la resisténcia a baixes condicions d’estrés.

3. Avaluaci6 de la formulaci6 liquida com a métode de conservacié

3.1. Estudi de la viabilitat de C.sake conservada en solucions isotdniques
preparades amb diferents soluts.

3.2. Determinaci6 de I’efectivitat de les formulacions liquides de C. sake
conservades durant diferents periodes de temps.
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OBJECTIVES

The main objective of this thesis is research for a effective preservation method of the
yeast C. sake, maintaining its viability and efficacy, and to establish the basis for its
subsequent formulation. In order to reach this goal, the following objectives were
considered:

1. A study of freeze-drying as a dehydration method of C. sake cells

1.1.
1.2
1.3.
1.4.
1.5.

1.6.

2.
2.1
2.2
2.3.
24.
3.

3.1

3.2.

Evaluation of the freezing method to be used before freeze-drying.

Effect of the addition of different concentrations of protective agents.

Effect of combinations of the best protectants with skimmed milk.

Effect of rehydration media on the viability of C. sake cells.

Study of the efficacy of freeze-dried C. sake cells against P. expansum on
Golden Delicious apples.

Study of protective and rehydration media and temperature on the
preservation of C. sake cells.

Ecophysiological studies of C. sake grown in molasses-based media

Effect of the modification of the a,, of the growth media with different solutes
on growth of C.sake.

Effect of modification of the a,, of the growth media with different solutes on
the internal water potential of C. sake cells.

Effect of the modification of the a,, of the growth media, the solute used to
reduce it and culture age on intracellular accumulation of sugars and polyols.
Effect of the modification of the a,, of the growth media, the solute used to
reduce it and culture age on the water stress resistance of C. sake.

Evaluation of liquid formulation as a preservation method

Study of the viability C. sake cells preserved in liquid isotonic solutions
prepared with different solutes.
Evaluation of the efficacy of preserved liquid formulations of C. sake.
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ABSTRACT

The effect of freezing method, freeze drying process, and the use of protective agents
on the viability of the biocontrol yeast Candida sake were studied. The effect of
freezing at -12°C, -20°C, progressive freezing and liquid nitrogen on viability of cells
was compared. Freezing at -20°C was the best method to preserve viability of C. sake
cells after freeze drying using 10% skim milk as a protectant (28.9% survival). Liquid
nitrogen freezing caused the highest level of damage to the cells with viability <10%.
Different concentrations of exogenous substances including sugars, polyols, polymers
and nitrogen compounds were tested either alone or in combination with skim milk.
There was little or no effect when additives were used at 1% concentration. Galactose,
raffinose and sodium glutamate at 10% were the best protective agents tested alone but
the viability of freeze dried C. sake cells was always <20%. Survival of yeast cells
increased from 0.2 to 30-40% by using appropriate protective media containing
combinations of skim milk and other protectants such as 5 or 10% lactose or glucose,
and 10% fructose or sucrose.

Keywords: viability, survival, preservation, protectants, formulation, freeze drying

INTRODUCTION

Fruits and vegetables suffer significant losses from fungal diseases after harvest
(Eckert, 1975; Dennis, 1983; Snowdon, 1990, 1992). Application of synthetic
fungicides has been the primary mean of controlling postharvest diseases (Eckert and
Ogawa, 1988). The use of chemicals is becoming increasingly restricted because of
concerns for the environment and health. Biological control using microbial
antagonists has attracted much interest as an alternative to chemical methods of
controlling pre- and post-harvest plant pathogens and pests of agricultural and
horticultural crops (Janisiewicz, 1988; Wilson and Chalutz, 1989; Wilson and
Wisniewski, 1989; Janisiewicz, 1990). Recently, detailed studies have shown that a
strain of Candida sake (K. Saito & M. Ota) N. van Uden & H.R. Buckley (CPA-1) is
an effective antagonist to the major fungal pathogens of apples and pears (Vifias et al.,
1996; Teixido et al., 1998; Vifias et al., 1998; Usall, 2000).

However, to be of practical use microbial agents must be formulated as products
capable of storage, distribution and application into the agricultural marketplace,
requiring different approaches from traditional agrochemical product design (Rodham
et al., 1999). Formulation is necessary in order to present the product in a usable form
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and in order to optimize the efficacy, stability, safety and ease of application of the
product (Rhodes, 1993). The biological control agent must be formulated and
maintained in a viable or active form. This presents a number of technical problems in
that microorganisms and proteins, particularly in the absence of specialised resting
structures, are easily killed or inactivated by unfavourable environmental conditions
(Kirsop and Doyle, 1991). Drying of the product, and maintenance in a dry
environment or suspension in oil are alternative approaches to formulate microbial
agents so that they can be handled using the normal channels of distribution and
storage. Unfortunately, not all microorganisms have proved amenable to drying and
many tend to lose viability both during the drying process and in storage (Lapage and
Redway, 1974; Kirsop and Doyle, 1991).

Freeze drying is the most convenient and successful method of preserving bacteria,
yeasts and sporulating fungi (Bemy and Hennebert, 1991). The advantages of freeze
drying are protection from contamination or infestation during storage, long viability
and ease of strain distribution (Smith and Onions, 1983). However, not all strains
survive the process and, among those surviving, quantitative viability rates as low as
0.1% have been reported (Atkin et al., 1949; Kirsop, 1955; Smith and Onions, 1983;
Berny and Hennebert, 1991). Substances such as polymers, sugars, albumin, milk,
honey, polyols and amino acids have been tested for their protective effect during
freeze drying (Pedersen, 1965; Morris and Farrant, 1972; Malik, 1976; Meryman et al.,
1977; Womersley, 1981; Font de Valdez et al., 1983a). Skim milk has been widely
used, either alone (Heckly, 1961) or associated with other compounds (Butterfield et
al.,, 1974; Malik, 1976; Smith and Onions, 1983; Berny and Hennebert, 1991).
Components of the suspending media have two main functions in preserving viability
of freeze dried cells. The first is to provide a dry residue with a definite physical
structure acting as a support material and as a receptor in rehydration, and the second is
to protect the living cells biochemically against damage during freezing and/or drying
(Berny and Hennebert, 1991). These workers found that by using skim milk as a
support material in combination with two compounds from honey, sodium glutamate,
trehalose or raffinose, the viability of Saccharomyces cerevisiae cells was increased
from 30% to 96-98%.

Moreover, the cooling rate of the cells during the cooling phase is a critical factor in
the freeze drying process. The optimum cooling rate appears to be that at which the
cells do not lose water and reaches the eutectic frozen point in an amorphous state
(Berny and Hennebert, 1991). If cooling is slow enough, water will have time to flow
out of the cell by osmosis dehydrating the cell and thus avoiding freezing. If the cells
do not lose water quickly enough to maintain equilibrium, ice crystals eventually form
intracellularly (Mazur, 1977).
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Surprisingly, practically no similar studies have been carried out to evaluate the
efficacy of such treatments for conserving viability of cells of postharvest biological
control agents such as C. sake. This is critical, since a high cell concentration is
necessary in order to obtain a good formulated product for commercial application.
Thus the objectives of this study were to compare the efficiency of different freezing
methods, and compare the additions of a range of individual additives and
combinations with powdered skimmed milk as protectants for preserving the viability
of C. sake cells during freeze drying.

MATERIALS AND METHODS

Yeast

The yeast used in this study was the strain CPA-1 of Candida sake obtained from UdL-
IRTA, Catalonia, Spain. It is deposited in Coleccién Espafiola de Cultivos Tipo,
CECT-10817 (Universidad de Valencia, Campus de Burjasot, Burjasot, Valencia,
Spain).

Cultures

Stock cultures were stored at 4°C and had been subcultured on nutrient yeast dextrose
agar (NYDA), which contained nutrient broth, 8 g I (Biokar Diagnostics, BK003,
Beauvois, France); yeast extract, 5g I, (Biokar Diagnostics, 112002, Beauvois,
France); dextrose, 10 g I, (Rectapur, 24 379.294, Prolabo, Fontenay S/Bois, France)
and agar, 15 g I'' NOKO, S.A., RG-99112318, Asturias, Spain).

Cell production

The growth medium was nutrient yeast dextrose broth (NYDB), which was NYDA
without agar. Cultures were grown in a 5-liter bench-top fermentor (Gallenkamp,
Loughborough, Leicestershire, UK) containing 41 of medium at 25+ 1°C with
constant stirring and aeration for 38 h. Cells were harvested at the beginning of the
stationary phase by centrifugation at 8315 g for 10 min at 10°C in an Avanti™ J-25
centrifuge (Beckman, Palo Alto, CA, USA). The growth medium was decanted and the
cell paste resuspended in 10-15 ml of potassium phosphate buffer (PB, 70 ml 0.2 M
KH,PO4 (Rectapur, 26 923.298, Prolabo) + 30 ml 0.2 M K;HPO, (Rectapur,
26 930.293, Prolabo), pH 6.5, and centrifuged again. The resulting cell paste was
stored at 4°C and used the same day. Usually, about 15 g of cell paste with a moisture
content of about 75% (w/w) were obtained per liter of NYDB medium.
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Freezing treatments

C. sake cells were produced as described above and the cell paste was then
resuspended in powdered skimmed non-fat milk (SM, Sveltesse®, Nestlé Espaiia, S.A.,
Barcelona, Spain) at 10% (w/v) which was used as a control. Ten-fold dilutions of this
suspension were made and spread plated in duplicate onto the surface of 9 cm Petri
plates in order to calculate the initial concentration. Plates were incubated at 25 + 1°C
for 48 h and the initial number of colony forming units per mililiter (CFU mI™) was
calculated.

Thereafter samples of 5 ml were distributed in 24 autoclaved vials (10 ml, Serum Type
Reaction Vial, Supelco, Inc., Bellefonte, PA) in order to evaluate the effect of four
different freezing methods on C. sake viability. The first and second methods consisted
of freezing directly at -12°C and -20°C respectively, and maintaining the samples at
these temperatures overnight. Progressive freezing consisted of refrigerating samples at
4°C for 2 h, then freezing at -12°C for 8 h, and maintaining the samples at -20°C
overnight. Liquid nitrogen freezing consisted in submerging the samples in liquid
nitrogen (N») and then maintaining the cells at -20°C overnight. Thereafter, three of the
six samples of each treatment were thawed at room temperature and viability was
calculated by the standard plate count method as described above in order to evaluate
the effect of freezing on C. sake cell viability. The other three vials were connected to a
freeze-drier (Cryodos, Telstar, S.A, Terrassa, Spain) operating at 1 Pa and -45°C for
24 h. Each sample of freeze dried C. sake was rehydrated to its original volume (5 ml)
with PB for 10 min at room temperature, and then CFUml’ was determined as
described above. The survival level was determined for frozen, and freeze dried cell
treatments, and quantitative comparisons made (CFU mlI™") before and after freezing
and freeze drying respectively. The experiments were all repeated twice.

Effect of protective agents

Cell paste obtained by centrifugation as described above was resuspended in the
protective medium to make a total volume of 10% of the initial one, containing
approximately 1.0 x 10° to 5.0 x 10° CFUmI". Initial cell concentration of each
protective suspension was calculated by the standard plate count method. Aliquots of
5 ml were distributed in three autoclaved vials and were frozen at -20°C overnight.
Then samples were connected to the freeze-drier for 24 h. Each sample of freeze dried
C. sake cells was rehydrated and plated as described above. The percentage of survival
was determined from the viable yeast counts made before and after freeze drying,.

Suspensions of sugars (glucose, fructose, galactose, trehalose, lactose, sucrose and
raffinose); polyols (glycerol, mannitol, sorbitol, inositol and adonitol); polymers
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(dextran, starch and polyethylene glycol 200, PEG); peptone and sodium glutamate
were made with de-ionized water. Concentrations of 1, 5 and 10% (w/v) were
prepared. Moreover, a 10% suspension of SM was studied in order to compare with the
other treatments.

Solutions were autoclaved at 115°C for 15 min, except adonitol, which was sterilised
by filtration using a 0.20 um diameter filter (GS Type, Millipore, Ireland).

D(+)-sucrose, anhydrous D(+)-glucose, starch and glycerol 98% were provided by
Rectapur (Prolabo, Fontenay S/Bois, France); D(+)-galactose, D(+)-raffinose
pentahydrate, D-mannitol, D(+)-trehalose dihydrate, dextran, meso-inositol and
adonitol by (Sigma-Aldrich, Steinheim, Germany); D(-)-fructose, lactose-1-hydrate,
PEG200, D(-)-sorbitol and sodium L-glutamate-1-hydrate by (Panreac Quimica, S.A,
Montcada i Reixac, Barcelona, Spain).

Glucose, fructose, galactose, trehalose, sucrose, lactose, raffinose, glutamate, dextran,
starch, sorbitol and adonitol were combined at 5 and 10% (w/v) with SM at 5 and 10%
(w/v) concentration.

Data analysis

Resulting colonies from samples taken before and after freeze drying were counted and
percentages of surviving C. sake estimated. Percentages of viability were analysed by a
General Lineal Model (GLM) procedure with SAS software (SAS Institute, version
6.12, Cary, NC, USA). Statistical significance was judged at the level P=0.05. When
the analysis was statistically significant Duncan’s Multiple Range Test was used for
separation of means.

RESULTS

Comparison of freezing treatments

The best viability of C. sake cells after freezing was obtained when samples were
frozen at -12°C and -20°C, with survival >85% (Table 1). After freeze drying, the
viability of the yeast cells was drastically decreased to <30% in all cases, with the best
results obtained in the -20°C freezing treatment. The viability of the cells after
freezing, and freeze drying when the cells were frozen with N,, was significantly lower
(P<0.05) than that obtained with the other freezing methods. Consequently, this
method was rejected and freezing at -20°C was chosen as the best treatment with which
to carry out further experimentation.
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Table 1. Viability of C. sake cells after freezing and freeze drying with different methods using 10%
of skim milk as a protective agent. Means with different letter within columns are significantly
different according to Duncan’s Multiple Range Test (P<0.05).

Viability, %

After freezing After freeze drying
Freeze method Mean Stdev® Mean Stdev®
-12°C 89.7° 3.4 19.3° 4.1
-20°C 85.1* 5.3 289° 1.1
Progressive 71.3° 1.1 20.7° 1.9
Liquid Nitrogen 52.1° 45 92° 2.1

#: Standard deviation

Effect of protective agents

The additives tested as protective agents against freeze drying in this study may be
divided in four groups: sugars, polyols, polymers and nitrogen compounds. In this
experiment all additives were tested using deionized water as a suspending medium.
Afier freeze drying, cell viability in the absence of the protective agents was very low,
0.2 and 0.3% for deionized water and PB respectively (data not shown). The viability
of C. sake cells freeze dried in 10% SM was 22% (data not shown). Results with the
additives are shown in Table 2.

An increase in viability was observed when the concentration of the protective
agent was increased from 1 to 10%, except for dextran, glycerol, inositol, PEG and
peptone. At 1% concentration the additives were all ineffective in conserving
viability. At 5%, the best protective agent was raffinose, with 13.2% of cells
remaining viable. Best viabilities were observed with 10% glutamate, raffinose and
galactose, with 19.8, 19.1 and 16.6% survival, respectively.

Among the sugars, the trisaccharide raffinose was found to be the best protectant
giving cell viabilities of 13.2 and 19.1% at concentrations of 5 and 10%,
respectively. There were no significant differences (P>0.05) between the
dissacharides sucrose, lactose and trehalose at both of the higher concentrations
tested. Galactose was the best monosaccharide treatment tested and showed
statistically higher survival of C. sake cells than glucose and fructose. At 10%
concentration, raffinose and galactose showed the best protective effect,
significantly different from the other sugars.
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Table 2. Viability of C. sake (%) after freeze drying using different concentrations of protective
agents dissolved in deionized water. Different letters in the same column indicate that means are
significantly different (P<0.05) according to a Duncan’s Multiple Range Test.

Concentration, % w/v

1% 5% 10%

Protectant Mean Stdev® Mean Stdev® Mean Stdev®

Monossaccharides Glucose 02% 00 28% 03 86% 12
Fructose 02% 0.1 43 04 59 07
Galactose 1.0% 0.3 6.4° 1.0 166%® 65

Dissaccharides Sucrose 0.7%f 02 62" 0.7 114% 14
Lactose 08%% 02 59™ 06 122¢ 27
Trehalose 1.5%° 00 61™ 18 125%9 14

Tri-saccharides Raffinose 1.7° 0.5 13.2° 1.6 19.1% 3.6
Polymers Dextran 1.7° 09 34¢ 08 37% 15
Starch 2.1° 0.5 7.0° 30 119 20
PEG <0.1f 02% 01 028 01
Polyols Glycerol 03%f 01  01f 01 038 04

Mamitol 0.1 01 1.0¢% 03 64 10
Sorbitol 0.6 0.1  26% 04 13.0%° 1.7
Adonitol  08% 0.6 1.5 02 86% 07
Inositol 06 05 <0.1f <0.1¢8

Nitrogen compounds ~ Glutamate 0.6°f 02  54% 04 198* 13

Peptone  <0.1° <0.1f <0.18

2 Standard deviation
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The protective effect of polyols was in general lower than that obtained with sugars.
Sorbitol (10%) addition gave the highest viability of all the polyols tested. Glycerol at
10% did not dry completely. Inositol was found to be ineffective in the protection of
C. sake and the viability obtained was <1% for all concentrations tested. Mannitol and
adonitol showed some effect on C. sake survival when tested at 10% concentration (6.4
and 8.6% viability, respectively).

Among the polymers tested, best results were obtained with starch. Its effect at 5 and
10% concentration was not significantly different to that obtained with the
dissaccharides tested. Dextran gave poor viability (<4% for all concentrations tested),
and there were no differences in viability of cells when the concentration of dextran
was increased from 1 to 10%. Finally, PEG was found to be ineffective in protecting
C. sake cells.

Sodium glutamate (10%) proved to be one of the best protectants with 19.8% of
C. sake cells remaining viable. However, the effect was concentration dependent with
better conservation at 10 than 1% concentration. Peptone was inefficient in protecting
yeast cells at all tested concentrations. Overall, although viability was enhanced with
some protectants, the maximum percentage of viable cells was still <20%. Thus,
further studies were conducted with combinations of SM and some protectants.

Effect of skimmed milk + protectant mixtures |

Results obtained with SM in combination with glucose, fructose, trehalose and sucrose
on viability of C. sake cells after freeze drying are shown in Fig. 1. For glucose and
SM combinations, the addition of 5% glucose caused a significant increase in viability,
with either 5 or 10% SM. Combinations of 10% SM + 5 or 10% glucose resulted in
30.0 and 33.4% cell viability. Addition of 5% fructose to 5% SM (Fig. 1B) gave a
significant increase in viability (27.2%). However, mixtures containing 5 or 10% SM
did not dry completely. The effect of the addition of the dissaccharides trehalose and
sucrose (Fig. 1C, 1D), to SM was more notable at 5 than 10% SM. Using 10% SM +
10% sucrose resulted in about 37% cell viability.
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Fig. 1. Viability of C. sake cells after freeze drying using combinations of: (A) Glucose, (B) Fructose,
(C) Trehalose and (D) Sucrose at 0% ( [J), 5% (3 ) or 10% ( ) with SM. Within the same figure,
different letters indicate significant differences (P<0.05) according to Duncan’s Multiple Range Test.

Results obtained with combinations of SM + galactose, lactose, raffinose and dextran
are shown in Fig.2. The best result obtained was when combinations of
10% SM + 10% lactose were used, resulting in about 40% cell viability. Problems were
encountered with 10% SM and dextran treatments which became curdled during the
sterilisation process.
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Fig. 2. Viability of C. sake cells after freeze drying using combinations of: (A) Galactose, (B)
Lactose, (C) Raffinose and (D) Dextran at 0% ([J ), 5% (E3 ) or 10% (ll ) with SM. Within the same
figure, different letters indicate significant differences (P<0.05) according to Duncan’s Multiple
Range Test.

Results obtained with the combination of SM with sorbitol, adonitol, glutamate and
starch are shown in Fig.3. The best combination of treatments was
10% SM + 5% adonitol where viability was increased to about 25%. Combinations of
SM + glutamate or starch did not show any additional protective effect over that
provided by SM alone. Again combinations of glutamate with 10% SM curdled during
the sterilisation process.



54 BASES PER A LA FORMULACIO DE L’ AGENT DE BIOCONTROL Candida sake CPA-1

50 50
45 1~ A) Sorbitol 45 1-B) Adonitol
40
.é 35
P
>
_%» 20
s 15
S 10
5
0
0% 5% 10% 0% 5% 10%
50 50
. 4 1 C) Glutamate 45 1-D) Starch
S 40 40
Z 35 35
s 30 30
; 25 25
S 20 20
E.; 15 A 15
10 10
5 5 r
0 : 0 G .
0% 5% 10% 0% 5% 10%
SM concentration, % (w/v) SM concentration, % (W/v)

Fig. 3. Viability of C. sake cells after freeze drying using combinations of: (A) Sorbito}, (B) Adonitol,
(C) Glutamate and (D) Starch at 0% (), 5% (E3 ) or 10% (IR ) with SM. Within the same figure,
different letters indicate significant differences (P<0.05) according to Duncan’s Multiple Range Test.
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DISCUSSION

This study is the first investigation of the resistance of cells of the biocontrol agent
C. sake to freezing and freeze drying processes. It has demonstrated that these
conditions and protectant additives have a significant influence on the survival of
C. sake cells.

In the present studies, we found that freezing at -20°C appeared to be most suitable
method of the four examined, followed by -12°C, and then the progressive freezing and
liquid nitrogen systems. For the four freezing methods tested, liquid nitrogen was the
method resulting in the lowest viability of C. sake cells probably because it was too
fast to let the internal water migrate outside the cell, and water froze inside the cell
resulting in lethal damage.

When compounds were tested alone, SM 10% afforded the higher protecting effect.
The viability of C. sake cells suspended in 10% SM was 22%. Berny and Hennebert
(1991) found a similar effect in protecting Saccharomyces cerevisiae cells with SM,
obtaining 30% survival. It is thought that proteins contained in milk provide a
protective coat for the cells (Champagne et al., 1991).

In our experiments, 12.5% viability was obtained using 10% trehalose as a protective
agent and trehalose was much more efficient at a concentration of 10 than at 5%, as
found by Coutinho et al. (1988) and Berny and Hennebert (1991) with other
microorganisms. Among the sugars, trehalose has been widely studied. Its role in the
stabilisation of dry biological membranes by hydrogen bonding to the polar head group
of the phospholipid membrane has been pointed out (Crowe et al., 1984). Berny and
Hennebert (1991) found that using 10% trehalose as a protectant, the viability of
S. cerevisiae was 74%. Combinations of this disaccharide with 5% SM increased the
yeast survival further.

With all the dissaccharides tested, approximately 12% viability was reached. Better
results were obtained by Kilara et al. (1976) who found that lactose (7%) was a useful
protectant of lactic acid bacteria obtaining viabilities of between 23 and 50%
depending on the genera studied. Sucrose can also be used successfully
(Nikolova, 1978). Polyols and sugars seem to require the presence of at least five
properly arranged hydroxyl groups to provide protection (Webb, 1960; Moriche, 1970).
Hanafusa (1985) found that the addition of protective substances, such as sugars or
glycerol, reduce the amount of bound water on the surface of the proteins. The
protectants may themselves form hydrogen bonds with the protein, thus substituting for
the water in order to maintain the stability of the protein (Font de Valdez et al., 1983a,
1985; Hanafusa, 1985).
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The findings obtained in our study seem to indicate that polyols are not appropriate for
the preservation of cells of C. sake during lyophilization. Except for sorbitol, they gave
poor protection. During freeze drying S. cerevisiae cells, the use of 5%
inositol + 10% SM resulted in 25% viability, lower than that obtained with 10% SM
alone (Berny and Hennebert, 1991). Glycerol, which is an effective cryoprotectant and
is widely used in frozen concentrates, did not provide significant protection during
freeze drying of C. sake cells. This result is similar to that obtained by Font de Valdez
et al. (1983b) who indicated that glycerol was not appropriate for the preservation of
lactic acid bacteria during freeze drying. However, mannitol was identified as a good
protectant for dried lactic acid bacteria (Efiuvwevwere et al., 1999). Adonitol provided
some protection to C. sake cells. In contrast, Font de Valdez et al. (1983b)
demonstrated that adonitol had a strong protective effect on lactic acid bacteria during
freeze drying. However, the cost of adonitol limits its industrial use.

Dextran at 5 and 10% concentration gave poor protection of freeze dried C. sake cells
(3.4 and 3.7%, respectively). The effect of the same concentrations on S. cerevisiae
cells was slightly higher (13 and 24% viability, respectively). In our experiments, 10%
sodium glutamate gave one of the best results when using the cryprotectants alone.
Berny and Hennebert (1991) found that 30% of S. cerevisiae cells survived after freeze
drying when 5% glutamate was used as protectant. This protection by amino acids is
thought to be the result of a reaction between the carboxyl groups of the
microorganism proteins and the amino group of the protectant, stabilising the proteins
structure (Moriche, 1970).

In the present study skim milk gave the best viability to C. sake cells and also provided
the freeze dried product with a porous structure that made rehydration easier.
Consequently, SM was also used as a support material in mixture with the best
protectants.

The best results were obtained by using combinations of treatments by mixing
10% SM + 5% or 10% glucose, 10% fructose, 10% sucrose, 5% lactose and 10%
lactose (30-40% viability). In general, using the same protectants the viability of
C. sake cells was lower than that obtained for S. cerevisiae previously (Bemy and
Hennebert, 1991). C. sake cells appeared to be much more sensitive to freeze drying
than S. cerevisiae. Combinations of 10% SM+5 or 10% trehalose gave poor
protection of C. sake cells resulting in 19 and 29% viability, respectively. However,
previous studies with S. cerevisiae showed viabilities of 74 and 96% with the same
protectants (Berny and Hennebert, 1991). Similar differences were observed for
raffinose. Surprisingly, sodium glutamate which had been one of the best individual
treatments, did not increase C. sake cell viability when combined with SM. This
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parallels the results obtained by Berny and Hennebert (1991) with S. cerevisiae.
Overall, by using an appropriate combination, we could improve the resistance of
C.sake cells to freeze drying from 0.3% (using water) to 40% (using
10% SM + 10% lactose). Moreover, this combination significantly increased the
viability obtained with individual treatments alone.

The mechanism of killing by freezing and/or dehydration and of protection of
organisms from injury is complex. Evidence exists that the major contributory factor in
cell death is osmotic shock (Harrison and Cerroni, 1956), although the findings of
Mazur (1960) do not support this view. From the results obtained in our studies, it is
difficult to draw definite conclusions as to the manner of action of each cryoprotective
agent. However, the differences exhibited in the yeast survival indicate that certain
suspending media are more effective than others in protecting C. sake cells subjected to
freeze drying. We have demonstrated that an appropriate selection of suspending
medium is essential in order to optimise cell viability. In order to increase C. sake
viability after freeze drying, other factors such as growth media and rehydration media
would have been studied.
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ABSTRACT

Viability, efficacy against Penicillium expansum on Golden Delicious apples, and
storage stability of freeze-dried Candida sake strain CPA-1 were studied. The effect of
several protective agents and rehydration media was investigated in freeze-drying of
C. sake. Skimmed milk at 10% concentration demonstrated to be a good rehydration
media for all protectants tested. In general, good viability results were obtained when
the same solution was used as a protectant and as a rehydrating media. The best
survival was obtained when C. sake cells were protected with 10% lactose + 10%
skimmed milk and rehydrated with skimmed milk (85% viability).

The potential for biocontrol of the best freeze-dried treatments against P. expansum on
apples was compared with that by fresh cells. Freeze-dried treatments at
1.0 x 10’ CFU/ml reduced the incidence of decay by 45-66%. The best biocontrol
effect was obtained with cells which had been freeze-dried using 10% lactose + 10%
skimmed milk as a protectant and 1% peptone as a rehydration medium, with a 66%
reduction in rot incidence. However, in all treatments the efficacy of freeze-dried cells
was significantly lower than fresh cells.

The stability of freeze-dried samples decreased during storage and was influenced by
storage temperature. In the best treatment, storage of C. sake cells for 60 days at 4°C
resulted in final concentrations of 2.5 x 10 CFU/ml which was a 10-fold reduction in
relation to the initial starting concentration of cells prior to freeze-drying.

INTRODUCTION

Biological control of postharvest diseases of fruits has advanced greatly during the past
decade. These efforts arose from the need for alternatives to chemical control measures
(Rosenberg and Meyer, 1981; Spotts and Cervantes, 1986) due to the development of
resistance to many fungicides by major postharvest pathogens (Bertrand and Saulie-
Carter, 1978; Rosenberg and Meyer, 1981; Viiias et al., 1991, 1993), and concern for
public safety (National Research Council, 1987). Recent studies have shown that
Candida sake strain CPA-1 is an effective antagonist for the control of the major
postharvest pathogens on pome fruits at small and semi-comercial scale (Teixido et al.,
1998, 1999; Usall et al., 2000a; Vifias et al., 1996, 1998). It has also demonstrated high
efficacy in commercial scale trials in packinghouses (Usall et al., 2000b). However, to
be of practical use, microbial agents should be formulated in a usable form in order to
optimise the efficacy, stability, safety and ease application of the product (Rhodes,
1993). The major obstacle in the commercialization of biocontrol products is the
development of a shelf-stable formulated product that retains biocontrol activity similar
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to that of the fresh cells of the agent (Janisiewicz and Jeffers, 1997). Drying of the
product and maintenance in a dry environment or suspension in oil are approaches to
formulate microbial agents so that they can be handled using the normal channels of
distribution and storage (Rhodes, 1993).

In 1995, the US Environmental Protection Agency (EPA) registered the first biological
control products against postharvest diseases of apple, pear and citrus fruits. Bio-Save
10 and Bio-Save 11 (based on different strains of Pseudomonas syringae) have been
developed by EcoScience Corp. (Orlando, FL) and Aspire (based on Candida oleophila
Montrocher) by Ecogen, Inc. (Langhorne, PA) (Janisiewicz and Jeffers, 1997).

In a previous work, Abadias et al. (unpublised data) studied the capability of C. sake
cells to survive after a freeze-drying process in order to obtain a dry product with high
viability. The effect of protective agents was studied and the maximum viability rate
obtained was 40%. However, to be of practical use, higher viability is necessary in
order to obtain a good formulated product for commercial application. In addition to
the physiological characteristics of the micro-organism and the protectant, growth and
rehydration medium, and drying process, together with subsequent storage conditions
including temperature, atmosphere and relative humidity appear to be very important
for the recovery of freeze dried cells (Andersen et al., 1999; Font de Valdez et al,,
1985a).

Thus, in order to obtain a good stable dried product, the objectives of this work were:
(a) to study the effect of the rehydration media on the recovery of freeze-dried C. sake
cells, (b) to evaluate the best treatments for biocontrol of Penicillium rot on apples and
(c) to evaluate the effect of the protectants, storage temperature and rehydration media
on the stability of preserved C. sake cells.

MATERIALS AND METHODS

Cultures

The yeast used in this study was the strain CPA-1 of Candida sake obtained from UdL-
IRTA, Catalonia, Spain. It was isolated from the apple surface and has previously been
demonstrated to have antagonistic activity against Penicillium expansum, Botrytis
cinerea and Rhizopus nigricans on pome fruits (Vifias et al., 1998). It is deposited in
Coleccion Espariola de Cultivos Tipo, CECT-10817 (Universidad de Valencia, Campus
de Burjasot, Burjasot, Valencia, Spain).
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Growth conditions

Stock cultures were stored at 4°C and had been sub-cultured on nutrient yeast dextrose
agar (NYDA: nutrient broth, 8 g/l; yeast extract, 5 g/l; dextrose, 10 g/l; agar, 15 g/l).
The growth medium was nutrient yeast dextrose broth (NYDB). Cultures were grown
in a S-liter bench-top fermentor (Gallenkamp, Loughborough, Leicestershire, UK)
containing 4 | of medium at 25 + 1°C with constant stirring and aeration for 38 h. Cells
were harvested at the beginning of the stationary phase by centrifugation at 8,315 x g
for 10 min at 10°C in an Avanti™ J-25 centrifuge (Beckman, Palo Alto, CA, USA).
The growth medium was decanted and the cell paste resuspended in 10-15 ml of
0.05 M potassium phosphate buffer (PB), pH 6.5, and centrifuged again. The resulting
cell paste was stored at 4°C and used the same day.

Protective agents tested

10% (wt/vol) powdered skimmed non-fat milk (SM, Sveltesse®, Nestlé Espafia, S.A.,
Barcelona, Spain) alone, and combinations of 10% fructose + 10% SM (F10SM10),
10% glucose + 10% SM (G10SM10), 5% glucose + 10% SM (G5SM10),
10% lactose + 10% SM (L10SMI10), 5% lactose + 10% SM (L5SM10), 5%
lactose + 5% SM (L5SMS5), and 10% saccharose + 10% SM (S10SM10) were used as
protectants during the freeze drying of C. sake cells.

Sample preparation

Cell paste, prepared as described previously, was resuspended in the sterilized
protectant solution treatment and was maintained in a rotatory shaker for 30 min at
room temperature. Ten-fold dilutions of this suspension were made in PB and 0.1 ml of
the solutions were spread plated in duplicate onto the surface of 9 cm Petri plates in
order to calculate the initial concentration. Plates were incubated at 25 + 1°C for 48 h
and the initial number of colony forming units per milliliter (CFU/ml) was calculated.
Initial concentration of C. sake suspensions was about 1.0 x 10° to 4.5 x 10° CFU/ml.

Freeze-drying process

For each protectant treatment, 5 ml samples were distributed in 24 autoclaved vials
(10 ml, Serum Type Reaction Vial, Supelco, Inc., Bellefonte, PA) and then were frozen
at -20°C overnight. Thereafter, samples were connected to a freeze-drier (Cryodos,
Telstar, S.A, Terrassa, Spain) operating at 1 Pa and -45°C for 24 h.
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Rehydration media

For each protectant tested, water, PB, 10% SM, 5 and 10% saccharose (S), 0.1 and
1.0% peptone (P) were tested. Moreover, for each of the eight freeze-drying protectants
tested, the same solution was used as a rehydration medium (Id). For example, when
cells were protected during freeze-drying with L10SM10, they were rehydrated with
the rehydration media mentioned above and with L10SM10 (L10SM10-1d).

Three replicates of each freeze-dried C. sake sample were rehydrated to its original
volume (5 ml) with one of the eight different rehydration media tested. Rehydrated
samples were left at room temperature for 10 min and then CFU/ml were determined
by the plating as described previously. Serial dilutions were done with the same
solution as the rehydration media. Plates were incubated at 25°C for 48 h. The number
of viable cells were calculated by comparing prior to, and after freeze-drying and
rehydration. The experiment was repeated twice with the eight best combinations of
protectant + rehydration media.

The percentage of viable cells was analyzed by a General Lineal Model (GLM)
procedure with Statistical Analysis System, SAS software (SAS Institute, version 6.12,
Cary, NC, USA). As the results were expressed as a percentage, data normality was
studied and data transformation was not necessary. The effect of protectants and
rehydration media and their interaction were studied as variables. Statistical
significance was judged at the level P<0.05. When the analysis was statistically
significant Least Significance Difference Test (LSD) was used for separation of means.

Antagonistic activity of freeze-dried and rehydrated C. sake cells
against P. expansum on apples

In order to evaluate the efficacy of freeze-dried C. sake cells against P. expansum on
apples, freeze-dried cells were rehydrated as describe above and compared with fresh
cells. Fresh cells were obtained by growing them in 100 ml conical flask containing
50 ml of NYDB. After 38 h, cells were centrifuged at 8,315 x g for 10 min and
resuspended in 50ml of PB. Cell concentration was determined with an
haemocytometer and then adjusted to 1 x 10" CFU/ml with PB. Moreover, freeze-dried
C. sake cell concentration was also adjusted with PB to 1.0 x 10’ CFU/ml.

Golden Delicious apples were wounded with a nail by making an injury 2 mm diameter
and 2 mm deep, at the stem (top) and calyx (bottom). A 25 pl suspension of the
appropriate concentration of C. sake suspensions from each rehydrated treatment and
fresh cells of C. sake were applied to each wound. Fruits were left to dry and then
wounds were inoculated with 20 pl of an aqueous suspension of P.expansum
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1.0 x 10* conidia/ml) which had been isolated from decayed apples and had shown to
be highly pathogenic to apples. Five apples constituted a single replicate and each
treatment was repeated three times. Treated apples were incubated at 20°C and 85%
relative humidity for 5 days, after which the percentage of infected wounds (incidence)
and the lesion diameters (severity) caused by P. expansum were measured.

ANOVA procedure of the SAS system was also performed on disease incidence and
severity data. Percentages of infected wounds infected were transformed by the square
root of the arcsine prior to analysis. This transformation was used to improve
homogeneity of variances. Statistical significance was judged at the level P<0.05.
When the analysis was statistically significant, LSD Test was used for means
separation.

Storage stability of freeze-dried C. sake cells

In order to study the stability of the best treatments, vials containing the freeze-dried
samples were sealed with laboratory film (Parafilm® ‘M’) and then kept in an airtight
container filled with silica gel in order to avoid sample humidification. Samples were
stored at 4 and 25°C. After 15, 30, 45 and 60 days, three replicate samples of each
treatment and temperature were destructively sampled, rehydrated with the suitable
rehydration media and the viability checked as described previously.

RESULTS

Viability of C. sake cell treatments after rehydration

The results of C. sake viability according to the protective agent and rehydration media
used are shown in Table 1. Statistical analysis demonstrated that there were statistically
significant effects (P<0.05) of single sources (protectant and rehydration medium) and
their interaction. Thus, the effect of rehydration media depended on the protectant
used. However, water gave the worst results of all rehydration media tested. In general,
for the eight protectants, SM (10%) was shown to be the one of the bests rehydration
media tested. When the same solution used as protectant was used for rehydrating
freeze-dried samples, the viability obtained was the highest in G10SM10, L5SMS5 and
G5SMIO treatments (43.4, 52.2 and 50.7%, respectively). When F1I0SM10, L10SM10
and SI0SM10 were used as protectants, rehydration with 1% peptone also resulted in
good recovery of C. sake cells after freeze-drying (45.3, 50.7 and 35.0%, respectively).
The best viability was obtained with LSSM10 as a protectant and 10% SM as the
rehydration medium (L5SM10-SM), with approx. 61% cell viability.
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The experiment was repeated twice with the eight best combinations of protectant
agents and rehydration media: (1) 10% lactose + 10% SM and rehydrated with 10%
SM (L10SM10-SM); (2) 10% lactose + 10% SM and rehydrated with 1% peptone
(L10SM10-P1); (3) 5% lactose + 10% SM and rehydrated with 10% SM (L5SM10-
SM); (4) 5% lactose + 10% SM rehydrated with 5% lactose + 10% SM (L5SM10-1d);
(5) 10% fructose + 10% SM 10% rehydrated with 10% SM (F10SM10-SM); (6) 10%
fructose + 10% SM and rehydrated with 10% fructose + 10% SM (F10SM10-1d); (7)
5% lactose + 5% SM rehydrated with 5% lactose + 5% SM (L5SM5-Id) and (8) 5%
glucose + 10% SM rehydrated with 5% glucose + 10% SM (G5SM10-1d). Samples
containing fructose in the protectant solution did not dry properly during freeze-drying.
Consequently, both fructose treatments were not subsequently used.

Table 1. Viability of C. sake cells (%) after frecze-drying with different combinations of protectant
and rehydration media. Within rows (protectants), different letters indicate that there were significant
differences (P<0.05) between different rehydration media used, according to a Least Significant
Difference Test.

Reh);dration media”

Protectant” PB Water SM10% S5% S10% P0.1% P1% 1d*

SM 10% 103° 79°  226° 192 11.0° 103° 11.0° 226°
L10SM10 30.1° 142¢ 486" 174%  329° 22.9b°d 50.7°  26.5™
S10SM10 29.8°  86° 28.3* 106 181> 27.0° 350 29.7°
G10SM10 124 92° 413*  27.9°  240° 93° 8.7° 434
L5SM10 445" 16.0°  60.8° 26.4% 282%% 389" 41.7° 469"
F10SM10 407" 172%  533* 240  27.6° 405 453"  48.0®
L5SMS5 35.1% 274°  37.7*  40.8°  36.6™ 304%™ 347 522}

G5SM10 286 2379 377 303°  31.0°  262%  324™  50.7°

'+ SM: Skimmed mitk; L10SM10: Lactose 10% + SM 10%; S10SM10: Sucrose 10% + SM 10%;
G10SM10: Glucose 10% + SM 10%; L5SM10: Lactose 5% + SM 10%; F10SM10: Fructose 10% +
SM 10%; L5SMS: lactose 5% + SM 5% and G5SM10: glucose 5% + SM 10%.

™: PB: phosphate buffer, SM: Skimmed milk; S: saccharose; P: peptone and Id*: rehydration was
done using the same solution used as protectant.
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The viability obtained with the best combinations of protectants and rehydration media
are shown in Table 2. The highest viability (85.3%) was obtained using LI0OSM10 as a
protectant and 10% SM as a rehydration medium. The lowest viability of cells was
obtained with the treatments L5SM5-Id (45.5%) and G5SMI10-Id (44.9%), with
survival significantly lower than the rest of the treatments (£<0.05). The four best
treatments were used for testing biocontrol efficacy against P. expansum and storage
stability described later.

Table 2. Viability of C. sake cells (%) after freeze-drying with the
best combinations of protectant and rehydration media. Different
letters indicate that there were significant differences (P<0.05)
between treatments according to a Least Significant Difference Test.

Treatment Mean** Std. error”
L10SM10-SM 85.3 3.4
L5SM10-SM 71.4° 5.3
L5SM10-1d 62.0" 3.6
L10SM10-P1 59.4° 10.6
L5SM5-1d 45.5¢ 4.4
G5SM10-1d 449 4.1

. *: L10SM10-SM: lactose 10% + SM 10% rehydrated with SM 10%;
L5SM10-SM: lactose 5% + SM 10% rehydrated with SM 10%;
L5SM10-1d: lactose 5% + SM 10% rehydrated with lactose 5% +
SM 10%; L10SM10-P1: lactose 10% + SM 10% rehydrated with
peptone 1%; L5SMS-Id: lactose 5% + SM 5% rehydrated with
lactose 5% + SM 5% and G5SM10-Id: glucose 5% + SM 10%
rehydrated with glucose 5% + SM 10%.

**:Results are means of six values obtained from two replications of
the experiment.
*: Std. error: Standard error

Antagonistic activity of freeze-dried and rehydrated C. sake cells
against P. expansum on apples

Laboratory experiments showed that all C. sake treatments significantly inhibited
development of blue mold (Fig. 1). Both incidence and severity of P. expansum on
apples treated with freeze-dried C. sake cells were reduced up to 40 and 60%,
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respectively. Within freeze-dried treatments, the best ones were L10SM10 rehydrated
with 1% peptone and L5SM10 rehydrated with L5SM10 with disease incidence
reduced by 66 and 53%, and a reduction in severity of 74 and 71%, respectively.
However, rehydrated freeze-dried cells showed significantly lower biocontrol (P<0.05)
than fresh cells.
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Figure 1. Efficacy of the freeze-dried C. sake treatments compared with
fresh cells in reducing the development of P. expansum on apples. Fruits
were artificially wounded and inoculated with freeze-dried or fresh
antagonist at 1.0 x 10’ CFU/ml and P. expansum at 1.0 x 10* conidia/ml.
Fruits were stored at 20°C for 5 days. (A) Percentage of infected wounds
and (B) Lesion diameter. Different letters in the same figure indicate that
there are significant differences between means according to Least
Significant Difference Test (P<0.05).
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Storage stability of freeze-dried C. sake cells

Temperature greatly influenced the survival of freeze-dried C. sake cells under tested
storage conditions. Better results were obtained at 4°C than at 25°C (Fig.2) and
differences between treatments were more marked at 4°C than at 25°C. Regardless of
time, cells freeze dried with L10SM10 and rehydrated with 10% SM and stored at 4°C
had a significantly higher viability (P<0.05) than the other treatments, but the viability
after 60 days storage was only 10% when compared to that of cells prior to freeze-
drying. In L10SM10 rehydrated with 1% peptone and stored at 4°C, a loss of viability
was apparent during the first 30 days of storage followed by a stabilization in colony
counts. The rest of assayed treatments showed a similar pattern with a gradual decrease
in viability.

DISCUSSION

This study demonstrates that for yeasts such as C. sake both the protectants used during
freeze drying and the rehydration medium have an important influence on the level of
viability as well as the biocontrol potential. A significant increase in viability was
demonstrated when cells were rehydrated with a protectant solution instead of water.
Survival of 60 and 85% was obtained with the best combinations of treatments. This
demonstrated a notable increase in viability compared with preliminary studies in
which phosphate buffer was the rehydration medium (Abadias et al., unpublished data).

There was an interaction between the protectant used during freeze-drying and the
rehydration medium. Thus, the effect of the rehydration medium depended to some
extent on the protectant used. However, 10% SM was shown to be a good rehydration
medium for all protectants tested. In general, very high survival of C. sake cells was
achieved when the same solution tested as protectant was used to rehydrate dried
samples. A significant loss of viability of C. sake cells was detected when water was
used for rehydration. The use of 10% lactose + 10% SM as a protectant during freeze-
drying and subsequent rehydration with 10% SM resulted in the highest C. sake cell
viability (85%). Milk might supply a large variety of nutrients that enhance the
recovery of C. sake cells after freeze-drying, It is possible that rehydration in a solution
of high osmotic pressure probably controls the rehydration rate and thus reduce
possible damage (Ray et al., 1971). Costa et al. (2000) demonstrated that the viability
of the bacterial biocontrol agent, Pantoea agglomerans, after lyophilization using 10%
sucrose as a protective agent was higher with 10% SM for rehydration than with
phosphate buffer. Similarly, Sinha et al. (1982) found that sucrose, dextrose, SM and
10% peptone were the best rehydration media of freeze-dried cells of streptococci.
More complex rehydration media, such a broth containing a combination of peptone,
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yeast extract, tryptone, glucose, Tween 80 and formic acid gave good results with the
streptococci and Leuconostoc spp. (Font de Valdez et al., 1985b).
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Fli:;jure 2. Effect of the protectant-rehydration media ( )= L10SM10-SM;
(L)=L10SM10-P; ( A)=L5SM10-SM and (O )= L5SM10-1d on the stability
of freeze-dried C. sake at (A) 4°C and (B) 25°C. Points represent the means of
four replications and vertical bars indicate standard errors of the means. Where
bars are not shown they were smaller than symbol size.
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Our studies of biocontrol of freeze-dried C. sake against P. expansum on apples have
shown that freeze-dried treatments were not as effective as fresh cells when they were
applied at the same concentration. However, >65% control of blue mold decay on
apples was obtained when cells were freeze-dried using L10SM10 as a protectant and
1% peptone for rehydration. Lower efficacy of freeze-dried cells may be partially
attributed to the damaged cells, which could not totally recover their functions after the
dehydration-rehydration process. The mode of action of C. sake is probably nutrient
competition and/or site exclusion (Vifias et al., 1998). Thus, it might be possible that
reconstituted freeze-dried cells do not recover their metabolism quickly enough to
prevent P. expansum development in the fruit wounds. The duration of the reactivation
period depends on the character and level of intracellular damages, and it was
established that dried yeasts inoculated in a nutrient medium have a longer lag-phase
than fresh cells (Beker and Rapoport, 1987). It is noteworthy that the treatment which
had lower viability (L10SM10 as a protectant and 1% peptone for rehydration) showed
better biocontrol of Penicillium rot than the other treatments examined. It is possible
that cells that have suffered injury during the freeze-drying process recover their
physiological activity faster when they are rehydrated with peptone than with SM or
L5SM10. However, when L10SM10 was used as a protectant and 1% peptone for cell
rehydration, a higher dosage of product was necessary in order to achieve the desirable
concentration of viable cells, because of the lower viability level. One possible solution
to increase efficacy of freeze-dried cells could be to increase the time between
rehydration of the cells and application to fruits, allowing a better recovery of cells.

Previous commercial trials by Droby et al. (1998) studied the efficacy of a dry
formulation of Candida oleophila (Aspire) on citrus fruit, and found a reduction in the
incidence of decay by 45-60%. They obtained better results using a combination of
Aspire plus the fungicide thiabendazole and concluded that Aspire as a stand-alone
treatment was not sufficient to reduce the decay to commercially acceptable levels. In
laboratory conditions, Janisiewicz and Jeffers (1997) found that a dry wettable powder
formulation of the strain ESC-11 (Biosave® 11 WP) of Pseudomonas syringae
performed as well as fresh cells in controlling P. expansum Link and Botrytis cinerea
Pers.:Fr. diseases on apples. In the same study, ESC-10 WP formulation (BioSave®
10 WP) significantly reduced the incidence of disease but less effectively than the fresh
cells. At present, new formulations of P. syringae ESC-10 and 11 (Bio-Save® 100 and
110, respectively) are commercialized as frozen cell concentrated pellets, which must
be kept and delivered under freezer conditions.

We have also demonstrated that the stability of freeze-dried C. sake cells depended
both on the storage temperature and on the combination of suspending-rehydrating
medium used. The combination that provided the best stability was L10SM10 as a
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protectant and SM for rehydration, with a 6-fold decrease in viability after 2 months of
storage at 4°C. This corresponded to a final viability of only 10% with respect to the
initial concentration prior to freeze-drying, a result which is not satisfactory for a
formulated product. Font de Valdez and Diekmann (1993) studied the viability of
freeze-dried Lactobacillus reuteri and observed a viability loss of 5.8-5.6 log units
after 6 months of storage at 25°C using maltose as a protectant, but a decrease of 1.6-
2.8 log units when they used glutamate. At 4°C they observed a lower decrease in
viability. The observed loss of viability after storage could be explained by the
presence of air in contact with the stored cells. Oxygen is thought to interact with the
membranous system, causing damage to the initiation of DNA synthesis (Israeli et al.,
1975). Beker and Rapoport (1987) suggested the addition of anti-oxidants, thiourea,
sorbitane esther and some other additives into Saccharomyces cerevisiae cells prior to
their drying in order to increase the stability of dried cells during storage.

We have found that freeze-dried C. sake cells using L10SM10 as protectant and
SM10% as rehydration media had high viability (85%) and showed a 40% reduction of
blue mold incidence and 67% reduction of blue mold severity. However, shelf-life of
the obtained dried product was low at both 4 and 25°C. Storage of dried product at
25°C would alleviate transport, although refrigeration should not be a problem in
packinghouses. Consequently, further attempts to stabilize freeze-dried C. sake cells
during storage at room and cold temperature must be made. Next step in this research
might be to study the effect of the modification of storage atmosphere, for example
nitrogen or vacuum, or the addition of antioxidant compounds in order to prevent cell
oxidation.
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SUMMARY

Aims: To evaluate the effect of modifications of water activity (aw, 0-996-0-92) of a
molasses medium with different solutes (glycerol, glucose, NaCl, proline or sorbitol)
on growth, intracellular water potentials (y.), and endogenous accumulation of
polyols/sugars in the biocontrol yeast Candida sake.

Methods and Results: Modification of solute stress significantly influenced growth, .
and accumulation of sugars (glucose/trehalose) and polyols (glycerol, erythritol,
arabitol and mannitol) in the yeast cells. Regardless of the solute used to modify a,
growth was always decreased as water stress increased. C. sake cells grew better in
glycerol and proline-amended media, but were sensitive to NaCl. The y; measured
using psychrometry showed significant effect of solutes, a,, and time. Cells from the
0-96-a,, NaCl treatment presented the lowest . value (-5:20 MPa); cells from
unmodified media (a,=0-996) had the highest (-0-30 MPa). In unmodified medium,
glycerol was the predominant reserve accumulated. Glycerol and arabitol were the
major compounds accumulated in media modified with glucose or NaCl. In proline
media, arabitol concentration increased. In glycerol and sorbitol-amended media, the
concentration of glycerol rose. Some correlations were obtained between compatible
solutes and ys,.

Conclusions and significance: This study demonstrates that subtle changes in
physiological parameters significantly affect the endogenous contents of C. sake cells.
It may be possible to utilise such physiological information to develop biocontrol
inocula with improved quality.

Key words: Candida sake, biocontrol, polyols, water stress tolerance, compatible
solutes

INTRODUCTION

Biological control is emerging as the most effective alternative to chemicals in
controlling postharvest diseases of fruits and vegetables (Wilson and Pusey 1985;
Janisiewicz 1988; Wilson and Wisniewski 1989; Janisiewicz 1990). Recently, detailed
studies have shown that strain CPA-1 of the yeast Candida sake is an effective
antagonist of the major fungal pathogens of pome fruits (Usall 1995; Vifias et al. 1996,
1998; Teixid6 et al. 1998a). The commercial development of this yeast as a biocontrol
agent requires an economic system which can produce a large quantity of inoculum of
consistent quality.
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Water potential (y,,) is a fundamental parameter widely accepted for quantifying the
energy state of water in inorganic solutions. It can be expressed in terms of water
activity (ay) (Marechal and Gervais 1994). The total water potential of a cell (y,) is
thus the sum of both, the osmotic potential of the cytoplasm () and the turgor
pressure (y,) of the cell wall (Blomberg and Adler 1992). When cells are exposed to
water stress, low molecular mass compounds are synthesized or accumulated
intracellularly to equilibrate the cytoplasmic ., with that of the surrounding
environment (Yancey ef al. 1982; Csonka 1989). The main solutes accumulated in
yeasts exposed to osmotic stress are sugar alcohols (polyols) such as glycerol, arabitol,
mannitol and meso-erythritol (Spencer and Spencer 1978). The disaccharide trehalose
has also been referred to as a compatible solute (Rudolph ef al. 1993) although it does
not coniribute to the microbial internal osmotica. However, it is important in dry
conditions as it prevents cell dehydration and membrane damage (Leslie ef al. 1994).
The amount and type of polyol accumulation is thought to be related to the yeast
species, the growth phase of the yeast (Nobre and Da Costa 1985) and the carbon
sources used for growth (Van Eck et al. 1989).

Recent studies by Teixidé et al. (1998b,c) demonstrated that in nutrient-rich media
modified with glucose or glycerol, modifications in growth occurred accompanied by
significant changes in accumulations of endogenous polyols and sugars. In some cases,
such modifications resulted in improved tolerance to water stress with retained
biocontrol efficacy (Teixid6 et al. 1998a,b). However, very little is known about the
growth and endogenous changes which might occur in heterogeneous cheap media
based on by-products from industry such as molasses, and when such substrates are
modified nutritionally or environmentally.

The objectives of this study were to determine the effect of modifying the a, of a
molasses based medium with different solutes on (1) temporal growth, (2) intracellular

water potential and (3) endogenous accumulation of polyols and sugars in cells of
C. sake.

MATERIALS AND METHODS

Yeast isolate

The isolate used in this study was Candida sake (strain CPA-1) from UdL-IRTA
(Lleida, Spain). Stock cultures were stored at 5°C and subcultured on nutrient yeast
dextrose agar (NYDA; nutrient broth, 8 gl'l; yeast extract, 5 g I''; dextrose, 10 gl'l;
agar, 15 ¢ ™.
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Basic media

Molasses medium (control; cane molasses 40 g I ureal2 g 1) was used as the basal
medium. It had a pH of 6-3-6-6 and a water activity (a.,) of 0-996, which corresponds to
—0-54 MPa ¥,,. The a,, of this and all media was determined with a Novasina Humidat
IC 11 (Novasina AG, Zurich, Switzerland). Solid basic medium was obtained by the
addition of 15 g I of agar (Technical agar No. 2, Oxoid, Basingstoke, UK).

Effect of water activity and solute on C. sake growth rates

Initial studies were carried out with the basic solid molasses medium modified with the
ionic solute NaCl (Lang 1967) and the non-ionic solutes glycerol (Dallyn and Fox
1980), glucose (Scott 1957), sorbitol (Sancisi-Frey 2000) and proline (Chirife et al.
1980) to obtain 0-98, 0-96, 0-94 and 0-92 a,,, which is equal to -2-78, -5-62, -8-60 and
-14-50 MPa ¥,, (Magan 1997). The composition of the media used is shown in Table 1.
The pH of all media was between 5-60 and 6-80.

Table 1. Composition of modified media (g of solute to be added to 100 ml
of water). The final volume was measured and then corresponding cane
molasses and urea was added to obtain a final concentration of 40 g
molasses per liter and 1-2 g urea per liter.

Water activity
Solute 098 096 0-94 092
Glycerol 920 18-40 3220 41-40
Glucose 18:73 39-85 60-9 77-66
NaCl 3:55 7-01 1035 13-50
Sorbitol 19-82 30:75 50-00 54-66
Proline 10-00 20-00 26-00 32-00

Media were inoculated by spread plating a 01 ml aliquot of a 10 colony-forming units
(cfu) mI” yeast suspension grown for 38 h on NYDA medium. Plates were incubated at
25°C and examined visually every 24 h to determine whether colonies had grown on
the different treatments. All treatments were carried out with four replicates. Media of
the same a, were always sealed in plastic polyethylene bags to maintain the
equilibrium relative humidity conditions and to prevent water loss.
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Evaluation of growth of C. sake cells in unstressed and water-stressed
liquid media

C. sake was grown in non-modified and modified liquid molasses media. Modified
molasses media were prepared at 0-98 and 0-96 of a, with the addition of glycerol
(Gly98, Gly96), glucose (Glu98, Glu96), NaCl, (Na98, Na96), sorbitol (Sord8, Sor96)
and proline (Pro98, Pro96) as described in Table 1. For each treatment 50 ml medium
in 250-ml conical flasks were inoculated with a known concentration of C. sake
(104 CFU ml") and were cultured with agitation on a rotatory shaker (150 rev min'l) at
25°C. After 24, 48 and 72 h of incubation, four replicates of each treatment were
destructively sampled to measure growth, cell water potential and to obtain yeast cells
for quantifying polyol and sugar concentrations. Growth rates of each treatment were
determined turbidimetrically as follows, 1 ml subsample of each different solution was
diluted 10-fold with de-ionized water, placed in a 1-ml cuvette, and the optical density
determined with a spectrophotometer (CECIL CE 1020; CECIL Instruments LtD,
Cambridge, UK) set at 700 nm (O.D3q) with reference in each case to a 10-fold sterile
solution of the same composition and a, as the growth medium. All experiments were
carried out with four replicates.

Water potential measurements

Thermocouple psychrometry was used to determine the water potential of the cells.
After 24, 48 and 72 h a 25-ml subsample of each treatment was placed in a 30 ml
sterile plastic Universal bottle and centrifuged immediately for 15 min at 250 g in a
MSE Centaur 2 centrifuge (Norwich, UK). The medium was decanted and cell paste
put into the sample well. A HR-33T Dew Point Microvoltmeter coupled to a C-52
chamber was used (Wescor Inc, Logan, Utah, USA). All measurements were made in
the dew point mode, after calibration with a series of NaCl solutions of known y,. Two
measurements of each replicate were made and the pV reading converted to .

Extraction and detection of intracellular sugars and polyols

Another 25 ml subsample of each treatment was placed in a sterile 30-ml Universal
bottle and centrifuged immediately for 15 min at 250 g (MSE Centaur 2). The yeast
pellets were resuspended in high performance liquid chromatography (HPLC)-grade
water and centrifuged again to remove any residual liquid medium.

A known fresh weight of C. sake cells (10-25 mg) was mixed with 1 ml HPLC-grade
water in a 2-ml Eppendorf tube and sonicated with a 4-mm sonicator probe for 2 min at
an amplitude of 26 um (Soniprep 150, Fisons, Fisher Scientific UK, Loughborough,
UK). After immersion in a boiling water bath for 5 min, the samples were left to cool
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and 0-67 ml of acetonitrile was added to each sample to obtain the same ratio of
acetonitrile:water as the mobile phase (40:60). The Eppendorf tubes were centrifuged
for 10 min at 1150 g and the supernatant was filtered through 0-2-um filters into HPLC
vials sealed with plastic septa. Solutes were analysed and quantified by HPLC using a
Hamilton HC-75 Ca®* column (ANACHEM Ltd, Luton, UK) and a Gilson RI Detector,
specifically for sugar/polyol separation (Teixid6 et al. 1998b,c; Pascual et al. 2000).
The mobile phase used was a mixture of 40:60 degassed acetonitrile:water. The peak
areas were integrated and compared with calibration curves constructed with standards
of 100-800 p.p.m. of each solute analysed. Polyols, trehalose and glucose content were
calculated as pmol g™ fresh weight of C. sake cells (umol g f.w). In all cases four
replicates of each treatments were analysed.

Statistical treatment of the results

Growth (0.D7q0), water potential and polyol/sugar concentration were analysed by a
General Linear Model (GLM) analysis with SAS software (version 6-12; SAS Institute,
Cary, NC, USA). Statistical significance was judged at the level P<0-05. When the
analysis was statistically significant, the Duncan’s Multiple Range Test for separation
of means was used. This enabled the statistical significance of single, two and three-
way interactions to be examined for all experiments. Moreover, Pearson correlation
coefficients between endogenous reserves and cell water potential were calculated
using PROC CORR procedure with SAS software.

RESULTS

Effect of ay and solute on C. sake growth rates

The number of days to initiation of growth (lag phase) with each solute treatment are
shown in Fig. 1. The lag phase at 0-98 a,, was the same as that on unmodified medium
(aw 0-99), except for NaCl. For 0-96 a,, treatments growth was delayed for 3 d in media
modified with glucose, sorbitol, glycerol and proline, and 4 d for those modified with
NaCl. In the driest media (a,<0-94) at least 3 d were required to count cells because of
slow growth. With the ionic solute NaCl, and glucose at 0-94 and 0-92 a,, the lag phase
prior to growth was significantly longer than with the other solutes. There was no
growth at 0-92 a,, in NaCl-modified media, even after 15 d.

The number of viable colonies growing on media containing different solutes varied
significantly, although in all cases the numbers decreased with increasing water stress
(see Fig. 1). Interestingly, the number of viable colonies on proline modified media at
ay, 0-98 was higher than that on the unmodified medium. At a,,<0-96 C. sake cells were
less tolerant of solutes and the number of viable colonies was significantly reduced. At
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identical ay, levels the growth of C. sake cells was lowest in the NaCl treatments. The
response of C. sake cells to sorbitol and glycerol modified media were similar. The
sensitivity of C. sake cells to a,,<0-96 meant that lower water stress treatments were not
included in subsequent studies.
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Fig. 1. Number of colonies of Candida sake present in unmodified molasses medium (@ ) and that
modified with glycerol (Ml ); sorbitol (A ); proline (O ); glucose ((J ) and NaCl (A ). The
number of days (d) to initiation of growth are shown. The bars represent the standard error of the
means. Where the bars are not shown they were smaller than the symbol size.

Evaluation of growth of C. sake cells in unstressed and water-stressed
liquid media

Figure 2 shows that growth decreased as the a,, of the liquid media was reduced, and
there was an increase in the lag phase under greater water stress. In unmodified
molasses medium, the growth of C. sake cells was significantly higher than in the
media modified with the five solutes tested, regardless of incubation time. For all
solute treatments, growth in the 0-96 a,, media was always the slowest. There was also
a marked difference in growth depending on the solute used to modify water stress. In
general, after 48 h of incubation, growth in NaCl and sorbitol-modified media was the
slowest, while glycerol gave the best results among the solutes tested. Proline and
glycerol-modified media exerted the least water stress at 0:96. At 48 and 72 h there
were significant differences between growth of C.sake cells in the unmodified
(control) and 0-98 a,, treatments.
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Fig. 2. Comparison of growth (0.D;q) of Candida sake cells at different times; (a) 24 h, (b) 48 h and
(c) 72 h; in relation to the solute used to adjust the a,,. Treatments are: control, 0-996 a,, ); 098 a,,
(O )and 096 a, ( » ). The separation of means for each time was conducted according to Duncan’s
Multiple Range Test (P=0-05). Columns with different letters indicate significant differences between
treatments.
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Water potential measurements of C. sake cells

Results of ¥; are shown in Table 2. Yeast cells grown in unmodified molasses medium
had the highest ¥, value (>-0-41 MPa), while NaCl treatments gave the lowest value at
both a, levels tested (<-2-85 MPa for Na98, and <-5-15 MPa for Na96). For each
solute tested, a decrease in a,, of the media caused a decrease in W,. Among the solutes
tested, cells grown in glucose-modified media had the highest ¥, value followed by
those grown in proline and glycerol. In this study there were statistically significant
differences due to all single factors, and two and three-way interactions, with the

exception of a,, x time for all tested treatments (Table 3).

Table 2. Means of cell water potential, y., (MPa) of C. sake cells after
incubation for 24, 48 and 72 h at 25°C in modified and non-modified
molasses media. Within columns, values with different letters indicate
significant differences between treatments according to a Duncan’s

Multiple Range Test (P<0.05).

a, SOLUTE 24h 48 h 72h
0.996 Control -0-28° -0-31° -0-41
Glycerol 2-61¢ -2:30° 2:51°
Glucose -1-37° -1-04° -0-94°
0.98 NaCl -3-07° -2-86¢ -2-859
Sorbitol -2:94° 297 2.73%
Proline 2:22° 2:42° 2:65%
Glycerol 330F 340 -3-19°
Glucose * 2:39°  -2:65%
0.96 NaCl * -515 525"
Sorbitol -4-278 411f -3-99f
Proline -4-64° -4-618 -4-658

*: There were not enough cells for y. measurements
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Table 3. Analysis of variance of effect of water activity (a,), solute (sol), and
time (t) two and three-way interactions on water potential of C. sake grown in
non-modified and modified molasses medium.

Source DF MS F Pr>F
sol 5 13-79064702 67392  0-0001**
ay, 1 63-08086366 3082-61 0-0001**
t 2 0-11231411 5449  0-0056*
sol x ay, 4  2-33106653 11391 0-0001**
sol x t 8 011174611 546  0-0001**
ay x t 2 0-02824889 1-38  0-2566 NS
sol x ay x t 6 0:06462537 316  0-:0073*

Note: MS, mean square; ** significant P<0-001; * significant
P<0-05; NS, not significant.

Intracellular sugar and polyol accumulation

The quantities of individual sugars and sugar alcohols accumulated in C. sake cells
after 48 h incubation at 25°C are shown in Fig. 3. For each solute used to adjust ay,
intracellular glucose and mannitol concentrations were not statistically significantly
different in.the a,, treatments studied. In the unmodified molasses medium, glycerol
was found to be the predominant intracellular compatible solute (23-7 pmol g” f.w). In
glycerol treatments (Fig. 3a) glycerol was also the highest polyol accumulated (about
118 umol g f.w for both glycerol treatments used). However, trehalose, erythritol and
mannitol were not detected. Glycerol and arabitol were the main solutes accumulated
in C. sake cells which were grown in glucose, and NaCl stressed media (Fig. 3b, c,
respectively). When the molasses medium was modified with sorbitol (Fig.3d),
glycerol was also the highest intracellular solute synthesized in the cells. However, it
was detected at significantly lower concentration than in the glycerol treatment (Sor98,
50-1 pmol g™ f.w; Sor96, 82-4 pmol g™ f.w). Cells from the Pro96 treatment (Fig. 3e)
accumulated the highest amount of arabitol (about 70 pmol g f.w). Small quantities of
trehalose were detected in Na96, Sor98, Sor96 and Pro98 treatments. Erythritol was
only found in cells harvested from unmodified molasses medium (13-7 pmol g'1 f.w)
and from the G1u96 treatment (1:92 pmol g™ f.w).
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Fig. 3. Endogenous concentration of sugars (trehalose (lll ) and glucose @ )) and sugar alcohols
(glycerol B ), erythritol (B, arabitol (E3 ) and manitol ( E3)) expressed in umol g of C. sake fresh
weight after 48 h the a,, and solute used. Solute treatments are: (a) glycerol; (b) glucose; (c) NaCl; (d)
sorbitol and (e) incubation at 25°C in relation to proline. For each individual sugar/sugar alcohol,
treatments with different letters show statistical differences (P<0.05) according to Duncan’s Multiple
Range Test (a, b and ¢ are for separation of menas of trehalose; s for glucose; e, f, g and h for
glycerol; k and / for erythritol; m, n, o and p for arabitol, and z is for mannitol.
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The results of correlations between sugar/polyols concentrations and v for each
individual a,, modifying solute are shown in Table 4. In each treatment, except for
sorbitol, there was a good correlation between y and the total polyols. On glycerol-
amended media, a positive strong-moderate association between glycerol and . was
found (Pearson coefficient 0-71). In glucose-modified treatments, a weaker positive
correlation between glycerol, glucose or arabitol and . was found (Pearson
coefficients 0-54, 0-46 and 0-45, respectively). Arabitol was found to be a solute which
had a weak correlation with vy, in the NaCl treatments (Pearson coefficient 0-51). In
yeast cells grown in proline-amended media, the highest correlation was found with the
total amount of solutes analysed (Pearson coefficient 0-54).

DISCUSSION

This study is the first investigation of the impact that changes in solute stress has on
growth of the yeast C. sake, endogenous sugar/polyol accumulation and cell water
potentials in cheap by-products from the sugar processing industry. It has clearly been
shown that a,, and solute type have a significant effect on lag phase prior to growth,
growth rates, . and the endogenous accumulation of sugars and polyols.

The initial studies on solid molasses media demonstrated that the amino acid proline
could stimulate growth at low concentrations, while the ionic solute NaCl was toxic at
high concentrations (>1-78 mol I'"). Even at 0-98 and 0-96 a,, cells were less tolerant of
NaCl than with non-ionic solutes, and no growth was observed at 0-92 a,, in NaCl-
modified molasses media. Similar results were obtained by Teixidé et al. (1998c), who
pointed out that the a,, x temperature range for growth of C. sake in defined NYDB
medium with the ionic solute NaCl was more limited than with the non-ionic solute
glycerol. High concentrations of glucose (a,<0-94) also reduced the growth of C. sake
and increased the lag phase prior to growth. In our studies, we demonstrated that
growth rates of C. sake were very slow at 4,<0-96. Only a minor proportion of
exponentially growing cells of C. sake taken from cultures in NYDA medium and
plated onto low a,, (<0-96) molasses media had the capacity to form colonies. This
phenomenon was quantitatively described by Mackenzie et al. (1986) and termed
"water stress plating hypersensitivity". Previous studies of the effect of ay, solute type
and temperature on C. sake growth showed that, at the optimum temperature (25°C),
0-92 and 0-90 were the minimum a,, for growth in NYDB media modified with NaCl
or glycerol, respectively (Teixid6 et al. 1998c). Other Candida spp. demonstrated
higher tolerance to low a,, in the presence of NaCl or glucose than C. sake: C. cacaoi,
0-84/0-83; C. magnoliae, 0-88/0-82; C. tropicalis, 0-89/0-88;, C. homilentoma,
0-92/0-87; C. silvicultrix, 0-91/0-89, respectively (Van Eck et al. 1993).
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Table 4. Correlation between compatible solutes analysed and cell water potential for each
individual modifying water activity solute.

Solute used to modify a, Compatible solute Pearson P?
of growth media correlated with y coefficient
Glycerol Glycerol 0-71 0-0001
Total sugars® | 0-71 0-0001
Total polyols® 0-68 0-0001
Total accumulated® 0-70 0:0001
Glucose Glycerol 0-50 0-0045
Glucose 0-46 0-0099
Arabitol 0-45 0-0138
Total sugars® 0-59 0-0007
Total polyols® 0-59 0-0006
Total accumulated® 0-62 0-0002
NaCl Arabitol 0-51 0-0044
Total polyols® 0-39 0-0348
Total accumulated® 0-36 0-0476
Sorbitol Glycerol 0-39 0-0216
Proline Glucose 0-45 0-0083
Glycerol 0-36 0-0378
Arabitol 0-39 0-0259
Mannitol 0-38 0-0295
Total sugars® 0-43 00130
Total polyols® 0-52 0-0025
Total accumulated 0-54 0-0295

% Prob > [R| under H,: Rh, =0

®: Sum of trehalose and glucose
©: Sum of glycerol, erythritol, arabitol and mannitol
% Sum of all sugars/polyols analysed.
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In the experiments with modified liquid molasses media, the growth of C. sake at 0-96
ay was significantly lower than that obtained at 0-996 and 0-98. C. sake cells were
found to be less sensitive to glycerol as a water stress treatment, while NaCl was toxic
at high concentrations. However, glycerol-amended media showed, in general, a longer
lag time than the other solutes examined at 0-98 a,, These results on a heterogeneous
undefined molasses-based medium are similar to those of Teixid6 ef al. (1998¢c) who
demonstrated that the growht of C.sake in a rich NYDB-amended medium was
inhibited more by NaCl than by glycerol-amended media. However, detailed studies on
a,, minima for a range of other Candida spp. demonstrated lower tolerances in the
presence of glucose than NaCl (Van Eck et al. 1993). The effect of using proline and
sorbitol as ay-modifying solutes has not been previously studied. Proline gave
particularly good growth results, and C. sake cells were more tolerant at 0-96 a,, when
compared to other solutes examined.

This study is the first detailed investigation and measurement of the y, levels of
C. sake cells. Our results have shown that cell y, decreased with decreasing medium
Ww, With Y, almost always equivalent to that of the medium. These results are in
accordance with Magan (1997) who pointed out that this equilibrium between cell and
environment is critical to prevent swelling of the cytoplasm. However, when glucose
was used as a stress solute, . differed significantly from the w, of the external
medium.

In our studies we found that C. sake cells responded to water potential stress by
increasing the intracellular proportion of glycerol or arabitol depending on the stress
solute used and the a, of the medium_In glycerol-amended media, glycerol was the
main solute accumulated in the cells and was significantly higher than with the other
treatments, probably because it was directly taken up from the media. In glucose, NaCl
and proline treatments, arabitol was also accumulated at similar molalities as glycerol.
In the sorbitol treatments, glycerol was also the most important compatible solute
found. Glycerol and arabitol were also the main intracellular polyols accumulated in
C. sake cells grown in defined modified NYDB (Teixido ef al. 1998b, c).

Glycerol was also accumulated by Zygosaccharomyces rouxii (Brown 1978; Edgley
and Brown 1978) and Hansenula anomala (Van Eck et al. 1989) when grown at
reduced ay, Similarly, Van Zyl and Prior (1990) found that the a,, growth rate and
solute used to adjust the a,, of the medium affected the relative concentrations of
glycerol and arabitol accumulated in Z. rouxii, and demonstrated that glycerol was the
principal compatible solute in cells grown in media adjusted with NaCl. The
intracellular levels of polyols in Debaryomyces hansenii were markedly enhanced by
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high salinity, the dominant solutes being glycerol in the log phase (André et al. 1988)
and arabitol in the stationary-phase cells (Adler and Gustafsson 1980).

In glyceroi-modified treatments, glycerol had a good correlation with .. This could
indicate that C. sake cells osmoregulated with glycerol, which also functions as a
compatible solute under relative extreme conditions of water stress. However, when
cells were grown in modified media with other solutes, although glycerol was also
accumulated its correlation with y was not as strong as in glycerol-amended media.
Nevertheless, a good correlation with total accumulation of the solutes analysed was
found. In some cases, up to 50% of y, could be explained by the analysed solutes. Ions,
amino acids, other metabolites and sugars not analysed could also contribute to the
total osmotic potential. Beever and Laracy (1986) reported that approximately 32% of
the intracellular a,, of Aspergillus nidulans could be accounted for by cations,
principally K* when the a,, was reduced by NaCl. However, in general, inorganic
solutes are thought to play only a minor role in the osmoregulation of yeasts (Hobot
and Jennings 1981). Glycerol is more important relative to the other polyols because it
produces a lower a,, than the other polyols at the same molar concentration, followed
by arabitol, erythritol, and then the higher molecular weight polyol mannitol (Magan
1997). With regard to carbon energy, glycerol production represents an effective
method of osmorregulation (Hocking 1993).

Recent physiological studies with C. sake CPA-1 demonstrated that growth conditions
can be modified so that specific endogenous compounds such as sugar alcohols and
trehalose accumulated in cells, resulted in improved viability over a wider range of
relative humidities with retained biocontrol efficacy (Teixido ef al. 1998b, c). This was
used as a method for improving consistency and efficacy of such biocontrol agent for
testing under field conditions (Teixid6 et al. 1998a). The present studies have
demonstrated that compatible solutes, principally glycerol and arabitol are also
accurnulated in a,-modified molasses media, which is more economical. Further work
is now required to examine whether such physiological manipulations of C. sake cells
in molasses media can result in improved environmental stress tolerance and ecological
competence for the production, and formulation of this biocontrol agent.

Acknowledgements

The authors are grateful to the Spanish Government (MEC, Ministerio de Educacion y
Cultura and CICYT, Comisién Interministerial de Ciencia y Tecnologia grant ALI99-
0652-C02-01) for their financial support.



92 BASES PER A LA FORMULACIO DE L’AGENT DE BIOCONTROL Candida sake CPA-1

REFERENCES

Adler, L. and Gustafsson, L. (1980) Polyhydric alcohol production and intracellular amino
acid pool in relation to halotolerance of the yeast Debaryomyces hansenii.
Archives of Microbiology 124, 123-130.

André, L., Nilsson, A. and Adler, L. (1988) The role of glycerol in osmotolerance of the
yeast Debaryomyces hansenii. Journal of General Microbiology 134, 669-677.

Beever, R.E. and Laracy, E.P. (1986) Osmotic adjustment in the filamentous fungus
Aspergillus nidulans. Journal of Bacteriology 168, 1358-1365.

Blomberg, A. and Adler, L. (1992) Physiology of osmotolerance in fungi. In Advances in
microbial physiology, Vol. 33, ed. Rose, A. H. pp. 145-212. London: Academic
Press.

Brown, A.D. (1978) Compatible solutes and extreme water stress in eukaryotic
microorganisms. Advances in Microbial Physiology 17, 181-242.

Chirife, J., Ferro-Fontan, C. and Scorza, O.C. (1980) A study of water activity lowering
behavior of some amino acids. Journal of Food Technology 15, 383-387.

Csonka, L.N. (1989) Physiological and genetic responses of bacteria to osmotic stress.
Microbiological Reviews 53, 121-147.

Dallyn, H. and Fox, A. (1980) Spoilage of material of reduced water activity by xerophilic
fungi. Society of Applied Bacteriology, Technical Series 15, 129-139.

Edgley, M. and Brown, A.D. (1978) Response of xerotolerant and non-tolerant yeasts to
water stress. Journal of General Microbiology 104, 343-345.

Hobot, J. and Jennings, D.H. (1981) Growth of Debaryomyces hansenii and Saccharomyces
cerevisiae in relation to pH and salinity. Fxperimental Mycology S, 217-228.

‘Hocking, A.D. (1993) Responses of xerophilic fungi to changes in water activity. In Stress
Tolerance of Fungi ed. Jennings, D.H. pp. 233-256. New York: Marcel Deker.

Janisiewicz, W.J. (1988) Biological control of disease fruits. In Biocontrol of plant
diseases, vol. 2 ed. Mukerji, K.G. and Garg, K. L. pp. 153-165. Boca Raton: CRC
Press.

Janisiewicz, W. J. (1990) Biological control of postharvest fruit diseases. In Handbook of
Applied Mycology, Vol 1. Soils and Plants ed. Arora, D.K. pp. 301-326. New
York: Marcel Deker

Lang, A.R.G. (1967) Osmotic coefficients and water potentials of sodium chloride solutions
from 0 to 40°C. Australian Journal of Chemistry 20, 2017-2023.

Leslie, S.B., Teter, S.A., Crowe, L.M. and Crowe, J.H. (1994) Trehalose lowers membrane
phase transitions in dry yeast cells. Biochemical and Biophysical Acta 1192, 7-13.

Mackenzie, K.F., Blomberg, A. and Brown, A.D. (1986) Water stress plating
hypersensitivity of yeasts. Journal of General Microbiology 132,2053-2056.



CAPITOL 5: WATER STRESS RESPONSES OF C. sake 93

Magan, N. (1997) Fungi in extreme environments. In The Mycota IV. Environmental and
Microbial Relationships. eds. Wicklow, D.T. and Soderstrém, B. pp. 99-114.
Berlin: Springer-Verlag.

Marechal, P.A. and Gervais, P. (1994) Yeast viability related to water potential variation:
influence of the transient phase. Applied Microbiology and Biotechnology 42, 617-
622. '

Nobre, M.F. and Da Costa, M.S. (1985) Factors favouring the accumulation of arabito! in
the yeast Debaryomyces hansenii. Canadian Journal of Microbiology 31, 467-471.

Pascual, S., Melgarejo, P. and Magan, N. (2000) Accumulation of compatible solutes in
Penicillium frequentans grown at reduced water activity and biocontrol Monilinia
laxa. Biocontrol Science and Technology 10, 71-80.

Rudolph, A.S., Cliff, R.O. and Spargo, B.J. (1993) The use of compatible solutes in the
long-term preservation of lipid microstructure. Cryobiology 30, 236-237.

Sancisi-Frey, S. (2000) Ecophysiology, mass production and quality improvement of
Ulocladium atrum for enhanced biological control of foliar pathogens. PhD
Thesis, Cranfield: Cranfield University.

Scott, W.J. (1957) Water relations of food spoilage microorganisms. Advances in Food
Research 7, 83-127.

Spencer, J.F.T. and Spencer, D.M. (1978) Production of polyhydroxy alcohols by
osmotolerant yeasts. In Economic Microbiology, Vol. 2, ed. Rose, A.H. pp. 393-
425. London: Academic Press.

Teixid6, N., Vifias, 1., Usall, J. and Magan, N. (1998a) Control of blue mold of apples by
preharvest application of Candida sake grown in media with different water
activity. Phytopathology 88, 960-964.

Teixid6, N., Vifias, 1., Usall, J. and Magan, N. (1998b) Improving ecological fitness and
environmental stress tolerance of the biocontrol yeast Candida sake by
manipulation of intracellular sugar alcohol and sugar content. Mycologycal
Research 102, 1409-1417.

Teixid6, N., Vifias, 1., Usall, J., Sanchis, V. and Magan, N. (1998c) Ecophysiological
responses of the biocontrol yeast Candida sake to water, temperature and pH
stress. Jounal of Applied Microbiology 84, 192-200.

Usall, J. (1995) Control biologic de Penicillium expansum en postcollita de fruita de llavor.
PhD Thesis. Spain: Universitat de Lieida.

Van Eck, J.H., Prior, B.A. and Brandt, E.V. (1989) Accumulation of polyhydroxy alcohols
by Hansenula anomala in response to water stress. Journal of General
Microbiology 135, 3505-3513.

Van Eck, J.H., Prior, B.A. and Brandt, E.V. (1993) The water relations of growth and
polyhydroxy alcohol production by ascomycetous yeasts. Journal of General
Microbiology 139, 1047-1054.



94 ' BASES PER A LA FORMULACIO DE L’ AGENT DE BIOCONTROL Candida sake CPA-1

Van Zyl, PJ. and Prior, B.A. (1990) Water relations of polyol accumulation by
Zygosaccharomyces rouxii in continuous culture. Applied Microbiology and
Biotechnology 33, 12-17.

Vifias, 1., Usall, J., Teixido, N., Fons, E. and Ochoa de Eribe, J. 1996. Successful biological
control of the major postharvest diseases of apples with a new strain of Candida
sake. British Crop Protection Conference, Pests and Diseases 6C, 603-608.

Vifias, I., Usall, J., Teixidé, N. and Sanchis, V. (1998) Biological control of major
postharvest pathogens on apple with Candida sake. International Journal of Food
Microbiology 40, 9-16.

Wilson, C.L. and Pusey, P.L. (1985) Potential for biological control of post-harvest plant
diseases. Plant Disease 69, 375-378.

Wilson, C.L. and Wisniewski, M.E. (1989) Biological control of post-harvest diseases of
fruits and vegetables: an emerging technology. Annual Review of Phytophatology
27,425-441.

Yancey, P.H., Clark, M.E., Hand, S.C., Bowlus, R.d. and Somero, G.N. (1982) Living with
water stress: Evolution of osmolyte systems. Science 217, 1214-1222.



	TMIAS_0001.pdf
	TMIAS_0002.pdf
	TMIAS_0003.pdf
	TMIAS_0004.pdf
	TMIAS_0005.pdf
	TMIAS_0006.pdf
	TMIAS_0007.pdf
	TMIAS_0008.pdf
	TMIAS_0009.pdf
	TMIAS_0010.pdf
	TMIAS_0011.pdf
	TMIAS_0012.pdf
	TMIAS_0013.pdf
	TMIAS_0014.pdf
	TMIAS_0015.pdf
	TMIAS_0016.pdf
	TMIAS_0017.pdf
	TMIAS_0018.pdf
	TMIAS_0019.pdf
	TMIAS_0020.pdf
	TMIAS_0021.pdf
	TMIAS_0022.pdf
	TMIAS_0023.pdf
	TMIAS_0024.pdf
	TMIAS_0025.pdf
	TMIAS_0026.pdf
	TMIAS_0027.pdf
	TMIAS_0028.pdf
	TMIAS_0029.pdf
	TMIAS_0030.pdf
	TMIAS_0031.pdf
	TMIAS_0032.pdf
	TMIAS_0033.pdf
	TMIAS_0034.pdf
	TMIAS_0035.pdf
	TMIAS_0036.pdf
	TMIAS_0037.pdf
	TMIAS_0038.pdf
	TMIAS_0039.pdf
	TMIAS_0040.pdf
	TMIAS_0041.pdf
	TMIAS_0042.pdf
	TMIAS_0043.pdf
	TMIAS_0044.pdf
	TMIAS_0045.pdf
	TMIAS_0046.pdf
	TMIAS_0047.pdf
	TMIAS_0048.pdf
	TMIAS_0049.pdf
	TMIAS_0050.pdf
	TMIAS_0051.pdf
	TMIAS_0052.pdf
	TMIAS_0053.pdf
	TMIAS_0054.pdf
	TMIAS_0055.pdf
	TMIAS_0056.pdf
	TMIAS_0057.pdf
	TMIAS_0058.pdf
	TMIAS_0059.pdf
	TMIAS_0060.pdf
	TMIAS_0061.pdf
	TMIAS_0062.pdf
	TMIAS_0063.pdf
	TMIAS_0064.pdf
	TMIAS_0065.pdf
	TMIAS_0066.pdf
	TMIAS_0067.pdf
	TMIAS_0068.pdf
	TMIAS_0069.pdf
	TMIAS_0070.pdf
	TMIAS_0071.pdf
	TMIAS_0072.pdf
	TMIAS_0073.pdf
	TMIAS_0074.pdf
	TMIAS_0075.pdf
	TMIAS_0076.pdf
	TMIAS_0077.pdf
	TMIAS_0078.pdf
	TMIAS_0079.pdf
	TMIAS_0080.pdf
	TMIAS_0081.pdf
	TMIAS_0082.pdf
	TMIAS_0083.pdf
	TMIAS_0084.pdf
	TMIAS_0085.pdf
	TMIAS_0086.pdf
	TMIAS_0087.pdf
	TMIAS_0088.pdf
	TMIAS_0089.pdf
	TMIAS_0090.pdf
	TMIAS_0091.pdf
	TMIAS_0092.pdf
	TMIAS_0093.pdf
	TMIAS_0094.pdf
	TMIAS_0095.pdf
	TMIAS_0096.pdf
	TMIAS_0097.pdf
	TMIAS_0098.pdf
	TMIAS_0099.pdf
	TMIAS_0100.pdf
	TMIAS_0101.pdf
	TMIAS_0102.pdf
	TMIAS_0103.pdf
	TMIAS_0104.pdf
	TMIAS_0105.pdf
	TMIAS_0106.pdf
	TMIAS_0107.pdf
	TMIAS_0108.pdf
	TMIAS_0109.pdf
	TMIAS_0110.pdf
	TMIAS_0111.pdf
	TMIAS_0112.pdf
	TMIAS_0113.pdf
	TMIAS_0114.pdf
	TMIAS_0115.pdf
	TMIAS_0116.pdf
	TMIAS_0117.pdf
	TMIAS_0118.pdf
	TMIAS_0119.pdf
	TMIAS_0120.pdf
	TMIAS_0121.pdf
	TMIAS_0122.pdf

