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RESUMEN

En los Ultimos afios se ha popularizado el consumofrdtas y hortalizas
minimamente procesadas o de IV gama ya que ofedcamsumidor un producto
fresco y saludable con una presentacién cdmodeagtiza que se adapta al estilo
de vida actual. Aunque tradicionalmente las fruitashan considerado seguras
debido a su bajo pH, este aumento de consumo kagado un incremento de los
casos de toxiinfecciones alimentarias asociados @¢antas y hortalizas
minimamente procesadas. Durante las operaciongadds a cabo para su
produccion se incrementa su vulnerabilidad a latanimacion microbiana y el
riesgo de que se conviertan en vehiculos de paddgam transmisidén alimentaria.
Ademas, las frutas y hortalizas minimamente pratzesano reciben ningun
tratamiento capaz de eliminar todos los patégeméssade su consumo. Todos
estos factores ponen de relevancia la necesidadldar métodos de producciéon
seguros y procedimientos de desinfeccion adecua&ddgalmente, el hipoclorito
sadico es el desinfectante habitual en la industeidV gama. Sin embargo, las
reducciones de microorganismos en frutas y hoasliavadas con agua clorada no
superan los 2 logaritmos y en algunos paises sgdisbido su uso. Ademas, en
los Gltimos afios ha incrementado la presion dedosumidores para reducir y/o
eliminar los aditivos de los alimentos, por lo gse buscan alternativas mas
seguras para los humanos y mas respetuosas ca@uiel ambiente.

En este escenario se planted la realizacion de tesia con dos objetivos
principales. En primer lugar se determind la supencia y crecimiento de tres
patdgenos de transmision alimentarischerichia coli O157:H7, Salmonella
entericay Listeria innocua en manzanas y melocotones minimamente procesados
en funcion de la temperatura de conservacion, tedad de la fruta, el uso de
antioxidantes y la atmoésfera de envasado (Capitulpdl). A continuacion se
estudiaron posibles estrategias de intervencidmocsustancias desinfectantes
alternativas al hipoclorito sédico en manzana mammante procesada
(Capitulo IIl) y el control biologico o bioconseriéan (Capitulos IV, V' y VI). Por
ultimo, se evalu6é la posibilidad de aplicar un maganismo probidtico,
Lactobacillus rhamnosu&G en manzana minimamente procesada y su efecto en
la dindmica poblacional deSalmonella spp. y Listeria monocytogenes
(Capitulo VII).

Los resultados obtenidos han demostrado que laascdpE. coliO157:H7,
Salmonellay L. innocua utilizadas pueden crecer en manzana y melocotén
minimamente procesado conservado a temperaturasrta pe 10 °C. El
crecimiento de los tres patdégenos no se vio afecped el uso de antioxidantes
(4cido ascorbico 2 % y NatureSea#dS1 6 % en manzana y acido ascorbico en
melocotdén) o por el envasado en atmdésfera moddigaakiva. La variedad de
manzana no influy6 en el crecimiento de los patégeRn cambio se observaron
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diferencias de crecimiento entre las variedades mdelocotéon, debidas
principalmente a las diferencias de pH.

El acido peroxiacético (80 y 120 mg?), el peroxido de hidrégeno (5, 10 y
20 mL LY y el N-acetilo-L-cisteina (10 g i) podrian ser tratamientos alternativos
al hipoclorito sédico para manzana minimamente ggada ya que no sélo
redujeron la poblacién de patdégenos tras el traatmi sino que evitaron su
crecimiento a lo largo de la conservacion a 10A@=mas, el acido peroxiacético,
el peroxido de hidrogeno y el producto comerciatrd®i podrian evitar la
contaminacién cruzada en la industria de IV gama quee redujeron la
concentracion de patdégenos en el agua de lavadodg@oajo del limite de
deteccidn. Sin embargo, antes de la utilizaciérestas sustancias son necesarios
estudios sobre su efecto en la calidad de la éwrtada.

A continuacion, y como una estrategia complemeataria desinfeccion de fruta
minimamente procesada, se estudid la posibilidachplear microorganismos
antagonistas o cultivos bioconservantes. De log 07 microorganismos testados
en manzana y melocoton cortados, respectivamerds, GPA-6 y CPA-7,
mostraron una gran capacidad antagonista reducieladopoblacion de
E. coliO157:H7,Salmonellay L. innocuaincluso por debajo del nivel inoculado
tras 2 dias a 20 °C. El antagonista CPA-7 se ffil@tcomo una cepa de
Pseudomonas graminisCPA-6 como una nueva especie pertenecientéamitia
EnterobacteriaceaeEn manzana cortada, la minima dosis inhibitogalal cepa
CPA-6 para reducir la poblacién de patdégenos cuastios fueron inoculados a
10" ufc mL* fue de 18ufc mL?, mientras que la cepa CPA-7 necesit6 estar a la
misma concentracién para ser efectiva. Para detarnsi las cepas CPA-6 y
CPA-7 eran fitopatdbgenas se estudid su capacidagrdducir reacciéon de
hipersensibilidad en la planta del tabaco. Ningd@das dos cepas causO necrosis
en la planta de tabaco, sin embargo, se observdaqgoepa CPA-6 causd dafios
visibles en fruta minimamente procesada duranteosservacion y, por tanto, se
descart6. El siguiente paso consistio en testefdetividad de la cepa CPA-7 en
manzana cortada en condiciones semi-comercialeA-TCiae compatible con la
aplicacion de NatureS&aAS1 y con el envasado en atmdsfera modificadavpasi
sin embargo para ser efectiva en estas condicme®ncentracién tuvo que ser
2 unidades logaritmicas superiores a la de loggpatis. La aplicacion de la cepa
antagonista no afect6 a los parametros de caliggbduimica (color, sélidos
solubles, acidez titulable y firmeza) de la manzaodada. La cepa CPA-7 no
redujo la poblacién de patégeno pero evitd su grecito y por tanto podria
aplicarse como un obstaculo adicional en la coaséin de frutas minimamente
procesadas.

En el dltimo capitulo de la tesis se demostré gueepa probidtichactobacillus
rhamnosusGG puede ser una cepa adecuada para la produdeiGmanzana
probidtica ya que su concentracion se mantuvo poine de 10 ufc g* durante
28 dias tanto a 5 como a 10 °C sin afectar a la@azhlde la manzana tratada.
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Ademas, su aplicacién redujo el crecimiento ldemonocytogened unidad
logaritmica a ambas temperaturas.

Los resultados de esta tesis han demostrado Isidadede mantener una adecuada
higiene en la produccién de fruta minimamente wade, asi como una
temperatura de conservacion adecuada (inferior 4CL0O Ademas, se han
encontrado algunas alternativas al uso del hipibelgbdico y se ha aislado una
cepa, P. graminis CPA-7, capaz de controlar el crecimiento de patogede
transmisién alimentaria en manzana y melocotén. dpdicacion de dicho
microorganismo no ha afectado a la calidad fisicogua de la fruta, con lo que el
control biolégico o bioconservacion puede utilizac®mo un obstaculo adicional
para garantizar la seguridad microbiolégica deseptoductos. Finalmente, se ha
demostrado que la cepa probidticahamnosu$sG podria ser usada para producir
manzana minimamente procesada probiotica.
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RESUM

En els ultims anys s’ha popularitzat el consumrdéefs i hortalisses minimament
processades o0 de IV gama ja que ofereixen al cddsuman producte fresc i
saludable amb una presentacié comoda i atractieastpdapta a I'estil de vida
actual. Tot i que, tradicionalment, les fruitesasitconsiderat segures gracies al seu
baix pH, aquest augment de consum ha comportat nenemment de les
intoxicacions alimentaries associades a fruites drtatisses minimament
processades. Durant les operacions dutes a tertaesema produccié s’'incrementa
la vulnerabilitat a la contaminacié microbiana rist de ser vehicles de patogens
de transmissi6 alimentaria. A més, les fruitesrtdizses minimament processades
no reben cap tractament capac¢ d’eliminar tots alégens abans del seu consum.
Tots aquests factors demostren la necessitatit?atimetodes de produccio segurs
i procediments de desinfeccié adequats. Actualmehthipoclorit sodic és el
desinfectant habitual en la industria de IV gama. dbstant, les reduccions de
microorganismes en fruites i hortalisses rentadds aigua clorada no superen els
2 logaritmes i en alguns paisos se n’ha prohibg.IA més, en els ultims anys ha
augmentat la pressié dels consumidors per redoieliminar els additius dels
aliments, ra6 per la qual es busquen alternativeés segures pels humans i més
respectuoses amb el medi ambient.

En aquest escenari es va plantejar la realitzdeijudsta tesis amb dos objectius
principals. En primer lloc, es va determinar laesupvéncia i creixement de tres
patogens de transmissio alimentariascherichia coli 0157:H7, Salmonella
entericai Listeria innocuaen pomes i préssecs minimament processats en funcié
de la temperatura de conservacio, la varietat d&uita, I's d’antioxidants i
I'atmosfera d’envasat (Capitols | i Il). A contiraid es van estudiar possibles
estrategies d’intervencid, com productes desinfestalternatius a I'hipoclorit
sodic en pomes minimament processades (Capitoli &) control bioldgic o
bioconservacié (Capitols 1V, V i VI). Per acabas, wa avaluar la possibilitat
d’aplicar un microorganisme probiotit,actobacillus rhamnosu§&G, en poma
minimament processada i el seu efecte en la dimanmoblacional de
Salmonellaspp. iListeria monocytogend€apitol VII).

Els resultats obtinguts han demostrat que les soqie E. coliO157:H7,
Salmonellai L. innocuautilitzades poden créixer en poma i préssec miniemm
processats conservats a temperatures a partir €. Hl creixement dels patogens
no es va veure afectat per I'Gs dantioxidants daascorbic 2 % i
NatureSedl AS1 6 % en poma i acid ascorbic en préssec) nil’pavasat en
atmosfera modificada passiva. La varietat de poonaanafectar al creixement dels
patdgens. En canvi, es van observar diferénciesaibeement entre les varietats de
préssec, degudes, principalment, a les diferénieqsH.
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L'acid peroxiacétic (80 i 120 mg1), el peroxid d’hidrogen (5, 10 i 20 mLY.i la
N-acetil-L-cisteina (10 g t) podrien ser tractaments alternatius a I'hipotlsdidic
en poma minimament processada ja que, no nomégedalr la poblacié de
patogens després del tractament, sind que varr &liteu creixement durant la
conservacié a 10 °C. A més, I'acid peroxiacétiqexoxid d’hidrogen i el producte
comercial Citrox podrien evitar la contaminaciouaéda en la industria de IV gama
ja que van reduir la poblacié de patogens en laide rentat per sota del limit de
detecci6. No obstant, abans d'utilitzar aquestdsstamcies cal estudiar el seu
efecte en la qualitat de la fruita tallada.

A continuacid, i com una estrategia complementaril desinfeccio de fruita
minimament processada, es va estudiar la posathiliaplicar microorganismes
antagonistes o cultius bioconservants. Dels 977i hitroorganismes avaluats en
poma i préssec tallats, respectivament, dos, CP&BA-7 van mostrar una gran
capacitat antagonista reduint la poblaci6 HecoliO157:H7, Salmonella i

L. innocuafins i tot per sota del nivell inoculat després 2ledies a 20 °C.
L'antagonista CPA-7 es va identificar com una steRseudomonas graminida
CPA-6 com una nova especie de la famliderobacteriaceaeLa minima dosi
inhibitoria de la soca CPA-6 per reduir la pobladé patdogens inoculats a
10" ufc mL* va ser de 10ufc mL*, mentre que la soca CPA-7 va necessitar estar a
la mateixa concentracid per a ser efectiva. Pegrohitar si les soques CPA-6 i
CPA-7 eren fitopatogenes es va estudiar si produdiaccio d’hipersensibilitat en
la planta del tabac. Cap de les dues soques varcaesrosi en la planta de tabac,
perd es va observar que la soca CPA-6 va causas dasibles en fruita
minimament processada durant la conservaci6 i,taar; es va descartar. El
seguent pas va consistir en determinar I'efectidiégala soca CPA-7 en condicions
semi-comercials en poma tallada. La soca CPA-Ervaampatible amb I'aplicacio
de NatureSe8l AS1 i amb I'envasat en atmosfera modificada pasgero, en
aguestes condicions, per a ser efectiva la sevaeotmacié va haver de ser
2 unitats logaritmiques superiors a la dels pategdraplicacié de la soca
antagonista no va afectar els parametres de dufiiteoquimica (color, solids
solubles, acidesa titulable i fermesa) de la poaflada. La soca CPA-7 no va
reduir la poblacié de patogen perd va evitar el geixement i, per tant, podria
aplicar-se com un obstacle addicional en la comséivde fruites minimament
processades.

En I'Gltim capitol de la tesi es va demostrar cquadca probiotichactobacillus
rhamnosusGG pot ser una soca adient per a la producciéodeapprobidtica ja
que la seva concentraci6 es va mantenir per s@biéfdifc g* durant 28 dies tant
a5 com a 10 ° C sense afectar la qualitat de t@ap@d més, la seva aplicacié va
reduir el creixement de.. monocytogenesl unitat logaritmica a ambdues
temperatures.

Els resultats d'aquesta tesi han demostrat la sitetede mantenir una adequada
higiene en la produccié de fruita minimament preada, aixi com una
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temperatura de conservacié adequada (al menysoinferl0 °C). A més, s'’han
trobat algunes alternatives a I's de I'hipocladdic i s'ha aillat una soca,
P. graminisCPA-7, capac¢ de controlar el creixement de pa®gntransmissio
alimentaria en poma i préssec. L'aplicacié d'aguéstoorganisme no va afectar la
qualitat fisicoquimica de la fruita, de manera gek control biologic o
bioconservacio pot utilitzar-se con un obstaclei@ddal per garantir la seguretat
microbiologica d'aquests productes. Finalment, Stemnostrat que la soca
probidticaL. rhamnosusGG podria ser utilitzada per produir poma minimatne
processada probidtica.
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SUMMARY

Recently, consumption of minimally processed osHreut fruits and vegetables has
risen significantly because they offer a fresh lagalthy product with a convenient and
attractive presentation that fits perfectly on josldifestyle. Although fruits have been
traditionally considered as safe due to its low gt increase in consumption has
resulted in increased frequency of outbreaks oksk associated with minimally
processed fruits and vegetables. During productiominimally processed fruit and
vegetables, their susceptibility to microbial comtzation and the risk of becoming
vehicles of foodborne pathogens increases. Iniaddihese products do not receive any
treatment able to completely eliminate all foodeopathogens before consumption.
Therefore, safe production methods and properfedion/decontamination procedures
are required. Currently, chlorine is the most comigndisinfectant used to wash produce
in the fresh-cut industry. However, the reductidnngicroorganisms in fruits and
vegetables washed in chlorinated water do not éx2deg units and in some countries
its use has been forbidden. Moreover, in recentsyeansumer’s pressure to reduce
and/or eliminate food additives has increasedgesearchers are looking for safer and
more environmentally friendly alternatives.

In this scenario, the realization of this thesiseaa two main objectives. First, we
determined the survival and growth of three foodbor pathogens,
Escherichia coli0157:H7, Salmonellaenterica and Listeria innocuaon minimally
processed apples and peaches depending on thgesteraperature, variety of fruit,
the use of antioxidants and atmosphere packagimgp{€rs | and I). Then, we studied
possible intervention strategies as alternativeshtorine disinfection in minimally
processed apple (Chapter Ill) and biological comrdiopreservation (Chapters 1V, V
and VI). Finally, we evaluated the possibility @ipdying a probiotic microorganism,
Lactobacillus rhamnosu&G, to minimally processed apple and its effecttiom
population dynamics @dalmonellespp. andListeriamonocytogeneChapter VII).

The results obtained demonstrated that the strdifs coli O157:H7,Salmonella
andL. innocuaused were able to grow in minimally processed epphd peaches
stored at temperatures of 10 °C and above. Thetgrofithese pathogens was not
affected by the use of antioxidants (ascorbic 8 and 6 % NatureS&aAS1 in
apple and ascorbic acid in peach) or the passiwdified atmosphere packaging.
The apple variety did not influence the pathogemsvth, but growth differences
were observed among peach varieties mainly duéltdifferences among fruits.

Peroxiacetic acid (80 and 120 mg)L hydrogen peroxide (5, 10 and 20 mL})L
and N-acetyl-L-cysteine (10 g™ could be alternative treatments to chlorine
disinfection in minimally processed apple productas they not only reduced the
pathogen population after treatment but also awbitteeir growth throughout
storage at 10 °C. Furthermore, peroxiacetic acijrdgen peroxide and the
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commercial product Citrox could prevent cross-comitation in the fresh-cut
industry as they reduced the pathogens populatiorwash water below the
detection limit. However, before the use of thadestances, studies on their effect
on the quality of the cut fruit are required.

Then, as a complementary strategy to disinfectfamiaimally processed fruit, we
studied the possibility of applying antagonisticroorganisms. Two of the 97 and
107 microorganisms tested on fresh-cut apple aadipeespectively, CPA-6 and
CPA-7, showed a great antagonistic capacity reducihe population of
E. coli0157:H7,SalmonellaandL. innocuabelow the inoculated level after 2 days
at 20 °C. The antagonist CPA-7 was identified astrain of Pseudomonas
graminisand CPA-6 as a new species belonging to the faamtgrobacteriaceae
The minimum inhibitory dose of the strain CPA-6 teduce the pathogen
population when inoculated at 1@fu mL* was 16 cfu mL*, whereas strain
CPA-7 needed to be at the same concentration teffeetive. To ascertain if
CPA-6 and CPA-7 strains are phytopathogens, theipacity to produce
hypersensitive reaction in leaf mesophyll tissueobfacco plants was determined.
None of the two strains caused necrosis in tobataats. However, CPA-6 strain
caused visible damage on minimally processed éuitng product storage and it
was discarded. The next step was to test the biéeess of the strain CPA-7 at
semi-commercial conditions. CPA-7 was compatiblehwihe application of
NatureSedl AS1 and the passive modified atmosphere packadingat these
conditions, its concentration needed to be 2 logsuhigher than pathogens
concentration to be effective. The application loé antagonistic strain did not
affect the physicochemical quality parameters (gobkmluble solids, titratable
acidity and firmness) of the fresh-cut apple. Ttrais CPA-7 did not reduce the
pathogen population but avoided its growth theeefibrcould be applied as an
additional barrier in the conservation of minimgtisocessed fruits.

In the last chapter of the thesis we have demdssirthat the probiotic strain

Lactobacillus rhamnosu$sG could be a suitable strain for the productidn o
probiotic apple as its concentration was maintameave 10cfu g* for 28 days at

5 and 10 °C without affecting the quality of thedred apple. Furthermore, its
application reducet. monocytogenegrowth 1 log unit at both temperatures.

The results of this study have demonstrated thel teemaintain an adequate
hygiene in minimally processed fruit production,veall as an appropriate storage
temperature (at least below 10 °C). In addition,hage found some alternatives to
chlorine and we have isolated a strddngraminisCPA-7, capable of reducing the
growth of foodborne pathogens on minimally procdsapples and peaches. The
application of CPA-7 did not affect the physicocheahquality of the fruit, so that
biological control or biopreservation could be aiditional hurdle to ensure the
microbiological safety of these products. Finaliy,has been shown that the
probiotic strainL. rhamnosusGG may be used to produce probiotic minimally
processed apples.
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INTRODUCCION

1. FRUTA DE IV GAMA O MINIMAMENTE PROCESADA

Las frutas y hortalizas forman parte de una diefailierada ya que, no sélo
contribuyen a prevenir trastornos ocasionados pdalta de nutrientes, sino que
también reducen el peligro de padecer enfermedzatesovasculares y distintos
tipos de cancetJn informe de expertos publicado por la OMS vy laFAitulado
Dieta, nutricion y prevencion de las enfermedad@ésicas establece como meta
poblacional una ingesta de, al menos, 400 g diadmdrutas y verdurasSin
embargo, en Espafia y en la mayoria de los paidestiializados el consumo per
capita es muy inferior. Por eso, diferentes orgaignes de todo el mundo (OMS,
FAO, USDA, EFSA) han promocionado campafas panatagn consumo regular
de, al menos, 5 raciones de frutas y hortaliza$aal

La provincia de Lleida es la principal productora thanzana del pais, con
187.344 Tm el afio 2009, que suponen el 31.1 % gedduccion nacional. La
provincia de Lleida es, ademas, una de las prifespaonas productoras de
melocotdn, con un total de 143.072 Tm en el 2008, rgpresenta un 18.3 % de la
produccion estatal (Ministerio de Medio Ambient®lgdio Rural y Marino, 2010).
Actualmente, la mayoria de esta fruta se destirm@umo en fresco tanto para
mercado interior como para la exportacién. La ap@ride industrias dedicadas a
la producciéon de fruta de IV gama podria dar a pecomtes y centrales
hortofruticolas un nuevo mercado a su producto.

1.1.Definicién y consumo

Las frutas y hortalizas de IV Gama o minimamentecgsadas son aquellas
obtenidas mediante la aplicacion de una o variasragjpnes unitarias de
preparacion, tales como pelado, cortado, reducdéntamafio y envasado,
incluyendo tratamientos quimicos, cuya combinacpirede tener un efecto
sinérgico (Wiley, 1994).

El consumo de este tipo de productos es mas elesados paises desarrollados
con alto poder adquisitivo y especialmente en alimarbano. El consumo medio

europeo de productos de IV Gama es de 3 kg poopersafo. Sin embargo, en el
Reino Unido se llega a los 12 kg por habitante g, &ffancia ocupa la segunda
posicion con 6 kg por capita e Italia ocupa eld@etagar con 4 kg por persona y
afio. Otros paises donde la IV Gama esta bien ingglapnaunque distanciados de
los anteriores son Bélgica, Holanda y AlemaniaEBpafa el consumo esta entre 1
y 1.5 kg por persona y afo.

En Espafia, la IV Gama fue introducida en Navari@ahls afios 80, y ha ido
adquiriendo cada vez mas importancia, extendiéndoséras zonas tipicas de
produccién hortofruticola como Murcia, Comunidad|éf@iana, Andalucia y
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Catalufia  (http://www.fepex.es/publico/presentadvBama.aspx). En la
actualidad se consumen productos de IV gama casl & % de los hogares
espafioles. En 2010 el volumen de frutas y horglilealV Gama comercializadas
en Espafia fue de 70.6 millones de kilos, de los &4 millones de kilos
correspondieron a hortalizas y 1.5 millones desk#ofrutas. El incremento con
respecto a 2009 fue del 6 %. Asimismo, del totahewializado en Espafa, el
81 % aproximadamente se dirigio a la distribucidi $9 % restante a la hosteleria
y restauracion (FEPEX, 2011).

1.2.Procesado

El procesado minimo de frutas y hortalizas pretandatener el producto fresco,
ofrecer comodidad sin perder calidad y consegurvida Gtil de, al menos, 7 dias.
Para conseguir estos objetivos es importante attiima materia prima de buena
calidad, tener una higiene estricta y seguir bu@nasticas de fabricacion. En la
Figura 1 se observa el esquema general de prepardeifrutas frescas cortadas.
No obstante, segun el tipo de fruta que se elalserdebera aplicar un tratamiento
especifico para las distintas operaciones y métddaonservacion (Wiley, 1994).

Cada etapa del proceso de elaboracion juega ur ipgpartante en el control de

los mecanismos de alteracion de las frutas y himaalfrescas, asi como en la
presencia de microorganismos en el producto.

La elaboracién de frutas y hortalizas minimamemtegsadas comienza por una
buena seleccién de la materia prima siendo la pano@eracion el control del
grado de madurez, de la presencia de residuos sieigas, de elevadas cargas
microbianas, de metales toxicos, de compuestos@adiées naturalmente presentes
y de reguladores del crecimiento de plantas.

A continuacién, el lavado y desinfeccion de lasasuy hortalizas permite eliminar
en gran medida residuos de pesticidas, restos alegety otros posibles
contaminantes como los microorganismos alterantes.

En el caso de las frutas minimamente procesadaspgaraciones mecanicas
realizadas durante su procesado, como el peladotydo, dafian los tejidos y son
responsables de la alteracion microbiana, camb@&gedtura, deshidratacion,
pardeamiento y produccién de malos sabores y ol®esconsiguiente, se debe
tener en cuenta la influencia de las operacionesde en la calidad.

El lavado y desinfeccion realizados tras el pelgfo cortado reducen la carga
microbiana y eliminan los fluidos celulares. Estagraciones juntamente con los
tratamientos antimicrobianos y antioxidantes reduaeoxidacion enzimatica y el
crecimiento de microorganismos durante la consé&uaé\ntes del envasado, las
piezas de fruta cortada deben escurrirse ya gereceso de agua o zumo puede ser
un medio excelente para el crecimiento de micrausgaos y algunas reacciones
enzimaticas pueden acelerarse.
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Recepcion materia prima

Lavado y desinfeccion

Pelado

Cortado

Lavado y desinfeccion

Tratamientos antimicrobianos y antioxidantes

Escurrido

Envasado

Conservacion

Transporte y distribucion

Venta

Fig. 1 Diagrama de flujo de elaboracién
de fruta minimamente procesada.
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El envasado en atmdsfera modificada proporcionaban@ra que mantiene alta la
humedad relativa en el ambiente y evita la destddi@n de las superficies
cortadas. La modificacion de la atmosfera es tambiduy importante para
controlar la alteracion microbiana de la fruta mmiamente procesada.

La vida util comercial de las frutas minimamentegesadas viene determinada
principalmente por la temperatura de conservackara obtener la frescura,
calidad y seguridad 6ptima, la cadena de frio éebity 4 °C) debe mantenerse a lo
largo de toda la vida util, ya que son productesdos que contintan respirando y
son altamente susceptibles a la alteraciéon micnabi&e debe prestar especial
atencion a la temperatura de las neveras en logrcmn ya que las estanterias
demasiado llenas, el flujo de aire bloqueado ausmlla posicion del producto en
la estanteria pueden influir significativamentdaetemperatura del producto.

2. MICROBIOLOGIA DE PRODUCTOS VEGETALES

Las frutas y hortalizas tienen una composicion rognea y por lo tanto su
microbiota puede variar en funcién de su pH, didpbdad de nutrientes y
actividad de agua, entre otros factores (Kalia pt&u2006). La mayoria de las
bacterias presentes en la superficie de las plaotagram-negativas y pertenecen
a la familia Enterobacteriaceaeo al géneroPseudomonaqlLund, 1992). La
mayoria de estas bacterias no son patdégenas pahaitieanos y su concentracion
(10*-10° ufc g*) depende de las variaciones estacionales y ctissatEs posible
encontrar altas concentraciones de microorganissios que los productos
presenten signos de alteracién (Nguyen-The y Catle94). Normalmente, los
tejidos internos de frutas y hortalizas se considestériles.

Las frutas difieren principalmente de las hortaiza que normalmente contienen
mayores cantidades de azUcar y tienen un pH mds.&ste bajo pH, combinado
con la presencia de &cidos organicos previene edinsiento de bacterias a
excepcion de las bacterias acido-lacticas (BALY. éamsiguiente los hongos son
los microorganismos predominantes de las frutasndsi los mohos los
responsables de dos terceras partes de las aleeacde frutas y hortalizas
(ICMSF, 1998). Los géneros mas comunes doanicillium Aspergillus
Sclerotinia Botrytisy RhizopusLa alteracién se asocia normalmente con actividad
celulolitica y pectinolitica, que causa ablandatdery debilitacion de las
estructuras  vegetales, importantes para prevenir ogkcimiento de
microorganismos.

Por tanto, tradicionalmente las frutas se han denado generalmente seguras
desde el punto de vista microbiolégico gracias alsucontenido en 4cido y a que
el nimero de intoxicaciones alimentarias relaciasatbn el consumo de frutas es
bajo en comparacién con otros alimentos (Beuch@96)l Sin embargo, los
cambios en las préacticas agricolas, el aumentocalelercio internacional y la
produccién de nuevos productos, como la fruta rméaniente procesada han
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ocasionado un aumento en la frecuencia de intoxicas alimentarias asociadas a
frutas (Beuchat, 2002). Durante la elaboracion de frutas minimamente
procesadas se elimina la piel que es su protecafural y se produce una salida
de zumo y azlcares de los tejidos dafiados. Par, tanh mas susceptibles a la
contaminacion microbiana y al crecimiento de micge@ismos.

2.1.Fuentes de contaminacion

Las frutas y hortalizas minimamente procesadasossumen frecuentemente
crudas. Ademds, no existe ningun paso en el prdoesapaz de eliminar
totalmente la contaminacion microbiana. Consecuesr¢e, la prevencion de la
contaminacion con patdgenos humanos es el Unicodméifectivo de garantizar
gue son seguros para el consumo. Para minimizaesgo de contaminaciéon es
necesario identificar las posibles fuentes de ¢oimacion en cada punto de la
cadena de produccion:

Materia prima

La presencia de patdégenos en las frutas y horsalizacas procedentes de campo
es un riesgo para la industria de IV gama, ya guw son eliminados antes del
procesado pueden contaminar las partes internis geoductos (Brackett, 1999).
La mejor manera de prevenir la presencia de patd&genm frutas y hortalizas
minimamente procesadas es asegurar la buena calidadgroducto fresco
aplicando Buenas Practicas Agricolas (BPA) durdatgrecosecha y cosecha
(Raybaudi-Massilia y Mosqueda-Melgar, 2009). Lasngpales fuentes de
contaminacién de la materia prima son:

1. Los animales salvajes y domeésticos y los inse®esichat, 2006; NACMCF,
1999).

2. El agua de riego puede ser la fuente principal afgagninacion del material
vegetal durante la produccién. La calidad micradgata del agua de riego
depende del origen del agua (Steele y Odumeru,)2D84 aguas superficiales
procedentes de estanques, rios, lagos y arroyasentieuna calidad
microbioldgica variable y la calidad microbioldgide las aguas residuales es
muy pobre y requiere tratamientos extensos antegudepueda ser utilizada
como agua de riego. Por otro lado, el método dgoriguede afectar a la
transmisiébn de patdgenos. Es preferible el riego gateo al riego por
aspersion ya que minimiza el contacto del cultiam dos contaminantes
presentes en el agua.

3. Los abonos no tratados adecuadamente pueden sduemta potencial de
patégenos de transmision alimentaria (Beuchat, R0BR abono de origen
animal puede contener patdgenos entéricos cdmocoli O157:H7 vy
Salmonellaspp. que, en caso de no eliminarse, pueden pelssta 3 meses
en los suelos abonados (Nateigal, 2002).
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4. Los recolectores y los manipuladores pueden seonescde intoxicaciones
alimentarias en caso de ser portadores de patogerteser una higiene
personal deficiente (Gomes da Crial, 2006).

5. Los utensilios utilizados para la cosecha (por pJemcuchillos, tijeras) y
contenedores (bolsas, cajas, camiones y camarabnadeenamiento) pueden
contaminar la materia prima ya que si las fruthsializas, el suelo o el polvo
estan previamente contaminados con patdgenos, éstdsansfieren a los
utensilios y contenedores hasta el proximo sanedmie

Agua

Las frutas y hortalizas frescas se lavan a la dlagdel campo para eliminar
residuos quimicos, fisicos y biolégicos de la sfigierantes de entrar en la linea
de produccion (Balla y Farkas, 2006). Sin embaej@levado precio del agua y
del tratamiento de aguas residuales ha favoreaigdayindustria reutilice el agua
de lavado (Allendeet al, 2008). Las sucesivas utilizaciones del agua dada
pueden, en lugar de reducir, aumentar la contamdnamicrobioldégica de los
productos y por tanto representar un riesgo dedsaliblica. Para evitar la
contaminacidbn se necesitan técnicas sanitarias ceapale inactivar los
microorganismos en el agua de proceso.

Manipuladores

El contacto humano durante el procesado de frutdmnrializas minimamente
procesadas es uno de los factores mas importanvalsicrados en la transferencia
de microorganismos patdgenos en caso de faltaddtiqas higiénicas por parte de
los trabajadores. Es necesario que los manipuladaikcen guantes, gorros y
mascarillas durante el procesado para evitar lesfieeencia de patdgenos a las
frutas y hortalizas minimamente procesadas, aupsricies y al agua (USFDA,
2008).

Instalaciones, equipos de proceso y utensilios

Las instalaciones, equipos y utensilios pueden meartos de contaminacion
microbiana en caso de no existir una adecuadafdesién (USFDA, 2008).

Plagas

Las plagas de roedores, pajaros, reptiles, anfibiasectos pueden ser importantes
vectores para una gran variedad de patdégenos galass de procesado (Retj
al., 2004).
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2.2.Incidencia de patégenos de transmision alimentarian fruta minimamente
procesada e intoxicaciones asociadas con su consumo

La mayoria de los estudios existentes evallandaéncia de patégenos en la
superficie de fruta entera (Badosaal, 2008; Branquinho Bordingt al, 2007;
Harriset al, 2003; Uchimaet al, 2008). Sin embargo, existen pocos estudios sobre
la incidencia de patogenos en fruta minimamentegzada. Abadiast al. (2008)
analizaron 21 muestras de fruta minimamente prdee@aanzana, pifia, naranja,
mango y melocotén) sin detectegBalmonella Listeria monocytogenesi
Escherichia colien ninguna de las muestras.

A continuaciéon se muestra una relacién de intoxices alimentarias asociadas
con el consumo de fruta (Tabla 1).

Tabla 1 Intoxicaciones alimentarias causadas Rorcoli 0157:H7,L. monocytogeneg
Salmonellaasociadas con el consumo de fruta

Patégeno Afio  Producto Casos Lugar
(muertos)

E. coliO157:H7 1993 Melén Cantalupo 9 Restaurante
E. coliO157:H7 1997 Meldn 9 Hogar
E. coliO157:H7 1998 Ensalada de frutas 45 Hogar
E. coliO157:H7 1998 Ensalada de frutas 47 Restaurante
E. coliO157:H7 2000 Uva 14 Verduleria
E. coliO157:H7 2000 Sandia 736 (1) Restaurante
E. coliO157:H7 2001 Pera 14 Escuela
E. coliO157:H7 2005 Ensalada de frutas 18 (1) Multiple
Listeria monocytogenes 1979 Tomate 20 (5) Hospitales
Listeria monocytogenes 2011 Melén Cantalupo 146 (13) Hogar
SalmonellaBaildon 1998 Tomate 83 (3) Multiple
SalmonellaBerta 2002 Uvas, melon cantalupo, 19 Iglesia

sandia
SalmonellaBerta 2006 Tomate 16 Mdultiple
SalmonellaBraenderup 2004 Tomate Roma 137 Restaurante; hogar
SalmonellaChester 1990 Melén cantalupo 25000 (2) Desconocido
SalmonellaEnteritidis 1999 Meldn Honeydew, sandia 82 Escuela
SalmonellaEnteritidis 1999 Fruta 13 Restaurante
SalmonellaEnteritidis 2000 Ensalada de frutas 4 Restaurante
SalmonellaEnteritidis 2005 Melon cantalupo 126 Hogar
SalmonellaEnteritidis 2005 Tomate 20 Restaurante; hogar
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SalmonellaHeidelberg
SalmonellaJaviana
Salmonellalaviana
SalmonellaJaviana
Salmonellalaviana
SalmonellaJaviana
SalmonellaLitchfield
SalmonellaLitchfield

SalmonellaMiami
Salmonellaviontevideo
Salmonellaviuenchen

Salmonella
multiserotipos

SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaNewport
SalmonellaOranienburg
SalmonellaOranienburg
SalmonellaOranienburg
SalmonellaOranienburg
SalmonellaPoona
SalmonellaPoona
SalmonellaPoona
SalmonellaPoona
SalmonellaPoona
SalmonellaSaintpaul
SalmonellaSaintpaul

2000
1990
1991
1999
2002
2002
2007
2007

1954
1993
2003

2004

1999
2002
2002
2003
2005
2005
2006
2006
2006
2007
2007
2007
1979
1998
1998
2006
1991
2000
2001
2001
2002
2001
2003

Melén

Tomate

Sandia

Fruta mezclada
Tomate
Tomate

Melén cantalupo

174
39
11
3
159
11

Mel6n cantalupo, melon 30

Honeydew, uva
Sandia
Tomate

17 (1)
84

Mel6n cantalupo, melon 58

Honeydew
Tomate Roma

Mango

Ensalada de frutas
Tomate

Melén Honeydew
Melén cantalupo
Tomate

Melén Honeydew
Tomate

Sandia

Tomate

Tomate

Tomate, aguacate
Sandia

Meldn cantalupo
Mango

Ensalada de frutas
Melén cantalupo
Meldn cantalupo
Melén cantalupo
Meldn Honeydew, sandia
Melén cantalupo
Mango

Mango, tomate

429

79
51
510
68 (2)
24
52
12
115
20
10 (1)
65
46
18
22

41
>400
46
50 (2)

23
26

26
17

Restaurante
Multiple
Desconocido

Hogar
Restaurante
Restaurante

Hogar

Restaurante

Supermercado
Multiple
Hogar

Restaurante

Mdltiple
Restaurante
Desconocido
Multiple
Desconocido
Restaurante
Mdltiple
Restaurante
Restaurante
Desconocido
Restaurante, hogar
Restaurante, hogar
Supermercado
Multiple
Hogar
Multiple
Desconocido
Desconocido
Hogar
Multiple
Mdltiple
Hogar
Restaurante, hogar
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SalmonellaSaintpaul 2003 Tomate 33 Restaurante
SalmonellaSaphra 1997 Melén cantalupo 24 Multiple
SalmonellaSenftenberg 2001 Uva 40 Hogar
Salmonellaspp. 2003 Fresas 13 Desconocido
SalmonellaThompson 2000 Tomate 43 Hogar
Salmonellalyphimurium 2006 Tomate 18 Restaurante, hogar
SalmonellaTyphimurium 2006 Tomate 8 Desconocido
SalmonellaTyphimurium 2006 Tomate 192 Restaurante, hogar
SalmonellaTyphimurium 2007 Tomate 23 Restaurante
SalmonellaTyphimurium 2006 Sandia 7 Restaurante

var Cope

SalmonellaVirchow 2003 Tomate 11 Desconocido

Adaptada de CDC, 2007; CDC, 2011 y Haetisl, 2003.

El nimero de intoxicaciones alimentarias asociadas frutas y hortalizas
minimamente procesadas ha aumentado en los Uléffesspor varias razones. En
primer lugar, las mejoras en los diagnosticos @dasiones han estimulado el
estudio de los casos de intoxicaciones, de mangrdgn incrementado los casos
asociados a todos los alimentos. Ademas, los candnidas practicas industriales
y los cambios demograficos han influido en la epidéogia de estas
intoxicaciones. Por ejemplo, una mayor produccioel yaumento de vida (util
pueden permitir el aumento de la concentracionalégenos y su distribucién en
areas dispersadas geograficamente. El aumento ode¢rcio global acerca al
consumidor alimentos producidos en otras zonasrmife la desaparicion de la
estacionalidad. No obstante, este comercio puedenex a los consumidores a
microbiota exoética. La demanda de comodidad ha atade el consumo de frutas
y hortalizas minimamente procesadas y zumos reeirimidos. Tras esta
manipulacién, una incorrecta combinacion de tiergptemperatura durante la
conservacion, puede permitir la supervivencia gioreento de los patégenos y por
tanto aumentar el riesgo de intoxicacion. Ademas;aenbio en la demografia
social, ha provocado un aumento de poblacibn ded edwanzada,
inmunocomprometida o con enfermedades cronicadigen un mayor riesgo de
sufrir una intoxicacion alimentaria. Los cambioda@&npreferencias alimentarias de
los consumidores han ocasionado un aumento de roonde frutas y hortalizas
frescas y, por consiguiente, ha aumentado el nuchernpersonas expuestas a los
patdgenos asociados a este tipo de productos. Ammitiempo muchos
consumidores prefieren productos cultivados orgénéente, que conllevan el uso
de abono orgénico en lugar de fertilizantes quimifesgraciadamente, un abono
organico tratado inadecuadamente puede contené&ggrais entéricos como
Salmonellaspp. yE. coliO157:H7 (De Roever, 1999).
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2.3.Principales bacterias patégenas relacionadas con utas y hortalizas
minimamente procesadas

2.3.1. Salmonella

Salmonella es un género de bacteriagram-negativas de la familia
Enterobacteriaceaezntre los mas de 2700 serotipos pertenecienteteagénero,
SalmonellgEnteritidis ySalmonellaTyphimurium son los que se han asociado con
mas frecuencia a intoxicaciones alimentarias. &iba¥go, una gran variedad de
serotipos se han asociado con intoxicaciones atamas causadas por frutas y
hortalizas frescas (EU Scientific Committee on Fa2@02). Los sintomas de la
salmonelosis son diarrea, fiebre, calambres abddesry vomito durante 4-7 dias.

Las bacterias del géneg&almonellason mesdfilas. Las temperaturas y pH éptimos
para el crecimiento se muestran en la Tabla 2. i&eim Salmonellaes un
anaerobio facultativo capaz de sobrevivir en aterasfcon baja concentracion de
oxigeno.

Se puede encontr&almonellaen materia fecal y aguas residuales, donde pueden
permanecer viables durante meses, y, por lo tpoggen contaminar el suelo y los
cultivos con los que estén en contacto. Este patbge asocia habitualmente con
animales, siendo las aves y otros productos canfoeevos y lacteos las fuentes
mas comunmente implicadas en salmonelosis. Vasagl®s han demostrado la
presencia dSalmonellaen meldn cantalupo entero (Hartsal, 2003), pero no en
naranjas (Pa@t al, 1998). En la Tabla 1 se pueden ver algunos efsngé
intoxicaciones alimentarias causadas por este @atogn productos como melones

y tomate.

Tabla 2 Condiciones minimas, 6ptimas y maximas de tempexra’C) y pH para el
crecimiento desalmonellaE. coliy L. monocytogenes

Minimo Optimo Maximo
Salmonella Temperatura 5.2* 35-43 46.2
pH 3.8 7-7.5 9.5
E. coli Temperatura 7-8 35-40 44-46
pH 4.4 6-7 9
L. monocytogenes Temperatura -0.4 37 45
pH 4.4 7 9.4

*La mayoria de los serotipos no crecen a pH infes@ 7.
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Aunque el pH no se encuentre en el 6ptimo de cienim varios autores han
descrito el crecimiento de diferentes cepasSdémonellaen gran variedad de
frutas. Por ejemplo, varias cepasStmonellecrecieron en tomates cortados (pH
3.4-4.7) y en naranjas ‘Hamlin’ peladas a tempesatguperiores a 20 °C, pero no
a temperaturas inferiores a 10 °C (Asplund y Nurb€91; Paoet al, 1998;
Zhuanget al, 1995). En cambio, una mezcla de 6 cepas difesatgSalmonella
fue incapaz de crecer en fresas (pH 3.2-4.1) castadconservadas tanto a 24
como a 4 °C (Knudseet al, 2001). Leverentzt al. (2001) observaron que
SalmonellaEnteritidis sobrevivia a 5 °C y crecia a 10 y 20¢h manzanas ‘Red
Delicious’ (pH 4.2) y en melén ‘Honeydew’ (pH 5.B)inimamente procesados.
Sin embargo, el crecimiento observado fue mayamelones (mas de 5 unidades
logaritmicas tras 7 dias) que en manzanas (aprdamente 2 unidades
logaritmicas). Los resultados obtenidos por Pewtgaldeitao (2004b) demuestran
gue las pulpas de melén, sandia y papaya son atgsstadecuados para el
crecimiento deSalmonellaEnteritidis tanto a 10 como a 20 °C. Posteriorment
Leverentz et al. (2006) no observaron crecimiento &almonellaPoona en
cilindros de manzana ‘Golden Delicious’ conservadds) °C, en cambio creci6
aproximadamente 3 unidades logaritmicas en 2 diasdo se conservo a 25 °C.
La poblacion de la cepa @almonellaTyphimurium LT2 ATCC15277 aumentd
en 2 unidades logaritmicas tras 24 h de incubazidh °C en heridas de manzana
‘Golden Delicious’ (Triaset al, 2008b). La poblacion dealmonellaEnteritidis en
peras ‘Flor de Invierno’ se mantuvo o disminuy@addrgo de la conservacion a
5 °C (Raybaudi-Massiliat al, 2009a). También se ha descrito crecimiento de
Salmonellaen mango ‘Tommy Atkins’ (pH 4.2) y papaya ‘Red kat6.7) a 12 y
23 °C (Strawn y Danyluk, 2010).

2.3.2. Escherichia coli

Escherichia coli es una especie gram-negativa que pertenece laliafami
EnterobacteriaceaeEs un habitante comun del tracto intestinal dedosnales
donde juega un papel importante manteniendo leoldigia intestinal. La
clasificacion da lugar a una subdivision en seigpgs: cepas enteropatdégenas
(ECEP), cepas enteroinvasivas (ECEI), cepas entegénicas (ECET), cepas
verotoxigénicas o enterohemorragicas (ECEH), cepteroagregantes (ECEAQ) y
cepas difusamente adherentes (ECDA). Las cepasardagsde intoxicaciones
alimentarias se diferencian en funcion de las pdgdes virulentas, los
mecanismos de patogenicidad, los sintomas y lactesisticas antigénicas. La
cepa enterohemorragic,. coli 0157:H7 esta reconocida como un importante
patégeno alimentario. La dosis infectiva es muyabgj las secuelas de la
gastroenteritis pueden incluir diarrea sanguinalelftolitis hemorragica) y
sindrome urémico hemolitico. Este ultimo es conmimi@os inferiores a 5 afios y
ancianos.
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La especieE. coli es mesdfila y anaerobia facultativa. Las tempesaty pH
Optimos para el crecimiento pueden verse en laaT2bl

El principal reservorio d&. coliO157:H7 es el tracto intestinal del ganado bovino.
La contaminacion del agua y supervivencia del paidégen ella, hace que el agua
sea una fuente importante de distribucion de lacitibn, particularmente si se
consume el agua no tratada o se utiliza para Eimentos crudos. Existen pocos
estudios sobre la presencia HecoliO157:H7 en fruta entera 0 minimamente
procesada. No obstante, existen casos de intogigagialimentarias debidas a
E. coliO157:H7 en ensaladas de frutas, meldn, uvas ypsaadia (Tabla 1).

Experimentalmente, se ha observado el aumento depdhlacién de

E. coliO157:H7 en naranjas ‘Hamlin’ peladas a lo largdedsonservacion a 24 °C
(Paoet al, 1998). De forma similar a lo observado &aimonellauna mezcla de

5 cepas dekE. coli O157:H7 tampoco fue capaz de crecer en fresaqdast
conservadas a 4 y 24 °C (Knudsstral, 2001). La poblacién de diferentes cepas
de E. coli aumentd en heridas de manzanas ‘Golden Delicioddacoun’,
‘Melrose’ y ‘Red Delicious’ a temperatura ambiengman, 2000; Janisiewicz
et al, 1999a; Triaset al, 2008b). En cambio, el tejido dafiado de manzanas
‘Mclintosh’ tuvo un efecto inhibitorio en el creciemto del patégeno aunque los
valores de pH y sdlidos solubles de esta variedaduaron significativamente
diferentes a las otras cuatro. Por lo tanto, Ding(@800) apunté a la existencia de
otro factor causante de la inhibicion como algumjgoesto no presente en las otras
variedades. Segun Gunes y Hotchkiss (2002) la pidisladeE. coli O157:H7 en
manzana ‘Delicious se mantuvo constante duranteoteservacion a 15 °C en
atmosfera modificada con 1 % de Y0, 15 y 30 % de COmientras que aumentd
en las manzanas envasadas en aire. A 20 °C, |laqabldeE. coli O157:H7
también se mantuvo constante a lo largo de 9 diasodservacion con 30 % de
CO, vy 21 % de @ mientras que aumentd mas de una unidad logastericlos
envases en aire. En peras ‘Flor de Invierno’ (pB31}. la poblacion de
E. coliO157:H7 disminuyé ligeramente a lo largo de lasewmacion a 5 °C
(Raybaudi-Massiliaet al, 2009a). En melén cantalupo, la poblacion de
E. coliO157:H7 disminuy6 a lo largo de la conservaciod &C, sin embargo
aumento mas de 3.5 unidades logaritmicas cuandonservé a 20 °C (Sharnea
al., 2009). Strawn y Danyluk (2010) observaron creemnto de una mezcla de 4
cepas déc. coli O157:H7 en mango cortado (pH 4.2) conservado &€C2®ero no

a 4y 12 °C. En cambio, este patdbgeno crecio rapdse en papaya cortada
(pH 5.7) conservada a 12 y 23 °C y sobrevivi6 aG} Ras diferencias en
crecimiento fueron atribuidas a las diferenciasrinsecas entre las frutas,
incluyendo la diferencia de pH. Recientemente, Admet al. (2012) observaron
queE. coli0157:H7 fue capaz de crecer en meldn cortado ocae a 25 °C (pH
5.94) pero no en pifia (pH 3.59).
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2.3.3. Listeria monocytogenes

Listeria monocytogeness una bacteria gram-positiva y un importantegeato de
transmisién alimentaria. Aunque existen 12 serstide L. monocytogenedos
serotipos 1/2a, 1/2b y 4b son los responsable80d#éd de las infecciones humanas.
Es particularmente importante su capacidad de rofento a temperaturas de
refrigeracion (Walker y Stringer, 1987). Sus terapgnas y pH de crecimiento
Optimos se muestran en la Tabla 2. Adenhasnonocytogeness un anaerobio
facultativo. Se considera un patdgeno ubicuo, gaesido aislado del suelo,
excrementos, aguas residuales, abono, agua, bamo, alimentos para animales,
polvo, pajaros y otros animales y humanos. Se heiadn también con material
vegetal como arbustos, hierbas silvestres, cergategetacion en descomposicion
(Franciset al, 1999).L. monocytogeneguede, por lo tanto, encontrarse de forma
natural en muchas frutas y hortalizas contaminadaavés de practicas agricolas
como el riego con agua contaminada o la fertilisaoton abono contaminado
(Nguyen-The y Carlin, 1994). Sin embargo, la innitla deL. monocytogenesn
frutas frescas es muy baja y sblo se conocen deescde intoxicaciones
alimentarias (Tabla 1).

La listeriosis puede causar gastroenteritis, sibago, los sintomas mas comunes
son la fiebre, dolor muscular y nduseas. Los gruigosesgo en caso de listeriosis
son las mujeres embarazadas, los ancianos y lasyocomprometidos. En el caso
de las mujeres embarazadas, la enfermedad curdarsinta gripe y la infeccion
puede producir la muerte del feto o un parto pramatEn el caso de ancianos e
inmunocomprometidos la enfermedad puede cursar d@uigremia y meningitis.
La duracion de la enfermedad es variable y tiersetaga de mortalidad del 30 %
en paises industrializados.

En cuanto al crecimiento/supervivencialdemonocytogenesn fruta, Beuchat y
Brackett (1991) observaron reducciones signifiantn la poblacion de
L. monocytogeneinoculada en tomate picado conservado a 10 y 21sRC,
embargo, la reduccion fue mas lenta a 10 que aQ1Eh naranjas ‘Hamlin’
peladas, la poblacién de. monocytogenese mantuvo constante durante la
conservacién a 4 y 8 °C mientras que aumento ligente a 24 °C (Paet al,
1998). La poblacién de. monocytogeneaumentd en manzanas ‘Red Delicious’
(pH 4.4) y mel6n ‘Honeydew’ (pH 5.8) minimament@grsados conservados a
10 °C durante 7 dias (Leveren&t al, 2003a). Penteado y Leitao (2004a)
demostraron que las pulpas de melén (pH 5.87+0d8)dia (pH 5.50+0.06) y
papaya (pH 4.87+0.01) son sustratos adecuados phra&recimiento de
L. monocytogenes 10, 20 y 30 °C. Los autores observaron ademés lau
velocidad de crecimiento del patégeno era propoadial pH de la pulpa vy, por
tanto, se observaron mayores incrementos en mendo de sandia y por dltimo
en papaya. La poblacién de monocytogenemoculada en fresas cortadas (pH
3.6-3.8) disminuy0 tras 48 h a 24 °C y 7 dias & 4réspectivamente (Flesstal,
2005). Leverentzet al. (2006) observaron crecimiento de la poblacion de
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L. monocytogenesn trozos de manzana ‘Golden Delicious’ tras S did0 °Cy 2
dias a 25 °C. La poblacién de monocytogenesumentd aproximadamente 2
unidades logaritmicas en heridas de manzana ‘G@ednious’'tras 2 dias a 25 °C
(Trias et al, 2008b). A diferencia de lo descrito par@almonella y

E. coliO157:H7, la poblacion dé. monocytogeneaumentd en peras ‘Flor de
Invierno’ cortadas tras 7 dias de conservacion°€ §Raybaudi-Massiliat al,
2009a).

2.4 Legislacion

El Reglamento (CE) n°® 1441/2007 que modifica ell&agnto (CE) n° 2073/2005
relativo a los criterios microbiol6gicos aplicablaslos productos alimenticios,
establece los criterios microbioldgicos para laga y hortalizas minimamente
procesadas. Este reglamento fija el recuentd. d®licomo un indice de la higiene
del proceso. En el caso de “frutas y hortalizase@adas (listas para el consumo)” el
recuento deéE. coli debe ser inferior a 100 ufc'@n la fase de elaboracion (n=5,
c=2, M=1G ufc g%; m=1F ufc g*, donde n=ntmero de unidades que componen la
muestra y c=numero de muestras que pueden darrangrél). Este reglamento
marca, ademas, los criterios de seguridad de logmios. Segun las referencias
existentes, y aunque habria que estudiar cada eas@articular, podemos
considerar que las frutas y hortalizas minimamgmozesadas son “Alimentos
listos para el consumo que pueden favorecer elrddisade L. monocytogenes
gue no sean los destinados a los lactantes niysasamédicos especiales” y, por
tanto, L. monocytogenedebe estar ausente en 25 g de alimento en el tear
elaboracion y debe ser inferior a 100 ufcaglo largo de su vida Gtil (n=5, ¢=0). En
el caso désalmonella en “frutas y hortalizas troceadas (listas paraogisumo)”
debe estar ausente en 25 g de producto a lo l@rga dida util (n=5, ¢=0).

3. ESTRATEGIAS DE INTERVENCION PARA REDUCIR
MICROORGANISMOS PATOGENOS Y ALTERANTES EN
FRUTAS Y HORTALIZAS

La presencia de patdgenos de transmision alimargarirutas y hortalizas frescas
asi como las intoxicaciones alimentarias asociaalasste tipo de productos
representan un serio problema de salud publicacdrdaminacién de frutas y
hortalizas con patdogenos humanos tiene también rtamges consecuencias
econémicas. Por lo tanto, a la industria le inemssarrollar intervenciones para
reducir el riesgo de contaminacion microbiana. heerivencion mas eficaz es
reducir el riesgo mediante la implementacion dengdacomo los de Buenas
Practicas Agricolas, Buenas Practicas de Produ¢@Ba y BPP) y el programa
de Analisis de Peligros y Puntos de Control Critig®PCC). Sin embargo no
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siempre es posible evitar la contaminacion microdiay son necesarias
intervenciones de control, ya sean de desinfearide conservacion.

La eficacia de los métodos de desinfeccion ha diiakse desde diferentes puntos
de vista. En primer lugar debe evaluarse la redacaonicrobiana obtenida e,
incluso mas importante, el mantenimiento de eslaa@on a lo largo de la vida
atil del producto. Por lo tanto, la efectividad dederd de la sensibilidad del
microorganismo y la accesibilidad del agente amtiotiiano o tratamiento a los
microorganismos. Otro factor que determinara eltoéxde las técnicas de
desinfeccion y/o conservacion es la aparicion d=cte$ indeseables como el
ablandamiento de tejidos o decoloracién. Ademaslaéb fisiolégico producido
por los tratamientos puede aumentar la actividaztabiana, ya que la fraccion de
microorganismos supervivientes podra crecer magadamente gracias al aumento
en la disponibilidad de nutrientes. Otros factostacionados son el efecto de estas
técnicas en la calidad nutricional del producto ay gdosible formacion de
subproductos que puedan tener implicaciones ealda $ilumana, como en el caso
de la desinfeccion con cloro y la formacién de sabpctos como los
trihalometanos y &cidos haloacéticos (Chat@l, 2000; Nieuwenhuijseet al,
2000). Por ultimo, el éxito de una técnica de coresBon esta también relacionado
con factores econémicos como los gastos relacienadms equipos necesarios
para la aplicacion de dicha técnica (Rageeal, 2007).

En el control de microorganismos en alimentos ésrésante la aplicacién de
tecnologias combinadas (tecnologia de barrerasta@idos churdle technology
Esta tecnologia esta basada en la aplicacion deévicaaiones adecuadas de
factores limitantes para el crecimiento de micraaigmos como la actividad de
agua, pH, temperatura, acidez, potencial redoxyamiganismos competitivos,
atmésfera modificada y conservantes (Wiley, 198Bdiante la combinacion de
estos obstaculos, la intensidad de cada una dédakas puede ser relativamente
baja, minimizando la pérdida de calidad, mientras ¢l impacto total producido
en los microorganismos es alto (Ritoal, 2007).

3.1.Estrategias de intervencion fisicas

La vida utili de las frutas minimamente procesadasnev determinada

principalmente por la temperatura de conservacidl gnvasado en atmésfera
modificada. El uso de ambas tecnologias ayuda aciredos procesos de

degradacion que ocurren a lo largo de la consémadienando la respiracion y
deshidratacion de los productos. Su uso es tanmbignimportante para controlar
la alteracion microbiana de la fruta minimamentepsada.
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3.1.1. Temperatura de conservacion

El control de la temperatura de conservacion (edtse4 °C) es el factor mas

importante para mantener la calidad y seguridadlade frutas y hortalizas

minimamente procesadas. La temperatura optimareenmcion depende de cada
producto, sin embargo, el crecimiento microbiare,tdsa de respiracion y el
deterioro de la calidad de la mayoria de producesreduce drasticamente
utilizando temperaturas de conservacion bajas°@}fLuo, 2007).

La conservacion en frio es critica para el cordegbalmonellay E. coliO157:H7

en frutas y hortalizas minimamente procesadas. rghetal. (1995) observaron
gueSalmonellgpuede crecer en tomates conservados a 20 y 36rd(hp a 10 °C.

La poblacion deE. coli O157:H7 aumenté en melon minimamente procesado a
temperaturas entre 12 y 25 °C, pero no a 5 °C foshrio y Beuchat, 1995). Sin
embargo, la poblaciéon de monocytogenespicroorganismo psicrétrofo, aumento
en frutas y hortalizas frescas y cortadas a terpasade refrigeracién (Farbet

al., 1998).

El aumento en la temperatura de conservacion ocwrmalmente durante la
distribucién y venta. Debido a las dificultades rdantener la cadena de frio, se
necesitan barreras adicionales para controlar etiroiento de patégenos,
especialmente los psicrotrofos. La combinacionadéofes inhibitorios intrinsecos,
extrinsecos y de proceso pueden mejorar consiéenabkte la seguridad de los
productos.

3.1.2. Envasado en atmésfera modificada

El envasado en atmdsfera modificada se utiliza ccalenente, tanto en frutas y
hortalizas frescas como minimamente procesadas) estrategia para mantener la
seguridad del producto y aumentar su vida Util. aEststrategia utiliza,
generalmente, una atmésfera en el interior del sndiferente al aire (el aire es,
aproximadamente, <0.1 % G21 % Q, 78 % N). Aunque se han estudiado
muchos gases diferentes, normalmente se usan cacidnes de ¢ CO, y Ny,
bajando los niveles de,@ incrementando los niveles de Oar encima de los
valores atmosféricos. Los microorganismos puedesevafectados por la actividad
antimicrobiana del CO

El envasado en atmésfera modificada es un procesémio donde las

caracteristicas ambientales y de envasado y elpt@dnteraccionan para crear
una atmésfera interna equilibrada. Esta atmoésferaossigue cuando la tasa de
consumo de @y la tasa de generacion de £©omo resultado de la respiracién
del producto envasado, igualan a la tasa de traitemie los gases a través del
material de envasado. La atmoésfera de equilibriedpucrearse activamente,
cuando la atmoésfera interna se establece inicidbnexediante la insercion de la
atmosfera deseada, o bien pasivamente, cuandmésfara de envasado se crea
por la propia respiracion del producto. La atm@sfieterna depende de factores
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extrinsecos e intrinsecos, incluyendo la tasa gpirexion, la permeabilidad del
film a los gases y vapor de agua, las dimensiom¢sidvase y la cantidad de
producto. La actividad respiratoria del productpatale, asi mismo, del producto
en cuestién, la variedad, el estado de maduretip@lde tejido y el peso. La
temperatura es el factor extrinseco mas importgateque afecta tanto a la
respiracién del producto como a la permeabilidadfite (Werner y Hotchkiss,
2006). Por tanto, la permeabilidad del film al YDCO, debe estar relacionada con
la respiracién del producto envasado. Hay que tenecuenta que las frutas se
envasan normalmente en contenedores rigidos patagprlas de los dafos
mecanicos producidos durante el transporte y méagn y, por tanto, la
transmision de los gases tiene lugar Unicamentéapdapas de los contenedores.

El envasado en atmdésfera modificada ayuda a ofreweivida atil adecuada para

los productos minimamente procesados, sobretode gsan en combinacién con

otras barreras o estrategias de control. Las egteat de envasado deben definirse
para cada producto y método de preparacion, ydagumracteristicas del producto

y los efectos indirectos del procesado puedeniindiu la atmésfera de envasado,
el crecimiento microbiano y la vida atil.

El CO, inhibe el crecimiento microbiano (Devlieghere y bBeere, 2000),
afectando a la fase de latencia, a la tasa dewiegtio y a las densidades méaximas
de poblacién alcanzables. Los niveles de, Gaperiores al 5 % tienen un efecto
bacteriostatico (Hotchkiss y Banco, 1992). Aunqaes@ conoce al 100 % el modo
de accion del C¢) parece ser que produce una serie de cambios carnaziones
del pH intracelular, la alteracién de la estructyifancion de proteinas y enzimas
microbianos y la alteracion de la funcién de la rheama celular. El efecto
antimicrobiano del C@se incrementa al disminuir la temperatura ya queesnta

la solubilidad del C@

Sin embargo, el uso del envasado en atmésferadioauldis podria ser motivo de
preocupacion para la salud publica. En primer luigar atmdsferas gaseosas y las
temperaturas de conservacion utilizadas puedemiingi desarrollo de algunos
microorganismos alterantes aerobios (Farber, 199lgunos de estos
microorganismos pueden ser competidores naturadedod patégenos y su
supresion puede facilitar la supervivencia y etiengento de patdégenos anaerobios
facultativos sin que el producto muestre signoaltiracion. En segundo lugar, el
envasado en atmosfera modificada incrementa la &itlae los productos y por
tanto aumenta el tiempo para que los patdgenosapueckcer. En tercer lugar,
aunqgue los bajos niveles de oxigeno en los eny@sBs%) deberian inhibir el
crecimiento de anaerobios estrictos, co@Glostridium botulinumla temperatura
de conservacion excesiva, facilita que los envasesdan llegar a tener
condiciones de anaerobiosis debido al aumento sgiraeion del producto y
podria permitir el crecimiento d€. botulinumy la produccién de la toxina
botulinica.
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3.2.Estrategias de intervenciéon quimicas

El lavado y desinfeccién de los productos vegetdes Unico método existente para
eliminar la contaminacion microbiana de los prodsianinimamente procesados.
Antes del procesado, la fruta puede ser lavadgual que tras el pelado y cortado,
con agua a la que se ha afiadido algun tipo deféetsinte como el cloro, diéxido de
cloro, fosfato trisddico, peroxido de hidrégenaddés organicos u ozono. Aunque
existe una gran variedad de agentes desinfectauntedicacia es variable y ninguno
de ellos es capaz de asegurar la completa elimdimale patégenos. Por lo tanto, no
es posible depender unicamente de la desinfecei@qgontrolar la contaminacion y
debe tenerse en cuenta la posibilidad de contardma&cuzada en el caso que el
agua no esté suficientemente desinfectada. Asimidel® considerarse la seguridad
de estas sustancias, asi como sus requerimieg@ede(EU Scientific Committee
on Food, 2002).

Un lavado adecuado de los productos ya cortados idelicar un pre-lavado en
forma de ducha para eliminar la suciedad y los adad celulares de las
superficies, seguido por la inmersion del produstoun tanque de lavado que
contenga el agente desinfectante. El aclaradordeupto es opcional en funcién
del desinfectante. Es recomendable que el agua fayla direccion contraria al
movimiento del producto a través de las diferemigsraciones unitarias, asi, el
agua utilizada en el tanque de lavado puede deradtk en el prelavado y el agua
del aclarado puede incorporarse al tanque desamitectLos productores de frutas
y hortalizas minimamente procesadas deben incluieleproceso sistemas de
monitorizacion de la calidad del agua. Los paramsesr monitorizar son el caudal
de agua, el nivel de oxidantes libres, el pH, lmperatura, el potencial de
oxido-reduccion, la conductividad y la detecciércmmbiana por métodos rapidos
(Gil et al, 2009).

La legislacion sobre las sustancias utilizadas pedacir la carga microbiana de
frutas y hortalizas es compleja y, en muchos caaotjigua. En cada pais el
estatus de los diferentes desinfectantes es diéerém EUA, los desinfectantes
utilizados en el agua de lavado de frutas y hadaliestan regulados por la FDA
como un aditivo indirecto a menos que estén coreilds como sustancias GRAS
(Generally recognized as safé&n caso de productos agricolas que se lavaman u
planta de procesado de alimentos, como es el ocasmad planta de productos
minimamente procesados, tanto la EEAWironmental Protection Agencgomo

la FDA tienen jurisdiccion regulatoria y el desittinte debe registrarse como
pesticida por la EPA. En €ode of Federal Regulatior®d CFRSectionsl73.315

y 178.1010, la FDA ha listado los desinfectantesapagua y soluciones
desinfectantes aprobadas (21CFR173.315, 2007; 21r&R010, 2003). En
Europa, las sustancias utilizadas en la desinfaccié frutas y hortalizas se
consideran coadyuvantes de produccion, es deciwaldaier sustancia no
consumida como alimento, utilizada intencionadamesnt el procesado de los
alimentos o sus ingredientes para cumplir ciertopdsitos tecnolégicos durante el
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procesado y que puede resultar en la no intencéoopatb inevitable presencia de
residuos de dicha sustancia o sus derivados ema@liqto final siempre que estos
residuos no presenten ningun riesgo para la salumb yengan ningun efecto
tecnoldégico en el producto final” (AESAN). El clorg el di6xido de cloro
utilizados en el lavado y desinfeccion de frutawigrtalizas son considerados
coadyuvantes de proceso (@il al, 2009). La legislacion europea relativa a los
coadyuvantes de proceso no estd armonizada y pior ddgunas sustancias que
pueden ser legales en algunos paises pueden mopestsitidas en otros paises
miembros.

Los posibles agentes desinfectantes en la indusri/ gama son el hipoclorito
sédico, el didxido de cloro, el ozono, el aguatetdizada, algunos acidos organicos,
el clorito de sodio acidificado y el acido peramgétientre otros. A continuacion se
detallan los agentes desinfectantes evaluadostemsturso de la tesis.

3.2.1. Hipoclorito sodico

El hipoclorito sodico se ha utilizado durante muchéos para potabilizar el agua y
tratar las aguas residuales, asi como para desinfes equipos de procesado de
alimentos y las superficies. Asimismo, es el desidinte mas utilizado en la
industria de frutas y hortalizas frescas a unasaunaciones de 50-200 ppm con
un tiempo de contacto de 1-2 minutos (Beuchat, 1998

La actividad letal o inhibitoria del hipoclorito diéo depende de la cantidad de
cloro libre (como &cido hipocloroso o HOCI) disgari en el agua que entra en
contacto con las células microbianas. La disociadiél hipoclorito depende del
pH, favoreciéndose el HOCI a medida que se redugk ée la solucién. A 20 °C,
los porcentajes de hipoclorito en forma HOCI a pH6d0 y 8.0 son del 97 % y
23 %, respectivamente. Los valores de pH de 6.6 ach los mas apropiados para
evitar la posible corrosion de contenedores meglig equipos del proceso.
Asimismo, hay que tener en cuenta que por debajiHdé se forma cloro en gas,
gue es toxico. A un mismo pH, a medida que la teatpe disminuye, el
equilibrio favorece al acido hipocloroso ya queleto se vaporiza a medida que la
temperatura del agua aumenta. El hipoclorito piedectividad rdpidamente en
contacto con la materia organica o la exposicioai@, luz o metales. Ademas,
una exposicién prolongada a los vapores del clastien causar irritaciones en la
piel y el tracto respiratorio de los trabajadoresey contacto con la materia
organica, se pueden formar compuestos organocleréidbalometanos y &cidos
haloacéticos) potencialmente peligrosos. La mé&xidoiabilidad del cloro en agua
es a 4 °C. Sin embargo, la temperatura del aguaddopara el tratamiento de
frutas y hortalizas frescas deberia de ser al m&@o8C superior a la de los
productos, de manera que exista un diferencial edepératura positivo y se
minimice la internalizacion de agua en los tejid@huang et al, 1995). La
internalizaciéon del agua, que puede contener migesosmos, incluyendo
patdgenos, es un punto de control critico en la ipodacion, procesado y
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desinfeccion de las frutas y hortalizas crudasefi@acia del hipoclorito depende,
ademas, del tipo de producto y la diversidad decnrganismos.

La FDA especifica que el hipoclorito sédico puedéizarse para lavar frutas y
hortalizas siempre que esté seguido por un aclafaticFR173.315, 2007). El
lavado con cloro es efectivo eliminando célulastdrégnas, levaduras, mohos y
virus, sin embargo las esporas bacterianas y fasg®on mas resistentes
(Dychdala, 2001). No obstante, el lavado con ces@oco efectivo para inactivar
las bacterias adheridas o cuando forman biofiimgasnsuperficies de frutas y
hortalizas. En general, las reducciones de mictaliativa o patégenos humanos
en frutas y hortalizas lavadas con agua cloradsuperan los 2 logaritmos debido
a la inaccesibilidad a los microorganismos adhstid@a resistencia de los
microorganismos en biofilms y a la rapida degra@tadel cloro. Por ejemplo, el
tratamiento de lechuga y col cortada con 200 pprhipleclorito durante 10 min
redujo la concentracion de. monocytogened.7 y 1.2 unidades logaritmicas,
respectivamente (Zhang y Farber, 1996). AsimismeucBat et al. (1998)
demostraron que la inmersion de manzanas, tomdtghyga en una solucion de
2000 ppm de hipoclorito durante 1 min alcanzaba rethuccibn maxima de
patdgenos humanos de 2.3 unidades logaritmicas cp@r Aunque estas
reducciones son suficientes para reducir el deteide los productos, no lo son
para asegurar su seguridad en caso de contamir@nigratogenos. La efectividad
del cloro puede mejorarse con la adicion de agdntagectantes y surfactantes de
manera que pueda penetrar en las grietas y poras daperficies de los productos
en que los microorganismos pueden introducirse ijareel contacto con el
desinfectante (Beuchat, 1998).

La concentracion de cloro total o libre debe cdats®e mediante el uso de kits
basados en la colorimetria o midiendo el poterdgabxido-reduccion (ORP) del
agua de proceso y se debe utilizar este valorquar@olar la adicion de hipoclorito
y el pH. El valor de ORP recomendado es de 650 &uglpwet al, 2000).

Las ventajas de la desinfeccién con cloro son splianespectro antimicrobiano,

su facilidad de aplicaciéon y su bajo coste. No arfitst es muy corrosivo y puede
dafiar los equipos de acero inoxidable tras unasiipa prolongada, asi como
puede dar lugar a manchas en los productos. Otmnweniente es su rapida
descomposicién y la formacién de productos potémeiate carcinogénicos y

mutagénicos en contacto con materia organica. Adeeh@so del cloro se asocia a
la produccion de grandes cantidades de aguas aéssdcon niveles muy altos de
demanda bioldgica de oxigeno. Por los riesgos artddés y de salud, Europa ha
prohibido su uso en la produccién organica y emradg paises como Alemania,
los Paises Bajos, Dinamarca, Bélgica y Suiza susasba prohibido incluso en

productos convencionales. Por tanto, existe laetecid de eliminar el cloro del

proceso de desinfeccién. Deben evaluarse otrosuptosl desinfectantes para
utilizarlos como alternativa.
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3.2.2. Acido peroxiacético

El &cido peroxiacético o acido peracético (PAA)etgesultado del equilibrio
cuaternario de la mezcla de acido acético y peooaa hidrégeno (Vandekinderen
et al, 2009). Los unicos residuos de descomposiciéresanido acético, el agua y
el oxigeno. Se utiliza para la desinfeccion de digies. En EUA la concentracion
maxima autorizada en la desinfeccién de frutas ytalimas es de 80 ppm
(21CFR173.315, 2007). Sin embargo existen estugims demuestran que esta
concentracion de PAA en el agua de lavado no exiexie para obtener
reducciones sustanciales de carga microbiana ¢asfyuhortalizas minimamente
procesadas (Wisniewset al, 2000).

El acido peroxiacético es un fuerte oxidante y sanipulacion a altas
concentraciones puede ser peligrosa. No obstaase,cdncentraciones de los
productos comerciales no causan problemas. Endreproductos comerciales se
encuentran Tsunafhi comercializado por Ecolab, Inc., Vigorbeomercializado
por FMC Corp. y Proxitarffecomercializado por Solvay Interox.

3.2.3. Peroxido de hidrogeno

El peréxido de hidrégeno ¢B,) tiene actividad bacteriostatica y bactericida
gracias a su fuerte poder oxidante y a la producg@especies citotéxicas (Juven
y Pierson, 1996). Aunque esta considerado comasusi@ncia segura por la FDA
(GRAS), su uso en la industria alimentaria est&dido a la leche, huevo en polvo,
almidon, té y vino a concentraciones entre 0.042% %. Ademas, el perdxido de
hidrogeno residual en los alimentos debe eliminasse métodos fisicos y
guimicos apropiados durante el procesado. Sin gqupblrs desinfectantes a base
de acido peracético, que contienen bajos nivelepetéxido de hidrogeno estan
aprobados por la FDA para ser utilizados en eldavde frutas y hortalizas
(21CFR173.315, 2007). En este caso la presenciduetsde peroxido de
hidrégeno no representa un obstaculo ya que la r@aye frutas y hortalizas
contienen suficiente cantidad de catalasa que pdesieomponer rapidamente los
residuos en agua y oxigeno. Un importante incomveaies que es fitotdxico para
algunos productos como lechuga y bayas.

3.2.4. Agentes de desinfeccion experimentales

En los dltimos afios se ha incrementado la presidparte de los consumidores en
reducir y/o eliminar los aditivos sintetizados gitiamente de los alimentos. Por
ello, se estan realizando esfuerzos para encalteainativas mas seguras para los
humanos y mas respetuosas con el medio ambiente.

Las sales de los acidos carbdnicos, como el carbastalico y el bicarbonato
sbdico son aditivos alimentarios que estan perostisin restricciones en muchas
aplicaciones (Lindsay, 1985; Multon, 1988). Re@emnte se ha estudiado el uso
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del carbonato sédico como potencial alternativasaflingicidas sintéticos en el
control de enfermedades de poscosecha de citréicqse es barato y puede usarse
sin riesgo a dafiar la fruta (Paleual, 2001; Smilaniclet al, 1999).

Los aceites esenciales son aceites aromaticosidtsethe material vegetal (flores,
yemas, semillas, ramas, cortezas, hierbas, matftetas y raices). La accion
antimicrobiana de los aceites esenciales en modalosentarios esta bien
documentada (Koutsoumargsal, 1998; Skandamis y Nychas, 2000; Tsigagta
al., 2000). La mayoria de los aceites esenciales efaificados como sustancias
GRAS (Kabara, 1991), sin embargo, su uso como ceases estd limitado ya
gue las dosis efectivas pueden exceder los nia@igsnolépticos aceptables. El
carvacrol (GoH140) es el principal componente de los aceites ealescidel
orégano y tomillo (Arreboleet al, 1994; Lagouriet al, 1993). Los aceites
esenciales que contienen carvacrol son bioestajitmdiocidas frente muchas
bacterias, mohos y levaduras (Burt, 2004). La iladai
(3-metox-4-hidroxibenzaldehido) es el fitoquimicgegominante en las vainas de
vainilla. Se le conoce efecto antimicético (Beuchat Golden, 1989) y
bacterioestatico (Fitzgerafd al, 2004).

El desinfectante comercial Citrox esta compuesto flavonoides extraidos de
citricos y combinados con acidos naturales de origegetal. Citrox 14 WP esta
diseflado especificamente para desinfectar frutakogtalizas minimamente
procesadas. Sus distribuidores afirman que tienanyplio espectro de actividad
frente a microorganismos patdgenos, hongos y pasasio es toxico a las dosis
recomendadas, no contaminante y con accion rapitéacgo efecto residual.

El compuesto N-acetilo-L-cisteina (NAC) es un quimnatural con propiedades
antioxidantes sugerido como inhibidor del pardeatnieenzimatico en manzana,
patata y pera (Molnar-Perl y Friedman, 1990; Omis-€t al, 2006; Rojas-Graat
al.,, 2006) al que también se le ha atribuido actividadtimicrobiana
(Raybaudi-Massilizt al, 2009b).

El quitosano, un derivado N-acetilado del polisgmaquitina, es un biopolimero
de interés para su aplicacion en agricultura, bébomea, biotecnologia e industria
alimentaria gracias a su compatibilidad, biodegrdidad y bioactividad (Wuwet
al., 2005). El quitosano alarga la vida util y cordrta alteracion de diversas frutas
(Bautista-Bafio®t al, 2006; Romanazat al, 2002, 2006). El biopolimero tiene
un mecanismo doble, por un lado inhibe a los malitesantes (EI Ghaoutdt al,
1992) y por otro induce la respuesta de defensehdé&sped (Amborabet al,
2008).
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3.3.Bioconservacion

Como se ha visto hasta ahora, existen muy pocogldes para prevenir el
crecimiento de microorganismos en frutas y homaliminimamente procesadas.
Los productos se lavan para eliminar la contamémaxcesiva, pero tras el
procesado, los Unicos controles utilizados somtaperatura de refrigeracion y el
envasado en atmosferas modificadas. Los enfoquesles de la conservacion de
alimentos abogan por el concepto de barreras, ersguitilizan multiples factores
para prevenir el crecimiento microbiano (Leistd&95). Sin embargo, en frutas y
hortalizas minimamente procesadas no pueden wiizgperaciones de procesado
tradicionales como la coccién y, ademas, los cordam@s demandan productos
libres de conservantes quimicos. Por lo tanto lkcagdn del concepto de
bioconservaciéon puede ser (til para crear obstacldrtras’ en los productos
minimamente procesados.

Un “cultivo bioconservante” o “agente de biocontre$ aquel cultivo que protege
la vida util de los alimentos por su capacidad Ean@imir gérmenes indeseables
sin alterar las propiedades organolépticas derlmdustos en que se aplican (Baker
y Cook, 1974).

El control biol6gico o bioconservacion presenta sede de ventajas frente a otros
sistemas de control (Deacon, 1983): el uso de anisigs es mas seguro en
comparacion a los principales productos quimicizados actualmente ya que no
se acumulan en los alimentos; pueden ser mas teatsis en el tiempo que los
tratamientos quimicos ya que es dificil que losoganos puedan desarrollar
resistencia a ellos; tienen un efecto insignifieagn el balance ecoldgico ya que no
destruyen los enemigos naturales de las especiégepas como ocurre con los
tratamientos quimicos y, ademas, pueden ser cdmgmtton otros sistemas de
control y por tanto se pueden aplicar juntos.

Segun Wisniewski y Wilson (1992), un agente de dmbwl| ideal debe ser
genéticamente estable, efectivo a bajas conceomesi poco exigente
nutricionalmente, capaz de sobrevivir en condicsoagversas, efectivo contra un
gran numero de patdgenos en diversas frutas yalegetapaz de reproducirse en
medios de crecimiento econdmicos, facil de aplicar, toxico para la salud
humana, resistente a los productos quimicos qpeexan utilizar, compatible con
procedimientos comerciales y con posibilidad denfdacién con larga vida util.
No obstante, aunque un antagonista tenga todasatasteristicas deseables, el
factor economico decide si se comercializar4d o Agmismo, Si no existe un
mercado potencial no podra comercializarse.

Un aspecto muy importante en la comercializaciéfodeagentes de biocontrol es
la aceptacion por parte de la sociedad de la apbicale microorganismos ‘vivos'’

en los alimentos. Esta idea no es nueva, ya quiedasmpos muy antiguos, las
fermentaciones han sido un método importante pasepvar los alimentos, como
la adicion de microorganismos en la preparaciorpdaly en productos derivados
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de la leche. Por tanto, parece que la sociedadtaat@plos antagonistas

microbianos si éstos llegasen a ser una alternsgigara y efectiva a los productos
guimicos. En una encuesta nacional canadiense $alpercepcién publica del

control biolégico de enfermedades poscosecha, erergle los canadienses
consideraron los agentes de biocontrol como ueanativa aceptable y segura: un
70 % de los encuestados preferirian comprar alimseproducidos utilizando

agentes de biocontrol que utilizando productosdititarios (McNeikt al, 2010).

Existen basicamente dos alternativas para usapanganismos antagonicos como
agentes de biocontrol. La primera es utilizar, nestar y manejar los
microorganismos existentes en los productos. Laursday se basa en la
introduccion de microorganismos artificialmenteggue controlen los patégenos
(Leverentzet al, 2003b).

3.3.1. Microorganismos epifitos

La flora microbiana presente de forma natural erirl#fas y hortalizas frescas puede
jugar un papel importante para mantener la seglridianentaria de las frutas y
hortalizas minimamente procesadas (Nguyen-The §nCa094), compitiendo con
los patogenos por espacio fisico y nutrientes yfodyriendo compuestos
antimicrobianos que afecten de forma negativadhildlad de los patégenos (Liao y
Fett, 2001). Existen pocas publicaciones referaitaso de agentes de biocontrol en
la prevencion del crecimiento de patdgenos de rraidn alimentaria en fruta
minimamente procesada. La primera referencia esstudio llevado a cabo por
Janisiewiczet al. (1999b) en la que se estudi6 la efectividad deefm L-59-66 de
Pseudomonas syringdeomercializada bajo el nombre de BioSavell o 8ie$10
para el control de enfermedades de poscosecha dean@s y peras) sobre el
crecimiento deE. coli O157:H7 en heridas de manzana ‘Golden Deliciouss
autores no observaron crecimientoElecoli O157:H7 cuando se coinocul6 con el
agente de biocontrol e hipotetizaron que el meoamisantagonista era la
competicién por nutrientes y espacio, lo que esay@so ya que es muy dificil que el
patbgeno pueda desarrollar mecanismos de resBteacieste mecanismo.
Posteriormente, Levereng al. (2006) seleccionaron 7 antagonistas de la sujgerfic
de manzanas ‘Golden Delicious’ que fueron ensayfdote al.. monocytogeneg
Salmonellaentericaserovar Poona en cilindros de manzana. De estotagonistas,
Gluconobacter asaiji Candida sp., Dicosphaerina fagi y Metschinikowia
pulcherrima tuvieron actividad antagonista frente uno o ampeggenos. La
poblacién dd.. monocytogenese vio inhibida tanto a 10 como 25 °C, no obstante
la reduccion fue mayor a 25 °C. La diferencia etgraperaturas fue debida a la
mayor velocidad de crecimiento de patogeno y aniagpa 25 °C. En el caso de
Salmonella sélo 3 de los antagonistas fueron capaces deirddupoblacion de
patégeno a 25 °C y ninguno de ellos fue efectidd &C ya que el patégeno sélo
crecio ligeramente a 10 °C. Recientemente, Abaatiak (2009) probaron la eficacia
del agente de biocontr@andida sakeCPA-1 frente a una mezcla de 5 cepas de
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E. colien manzana ‘Golden Delicious’. En este caso ettagde biocontrol redujo,
en aproximadamente 1 unidad logaritmica, la pofitacie E. coli en heridas de
manzana durante la conservacion a 25 °C, sin emlverge observéd ningin efecto
en cilindros de manzana.

3.3.2. Bacterias acido-lacticas

Durante siglos se han utilizado bacterias acidtelas para fermentar alimentos y
asi obtener alimentos estables. El consumo mase&oprdductos con altas
concentraciones de BAL sin producir efectos negatien la salud de los
consumidores ha facilitado que estén clasificadasocGRAS por la FDA o como
QPS Qualified Presumption of Saf¢tyor la EFSA European Food Safety
Authority). Las BAL pueden inhibir o eliminar el crecimierde gran variedad de
microorganismos como bacterias, levaduras y mohediante la produccién de
acidos orgéanicos, diacetilo, peroxido de hidrogemzimas, agentes liticos y
péptidos antimicrobianos o bacteriocinas. Existéarehcias considerables en el
espectro antimicrobiano de los compuestos prodacpy las BAL y no todas
ellas pueden producir estas sustancias en la neamigdad. El control biologico
utiizando BAL puede conseguirse mediante la api@a de dicho
microorganismo como cultivo protector o bien afad@ sus compuestos
antimicrobianos al alimento.

Aplicacion de BAL como cultivos protectores

Senaratne y Gilliland (2003) ensayaron la eficadea dos cepas de BAL,
Lactobacillus delbrueckigsp.lactis RM 2-5 yPediococcus acidilactidD3 frente

a Salmonella choleraesuen trozos de melén cantalupo.delbrueckiissp.lactis
RM 2-5 no tuvo ningun efecto en la poblacion &elcholeraesiuy, aunque
P. acidilactici redujo significativamente la poblacién de patégdaoreduccion
observada fue tan pequefia que no tuvo importandetipa. Posteriormente,
Trias et al. (2008b) seleccionaron 6 BAL aisladas de frutaostdiizas frescas
para ser testadas como agentes de biocontrol feeBtecoli, S. Typhimurium y
L. monocytogeneen heridas de manzana ‘Golden Delicious’. La padbla de
L. monocytogeneg Salmonellase redujo significativamente con 5 de las 6 BAL
testadas. En cambio, ninguna de las cepas redpjoblacion dee. coli. De las 5
cepas efectivas, 3 de ellas fueron cepasaleonostoc mesenteroidama fue
Weissella cibariay, la uGltima, la cepa productora de nisibactococcus lactis
subsplactis ATCC 11454. En un segundo estudio llevado a calvolpaset al.
(2008a) se caracterizé la actividad antimicrobiate 2 de las cepas de
Leuconostoquue fue similar a las bacteriocinas de Clase I& @ue pertenece la
pediocina.
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Aplicacién de compuestos antimicrobianos: bacteiitas

En la mayoria de los casos, la eficacia de losvagltde bacterias acido lacticas
protectoras se debe a los diversos antimicrobiagas producen. Las
bacteriocinas son péptidos antimicrobianos sirdadtiz por una gran variedad de
bacterias (Tagget al, 1976). Las primeras bacteriocinas descritas fudas
colicinas, producidas poE. coli. La mayoria de las colicinas son proteinas
relativamente grandes (hasta 80 kDa) y son efectifiente bacterias
estrechamente relacionadas mediante la union amabmana interior (Cascales
al., 2007). Actualmente el término bacteriocina sézatipara describir péptidos
catiénicos pequefios y estables al calor sintetzquao bacterias acido-lacticas
con un espectro de inhibicion mas amplio (Coter al, 2005). La
biopreservacion se ha centrado en las bacteriogiratucidas por las bacterias
acido-lacticas ya que estan asociadas de formiiwadl a los alimentos y estan
consideradas como seguras.

Las bacteriocinas estan compuestas por un grupnistancias muy heterogéneas
en cuanto a su estructura primaria, composiciéropipdades fisico-quimicas. En
la Tabla 3 se puede ver una clasificacién propysstddeng y Tagg (2006).

La mayoria de las bacteriocinas son efectivas drentichos microorganismos

gram-positivos, ya sean patdgenos de transmisiineafaria o alterantes. En

cambio, las bacterias gram—negativas son intrinsecg mas resistentes gracias a
la proteccion ofrecida por la pared celular. Sinbargo, algunas pueden ser
efectivas en combinaciébn con agentes desestalidzanie la membrana

(ej. EDTA).

Un caso especial de BAL: los cultivos probioticos

Los probidticos se definen como ‘microorganismososi que cuando se
administran en cantidades adecuadas confieren ibiesefpara la salud del
huésped’ (WHO, 2001). La mayoria de probibticos slactobacilos o
bifidobacterias, representantes de la microbiotd ideestino humano. Los
probidticos han demostrado eficacia en el tratatbiele desordenes
gastrointestinales, infecciones respiratorias josias alérgicos.

Los efectos de los probidticos pueden clasificarsdres mecanismos de accién
(Oelschlaeger, 2010):

1. Modulacién de las defensas del huésped, tanto sistema inmunitario innato
como en el adquirido.

2. Pueden tener un efecto directo en otros microosgaws, comensales y/o
patégenos permitiendo la prevencion y terapia decaiones y en la
restauracion del equilibrio microbiano en el intest
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3. Pueden basarse en acciones que afecten a los fwreanicrobianos como las
toxinas o a productos del huésped como las salieselsi o los ingredientes
alimentarios de modo que pueden inactivar toxindesintoxicar al huésped.

Tabla 3 Clasificacién de las bacteriocinas segun HengggTa006).

Clase Caracteristicas generales Ejemplos
I. Lantibioticos Modificadas, estables al
calor, <15 kDa
la. Lineal Forman poros, cationicas Nisina, Lactacina 481,
Plantaricina C
Ib. Globular Inhibidor de enzimas, noNinguna
catiénicas
Ic.Multi-componente Dos péptidos Lct314@rRdricina W

II. Péptidos no modificados  Estables al calor, <a k

lla. Pediocinas Anti-listeria Pediocina PA1/AcH,
Enterocina A, Sakacina A

lIb. Miscelaneo Diferentes a las pediocinasEnterocina B, L50,
Carnobacteriocina A
[lc.Multi-componente Dos péptidos Lactoccina G, Plantaricina

S, Lactacina F

[ll. Proteinas grandes Labil al calor, > 30 kDa
llla. Bacterioliticas Degradan la pared calul  Enterolisina A, Lcn972
llIb. No liticas Atacan el citoplasma ColiamE2-E9
IV. Péptidos circulares Estables al calor, enlaceAS-48, Gassericina a,

péptido entre cabeza y cola Acidocina B

Las bacterias probidticas, algunas de las cuatebacterias acido-lacticas, no sélo
mejoran la salud con su consumo, si no que pueshem tin papel protector frente
a patogenos de transmision alimentaria en el afimem lo largo de su
conservacion, actuando como bioconservantes (Rtaib, 2006).

La aplicacion de los cultivos probiéticos se halizado principalmente en
productos lacteos, sin embargo, el consumo deddgbeesenta inconvenientes
como la intolerancia a la lactosa, el contenidocelesterol y la presencia de
proteinas lacteas alérgenas. Por lo tanto, es iab@tcdesarrollo de alimentos
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probidticos no lacteos (Granast al, 2010). Los zumos de frutas, postres y
productos a base de cereales podrian ser mediosaalies para la distribucion de

los probidticos (Cargill, 2008) asi como las fruyakortalizas, ya que contienen

nutrientes beneficiosos como minerales, vitamifiagas y antioxidantes, ademas

de estar exentos de alérgenos lacticos (Shesthadn2007).

La viabilidad del probiético en la matriz alimengadepende de factores como el
pH, la temperatura de conservacién, niveles de emxigy presencia de
microorganismos competidores e inhibidores. Paototda aplicacion de cultivos
probidticos en productos no lacteos representaram iggto ya que la actividad y
viabilidad del probiético debe mantenerse por pkrsoextensos de tiempo y llegar
al consumidor de forma viable para poder ejercar mwpiedades funcionales
(Shah, 2007). Sin embargo, no existe un acuerdergkesobre los niveles de
probidtico recomendados y se han sugerido des8eift0g* (Kurman y Rasic,
1991) hasta 10y 1¢° ufc g* (Lourens-Hattingh y Viljoen, 2001). No obstante,
incluso las células no viables pueden ejercerasgutopiedades funcionales como
la inmunomodulacion (Ouwehanet al, 1999). La viabilidad y actividad del
probidtico son consideraciones de gran importan@ague estas bacterias deben
sobrevivir en el alimento durante su vida util, aiue el transito a través de las
condiciones 4cidas del estomago y resistir la dizgiian de enzimas hidroliticos y
sales biliares en el intestino delgado.

Existen pocos estudios sobre la viabilidad dematiprobidticos en frutas y zumos
de frutas. Por ejemplo, Sheenanal. (2007) observaron que la cepa probittica
Bifidobacterium animalissp.lactis Bb-12 mantuvo su viabilidad por encima de
10° ufc mL* hasta 6 semanas en zumo de naranja y hasta 4 asem@mrzumo de
piia conservados a 4 °C. En cambio la cepa conhercgctobacillus
rhamnosusGG se mantuvo viable a niveles aceptables en ambues durante 12
semanas. Sin embargo, la concentracidon fue superiozumo de naranja. Por
tanto, el bajo pH del zumo de pifia (3.40) comparaoel de naranja (3.65) causé
un descenso mas rapido en la poblacion del probidio obstante, ninguna de las
cepas probidticas testadas sobrevivid en zumo @&edanos. Tapiat al. (2007)
observaron que la viabilidad d& lactis Bb-12 en recubrimientos comestibles a
base de alginato y goma gellan en manzana y papayemamente procesadas se
mantuvo a lo largo de 10 dias de conservacion@. Recientemente, RO al.
(2010) estudio la viabilidad de rhamnosussG en trozos de manzana ‘Breaburn’
conservadas a 2-4 °C durante 10 dias. Este probigtantuvo su concentracion a
valores superiores a %0fc g* a lo largo de la conservacion con evaluaciones
fisico-quimicas y sensoriales aceptables.

Ademés de la viabilidad en los alimentos, las bectgrobioticas deben resistir al

tracto intestinal. En primer lugar, los cultivosdda tolerar la presencia de pepsina
y el bajo pH del estbmago. Aunque el pH del est@nmagede aumentar hasta 6.0
después de la ingesta de comida (Johnson, 197#Matmente esta entre 2.5y 3.5

(Holzapfel et al, 1988), pudiendo llegar a un pH de 1.5 (LankaputhrShah,
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1995). Tras el paso por el estdmago, el intestaigadio es la segunda barrera del
tracto intestinal. Aunque su pH (7.0-8.5) es mésorable, la presencia de
pancreatinina y sales biliares pueden tener efeduersos. La bilis secretada en
elintestino delgado reduce la viabilidad de las tdréas destruyendo sus
membranas celulares, compuestas principalmentipitos y acidos grasos. Estas
modificaciones pueden no sélo afectar a la perrfidaflicelular y viabilidad, sin6
también a las interacciones entre la membrana gnadiente (Gillilandet al,
1984). Cepas deL. rhamnosus aisladas de queso Parmigiano Reggiano
evidenciaron buena supervivencia en presenciadjelB y 2.0 % de sales biliares
(Succiet al, 2005).

La literatura muestra que un bajo pH durante etigriento bacteriano puede
inducir una respuesta de tolerancia al acido (adapt al estrés acido o
habituacion). La induccion de esta respuesta ppesteger la bacteria probidtica
no solo del pH siné también de otros estreses ctomochoques térmicos,
osmoticos u oxidativos (Van de Gucleteal, 2002). Champagne y Gardner (2008)
sugirieron que la conservacion de bacterias enbatda de fruta acida podria
mejorar la resistencia al subsiguiente estrés @aststinal. Sin embargo,
observaron lo contrario con 4 cepas de probiétipas habian estado conservadas
durante 35 dias a 4 °C en una bebida de frutas.
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OBJETIVOS

El aumento de popularidad y consumo de los progud® IV gama entre la
poblacién representa un nuevo reto en el ambitta deeguridad alimentaria. Por
ello, con la realizacién de esta tesis se persiglen objetivos principales. En
primer lugar, determinar si los patdgenos de tragidm alimentaria,
E. coliO157:H7, Salmonellaspp. y Listeria spp. son capaces de sobrevivir y/o
multiplicarse en frutas acidas minimamente procesaplie, debido a su bajo pH
tradicionalmente se han considerado seguras, yessiasi, estudiar nuevas
estrategias de intervencion.

Para la consecucion de estos objetivos generaleplasgean los siguientes
objetivos especificos:

1. Determinar la supervivencia y crecimiento de treatégenos de
transmision alimentariek. coli O157:H7,Salmonellay Listeria innocua
en manzanas y melocotones minimamente procesadfisneidn de la
temperatura de conservacion, la variedad de frlgapresencia de
sustancias antioxidantes y la atmésfera de envasado

2. Evaluacion de distintas sustancias antimicrobianasio alternativa al
hipoclorito sédico para reducir la poblacion Elecoli 0157:H7,Salmonella
spp. yListeria spp. en manzana ‘Golden Delicious’ minimamentegsada y
su evolucion durante la posterior conservacion @10

3. Evaluacién de la capacidad antagonista de micro@ges aislados de
fruta fresca y minimamente procesada frenteE.a coli O157:H7,
Salmonellay L. innocua en manzanas y melocotones minimamente
procesados.

4. Seleccionar los mejores antagonistas, identifisarlotestar su
fitopatogenicidad, la produccion de sustancias ndotbbianas vy
determinar la minima concentracion efectiva.

5. Evaluar la compatibilidad de la cepa antagonisaudomonas graminis
CPA-7 con tratamientos antioxidantes utilizados itnabmente en la
industria de IV gama, su efectividad frentealmonella spp. y
L. monocytogenegn manzanas ‘Golden Delicious’ en condiciones que
simulan su aplicacién comercial y el efecto de plicacién sobre la
calidad de la fruta.

6. Estudio del efecto de la aplicacion de la cepaiptmia L. rhamnosussG
en manzana ‘Golden Delicious’ minimamente procesam@servada en
condiciones comerciales simuladas en la calidadladéruta y en la
poblacion desalmonellaspp. yL. monocytogenes

7. Evaluacién de la supervivencia de los cultivos Rlegraminis CPA-7,
L. rhamnosusGG, Salmonellaspp. yL. monocytogenea condiciones de
estrés gastrico simuladas tras su cultivo en manzainimamente
procesada.
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ABSTRACT

Escherichia coliO157:H7, Salmonellaand Listeria innocuaincreased by more
than 2 logp units over a 24 h period on fresh-cut ‘Golden Eielis’ apple plugs
stored at 25 and 20 °C. innocuareached the same final population level at 10 °C
meanwhileE. coliandSalmonellaonly increased 1.3 lqgunits after 6 days. Only
L. innocuawas able to grow at 5 °C. No significant differeacwere observed
between the growth of foodborne pathogens on feegsh‘Golden Delicious’,
‘Granny Smith’ and ‘Shampion’ apples stored at 26 & °C. The treatment of
‘Golden Delicious’ and ‘Granny Smith’ apple plug#ttwthe antioxidants, ascorbic
acid (2 %) and NatureS&a(6 %), did not affect pathogen growth. The effett
passive modified atmosphere packaging (MAP) on ¢gnewth of E. coli
Salmonellaand L. innocuaon ‘Golden Delicious’ apple slices was also tested
There were no significant differences in growthpathogens in MAP conditions
compared with air packaging of ‘Golden Delicioupp& plugs, but the growth of
mesophilic and psychrotrophic microorganisms wahkibited. These results
highlight the importance of avoiding contaminatiad fresh-cut fruit with
foodborne pathogens and the maintenance of the at@dh during storage until
consumption

Keywords: temperature; variety; antioxidant substances; freatliatmosphere
packagingEscherichia coli SalmonellaListeria innocua
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1. INTRODUCTION

During the last decade pre-prepared minimally meed fruit and vegetables have
become popular among European consumers due teagent interest in healthy
and nutritious diets and changes in consumer Viest In Spain, sales of
ready-to-eat fruit and vegetables increased by ¥3.%etween 2006 and 2007
(Anonymous, 2008). However, only 0.9 % of totalesain 2007 (55,156 Tm) was
fresh-cut fruit (Anonymous, 2008). Thus, a high gmial for fresh-cut fruit
industry exists, especially, in our area (Lleidatalonia) which is the main apple
and peach producer in Spain. Unfortunately, the ifisconsumption of fresh-cut
produce has resulted in increased frequency ofreaikls of illness associated with
raw fruits and vegetables. Outbreaks of illnessseduby the consumption of
bacteria-contaminated intact fruits and vegetabtesirs less frequently than those
caused by the consumption of other foods (Beudef6; CDC 1990; Drosinost
al., 2000). The difference is believed to be due,drt,po the protective barriers
(physical and chemical) provided by the peel odrinlowever, these protective
barriers are removed during the processing of foeghfruits and vegetables
potentially increasing their vulnerability to midial contamination and
colonization thereby increasing the risk of fresi-produce becoming a health
hazard (Leverentet al, 2001).

Minimally processed produce has been implicatedoirtbreaks caused by
foodborne pathogens (FBP) such Bscherichia coliO157:H7 (Ackerset al,
1998), Salmonellaspp. (Lin et al, 1996; Sallehet al, 2003) andListeria
monocytogenefBeuchat, 1996). Fresh apple products, espegiatigs, have been
associated with outbreaks of illness causedBbycoli O157:H7 (Burnett and
Beuchat, 2000; Dingman, 2000) and several studiese hshown that
E. coliO157:H7 can survive and grow on fresh apple tssawred in air
(Dingman, 2000; Fisher and Golden, 1998; Gunes #&twdchkiss, 2002;
Janisiewiczet al, 1999).Salmonellahas been implicated in human illnesses that
have been associated with consumption of appler éidd unpasteurized orange
juices (CDC, 1975, 1995, 1999; Kraust al, 2001). Furthermore it was
demonstrated th&almonellaEnteritidis was able to survive at 5 °C and groi@G
and 20 °C on ‘Red Delicious’ apple flesh (pH 4.2e\erentzet al, 2001).
Although L. monocytogenesas been isolated from a variety of raw vegetaliies
association with fruits or acidic vegetables isle®ll documented. The growth of
L. monocytogenesnder refrigerated and ambient conditions was detnated for
several vegetables (Harret al, 2003) and non-acidic fruits (Ukuku and Fett,
2002). Growth has also been demonstrated on tlee sutface of acidic fruits such
as tomatoes (Beuchat and Brackett, 1991) and pétdeadin oranges (Paet al,
1998) when stored at temperatures greater tharC2Q.°monocytogenegrowth
has also been demonstrated in ‘Golden Deliciougleaglices stored at 20 and
10 °C (Conwayet al, 2000).
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The shelf life of minimally processed products tenextended by using modified
atmosphere packaging (MAP) with reduceg-é@nd/or elevated COmodified
atmosphere (MA), the use of anti-browning agentglfsas ascorbic acid and
NatureSedl), and refrigeration (Soliva-Fortungt al, 2001). Atmospheres with
low O, inhibit the growth of most aerobic spoilage miagemisms, while the
growth of pathogens, especially the anaerobic psyphic, non-proteolytic
clostridia, may occur or even become stimulatedb@a 1991). Passive MAP,
where the atmosphere is derived from the producpinaion rate and gas
permeability of the packaging film, induces a paslyi established steady state
after a long transient period. In contrast, achM&P involves the introduction of a
gas scavenging system within the package and isl use accelerate gas
composition modification in order to avoid prodegposure to high concentrations
of unsuitable gases (Vermeirenal, 1999).

Within framework of an Integrated EU Project ‘Inaseng fruit consumption
through a trans-disciplinary approach deliveringghhiquality produce from
environmentally friendly, sustainable productiontihoels’ (www.isafruit.org) we
aim to determine the effect of apple variety anchgerature on the growth of
E. coli O157:H7,SalmonellaandListeria innocuaon minimally processed apples.
We also investigated the effect of the additioranfioxidant substances and the
use of modified atmosphere packaging on the suraivd growth of all three FBP.

2. MATERIALS AND METHODS

2.1. Fruit

‘Golden Delicious’, an example of a sweet eatingetg, and ‘Granny Smith’, a
variety that is very acidic, apples were obtainsaf packinghouses in Lleida,
Catalonia. ‘Shampion’ apples were received from tResearch Institute of
Pomology and Floriculture (RIPF, Skierniewice, PolalISAFRUIT Partner). Prior
to the experimental studies, all apples were washedinning tap water then
surface disinfected with ethanol 70 %.

2.2. Preparation of bacterial inoculum

A non-pathogenic strain dE. coli 0157:H7 (NCTC 12900), and a pathogenic
strain of Salmonella choleraesuisubsp.choleraesuis(Smith) Weldin serotype
Michigan (BAA-709 ATCC) were used. Both strains weadapted to grow on
tryptone soy agar (TSA, Oxoid, UK) supplemented hwit00 pg mr* of
streptomycin sulphate salt (St, Sigma, Germanyrethy enabling detection on a
selective medium (TSA-St) in the presence of thenaimicrobial flora associated
with apples. The strains were grown in tryptone boyth medium (TSB, Oxoid,
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UK) supplemented with St (TSB-St) for 20-24 h at 7. A strain ofListeria
innocua, CECT-910, was used as a microbial surrogaté.aionocytogeneas
previous studies have demonstrated that this aid model forL. monocytogenes
(Francis and O’Beirne 1997).. innocuawas grown in TSB supplemented with
6 g L' yeast extract (tryptone yeast extract soy brotMSHB) at 37 °C for
20-24 h.

Bacterial cells were harvested by centrifugatio®&20 x g, 10 min at 10 °C and
then resuspended in saline peptone (SP; 8.5 §dCl and 1 g I* peptone). The
concentration was estimated using a spectrophotrmsgt ata = 420 nm
according to standard curves. For the inoculum anajon, a volume of the FBP
concentrated suspension was added to 5 mL of SRIer to obtain approximately
1x10 cfu mL™ Concentration of inoculum was checked by spretating
appropriate dilutions on TSA-St f&. coli O157:H7 andsalmonellaor on Palcam
agar (Palcam Agar Base with Palcam selective soppie Biokar Diagnostics) for
L. innocua The agar plates were incubated overnight at 3Ct1

2.3. Population dynamics in ambient conditions

Apples were cut in half and plugs 1.2 cm diameteem long were taken using a
cork borer. For the antioxidant assay, ‘Golden @eilis’ apple plugs were
suspended in a 2 % (w/v) solution of ascorbic #8id) for 2 min at 150 rpm. In
the case of ‘Granny Smith’ apples, the antioxidesgd was AS1 NatureS84NS,
AgriCoat Ltd, UK). To test the effect of NS, ‘Gransmith’ apple plugs were
suspended in a 6 % (w/v) solution of the antioxid#iter the treatment, apple
plugs were let to dry in a laminar flow biosafegbinet. Apple plugs (with and
without antioxidant) were placed into sterile glésst tubes.

The preparec. coli 0157:H7,Salmonellaor L. innocuainoculum was pipetted
(15 pL) onto the top surface of fruit tissue plugpple plugs were incubated at
25+1 °C, 2041 °C, 1041 °C and 5%1 °C. The incubatione was as long as apple
pieces had satisfactory appearance (no visible wymgpof decay).

At each sample time, fruit plugs were each placey ia sterile plastic bag
(BagPage 80 mL, Interscience BagSystem, St Nomrke&eBhe, France) and 9 mL
of SP were added. It was homogenised in a stomddbader for 120 s at high
speed (Bagmixer 100 Minimix, Interscience). Aligaiatf the mixture were then
serially diluted and surfaced plated onto the d$ielecagars for determination of
bacterial counts. There were three replicate aphlgs for each pathogen and
sampling time and each assay was repeated twice.
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2.4. Population dynamics in modified atmosphere cdlitions

‘Golden Delicious’ apples were cut into 2 cm slidessimulate real conditions.
Groups of four slices were placed in polypropyl¢h@x15x6.67 cm) trays and a
6 mm diameter well was made on each slice appdedisising a cork borer. The
E. coli 0157:H7,Salmonellaor L. innocuasuspension was pipetted (15 pL) into
the tissue well (each FPB inoculated in an appte sh the same tray, one slice
was left uninoculated). The apple trays were thesries! with a 40,000 cc R4 h*
oxygen transmission rate (OTR) polypropylene filndancubated at 25+1 °C for
1, 2 and 3 days and at 51 °C for 2, 6, 8, 10 ahddlys.

To recover the pathogen from the apple slicesssudi plug containing the entire
well (1.2 cm diameter and 1 cm long) was removesptsally with a sterile cork
borer and processed for bacterial counts. In amditi mesophilic and
psychrotrophic microorganisms were determined ie thodified atmosphere
assays. From the uninoculated apple slice in gagh &n apple plug was removed
and after blending it with SP, aliquots of the mn& were diluted, plated on
Nutrient Agar (NA, Biokar Diagnostics) and incubéhtat 301 °C for 3 days and
6.5+1 °C for 10 days for mesophilic and psychrofiiop microorganisms,
respectively. Each pathogen and mesophilic andhpeyrophic determination was
replicated three times for each storage temperatuiesampling time and the assay
was repeated once.

2.5. Fruit quality parameters

On the day of each assay, an apple sample wagl test@H with a penetration
electrode (5231 Crison, and pH-meter Model GLP2fsdd Instruments S.A.,
Barcelona, Spain). After pH determination, the applvere crushed and soluble
solids content determined at 20 °C using a handhefldctometer (Atago CO.,
LTD. Japan). To measure titratable acidity, 10 nilagple juice were diluted with
10 mL of distilled water then titrated with 0.1 KHdium hydroxide (NaOH) up to
pH 8.1. The results were then calculated as g ditraaid per litre.

2.6. Determination of pH and atmospheric conditions

At each sampling date and pathogen, the pH of ppéeaplug plus 9 mL of SP was
measured using a pH-meter (GLP22 Crison).

Carbon dioxide and oxygen content in single trayarewdetermined using a
handheld gas analyzer (CheckPoit@D,, PBI Dansensor, Denmark).
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2.7. Statistical analysis

Prior to ANOVA, all cfu mL* data were transformed to lggcfu plug-.The
General Linear Models (GLM) procedure of the Statid Analysis System (SAS)
was applied (v.8; SAS Institute, Cary, NC, USA)grficant differences between
treatments were analyzed by Duncan’s Multiple Ralege at a significance level
of P< 0.05.

3. RESULTS

3.1. Fruit quality parameters

‘Granny Smith’ apples had the lowest pH (3.32+0.18)lowed by ‘Golden
Delicious’ apples (4.16+0.25). The highest pH (4@.26) was measured in the
‘Shampion’ apples (Table 1). ‘Shampion’ and ‘Gran8mith’ apples had the
highest soluble solids content (13.9 and 13.5Brix°respectively) and the lowest
was observed in ‘Golden Delicious’ apples (12.7+MB4ix). ‘Granny Smith’ had
the highest titratable acidity (8.2+0.3 g malic dadi™®), followed by ‘Golden
Deliciolus’ (3.6+1.1 g malic acid 1) and ‘Shampion’ apples (2.16 g malic
acid L).

In all the assays, pH modifications during stortigee were not significant (+0.14,
data not shown).

Table 1 Determination of initial pH, soluble solids (°Byiand titratable acidity (g malic
acid L") of 'Golden Delicious', 'Granny Smith' and 'Shamnpapples used in the assays

Apple variety ‘Golden Delicious’ ‘Granny Smith’ ‘Shampion’

pH 4.16+0.28 3.32+0.13 4.44+0.26
Soluble solids 12.740.4 13.54#0.1 13.9
Titratable acidity 3.611.1 8.2+0.3 2.16

2 Results expressed as mean plus and minus theastaneviation for each analysis.
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3.2. Population dynamics in ambient conditions

3.2.1. Effect of storage temperature on bacterial gpulation dynamics in
‘Golden Delicious’ apples

The survival and growth d&. coli O157:H7,SalmonellaandL. innocuaapplied to
‘Golden Delicious’ apple plugs then stored at 286, 20 and 5 °C are shown in
Fig. 1.

The population of all three foodborne pathogens apple plugs increased
exponentially after inoculation when they were stbat 25 and 20 °C. Maximum
growth of E. coli occurred after 2 days of incubation at both terapees with the
population increasing by 2.7 Iggunits (final population of 8.0 lagcfu plugh).
Salmonellareached its maximum growth (7.6 legfu plug") after 24 h when the
apple plugs were incubated at 25 °C and reachednmiax growth after 3 days
when stored at 20 °C. innocuagrowth peaked at 6.9 lggcfu plug! after 2 days.

Greater differences between the three bacteria wetected when apple plugs
were stored at lower temperatures. At 10 ECcoli and Salmonellaincreased by
1.3 logy units to 6.5 log cfu plug’. In contrast,L. innocua increased by
2.4 log, units after 6 days of storage at 10 °C to 7.2dafu plug’. At 5 °C,
E. coliandSalmonellapopulations remained stable from inoculation at ziero to
day 9 and then slowly declined. In contrastinnocuawas able to grow at 5 °C.

3.2.2. Effect of apple variety on bacterial populadbn dynamics

The effect of apple variety (‘Golden Delicious’,r&ny Smith’ and ‘Shampion’)
on population dynamics of FBP was measured at 8%&¢ (Fig. 2).

E. coli O157:H7 populations sharply increased after 24 incubation at 25 °C in
all three varieties tested (Fig. 2A). Higher popiola counts occurred on ‘Golden
Delicious’ apple plugs (8.0 lag cfu plug"), followed by ‘Granny Smith’ then
‘Shampion’. At 5 °C, thé. coli population gradually declined in all three vassti

Growth of Salmonellapopulations at 25 °C was almost the same in theeth
varieties (Fig. 2B). Higher population counts (8@, cfu plug®) occurred on

‘Shampion’ apples after 3 days. The populatiorsafmonellaat 5 °C declined in

all three varieties.

L. innocua population followed similar pattern when it wasoculated in the
different apple varieties and stored at 25 °C. lIdiglpopulation counts
(6.7 logo cfu plugh) occurred after 24 h. At 5 °C population in ‘Grgn8mith’
apples declined steadily, but in ‘Shampion’ the yapon decline was more
dramatic, decreasing from 5.1 lgafu plug" at day zero to 1.7 lggcfu plug*
after 14 days (a decline of approximately 3.4.Jogfu plugl). In ‘Golden
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Delicious’ there was an initial drop and then peapioih rose to the inoculum’s
level at the end of the experiment (Fig. 2C).

3.2.3. Effect of ascorbic acid on FBP in ‘Golden Dieious’ apples

The effect of ascorbic acid, used to prevent bragrin fresh-cut apples, on the
growth of FBP’s applied to fresh-cut ‘Golden Detigs’ apples is summarized in
Table 2.

No significant differences were observed in anythef bacteria when apple plugs
were stored at 25 °C. At 5 °C storage, the thremebia showed the same pattern,
populations were lower when AA was used but poputatafter six days were the
same in both treatments. Experiments were finigfed 6 days due to spoilage of
samples.

3.2.4. Effect of NatureSedl on FBP in ‘Granny Smith’ apples

The effect of NatureSealon the growth ofE. coli 0157:H7, Salmonellaand
L. innocuaapplied to fresh-cut ‘Granny Smith’ apples stoeed®5 and 5 °C was
determined (Table 3).

The growth ofE. coliat 25 °C was not influenced by the presence olN8 day
6. At 5 °C, the population oE. coli declined gradually and there were no
significant differences between treated and urgceapple plugs until day 14.

At 25 °C storage, there were no significant differes due to the NS treatment in
the growth ofSalmonellauntil day 3. At 5 °C, th&almonellapopulation was not
significantly affected by NS throughout the durataf this experiment.

No significant differences i. innocuagrowth were observed between apples
plugs treated or not with NS at 25 °C. However, wh@ple plug were stored at
5 °C significant differences were observed after @and day 14.

Experiments with NS were extended until the firsible symptoms of decay
appeared.
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Fig. 1 Survival and growth oE. coli 0157:H7 (A),Salmonella(B) andL. innocua(C) on 'Golden

Delicious' apple plugs stored at 25 (squares)c0l¢s), 10 (triangles) and 5 (diamonds) °C withou
antioxidant. Inoculum 10cfu mL?, 15 uL (n=6, bars are standard erros of the mean. When t
standard error are not visible, they ares mallen tihe size of the symbol).
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Fig. 2 Survival and growth oE. coli 0157:H7 (A),Salmonella(B) andL. innocua(C) on 'Golden
Delicious' (triangles), 'Granny Smith' (squares) &hampion' (circles) apple plugs stored at 25 °C
(shadded symbols) and at 5 °C (open symbols) withatioxidant. Inoculum T0cfu mL?, 15 L
(n=6, bars are standard erros of the mean. Whestémelard error are not visible, they ares maller
than the size of the symbol)
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Table 2 Effect of the addition of ascorbic acid appliedftesh-cut 'Golden Delicious' apples then store@5aand 5 °C on the growth of
three foodborne pathogens.

Pathogen Temperature AR Days
0 1 2 3 6
E. coliO157:H7 25°C - 5.23+0.0Ba 7.85+0.17a 7.88+0.14a 7.97+0.34a nd
+ 5.19+0.01a 7.8940.03a 8.11+0.35a 7.94+0.07a nd
5°C - 5.25+0.06a 5.24+0.06a 5.22+0.08a 5.22+0.06a 5.11+0.09a
+ 5.23+0.06a 5.14+0.10a 4.83+0.22b 4.97+0.02b DAWa
Salmonella 25°C - 5.00+0.14a 7.47+0.29a 7.56+0.29a 7.64%0.31 nd
+ 4.86+0.06a 7.98+0.13a 7.44%0.09a 7.41+0.25a nd
5°C - 5.12+0.22a 5.03+£0.08a 5.07£0.23a 4.92+0.04a 4.95+0.17a
+ 5.10+0.272 5.06+0.25a 4.75+0.07b 4.77+0.08b NIBla
L. innocua 25°C - 4.65+0.25a 6.79+0.44a 6.92+0.14a 6.3540.21 nd
+ 4.56+0.04a 6.58+0.64a 6.82+0.22a 6.16+0.15a nd
5°C - 4.80+0.38a 4.51+0.26a 4.62+0.44a 4.31+0.13a  3.95+0.22a
+ 4.69+0.19a 4.45+0.66a 3.40+0.35b 3.89+0.04b KIS 2

Values are the average lggfu plug® plus and minus the standard deviation of tripcsamples from two experiments (n=6).
nd: not determined

& Ascorbic acid treatment: -: control treatment fddadded); +: AA treatment (2 % w/v for 2 min)

® Mean values for each pathogen, time and temperahat are followed by the same letter are notifiigmtly different (P<0.05) based on Duncan’s
multiple range test.



Table 3 Effect of the addtion of AS1 NatureSBalpplied to fresh-cut ‘Granny Smith' apples stae#5 and 5 °C on the growth of three
foodborne pathogens.

Pathogen Temperature N$ Days
0 1 2 3 6 9 14
E. coliO157:H7 25°C - 5.07+0.4Ba 7.54+0.16a  7.57+0.37a 7.6940.32a 7.51+0.23a nd nd
+ 5.17+0.39a 7.61+0.29a  7.52+0.15a  7.56%0.27a ®Lm nd nd
5°C - 5.07+0.46a nd 5.00+0.47a nd 4.39+0.17a DPBa 4.28+0.31a
+ 5.17+0.39a nd 4.78+0.60a nd 4.10+0.50a 3.85+1.388.40+0.55b
Salmonella 25°C - 5.46+0.27a 7.39+0.21a 7.58+0.22a 7.7140.18 7.18+0.32a nd nd
+ 5.47+0.37a 7.44+0.18a  7.41+0.25a  7.17+0.10b DED nd nd
5°C - 5.46+0.27a nd 5.35+0.27a nd 4.66+0.61a DXha 4.33+0.90a
+ 5.47+0.37a nd 5.09+0.27a nd 4.90+0.24a 4.67+0.268.08+0.96a
L. innocua 25°C - 5.46+0.12a 6.72+0.12a 6.70+0.17a 6.5940.13 5.68+0.81a nd nd
+ 5.59+0.11a 6.69+0.23a  6.78x0.42a  6.37+0.49a DD nd nd
5°C - 5.46+0.12a nd 5.34+0.50a nd 5.35+0.48a D258 5.08+0.84a
+ 5.59+0.11a nd 5.59+0.21a nd 5.36x0.31a 4.28+0.4613.75+0.55b

Values are the average lggfu plug® plus and minus the standard deviation of tripicsamples from two experiments (n=6).
nd: not determined
@ AS1 NatureSe&ltreatment: -: control treatment (no NS added)\$:treatment (6 % w/v for 2 min)

P Mean values for each pathogen, time and temperé#ateare followed by the same letter are not §iiganitly different (P<0.05) based on Duncan’s
multiple range test.
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3.3. Population dynamics in modified atmosphere cdalitions

The growth ofE. coliO157:H7,SalmonellaandL. innocuain ‘Golden Delicious’
apple tissue at 25 and 5 °C, without antioxidard atored in a passive modified
atmosphere is shown in Fig. 3.

E. coli, SalmonellaandL. innocuapopulations increased to 7.0 legfu plug’ in
the first 24 h at 25 °C. Over the next 48H, coli and Salmonellapopulations
stabilized meanwhild_.innocua population reduced from 7.0 lggcfu plug* to
6.0 logo cfu plug'. The population of the three bacteria fluctuatedrdime when
the apple plugs were stored at 5 °C. Although fipapulations ofE. coli and
Salmonellawere reduced.,.. innocuapopulation increased, relatively slowly over
the time, from 4.2 to 5.8 lagcfu plug! after 14 days.

The number of mesophilic microorganisms was stalér the time in apple tissue
stored at 5 °C, from 1.7 to 2.1 lgefu plug’, and it fluctuated when storage was
at 25 °C, from below the level of detection (1.7gq.lp cfu plug’) to
2.1 logo cfu plug’. Psychrotrophic microorganisms were below the llegk
detection (1.7 log cfu plug") at both temperatures (data not shown).

The concentration of £and CQ in the package headspace of fresh-cut applesvugsh
Fig. 4. Oxygen levels decreased continuously tihawigstorage. The decline was more
pronounced at 25 °C (21.0 % to 17.0 %) comparddiC (21.0 % to 19.6 %). In contrast,
carbon dioxide production increased during storgain, the rise was more significant in 3
days at 25 °C (6.8 %) than in 14 days at 5 °C%3.8

©
=}

Iy
(=}

Microbial population
(logio cfu plug?)
ul o
o o

4.0 7 - - - " - - f
0 2 4 6 8 10 12 14 16
Storage time (days)

Fig. 3 Growth of E. coli O157:H7 (circles),Salmonella(triangles) andL. innocua (squares) in
'‘Golden Delicious' apple tissue without antioxidatdred at 25 °C (shaded symbols) and at 5 °C
(open symbols) in passive modified atmosphere. uhme 10 cfu mLY, 15 uL (n=3, bars are
standard erros of the mean. When the standard &meonot visible, they ares maller than the size of
the symbol).
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24.0
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16.0 1

12.0 1

8.0 1
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Storage time (days)
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Fig. 4 Evolution of Q (squares) and CQtriangles) in apple trays stored at 25 °C (shddgjanbols)
and at 5 °C (open symbols) (n=3, bars are starefaod of the mean. When the standard error are not
visible, they ares maller than the size of the syinb

4. DISCUSSION

To our knowledge, this is the first study that cemgs the growth of
E. coliO157:H7,Salmonellaand L. innocuaon different varieties of apple flesh
treated and not treated with antioxidant with otheut the use of modified
atmosphere packaging, under different temperatgenes. Importantly, the three
bacteria studied were able to grow on fresh-cuteapgtored at room temperature
and were unaffected by modified atmosphere packagin the addition of
antioxidants.

Storage temperature had a major impact on keepieg-BP population at low
levels in artificially contaminated fresh-cut appleE. coli O157:H7 and
Salmonellapopulations increased by more than 2;dagits in ‘Golden Delicious’
apple plugs incubated at 25 and 20 °C and more thkg, unit at 10 °C after
24 h and 6 days of incubation, respectively. Similadings were reported for
E. coli O157:H7 by Janisiewicet al. (1999) and Dingman (2000); while Gunes
and Hotchkiss (2002) and Fisher and Golden (1968pnted lower population
increases in the same apple variety. In the casgatvhonella,our results agree
with previous findings in ‘Red Delicious’ (pH 4.2)nd ‘Golden Delicious’ apples
(Leverentzet al, 2001; 2006).L. innocua population increased by more than
2 logip units after two days of incubation at 25 and 20 FiBwever, it required 6
days to reach a similar level of population inceeashen the incubation
temperature was reduced to 10 °C. These resultsimitar to those obtained by
Leverentzet al. (2006) and Conwagt al. (2000) but different to those reported by
Leverentzet al. (2003) who described a lower population increds6 (og units
after 7 days at 10 °C) in fresh-cut ‘Red Delicioapples (pH 4.4).
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The growth of these foodborne pathogens in highligia fruit (pH 3.5) was
unexpected because bacteria, in general, coloniiteaihd vegetables with higher
pH than usually found in apple flesh. Interestin@slmonellaMontevideo grew at

pH levels that would not be expected to supporwgmoof the bacterium in
tomatoes (Zhuangt al, 1995). Furthermore, the survival lof monocytogenesas
enhanced on peeled Hamlin oranges incubated ai 8 46 (Pacet al, 1998) and

on the surface of whole tomatoes stored at 10 °€u¢Bat and Brackett, 1991).
Therefore, the growth d. coli and other foodborne pathogenic bacteria on apple
tissue may result from the ability of these baetetd modify the adjacent
microenvironment (Leveren&t al, 2001).

All the cultivars tested, ‘Golden Delicious’, ‘Gnayy Smith’ and ‘Shampion’,
promoted growth oE. coli O157:H7,SalmonellaandL. innocuain fresh-cut apple
plugs incubated at 25 °C. Despite differences aolesein pH, soluble solids and
titratable acidity between these varieties, sligliterences in the growth of the
FBPs were measured. In other studies, growth. @bli was also promoted in ‘Red
Delicious’, ‘Golden Delicious’, ‘Rome’, ‘Winesap’;Macoun’ and ‘Melrose’

apples but was inhibited in damaged ‘Mclintosh’ appssue (Dingman, 2000;
Fisher and Golden, 1998). ‘Mcintosh’ apples had Ithveest pH values, so this
variable may account for the difference in growtteocoli.

The effect of ascorbic acid in the growth Bf coli 0157:H7, Salmonellaand

L. innocuainoculated onto ‘Golden Delicious’ apple plugs walso tested. At
25 °C, no significant differences were detectedthie growth of any of the
foodborne pathogens in the presence and absenéd.ofat 5 °C significant
differences were measured only at day 2 and 3.I&imi in the case of the
addition of NatureSel to fresh-cut ‘Granny Smith’ apples, no significant
differences were observed until the last daysarbsgfe, when higher populations of
FBP’s were detected in the apple plugs that weretmeated with antioxidant.
Previous research reported that the applicatioNattireSedl immediately after
slicing and storage of ‘Empire’ and ‘Crispin’ appitices completely inhibited
enzymatic browning and maintained the original wHlesh colour for up to 21
days at 4 °C, but there was no reduction in therabial growth compared with
untreated apple slices (Rupasingéteal, 2005). Therefore, ascorbic acid and
NatureSedl do not have bioactivity against FBP’s and may het useful in
reducing FBP growth on fresh-cut apples and theréhé potential for human
pathogenic bacterial populations to increase ty vegh levels during storage,
despite the visual quality of the fruit being adedyte.

Population dynamics of the FBP inoculated onto eyglices then stored under
passive MAP conditions at 25 and 5 °C was simitathiat obtained to the apple
plugs stored in air but MAP prevented the growth miesophilic and
psychrotrophic microorganisms. At 25 °C the oxygencentration in the package
headspace reduced from 21.0 % to 17.0 % and cadimdde concentration
increased to 6.8 %. At 5 °C, MAP had no effect pitidl atmosphere. Previous

99



GROWTH OF FOODBORNE PATHOGENS ON MINIMALLY PROCESSED AFRE:

research reported that low oxygen storage atmosphad no effect on the
populations ot.. monocytogena®covered from apple slices, but the visual qyalit
of the slices was improved in controlled-atmosplemeditions compared with air
storage (Conwaet al, 2000). In contrast, the growth &. coli O157:H7 was
inhibited on fresh apple slices stored under loy(1D%) and/or high C&0, 15,
30 %) atmospheres in comparison to air (Gunes aatthiiss, 2002). These
atmospheres reduced the growth of yeast and maddhe shelf life of apple
slices was increased. MAP inhibits polyphenol og@activity and decreases the
total colour change of cut apples. Therefore, tfogetith the use of antioxidants
and low temperature, MAP is beneficial in extending shelf life of various fruits
and vegetables.

This study has demonstrated that three importarddidorne pathogens,
E. coliO157:H7, Salmonellaand L. innocua used as a microbial surrogate of
L. monocytogenegan grow on three varieties of fresh-cut appleiperatures of
and above 10 °C regardless of whether antioxidanés applied or modified
atmosphere packaging is used. Therefore, it is rmoportant to avoid any fruit
contamination during processing and manipulatioth a» soon as the product has
been processed it will be necessary to maintairctte chain until consumption.
The addition of antioxidant substances or the uemodified atmosphere
packaging prolongs the shelf-life of fresh-cut proe slowing-down the chemical
deterioration and growth of spoilage microorganisidswever, extending the
shelf life of this product raises food safety cameesince there is more time for
FBP to multiply in the product without organoleptejection especially if it is not
maintained at refrigeration conditions.
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ABSTRACT

Consumption of fresh-cut produce has sharply irsgdarecently causing an
increase of foodborne illnesses associated witbetipeoducts. As generally, acidic
fruits are considered ‘safe’ from a microbiologigadint of view, the aim of this
work was to study the growth and survival BEcherichia coli O157:H7,
Salmonellaand Listeria innocuaon minimally-processed peaches. The three
foodborne pathogens population increased more théog,, units on fresh-cut
peach when stored at 20 and 25 °C after 48 h. RCl1OnlyL. innocuagrew more
than 1 logp unit and it was the only pathogen able to grow &C. Differences in
growth occurred between different peach varietiestedd, with higher population
increases in those varieties with higher pH (‘Rogé&bry’ 4.73+0.25 and ‘Diana’
4.12+0.18). The use of common strategies on extgngdhelf-life of fresh-cut
produce, as modified atmosphere packaging and 8 af the antioxidant
substance, ascorbic acid (2 % wi/v), did not affethogens’ growth at any of the
temperatures tested (5 and 25 °C). Minimally-preedspeaches have shown to be
a good substrate for foodborne pathogens’ growtdardess use of modified
atmosphere and ascorbic acid. Therefore, mainicwid chain and avoiding
contamination is highly necessary.

Keywords: temperature, variety, modified atmosphere packagasgorbic acid,
foodborne pathogen
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1. INTRODUCTION

Recently, consumption of fresh produce has risgmifitantly due to health
benefits associated with their consumption. Chamgdiestyles and major shifts
in consumption trends have produced a demand ¥ader range of products, and
have led people to spend less time cooking at heomdeto eat out more often. Such
trends have been reflected in an increased populafi salad bars and have
prompted the appearance of minimally-processed amieuce foods that are
ready-to-eat. Among them, the consumption of fresher minimally-processed
fruit and vegetables has undergone a sharp incrgasadiaset al, 2008). In
Catalonia (Spain) consumption of fresh-cut frudremsed from 12,697 t in 2004 to
20,143 t in 2008 (Departament d'Agricultura). Catté is one of the main peach
producers in Spain, with a production of 212,898rt,25.4 % of total Spanish
peach production in 2007, and 79.7 % of Catalanlywtion took place in Lleida
province (MARM, 2009) .

Fruits and vegetables contain nutrients necessamné rapid growth of foodborne
pathogens, yet outbreaks of illness caused by fiogesf fruits and vegetables are
less frequent than outbreaks from other food. Thislue, in part, to external
barriers such as the peel and rind which preveataarganisms from entering and
subsequently growing in the interiors of fruits aretetables. However, in some
cases, such as on fresh-cut fruit, this externaidrais broken, thus creating and
opportunity for bacterial colonization (Janisiewgtzal, 1999). Fresh produce, and
in particular fruit, does not receive any ‘leth&déatment that kills all pathogens
prior to consumption. Hence, pathogens introdudeghg point of the production
chain may be present when the produce is consuiadd.production methods and
proper disinfection/decontamination procedures #rerefore critical steps in
ensuring the safety of ready-to-eat fresh fruitsl aegetables (Abadiast al,
2006). Fresh fruit and fruit juices have been maniated in outbreaks of foodborne
illnesses caused by human pathogens Iik&cherichia coli O157:H7 and
Salmonellaspp. (CDC, 2007; Harrist al, 2003; Powell and Luedtke, 2000).

Although the growth of human pathogens on acidistirproduce is thought to be
limited because of the acidity, recent studies hdweumented the exponential
growth of E. coli O157:H7, Salmonellaspp. andListeria monocytogenesn a
variety of produce. Several studies have shownEhatoli 0157:H7,Salmonella
and L. monocytogenesan survive and grow on fresh apple tissues storear
(Abadiaset al, 2009; Alegreet al, 2010; Dingman, 2000; Fisher and Golden,
1998; Gunes and Hotchkiss, 2002; Janisiew&z al, 1999). In fresh-cut
strawberrie€. coli O157:H7 survived when stored at 4 °C (Knudseal, 2001),
Salmonellapopulations decreased over a 7-day storage pati6d?C (Knudsermt
al., 2001) and.. monocytogenegopulation was maintained when stored for 48 h
or 7 days at 24 or 4 °C, respectively (Flessal, 2005). Meanwhile&salmonella
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not only survived, but also grew on chopped tonstat ambient temperature
despite the relative low pH (4.0-4.5) (Zhuastgal, 1995), significant decreases in
L. monocytogenepopulations occurred in chopped tomatoes storedOaand
21 °C (Beuchat and Brackett, 1991). It has alsonbskown the ability of
Escherichia coliO157:H7 andalmonellao grow on temperature-abused fresh-cut
mangoes (pH 4.2) and to survive on refrigeratedguoas (Strawn and Danyluk,
2010). Minimally-processed orange fruits have addmwn to be an adequate
substrate for.. monocytogenegrowth (Caggiaet al, 2009; Pacet al, 1998).
Pathogen’s growth has also been demonstrated iracidic fruits as melon,
watermelon, papaya and persimmon (Penteado andol.€004; Rezendet al,
2009; Strawn and Danyluk, 2010; Uchietzal, 2008; Ukuku and Sapers, 2007).

Development of fresh-cut fruit has been hamperethbyrapid oxidative browning
of fruit flesh, the risk of microbial developmernd physiological deterioration
during transport and storage (Abbet al, 2004). Enzymatic browning of fruit
slices can be essentially eliminated by the usartibrowning agents such as
ascorbic acid and modified atmosphere packaging RMAGorny, 1997).
Meanwhile, passive MAP is an alteration of the gaseenvironment produced as
a result of respiration, active MAP is producedthg addition and removal of
gases from food packages to manipulate the levie@®,@nd CQ. Atmospheres
with low O, levels inhibit the growth of most aerobic microangsms, whose
growth usually warns consumers about spoilage,emhie growth of pathogens
may be allowed or even stimulated (Farber, 1991).

The objective of this study was to determine thevisal and growth of
E. coli0157:H7,SalmonellaandL. innocua on minimally-processed peach stored
at different temperatures. The influence of peaghety, the use of ascorbic acid
and passive modified atmosphere packaging weredatgsmined.

2. MATERIALS AND METHODS

2.1. Fruit

PeachesRrunus persica.. Bastch) were obtained from packinghouses indage
Catalonia and from the IRTA Experimental Statiocali®d in Lleida. The varieties
used were ‘Diana’, ‘Royal Glory’, ‘Elegant Lady’ driPlacido’ peaches. Prior to
the experimental studies, peaches were washednining tap water and surface
disinfected with ethanol 70 % and let to dry atmo@mperature.
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2.2. Preparation of bacterial inoculum

A non-pathogenic strain dE. coli 0157:H7 (NCTC 12900), and a pathogenic
strain of Salmonella choleraesuisubsp.choleraesuis(Smith) Weldin serotype
Michigan (BAA-709 ATCC) were used. Both strains weadapted to grow on
tryptone soy agar (TSA, Oxoid, UK) supplemented hwit00 pg mr* of
streptomycin sulphate salt (St, Sigma, Germay)etherenabling detection on a
selective medium (TSA-St) in the presence of thenahmicrobial flora associated
with peaches. The strains were grown in tryptong lsmth (TSB, Oxoid, UK)
supplemented with streptomycin (TSB-St) mediumZo+24 h at 37 °C. The strain
of Listeria innocua CECT-910 was used as a microbial surrogate of
L. monocytogeneas previous studies have demonstrated that thissaid model
for L. monocytogenegFrancis and O'Beirne, 1997).. innocua was grown
overnight in TSB supplemented with 6 ¢ bf yeast extract (tryptone yeast extract
soy broth, TYSEB) at 37+1 °C.

Bacterial cells were harvested by centrifugatio®&20 x g, 10 min at 10 °C and
then resuspended in saline peptone (SP; 8.5 §dCl and 1 g [* peptone). The
concentration was estimated using a spectrophotwset aih=420 nm according

to standard curves. For the inoculum preparationvolame of the foodborne
pathogen concentrated suspension was added to 5ofmISP to obtain
approximately 1x10cfu mL*. Concentration of inoculum was checked by spread
plating appropriate dilutions on TSA-St fir coli O157:H7 andSalmonellaor on
Palcam agar (Palcam Agar Base with Palcam selectiygplement, Biokar
Diagnostics) fol. innocua The agar plates were incubated overnight at 3Ct1

2.3. Population dynamics in ambient conditions

Peaches were cut in half and plugs of 1.2 cm ahdiar and 1 cm long were taken
using a cork borer. For the antioxidant assay, lpgaegs were suspended in a 2 %
(w/v) solution of ascorbic acid (AA) for 2 min abQ rpm. After the treatment,
peach plugs were let to dry in a laminar flow bfesacabinet. Peach plugs (with
and without antioxidant) were placed into sterilesg test tubes.

The bacterial suspension was pipetted (15 pL) tmibtissue plugs. Peach plugs
were stored at 51 °C, 10+1 °C, 20+1 °C and 25+1Tithe storage was as long
as no visible symptoms of decay were observed.

At each sample time, fruit plugs were each placeiy ia sterile plastic bag
(BagPage 80 mL, Interscience BagSyst&mNom La Breteche, Frarjcand 9 mL
of SP were added. It was homogenised in a stomddbader for 120 s at high
speed (Bagmixer 100 Minimix, Interscience). Aligaiatf the mixture were then
serially diluted and surface plated as describedipusly.

There were three replicate peach plugs for eadmogah and sampling time and
each assay was repeated twice.
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2.4. Population dynamics in modified atmosphere cdalitions

‘Elegant Lady’ peaches were cut into 2 cm sliceamups of 4 slices were placed in
polypropylene (10 x 15 x 6.67 cm) trays and a 6 wetli was made on each peach
slice tissue using a cork borer. Each bacteriummastted (15 uL) in a tissue well
and one slice was left uninoculated. Peach traygewsealed with a
40,000 cc M 24 K' oxygen transmission rate polypropylene film anculvated at
541 °C for 2, 6, 8, 10 and 14 days and at 25+1diCLf 2 and 3 days.

To recover the pathogen from the peach slicessadi plug containing the entire
well (1.2 cm of diameter and 1 cm long) was remowét a sterile cork borer and
processed for bacterial counts.

In addition, mesophilic and psychrotrophic micramgms were determined in the
modified atmosphere conditions assays. From theogniated slice of each tray, a
peach plug was removed and after blending it wRh&iquots of the mixture were
diluted, plated on Nutrient Agar (NA, Biokar Diagiiws) and incubated at
6.511 °C for 10 days or at 30+1 °C for 3 days feyghrotrophic and mesophilic
microorganisms, respectively. Each pathogen andhpsyrophic and mesophilic
determination was replicated three times for edutage temperature and sampling
time and the assay was repeated once.

2.5. Peach quality parameters

On the day of the assay, a sample of each of thehgs used was tested for pH
with a penetration electrode (5231 Crison, and ptemModel GLP22, Crison
Instruments S.A., Barcelona, Spain). After pH dweieation, the peaches were
crushed and soluble solids content was determine20a’C using a handheld
refractometer (Atago CO., LTD. Japan). To measiratable acidity, 10 mL of
peach juice were diluted with 10 mL of distilled teaand it was titrated with
0.1 N NaOH up to pH 8.1. The results were calcdlai® g of malic acid per litre.

2.6. Determination of pH and headspace gas compasit

At each sampling date and pathogen, the pH of éaelpplug plus 9 mL of SP was
measured using a pH-meter (GLP22 Crison).

Carbon dioxide and oxygen content in single trayarewdetermined using a
handheld gas analyzer (CheckPoint@D,, PBI Dansensor, Denmark).
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2.7. Statistical analysis

Prior to ANOVA, all cfu mL* data were transformed to lggefu plug'. The
General Linear Models (GLM) procedure of the Statid Analysis System (SAS)
was applied (v.8; SAS Institute, Cary, NC, USA)grficant differences between
treatments were analyzed by Duncan’s Multiple Ralege at a significance level
of P<0.05.

3. RESULTS

3.1. Peach quality parameters

The pH, soluble solids, titratable acidity and migyuindex of peaches used in the
assays are summarized in Table 1. The pH of thehgsaranged from 3.49+0.18
(‘Placido’ peaches) to 4.731£0.25 (‘Royal Glory’ pbas). ‘Placido’ peaches had
the highest soluble solids content (14.7 °Brix) aRdyal Glory’ had the lowest
(8.9 °Brix). The highest titratable acidity (8.6%0y acid malic [') was determined
in ‘Placido’ peaches, followed by ‘Elegant Ladyeth‘Royal Glory’ (7.1+0.9 and
4.1+0.5 g acid malic £, respectively). Maturity index (soluble solidséiable
acidity) ranged from 1.7+0.2 (‘Elegant Lady’ andd€ido’ peaches) to 2.3+0.5
(‘Royal Glory’).

Table 1 Determination of initial pH, soluble solids (°Byjx titratable acidity
(g malic acid [*) and maturity index (soluble solidst/titratabledityi) of all peach varieties
used in the assays.

Peach variety pH Soluble Titratable Maturity
solids acidity index
‘Diana’ 4.12+0.18 B b - -
‘Elegant Lady’ 3.73+0.28¢c  11.6x0.5b 7.1+09Db D2 b
‘Placido’ 3.49+0.18d 14.7+05a 8.6+0.7 a 1.740.2
‘Royal Glory’ 4.73x0.25 a 8.9+1.3c 41+0.5c¢c 2.50

@ Results expressed as mean plus and minus stamelsridition for each analysis. Mean values within
columns followed by the same letter are not sigaiitly different based on Duncan’s multiple range
test (X0.05).

® hot determined
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3.2. Population dynamics in ambient conditions

3.2.1. Effect of storage temperature on bacterial gpulation dynamics on
fresh-cut ‘Elegant Lady’ peaches

The effect of storage temperature on the populatigramics ofE. coliO157:H7,
Salmonellaand L. innocua inoculated to minimally-processed ‘Elegant Lady’
peaches then stored at 5, 10, 20, 25 °C was detedn(Fig. 1).

Initial population of E. coli on peach plugs was 5.2 lgacfu plugh. It grew
exponentially on peach plugs stored at 20 and 25W@ile maximum growth
(8.0 log cfu plug) occurred after 24 h incubation at 25 °C; it ocedrafter two
days at 20 °C with population increases of 2.8 arfllog, units, respectively
(final population higher than 8.0 lggefu plugh). When storage temperature was
reducedE. coli growth peaked at 6.2 lggcfu plug® after three days at 10 °C and
it was reduced by more than 1 Jegnits after 14 days at 5 °C.

Salmonellapopulation increased by 2.3 and 2.9 jdognits, reaching a final
population of 7.7 and 8.2 lagcfu plug" after three days at 20 and 25 °C,
respectively. At 5 and 10 °CSalmonellapopulation dynamics were similar to
E. coli.

L. innocuainitial population on peach plugs was 5.3lpgfu plug'. Maximum
growth occurred after six days of incubation af@58.1 log, cfu plug') and after
three days at 20 °C (7.9 lpgfu plug®). At 10 °C, the highest population increases
were detected on the psychrotroptic innocua (1.6 logo units). In addition,

L. innocuawas the only microorganism able to grow on peddgincubated at

5 °C, with a population increase of more than %dogit

3.2.2. Effect of peach variety on bacterial populé&n dynamics

The effect of peach variety on the growth Bf coli O157:H7, Salmonellaand
L. innocuawas measured at 5 and 25 °C (Fig. 2).

E. coli grew exponentially in all peach varieties testedubated at 25 °C.
However, maximum population increases (approximgatdbg o units) occurred on
‘Diana’ and ‘Royal Glory’, followed by ‘Elegant L&d (approximately
3 logie units) then ‘Placido’ with pathogen population rieasing by less than
2 logp units. At 5 °C, no significant differences betweEn coli growths on
different peach varieties were determined.
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Fig. 1 Survival and growth oE. coli 0157:H7 (A),Salmonella(B) andL. innocua(C) on ‘Elegant
Lady' peach plugs stored at 2l( ), 20( ), ] () an@) °C without antioxidant. Inoculum

10 cfu mL?, 15uL (n=6, bars are standard deviation of thermiéhen the standard error bars are
not visible, they are smaller than the size ofsymmbol).
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Similarly to E. coli population dynamicsSalmonellagrew exponentially in the
four peach varieties tested when incubated at 25A%ain, the highest population
increases (approximately 4 lggunits) occurred on ‘Diana’ and ‘Royal Glory’
peaches, followed by ‘Elegant Lady’ then ‘Placideith pathogen population
increasing by less than 2 lgainits. At 5 °C, as in population dynamicskfcoli,
no differences between peach varieties were found.

L. innocuagrew exponentially in the two peach varietiesegsit 25 °C. Maximum
population increases (approximately 3.5;dognits) occurred on ‘Diana’ and then
‘Elegant Lady’ with 2 logy units of population increase. At 5 °C, althouglinnocua
population increased by 0.4 lgginits on ‘Elegant Lady’ peach plugs, it reducegl O.
and 0.8 log, units on ‘Diana’ and ‘Royal Glory’ peaches respety.

3.2.3. Effect of ascorbic acid on FBP on fresh-ctElegant Lady’ peaches

The effect of ascorbic acid on the growthEaf coli Salmonellaand L. innocua
applied to fresh-cut ‘Elegant Lady’ peaches is samped in Table 2.

Growth of the studied bacteria was not affectedheyaddition of ascorbic acid, as
no significant differences were observed excefi.tooli population after six days
of storage at 5 °C and to innocuapopulation after one and six days of storage at
25 °C in which the population was lower in thosagiees treated with AA.

3.3. Population dynamics of FBP on fresh-cut ‘Elega Lady’ peaches stored
in modified atmosphere conditions

Population dynamics oE. coli, Salmonellaand L. innocuaon ‘Elegant Lady’
peach tissue, without antioxidant, stored in a ipassiodified atmosphere and in
air conditions at 5 °C and 25 °C was determined.(8).

E. coli SalmonellaandL. innocuapopulations grew exponentially on fresh-cut ‘Eigga
Lady' peaches when incubated at 25 °C regardiesssphere conditions. At 5 °C, whereas
E. coliandSalmonellgpopulations reduced throughout storage tim@&nocuapopulation
increased between 0.7 and Ldomits at MAP and air conditions. No differencesveein
atmospheric conditions were observed to eitheraestye for any of the pathogens.

Population of mesophilic and psychrotrophic micgamisms on uninoculated
peach slices remained stable from below the lefvdetection (1.4 logcfu plugh)
to 2.5 logo cfu plug" on peach tissue incubated at 5 and 25 °C at bt#R and
air, atmosphere conditions (data not shown).

Modifications of Q and CQ in the package headspace of fresh-cut peaches are
shown in Figure 4. At 25 °C, Qevels decreased sharply after 24 h to 13.2 % and
then stabilized. The same happened tg &®els that increased exponentially to
24.6 % after two days and then remain stable. AC5 O, concentration only
reduced by 2.5 % to 18.5 % and £@xreased to 3.9 % after 14 days.
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Table 2 Effect of the addition of ascorbic acid appliedfiesh-cut ‘Elegant Lady’ peaches stored at 5 ahd®@ on the growth of
E. coliO157:H7,SalmonellaandL. innocua.

Pathogen Temperature AR Days
0 1 2 3 6
E. coliO157:H7 25°C - 4.96+0.09a 7.55+0.01a 7.39+0.14a 7.11+0.16a 6.70£0.25a
+ 4.97+0.09a 7.50+0.31a 7.34+0.41a 7.47+0.89a ©98a
50C - 4.96+0.09a 5.02+0.06a 4.85+0.04a 4.84+0.91a .68+0.0la
+ 4.97+.092 4.94+0.01a 4.85+0.05a 4.89+0.03a 4.3840
Salmonella 25°C - 4.90+0.07a 6.76+0.30a 7.31+0.23a 7.06+0.06a 6.95+0.35a
+ 4.91+0.05a 7.391£0.28a 7.58+0.46a 7.40+0.36a ©.86h
50C - 4.90+0.07a 4.93+0.02a 4.74+0.16a 4.76+0.04a .49+0.61a
+ 4.91+0.052 4.83+0.12a 4.84+0.09a 4.86+0.05a Q218
L. innocua 25°C - 4.75+0.16a 6.90+0.29a 6.60+0.48a 6.27+0.35a 6.61+0.15a
+ 4.81+0.10a 5.69+0.23b 6.46+0.17a 6.29+0.28a n7hb
50C - 4.75+0.16a 4.57+0.07a 4.41+0.01a 4.56+0.16a .52+0.03a
+ 4.81+0.10a 4.54+0.18a 4.28+0.07a 4.35+0.20a D33

Values are the average lggfu plug® plus and minus standard deviation of triplicategkes (n=3).
@ Ascorbic acid treatment, -: control treatment ffoadded); +: AA treatment (2 % w/v for 2 min)

P Mean values for each pathogen, time and temperttatere followed by the same letter are not §iganitly different based on Duncan’s multiple range

test (X0.05).
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Fig. 3 Growth of E. coli 0157:H7 (A),Salmonella(B) andL. innocua(C) in ‘Elegant Lady’ peach
tissue without antioxidant stored at 25 (shadedb®ls) and at 5 °C (open symbols) in passive

modified atmospheremg 1 ) or in air& & ). Inoculum’ifu mL? 15 pL (n=6, bars are
standard deviation of the mean. When the standaod lears are not visible, they are smaller than th

size of the symbol).
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Fig. 4 Concentration of>, (l,0) and CQ ( & ,A) in peach trays stored at 25 (shaded symbols)
and at 5 °C (open symbols) (n=6, bars are stardiewition of the mean. When the standard error
bars are not visible, they are smaller than the sfzhe symbol).

4. DISCUSSION

To our knowledge this is the first report of therwwal and growth of
E. coliO157:H7, Salmonella and L. innocua (used as a surrogate of
L. monocytogengson minimally-processed peaches. Results have dsnaved
that the three pathogens were able to grow on palags when incubated at 10 °C
or above. Under refrigeration conditions (5 °C)Jyoh. innocuacould grow on
‘Elegant Lady’ peach plugs. Pathogens’ growth wasafi@cted by antioxidant
treatment or modified atmosphere packaging.

E. coli O157:H7, Salmonellaand L. innocua multiplied rapidly (a population
increase higher than 2.0 lgainits in 24 h) on ‘Elegant Lady’ peach plugs stioa¢
20 and 25 °C even the low pH (3.73+0.28). At 10 EC,coli and Salmonella
population increased by 1 lggunits, meanwhild_. innocuaincreased more than
1.5 logp units. At refrigeration temperature (5 °C), popiaa increases were only
appreciated for L.innocua These results showed the adequacy of
minimally-processed peach as a substrate for tiee thBP at temperature of 10 °C
and above, hence storage temperature contributesctobial safety of fresh-cut
fruits. Along with storage temperature, pH has bedted as the principal
determinant for bacteria growth on fresh fruit; lewer FBP growth has been
widely demonstrated in highly acidic produce. Faample, E. coli O157:H7,
Salmonellaand L. innocua grew exponentially on fresh-cut ‘Golden Delicious’
apples when incubated at 10 °C or above (Alegral, 2010). SimilarE. coli
behavior was reported by Abadietsal. (2009), Janisiewicet al (1999), Dingman
(2000) and Gunes and Hotchkiss (2002) on applé.fisalmonellapopulation
increased on fresh-cut ‘Red Delicious’ and ‘Gold¥slicious’ apple (Leverentet
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al., 2001; Leverentzt al, 2006) and on chopped ripe tomatoes (Zhuengl,
1995) at temperatures higher than 10 °C. Growth.ghonocytogenebas been
reported on fresh-cut ‘Red Delicious’ and ‘Goldealibious’ apples (Leverentt
al., 2003, 2006) but.. monocytogenepopulation reduced on chopped tomatoes
stored at 10 and 20 °C (Beuchat and Brackett, 1#219oli O157:H7,Salmonella
and L. monocytogenesounts increased on freshly peeled ‘Hamlin’ orange
incubated at 24 °C, but their counts decreased eamained constant when
incubated at 4 or 8 °C (Pa al, 1998). However, neithdt. coli nor Salmonella
nor L. monocytogenewere able to grow on fresh-cut strawberries (pB-38)
incubated at 24 °C (Fless al, 2005; Knudseret al, 2001). This differences
among products may be because the effectiveneggHobn the inhibition of
microorganisms is affected by the type of orgacid &Wiley, 1994). For example,
Denget al. (1999) found that in acidified TSA medium the ardé inhibition of

E. coli O157:H7 at a given pH was acetic acid>citric anid#c acid. Similarly
Ryu et al. (1999) reported that acetic acid was the mostalethcid to

E. coliO157:H7, followed by lactic, citric, and malic dsj when tested over a
range of pH values. At a given pH, Jung and Beu(2@Q20) found that, in the case
of Salmonella typhimuriumacetic acid was the most inhibitory acidulant in
acidified TSB, followed by lactic acid and citrimé malic acids were the least
inhibitory. Antilisterial activity of acetic, laatj citric and hydrochloric acids has
been reported by several authors to follow the spaigern (Conneet al, 1990;
Sorrellset al, 1989; Vasseuet al, 1999). Although malic acid is the main organic
acid in peaches composition, fruits may contairfiedént types of organic acids
(Wiley, 1994), therefore, information on minimum pét growth, given any of the
number of organic acid combinations, could not hmuntl (Basset and
McClure, 2008).

Differences inE. coli, SalmonellaandL. innocuagrowth occurred in the different
peach varieties tested incubated at 25 °C. Highastilation increases occurred on
‘Royal Glory’ and ‘Diana’ peaches, which had thghest pH values. The lowest
E. coliandSalmonellapopulation increase occurred on fresh-cut ‘Pldgd@aches
(lowest pH values, 3.49+0.18); meanwhile innocualowest population was on
‘Elegant Lady’ peaches. At 5 °C differences werdy arbserved forL. innocua
since growth was only observed on ‘Elegant Ladydgtes. In a previous report,
no differences in growth on three varieties of liresit apples occurred for any of
the FBP (Alegreet al, 2010). Similar findings witle. colion apples were reported
by Fisher and Golden (1998). In contrast, Dingn2000) found that bruised tissue
of ‘Mclntosh’ apples (that had the lowest pH valu8s33-3.84, among other
varieties tested) had an inhibitory effect on thewgh of E. coli O157:H7. Thus
differences among varieties found in growth of pgéms tested could be due to
differences in pH and titratable acidity.

The effect of ascorbic acid in the growth Bf coli 0157:H7,Salmonellaand
L. innocuainoculated onto ‘Elegant Lady’ fresh-cut peachessvalso tested. As
previously reported on ‘Golden Delicious’ apple g8u(Alegreet al, 2010), no
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significant differences were observed between pmpghogrowths on treated or
untreated fruit. Therefore, ascorbic acid doeshaste bioactivity against FBP on
neither fresh-cut apple nor peach and its uselisaevoted to prevent browning.

No significant differences betwedn coli 0157:H7,Salmonella L. innocuaand
mesophilic and psychrotrophic microorganisms groarhElegant Lady’ peaches
occurred between passive MAP and air atmosphenditons. Modifications of
atmospheric gases were more important at 25 °Cahan°C. Similar results with
these bacteria were obtained on ‘Golden Deliciapgiles (Alegrest al, 2010) and
with L. monocytogenefConway et al, 2000). HowevelE. coli population was
inhibited on fresh apple slices stored under low(1D%) and/or high C©(0, 15,
30 %) atmospheres in comparison to air (Gunes astdhidiss, 2002). Although
pathogen growth is not always inhibited by MAP,cdn improve quality by
reducing the growth of yeast and molds and polypheridase activity, so MAP
is beneficial in extending shelf life of fresh-duiit and vegetable.

Our studies have demonstrated the abilityEofcoli 0157:H7, Salmonellaand
L. innocuato grow on different varieties of fresh-cut peacta temperatures of
10 °C and above. In addition, we have demonstriditatgrowth is not affected by
the treatment with ascorbic acid or the use ofipaddAP. Although refrigeration
(5 °C) effectively inhibited growth oE. coli O157:H7 andSalmonellait did not
affect the growth ot.. innocua Thus, fresh-cut peaches should be protected from
contamination by these pathogens during preparasionadequate processing
sanitation, quality control, and HACCP practicee arecessary to prevent
contamination of fresh-cut fruit with pathogeniccteia during preparation and
marketing (Pacet al, 1998). Refrigeration is also required for thigdrct since
exposure to abusive temperatures can cause ccatsiglggrowth of FBP within
24 h. In addition, the control of FBP during staragould be desirable, with, for
example the use of bioprotective cultures suclaeticl acid bacteria (Triast al,
2008a, 2008b) and other microorganisms (Abadiasl, 2009; Leverentzt al,
2006; Ukukuet al, 2004).

ACKNOWLEDGEMENTS

Authors are grateful to ISAFRUIT Project, funded tne European Commission
under the thematic priority 5-Food Quality and $afef the &' Framework
programme of RTD (Contract n®. FP6-FOOD-CT-20062¥8j and to the Spanish
Government for INIA researcher contract, Orden @GBR7/2003, BOE
23/12/2003) and for grant AP2006-03711.

121



GROWTH OF FOODBORNE PATHOGENS ON MINIMALLY PROCESSED PEAESI

DISCLAIMER

The views and opinions expressed in this publicatiee purely those of the writers
and may not in any circumstances be regarded @ingtan official position of the
European Commission.

REFERENCES

Abadias, M., Cafiamas, T.P., Asensio, A., Anguera,akld Vifias, |. (2006).
Microbial quality of commercial 'Golden Deliciousapples throughout
production and shelf-life in Lleida (Catalonia, 8palnternational Journal of
Food Microbiology,108: 404-409.

Abadias, M., Usall, J., Alegre, I|., Torres, R. akthas, |I. (2009). Fate of
Escherichia coliin apple and reduction of its growth using the pastest
biocontrol agentCandida sakeCPA-1. Journal of the Science of Food and
Agriculture,89: 1526-1533.

Abadias, M., Usall, J., Anguera, M., Solsona, C.d axifas, |. (2008).
Microbiological quality of fresh, minimally-process fruit and vegetables, and
sprouts from retail establishmenisternational Journal of Food Microbiology,
123:121-129.

Abbot, J.A., Saftner, R., Gross, K.C., Vinyard, B.@&nd Janick, J. (2004).
Consumer evaluation and quality measurement otfcas slices of 'Fuji',
'‘Golden Delicious', 'GoldRush', and 'Granny Snagples.Postharvest Biology
and Technology33: 127-140.

Alegre, 1., Abadias, M., Anguera, M., Oliveira, Mnd Vifas, |. (2010). Factors
affecting growth of foodborne pathogens on minigngitocessed appleBood
Microbiology,27: 70-76.

Basset, J. and McClure, P. (2008). A risk assessmgproach for fresh fruits.
Journal of Applied Microbiologyl04: 925-943.

Beuchat, L.R. and Brackett, R.E. (1991). BehavibrListeria monocytogenes
inoculated into raw tomatoes and processed tomabdupts. Applied and
Environmental Microbiology57: 1367-1371.

Caggia, C., Scifo, G.O., Restuccia, C. and Randa24a (2009). Growth of acid-
adaptedListeria monocytogenem orange juice and in minimally processed
orange slicef-ood Control,20: 59-66.

Centers for Disease Control and Prevention (CDOPT2 Outbreak Surveillance
Data. In: http://www.cdc.gov/outbreaknet/surveitandata.html.

122



CapiTuLO |l

Conner, D.E., Scott, V.N. and Bernard, D.T. (199Gyowth, inhibition and
survival ofListeria monocytogeness affected by acidic condition¥ournal of
Food Protectionb5: 652-655.

Conway, W.S., Leverentz, B., Saftner, R.A., Jamigiz, W.J., Sams, C.E. and
Leblanc, E. (2000). Survival and growthlda$teria monocytogenemn fresh-cut
apple slices and its interaction witBlomerella cingulataand Penicillium
expansumPlant Disease84: 177-181.

Deng, Y., Ryu, J.-H. and Beuchat, L.R. (1999). Tahee of acid-adapted and non-
adaptedEscherichia coliO157:H7 cells to reduced pH as affected by type of
acidulantJournal of Applied Microbiologyg6: 203-210.

Departament d'Agricultura, Alimentacio i Accié Rur&eneralitat de Catalunya,
Catalunya: consum alimentari a les llars  2004-2008n:
http://www?20.gencat.cat/docs/DAR/DE_Departament/DHbstadistiques_obs
ervatoris/09_Alimentacio_i_qualitat/Dades_consumalDaya/Fitxers_estatics
/2008_2004_consum.pdf

Dingman, D.W. (2000). Growth oEscherichia coliO157:H7 in bruised apple
(Malus domesticpatissue as influenced by cultivar, date of harvastl source.
Applied and Environmental Microbiolog§6: 1077-1083.

Farber, J.M. (1991). Microbiological aspects of nfied-atmosphere packaging
technology: a reviewlournal of Food Protectiorg4: 58-70.

Fisher, T.L. and Golden, D.A. (1998). Fateksitherichia coliO157:H7 in ground
apples used in cider productiqlournal of Food Protectior§l: 1372-1374.

Flessa, S., Lusk, D.M. and Harris, L.J. (2005).véuad of Listeria monocytogenes
on fresh and frozen strawberridsternational Journal of Food Microbiology,
101: 255-262.

Francis, G.A. and O'Beirne, D. (1997). Effects a$ @tmosphere, antimicrobial dip
and temperature on the fatelo$teria innocuaandListeria monocytogenesn
minimally processed lettucelnternational Journal of Food Science and
Technology32: 141-151.

Gorny, J.R. (1997). Summary of CA and MA requiretmeend recomendations for
fresh-cut (minimally processed) fruits and vegetabin: CA'97 Proceedings: Fresh-
cut fruits and vegetablesand MAP, University Catifa, Davis, CA, pp. 30-66.

Gunes, G.G. and Hotchkiss, J.H. (2002). Growth surgtival of Escherichia coli
0157:H7 on fresh-cut apples in modified atmosphategbusive temperatures.
Journal of Food Protectior§5: 1641-1645.

Harris, L.J., Farber, J.N., Beuchat, L.R., ParME., Suslow, T.V., Garret, E.H.
and Busta, F.F. (2003). Outbreaks associated wébhfproduce: incidence,

123



GROWTH OF FOODBORNE PATHOGENS ON MINIMALLY PROCESSED PEAESI

growth, and survival of pathogens in fresh and Hyest produce.
Comprehensive Reviews in Food Science and FootyS2if@8-141.

Janisiewicz, W.J., Conway, W.S., Brown, M.W., Sap&.M., Fratamico, P. and
Buchanan, R.L. (1999). Fate &fscherichia coliO157:H7 on fresh-cut apple
tissue and its potential for transmission by frdlies. Applied and
Environmental Microbiology65: 1-5.

Jung, Y.S. and Beuchat, L.R. (2000). Sensitivityrafitidrug-resistanSalmonella
typhimurium DT104 to organic acids and thermal inactivationliquid egg
productsFood Microbiology,17: 63-71.

Knudsen, D.M., Yamamoto, S.A. and Harris, L.J. (B0®urvival ofSalmonella
spp. andescherichia coli0O157:H7 on fresh and frozen strawberrigsurnal of
Food Protectionp4: 1483-1488.

Leverentz, B., Conway, W.S., Alavidze, Z., JaniseaywW.J., Fuchs, Y., Camp,
M.J., Chighladze, E. and Sulakvelidze, A. (2001)xafdination of
bacteriophage as a biocontrol methodSatmonellaon fresh-cut fruit: a model
study.Journal of Food Protectior4: 1116-1121.

Leverentz, B., Conway, W.S., Camp, M.J., JanisieyW.J., Abuladze, T., Yang,
M., Saftner, R. and Sulakvelidze, A. (2003). Biozoh of Listeria
monocytogenesn fresh-cut produce by treatment with lytic baoighages and
a bacteriocinApplied and Environmental Microbiolog§9: 4519-4526.

Leverentz, B., Conway, W.S., Janisiewicz, W., AbadiM., Kurtzman, C.P. and
Camp, M.J. (2006). Biocontrol of the food-borne hmafens Listeria
monocytogeneandSalmonella entericaerovar Poona on fresh-cut apples with
naturally occurring bacterial and yeast antagonispplied and Environmental
Microbiology, 72: 1135-1140.

Ministerio de Medio Ambiente y Medio rural y MarigARM), (2009). Anuario
de estadistica Ministerio de Medio Ambiente y Me&ioral y Marino 2008
818-821. http://www.mapa.es/estadistica/pags/aolzdyd8/Anuario_2008.pdf

Pao, S., Brown, G.E. and Schneider, K.R. (1998allehge studies with selected
pathogenic bacteria on freshly peeled Hamlin oradgernal of Food Science,
63: 359-362.

Penteado, A.L. and Leitao, M.F.F. (2004). GrowthLadteria monocytogeneis
melon, watermelon and papaya pulpsternational Journal of Food
Microbiology,92: 89-94.

Powell, D. and Luedtke, A. (2000). Fact sheetneline of fresh juice outbreaks. In:
http:/Amww.foodsafety.ksu.edu/en/article-detailppi=2&c=6&sc=37&id=427.

Rezende, A.C.B., De Castro, M.F.P.M., Porto, Ehibha, C.A., Benato, E.R. and
Penteado, A.L. (2009). Occurrence 8falmonellaspp. in persimon fruit

124



CapiTuLO |l

(Diospyrus kaki) and growth ddalmonella enteritidi©on the peel and in the
pulp of this fruit.Food Control,20: 1025-1029.

Ryu, J.H., Deng, Y. and Beuchat, L.R. (1999). Bétaw of acid-adapted and
unadaptedEscherichia coliO157:H7 when exposed to reduced pH achieved
with various organic acidgournal of Food Protectiorg2: 451-455.

Sorrells, K.M., Enigl, D.C. and Hatfield, J.R. (8Effect of pH, acidulant, time
and temperature on the growth and survivdlieferia monocytogenedournal
of Food Protection52: 571-573.

Strawn, L.K. and Danyluk, M.D. (2010). Fate B§cherichia coliO157:H7 and
Salmonellaspp. on fresh and frozen cut mangoes and papayasnational
Journal of Food Microbiology]l38: 78-84.

Trias, R., Badosa, E., Montesinos, E. and Bandrag,2008a). Bioprotective
Leuconostoc strains againstListeria  monocytogenesn fresh fruits and
vegetablesinternational Journal of Food Microbiology,27: 91-98.

Trias, R., Baneras, L., Badosa, E. and Montesigog2008b). Bioprotection of
Golden Delicious apples and Iceberg lettuce agafosdborne bacterial
pathogens by lactic acid bacteriaternational Journal of Food Microbiology,
123: 50-60.

Uchima, C.A., de Castro, M.F.P.M., Gallo, C.R., &sze, A.C.B., Benato, E.R.
and Penteado, A.L. (2008). Incidence and growthisteria monocytogends
persimmon Diospyros kaki fruit. International Journal of Food Microbiology,
126: 235-239.

Ukuku, D.O., Fett, W.F. and Sapers, G.M. (2004)hibition of Listeria
monocytogenedy native microflora of whole cantaloup&ournal of Food
Safety24: 129-146.

Ukuku, D.O. and Sapers, G.M. (2007). Effect of tibefore storage and storage
temperature on survival dalmonellainoculated on fresh-cut melonsood
Microbiology, 24: 288-295.

Vasseur, C., Baverel, L., Hébraund, M. and Labatli€1999). Effect of osmotic,
alkaline, acid or thermal stresses on the growtd gunibition of Listeria
monocytogenegdournal of Applied Microbiology86: 469-476.

Wiley, R.C. (1994). Preservation methods for mirlyn@rocessed refrigerated
fruits and vegetableMinimally processed refrigerated fruits abd vegétzb
London, Chapman and Ha86-134.

Zhuang, R.Y., Beuchat, L.R. and Angulo, F.J. (199bate of Salmonella
Montevideo on and in raw tomatoes as affected byp&rature and treatment
with chlorine.Applied and Environmental Microbiologgl: 2127-2131.

125






CAPITULO IlI

Evaluation of alternative sanitizers to chlorine
disinfection for reducing foodborne pathogens in
fresh-cut apple

M. Abadias, I. Alegre, J. Usall, R. Torres, |. Véia

Publicado en: Postharvest Biology and Technology952011), 289-297






CapituLo Il

ABSTRACT

The risk of undesirable by-products of chlorinerfisction on fresh-cut industries,
together with its limited efficacy has led to arebafor other alternative agents.
The aim of this study was to test several alteweafputative antimicrobial
substances to redué&sscherichia coliO157:H7,Salmonellaspp. and.isteria spp.
populations on fresh-cut apple. Carvacrol, vanillieroxyacetic acid, hydrogen
peroxide, N-acetyl-L-cysteine and Citrox were stdddor their results i vitro
assays againdf. coli O157:H7 andListeria spp. to be tested on fresh-cut apple
plugs. Apple flesh was inoculated by dipping in usmension of a mix of the
studied pathogens at °l@fu mL', and then treated with the antimicrobial
substances. All treatments were compared to desdniwater and a standard
sodium hypochlorite treatment (SH, 100 m§ IpH 6.5). Pathogen population on
apple plugs was monitored up to 6 days at 10 °CteBial reductions obtained by
peroxyacetic acid (80 and 120 mg)L vanillin (12 g L%, hydrogen peroxide (5,
10, 20 mL L") and N-acetyl-L-cysteine (5 and 10 g)lwere similar or higher than
reduction obtained by SH. In addition, bacterigbglation was maintained at low
levels throughout storage. No cells of any of tl¢hpgens were detected in the
peroxyacetic acid, hydrogen peroxide, Citrox andv&tshing solutions after apple
treatment. Peroxyacetic acid, hydrogen peroxideNuadtetyl-L-cysteine could be
potential disinfectants to be used in fresh-cutgidy as an alternative to chlorine
disinfection. However, their effect on sensory dyand their effectiveness under
commercial processing should be evaluated.

Keywords: Escherichia coliO157:H7; Salmonella Listeria; fruit disinfection;
antimicrobial substances
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1. INTRODUCTION

Fruit and vegetables are frequently in contact wiith, animals, insects, or humans
during growing or harvesting (Shewfelt, 1987), #fere, by the time they reach
the packinghouse or industry, most fresh productirre populations of
10*-10° cfu g* (Beuchat, 1996). Minimally processed (MP) fruit gorough
preparation steps such as peeling, cutting orngjiciand during processing,
spoilage and pathogenic microorganisms can gaiesacto the nutrients inside
fruit and multiply. Growth ofEscherichia coliO157:H7, Salmonellaspp. and
Listeria monocytogenebhas been demonstrated previously on fresh-cuteappl
(Abadias et al, 2009; Alegreet al, 2010; Conwayet al, 2000; Gunes and
Hotchkiss, 2002; Janisiewiczt al, 1999). Moreover, fresh fruit and fruit juices
have been incriminated in outbreaks of foodbormeedises caused by human
pathogens likeE. coli O157:H7 andSalmonellaspp. (CDC, 2007; Harrist al,
2003; Powell and Luedtke, 2000).

Fresh produce does not receive any ‘lethal’ treatrtigat kills all pathogens prior
to consumption. Hence, pathogens introduced afpainyt of the production chain
may be present when the produce is consumed. Saftugiion methods and
proper disinfection/decontamination procedures #rerefore critical steps in
ensuring the safety of ready-to-eat fresh fruit aegetables (Abadiast al, 2006).

In the fresh-cut industry, chlorine is commonly dige disinfect produce at a
concentration of 50-200 mgi. with a contact time of 1-2 min (Beuchat, 1998).
However, inhibitory or lethal activity depends dmetamount of free available
chlorine (in the form of hypochlorous acid, HOCRhdait loses its activity in
contact with organic matter and with exposure to, dight and metals.
Furthermore, a prolonged exposure to chlorine vapaay cause irritation to the
skin and respiratory tract (Beuchat, 1998). Theefdhere is much interest in
developing safer and more effective sanitizers ffait and vegetable. Several
alternative disinfectants (including hydrogen pédex organic acids and ozone)
have been tested to reduce bacterial populatiomslynan vegetables (Allendet
al., 2008; Beuchat, 1998; Lopez-Galvetzal, 2009; Vandekindereeat al, 2009).
The efficacy of decontamination methods is refldcia the microbiological
reduction obtained and, even more important, inntiantenance of this reduction
during storage.

Carbonic acid salts, such as sodium carbonate adidires bicarbonate are food
additives widely used in the food industry that dn@emonstrated to be a potential
alternative to reduce citrus postharvest diseaal®(fet al, 2001; Smilaniclet al,
1997). Essential oils have also demonstrated gotichizrobial action in model
food systems (Skandamis and Nychas, 2000; Tsigastdal, 2000) and the
majority of them are classified as Generally Resgph As Safe (GRAS) (Kabara,
1991). Among them, carvacrol {§1,,0) and vanillin have demonstrated biostatic
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and/or biocidal effect on produce matrices (Bufp£ Fitzgeraldet al, 2004;
Kisko and Roller, 2005).

Peroxyacetic acid (PAA) is a strong oxidant that damonstrated to be effective
against spoilage and pathogenic bacteria on frashroduce (Allendet al, 2008;
Rodgerset al, 2004). Hydrogen peroxide is considered as enmiantally friendly
because water and oxygen are its sole reactiorupt®@Koivunen and Heinonen-
Tanski, 2005) and it has demonstrated efficacyettuce native and pathogenic
microorganism on whole produce (Artésal, 2007; Sapers and Simmons, 1998).
Other studies have shown that the thiol-contaimiognpound N-acetyl-L-cysteine
(NAC), a natural chemical suggested as browningitdr to enzymatic browning
on fresh-cut apple, potato and pear (Molnar-Pedl Efedman, 1990; Oms-Oliet
al., 2006; Raybaudi-Massilizet al, 2007) has also antimicrobial activity
(Raybaudi-Massiliaet al, 2009).

Other natural extracts are chitosan and citrusofiaids. Chitosan has shown to
prolong storage life and control decay of seveuat {Bautista-Bafiost al, 2006).
Citrox 14WP is a commercial sanitizer which acto@mpounds are flavonoids
extracted from citrus fruit and combined with a mémnof natural acids (from fruit
and vegetable origins).

Currently, investigations have been focused onstach of alternative sanitizers
to chlorine based on assuring the quality and gaféthe produce. Some of the
mentioned substances have been tested againstlnatiorobiota and/or some
foodborne pathogens (FBP). However, none of thesnblean previously tested on
fresh-cut apple against three FBR,coli 0157:H7,Salmonellaspp. andListeria
spp. Therefore, the main objective of this studys w@ evaluate the efficacy of
alternative sanitizers to sodium hypochlorite irdueing E. coli O157:H7,
Salmonellaspp. andListeria spp. on artificially contaminated ‘Golden Delic&u
apple plugs, as an experimental form of fresh-ppie Their capacity to maintain
pathogen population at low levels throughout 6 dafsstorage at abusive
temperatures (10 °C) was also determined. Thetaféaress was always compared
with deionized water and with chlorinated water at standard chlorine
concentration (100 mg1).

2. MATERIALS AND METHODS

2.1. Bacterial strains

A non-pathogenic strain &scherichia coliO157:H7 E. coli, NCTC 12900), two
pathogenic strainSalmonella choleraesuisubsp.cholerasuis(Smith) Weldin
serotype Michigan (ATCC BAA-709) and Montevideo (BT BAA-710), a strain
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of Listeria innocua Seeliger (CECT 910) and the strains CECT 4031 and
CECT 940 ofListeria monocytogeneserovar la and 4d, respectively, were used.

SalmonellaandE. coli strains were grown individually in tryptone soytir (TSB,
Oxoid, UK) for 20-24 h at 37 °QListeria spp. strains were grown individually in
TSB supplemented with 6 g'Lof yeast extract (tryptone yeast extract soy hroth
TYSEB) for 20-24 h at 37 °C. Bacterial cells wevested by centrifugation at
9820 x g, 10 min at 10 °C and then resuspendedalimes peptone (SP;
8.5gL*NaCl and 1 g [* peptone). For the inoculum preparation, bacterial
concentration was estimated using a spectrophotwrset aih=420 nm according
to standard curves.

2.2. Antimicrobial substances preparation

The following antimicrobial substances were pregaresterile deionized water:
10, 50 and 100 g'f_ sodium carbonate (MNa0s;, Qemical, Quality Chemicals,
Esparraguera, Spain), 10, 50 and 100'gsbdium bicarbonate (NaHGOSigma,
Madrid, Spain), 10, 50 and 100 g¢'lpotassium carbonate {€O;, Panreac,
Barcelona, Spain), 10, 50 and 100§ fiotassium bicarbonate (KHGOPanreac),
250, 875 and 1500 mg'icarvacrol (Fluka, Madrid, Spain, plus 10 g Tween 80,
Prolabo, Fontenay s/Bois, France), 3, 6 and 12 gdnillin (Sigma, dissolved by
heating up to 70 °C), 0.1, 1, 10, 100 and 1000 mdpomelain (Sigma-Aldrich,
Madrid, Spain), 20, 40 and 80 mg' Iperoxyacetic acid (PAA, Fluka), 5, 10 and
20mL L' hydrogen peroxide (@, Panreac), 2.5, 5 and 10 g*L
N-acetyl-L-cysteine (NAC, Panreac), 5 mL*LCitrox 14WP (using provider
instructions, Citrox Limited, Middlesbrough, UK) @.1, 0.5, 1, 5 and 10 g'lL
Chitosan (Sigma, from a 20 g'Lstock solution prepared in acetic acid 1 M). In
addition, a standard sodium hypochlorite (SH) treatt of approximately
100 mg L* of free chorine (pH 6.5, adjusted with citric a&idl) was prepared by
combining sodium hypochlorite solution (10 %, wPanreac) and deionized water.

2.3.In vitro assays

All putative antimicrobial substances were testist fin in vitro assays against
E. colias example of Gram-negative bacteria and aghirishocuaas example of
Gram-positive bacteria. A suspension containincfd@ mL* of both,E. coli and

L. innocuastrains, was prepared, and 1 mL of this suspensasiadded to 9 mL
of each of the antimicrobial substances, obtainengpathogen population of
10’ cfu mLL. Samples were taken for each treatment after &n@ 5 min of

exposure to the antimicrobial substance (only &tenin in the case of chitosan)
and bacterial population was determined by 10 —€tldting on SP and plating
(20 uL) onto Sorbitol MacConkey Agar (SMAC, BiokBiagnostics, Beauvais,
France) supplemented with Cefixime-Tellurite (CT-8® Biokar) for E. coli or
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onto Palcam agar (Palcam Agar Base with selectiupplement, Biokar
Diagnostics, Beauvais, France) forinnocua Plates were incubated at 37t1 °C
for 24+2 h E. coli) and 48+2 hl{. innocug. There were two replicates for each
substance and concentration and the assay wastedpeace. Antimicrobial
substances that achieved better results were sdlfrtin vivo assays.

2.4.1n vivo assays

To prepare the bacterial inoculum, the necessaantijy of each pathogenic strain
concentrated suspension was added to 1 L of deidnizter to obtain a mixed
inoculum of E. coli, Salmonellaspp. andListeria spp. at a concentration of
10° cfu mL™" each. Inoculum concentration was checked by glatinto CT-SMAC
for E. coli, onto Xylose Lysine Deoxycholate agar (XLD, Oxd@@hmbridge, UK)
for Salmonellaspp. or onto Palcam agar foisteria spp. and incubated at 37t1 °C
for 242 h E. coliandSalmonellxand 48+2 hl(isteriaspp).

‘Golden Delicious’ apples were obtained from logackinghouses in Lleida,
Catalonia. Apples were washed in running tap walismfected with ethanol 70 %
and let to dry at room temperature. Then, apple® wat in halves and plugs of
1.2 cm of diameter, 1 cm long (1 g approx.) wekemausing a cork borer. Apple
plugs were used as an experimental form of freshapple. Apple plugs were
inoculated by immersion in the mixed bacterial moen for 2 min at 150 rpm and
then were allowed to dry for 20 min in a biosafefpinet. Inoculated plugs were
then divided into 12-plug samples and separateshed with 120 mL (1:10, w:v)
of the selected antimicrobial substances at diffe®ncentrations for 1 min at
150 rpm (5 min wash for Citrox, following providérstructions). Antimicrobial
washes were compared with deionized water (DW) arsdandard hypochlorite
treatment (SH, 100 mg™Lfree chlorine, pH 6.5). After all treatments, thgple
plugs were drained off. In the case of apple plugshed with SH, they were
rinsed, to remove chemical residue, with DW for th mt 150 rpm and drained.
After draining, apple plugs were left to dry inlavf cabinet, placed into sterile test
tubes and stored at 10 °C. All the experiment veased out at room temperature.

The concentration of each pathogen on apple plugs determined before (BT)
and after (AT) the treatment and after 3 and 6 day0) °C. At each sample time,
one apple plug was placed into a sterile plasti ({BagPage 80 mL, Interscience
BagSystem, St Nom La Breteche, France) and 9 mBRfwere added. It was
homogenised in a stomacher blender for 120 s dt Bgeed (Bagmixer 100
Minimix, Interscience). Aliquots of the mixture veethen serially diluted and
surface plated onto the selective agars for detetioin of bacterial counts. There
were three replicate apple plugs for each pathageh sampling time and each
assay was repeated twice.

For all washing solutions, pH and oxidation-redoctipotential (ORP) were
determined before and after apple treatment. Ank®ioe was determined for SH
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solution using a free and total photometer (HI 9878anna Instruments, Eibar,
Spain). ORP and pH were determined using a pHhaonfactivity meter (Model
GLP-22, Crison), with a pH electrode (Crison, 53-6d.an ORP electrode (Crison,
platinum Ag/AgCl electrode 52-61). In addition, tmmaicrobial load of each
washing solution after treatment was evaluatedcdmoy out such determinations,
1 mL of each washing solution was added to 9 mlbuffered peptone water
(BPW, Oxoid) or to 9 mL of sodium thiosulphate Sdhgte (0.5 %, w/v, Panreac),
in the case of SH to neutralize chlorine, and 0.l were spread-plated as
described previously. Additionally, an enrichmetgpswas carried out by adding
1 mL of the BPW or sodium thiosulphate plus washintution to 10 mL of TSB.
After incubation at 37 °C for 24 h, turbidity of BSvas evaluated and presence of
E. coli, Salmonellaspp. and.isteria spp. was checked on their respective selective
media. There was one sample for each washing tezditand each assay was
repeated twice.

2.5. Statistical analysis

All cfu mL™ data were transformed to kegcfu mL* or log cfu plug. The
reductions in bacteria were calculated by subtngcthe initial mean bacteria
population from the bacteria population after ettelatment. The General Linear
Model (GLM) procedure of the Statistical Analysigs&m (SAS) was applied
(v.8; SAS Institute, Cary, NC, USA). Significantffdrences between treatments
were analyzed by Duncan’s Multiple Range testsigaificance level oP < 0.05.

3. RESULTS AND DISCUSSION

3.1.In vitro assays

No reduction inE. coli 0157:H7 and_. innocuapure cultures was achieved in
NaHCQ; (10, 50 and 100 g 1), KHCO; (10, 50 and 100 g't), vanillin (3, 6 and
12 g LY and bromelain (0.1, 1, 10, 100, 1000 mg) Lsolutions. Therefore
NaHCGQG;, KHCO; and bromelain were rejected fam vivo assays. However,
vanillin solutions were testeth vivo as its effect has been reported to be
bacteriostatic (Fitzgeralet al, 2004) and good results were obtained in apptejui
(Moon et al, 2006).

E. coli population reductions obtained with Jg&;, K,CO; H,O, and NAC
increased with increases in doses and all of themewed a population reduction
higher than 4.0 log units E( coli population below detection limit,
2.5x16 cfu mL™") at highest doses (Table 1). Carvacrol at 875 E@D mg L
reducedE. coli population below detection limit from the first mite of exposure
and PAA and Citrox reducdgl. coli population at all doses tested. In contrast, only
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highest chitosan concentration (10 g)LreducedE. coli population. In general,
L. innocuapopulation reductions observed with the antimi@bbubstances tested
were lower than those observed Ercoli. No bacterial reductions were observed
with Na,CO; and chitosan ant. innocuawas only reduced by &O; at 100 g [*
solution after 3 and 5 min of exposure. Pathogguuladion reductions were dose
dependent for bD,, NAC and Citrox solutions.

NaCO; and K,CO; were rejected because of the possibility of caupimblems in
industrial applications due to carbonate foulinghat effective dose. Chitosan was
also rejected, due to economical reasons, as itonlyseffective againdgt. coli at
the highest concentration tested (10 '@.LTherefore, carvacrol, vanillin, PAA,
H,O,, NAC and Citrox were selected fior vivo assays.

3.2.In vivo assays

In general E. colipopulation on ‘Golden Delicious’ apple plugs tendedliecrease
throughout storage at 10 °C whiBalmonellaspp. populations tended to increase.
Listeria spp. increased on the first three days of stoaagkthen was maintained or
reduced. SH treatment reduceH. coli and Salmonella spp. population
approximately 1.0-log units aridsteria spp. between 0.4 and 1.9 log units. After
treatment the three FBP behaved as in water-tregiplé plugs due to removal of
chemical residue by rinse.

3.2.1. Apple plugs disinfection with carvacrol

Survival and growth of foodborne pathogens on ‘@aoldelicious’ apple plugs
treated with DW, SH and carvacrol (500, 875 and010® L) and then stored at
10 °C up to 6 days were compared. Population r@zhgibbtained washing with
all carvacrol solutions were similar to the redoctivalues obtained by DW and
significantly lower compared to reductions obtaitgdSH (1.0 log units, data not
shown). After 6 days of storage at 10 °C, pathquaulations on carvacrol treated
apple plugs were at least 1.0 log units higher tbacterial populations on DW
treated apple plugs. In contrast, Roller and Seae(#®02) reported that microbial
flora was inhibited on Kkiwifruit treated with 750,500 and 2250 mg 1 of
carvacrol along 21 days of storage at 4 °C. Howeaethe higher concentration
tested, browning of fruit wedges was observed. RiyceE. coli O157:H7 was
inactivated in apple juice by the addition of 189 ii' of carvacrol (Kisko and
Roller, 2005).
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Table 1 Reduction (log cfu mt) of pure cultures ofEscherichia coliO157:H7 and
Listeria innocuaby different exposure times to antibacterial sabses.

Substance Concentration E. coli O157:H7 L. innocua
1 3 5 1 3 5
Na,CO;, 10 g L* N° 1.2 >4.0 N N N
50 g L* N 2.7 >4.0 N N N
100 g L N >4.0 >4.0 N N N
K,CO; 10 g L' 1.4 >4.0 >4.0 N N N
50¢gL! 1.7 >4.0 >4.0 N N N
100 g L 3.1 >4.0 >4.0 N 1.7 2.5
Carvacrol 250 mg t N N N N N N
875 mg L >4.0 >4.0 >4.0 >40 >40 >4.0
1500 mg L* >4.0 >4.0 >4.0 >40 >4.0 >4.0
PAA 20 mg L >4.0 >40 >4.0 >40 >40 >4.0
40 mg L >4.0 >40 >4.0 >40 >40 >4.0
80 mg L >4.0 >4.0 >4.0 >40 >4.0 >4.0
H,0, 5mL L? 1.7 2.9 >4.0 N N 1.5
10 mL L? 2.3 3.7 >4.0 1.3 1.5 1.6
20 mL L? >4.0 >4.0 >4.0 1.4 2.9 >4.0
NAC 25¢gL? N N 1.6 N N N
5¢gL* 2.0 35 >4.0 N N N
10g L* >40 >4.0 >4.0 1.0 1.9 >4.0
Citrox 5mL L? >40 >4.0 >4.0 N 1.4 2.2
Chitosan 10gt - - 3.2 - - N

Values for reduction are present as mean of twiicegps.
#No reduction
b Bacterial populations after treatment under ditrdimit (2.5x16 cfu mL?Y)

° Not determined

3.2.2. Apple plugs disinfection with vanillin

Only highest vanillin concentration caused Encoli population reduction value
similar to that obtained by SH (between 0.7 andldgOunits, Fig. 1A) and no
differences between populations on apple plugstedeavith SH and vanillin
12 g L' (1.8 and 2.6 log cfu pluy respectively) were observed after 6 days of
storage at 10 °C. AlthougBalmonellaspp. population reduction obtained with
vanillin solutions after treatments did not equl i@ductions (Fig. 1B), at the end
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of storage period th&almonellaspp. population on apple plugs treated with
vanillin 12 g ! was the lowest (3.1 log cfu pidjgand significantly different from
all other treatments. All treatments caused theesiuitial Listeria spp. population
reductions, between 1.2 and 1.8 log units (Fig..liddwever, the pathogen
population was only maintained at low levels (bel@&vd log cfu plug) when
treated with vanillin 6 and 12 g'tand SH.

Greater effectiveness has been reported previouslyen a lower vanillin
concentration (3 g ) was lethal toE. coli 0157:H7 andL. monocytogene
apple juice (Mooret al, 2006) and, even lower concentrations (1.8, were
reported to inhibit pathogenic and spoilage micablgrowth on apple slices
(Rupasingheet al, 2006). However, Rupashinglet al. (2006) observed that
vanillin concentration beyond 1.8 g'lcould produce unacceptable flavours and
aromas for fresh-cut apples, therefore it would heta suitable sanitizer for
fresh-cut apple at the effective concentrationsitbit this assay.

3.2.3. Apple plugs disinfection with peroxyacetic@d (PAA)

E. coli and Salmonellaspp. reductions obtained by SH and PAA 40 rifgwere
the same (around 1.0 log unit) and the highestatemhs were caused by PAA 80
and 120 mg L treatments (2.0 log units, Fig. 2A and B). Thecoli population on
apple plugs treated with PAA 80 and 120 mbydfter 6 days of storage at 10 °C
was 1.8 and 2.3 log units lower than the initigbplation. However, no significant
differences between treatments were detectedlmonella spp. populations
increased on all apple plugs regardless of wastn@aiment throughout storage at
10 °C and, although the lowest final populationgevebserved on PAA-treated
apple plugs, it was not significantly differentindSH treated apple plugisisteria
spp. population reductions obtained after all treatts were the same
(0.2-0.8 log units, Fig. 2C). Throughout storade ltisteria spp. population was
maintained at low levels on apple plugs treatech VRAA and, after 6 days at
10 °C, Listeria spp population on apple plugs treated with PAA was isicantly
lower (from 1.7 to 2.3 log units) than those trelatgth SH.

PAA 80 mg L* has previously been reported to be effective imtrafling E. coli
andL. monocytogenem MP apples and lettuce during 9 days of storaigé °C
(Rodgerset al, 2004) and PAA 68 mgtreduced psychrotrophic and mesophilic
counts in MP ‘Galia’ melon (Silveiret al, 2008). The commercial disinfectant
Tsunami (PAA, 300 mL L) has been shown to be effective in reducing total
bacterial counts on rocket leaves throughout stoegt °C (Martinez-Sanchet
al., 2006). However, lower concentrations (80 ut) Idid not improve fresh-cut
escarole disinfection (Allendst al, 2008).
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Fig. 1 Population ofEscherichia coliO157:H7 (A), Salmonellaspp. (B) andListeria spp. (C) on
minimally processed ‘Golden Delicious’ apple plugefore (BT) and after (AT) treatment with DW
(#), SH @), vanillin 3 g [* (A), vanillin 6 g L'* (M) and vanillin 12 g [* (<) and its survival
during storage at 10 °C (n=6, bars are standaréitiew of the mean. When the standard error bars
are not visible, they are smaller than the sizéhefsymbol). For each time, different letters iakc
significant differencesR<0.05) among treatments.
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Fig. 2 Population ofEscherichia coliO157:H7 (A), Salmonellaspp. (B) andListeria spp. (C) on
minimally processed ‘Golden Delicious’ apple plugfore (BT) and after (AT) treatment with DW
(), SH (@), peroxyacetic acid 40 mg'l(A), peroxyacetic acid 80 mg'L( W) peroxyacetic acid
120 mg ! (<) and its survival during storage at 10 °C (nbés are standard deviation of the
mean. When the standard error bars are not vigiig, are smaller than the size of the symbol). For
each time, different letters indicate significaiffetences P<0.05) among treatments.
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3.2.4. Apple plugs disinfection with hydrogen peraxe (H,O,)

ImportantE. coli and Salmonellaspp. population reductions were detected when
apple plugs were treated with all of®} solutions (above 2.5 log units, Fig. 3A
and B). After 6 days of storage at 10 ¥ ,coli populations on apple plugs treated
with H,O, solutions were significantly lower (below 2.3 loducplug?) than
populations on apple plugs treated with SH. In ¢hse ofSalmonellaspp., the
population was significantly lower in J, treated apple plugs than in SH
treatments throughout all storage period an®H0 mL L* treatment was the
most effective treatment in maintainigalmonellaspp. populations at low levels
(around 3.1 log cfu plud. SH and HO, treatments reducedisteria spp.
populations to the same extent (around 2 log ukiig, 3C). During storage at
10 °C, Listeria spp. grew on apple plugs treated with SH, meamwltiiley
remained low on apple plugs treated withOg with final populations below
1.5 log cfu plugd, not significantly different from DW treated apgikigs.

The efficacy of HO, washing has previously been demonstrated to exsbet

life and reduce native microbial and pathogen patpahs includingE. coli, in
whole fruit and vegetables and in MP cucumber, kinic bell peppers, and
melons (Artést al, 2007; Sapers, 2003). The use @Ok(5 mL L™ resulted in a
reduction on total microbial counts on fresh-cutfi@ melon during 10 days of
storage at 5 °C (Silveirat al, 2008) and on fresh-cut cantaloupe stored at 4 °C
(Saperst al, 2001).

3.2.5. Apple plugs disinfection with N-acetyl-L-cy¢ine (NAC)

NAC 5 g L* treatment reduceB. coli population by approximately 1.0 log unit
which was similar to the reduction obtained by $#t(4A) and NAC 10 g &
reduced it 2.0 log units. Although thE. coli population decreased for all
treatments throughout storage, the lowest populatias observed in SH and NAC
10 g L' treated apple plugs (below 2.0 log cfu ptugSimilar Salmonellaspp.
population reduction values were observed aftetraditments (Fig. 4C). However,
Salmonellaspp. population increased for all treatments, withexception of NAC
10 g L' treated apple plugs, wher8almonella populations decreased to
2. log cfu plug. Lower reduction values were observed with than®positive
Listeria spp. However NAC 10 gt gave lowestListeria spp. population after 6
days of storage at 10 °C (below detection limitc0g®). Therefore, we have
demonstrated that NAC has not only an antioxidéfiete(Rojas-Grauet al, 2006)
but also an antimicrobial effect. Previously, thp df minimally processed ‘Fuji’
apples in aqueous solution containing 10 § NAC, 10 g L* glutathione and
10 g ! calcium lactate and subsequent contamination Wwitmonocytogenes
SalmonellaEnteritidis ancE. coli prevented pathogens growth throughout 30 days
of storage at 5 °C. The greatest effectiveness otserved againdt. coli and
SalmonellaRaybaudi-Massili@t al, 2009).
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Fig. 3 Population ofEscherichia coliO157:H7 (A), Salmonellaspp. (B) andListeria spp. (C) on
minimally processed ‘Golden Delicious’ apple pllgfore (BT) and after (AT) treatment with DW
(#), SH (@), hydrogen peroxide 5 mL'L( A), hydrogen peroxide 10 mL"L(M) and hydrogen
peroxide 20 mL [* (<) and its survival during storage at 10 °C (nb#s are standard deviation of
the mean. When the standard error bars are ndlesishey are smaller than the size of the symbol).
For each time, different letters indicate significdifferences®<0.05) among treatments.
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Fig. 4 Population ofEscherichia coliO157:H7 (A), Salmonellaspp. (B) andListeria spp. (C) on
minimally processed ‘Golden Delicious’ apple plugefore (BT) and after (AT) treatment with DW
(#), SH @), NAC 2.5 g [ (A), NAC 5 g L'* (W) and NAC 10 g [* (<) and its survival during
storage at 10 °C (n=6, bars are standard deviafitine mean. When the standard error bars are not
visible, they are smaller than the size of the syimbFor each time, different letters indicate
significant differencesR<0.05) among treatments.
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3.2.6. Apple plugs disinfection with Citrox

Treatment of apple plugs with SH or Citrox cause@proximately, 1.0 log
reduction ork. coliandSalmonellaspp. populations (Fig. 5A and B). However, no
significant differences were observed after 6 dafystorage among treatments.
Although the Citrox treatment reduced initidlisteria spp. populations
approximately 1 log more than DW and SH, no sigaiiit differences among
treatments were observed at the end of the stgraged. In addition, apple plugs
were stained slightly brown due to the brown colofuthe Citrox solution. Citrox
has previously been found to be effective in redgichicroorganisms on fresh-cut
escarole after washing, however, microbial loaderaB days of storage at
temperatures lower than 10 °C were significantlghler than in SH treatment
(Allendeet al, 2008).

3.2.7. Comparison of antimicrobial substances effacy

The reduction obtained by each antimicrobial suitsafor each pathogen
compared to SH has been calculated by subtractiggcfu mL' population
recovered from each treatment minus pathogen populaecovered from SH
treated apple plugs (Table B. coli highest reductions were observed on apples
plugs washed with all ¥D, solutions, NAC 10 g E and PAA 80 and 120 mg'L
after treatment and throughout storage, with rddost between 0.8+0.6 and
2.0+£0.1 log units higher than SH. Antimicrobial amments which reduced
Salmonellaspp. the most after treatment when compared taliSidfection, were
H,O, treatments and NAC 10 g'L Throughout storage at 10 °C, vanillin 12§, L
H,0, and NAC 20 g [* were the best antimicrobials with reduction valbesveen
1.3£0.2 and 2.920.4 log units higher than SH. &hitieductions olListeria spp.
populations were similar to SH for all treatmeritgowever, throughout storage
PAA and HO, treatments were the best, avoiding pathogens rowt

3.2.8. Physicochemical properties of tested solutis

NAC solutions were the most acidic (Table 3), with ranging from 2.12 to 2.44,
followed by PAA (3.58-3.86) solutions and Citrox{8). Carvacrol and vanillin

solutions had pH values below 5.0 angOhl solutions pH ranged from 4.41 to
5.47. DW and SH solutions had pH values higher tGdh Differences in pH

among concentrations tested were detected for PAAANAC solutions. In both

cases, higher pHs were determined for less coratedtrsolutions. Significant
differences between pH before and after treatmesrevonly observed for PAA,

with higher pH after treatment (data not shown).
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Fig. 5 Population ofEscherichia coliO157:H7 (A), Salmonellaspp. (B) andListeria spp. (C) on
minimally processed ‘Golden Delicious’ apple plugefore (BT) and after (AT) treatment with DW
(#), SH (O) and Citrox 5 mL 1 (M) and its survival during storage at 10 °C (nbds are standard
deviation of the mean. When the standard error &gsot visible, they are smaller than the size of
the symbol). For each time, different letters imdic significant differencesP€0.05) among
treatments.
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Table 2 Escherichia coliO157:H7, Salmonellaspp. andListeria spp. population reductions compared to SH solutonapple plugs
throughout storage at 10 °C.

Washing solution Storage time at 10 °C (days)

E. coli O157:H7 Salmonellaspp. Listeria spp.
0 6 0 6 0 6
Vanillin 3g L* -0.6£0.1 A -2.3:0.2 A -0.5+0.0 A 0.9+0.0 BCD 080.3 ABC -1.9+0.5 A
Vanillin 6 g L* -0.6£0.1 A -2.2#0.1 A -0.6+0.0 A 0.8+0.1 BCD @011 BCD 0.3+0.1 B
Vanillin 12 g L* -0.3+0.3 ABC -0.8+0.6 BC -0.3:0.1 A 25+0.7F .260.3 AB 0.6+0.1 BC
H,0, 5 mL L*! 1.6+0.2 DE 1.5+0.3 EF 1.60.2 DE 1.5+0.1 DE 0.1+ABCD 1.6+0.0 CDE
H,0, 10 mL L* 1.8+0.2 E 1.2+0.3 EF 19+0.2 E 1.320.2 DC 0.2:ABCD 1.4+0.1 CDE
H,0, 20 mL L* 19402 E 2.0+0.1F 19+0.2 E 2.2+0.4 EF 0.2#0BCD 1.6+0.0 CDE
NAC 2.5gL* -0.4+0.0 AB -1.8+0.4 AB -0.2+0.1 A -0.1+0.2 AB 0.6+0.3 A -1.0+0.6 A
NAC5gL* 0.2+0.1 BC -0.7+0.4 BC 0.3+0.1 B 0.8+0.2 BCD M3 ABCD 0.3+x0.5B
NAC 10 g L* 1.1+0.3D 0.5+0.1 DE 1.3+0.2 CD 29+04 F 0.2+ABCD 1.1+0.0 BCD
Citrox 0.24¢0.2 BC -1.3+0.4 ABC 0.3:0.1 B -0.6+0A3 0.8+0.3D 0.5+0.6 BC
PAA 40 mg L** 0.3:0.2C -0.3+0.4CD 0.4+0.1 B 0.5+0.1 BCD -M®BABCD 2.0£0.2 DE
PAA 80 mg L** 1.1+0.3D 0.8+0.6 E 1.1+0.2C 0.4+0.2 BC 0.74+0 1.7+0.5 DE
PAA 120 mg L* 1.0+0.2D 1.4+0.4 EF 1.0+0.2C 0.840.4 BCD 0.@BCD 2.3+0.1E

Pathogen reduction was obtained by subtractingcfagmL™ population recovered from each treatment minubquen population recovered from SH
treated apple plugs. Values are the mean of sixegatstandard error of the mean. A positive vakpmrasented that bacterial reduction obtained by the
treatment was higher than reduction obtained byFsid each column, different letters indicate siigaifit differencesR<0.05) among treatments.
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The lowest ORP values were determined in NAC saohsti(from 280 to 297 mV),
followed by HO,, Citrox, DW and vanillin (below 400), then carvalc(from 407
to 416 mV), PAA (from 588 to 610 mV) and finally Sidigher than 850 mV).
ORP did not change significantly after treatment day of the solutions tested
(data not shown).

In SH solution, changes in free chlorine were astermined. Initial free chlorine
was 114+11 mg t and it decreased to 665 mg hfter the apple plug treatment.

Table 3 Determination of pH and ORP (mV) of tested antimixal solutions before apple

treatment.

Treatment pH ORP (mV)
Initial Initial
DW 6.19+0.16 327+21
Carvacrol 500 mg L 4.60+0.04 40743
875 mg L 4.59+0.00 416+1
1000 mg [* 4.66x0.08 411+3
Vanillin 3gL? 4.81+0.04 377+19
6glL? 4.59+0.04 395+27
12gL* 4.43+0.14 396+24
PAA 40 mg L* 3.86+0.00 589+0
80 mg L* 3.76x0.09 588+3
120 mg ! 3.580.01 610424
H,0, 5mL L 5.47+0.18 306x1
10 mL L? 5.15+0.12 335+0.00
20mL Lt 4.41%0.07 377+21
NAC 25¢gL? 2.44+0.00 297+32
5¢gL? 2.2620.01 291+34
10g Lt 2.12+0.00 280422
Citrox 5mL Lt 3.74%0.03 330+14
SH 6.52+0.03 859+11

Values are expressed as mean of two replicateentlatd error of the mean.
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3.2.9. Microbial load of washing treatments

Pathogen populations were not recovered from PAAQ,H Citrox and SH
solutions (Table 4). Howevefalmonellawas detected in one of two samples of
H,0, 5 mL L washing solution after enrichmer. coli and Salmonellaspp.
populations were recovered from the rest of washsajutions, however,
Listeriaspp. was not detected by direct plating in carVa87& and 1000 mgt,
but it was possible to detect it after enrichment.

Processing wash water, if not properly sanitizedn doecome a source of
microbiological contamination for every piece ofoguct that passes through
(Zagory, 1999). It has been shown previously thatuse of PAA based sanitizers,
such as Tsunami, are a good alternative for thHafdigion of processing water, as
it was as effective as chlorine in avoid cross-aomhation, however, Citrox did
not completely avoid it (L6épez-Galvezt al, 2009). A contact has to occur
between the microorganisms and the sanitizer ieraw@ kill them (Gémez-Lépez
et al, 2008), therefore differences between sanitizécaaly on washing solution
and on apple flesh could be explained as contditély to be much difficult on
apple flesh.

4. CONCLUSIONS

Our results have demonstrated that alternativetizars, such as PAA (80 and
120 mg LY, H,0, (5, 10 and 20 mL £) and NAC (10 g [}), could be used instead
of chlorinated water in MP apple productions ay ttiel not only reduce pathogen
population after treatment but also maintained thetmlow levels throughout
storage, even at an abusive temperature (10 °Gyeler, PAA, HO, and NAC
preservative action againSalmonellaspp. andListeria spp. should be improved
by combining with other antibacterial substancedymdding additional hurdles.
For example, maintaining a correct storage tempegatould prevenSalmonella
growth. In addition, and based on our results, PA5O, and Citrox solutions
could prevent cross-contamination of fresh prodndee fresh-cut industry. In this
study the effect of antimicrobial treatments on skasory quality of the MP apple
was not tested, hence further studies should beedaout to simulate typical
commercial conditions and evaluate the sensonyitgualthe product.
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Table 4 Population of Escherichia coliO157:H7, Salmonellaspp. andListeria spp.
recovered from wash solutions after treatment.

Treatment E. coliO157:H7  Salmonellaspp. Listeria spp.
DW 3.9+0.fF 3.840.1 2.540.3
Carvacrol 500 mg t 3.7 3.3 1.7
875 mg L* 35 3.3 1/4
1000 mg L* 3.6 3.3 11
Vanillin 3glL? 3.840.2 3.6+0.2 2.6+0.2
6gL" 3.840.1 3.6+0.1 1.4+1.4
12gL* 3.840.1 3.410.1 1.1+1.1
PAA 40 mg Lt 0 0 0
80 mg L 0 0 0
120 mg L 0 0 0
H,0, 5mLL*! 0 1/Z 0
10 mL Lt 0 0 0
20 mL L* 0 0 0
NAC 25¢gL? 3.610.1 3.7#0.1 1.9+0.5
5¢gL* 3.420.1 3.60.1 2.0£0.6
10gL?! 2.4%1.0 2.1+0.6 1.2¢1.2
Citrox 5mL L 0 0 0
SH 0 0 0

%alues are the mean of two determinations +standamar of the mean. The detection limit was
1.7 log cfu mL™. If pathogen was not detected by both direct pépind enrichment, the recovery
was 0; if the pathogen was only detected by enrigttran arbitrary value of 1.4 log cfu fhi(half of
detection limit) was assigned for statistical resso

PNot detected by direct plating, but one of one damwas positive by enrichment.

“Not detected by direct plating, but one of two skmvas positive by enrichment.
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ABSTRACT

Currently, chlorine is the most widely decontamimatmethod used in minimally
processed (MP) industry, however, it does not aghiaore than 1-2-log reduction
of the bacterial population. An efficient decontaation of MP produce could
create a less competitive environment where patisgan unrestrictedly multiply.
Thus, our objective was to test the effect of tlhapleservative bacterial strain
CPA-6, isolated from MP apple, to conte$cherichia coliO157:H7,Salmonella
and Listeria innocuaon MP apples and peaches. Apple and peach plugs we
co-inoculated with a suspension containing onehef gathogens (2afu plugh)
and CPA-6 (10cfu plug?) and stored at 20 °C or 5 °C. CPA-6 effectivelyibited
growth or even reduced, in some cases below deteldvel, pathogen population
on both fruits stored 2 d at 20 °C alBdcoli on both fruits stored at 5 °C, when
compared to the pathogen inoculated alone. Thenmaineffective dose able to
inhibit any of pathogens tested on both fruits dooth temperatures was
10" cfu plug® and it did not cause hypersensitive reaction dmadoo plants.
Finally, CPA-6 was identified as new specie belaggito family
EnterobacteriaceaeTherefore; it could be a suitable microorganismuse as
biopreservative culture to control growth of foodi® pathogens on MP fruit.

Keywords: Escherichia coli 0O157:H7; Salmonella Listeria innocua
biopreservation; minimally processed fruit; antaigbn
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1. INTRODUCTION

Fruit and vegetables are part of a balanced digttlagre is considerable evidence
of the health and nutritional benefits associatétth wheir consumption. Different
organizations (WHO, FAO, USDA, EFSA) recommendrigular consumption of
at least five portions of fruit and vegetables & (aminimum of 400 g). Besides
the health aspect, other social and demographtoriaare influencing positively
the popularity of fresh-cut produce.

Although consumption of fresh produce is benefid@ optimal health, these
foods may be associated with risks of foodbormedk. Reportable outbreaks of
foodborne iliness related to the consumption oslireand minimally processed
(MP) fruits, mainly due toEscherichia coliO157:H7 andSalmonella have
increased dramatically since the 1970s (CDC, 20d@ris et al, 2003).
Contamination of fresh fruit with human pathoge® ©ccur at several points
during growing, harvesting, processing and handiing although pH is thought to
be a limiting factor, growth oE. coli, SalmonellaListeria innocuaand Listeria
monocytogenelBas been previously reported on, for examplehfoeg apples and
peaches (Abadiast al, 2009; Alegreet al, 2010a, 2010b; Conwagt al, 2000;
Dingman, 2000; Janisiewict al, 1999b; Leverentet al, 2003, 2006).

There are limited tools to prolong the shelf lifé ®WP produce. Modified
atmosphere packaging and refrigeration can be exppfi order to slow down a
faster physiological degradation (Kimg al, 1991). The use of a decontamination
method is another tool to prolong the shelf lifeM® produce, but it should be
mild enough to not impair the fresh or fresh-likériautes of MP produce
(Gémez-Lope=zt al, 2005). Currently, chlorine is the most widely disenong the
washing and sanitizing agents available for frestdpce. However, published data
indicate that the most that can be expected atifiedrconcentrations is a 1-2-log
reduction of the bacterial population (Abadias al, 2008; Beuchat, 1998;
Brackett, 1999). Therefore, there is still a needachieve an efficient and
sustaining decontamination of ready-to-eat produdech takes into account that
an efficient decontamination of MP produce creatésss competitive environment
in which pathogens can unrestrictedly multiply (ECeet al, 1996; Liet al, 2002).

The use of protective cultures, bacteriophages lbacteriocins could be an
alternative to chemical treatments to reduce foougathogens on fresh and
fresh-cut fruits (Janisiewicet al, 1999a; Leverentet al, 2001, 2003, 2006). The
native microbial association naturally present lo@ $urfaces of fresh produce is
assumed to play an important role in maintaining liealth supporting status of
MP produce (Nguyen-The and Carlin, 1994) by outjsetimg pathogens for
physical space and nutrients and/or producing amiatic compounds that
negatively affect the viability of pathogens (Liand Fett, 2001; Parisht al,
2003). These organisms have the advantage of Ipginigof the natural microbial
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community already established on the target prodwtech may facilitate their
colonization of and survival on the produce whepligd in appropriate numbers
(Leverentzet al, 2006). Thus, there is a potential for the useaifve microflora
to reduce pathogen growth and survival on fruit aegetables.

It has been demonstrated that the antag®sstidomonas syringde59-66, used
for controlling portharvest decay of pome fruit asmmmercialized as BioSave by
EcoScience Corp. (Orlando, Fla.) could also prettemgrowth ofe. coliO157:H7
on wounded apple tissue (Janisiewazal, 1999a). The strain&luconobacter
asaii (T1-D1), Candida spp. (T4-E4), Dicosphaerina fagi (ST1-C9) and
Metschnikowia pulcherrima(T1-E2) inhibited the growth or reduced the
populations of either or both, monocytogeneand Salmonella entericaerovar
Poona inoculated on ‘Golden Delicious’ apple plagsl stored at 10 and 25 °C
(Leverentzet al, 2006). AlthoughCandida sakeCPA-1 reduced, approximately,
1-log unitE. colipopulation on ‘Golden Delicious’ apple wounds stbat 25 °C, it
did not affect the survival oE. coli on fresh-cut apples (Abadias al, 2009).
Lactic acid bacteria (LAB) are considered as fooadg microorganisms and
generally recognized as safe (GRAS) that have tigsity been used to preserve
meat and dairy products and to bioprotect fermentggttables (Ruiz-Barbet al,
1994; Stiles and Holzapfel, 1997). Trias al. (2008) tested six LAB strains as
bioprotective agents againstE. coli Salmonella typhimurium and
L. monocytogenesin apple wounds. LAB interfered with the growth of
S. typhimuriumand L. monocytogenebut showed little effect oveE. coli. The
inhibition had a bactericidal effect agaihstmonocytogenethat could be related
to bacteriocin production. Recently, application dfie probiotic strain
Lactobacillus rhamnosu§&G reduced growth of. monocytogenesn fresh-cut
apple (Alegreet al, 2011).

The objective of this study was to evaluate thedaiveness of an antagonistic
bacterial strain, CPA-6, isolated from fresh-cuplap to avoidE. coli O157:H7,
Salmonellaand L. innocuagrowth on fresh-cut apples and peaches. In additio
minimal effective dose and phytopathogenicity wdetermined. Finally, CPA-6
strain was identified.

2. MATERIALS AND METHODS

2.1. Fruit

‘Golden Delicious’ apples and ‘Royal Glory’, ‘Elegia Lady’ and ‘Merry
O’Henry’, peaches were used in the experimentsfef@int varieties of peaches
were used due to the high seasonality and low geocapability of these fruits.
Fruit that had not received any postharvest treatmas obtained from the IRTA
Experimental Station and from packinghouses indddiCatalonia).
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Fruit was washed in running tap water and surfasmfdcted with ethanol 70 %.
Then it was cut in half and plugs of 1.2 cm of déen, 1 cm long were taken using
a cork borer. Plugs were placed into sterile glasstubes.

2.2. Bacterial strains

The antagonistic strain CPA-6 used in this assag isalated from minimally
processed ‘Golden Delicious’ apples and was salecs it demonstrated
antagonistic effect againgt coliO157:H7 in previous studies (data not shown).

A non pathogenic strain &. coli O157:H7 (NCTC 12900) and a pathogenic strain
of Salmonella entericasubsp. enterica (Smith) Weldin serotype Michigan
(BAA-709 ATCC) were used. Both strains were adayptedrow on tryptone soy
agar (TSA, Oxoid, UK) supplemented with 100 pghuf streptomycin sulphate
salt (St, Sigma, Madrid, Spain) thereby enablintectkion on selective medium
(TSA-St) in the presence of CPA-6 and the naturiatabial flora associated with
apples and peaches. The strains were grown inommgpsoy broth (TSB, Oxoid,
UK) supplemented with streptomycin (TSB-St) for 20+ at 37 °C. The strain of
L. innocua,CECT-910 was used as a microbial surrogatke. shonocytogeneas
previous studies have demonstrated that it is @ vabdel forL. monocytogenes
behaviour (Francis and O'Beirne, 1997).innocuawas grown overnight in TSB
supplemented with 6 gLof yeast extract (Biokar Diagnostics, Beauvaisinee,
Tryptone soy broth yeast extract, TSBYE) at 37 °C.

E. coliO157:H7,SalmonellaandL. innocuacells were harvested by centrifugation
at 9820 x g for 10 min at 10 °C and then resuspkie sterile 8.5 g £ NaCl
solution (SS) obtaining a concentrated suspensibime concentration was
estimated using a spectrophotometer set=s#20 nm according to previously
determined standard curves.

2.3. Antagonistic effect of CPA-6 on minimally proessed apples and peaches

CPA-6 was grown on nutrient yeast dextrose agarNY8 g L™ nutrient broth,
Biokar Diagnostics, 5 g L yeast extract, 10 g Ldextrose, VWR International
Eurolab S. L. Spain, and 15 g'lagar, Industrias Roko S.A. Spain) plates
overnight at 25+1 °C. Colonies were scraped froenntiedium and a suspension of
305 % transmittance AE420 nm), which corresponded to approximately
1x1C cfu mL?, was prepared in 5 mL of sterile deionised wakeen, a volume of
the E. coliO157:H7,Salmonellaor L. innocuaconcentrated suspension was added
to the 30%-transmittance antagonist suspensiot&@ioa pathogen concentration
of, approximately, 1x10cfu mL’. The antagonist and pathogen suspension was
pipetted (15 pL) onto apple and peach tissue phngisthen fruit plugs were stored
at 20£1 °C for 2 days and at 5 °C up to 10 dayky (fon E. coli O157:H7). Control
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treatment consisted of a pathogen suspension withdagonist. For the pathogen
recovery, each fruit plug was placed into a stepilestic bag (Bagpage 80 mL,
Interscience BagSysterSf Nom La Breteche, Francand 9 mL of saline peptone
(SP, 8.5 g I NaCl and 1 g L' peptone) was added. It was homogenised in a
stomacher blended for 120 s at high speed (Bagni@@rMinimix, Interscience,
Weymouth, Mass.). Aliquots of the mixture were tteamially diluted and spread
plated on TSA-St foE. coli 0157:H7 andSalmonellaor on Palcam agar (Palcam
Agar Base with Palcam selective supplement, Bidkagnostics) for.. innocua
The agar plates were incubated overnight at 37+1rfi@al pathogen population
on apple and peach plugs was also determined folipthe same methodology.
There were three replicates fruit plugs per treatraed sampling time.

To evaluate the results obtained, population ofpdogen inoculated alone or in
presence of the antagonist was compared. Reductitime foodborne pathogens
(FBP) was calculated as follows:

Reduction = log Nsp— 10g Negpscpas

being N.gp: FBP population in the control treatment (FBP alodfu plug') after
storage period and fb.ceas FBP population (cfu pluY after storage period in
the presence of antagonist.

2.4. Determination of lowest effective antagonistate

CPA-6 was grown in TSB for 20-24 h at 30 °C. Theells were harvested by
centrifugation at 15344 x g for 15 min at 10 °C agsuspended in sterile SS. The
concentration was estimated using a spectrophotwrset ain=420 nm according
to a curve previously determined. For inoculum pregion, a volume of the
CPA-6 concentrated suspension was added to 5 nieiohized water to obtain
10 cfu mL* and then it was serially diluted to obtain ‘10, 1C and
10* cfu mL™*. The necessary volume &f coli O157:H7 concentrated suspension
was added to each of the CPA-6 suspension to ohtpathogen concentration of
10" cfu mL™. Apple plugs were inoculated as described prelyoasd stored at
20 °C for 2 days. Minimum CPA-6 concentration atoleeduceE. coli O157:H7
population more than 2-log units was chosen toelseetl againsalmonellaand

L. innocuaat 20 °C and againkt coliO157:H7 at 5 °C on apple plugs.

In addition, growth of CPA-6, when inoculated affefient concentrations, on
apple flesh stored at 20 °C was also monitored. giosvth of the minimum
effective dose was determined on apple plugs statel °C and on minimally
processed peach stored at 20 and 5 °C.

There were three replications for each determinadiiod all the experiments were
repeated twice.
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2.5. Hypersensitive reaction on tobacco plants

The hypersensitive reaction of CPA-6 in leaf mésdiptissue of tobacco plants
was determined to ascertain phytopathogenicithefstrain.

Pantoea ananatis(CPA-3) was used as positive control. Antagonisid a
P. ananatis were grown on TSB at 30 °C overnight and centdtugThe
supernatant was removed and cells were washed2bitmL of sterile deionised
water twice. Inoculums were prepared af & mL* for both microorganisms.
Inoculums were injected between the veins of tobdeaves using an insulin
syringe (Noval, 1991). Sterile deionised water wexulated as negative control.
For each microorganism four leaves were inoculatedculated plants were
maintained at room temperature and they were obdeiar typical symptoms of
hypersensitivity response in the form of necrog@lowing of the infiltrated area
and leaf dead on the following days. The experimeag conducted twice.

2.6. Phenotypic characterization

The Gram-reaction was determined by two testss lysB% KOH (Ryu, 1938) and
the presence of L-alanine aminopeptidase usingidBatt tests strips (Merck).
Catalase activity was determined by assessing bytolduction in 3% v/v kD,
and oxidase activity was tested using oxidase r@aff@oMérieux) according
manufacturer’s instructions. Motility was testedcroscopically from cells grown
overnight as well as a thick suspension of celsnvgr for 4 h in TSB at 28 C.
Because motility was negative microscopically weabstinoculated a tube
containing 0.7% TSA. The temperature range (6,59,18, 25, 30, 33, 36, 37 and
42 °C) for growth was tested on the base of cofonyation on TSA plates.

Anaerobic and microaerophilic growth was tested dmpwing the isolate in
anaerobic jars (Anoxomat). Oxidation and fermeotatf glucose and production
of gas was tested in tubes with glucose O/F mediLby glucose, 2 g peptone, 5 g
NacCl, 0.3 g KHPQ,, 0.080 g bromothymol blue and 2.5 g agardf demi water).
To create anaerobic conditions for fermentatioeraftoculation, a 5 cm layer of
melted paraffin (Merck) was added with an additlolager of liquid paraffine
(Brocacef) on top. Ability to oxidise various carbsources was tested by using
Biolog GN plates (Biolog Inc., Hayward, USA Relea&®). In addition nitrate
reduction, production of indole and ,$| arginine dihydrolase, lysine
decarboxylase, ornithine decarboxylase, ureasegtigase activity, and Vogel
Proskauer test were assayed using an API20E kisiieux).

2.7. rRNA sequencing and sequencing analysis

Almost full 16S rRNA analysis was performed to iiBhCPA-6. A 5 pL aliquot
of a colonyresuspended in Tris/EDTA buffer (10 mM Tris-HCI1OnM EDTA

160



CaPiTULO IV

pH 8.0) was spotted onto CloneSaverC (Whatman Bioscience) accong to the
manufacturer's recommendatic PCR was performed on :mm punches of th
card with the following primers (sequences in—3' direction) 16S1500
(ccgaattcgtcgacaacagagtttgatcctggctcag) and 16&1
(cccgggatccaagcttacggctaccttgttacge

PCR poducts were sequenced with 16S500F (tggagagtitggticag), BSF349/1
(aggcagcagtggggaat), 16S500R (taccgcggcetgctgdraE)/84 (rggattagataccc), BSR®
(gggotatctaatcee), BSF 1099 (gyaacgagcgcaaccce),lBIBIRL6 (gggttgcgctegttre), a
16S1500R (cccgatccaagcttacggctaccttgttacgactt) primers by usivi§-ET terminatol
cycle sequencing (Amersh Biosciences). Prior to separation on an ABI { system
(Applied Biosystems), sequencing products werefipd by using Sephadex -50
Superfine. Contigs were ilt with theDNASTAR packagt

Phylogenetic analysis was performed by using Bicgnire software version 4
(Applied Maths). A tree was constructed by the UPGiMethod

3. RESULTES

3.1. Antagonistic effect of CP,6 on minimally processed apples and peact

Effectiveness of CP-6 strain on reducince. coli O157:H7, Salmonell: and
L. innocuapopulations on minimally processed apples and pEashtored 2 d ¢
20°C is shown in Fig.

E. coli 0157:H7 initial population on apple plugs was 5.8Hdg cfu plu* and it
increased 1.3+0-log units after storage at 20 °C on apple plugsmiheculatec
alone. Conoculation with the strain CF-6 reducedE. coli O157:H7 populatio
5.3£0.940g units when compared to pathogen populationuladed alone (F 1A).
Salmonella behaviour on apple plug was similar to behaviouseoled fol
E. coliO157:H7. However, CF-6 caused lower population reduct
(2.620.3log units).L. innocue was the pathogen with highest population increast
apple plugs, from the initial 4.4.2 log cfu plui* to 7.1+0.1 log cfu plu™ after to 2 d
at 20 °C when it was inoculated alone-inoculation with CP6 caused a reductic
of 7.1-logunits, with a final population below detection lir(6C cfu plug?).

Higher pathogen increases wereerved when they were inoculated on peach p
E. coli O157:H7 population increased approximately 3.7-log units, with a fina
population over 8.0 log cfu pl™. Salmonell was the pathogen with the lowest incre
2.4+0.3log units andL. innocu: pcpulation increased 3.1+(-logunits. Reductiol
values of the three FBP by C-6 were similar to those observed on apple flesi\-6
reduced E. coll O157:H7 population 4.8+(-log units, Salmonella population
2.4+0.3log units, and agailL. innocu: was he most reduced, with a reduction valu
7.4+0.0log units (final population below detection lin®t) cfu pluc?).

161



NEW SPECIES OEENTEROBACTERIACEAEO CONTROL FOODBORNE PATHOGENS ON FRESEUT FRUIT

10.0
9.0
8.0

7.0

60 |— [ ]

co ] (2.6)

40 —1 -

3.0 1 53 —

2.0 1 o
(7.1)
1.0 -

0.0 -

FBP population
(logyo cfu plug™?)

E. coli O157:H7 Salmonella L.innocua

10.0
9.0

8.0
T —
7.0 ez

6.0 48)
5.0 1

401 H- R
3.0 1 —

2.0
7.4
1.0 ¢ (7.4)

0.0 -

o8]

FBP population
(logio cfu plug™®)

E.coliO157:H7 Salmonella L.innocua

Fig. 1 E. coli O157:H7,SalmonellaandL. innocuapopulation on ‘Golden Delicious’ apple (A) and
peach (B) plugs after inoculatioll ) and after 2daf incubation at 20 °C alond] ) or together
with CPA-6 strain inoculated at 48fu mL? (). Values are the mean of 6 values (2 assays3with
replicates each) and bars in the columns represtandard error of the mean. The numbers in
brackets show the average value of the log-reductitieved by the antagonist.

Ability of the strain CPA-6 in reducing. coli O157:H7 at refrigeration conditions
was tested in both apple and peach plugs (Fige.2y0oli O157:H7 population on
apple plugs was slightly reduced throughout stgraggh a final population
0.6+0.1-log units lower than the initial one. Codulation with the strain CPA-6
did not cause important reductions Bncoli 0157:H7 population and maximum
reduction was observed after 10 days of storaget@2-log units). In contrast,
E. coli O157:H7 population on peach plugs maintained uddy 6 and then
increased slightly, with a final population 0.3th&her than initial. In peach
plugs, co-inoculation with CPA-6 resulted in a di@seduction ofe. coliO157:H7
population, being lower to detection limit (50 gflug™) after 6 days of storage
(more than 5.0-log units reduction).
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Fig. 2 E. coli O157:H7 population on apple (squares) and peagangle) plugs throughout
conservation at 5 °C alone (full symbols) or witRAS6 strain inoculated at $@fu mL?* (open
symbols). Values are the mean of 6 values (2 asaéys3 replicates each) and bars represent
standard error of the mean. When the standard learsrare not visible, they are smaller than the si
of the symbol.

3.2. Determination of lowest effective antagonistake

Lower inoculums of CPA-6 were tested agaikstcoli O157:H7 population on
apple plugs stored 2 d at 20 °C in order to detezrthe lowest effective dose (data
not shown). InitialE. coli O157:H7 population was 5.2+0.0 log cfu plug
Throughout storage it increased 1.8+0.1-log urgising a final population of
7.0+0.1 log cfu plug. CPA-6 inoculum levels of £0 10 and 18 cfu mL?,
reducecE. coli 0157:H7 population 5.0-log units or more. Howeweinen CPA-6
inoculum was reduced to 16fu mL*, E. coli O157:H7 population reduction was
lower than 2.0-log units. Therefore, 616fu mL! was chosen as the minimal
effective dose of the antagonistic strain CPA-6 wad tested againSalmonella
and L. innocua on apple plugs (Table 1). CPA-6 reduced both pphse
population 4.5-log units or more.

Then, 16 cfu mL* CPA-6 concentration was tested agaiBstcoli 0157:H7,
Salmonellaand L. innocuaon peach plugs stored at 20 °C and reduction salue
were 2.8+0.9, 2.9+0.6 and 4.4+0.7-log units, respely (Table 1).

Finally, effectiveness of selected concentratiod® @fu mL") was tested against
E. coli O157:H7 inoculated on both, apple and peach pity®ed at 5 °C (Fig. 3).
E. coliO157:H7 population on apple plugs was reduced riane 1-log units after

10 days storage. In peach pludgs, coli O157:H7 population reduction of
2.0-log units was observed after 7 days of stomag it continued decreasing in
co-inoculated with CPA-6 peach plugs until end ¢brage, giving a final

population of 1.5+0.0 log cfu plifg(more than 3.0-log units reduction).
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Table 1E. coli 0157:H7,SalmonellaandL. innocuapopulation (log cfu plug) on apple
and peach plugs after inoculation and after 2 dtofage at 20 °C together with 0 and
10° cfu mL* of the antagonistic strain CPA-6

Initial CPA-6 concentration (cfu mL™)
0 16

Apple E. coliO157:H7 5.2+0.0 7.0+0.1 2.0+0.4

Salmonella 4.9+0.0 7.1+0.2 2.4+0.5

L. innocua 3.2+0.4 5.9+0.4 1.4+0.0
Peach E. coliO157:H7 5.1+0.0 7.4+0.2 4.7+0.9

Salmonella 5.0+0.1 8.4+0.1 5.5+0.6

L. innocua 4.8+0.1 7.9£0.2 3.5+0.7

@ Results are expressed as mean plus and minusedegrgor of the mean

6.0

5.0

. L
2.0 \f\
I

1.0

E. coli O157:H7 population
(logao cfu plug?)

0.0 T T T T T )
0 2 4 6 8 10 12

Storage time (days)
Fig. 3 E. coli O157:H7 population on apple (squares) and peagangle) plugs throughout
conservation at 5 °C alone (full symbols) or witRAS6 strain inoculated at 1@fu mL* (open
symbols). Values are the mean of 6 values (2 asaéys3 replicates each) and bars represent

standard error of the mean. When the standard learsrare not visible, they are smaller than the si
of the symbol.
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Initial CPA-6 concentrations on apple plugs wer®+0.2, 3.2+0.0, 4.6x0.1,
5.6+0.1 and 6.6+0.1 log cfu pldgvhen inoculated at different concentrations
(Table 2). However, after 2 d of storage at 20 &C,CPA-6 populations were
between 7.3+0.2 and 8.2+0.1 log cfu plugvhich represented growths between
1.4 and 5.4-log units. Then, as’I@u mL* was chosen as the minimum effective
dose, growth of CPA-6 on peach plugs stored atQ@mrd on apple and peach
plugs stored at 5 °C was only tested for this ihgou Initial CPA-6 population on
peach plugs was 4.520.1 log cfu pfugnd it increased more than 2-log units,
giving a final population of 6.9+0.8 log cfu piigfter storage at 20 °C (data not
shown). When CPA-6 was inoculated on apple andppams and stored at 5 °C
up to 10 d (Fig. 4) highest population increasesewabserved on peach plugs
(more than 4.0-log units), meanwhile it increasgdapproximately 3.0-log units
on apple plugs.

Table 2 CPA-6 population (log cfu plu) on apple plugs after inoculation and after 2 d
of storage at 20 °C when inoculated at differen¢le (cfu mLY).

CPA-6 population on apple plugs

CPA-6 inoculum concentration (log cfu plug‘l)

(cfumL™) —

Initial 2d20°C
10* 1.9+0.2 7.320.2
10° 3.2+0.0 7.8+0.1
10° 4.6+0.1 7.9+0.1
10’ 5.6+0.1 8.2+0.1
108 6.620.1 8.0+0.2

#Results are expressed as mean plus and minus istardar of the mean
There were three replications for each determinafimta was combined from two experiments.
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Fig. 4 CPA-6 population on apple (squares) and peacan(jtés) plugs troughout storage at 5 °C
inoculated at 10cfu mL?. Values are he mean of 6 values (2 assays wiéipl&ates each) and bars

represent standard error of the mean. When thelatarerror bars are not visible, they are smaller
than the size of the symbol.

3.3. Hypersensitive reaction on tobacco plants

CPA-6 was examined for its capability to produdeypersensitive reaction in leaf
mesophyll tissue of tobacco plants. CPA-6 did raatsed any reaction on tobacco
leaves when compared with the positive cor®.chnanatisCPA-3.

3.4. CPA-6 identification

CPA-6 cells are Gram-negative, facultative anaerolain-spore-forming rods. Colonies on
TSA are circular and non-pigmented. Cells are sgidgegative, catalase positive and non-
motile at 25 C in TSB. Fermentation of glucose is positive lauproduction of gas. Growth
occurred at 6-33C, but not at 37 C or higher temperatures. Growth at 36 °C is ddlayel
weak. Nitrate is reduced but there is no formatiamitrite which indicates the possibility of
gas production. Phenotypic properties of strain BP#d other close related genera of
CPA-6 are shown in Table 3. Strain CPA-6 differsnir other genera within the
Enterobacteriaceae family in its disability to gra@7° C and utilisation of inositol.

The almost full 16SrRNA sequence of strain CPA-6eated that the strain
belongs to the familfEnterobacteriaceadut it is not close related to any known
genera. Closest related species we€reesumbacterium proteugiogroup 1)
(98.2 %) Hafnia alvei (98.0 %) Serratia grimesii (98.0 %), Serratia
proteomaculans(98.0 %), Serratia plymuthica(97.7 %), Serratia liquefaciens
(97.6 %) andRahnella aquatilis(96.7 %). In Fig. 5 an UPGMA dendrogram is
shown.
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Fig. 5 UPGMA phylogenetic tree based on 16S rRNA geneesces showing the position of strain
CPA-6 among different genera of the faminterobacteriaceaeThe horizontal bar joining two
isolates or clusters indicating the level of simiila

4. DISCUSSION

Currently, preservation techniques in the fresh-eutustry include sanitation
techniques that reduce background microflora, whibhs been widely
demonstrated to inhibit pathogen’s growth. The afseompetitive microflora may
be a useful tool to enhance the safety of fresitsfand vegetables. In this study,
we have demonstrated that the strain CPA-6, isthl&tam minimally processed
apple, effectively inhibited growth or even reducénitial population of
E. coliO157:H7,Salmonellaand L. innocuaon fresh-cut apple and peaches. In
addition, CPA-6 was not phytopathogen to tobacemtplFinally, it was identified
as new specie belonging to genErderobacteriaceae

CPA-6 reducedE. coli 0O157:H7, Salmonella and L. innocua populations
inoculated on both apple and peach plugs storeda?2 20 °C. On both fruits,
L. innocuawas the pathogen that was reduced most (below didetection) and
Salmonellathe pathogen that was reduced least. At refrigeratonditions (5 °C),
E. coliO157:H7 population on apple plugs co-inoculatethwPA-6 was slightly
lower thanE. coli O157:H7 inoculated alone from 7 days of storagkabove and

it reduced significantly on peach plugs, with finabpulation below level of
detection. At both temperatures tested, CPA-6 amigtjc action was not
instantaneous and it was only noticeable afterag®mperiod. Other authors have
previously reported efficacy of microbial antagdénis reducing foodborne
pathogens on apples. For example, Janisievetzal. (1999a) showed that
co-inoculation of apple wounds with fresh cells tbé antagonistP. syringae
L-59-66 andE. coli O157:H7 prevented the growth of the pathogen &f8h of
incubation at 24 °C. Leverenit al. (2006) found that four microorganisms
isolated from apple inhibited growth or reducednileen 2.1 and 2.8-log units) the
populations ofL. monocytogenesn ‘Golden Delicious’ apples slices stored at
10 °C. However, at 25 °C reduction values incregech 5.7 to 6.0-log units) due
to more rapidly growth of both, the antagonists #mel pathogen. Nevertheless,
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only three of the isolates reduced the gram-neg&tiventericgpopulation on apple
slices stored at 25 °C and none were effective0aPC. The biocontrol yeast
Candida sake€CPA-1 reduced ak. coli mixture population on ‘Golden Delicious’
apple wounds throughout storage at 25 °C but nfsesh-cut apples neither at 5 or
25 °C (Abadiaset al, 2009). Triaset al. (2008) found five LAB strains that
reducedL. monocytogenepopulation below detection level in wounded apples
after 2 d at 25 °C, meanwhifalmonellawas only significantly reduced by 4 of
them and none of them redudedcoli population.

Table 3Phenotypic characteristics that distinguish st@##A-6 from other species.

Characteristic 1@ 2 3 4 5 6
Oxidase - - - - - -
Colonies > 1mm on TSA 30C + - +
Growth at 37 C - + + + +
+
+

+ + 4

Growth at 6 C*© + nd nd nd
Motility - -
Fermentation of glucose +
D-glucose, acid production
D-glucose, gas production - -
Ornithine decarboxylase -
Lysine decarboxylase -
Citrate + - - + + +
Acid production of mannitol + -
Acid production of inositol + - - nd nd -
Acid production of sorbitol - - - + + +
Acid production of rhamnose +
Acid production of sucrose + - -

+

+

+ + o+ + o+

+ o+ 4+ o+ 4+

+ o+ 4+ o+ 4+
+

+
+
+
+

Acid production of melibiose
Acid production of arabinose
Hydrolysis of Gelatin - - - + + .
Nitrate reduction + + + + + +

®Species: 1, strain CPA-6; besumbacterium proteybiogroup 1); 3,Hafnia alvej 4, Serratia
grimesii; 5, Serratia proteomaculanss, Rahnella aquatilisData for reference species were taken
from Bergey’s Manual of Determinative Bacteriologiyith edition and Rideltt al (1997).

by, positive; -, negative; nd, no data available.

°Ridellet al (1997)

168



CaPiTULO IV

Effectiveness of antagonist against FBP populatias expected to be dose
dependent. CPA-6 inoculum at ®16fu mL* was selected as minimal effective
dose. However, levels of FBP that may exist in #m¥ironment or on fresh
produce are assumed to be much lower than contienttasted (10cfu mL?),
thus, the effectiveness of the antagonist is exgetct be even greater.

CPA-6 strain did not cause hypersensitive reaaiomobacco leaves, hence it was
not phytopathogen. This is an important charadterés it would be impractical to
inoculate large numbers of competitive bacteriandhe product, especially if the
microorganism of interest was a potential spoilagent. Any benefit gained from
the inhibition of foodborne pathogen would be Idsthe product spoils more
rapidly (Johnstoret al, 2009).

From the molecular data we can conclude that sit&-6 is phylogenetically
close related to the geneBarratia ObesumbacteriurandHafnia. However, it has
several unique biochemical properties which disitrate the strain from the earlier
mentioned related genera. Therefore, this stralikédy to belong to a new genus
within the family Enterobacteriaceaebut further extensive taxonomic study is
necessary to confirm this.

In spite of promising results found with this studseveral hurdles may be

overcome before antagonistic microorganisms cansee in a biocontrol strategy

with fresh or fresh-cut produce. Once identifidte safety of CPA-6 would be of

foremost concern and practical application methalde must be developed. In

addition, the inhibitory effect of the CPA-6 on FBRS not instantaneous as it was
just detected after storage time; therefore, coatlmn with other strategies would

be desirable.
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ABSTRACT

Consumption of fresh-cut fruits has substantialsem over the last few years,
which has led to an increase in the number of ea#ts associated with fruit.
Moreover, consumers are currently demanding whalesdresh-like and safe
foods without addition of chemicals. As a resporiBe, aim of this study was to
determine if naturally occurring microorganismsfasit are ‘competitive with’ or
‘antagonistic to’ potentially encountered pathogdfom all the isolates tested,
seven showed a strong antagonistic capacity aggiisterichia coliO157:H7,
Salmonellaand Listeria innocuaon fresh-cut apples and peaches stored at 20 °C.
One of them, CPA-7, achieved the best reductionesahnd was the only able to
reduceE. coli O157:H7 at refrigeration temperatures on botht.fidence, it was
selected for further assays. Dose-response askaysed that CPA-7 should be at
least at the same load that pathogen to give geddctions. Hypersensitive
reaction test on tobacco plants showed that it mesphytopathogenic and from
results obtained ifn vitro assays, competition seemed to be its mode ofractio
The strain was identified aBseudomonas graminisThus, results support the
potential use of CPA-7 as a bioprotective ageniragjdoodborne pathogens in
minimally processed fruit.

Keywords: Escherichia coliO157:H7;SalmonellaListeria innocua biopreservation;
minimally processed fruit; antagonist
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1. INTRODUCTION

The consumption of minimally processed fruits arebetables has increased
continuously during the last decades due to a aghamghe consumer tendencies
like the lack of time to buy and cook, the publionsciousness of the health
benefits associated with the consumption of progdtieeyear-round availability of
vegetable products, and an increase in the vasfetpmmodities offered.

Spoilage bacteria, yeast and moulds dominate theofiira on raw fruits and
vegetables; however, the occasional presence bbganic bacteria, parasites, and
viruses capable of causing human infections, dratefore outbreaks of foodborne
diseases linked to fresh fruits and vegetables wwopson have been reported
(Beuchat, 2002). For examplealmonellaandEscherichia coliO157:H7 have been
implicated in outbreaks from cantaloupes and hoewythelons, tomatoes, pears,
watermelons, strawberries, mangoes and grapes (QD@7; Harriset al, 2003).
Listeria monocytogendsas been shown to contaminate vegetables suctttase
broad-leaved endives, broccoli, radishes, cabbagesatoes and cucumbers
(Beuchat, 1996; Carlin and Nguyen-The, 1994; Luthel Gillespie, 2008).

During processing of fresh-cut produce, cuttinggisf), skinning and shredding
remove or damage the protective surfaces of tha plafruit so nutrients become
more available, and pathogens can be spread frotaminated to uncontaminated
parts (EU Scientific Committee on Food, 2002). Mwer, a treatment to
guarantee the total elimination of microorganisment fresh-cut fruits and
vegetables does not exist so they are particulsulceptible to the growth of
spoilage bacteria and pathogens. Previous studies demonstrated the capability
of SalmonellaMichigan, E. coli O157:H7 andListeria innocuato grow on
fresh-cut apples (Abadiat al, 2009; Alegreet al, 2010a; Conwat al, 2000;
Dingman, 2000; Gunes and Hotchkiss, 2002; Janisiegti al, 1999b; Leverentz
et al, 2006) and peaches (Aleggeal, 2010b).

In the fresh-cut industry, chlorine is commonly dige disinfect produce. However
chlorine does not ensure elimination or even aieft reduction in pathogen levels
(Beuchat, 1998). A prolonged exposure to chloriapov may cause irritation to the
skin and respiratory tract of handlers. In addijtimorinated organic compounds, such
as trihalomethanes, can be produced in contactong@mic matter. In addition, there is
an increasing demand for “natural” and “additiveefr products. Therefore, it is
desirable to preserve foods by natural means (K883). Biological control fits well
with this new tendency, and several bacteria arabtgehave been identified as
bioprotective agents (Vermeirat al, 2004). The native microflora established on
food may have inhibitory properties against conteating foodborne pathogens and
therefore, via competition or antibiosis, functias a hurdle to pathogen growth and
survival (Leistner and Gorris, 1995; Schuenzel dadison, 2002). So that, it seems
promising to find specific organisms among the ratonicroflora that are responsible
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for exhibiting these pathogenic features. For exantipe strairPseudomonas syringae
L-59-66, commercialized as BioSave 110 (EcoScie@ogp. Orlando, Fla.) for
controlling postharvest decays on apples and pgaeyented the growth of
E. coliO157:H7 on wounded apple tissue (Janisiewical, 1999a). The growth of
L. monocytogenesnd S. entericain fresh-cut apples was prevented using fungal
antagonists (Levereng al, 2006). Triaset al. (2008) found five strains of lactic acid
bacteria able to inhibiL. monocytogenesnd Salmonella typhimuriurin apple
wounds which were not effective in reduciBgcoli. Recently, Abadiast al. (2009)
found that the application of the fungal posthanagagonisiCandida sakeCPA-1
reduced growth of a mixture &f colistrains in apple wounds at 25 °C.

The objective of this study was to evaluate nativeroorganisms from fresh and
fresh-cut fruit that showed inhibitory potentialagmgst the foodborne pathogens
(FBP) E. coli O157:H7,SalmonellaandListeria innocuaon minimally processed
apples and peaches. The best antagonist was sklaéotebe tested for
phytopathogenicity, antimicrobial substances préida¢ and minimum inhibitory
concentration. Finally, it was identified.

2. MATERIALS AND METHODS

2.1. Fruit

‘Golden Delicious’ apples, and ‘Royal Glory’, ‘Elegt Lady’, ‘Merry O'Henry’,
‘Tardibelle’, ‘Placido’ and ‘Roig d’Albesa’ peachegere used in the experiments.
Different varieties of peaches were used due tohigl seasonality and low
storage capability of these fruits. Fruits, whicddinot received any postharvest
treatment, were obtained from the IRTA Experimengtation and from
packinghouses in Lleida (Catalonia, Spain).

Fruits were washed in running tap water and surdsiafected with ethanol 70 %.
They were cut in half and plugs of 1.2 cm of diaenel cm long were taken using
a cork borer. Plugs were placed into sterile glasstubes.

On the day of the assay some quality parameters getermined. A sample of the
apples and the peaches used was tested for pHavg#netration electrode (5231
Crison, and pH-meter Model GLP22, Crison Instrurae®A., Barcelona, Spain).
After pH determination, fruits were crushed andubt# solids content was
determined at 20 °C using a handheld refractonfétago CO., LTD. Japan). To
measure titratable acidity, 10 mL of fruit juice mealiluted with 10 mL of distilled
water and it was titrated with 0.1 N NaOH up to @H. The results were
calculated as g of malic acid'L
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2.2. Antagonists

Bacteria and yeasts to be tested as putative arittgaovere isolated from fresh-cut
apples, peaches and pineapples and from the swfdoesh apples, peaches and
nectarines. Whole fruits were rinsed with sterikdodised water, submerged in
saline peptone (SP, 8.5 ¢ INaCl and 1 g L* peptone) and sonicated for 10 min.
To isolate microorganisms from fresh-cut fruits, @9f the products were mixed
with 225 mL of SP in a stomacher blender for 2 @irl50 rpm (Stomacher 400
Circulator, Seward). Several dilutions, from eitldrole or fresh-cut fruits, were
plated on different media: nutrient yeast dextragar (NYDA, 8 g [* nutrient
broth, 5 g L' yeast extract, 10 g L dextrose and 15 gL agar), NYDA
supplemented with imazalil (20 ppm, Sigma, Mad8gain) for bacteria isolation
or with streptomycin sulphate salt (500 ppm, Sgn®&) for yeast and moulds
isolation and de Man, Rogosa and Sharpe medium (M&&ar Diagnostics,
Beauvais, Frangefor lactic acid bacteria isolation. Plates wereulmated at
25x1 °C for 3 days. Colonies of different morphglagere selected and isolated.

A collection of fungal antagonists belonging to tiathology Laboratory
collection, which had demonstrated efficacy in @dg fungal postharvest
diseases, was also tested.

Antagonists were grown on NYDA plates at 25+1 °€Ze8 days. Colonies were
scraped from the medium and a suspension of 30#&afsmittanceX=420 nm),
which corresponded to a concentration betweémi® 16 cfu mL*, was prepared
in 5 mL of sterile deionised water.

2.3. Biological control in in vivo tests on freshat apples and peaches

A non pathogenic strain &. coli O157:H7 (NCTC 12900) and a pathogenic strain
of Salmonella entericasubsp. enterica (Smith) Weldin serotype Michigan
(BAA-709, ATCC) were used. Both strains were addptegrow on tryptone soy
agar (TSA, Oxoid, UK) supplemented with 100 pgdf streptomycin thereby
enabling detection on selective medium (TSA-St}hie presence of antagonists
and the natural microbial flora associated with lepmnd peaches. The strains
were grown in tryptone soy broth (TSB, Oxoid, UKupplemented with
streptomycin (TSB-St) for 20-24 h at 37 °C. Thaistrof L. innocua,CECT-910
was used as a microbial surrogateLofmonocytogeneas previous studies have
demonstrated that it is a valid model formonocytogenelsehaviour (Francis and
O'Beirne, 1997).L. innocuawas grown overnight in TSB supplemented with
6 g L™ of yeast extract (tryptone yeast extract soy hro¥SEB) at 37 °C.

E. coliO157:H7,SalmonellaandL. innocuacells were harvested by centrifugation
at 9820 x g for 10 min at 10 °C and then resuspkie sterile 8.5 g £t NaCl
solution (SS). The concentration was estimatedguairspectrophotometer set at
A=420 nm according to previously determined standardes.
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For the inoculum preparation, a volume of the FBRcentrated suspension was
added to the 30 %-transmittance antagonist suspertsi obtain approximately
1x10 cfu mL *. The antagonist and pathogen suspension waseap@ts L) onto
fruit tissue plugs and then fruit plugs were stoeed20+1 °C for 2 days. Control
treatment consisted on a pathogen suspension wigdmbagonist. For the pathogen
recovery, each fruit plug was placed into a stepilestic bag (Bagpage 80 mL,
Interscience BagSystem, St Nom La Breteche, Franp mL of SP was added. It
was homogenised in a stomacher blended for 120hgghtspeed (Bagmixer 100
Minimix, Interscience). Aliquots of the mixture veethen serially diluted and spread
plated on TSA-St foE. coli O157:H7 andSalmonellaor on Palcam agar (Palcam
Agar Base with Palcam selective supplement, Bidkagnostics) forl. innocua
The agar plates were incubated overnight at 37+1rfittal pathogen population on
apple and peach plugs was determined. Each fugtyhs a replicate and there were
three replicates per treatment and sampling time.

To evaluate the results obtained, populations @fdithogen inoculated alone or in
presence of the possible antagonist were comp&eduction of the FBP was
calculated as follows:

Reduction = log Nsp— 10g N-gpaant

being N.gp: FBP populations in the control treatment (FBPalocfu plugd) after
storage period anddyb.ani FBP population (cfu pluY after storage period in the
presence of antagonist. Higher values indicateebatttagonists. Negative values
indicate that the antagonist favoured FBP growth.

All the putative antagonists were first tested ageE. coli O157:H7. When the
populations oE. coli0157:H7 in presence of the possible antagonise wegtuced
by more than 1-log unit, biocontrol assay was reggb#o study the consistency of
the results in two screening tests. On the contrahgn microorganisms showed a
reduction of FBP development lower than 1-log uhigy were rejected.

When a microorganism reducefl. coli O157:H7 populations for more than
1-log unit in two consecutive screenings, it westdd twice againdt. innocuaand
Salmonella When its efficacy was good against both FBP, aswested against
E. coliO157:H7 at refrigeration conditions. In these gss&uit plugs were stored
at 5 °C and pathogen was recovered after 2, 6 Quigys.

2.4. Dose-response relationships in the biocontrobf E. coli O157:H7,
Salmonellaand L. innocua on fresh-cut apples

From all the microorganisms tested, one achievedottst results in reducing the
three foodborne pathogens; therefore it was selettdbe used in dose-response
assays on fresh-cut apples.
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The selected antagonist was grown in TSB at 30 Y&night. Then, it was
centrifuged at 9820 x g for 10 min at 10 °C andispended in sterile deionised
water. Pathogen’s concentrated suspensions weaemettas described previously.
The concentrations of antagonist used were 16, 10 and 16 cfu mL™* and for

the FBP, 18 1¢° and 10 cfu mL™. Apple plugs were prepared and inoculated as
described previously. Both, pathogen and antagoomtcentrations, when
inoculated alone or in combination, were determia&er inoculation and after
storage at 20 °C for 2 days. For antagonist regowautrient agar plates (NA,
Biokar Diagnostics) were incubated at 25+1 °C fdags.

There were three replicate fruit plugs per treattimand sampling time and the
assay was repeated twice.

2.5. Hypersensitive reaction on tobacco plants

The hypersensitive reaction of the best isolatle@f mesophyll tissue of tobacco
plants was determined (Noval, 1991) to ascertai pghytopathogenicity of the
strain.

Pantoea ananatis(CPA-3) was used as positive control. Antagonisid a
P. ananatis were grown on TSB at 30 °C overnight and centsatigThe
supernatant was removed and cells were washed2bitmL of sterile deionised
water twice. Inocula were prepared at’ tfu mL* for both microorganisms.
Inocula were injected between the veins of tobdeawes using an insulin syringe
(Noval, 1991). Sterile deionised water was ino@dads negative control. For each
microorganism four leaves were inoculated. Ino@dgblants were maintained at
room temperature and they were observed for tygigaptoms of hypersensitivity
response in the form of necrosis, yellowing of ithfdtrated area and leaf dead on
the following days. The experiment was conductadew

2.6. In vitro determination of antagonistic activity

The isolate that achieved the best reduction vailugbe above experiment was
tested for antagonistio vitro activity. The selected antagonist was grown in TSB
at 30 °C overnight. From the culture obtained,agtfon was reserved to be tested
as ‘culture’. The rest was centrifuged at 9820 fog 10 min at 10 °C. The
supernatant was adjusted to pH=6.5 and sterilizgd miembrane filtration
(0.22 um) obtaining a neutralized cell-free suptemia (NCFS). Cells were
resuspended in sterile deionised water, centrifiagetiwashed twice obtaining an
antagonist cell suspension.

In in vitro assays, in addition t&. coli O157:H7, Salmonellaand L. innocua
strains,Listeria monocytogene€ECT-4031,Aeromonas hydrophil® TCC 7966
andPseudomonas marginalB8ECT-229 were also used as indicator strains.
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SalmonellaandE. coli O157:H7 were grown overnight in TSB-St andinnocua
andL. monocytogene TYSEB at 37 °CA. hydrophilaandP. marginaliswere
grown overnight in TSB at 30 °C without and withtatijon respectively.

All purpose agar plates (meat extract 20 glucose 20 g t and agar 15 g1
were overlaid with 5-6 mL of TSA or TSA supplemahteith 6 g L* of yeast
extract (tryptone yeast extract soy agar, TYSEA} agar (7.5 g L* agar) after
inoculation with 50 pL of the correspondent indigzatulture. Drops (5 pL) of
antagonist ‘culture’, NCFS or cell suspension wepotted on the lawns of
pathogens and incubated overnight at 30 °C. Inbibivas recorded as positive if a
translucent halo zone was observed around the $hete were three replications
for each indicator strain and the experiment wasaied twice.

2.7. ldentification of antagonistic strains

Gram stain, catalase, and oxidase tests were petbfor the isolates with the best
inhibitory results. The APl 20E, API 20NE and APIADx Systems (bioMerieux,
Marcy-I'Etoile, France) were used. Some of themenadso identified using partial
16S rRNA.

3. RESULTS

3.1. Biological control in in vivo tests on fresh-at apples

Two batches of ‘Golden Delicious’ apples were us€Hde initial pH of both
batches was, approximately, 3.8, soluble solidgedrfrom 12.2 to 15.6 °Brix and
titratable acidity ranged from 1.37 to 2.91 g maliid L.

The inhibitory potential of 97 microorganisms wasted againgk. coli 0157:H7
on fresh-cut apples after storage at 20 °C forya.dawelve of them belonged to
the Pathology Laboratory Collection, 40 were issdatfrom whole ‘Golden
Delicious’ and ‘Granny Smith’ apples surface, 19evesolated from commercial
fresh-cut apples and peaches, 25 were isolated rbate peaches and nectarines
surface and one was isolated from fresh-cut pirleapp

Initial E. coli 0157:H7 population on apple plugs was around &g@dfu plug'
After 2 days of storage at 20 °C it reached a fprmulation of 6.8 log cfu plul
(Fig. 1A). From the 97 microorganisms tested, &.{86) did not have any effect
on E. coliO157:H7 population (reduction <1.0-log unit corgzhwvith the control,
E. coli O157:H7 inoculated alone, data not shown), andefbee they were
rejected. Ten isolates reduc&d coli O157:H7 population on fresh-cut apple at
least 1.0-log units (Fig. 1A). The strains CPA-PAC2, CPA-5, 128-M and C9P21
belonged to the Pathology Laboratory Collection5PRN6, EL8 and CPA-7 were
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some of the microorganisms isolated from wholetéritand M174BAL2 was
isolated from fresh-cut apple. One microorganism,PA&Z reduced
E. coliO157:H7 population 4.5-log units, hence not ordguced growth of the
pathogen but also had a bactericidal effect.

Those microorganisms that were effective in redyé&ncoli O157:H7 population
were selected to be tested agaiBalmonellaand L. innocuaat 20 °C. Initial
Salmonellapopulations on apple plugs were approximatelyl&g3cfu plug' and
reached a final population around 6.7 log cfu Plafter 2 days of storage at 20 °C
(Fig. 1B). Salmonella population reductions were, in general, lower than
E. coliO157:H7 reductions. From the ten microorganisnssete 8 did not have
any effect onSalmonellapopulation, 128-M reduced it 1.0-log units and CPA
reduced it 4.7-log units.

In general, the highest pathogen reductions wemmdowhen the ten selected
microorganisms were tested agaibsinnocua Initial L. innocuapopulations were
around 4.4 logfu plug® and it augmented approximately 2.6-log units ateiays
of storage at 20 °C (Fig. 1C). PopulationLofinnocuawas reduced between 1.0
and 2.0-log units by five of the microorganismgddsand the other five reduced it
more than 2.0-log units. Again, CPA-7 achieved thghest reduction value,
5.9-log units.

Finally, efficacy of the ten selected microorgarssmvas tested against
E. coliO157:H7 at refrigeration conditions: apple plugsrevstored at 5 °C and
pathogen population was determined after 2, 6 dhddlys of storage (Table 1).
Populations of E. coli O157:H7 inoculated alone decreased 0.6-log units
throughout storage. From the ten microorganismede®nly CPA-7 significantly
reduced E. coliO157:H7 population (approximately 3.5-log unitsduetion).
However, the reduction was not observed until day 6

3.2. Biological control in in vivo tests on fresh-at peaches

Due to fruit seasonality, different peach varietresre used for the experiments.
The pH of peaches used ranged from 3.69+0.06 t&+B.24 according to the
variety used. The most acidic variety was ‘Eledaady’ (3.69+0.06) and the least
was ‘Roig d’Albesa’ (5.11+0.24). Soluble solids gad from 11.0+£1.0 °Brix
(‘Royal Glory’ peaches) to 13.6 °Brix (‘Roig d’Alba’ peaches). ‘Royal Glory’
peaches had the lowest acid content (3.65+0.87 lig raaid L") and ‘Elegant
Lady’ peaches the highest (7.20+0.60 g malic acid L

A total of 107 microorganisms were tested for aotagtic properties against
E. coli O157:H7 on peach plugs at 20 °C. Twenty belongedhé Pathology
Laboratory collection, 54 were isolated from peachead nectarines surface, 24
from apples surface, 8 from commercial fresh-cybles and peaches and one
isolated from fresh-cut pineapple.
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Fig. 1 E. coli 0157:H7 (A), Salmonella(B) andL. innocua(C) population on apple plugs after
inoculation @) and after 2 days of incubation at°@Dalone & ) or with each of the 10 selected

microorganisms as putative antagonists. Valuegherenean of 6 values (2 assays with 3 replicates

each) and bars in the columns represent standaiat ef the mean. l
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that reduced pathogen populatiar2-log units. The numbers in brackets show the agewalue of

microorganisms that reduced pathogen populationleg 2inits;
the reduction achieved by the microorganisms.

183



CONTROL OF FOODBORNE PATHOGENS ON FRESEUT FRUITS BY PSEUDOMONAS GRAMINIS

Table 1 Population ofE. coli O157:H7 on ‘Golden Delicious’ apple plugs in thregence
of different antagonists and stored at 5 °C oveddy.

Antagonist Population (log cfu plug?) after indicated storage time (days) at
5oC
0 2 6 10

None 5.23+0.04 a 5.17+0.01 a 4.90+0.01 a 4.65+0.08 a
CPA-1 5.23+0.04 a 5.15+0.02 a 4.97+0.01 a 4.79+0.05a
CPA-2 5.23+0.04 a 4.97£0.02 b 4.76+0.02 a 4.56+0.02 a
PN5 5.23+0.04 a 5.12+0.02 a 4.98+0.05 a 4.84+0.03 a
PN6 5.23+0.04 a 5.13+0.04 a 4.94+0.03 a 4.84+0.03 a
CPA-5 5.23+0.04 a 5.17+0.03 a 4.82+0.02 a 4.81+0.06 a
M174BAL2  5.23+0.04 a 5.14+0.01 a 4.63+0.29 a 4.80+0.05 a
EL8 5.23+0.04 a 5.17+0.02 a 5.00+0.03 a 4.8310.02 a
128-M 5.23+0.04 a 5.10+0.02 a 4.88+0.02 a 4.78+4.78 a
CoP21 5.23+0.04 a 5.14+0.02 a 4.79+0.17 a 4.83+0.04 a
CPA-7 5.23+0.04 a 5.14+0.01 a 1.34+0.69 b 1.14+0.57 b

2 Plugs were inoculated with. coli 0157:H7 at 10cfu mL™.

P Results expressed as mean plus and minus staneldedion for each analysis (n=3). Means within
columns with different letters (a, b) are differanthe 0.05 significance level.

E. coli O157:H7 initial population on peach plugs afterodualation was
approximately 4.8 log cfu plug and it reached a final population around
7.9 log cfu plug after 2 days at 20 °C (Fig. 2A). Althoudgh coli O157:H7
populations were not affected by 84 of the micramigms tested, 23 reduced it
more than 1.0-log units. Only results from the 1@hwhighest reductions are
shown. RG4 and EL8 were isolated from whole peachR&& and CPA-7 from
whole apples and CPA-5, CPA-2, CPA-3, C9P21, 128nd F-10 belonged to the
Pathology Laboratory collection. One microorganisbiA-7, that achieved the
best results on apple, was also the best in regicircoli O157:H7 on peach with
a reduction of 4.3-log units.

The efficacy of the ten selected microorganisms teated againsbalmonellaon
peach plugs. Initial pathogen populations on pealalgs were 5.1 log cfu plug
and it increased approximately 2.4-log units afedays of storage at 20 °C
(Fig. 2B). Once more, the most effective microoiganwas CPA-7 which reduced
Salmonellss growth 2.8-log units. In general, for each aotasigt, reductions
obtained withSalmonellawere lower than those obtained wihcoli O157:H7.
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Fig. 2 E. coli 0157:H7 (A),Salmonella(B) and L. innocua(C) population on peach plugs after
inoculation @) and after 2 days of incubation at®®alone @ ) or with each of the 10 selected
microorganisms as possible antagonists. Valuesharenean of 6 values (2 assays with 3 replicates
each) or 9 values (3 assays with 3 replicates dact§almonellaand bars in the columns represent
standard error of the mealll : treatment with migganisms that reduced pathogen population
< 2-log units;0 : treatment with microorganisms theduced pathogen populatiar2-log units. The
numbers in brackets show the average value ofetthgction achieved by the microorganisms.
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L. innocuainitial populations on peach plugs were around ldg3cfu plug* and

population after 2 days of storage at 20 °C wemragpmately 7.4 log cfu plug

(Fig. 2C). From the ten microorganisms tested ajdininnocua four of them

(EL8, CPA-2, CPA-7 and C9P21 reduced its growth entfran 2.0-log units.
Again, CPA-7 was the most effective with a reduttalue of 4.0-log units.

E. coli O157:H7 population increased by 0.3-log unitsrat® days at 5 °C
(Table 2). When the efficacy of the ten selectedragirganisms was tested against
E.coli on peach plugs at refrigeration temperatures, CPAeduced
E. coliO157:H7 populations below detectable level (50pifig?) after 6 days of
storage.

From all the isolates tested, CPA-7 was selecteduither studies as it exhibited
the strongest inhibitory action agaiistcoli 0157:H7,SalmonellaandL. innocua
on fresh-cut apples and peaches.

Table 2 Population oft. coli O157:H7 on ‘Elegant Lady’ peach plugs in the presewic
different antagonists and stored at 5 °C over 18.da

Antagonist Population (log cfu plug") after inadicated storage time (days) at 5
oC
0 2 6 10

None 5.09+0.07 a 5.07+0.06 ab 5.09+0.02 a 5.34+0.29 a
CPA-5 5.09+0.07 a 5.08+0.11 ab 5.09+0.01 a 4.88+0.11 b
EL8 5.09+0.07 a 5.16+0.03 a 5.01+0.04 ab 4.89+0.06 b
RG4 5.09+0.07 a 5.12+0.03 a 4.94+0.03 ab 4.60£0.15 b
CPA-2 5.09+0.07 a 4.71+0.33 b 4.85+0.10 b 4.68+0.02 b
PN6 5.09+0.07 a 5.13+0.02 a 5.03+0.02 ab 4.76+0.14 b
CPA-3 5.09+0.07 a 5.06+0.03 ab 4.92+0.10 ab 4.61+0.12 b
F-10 5.09+0.07 a 5.05+0.01 ab 5.05+0.03 ab 4.68+0.02 b
CPA-7 5.09+0.07 a 5.19+0.01 a <l7c <l7c

C9P21 5.09+0.07 a 4.9040.14 ab 4.924+0.10 ab 4.80+0.11 b
128-M 5.09+0.07 a 4.90£0.04 ab 4.95+0.06 ab 4.78+0.08 b

2 Plugs were inoculated with. coli O157:H7 at 10cfu mL™.

P Results expressed as mean plus and minus staneldedion for each analysis (n=3). Means within
columns with different letters (a, b, c) are diéfer at the 0.05 significance level.
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3.3. Dose-response relationships in the biocontrobf E. coli O157:H7,
Salmonellaand L. innocua on fresh-cut apples

E. coli 0157:H7 inoculum was prepared at 1.3%100x16 and 1.4x10cfu mL*
and initial population on apple plugs after inotiola was 3.2, 4.1 and
5.1 log cfu plud, respectively (Fig. 3A)E. coli populations augmented 2.4, 3.1
and 2.1-log units, respectively, after 2 days ofaje at 20 °C when inoculated
alone. Application of CPA-7 at a concentration 6f &fu mL*, resulted in great
reductions (more than 3.5 log units) in the thre¢hpgenic population levels.
Reducing CPA-7 inoculum caused a decrease in amitgoeffect.

Salmonellainitial populations were 3.1, 4.0 and 5.1 log gflug® (Fig. 3B).
Populations increased between 2.1 and 3.5-log,uniis although highest growth
was observed with the lowest inoculum level, fipapulations were the lowest
(below 7.0-log cfu plug). Application of CPA-7 at concentrations of “1énd
10° cfu mL?, resulted in reductions oBalmonella populations higher than
3.3-log units. When CPA-7 inoculum was reduced @ and 16 cfu mL?,
reductions obtained were strongly dependent Salmonella populations.
Reductions of 1.9-log units were achieved when gorist and pathogen were
inoculated at the same level.

Initial L. innocuapopulations on apple plugs were 2.4, 3.9 and dg&fu plug*
(Fig. 3C) and they augmented 4.0, 2.5 and 1.5-lits Wduring storage at 20 °C,
respectively. Application of CPA-7 at 1@nd 18 cfu mL?, caused a pathogen
reduction higher than 2.0-log units and, similatty Salmonella the same
proportion of antagonist: pathogen was needed hieae a pathogen reduction
higher than 2.0 log units.

Growth of CPA-7, when inoculated at different lejadn fresh-cut apples was also
determined (Fig. 4). Initial antagonist populatiars fresh-cut apple ranged from
2.9to0 5.9 log cfu plug and regardless initial concentration, after 2 dtofage at
20 °C, all antagonist populations were over 7.0-louts, which represented
population increases among 1.4 and 4.2-log units.

3.4. Hypersensitive reaction on tobacco plants

CPA-7 capacity to produce a hypersensitive readtioleaf mesophyll tissue of
tobacco plants was examined and no reaction wasraah even at facfu mL?,
when compared with the positive contRolananatisCPA-3.

3.5.In vitro determination of antagonistic activity

Neither the culture nor the neutralized cell-freernatant or the cells produced
inhibition zones in the growth of any of the patbng tested (data not shown).
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Fig. 3 E. coli 0157:H7 (A), Salmonella(B) andL. innocua(C) population on apple plugs after
inoculation at three different inoculum levels’ {@), 1¢ (O) and 168 (O) cfu mL? (initial) and
after 2 days of incubation at 20 °C alone (2 d@Dd6r with CPA-7 at different inoculum levels®10
10°, 1 and 16 cfu mL™. Values are the mean of 6 values (2 assays wigipl&ates each) and bars
in the columns represent standard error of the mBa® numbers in brackets show the average value
of the reduction achieved by CPA-7.
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3.6. Identification of antagonistic strains

The taxonomic status of 13 strains was determineghysiological, biochemical
or morphological testing. As shown in Table 3, ame cases the identification by
biochemical testing did not agree with that of jgari6S rDNA sequencing. Two
of them were yeasts, CPA-1 w&andida sakeand M174BAL2 wasCandida
famata All the other strains were gram negative baeitid oxidase and catalase
reaction were negative and positive respectivelysiMof them (6 out of 13)
belonged td?antoeaspp. and 3 belonged Rseudomonaspp.

3.7. CPA-7 identification

Cells of CPA-7 strain are Gram-negative, stricbaéar, non-spore-forming, motile
rods. Colonies on TSA are circular and yellow pigted. Cells are oxidase
negative and catalase positive. Growth occurre@-2@ ° C, but not at 33 C or
higher temperatures. Growth below°& was not tested in media. Phenotypic
properties of strain CPA-7 and other close relatiokthe genu®seudomonaare
shown in Table 4.

The partial 16S rRNA sequence of strain CPA-7 riageéhat the strain belonged
to the genusPseudomonasvith 99.9 % sequence identity to the type strdin o
Pseudomonas gramini©ther close relatives wetlgseudomonas luteé09.3%)
and Pseudomonas rhizosphaer&@8.8%). In Fig. 5 an UPGMA dendrogram is
shown.
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The strain was identified @seudomonas gramin{Behrendtet al, 1999)based
on almost full 16S rRNA analysis and phenotypitstes

Table 3Identification results obtained with the aid of ARIE and APl 20NE systems and
16S rDNA sequence analysis.

Microorganism API20E/API20NE/API CAux/Biolog 16S rDNA

CPA-7
128-M
CoP21
PN6
CPA-5
EL8
RG4
CPA-2
CPA-3
F-10
CPA-1
PN5
M174BAL2

Chryseomonas luteola
Pantoeaspp.
Pantoeaspp.
Pantoeaspp.
Pseudomonas syringae
Pantoeaspp. 3
Rahnella aquatilis
Pantoeaspp

Pantoea ananatis
Pseudomonas syringae
Candida sake
Flavimonas oryzihabitans
Candida famata

Pseudomonas graminis
Pantoea ananatis
Pantoea agglomerans
Pantoea agglomerans

Pantoea agglomerans

98

99

100

.

Pseudomonas oryzihabitans (D84004)
Pseudomonas plecoglossicida (AB009457)
Pseudomonas putida (D84020)
Pseudomonas fulva (D84015)
Pseudomonas parafulva (AB060132)
Pseudomonas graminis (Y11150)
strain CPA-7

Pseudomonas lutea (AY364537)
Pseudomonas rhizosphaerae  (AY152673)
Pseudomonas mohnii (AM293567)
Pseudomonas umsongensis (AF468450)
Pseudomonas vancouverensis (AM293568)
Pseudomonas koreensis (AF468452)

Fig. 5 UPGMA phylogenetic tree based on 16S rRNA geneesces showing the position of strain
CPA-7 among species of the gefRseudomonasThe horizontal bar joining two isolates or cluster
indicating the level of similarity.
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Table 4 Phenotypic characteristics that distinguish st@##A-7 from other species.

Characteristic 12 2 3 4
Oxidase b - - -
Growth at 6 C + + + nd

Acid from glucose - - - -
Utilization of erythritol - - -

Utilization of sorbitol w + - +
Utilization of xylitol - v + -
Utilization of melibiose - - + -
Utilization of rhamnose - - - +
Hydrolysis of aesculin + + + -
Hydrolysis of gelatin - % - -

®Species: 1: strain CPA-7; B. graminis;3: P. lutea;4: P. rhizosphaeraeData for reference species
were taken from Peigt al. (2004), Peiet al. (2003) and Behrendt al. (1999).

by positive; -, negative; w, weak; v, differentcéans between strains; nd, no data available

4. DISCUSSION

In this work, we have focused on finding indigenamisroorganisms from fresh
fruit to control survival and growth d&. coli 0157:H7,SalmonellaandL. innocua
on fresh-cut apples and peaches. Our results tvensthat some of these isolated
microorganisms could reduce the growth or evenielie the FBP tested so that,
they could be used as an alternative or additibmall to chemical or physical
interventions to control the survival and growth=&P on fresh-cut fruit.

From all bacteria and yeasts testéd,coli 0157:H7 population was reduced at
least 1-log by 10.3 % and 21.5 % of isolates orleappd peach plugs incubated at
20 °C, respectively, when compared to the conth@ pathogen inoculated alone).
Seven of these microorganisms were the same fdr fiogits: PN6, CPA-5, ELS,
128-M, C9P21, CPA-2 and CPA-7. PN6, 128-M, EL8 &®P21 belonged to
Pantoeaspp.; CPA-5 and CPA-7 wefseudomonaspp. In general, the smallest
reduction values were detected when the antagomsise tested against
Salmonella and the greatest againkt innocua in both fruits. With some
exceptions, higher reductions were attained bys#mee microorganisms when they
were tested again&. coli O157:H7 andSalmonellaon peach plugs than on apple
plugs. This might be due to the differences in dglowf the pathogens on both
fruits as population increases were lower on aplgs than in peach plugs. In
contrast, similar population increases and, theee$amilar reductions values, were
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measured with.. innocua Despite differences between pathogens and foddxna
one microorganism, CPA-7 achieved the best redusti@lues at 20 °C (from 2.8
to 5.9-log units) in all assays. In addition, o®¥PA-7 reducecE. coli O157:H7
population at refrigeration conditions (5 °C). Evefrough, inhibition was not
significant until 6 days of storage due to the laéke. coli O157:H7 population
increase during storage at 5 °C. Efficacy trialseygerformed with high densities
of putative antagonists (30 % transmittance whiatressponded to a concentration
between 10 and 18 cfu mL") to establish potential inhibition of foodborne
pathogens (at an inoculum level of, approximatély, cfu mL?). Under natural
conditions, concentrations of pathogens will be Imlasver than the concentration
used in our study. Thus, the effectiveness of tit@agonist CPA-7 in preventing
colonization of apple flesh by foodborne pathogeanslifferent inoculum levels
was tested. In order to obtain a reduction valghér than 1.0-log unit for the
three FBP tested, the same proportion of CPA-7:RBB needed. Hence, dose of
CPA-7 could be reduced under natural conditions.

Previous works have also proven the effectivenebsmiroorganisms as
bioprotective agents. Janisiewiekzal. (1999a) demonstrated that fresh cells of the
commercialized antagonift. syringaelL-59-66, used for controlling postharvest
decay of pome fruits, can also prevent the growilthe foodborne pathogen
E. coliO157:H7 on wounded apple tissue stored at 24 P@8d. Leverentzt al.
(2006) found seven promising microorganisms thdticedL. monocytogeneand
Salmonellgpopulations on ‘Golden Delicious’ apple plugs. Treatest reductions
(from 5.7 to 6.0-log units after 7 days) were meadlwagainst.. monocytogenest
25 °C with a low pathogen inoculum by strains@féiconobacter assaiCandida
spp., Dicosphaerina fagiand Metschnikowia pulcherrimaOnly three of them
reducedL. monocytogenepopulations at 10 °C an8almonellapopulations at
25 °C storage, but none of them reduSatmonellgpopulations at 10 °C as it only
grew slightly at this temperature and there wess mpetition. At high pathogen
inoculum levels (1dcfu mL?Y) only G. assai and Candida spp. reduced
L. monocytogenegsopulations to non-detectable levels. Teasl. (2008) selected
six strains of lactic acid bacteria (LAB) and tektiheir effect as bioprotective
agents againdt. coli, S. thyphimuriumandL. monocytogenesn apple wounds.
Results showed that, meanwhile five of them reducsinificantly
L. monocytogenespopulations below detection limit, lower reducsorwere
observed irBalmonellaand none again&. coli. Recently, the populations of a five
strain mixture ofE. coli were reduced by the postharvest biocontrol agergake
CPA-1 on ‘Golden Delicious’ apple wounds at 25 #gardless initial pathogen
level (Abadiaset al, 2009). However, in contrast to the results olatdinvith
CPA-7, no effect of the antagoniSt sakeon E. coli population was observed at
5 °C on apple wounds and on fresh-cut apples.

From all isolates tested on apples and peaches,-TRAs selected to further
assays as it achieved the greatest pathogen redualues on both fruits. Good
candidates to biocontrol agents may be presuméd gafe for humans and should
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cause not troublesome sensory effects or a leggefilme shelf life of the product.
Hence, CPA-7 was tested for hypersensitive readiotobacco plants. CPA-7 did
not cause any reaction, so it seems not to be fopahogenic microorganism
although more specific studies on fresh-cut apmesl peaches should be
conducted.

The aim of this study was not to determine the moflaction of the isolates.
However, from the results obtainedimvitro assays, CPA-7 cell-free supernatant
did not have effect against the studied FBPs thomérobial substances
production in the studied medium is unlikely andmpetition could be the
inhibitory cause. Similarly, in the assays carreed by Janisiewiczt al. (1999a)
the mechanism of action &f. syringaeseemed to be competition for nutrients and
space. This mode of action is advantageous bedausevery unlikely that the
pathogens will develop resistance to a bioconigehdwhose mechanism of action
is based on competitive exclusion. In the caseiological control with LAB,
mainly Leuconostoc spp., the inhibition had a bactericidal effect iagha

L. monocytogenelsut not against Gram negative bacteria. This §ipggiof LAB

for Gram positive bacteria may be related to bamter production (Triaset al,
2008).

CPA-7 strain, isolated from whole ‘Golden Delicib@pples, was identified as
P. graminis Little is known about this specie that was folsscribed by Behrendt
et al. (1999) and isolated from grasses as a non-fluereguzseudomonads. It has
been previously reported th&seudomonaspecies have antagonistic effect on
pathogens such as. coli O157:H7 (Janisiewiczt al, 1999a; Schuenzel and
Harrison, 2002)L. monocytogenefCarlin et al, 1996; Liao and Fett, 200Bnd
Salmonella(Fett, 2006; Matos and Garland, 2005). Howeverenather study has
describedP. graminisas biological control agent. This strain has regitbeen
described as harmful to human health. A patentiegdpn for this strain has been
submitted (Vina®t al, 2010).

The results have shown that biocontrol agents,ifspaty CPA-7, could reduce or
slowdown FBP’s development on minimally processedt fand even eliminate
them. This strain has demonstrated very good effida reducing foodborne
pathogens on fresh-cut apple and peach. In additioreffect on visual quality of
the fruit was observed. It could be a good biolabmontrol agent as it does not
grow at 37 °C and seems that it does not produtimiarobial substances against
the FBP tested. However, as the inhibitory effdcthe antagonists on foodborne
pathogens was not instantaneous and it only beegparent after 6 days at 5 °C,
biological control agents should be used in contimnaafter other disinfection
treatments.

193



CONTROL OF FOODBORNE PATHOGENS ON FRESEUT FRUITS BY PSEUDOMONAS GRAMINIS

ACKNOWLEDGEMENTS

Authors are grateful to ISAFRUIT Project, funded tyzg European Commission
under the thematic priority 5-Food Quality and Bafef the 8 Framework
programme of RTD (Contract n°. FP6-FOOD-CT-20062¥8j and to the Spanish
Government for research project AGL-2004-06027,AlNfesearcher contract,
Orden CTE/3597/2003, BOE 23/12/2003) and for ghdP2006-03711.

Disclaimer: the views and opinions expressed ig pliblication are purely those of
the writers and may not in any circumstances bardegl on stating an official
position of the European Commission.

REFERENCES

Abadias, M., Usall, J., Alegre, I., Torres, R. aWfas, I. (2009). Fate of
Escherichia coliin apple and reduction of its growth using the thassest
biocontrol agentCandida sakeCPA-1. Journal of the Science of Food and
Agriculture,89: 1526-1533.

Alegre, I., Abadias, M., Anguera, M., Oliveira, Mnd Vifias, I. (2010a). Factors
affecting growth of foodborne pathogens on minigngitocessed appleBood
Microbiology,27: 70-76.

Alegre, I., Abadias, M., Anguera, M., Usall, J. aNdias, I. (2010b). Fate of
Escherichia coliO157:H7, Salmonellaand Listeria innocuaon minimally-
processed peaches under different storage corsliftmod Microbiology,27:
862-868.

Behrendt, U., Ulrich, A., Schumann, P., Erler, Burghardt, J. and Seyfarth, W.
(1999). A taxonomic study of bacteria isolated frgnasses: a proposed new
speciesPseudomonas graminisp. nov. International Journal of Systematic
Bacteriology,49: 297-308.

Beuchat, L.R. (1996)Listeria monocytogenedncidence on vegetables.ood
Control, 7: 223-228.

Beuchat, L.R. (1998). Surface decontaminationuibiind vegetables eaten raw: a review. Accessed
22/04/2010, In: http:/Amww.who.intffoodsafety/palations/fs management/en/surface _decon.pdf

Beuchat, L.R. (2002). Ecological factors influericsurvival and growth of human
pathogens on raw fruits and vegetabMitrobes and Infectiord: 413-423.

Carlin, F. and Nguyen-The, C. (1994). Fatd.isteria monocytogenemn 4 types of
minimally processed green saladstters in Applied Microbiologyl,8: 222-226.

Carlin, F., Nguyen-The, C. and Morris, C.E. (199Bjfluence of background
microflora on Listeria monocytogeneson minimally processed fresh

194



CapPiTULO V

broad-leaved endive C{chorium endivia var. latifolia). Journal of Food
Protection,59: 698-703.

Centers for Disease Control and Prevention (CD@ROT). Anual listing of
foodborne disease outbraks, United States, 1998-20cessed el 10/07/ 2009,
In: http://www.cdc.gov/foodborneoutbreaks/outbredéta.htm.

Conway, W.S., Leverentz, B., Saftner, R.A., Jamigie, W.J., Sams, C.E. and
Leblanc, E. (2000). Survival and growthla$teria monocytogenesn fresh-cut
apple slices and its interaction wiBlomerella cingulataand Penicillium
expansumPlant Disease84: 177-181.

Dingman, D.W. (2000). Growth oEscherichia coliO157:H7 in bruised apple
(Malus domesticatissue as influenced by cultivar, date of harvastl source.
Applied and Environmental Microbiolog§6: 1077-1083.

EU Scientific Committee on Food. (2002). Risk Heofon the Microbiological
Contamination of Fruits and Vegetables Eaten Raece8sed 5/05/2009, In:
http://europa.eu.int/comm/food/fs/sc/scflindex_&mlh

Fett, W.F. (2006). Inhibition ofSalmonella entericaby plant-associated
pseudomonads in vitro and on sprouting alfalfa sewmalirnal of Food
Protection,69: 719-728.

Francis, G.A. and O'Beirne, D. (1997). Effects a$ @tmosphere, antimicrobial dip
and temperature on the fatelo$teria innocuaandListeria monocytogenesn
minimally processed lettucelnternational Journal of Food Science and
Technology32: 141-151.

Gunes, G.G. and Hotchkiss, J.H. (2002). Growth surgtival of Escherichia coli
0157:H7 on fresh-cut apples in modified atmosphategbusive temperatures.
Journal of Food Protectior§5: 1641-1645.

Harris, L.J., Farber, J.N., Beuchat, L.R., ParMtE., Suslow, T.V., Garrett, E.H.
and Busta, F.F. (2003). Outbreaks associated w#hhf produce:incidence,
growth, and survival of pathogens in fresh and Hyest produce.
Comprehensive Reviews in Food Science and FootySaf@8-141.

Janisiewicz, W., Conway, W.S. and B., L. (1999a)ol&jical control of
postharvest decays of apple can prevent growtsoherichia coliO157:H7 in
apple woundsJournal of Food Protectior§2: 1372-1375.

Janisiewicz, W.J., Conway, W.S., Brown, M.W., Sap& .M., Fratamico, P. and
Buchanan, R.L. (1999b). Fate Bbcherichia coliO157:H7 on fresh-cut apple
tissue and its potential for transmission by frdlies. Applied and
Environmental Microbiology65: 1-5.

Kim, W.J. (1993). Bacteriocins of lactic-acid bate their potentials as food
biopreservativel-ood Reviews Internationad; 299-313.

195



CONTROL OF FOODBORNE PATHOGENS ON FRESEUT FRUITS BY PSEUDOMONAS GRAMINIS

Leistner, L. and Gorris, L.G.M. (1995). Food presgion by hurdle technology.
Trends in Food Science & Technology41-46.

Leverentz, B., Conway, W.S., Janisiewicz, W., AbadiM., Kurtzman, C.P. and
Camp, M.J. (2006). Biocontrol of the food-borne huafens Listeria
monocytogeneandSalmonella entericaerovar Poona on fresh-cut apples with
naturally occurring bacterial and yeast antagonpplied and Environmental
Microbiology, 72: 1135-1140.

Liao, C.H. and Fett, W.F. (2001). Analysis of natimicroflora and selection of
strains antagonistic to human pathogens on frestiyee. Journal of Food
Protection,64: 1110-1115.

Little, C.L. and Gillespie, I.A. (2008). Preparatladls and public healtdournal of
Applied Microbiology105: 1729-1743.

Matos, A. and Garland, J.L. (2005). Effects of camity versus single strain
inoculants on the biocontrol &almonellaand microbial community dynamics
in alfalfa sproutsJournal of Food Protectiorg8: 40-48.

Noval, C. (1991). Comprobacion del poder patogdvdanual de laboratorio.
Diagndstico de hongos, bacterias y nematodos fitmnos Ministerio de
Agricultura Pesca y Alimentacion. direccion Gened# Sanidad de la
Produccion Agraria. Madridt37-148.

Peix, A., Rivas, R., Mateos, P.F., Martinez-Molika, Rodriguez-Barrueco, C.,
and Veladzquez, E. (2003seudomonas rhizosphaersg nov., a novel species
that actively solubilizes phosphate in vitinternational Journal of Systematic
and Evolutionary Microbiology53: 2067-2072.

Peix, A., Rivas, R., Santa-Regina, |., Mateos,, VRartinez-Molina, E., Rodriguez-
Barrueco, C., and Velazquez, E. (200Bseudomonas luteap nov., a novel
phosphate-solubilizing bacterium isolated from tHezosphere of grasses.
International Journal of Systematic and Evolutioniticrobiology,54: 847-850.

Schuenzel, K.M. and Harrison, M.A. (2002). Micrdbéntagonists of foodborne
pathogens on fresh, minimally processed vegetablesirnal of Food
Protection,65: 1909-1915.

Trias, R., Baneras, L., Badosa, E. and MontesiE0S2008). Bioprotection of
Golden Delicious apples and Iceberg lettuce agafostdborne bacterial
pathogens by lactic acid bacteriaternational Journal of Food Microbiology,
123: 50-60.

Vermeiren, L., Devlieghere, F. and Debevere, JO420Evaluation of meat born
lactic acid bacteria as protective cultures forlifepreservation of cooked meat
productslinternational Journal of Food Microbiolog®6: 149-164.

196



CapPiTULO V

Vifias, ., Abadias, M., Usall, J., Teixido, N. afibrres, R. (2010). Cultivo
biologico de una cepa de la espeBiseudomonas graminisiso de dicho
cultivo como antagonista para el control biologa® bacterias patégenas, y
método para tratar fruta que comprende la etapaptiear a la fruta una
aplicacion que comprende dicho cultivo. Applicationmber: P25670ESOQO.
Date: 29/12/2010. Universitat de Lleida/Institut &ecerca i Tecnologies
Agroalimentaries.

197






CAPITULO VI

Antagonistic effect ofPseudomonas gramini€PA-7
against foodborne pathogens in fresh-cut apples
under commercial conditions

I. Alegre, I. Vifas, J. Usall, M. Anguera, R. Abist, M. Abadias

Enviado a: Food Microbiology






CapPiTULO VI

ABSTRACT

Recently, we reported that the application of thairs CPA-7 of Pseudomonas
graminis previously isolated from apple, could reduce pibpulation of foodborne
pathogenson minimally processed (MP) apples and peaches rutatmratory
conditions. Therefore, the objective of the preseoitk was to find an antioxidant
treatment and a packaging atmosphere conditiormfmrove CPA-7 efficacy in
reducing a cocktail of fouBalmonellaand five Listeria monocytogenesirains on
MP apples under simulated commercial processing.eftect of CPA-7 application
on apple quality and its survival to simulated gasstress were also evaluated.
Ascorbic acid (2 %, w/v) and N-acetyl-L-cysteine %, w/v) as antioxidant
treatments reducefialmonellaL. monocytogeneand CPA-7 recovery, meanwhile
no reduction was observed with Nature8e&61 (NS, 6 %, w/v). The antagonistic
strain was effective on NS-treated apple wedgeedtat 10 °C with or without
modified atmosphere packaging (MAP). Then, in aissmrmmercial assay, efficacy
of CPA-7 inoculated at fOand 16 cfu mL"' against Salmonella and

L. monocytogenestrains on MP apples with NS and MAP and storeslaatd 10 °C
was evaluated. Although high CPA-7 concentratiansjtations avoide@almonella
growth at 10 °C and lowerdd monocytogenegsopulation increases were observed
at both temperatures, the effect was not instaotameNo effect on apple quality was
detected and CPA-7 did not survived to simulatestrigastress throughout storage.
Therefore, CPA-7 could avoid pathogens growth onaddples during storage when
use as part of a hurdle technology in combinatidh disinfection techniques, low
storage temperature and MAP.

Keywords: Escherichia coli 0157:H7; Salmonella Listeria monocytogenes
biopreservation; minimally processed apples; bitrabn
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1. INTRODUCTION

Recently, there has been an increasing market derftanminimally processed
(MP) fruits and vegetables due to their fresh-lidgaracter, convenience, and
human health benefits, and, in particular, freshaqples have recently emerged as
popular snacks in food service establishments, dchumch programs, and for
family consumption (Gorny, 2003a).

In spite of the low pH of many fruits, including @pes and peaches, foodborne
pathogens (FBP) such dsscherichia coliO157:H7, Salmonellaand Listeria
monocytogenesould be present and cause public health probl&ims.incidence
and/or survival/growth of these FBP in MP applesd gmeaches has been
demonstrated (Abadiag al, 2006, 2008, 2009; Aleget al, 2010a, 2010b; Harris
et al, 2003; Liao and Sapers, 2000). In addition, owatksdinked to fresh-cut fruit
have been reported (CDC, 2007; Haetisl, 2003).

There are several processing steps in the fresiprogiuce production chain and
many points for potential microbial contaminatioxiseé in each of these steps
(Nguyen-The and Carlin, 1994). The only step falue@ng microorganisms during
processing is washing. A variety of disinfectantgcl(ding chlorine, hydrogen
peroxide, organic acids and ozone) have been wsesttice bacterial populations
on fruit and vegetables (Beuchat, 1998; EU ScienGommittee on Food, 2002).
However, besides their potential toxicity, they é@voved incapable of completely
removing or inactivating microorganisms on fresbduce (Koseki and Itoh, 2001;
Park et al, 2001). Washing raw fruit and vegetables remouadyg a portion of
pathogenic and spoilage microorganisms as someeaf thay escape contact with
washing or sanitizing agents attaching to the serfaf fruit and vegetables and
tending to locate in protected binding sites (Adleret al, 2008; Sapert al,
2001; Takeuchi and Frank, 2001).

In addition, reducing/controlling the native miciabpopulations by washing and
sanitizing can allow human pathogens to flourishppoduce surface (Brackett,
1992) as it reduces competition for space and entgithereby providing growth
potential for pathogenic contaminants. Chemicalttsgtic additives can reduce
decay rate, but consumers are concerned about cdélerasidues in the product,
which could affect their health and cause envirom@aepollution (Ayala-Zavalat
al., 2008; Roller and Lusengo, 1997). Therefore adtéwve methods for controlling
fresh-cut fruit decay are required.

Biological control fits well with this new tendencySome bioprotective
microorganisms have already shown its potentiabfiplication in MP apples. For
example, the strain L-59-66 d¢fseudomonas syringgarevented the growth of
E. coli on apple wounds (Janisiewiez al, 1999). Growth ofL. monocytogenes
and Salmonellaon fresh-cut apple was reduced by strainGlofconobacter asaiji
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Candida spp., Dicosphaerina fagiand Metschnikowia pulcherrimglLeverentzet
al., 2006). The postharvest biocontrol ag€aindida sakeCPA-1 reduced. coli
growth on apple wounds, but not in MP apples (Aasdt al, 2009). Lactic acid
bacteria were also reported to be inhibitory Lofmonocytogenesn wounded
apples (Triaset al, 2008). Recently, we have demonstrated the abiity
Pseudomonas gramini€PA-7, isolated from whole apple surface, to reduc
E. coliO157:H7,SalmonellaandL. innocuaon MP apples and peaches (Alegte
al., previous work). However, none of these studiesevperformed under realistic
conditions for MP apples.

Beyond microbiological contamination, developmehfresh-cut apple slices has
been hampered by the rapid oxidative browning gieflesh. Browning can be
delayed by reducing agents. For example, ascodiit feas long been applied in
combination with organic acids and calcium saltptevent enzymatic browning
of fruits (Gornyet al, 1998; 2002; Pizzocaret al, 1993; Saperet al, 1989;
Soliva-Fortunyet al, 2001; 2002). Several studies have shown thatrigas?
products can reduce browning in fresh-cut fruittedi (Abbottet al, 2004;
Bhagwatet al, 2004; RoRleet al, 2009; Rupasinghet al, 2005; Toivonen, 2008)
and some natural thiol-containing compounds, sgcN-acetylcysteine, have also
been investigated as an alternative method to @oatzymatic browning (Gorny
et al, 2002; Molnar-Perl and Friedman, 1990; Oms-@lial, 2006; Rojas-Grau
et al, 2006; Soret al, 2001).

Enzymatic browning of apple slices can also bedayae by the use of modified
atmosphere packaging (MAP) with very low oxygenelsv(Gorny, 2003b); but
extremely low Q levels pose the risk of anaerobic respiration aodsequent
off-flavors (Luo and Barbosa-Canovas, 1996) andemirlly, the growth of
microaerophilic human pathogens, suchEagoli 0157:H7,Salmonellaspp. and
L. monocytogene®Bucket al, 2003; Gunes and Hotchkiss, 2002).

The objective of this study was to test the effjcaf the antagonistic strain
P. graminis CPA-7 against a cocktail of fouBalmonella strains and five
L. monocytogenestrains on MP ‘Golden Delicious’ apples under dated
commercial conditions throughout storage at 5 abd’@. Different antioxidant
treatments and modified atmospheres were teste@. dffect of antagonist
application on quality of MP apple was also evadatin addition, the ability of
Salmonella L. monocytogeneand P. graminis CPA-7 to survive to simulated
gastric stress conditions following storage waslisii
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2. MATERIALS AND METHODS

2.1. Fruit

‘Golden Delicious’ apples were obtained from logackinghouses in Lleida
(Catalonia, Spain). Prior to the experimental stadiapples were washed in
running tap water and let to dry at room tempegatApples were cut in 10 skin-on
wedges using an apple slicer/corer.

2.2. Bacterial strains

The bacterial strains used in this work are ligtedable 1. The antagonistic strain of
P. graminisCPA-7 was isolated from apple surface in our &tooy (Alegreet al, previous
work). CPA-7 strain was grown in tryptone soy b{gtsB, Oxoid, UK) for 20-24 h at 30 °C.
Salmonella strains were adapted to grow on tryptone soy &G§8A, Oxoid, UK)
supplemented with 100 pg fhbof streptomycin sulphate salt (St, Sigma, Germtmeyeby
enabling detection on a selective medium (TSAeé presence of the antagonist and the
natural microbial flora associated with apples. $ingins were grown individually in TSB
supplemented with streptomycin (TSB-St) mediun2@®24 h at 37 °A.. monocytogenes
strains were grown individually in TSB supplemenisith 6 g L™ of yeast extract (tryptone
yeast extract soy broth, TYSEB) for 20-24 h at G7 Bacterial cells were harvested by
centrifugation at 9820 x g for 10 min at 10 °C #wah resuspended in sterile distilled water
(CPA-7) or saline solution (SS; 8.5 § NaCl, SalmonellzandL. monocytogengsThe four
Salmonellaconcentrated suspensions were mixed, as welleafivthL. monocytogenes
concentrated suspensions.

For the inoculum preparation, bacterial concerdrativas estimated using a
spectrophotometer set 8:420 nm according to standard curves, and a volime
each of the bacterial concentrated suspensionsadded to deionized water with
or without antioxidant to obtain approximately®1€fu mL* or 10 cfu mL™
Inoculum concentration was checked by plating apgate dilutions onto TSA-St
for Salmonella onto Palcam agar (Palcam Agar Base with selectiygplement,
Biokar Diagnostics, Beauvais, France) far monocytogeneand onto Nutrient
Agar (NA, Biokar Diagnostics) for CPA-7. Plates wencubated at 37+1 °C, for
SalmonellaandL. monocytogenesr at 30+1 °C for CPA-7.

2.3. Selection of best antioxidant treatment

In order to choose an antioxidant treatment folimatly processed apples that not affect
effectiveness of the antagonistic strain CPA-7oide acid (AA, 2 % wiv, Prolabo,
Mollet del Valleés, Spain), NatureSBaAS1 (NS, 6 % wiv; AgriCoat Ltd., Great
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Shefford, UK) and N-acetyl-L-cysteine (NAC, 1 % wRanreac, Barcelona, Spain) were
tested. Solutions were prepared and inoculated 8alimonella,L. monocytogenesr
CPA-7 (10 cfu mLY). Afterwards, apple wedges were suspended (1:pfar\2 min at
150 rpm in 1 L of each of the inoculated antioxidasatments (or deionized water as
control treatment) then were allowed to dry in mifear flow biosafety cabinet.
Approximately 10 apple wedges (200+59g) were placed polypropylene
(192x137x55 mm) trays and sealed with a polyprowyfaastic film (Amcor Flexibles,
Ledbury, Hereforshire UK) of 35  in thickness with Q and CQ permeability of
3500 cm m” day" atm" at 23 °C and a water steam permeability of 0.9°day" at

25 °C and 75 % relative humidity. Apple trays wameed at 10 °C.

Table 1Bacterial strains used in this study

Number Microorganism Serovar Source

CPA-7 Pseudomonas graminis Apple surface (isolated in
our laboratory, Alegret
al., previous work, Vifias

et al.2010)
ATCC BAA-707 Salmonella enterica Agona Alfalfa sprouts
subspenterica
ATCC BAA-709 Salmonella enterica Michigan Cantaloupe
subspenterica
ATCC BAA-710 Salmonella enterica Montevideo  Clinical (patient with
subspenterica salmonellosis associated
with tomatoes)
ATCC BAA-711 Salmonella enterica Gaminara Orange juice
subspenterica
CETC 4031/ Listeria monocytogenes la Rabbit
ATCC 15313 (Murray et al. 1926)
Pirie 1940
CECT 933/ Listeria monocytogenes 3a Human
ATCC 19113 (Murray et al. 1926)
Pirie 1940
CECT 940/ Listeria monocytogenes 4d Sheep
ATCC 19117 (Murray et al. 1926)
Pirie 1940
CECT 4032 Listeria monocytogenes 4b Cheese
(Murray et al. 1926)
Pirie 1940
LM230/3 Listeria monocytogenes 1/2a Fresh-cut iceberg lettuce

(isolated in our
laboratory, (Abadiast
al. 2008))
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Samples were examined on the day of inoculationadiedt 2 days. Populations of
Salmonella L. monocytogeneand CPA-7 were determined in three sample trays
for each treatment. For the analysis, 10 g of appla each tray were mixed with
90 mL of buffered peptone water (BPW, Oxoid, LTDadihgstoke, Hampshire,
England) in a sterile bag and homogenized in a Sttver 400 (Seward, London,
UK) set at 230 rpm for 2 min. Further ten-fold ditns were made with saline
peptone (SP; 8.5 gL NaCl and 1 g L' peptone) and plated as described
previously.

The antioxidant product that had less influenceCiRA-7 population on apple
wedges was selected to corroborate the effectigeo€PA-7 in the presence of
the antioxidant treatment. Apple wedges were suwdgxknin the antioxidant
treatment (or deionized water as control treatmeingined and dip inoculated with
(@) Salmonella and L. monocytogeneg(10° cfu mL*, each) (b) CPA-7
(10" cfu mL™Y or (c) Salmonellaand L. monocytogeneand CPA-7. Then, apple
wedges were allowed to dry in a laminar flow biesafcabinet and packed as
described previously. Apple trays were stored at@Oup to 7 days. Microbial
populations were determined in three sample traysefch treatment at each
sampling time (0, 2, 5 and 7 days) as describedqusly.

2.4. Influence of packaging atmosphere on antagotis effect

Apple wedges were treated with antioxidant (Natee#$ and inoculated as
described previously. At the moment of packagingo tdifferent atmosphere
conditions were studied, a passive modified atmesph(MAP, using the
polypropylene plastic film described previously)aair conditions (Air, using the
same film manually perforated with 9 holes of 408 gach). Once packed, apple
trays were stored at 10 °C. Microbial populatioreyevdetermined in three sample
trays for each treatment after inoculation andraftdays.

2.5. Semi-commercial trials

Apple wedges treated with NatureSealrained and then suspended (1:2 w/v) for
2 min at 150 rpm in one of the following treatmefay control: water, (b) Sal+Lm:
Salmonellaand L. monocytogenesoculum, (c) CPA-7: CPA-7 inoculum or
(d) Sal+Lm+CPA-7:SalmonellaandL. monocytogeneand CPA-7 inoculum; and
then were allowed to dry in a laminar flow biosgfetibinet. Then apple wedges
were packed in trays in modified atmosphere asriest previously and stored at
5 and 10 °C up to 14 daySalmonellaandL. monocytogendgsocula concentration
was 106 cfu mLY. Low (1F cfu mL") and high (16 cfu mL") inocula of

P. graminisCPA-7 were tested.

Populations oSalmonellalL. monocytogenesnd CPA-7 were determined in three
sample trays for each treatment (b, ¢ and d) dt sampling time and temperature.
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The samples were examined on the day of inoculaiahafter 4, 7 and 14 days.
Mesophilic microorganisms were determined in cdnttoeatment (a) by
enumerating colonies on plates with plate count #éB&A, Biokar Diagnostics)
and incubated at 30+1 °C for 3 days.

Each tray was a replicate and there were threecadgs for each treatment at each
sample date and temperature.

2.6. Survival in simulated gastric conditions

Salmonella L. monocytogeneand CPA-7 from apple samples stored at 5 °C
(treatments (b) Sal+Lm; (c) CPA-7 and (d) Sal+Lm-ACP were evaluated for
their survival to the exposure to simulated gasitiess at each sampling time. To
simulate mastication 10 g of each sample was placteda sterile plastic bag
(80 mL, IUL Instruments, Barcelona, Spain ) andl0of artificial saliva solution
(6.2 g L* NaCl, 2.2 g [* KCI, 0.22 g '* CaC} and 1.2 g [} NaHCQ) tempered at
37 °C were added. It was homogenized in a stomddleader for 120 s at high
speed (Bagmixer 100 Minimix, Interscience). The mias transferred to an
Erlenmeyer flask containing 80 mL of gastric fljgH 2.0; 2M HCL containing
0.3 g L* of pepsin and tempered at 37 °C) and was incubiatezh incubator
shaker at 37 °C and 150 rpm for 2 h. PopulatiorSabionellaL. monocytogenes
and CPA-7 after being incubated with simulated riaatid for 2 h were compared
with those counts in BPW.

2.7. Quality analysis of apple wedges

Quality analysis of apple wedges was performedefwrh single tray. Three trays
were used for each treatment at each sample ticheéeamperature. Visual quality,
headspace composition and pH were determined fotredtments, meanwhile
colour, texture, soluble solid content and titrégadridity were only determined for
the treatments without pathogens as analysis tdakepoutside the Biosafety
Laboratory.

2.7.1. Visual quality

Visual evaluations of apple wedges from each tra&yewmade by an untrained
panel composed by the personnel working in therktboy (n=3), which judged
the apple by overall quality by using a 9 pointtr@d scale, being 1 inedible (0 %
edible), 5 fair (75 % edible) and 9 excellent (9%0edible). Mean values were
calculated.
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2.7.2. Headspace gas composition

Carbon dioxide and oxygen content in single trayarewdetermined using a
handheld gas analyzer (CheckPoirGD,, PBI Dansensor, Denmark) at each
sampling time.

2.7.3.pH

Apple flesh pH was determined using a penetratient®de (5231 Crison, and
pH-meter Model GLP22, Crison Instruments S.A., Bkowoa, Spain). There were
three determinations per tray (9 determinationstptment at each sample time
and temperature).

2.7.4. Colour

Fresh-cut apple surface colour was directly measwvégh a CR-400 Minolta
chroma meter (Minolta, INC., Tokyo, Japan). Colaas measured using CIE,
a*, b* coordinates. Illuminant D65 and 10° observer anglere used. The
instrument was calibrated using a standard whitkeater plate ¥=94.00,
x=0.3158, y=0.3322). Five apple wedges were evaluated for demjp Two
readings were made in each replicate by changiagdsition of the apple wedge
(n=30). A decrease ib* value indicates a loss of whiteness, a more pesi*
value means progressive browning and a more peditiwalue indicates more
yellowing.

2.7.5. Soluble solids content

Percent of soluble solids (°Brix) was measured @t °€ with a handheld
refractometer (Atago Co. Ltd., Tokio, Japan) ircguiextracted by crushing apple
wedges in a blender. There was one measuremetrager

2.7.6. Titratable acidity

To measure titratable acidity, 10 mL of apple ju{obtained by crushing apple
wedges of each tray) were diluted with 10 mL otitlézl water and it was titrated
with 0.1 N NaOH up to 8.1. The results were calmdaas g of malic acid L
There was one measurement for each tray.

2.7.7. Texture

Apple firmness evaluation was performed using a Xl Texture Analyzer
(Stable Micro Systems Ltd., England, UK) by measyithe maximum penetration
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force required for a 8 mm diameter probe to petetmto an apple cube of
20%x20%20 mm to a depth of 8 mm. Three apple pidom® each tray were
measured.

2.8. Statistical analysis

Prior to ANOVA, all cfu mL* data were transformed to lggefu g. Other data

were not transformed. The General Linear ModelsMElprocedure of the SAS
Enterprise Guide was applied (v.4.1; SAS Instit@ary, NC, USA). Significant

differences between treatments were analyzed byc&his Multiple Range test at
a significance level of P<0.05.

3. RESULTS

3.1. Selection of best antioxidant treatment

Initial Salmonellapopulations on apple wedges without antioxidaegatment
(control) were 4.0 log cfuy Similar populations were detected on NS-treated
apple wedges (Table 2). However, significantly loywepulation were found in
AA treated apple pieces and the lowest were in N#&@ted apple wedges, with
pathogen populations below detection limit (50 gfi). After 2 days of storage at
10 °C, Salmonellapopulations on control and NS-treated apple wedlyagased
slightly meanwhile it maintained at initial leveh c®AA and NAC-treated apple
wedges.

L. monocytogenepopulations were the same in control and AA-treéaapple
wedges (around 1.8-1.9 log cfit)g meanwhile the highest initial population was
observed in NS-treated apple wedges. Initial pathggopulation on NAC-treated
apple wedges was below detection limit. As in theecofSalmonella although

L. monocytogenepopulation increased on control and NS-treatedeapgdges
stored at 10 °C, its population maintained at ahikevel on AA and NAC-treated
apple wedges.

Initial CPA-7 population was similar in control ardS-treated apple wedges
(between 6.0 and 6.2 log cful)y however, it was below detection limit
(250 cfu @) on AA and NAC-treated wedges. Throughout storagelO °C,
antagonist population increased in both, contral Bi$-treated apple wedges, but
it maintained or slightly increased on NAC and AAdted apple wedges.
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Table 2 Population oSalmonella (SaJ)L. monocytogene@ m) and CPA-7 (log cfug) on
apple flesh after inoculation (0 d) and after 2fdtorage at 10 °C in presence of different
antioxidants (CK: without antioxidant; AA: ascorkicid 2 %; NS: NatureS€aAS1 6 %;
NAC: N-acetyl-L-cysteine 1 %).

Initial 2d10°C
CK AA NS NAC CK AA NS NAC
Sal. 4.0+0.0 x 3.740.1y 4.1+00x <4 44+0.1x 36201y 4.6+0.1x <d
Lm 1.9+0.2y 1.840.2yz 35+1.0x <d 2.9+0.2y 1.7#02z 4.2+0.1x <d
CPA-7 6.020.1y <dlz 6.24¢0.1x <dz 7.4+0.0x 3.1+0.3y 7.5200x <di

Values are expressed as mean of three values ptusnmus standard error of the mean. Different
lowercase letters (X, y, z) in the same line ingicagnificant differences (P<0.05) among treatment
at each sampling time.

3 Below detection limit (50 cfuy

® Below detection limit (250 cfu

The antioxidant treatment chosen was NS 6 % affeittad microbial population
the least. Therefore, effectiveness of antagonmiiain againsSalmonellaand

L. monocytogenesn NS-treated MP apple wedges stored at 10 °Cewakiated
(Fig. 1).

Initial Salmonella populations on apple wedges were between 4.4 and
4.5 log cfu @ (Fig. 1A), and they were maintained during thetfixgo days of
storage at 10 °C. TheBalmonellgpopulations started to increase on apple wedges
where they were inoculated alone, reaching fingbutations of approximately
6.0 log cfu ¢. In contrast,Salmonellapopulations on apple plugs co-inoculated
with CPA-7 reduced significantly, being below déiea limit (50 cfu g) after 7
days of storage. No differences due to antioxid@attment were observed.

L. monocytogenepopulations increased slightly during first 2 dafsstorage in all
treatments. Thenl.. monocytogenepopulations on apple wedges inoculated alone
continued increasing and it decreased when co{aeduwith CPA-7 (Fig. 1B). After 5
days of storage, higher pathogen reductions wexeradd in absence of NS, however no
differences were observed between both treatmitetsalays of storage.

P. graminisCPA-7 growth on NS treated apple wedges was atsutored. Initial
populations were around 6.5 log cfit gndthey increased slightly throughout
storage with final populations of 8.4 log cfi.dNo effect of antioxidant treatment
was observed (data not shown).
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Fig. 1 Salmonella(A) and L. monocytogeneéB) population on ‘Golden Delicious' apple wedges
treated (triangles) or untreated (squares) witrul&ed! AS1 6 %, inoculated alone (full symbols)
or in with CPA-7 (open symbols) and stored at 10(Ri€3, bars are standard deviation of the mean.
When the standard error bars are not visible, #ieysmaller than the size of the symbol).

3.2. Influence of packaging atmosphere on antagotis effect

Salmonellainitial populations were 4.2 log cfu’gand they increased up to
5.6 log cfu @ after 7 days of storage when inoculated aloneotth bBtmosphere
conditions (Table 3). When it was co-inoculated wiCPA-7, Salmonella

population after 7 d at 10 °C was reduced more tRdag units regardless
atmosphere conditions when compared to the pathingenlated alone.

Initial L. monocytogenegopulation was 4.1 log cfu'gand it increased more than
2.5-log units when inoculated alone at both atmespltonditions. When it was
co-inoculated with the antagonistic strain, thehieigt population reduction was
observed in air (3.8-log units), meanwhile in MAf treduction observed was
2.5-log units.

211



SEMI-COMMERCIAL APPLCATION OFPSEUDOMONAS GRAMINIEPA-7

CPA-7 initial population was 6.4 log cfu™gand it increased more than
1.5-log units after 7 days of storage at 10 °C m#igas atmosphere conditions.

Oxygen and carbon dioxide concentration in Air applays maintained over
20.0 % and below 1.0 %, respectively, until the efidstorage. In contrast, ,0
concentration decreased to 0 % and, @Oreased to 16 % in MAP trays.

Table 3 SalmonellaL. monocytogeneand CPA-7 population (log cfuyon NS-treated
apple wedges (inoculated alone or in combinatidter anoculation (0 d o initial) and after
7 d at 10 °C stored in air and MAP.

od 7d10°C
AIR /IMAP AIR MAP
Salmonella 4.2+0.0 5.6+0.2 5.6+0.0
Salmonella+ CPA-7 4.2+0.0 2.240.1 2.310.1
L. monocytogenes 4.1+£0.0 6.7+£0.1 6.8+0.1
L. monocytogenes CPA-7 4.1+0.0 2.9+0.4 4.3+0.1
CPA-7 6.4+0.0 8.2+0.1 7.9+0.2

Values are expressed as mean plus and minus stagar of the mean.

3.3. Semi-commercial trials

Populations oSalmonellaandL. monocytogenesn NS-treated ‘Golden Delicious’
apple wedges in MAP with or without CPA-7 (at a land high inoculum) along
14 days of storage at 5 and 10 °C are shown inZrig.

Salmonellainitial populations on apple wedges were around g cfu ¢
(Fig. 2A and 2B).Salmonellapopulations increased slightly on apple wedges
stored at 10 °C (between 1.2 and 1.9-log units),itbdecreased, between 0.4 and
0.8-log units, after 14 days at 5 °C. Whgalmonellawas co-inoculated with the
antagonistic strain CPA-7 at low inoculum {Iu mL?, Fig. 2A) no differences
with the control $almonellapopulation on apple wedges inoculated alone) were
observed at any temperature. In contr&stimonelladid not increased at 10 °C
when it was co-inoculated with the antagonisti@istrCPA-7 at high inoculum
level (10 cfu mL"), although no differences oBalmonellapopulation were
observed at 5 °C (Fig. 2B).
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Regarding td_. monocytogeneslone, initial population was around 4.0 log cfti g
(Fig. 2C and 2D) and increased rapidly on the firslays at 10 °C reaching a
population of approximately 7.0 log cfif @nd then continued increasing slowly.
At 5 °C, L. monocytogenemcreased more slowly, reaching a population over
6.0 log cfu g after 7 days of storage. Co-inoculation with CPAtTow inoculum
did not have any effect dn monocytogenegopulation on apple wedges stored at
10 °C and only a 0.5-log reduction was observesl &E. When it was inoculated
with CPA-7 at high inoculuml.. monocytogenewas between 1 and 2-log units
lower than the control throughout all storage at’@0 At 5 °C, no differences in
pathogen population were detected until 7 daysasbge. Thenl.. monocytogenes
population on apple wedges co-inoculated with CP&ag maintained meanwhile
it increased when inoculated alone.

Population dynamics d?. graminisCPA-7 on apple wedges stored at 5 and 10 °C
was also determined (Fig. 3). Initial populatiomsapple wedges inoculated with
low inoculum were 4.1+0.2 log cfu'gand increased rapidly during the first 7 days
of storage at 10 °C (more than 2.0-log units). Afrds, CPA-7 populations
decreased to 5.1 log cfu'gat the end of the experiment. At 5 °C, CPA-7
population increase was more gradual, it reachedmiaximum after 11 days
(5.5 log cfu @) and then it started to decrease. Initial CPA-pupations when it
was inoculated at high inoculum were 6.30.1 lag gt. In this case, maximum
population increase on apple wedges stored at 1@&€after 4 days of storage
(8.0£0.1 log cfu @) and then it decreased slightly. At 5 °C, it irased slightly
throughout all storage period.

9.0

8.0
7.0 /:—} —— 3

&
s I —
© 50 /‘SI N
S “//ﬂ/
(@]
= 3.0
N~
v 20
<
o 1.0
O
0.0

0 2 4 6 8 10 12 14 16
Storagetime (days)

Fig. 3P. graminisCPA-7 population on NS-treated ‘Golden Delicioapple wedges stored in MAP
at 5 °C (triangles) and 10 °C (squares) when iraied| at low inoculum (P&fu mL?, open symbols)

or at high inoculum (10cfu mL?, full symbols) (n=3, bars are standard deviatibthe mean. When

the standard error bars are not visible, they iaualer than the size of the symbol).
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Mesophilic population on apple wedges was only rieiteed in uninoculated
samples (treatment (a), control, data not shownjtial populations were
2.4+0.4log cfu ¢. At 10 °C, it augmented exponentially (approximately
4-log units) until day 7, and then continued insieg slightly, reaching final
populations of 6.8+0.3 log cfu™g When apple wedges were stored at 5 °C,
mesophilic populations increased slightly reachig+0.2 log cfu g. No
symptoms of microbial decay were observed.

3.4. Survival in simulated gastric conditions

Salmonellapopulations recovered after exposure to gastriesstrithe day of
inoculation (time 0 h) were 3.6+0.1 (Fig. 4A) andif.2 log cfu ¢ (Fig. 4B)
when inoculated alone or in combination with CPAr&spectively, meanwhile
populations before exposure were over 4.0 log c¢tuSforage period of apple
wedges caused a sharp reduction of tolerance twigaxid conditions, and
viability was reduced below detection limit (50 afi) from day 4 to the end of
storage in both treatments.
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g 320 & 820
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Fig. 4 SalmonellaA, B) andL. monocytogeneC, D) population recovered from NS-treated ‘Golde
Delicious’ apple wedges befora( ) and aftrr () expe to simulated gastric fluid. Apples were
inoculated withSalmonellaandL. monocytogenealone (A, C) or in combination with CPA-7 (B, D)
and stored in MAP at 5 °C up to 14 days (n=3, baesstandard deviation of the mean).

215



SEMI-COMMERCIAL APPLCATION OFPSEUDOMONAS GRAMINIEPA-7

Lower initial survival to gastric stress was obsehforL. monocytogene@.1+0.4
and 2.5+0.3 log cfuwhen inoculated alone or in combination, Fig. 4@ 4D,
respectively) compared to population before treatm@ver 4.0 log cfu ).
Although L. monocytogenemoculated alone on apple wedges tended to inereas
throughout storage at 5 °C, its viability to gaststress was maintained below
2.0log cfu ¢. Lower survival rates were observed when this gggh was
co-inoculated with the antagonistic stra,graminisCPA-7.

Regarding the antagonistic strain, no viable ogse recovered after exposure to
simulated gastric stress at any sampling time (datashown).

3.5. Quality analysis of apple wedges

3.5.1. Visual quality

No significant differences among treatments onalisuality were observed at any
temperature (data not shown). Although visual dyathanged significantly
(P<0.05) over the 14 days storage period at both ¢eatpres, all samples were
around 75 % edible (5 in the hedonic scale) undidys storage.

3.5.2. Headspace gas composition

Significant differences among treatments were oleseron Q and CQ
concentrations at both temperatures (Table 4)jalr@, concentration was 21.0 %.
It significantly reduced throughout storage at bd#mperatures. However, it
reduced more rapidly in CPA-7 and Sal+Lm+CPA-7 tedaapple trays than in
control and Sal+Lm treated apple trays. Absenc@.oivas detected after 14 days
of storage at 5 °C and after 7 days of storage Gat’@. CQ concentration
significantly increased along storage at both teaipees. Similar to observations
with O,, CO, increased more rapidly in CPA-7 and Sal+Lm+CPAgpla trays.
Maximum CQ concentration on apple trays stored at 5 °C was/+091,
meanwhile it was 33.2+0.8 at 10 °C.

3.5.3. pH

pH values of apple flesh varied between 3.94+0r68448+0.08 over the 14 days
storage period at both temperatures (data not shovowever, no significant
effects of treatment or storage time on pH samatebility were observed.
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Table 4Oxygen and carbon dioxide concentration (%) in epgalys stored at 5 and 10 °C.

Temperature  Treatment Days
0 4 7 14
O, 5°C Control 21.0+0.0 Aw 9.1+0.3 ABX 5.5+0.6 Ay 7%1.1 Az
CPA-7 21.0+0.0 Aw 7.310.4 Cx 2.4+1.3 By 0.0+0.0 Az
Sal+Lm 21.0+£0.0 Aw 9.4+0.3 Ax 4.0£0.7 ABy 0.0£0.¢ A
Sal+Lm+CPA-7 21.0+£0.0 Aw 8.1+0.3 BCx 1.3+0.3 By 000 Az
10°C Control 21.0+0.0 Aw 3.4+0.3 Ax 0.0+0.0 Ay oma Ay
CPA-7 21.0+£0.0 Aw 0.6+0.2 Bx 0.0+0.0 Ay 0.0£0.0 Ay
Sal+Lm 21.0+£0.0 Aw 3.7+0.3 Ax 0.0£0.0 Ay 0.0+0.0 Ay
Sal+Lm+CPA-7 21.0+£0.0 Aw 0.7+0.1 Bx 0.0+0.0 Ay ome Ay
CO, 5°C Control 0.0+0.0 Aw 6.6+0.2 Bx 9.2+0.1 By 12077 Cz
CPA-7 0.0£0.0 Aw 7.8£0.2 Ax 11.0+0.6 Ay 18.6+0.6 Az
Sal+Lm 0.0£0.0 Aw 6.5+0.3 Bx 10.0+0.4 ABy 15.9+@B3
Sal+Lm+CPA-7 0.0£0.0 Aw 7.5£0.2 AX 11.1+0.2 Ay 18071 Az
10 °C Control 0.0£0.0 Aw 11.0+0.1 Bx 17.3+0.0 By .280.6 Bz
CPA-7 0.0£0.0 Aw 13.440.4 Ax 20.2+1.0 Ay 33.2+0.8 A
Sal+Lm 0.0£0.0 Aw 10.9+0.2 Bx 17.5+0.3 By 28.9+@56

Sal+Lm+CPA-7 0.0+0.0 Aw 12.8+0.2 Ax 20.2+0.1 Ay 3820.3 Az

Each value is the mean + standard error of the raétmwee replicates with three evaluations each.

Different lowercase letters (w, X, y, z) in the satme indicate significant differences (P<0.05)
among storage days for each treatment whereasdfiffeapital letters (A, B, C) in the same column
indicate significant differences (P<0.05) betweeatments at the same time and temperature.

3.5.4. Colour

In general, at each storage time, no significafiedinces in L*, a* and b* values

were observed between treatments at both tempesaflinble 5). Along storage,

Hunter L* values were maintained or slightly ined. In contrast, no significant
differences were observed in a* and b* values,iarttie case of some differences
they did not follow any trend.
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Table 5 Changes in the color parameters (L*, a* b*) of wminlated (control) or
inoculated with CPA-7 ‘Golden Delicious’ apple wedgduring storage at 5 and 10 °C.

Temperature Treatment Days
0 4 7 14
L* 5°C Control 77.5%£0.4 Ay 77.1+0.6 Ay  79.8+0.4 Ax 77.8£0.5 Ay
CPA-7 77.5+0.4 Axy  76.0£0.8 Ay 79.2+0.5 Ax 77.9+Q\8
10 °C Control 77.5+0.4 Ax 78.1+0.7 Ax  78.3£0.7 Bx 8.3+0.5 Ax
CPA-7 77.5+0.4 Ay 78.0+t0.9 Ay 80.6+0.4 Ax  78.3x@\y
a* 5°C Control -4.1+0.1 Ax -4.3+0.1 Axy -4.40.xA -4.5+0.1 Ay
CPA-7 -4.1+£0.1 Ax -4.1+0.1 Ax -4.4+0.1 Ax -4.2+048K
10 °C Control -4.1+0.1 Ax -4.4+0.1 Ax -4.3+0.1 Ax 4.3+0.1 Ax
CPA-7 -4.1+0.1 Ax -4.5+0.1 Ax -4.4+0.1 AX -4.5+08K
b* 5°C Control 23.3+0.4 Ax 24.2+0.4 Ax  23.0+0.5 Ax 23.61£0.4 Ax
CPA-7 23.3+£0.4 Ax 23.2+0.1 Ax  23.5£0.6 Ax  22.2+@B%
10 °C Control 23.3+£0.4 Ax 22.5£0.3 Ax  22.9+0.5 Ax 2.8+0.5 Ax
CPA-7 23.310.4 Axy 22.9+0.4 Ayz 21.5+04Bz 23.33Bx

Each value is the mean + standard error of the noédhree replicates with ten evaluations each.
Different lowercase letters (x, y, z) in the sanme lindicate significant differences (P<0.05) among
storage days for each treatment whereas differagpitad letters (A, B) in the same column indicate
significant differences (P<0.05) between treatmahtie same time and temperature.

3.5.5. Soluble solids content, titratable acidity rad texture

Although significant differences were observed i8CSamong treatments and
throughout storage, they did not follow any treddt& not shown). Soluble solids
content ranged from 10.6 ° Brix to 12.2 ° Brix.

In the case of TTA, no significant differences bedw treatments were observed at
any temperature (data not shown). Along storagmifstant differences were only
detected in CPA-7 treated apple wedges, howevetreatml was observed. TTA
values ranged from 2.2 to 2.7 g malic acitl L

No significant differences in texture between uatieel and CPA-7 treatments were
noted at any of the storage temperatures (datasmmin). Throughout storage,
significant differences in firmness values wereesbed in all treatments and in all
of them the tendency was to increase. Initial fiess value was 13.2+0.9 N and
maximum value observed was 19.7+0.9 N.
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4. DISCUSSION

To our knowledge this is the first report on th&cety of an antagonistic strain
against two foodborne pathogens on MP apples uededitions simulating
commercial application. Our results have shownsthigability of the antagonistic
strain, P. graminisCPA-7, to control the growth of a cocktail 8&lmonellaand
L. monocytogenesstrains on ‘Golden Delicious’ apple wedges treatgith
NatureSedl AS1 (NS), packaged in modified atmosphere and edtoat
refrigeration and abusive temperatures (5 and 10 ItCaddition, its application
did not affect apple quality.

Ascorbic acid (2 %) and N-acetyl-L-cysteine (NAC2) antioxidant treatments
resulted in reduction of microbial populations ree@d from apple tissue. This is
of importance because the viability of the antagimistrain was greatly affected
by the antioxidant; therefore they could not bedusethe same dip treatment as
CPA-7. On the other hand, treatment with theseoaiutants reduced pathogen
populations, acting as antimicrobials. In contrastatment of apple wedges with
NatureSedl AS1 at 6 % did not affect microbial population,iswas selected for
semi-commercial trials. NS treatment of apple wadtjd also not affect behaviour
of Salmonella L. monocytogeneand CPA-7 throughout 7 d of storage at 10 °C.
Although, ascorbic acid treatment had not previpwdfectedE. coli O157:H7,
Salmonellaand L. innocuasurvival and/or growth on MP apples and peaches
(Alegreet al, 2010a, 2010b), NAC has previously been repoxeadHibit FBP on
fresh-cut ‘Golden Delicious’, ‘Granny Smith’ anduff apples (Abadiaset al,
2011; Bhagwaet al, 2004; Raybaudi-Massiliet al, 2009). However, the effect of
NAC on the viability of CPA-7 has not been deteretirpreviously. Similar to the
results obtained, NS treatment did neither affeth@genic population on apple
plugs in a previous study (Aleges al, 2010a).

Salmonella L. monocytogenesnd P. graminis CPA-7 growth on MP apple
wedges stored in air and MAP conditions was the esafithough the same
reduction values were observed f&almonella higher reduction values of
L. monocytogenewere detected in air conditions. Several studaspreviously
found that MAP technologies have very little effect the survival and growth of
FBP on fresh-cut produce (Aleget al, 2010a; 2010b; Beuchat and Brackett,
1990; Jacxsenst al, 1999). It is known that atmospheres with low Bvels
inhibit the growth of most aerobic microorganismiose growth usually warns
consumers about spoilage, while the growth of pgghe, especially the anaerobic
psychrotrophic, may be allowed or even stimulatearifer, 1991). In this study,
growth of the aerobic antagonistic strain was a&gcby MAP when @
concentration reached 0 % (7 d at 10 °C with tlme fised), and antagonistic effect
againstL. monocytogenewas slightly reduced, probably due to higher pgémo
growth rate at MAP storage conditions in comparisn@PA-7 growth rate.
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Two inoculums levels of the antagonistic strain evégsted in semi-commercial
assays. P. graminis CPA-7 was not effective in reducin@almonella and

L. monocytogenegopulations on apple wedges treated with NS at &&ostored
under MAP at 5 and 10 °C up to 14 days when thegwe-inoculated at the same
level (1G cfu mL?). However, increasing CPA-7 inoculum to’ tu mL* resulted

in reduction of both pathogens. In a previous stulg antagonistic strain CPA-7
needed to be at least at the same inoculum leval #BP to reduce their
population (Alegreet al, previous work) on apple plugs stored at 20 °Ce Th
difference observed between both assays may betalube different storage
temperature, the presence of an antioxidant sutestamd storage atmosphere
conditions.

The antagonistic strain grew on apple wedges stosdth MAP at both
temperatures. It increased faster on apple wedgesdsat 10 °C than at 5 °C.
However, it started to decrease first on apple weddgored at 10 °C than at 5 °C.
This could be due to the faster depletion of i@ the package at 10 °C, since
CPA-7 is strict aerobic and/or to the faster micabbgrowth rate at that
temperature.

It is thought that microbial adaptation to subléthaidic environments could
increase resistance to extreme pH conditions, hackfore, enhance survival of
pathogens during transit through stomach, and aser¢he likelihood of intestinal
colonization and, thus, their virulence potenttdbwever, survival and/or growth
of Salmonella L. monocytogeneand P. graminisCPA-7 on apple wedges (pH
3.94-4.48) throughout storage at 5 °C did not tesBulan increased microbial
survival to simulated gastric stresSalmonellaand L. monocytogenesurvival
reduced dramatically on the first 4 days of storagd CPA-7 did not survive
gastric acid simulation from the inoculation dayimiar Salmonella and
L. monocytogenedehaviour on apple wedges has been describedopstyi
(Alegre et al, 2011). Several studies have shown that the pHabituation or
growth environment is the most important factoreefing tolerance during
subsequent exposure to extreme acidic conditiormut§dumaniset al, 2003;
Koutsoumanis and Sofos, 2004). monocytogenebas been reported to exhibit
increased acid resistance after habituation at Hob 5.5 (Gaharet al, 1996;
Koutsoumanis and Sofos, 2004; Lou and Yousef, 18%an-Thantet al, 2000).
RegardingSalmonella Koutsoumanis and Sofos (2004) and lateal. (1995)
reported an increased acid resistance of statiguiamgeSalmonellaTyphimurium
after exposure to pH 4.3. In addition, it has bsleown that adaptation for a short
period (a few hours) at a moderate sublethal ag#ictelps the bacteria to better
resist posterior lethal acidic pH. For example, iRfihanh and Montagne (1998)
showed that treatment for an extended period (@yethat a moderate acidic pH
rendered.isteria more sensitive to subsequent acid kill. Growthgerature is also
an important factor affecting the bacterial acidis@nce. Alvarez-Ordofiezt al.
(2010) and Samelist al. (2003) demonstrated th&almonellaTyphimuriumcells
grown at 10 °C showed a reduced acid resistanceriparison to cells obtained at
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30 °C. In our case, the reduction of survival tetga stress as a result of the lack
of habituation to low pH could be due to the low pHapple (3.9-4.5), the long
storage period and low storage temperature.

Effect of P. graminis CPA-7 application on quality of MP apple wedgesswa
analysed. No differences in visual quality, pH, cem| soluble solid content,
titratable acidity and firmness were observed betwapple treatments. However
headspace gas composition within the apple tragnhgdd quicker when apple
wedges have been treated wih graminis CPA-7. Throughout storage and
regardless of the treatment, visual quality of eppledges was reduced
significantly and it was only over 5 in the hedosaale, which represented it was
75 % edible until 7 days of storage. Regarding ugléiunter L* values, which
indicate the darkness of apple surface, were magdaor slightly increased
showing a whitening effect. Similar results on N8ated MP apple have been
reported previously (Alegret al, 2011; RoRleet al, 2009; Rupasinghet al,
2005; Toivonen, 2008). Hunter a* values (indicatirggness) and b* values
(indicating yellowness) did not significantly changrirmness of apple wedges
increased along storage at both temperatures. Gthdies have also reported an
increase in firmness in apple pieces treated wihdiNe to the cross-linking of both
cell wall and middle-lamella pectin by calcium iopeesent on NS formulation
(Ricoet al, 2007).

Therefore, results from this study have shown timagatibility of the antagonistic
strain P. graminisCPA-7 with MP apple commercial processing proceslséch
as use of NatureS&RAS1 and MAP without losing effectiveness. Howeanly
one MAP condition was tested in this assay; henffereént MAP conditions
should be tested to ensure the antagonist effichcyaddition, survival and/or
growth of CPA-7 on apple tissue throughout storatg® °C did not render it more
resistance to acid stress. A good antagonist shratltée harmful to human health.
Although P. graminisis not referred as human pathogen its inabilitguovive to
gastric stress is a good characteristic for a piaerantagonist. Another
characteristic of an ideal antagonist for biologimantrol is to show a remarkable
antimicrobial activity without negatively affectintpe organoleptic characteristics
of the product. In this study, no effect on MP a&pgliality was observed. Sensorial
guality was not evaluated as the antagonist is ywit registered for food
applications. The effect of CPA-7 at semi-commércienditions consisted in
preventing the growth ddalmonellaandL. monocytogene®ut it did not eliminate
existing cells, it did not have a bactericidal effeMoreover, its effect was not
instantaneous and, consequently, it should be isewmbination with current
disinfection techniques and other microbial grovimhiting factors such as low
temperatures and MAP, as part of hurdle technolagyhis sense, application of
CPA-7 could avoid growth of remaining FBP in casdemperature abuse and,
therefore increase safety of fresh-cut fruit.

221



SEMI-COMMERCIAL APPLCATION OFPSEUDOMONAS GRAMINIEPA-7

ACKNOWLEDGEMENTS

Authors are grateful to ISAFRUIT Project, funded tyze European Commission
under the thematic priority 5-Food Quality and Bafef the 8 Framework
programme of RTD (Contract n°. FP6-FOOD-CT-20062¥8j and to the Spanish
Government for research project AGL-2009-08506, fangirant AP2006-03711.

Disclaimer: the views and opinions expressed is phiblication are purely those of
the writers and may not in any circumstances bardsgl on stating an official
position of the European Commission.

REFERENCES

Abadias, M., Alegre, |., Usall, J., Torres, R. aviidhas, |. (2011). Evaluation of
alternative sanitizers to chlorine disinfection feducing foodborne pathogens
in fresh-cut applePostharvest Biology and Technolo@, 289-297.

Abadias, M., Cafilamas, T.P., Asensio, A., Anguera,akd Vifias, |. (2006).
Microbial quality of commercial 'Golden Deliciousapples throughout
production and shelf-life in Lleida (Catalonia, 8palnternational Journal of
Food Microbiology,108: 404-4009.

Abadias, M., Usall, J., Alegre, I., Torres, R. aWifas, I. (2009). Fate of
Escherichia coliin apple and reduction of its growth using the thassest
biocontrol agentCandida sakeCPA-1. Journal of the Science of Food and
Agriculture,89: 1526-1533.

Abadias, M., Usall, J., Anguera, M., Solsona, C.d axinas, |. (2008).
Microbiological quality of fresh, minimally-process fruit and vegetables, and
sprouts from retail establishmeniisternational Journal of Food Microbiology,
123:121-129.

Abbott, J.A., Saftner, R.A., Gross, K.C., Vinyad,T. and Janick, J. (2004).
Consumer evaluation and quality measurement othfces slices of 'Fuji,'
'‘Golden Delicious,' 'GoldRush," and 'Granny Snapples.Postharvest Biology
and Technology33: 127-140.

Alegre, I., Abadias, M., Anguera, M., Oliveira, Mnd Vifias, I. (2010a). Factors
affecting growth of foodborne pathogens on minigngitocessed appleBood
Microbiology,27: 70-76.

Alegre, I., Abadias, M., Anguera, M., Usall, J. awdias, |. (2010b). Fate of
Escherichia coliO157:H7, Salmonellaand Listeria innocuaon minimally-
processed peaches under different storage corsliftmod Microbiology,27:
862-868.

222



CapPiTULO VI

Alegre, I., Vinas, |, Usall, J., Anguera, M. anbdailias, M. (2011). Microbiological
and physicochemical quality of fresh-cut apple @red with the probiotic strain
Lactobacillus rhamnosuSG. Food Microbiology 28: 59-66.

Alegre, I., Vinas, |., Usall, J., Teixidé, N., FiggM.J. and Abadias, M. (previous
work). Control of foodborne pathogens on freshftuit by a novel strain of
Pseudomonas graminis

Allende, A., Selma, M.V., Lopez-Galvez, F., Villagsa, R. and Gil, M.I. (2008).
Role of commercial sanitizers and washing systems epiphytic
microorganisms and sensory quality of fresh-cutaede and lettuce.
Postharvest Biology and Technolog$, 155-163.

Alvarez-Ordéfiez, A., Fernandez, A., Bernardo, Ad adpez, M. (2010). Acid
tolerance inSalmonella typhimuriuninduced by culturing in the presence of
organic acids at different growth temperatufesod Microbiology 27: 44-49.

Ayala-Zavala, J.F., Oms-Oliu, G., Odriozola-SerranpGonzalez-Aguilar, G.A.,
Alvarez-Parrilla, E. and Martin-Belloso, O. (2008)o-preservation of fresh-
cut tomatoes using natural antimicrobialBuropean Food Research and
Technology226: 1047-1055.

Beuchat, L.R. (1998). Surface decontaminatioruibfind vegetables eaten raw: a review. Accessed
22/04/2010, In: http/Amww.who.intffoodsafety/paliions/fs_management/en/surface_decon.pdf.

Beuchat, L.R. and Brackett, R.E. (1990). Survivald agrowth of Listeria
monocytogenen lettuce as influenced by shredding, chlorineatinent,
modified atmosphere packaging and temperatiogernal of Food Scienc&5:
755-758.

Bhagwat, A.A., Saftner, R.A. and Abbott, J.A. (2DO&£valuation of wash
treatments for survival of foodborne pathogens amantenance of quality
characteristics of fresh-cut apple slicésod Microbiology,21: 319-326.

Brackett, R.E. (1992). Shelf stability and safefyfresh produce as influence by
sanitation and disinfectiodournal of Food Protectiorg5: 808-814.

Buck, J.W., Walcott, R.R. and Beuchat, L.R. (200Recent trends in
microbiological safety of fruits and vegetableBlant Health Progress,
Accessed 13/04/2010, In:
http://lwww.plantmanagementnetwork.org/pub/php/re¥2003/safety/.

Centers for Disease Control and Prevention (CD@O0T72 Anual listing of
foodborne disease outbraks, United States, 1998-286cessed 10/07/2009,
In: http://www.cdc.gov/foodborneoutbreaks/outbredéta. htm.

EU Scientific Committee on Food, (2002). Risk peofof the microbiological
contamination of fruits and vegetables eaten rawceAsed 5/5/2009, In:
http://europa.eu.int/comm/food/fs/sc/scflout123pdfs.

223



SEMI-COMMERCIAL APPLCATION OFPSEUDOMONAS GRAMINIEPA-7

Farber, J.M. (1991). Microbiological aspects of ffied-atmosphere packaging
technology: a reviewlournal of Food Protectiorb4: 58-70.

Gahan, C.G.M., Odriscoll, B. and Hill, C. (1996)cié adaptation ofListeria
monocytogenescan enhance survival in acidic foods and duringk mi
fermentation Applied and Environmental Microbiolog§2: 3128-3132.

Gorny, J.R. (2003a). New opportunities for freshapplesFresh Cut,11: 14-15.

Gorny, J.R. (2003b). A summary of CA and MA reqomients and
recommendations for fresh-cut (minimally processid)ts and vegetables.
Proceedings of the 8th International Controlled Asphere Research
Conference, Vols | and.lDosterhaven, J. and Peppelenbos, H.W.: 609-614.

Gorny, J.R., Gil, M.I. and Kader, A.A. (1998). Huamtvest physiology and quality
maintenance of fresh-cut pearfostharvest '96 - Proceedings of the
International Postharvest Science ConferenBeeleski, R., Laing, W.A. and
Clark, C.J. Leuven 1, International Society Hofftictal Science. 464: 231-236.

Gorny, J.R., Hess-Pierce, B., Cifuentes, R.A. aradldf, A.A. (2002). Quality
changes in fresh-cut pear slices as affected byrated atmospheres and
chemical preservativeRostharvest Biology and Technolo@y,: 271-278.

Gunes, G.G. and Hotchkiss, J.H. (2002). Growth surgtival of Escherichia coli
0157:H7 on fresh-cut apples in modified atmosphatesbusive temperatures.
Journal of Food Protectior§5: 1641-1645.

Harris, L.J., Farber, J.N., Beuchat, L.R., ParMIE., Suslow, T.V., Garrett, E.H.
and Busta, F.F. (2003). Outbreaks associated wibhf produce:incidence,
growth, and survival of pathogens in fresh and Hrest produce.
Comprehensive Reviews in Food Science and FootySaf@8-141.

Jacxsens, L., Devlieghere, F., Falcato, P. and\@&ebeJ. (1999). Behavior bfsteria
monocytogenesand Aeromonas spp. on fresh-cut produce packaged under
equilibrium-modified atmospherdournal of Food Protectior§2: 1128-1135.

Janisiewicz, W.J., Conway, W.S. and Leverentz,1890). Biological control of
postharvest decays of apple can prevent growtbsoherichia coliO157:H7 in
apple woundsJournal of Food Protectior§2: 1372-1375.

Koseki, S. and Itoh, K. (2001). Prediction of migia@ growth in fresh-cut
vegetables treated with acidic electrolyzed wataing) storage under various
temperature conditiondournal of Food Protectiorg4: 1935-1942.

Koutsoumanis, K.P., Kendall, P.A. and Sofos, J.R00@). Effect of food
processing-related stresses on acid tolerantestaria monocytogenespplied
and Environmental Microbiology§9: 7514-7516.

Koutsoumanis, K.P. and Sofos, J.N. (2004). Comperaicid stress response of
Listeria. monocytogenes Escherichia coli O157:H7 and Salmonella

224



CapPiTULO VI

typhimurium after habituation at different pH conditionsetters in Applied
Microbiology, 38: 321-326.

Lee, I.S., Lin, J.S., Hall, H.K., Bearson, B. armkter, J.W. (1995). The stationary
phase sigma factar® (RpoS) ir required for a sustained acid toleraspomse
in virulentSalmonellalyphimurium.Molecular Microbiology,17: 155-167.

Leverentz, B., Conway, W.S., Janisiewicz, W., AbadiM., Kurtzman, C.P. and
Camp, M.J. (2006). Biocontrol of the food-borne huafens Listeria
monocytogeneandSalmonella entericaerovar Poona on fresh-cut apples with
naturally occurring bacterial and yeast antagonpplied and Environmental
Microbiology, 72: 1135-1140.

Liao, C.H. and Sapers, G.M. (2000). Attachment grovth of SalmonellaChester
on apple fruits and in vivo response of attachexddra to sanitizer treatments.
Journal of Food Protectiorh3: 876-883.

Lou, Y.Q. and Yousef, A.E. (1997). Adaptation tdkthal environmental stresses
protectsListeria monocytogeneagainst lethal preservation factofgplied and
Environmental Microbiology3: 1252-1255.

Luo, Y. and Barbosa-Canovas, G.V. (1996). Presiemvadf apple slices using
ascorbic acid and 4-hexylresorcinolFood Science and Technology
International,2: 315-321.

Molnar-Perl, I. and Friedman, M. (1990). Inhibitiofi browning by sulfur amino-
acids. 3. Apples and potatogsurnal of Agricultural and Food Chemistr$8:
1652-1656.

Nguyen-The, C. and Carlin, F. (1994). The microbgyl of minimally processed
fresh fruits and vegetableGritical Reviews in Food Science and Nutriti4;
371-401.

Oms-Oliu, G., Aguil6-Aguayo, |. and Martin-Bellos@. (2006). Inhibition of
browning on fresh-cut pear wedges by natural comgsuwournal of Food
Scienceyl: S216-S224.

Park, C.-M., Hung, Y.-C., Doyle, M.P., Ezeike, @.0Cand Kim, C. (2001).
Pathogen reduction and quality of lettuce treatétth wlectrolyzed oxidizing
and acidified chlorinated watelournal of Food Sciencé6: 1368-1372.

Phan-Thanh, L., Mahouin, F. and Alige, S. (2000tidAresponses okisteria
monocytogenesnternational Journal of Food Microbiology5: 121-126.

Phan-Thanh, L. and Montagne, A. (1998). Physioklgiand biochemical aspects
of the acid survival oListeria monocytogenedournal of General and Applied
Microbiology,44: 183-191.

225



SEMI-COMMERCIAL APPLCATION OFPSEUDOMONAS GRAMINIEPA-7

Pizzocaro, F., Torreggiani, D. and Gilardi, G. (39 Inhibition of apple
polyphenoloxidase (PPO) by ascorbic acid, citriedaand sodium chloride.
Journal of Food Processing and Preservatiaid; 21-30.

Raybaudi-Massilia, R.M., Mosqueda-Melgar, J., Sudioépez, A., Soliva-
Fortuny, R. and Martin-Belloso, O. (2009). Use alimacid and other quality
stabilizing compounds to assure the safety of fmgh'Fuji' apples by
inactivation ofListeria monocytogeneS§almonellaEnteritidis andescherichia
coli O157:H7.Journal of Food Safety9: 236-252.

Rico, D., Martin-Diana, A.B., Frias, J.M., Baratyl] Henehan, G.T.M. and Barry-
Ryan, C. (2007). Improvement in texture using cafcilactate and heat-shock
treatments for stored ready-to-eat carrdsirnal of Engineering/9: 1196-1206.

Rojas-Grau, M.A., Sobrino-Lopez, A., Tapia, M.Sdavartin-Belloso, O. (2006).
Browning inhibition in fresh-cut ‘fuji' apple sliseby natural antibrowning
agentsJournal of Food Scienc@l: S59-S65.

Roller, S. and Lusengo, J. (1997). Developmentsdtural food preservatives.
Agro Food Industry Hi-Teclg: 22-25.

RoRle, C., Gormley, T.R. and Butler, E. (2009).id&y of Naturese8l AS1
browning inhibitor in fresh-cut fruit salads apg@lions, with emphasis on apple
wedgesJournal of Horticultural Science & Biotechnolagy2-67.

Rupasinghe, H.P.V., Murr, D.P., DeEll, J.R. and @dtu, J. (2005). Influence of
1-methylcyclopropene and NatureSeal on the quefiiyesh-cut "Empire" and
"Crispin” applesJournal of Food Quality28: 289-307.

Samelis, J., Ikeda, J.S. and Sofos, J.N. (2003alugtion of the pH-dependent,
stationary-phase acid tolerance listeria monocytogenesnd Salmonella
typhimurium DT104 induced by culturing in media with 1% gluepsa
comparative study withEscherichia coli 0157:H7. Journal of Applied
Microbiology, 95: 563-575.

Sapers, G.M., Hicks, K.B., Phillips, J.G., Garziel., Pondish, D.L., Matulaitis,
R.M., McCormack, T.J., Sondey, S.M., Seib, P.A. &latawy, Y.S. (1989).
Control of enzymatic browning in apple with ascorbacid derivatives,
polyphenol oxidase-inhibitors, and complexing agentournal of Food
Scienceb4: 997-1002.

Sapers, G.M., Miller, R.L., Pilizota, V. and Mattzm, A.M. (2001). Antimicrobial
treatments for minimally processed cantaloupe melournal of Food Science,
65: 529-532.

Soliva-Fortuny, R.C., Grigelmo-Miguel, N., OdrioaeGerrano, I., Gorinstein, S.
and Martin-Belloso, O. (2001). Browning evaluatimihready-to-eat apples as
affected by modified atmosphere packagibgurnal of Agricultural and Food
Chemistry 49: 3685-3690.

226



CapPiTULO VI

Soliva-Fortuny, R.C., Oms-Oliu, G. and Martin-Bellp O. (2002). Effects of
ripeness stages on the storage atmosphere, coldriextural properties of
minimally processed apple slicdgurnal of Food Sciencé,7: 1958-1963.

Son, S.M., Moon, K.D. and Lee, C.Y. (2001). Inhiipjt effects of various
antibrowning agents on apple slicEsod Chemistryy3: 23-30.

Takeuchi, K. and Frank, J.F. (2001). Quantitatietednination of the role of
lettuce leaf structures in protectii€scherichia coliO157: H7 from chlorine
disinfection.Journal of Food Protectiorg4: 147-151.

Toivonen, P.M.A. (2008). Influence of harvest mayuon cut-edge browning of
‘Granny Smith' fresh apple slices treated with -britiwvning solution after
cutting.LWT-Food Science and Technolod§; 1607-1609.

Trias, R., Baferas, L., Badosa, E. and MontesiEos2008). Bioprotection of
Golden Delicious apples and Iceberg lettuce agafosdborne bacterial
pathogens by lactic acid bacteriaternational Journal of Food Microbiology,
123: 50-60.

Vifas, 1., Abadias, M., Usall, J., Teixidd, N. af@rres, R. (2010). Cultivo
biolégico de una cepa de la espeBiseudomonas graminisiso de dicho
cultivo como antagonista para el control biolégd® bacterias patégenas, y
método para tratar fruta que comprende la etapaptiear a la fruta una
aplicacion que comprende dicho cultivo. Applicationmber: P25670ESO0O.
Date: 29/12/2010. Universitat de Lleida/Institut &mcerca i Tecnologies
Agroalimentaries.

227






CAPITULO VI

Microbiological and physicochemical quality of
fresh-cut apple enriched with the probiotic strain
Lactobacillus rhamnosussG

I. Alegre, I. Vifas, J. Usall, M. Anguera, M. Abadi

Publicado en: Food Microbiology, 28 (2011), 59-66






CapiTuLO VII

ABSTRACT

The effectiveness as protective culture of the ijotab Lactobacillus
rhamonosu$sG (L. rham GG) againsBalmonellaandListeria monocytogenesn
minimally-processed apples throughout storage ab age its effect on apple
quality and natural microflora was evaluated. Stalto subsequent exposure to
gastric stress was also reported. Apples were ot Wwedges and dipped in a
solution containingSalmonellaand L. monocytogene¢10® cfu mL*) and/or
L. rham GG (16 cfu mL™). Apple wedges were packed and stored at 5 arf€10
Periodically, microbial population, bacterial swafi to gastric stress and quality of
apple wedges were evaluated. Althou@almonella was not affected by
co-inoculation withL. rham GG, L. monocytogenepopulation was 1-log units
lower in the presence df. rham GG. L. rham GG population maintained over
recommended levels for probiotic action {1&fu g') along storage, however,
viable cells after gastric stress were only abdwe level during the first 14 days.
Pathogen survival after gastric stress was < 1 t#r df days at 5 °C. Moreover,
apple wedges quality was not affectedlbyham GG addition. Thud,. rham GG
could be a suitable probiotic for minimally-procedsapples capable to reduce
L. monocytogenegrowth; nevertheless shelf life should not be bigio 14 days to
guarantee the probiotic effect.

Keywords: Salmonella Listeria monocytogenegastric acid survival; protective
cultures; biocontrol
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1. INTRODUCTION

Fresh fruit and vegetables are essential comporméritee human diet and there is
considerable evidence of the health and nutritidvealefits associated with the
consumption of fresh fruits and vegetables (Abadtaa., 2008). Consumer trends
with respect to food choice are changing due tartbeeasing awareness of the link
between diet and health, consequently consumptidinesh produce, as well as
functional foods, has increased significantly otlee past years. In Europe, the
largest segment of functional foods market compri$eods fortified with
probiotics, prebiotics or synbiotics (Sheeledral, 2007). Probiotics are defined as
‘live microorganisms which when administered in quite amounts confer a
health benefit on the host’ (FAO/WHO, 2002). Cutrerdustrial probiotic foods
are basically dairy products (yogurt and other famted dairy products) which
may represent inconveniences due to their lactodecholesterol content (Heenan
et al, 2004). Therefore there is an increasing demanddo-dairy based probiotic
products (Rivera-Espinoza and Gallardo-Navarro0201

The probiotic microorganisms consist mostly ofisgaof the generéaactobacillus
and Bifidobacteriumwhich are types of lactic acid bacteria (LAB) (Rvaet al,
2008).Lactobacillus rhamnosusG (L. rham.GG) is one of the extensively studied
strains with well-documented probiotic propertiés:is known to colonize the
intestine and to be active against organisms cgusineler's diarrhea and rotavirus
infection (Ouwehand and Salminen, 1998; Salmitead, 1998; Saxelin, 2008).

The efficacy of added probiotic bacteria dependsirmctulum level and their
viability must be maintained throughout storage tbé product's shelf life
(Kailasapathy and Chin, 2000). There is no cleae@ment on the minimum
concentration of probiotic intake to achieve betiafieffect on the host. While
some researchers suggest that concentrations Higgrerl§ cfu mL* (Dave and
Shah, 1997; Kurman and Rasic, 1991) are requirber® suggest a concentration
of at least 10and 16 cfu mL™* (Kailasapathy and Rybka, 1997; Lourens-Hattingh
and Viljoen, 2001). In a recent study,rham GG concentration on apple wedges
was maintained at f0cfu g' over a 10 days storage period at 2-4 °C with
acceptable quality of apple (Roldeal, 2010). Probiotics should not only survive
in the food product but cells should also be ableetich the small intestine alive. It
has been demonstrated that the food matrix affsctwival to the gastric
environment (Saarelet al, 2006; Stantonet al, 1998). Although it was
hypothesized that cells which were stored in ard daiit drink could have
enhanced resistance to the subsequent acid cheltdragsimulated gastrointestinal
stress, Champagne and Gardner (2008) observed rhigability losses for
probiotic cultures after having been stored fordays at 4 °C in fruit drinks than
for fresh cultures.
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Although consumption of fresh produce is benefid@ optimal health, these
foods may be associated with risks of foodbornae#is. Thus, the rise in
consumption of minimally-processed (MP) produce hesulted in increased
frequency of outbreaks of illness associated witv fruits and vegetables as
protective barriers (physical and chemical) areaesd during processing of MP
fruits and vegetables and that increases vulnérathd microbial contamination
and colonization (Leverentzt al, 2001). Fresh fruit and fruit juices have been
incriminated in outbreaks of foodborne illnessessea by human pathogens like
Salmonella(CDC, 2007; Harrigt al, 2003; Powell and Luedtke, 2000). Although
low pH of apples the growth oEscherichia coli Salmonellaand Listeria
monocytogenesn MP apple tissue stored in air has been denaiadt(Abadiast

al., 2009; Alegreet al, 2010; Dingman, 2000; Fisher and Golden, 1998;
Janisiewiczt al, 1999b).

Lactic acid bacteria (LAB) not only improve healtthen consumed, but they can
also play a protective role against pathogensenptioduct itself during storage by
competing with pathogens for nutrients (vitamindnenals, trace elements and
peptides), producing organic acids and bacterig@nsmicrobial peptides) (Rydlo
et al, 2006). The presence of cultures with inhibitorggerties could improve the
shelf life and safety of vegetable products whikducing the need to use
increasing levels of chemical additives (Schueanel Harrison, 2002). Growth of
foodborne pathogens on fruit flesh has been predentising epiphytic
microorganisms previously (Abadiast al, 2009; Janisiewiczet al, 1999a;
Leverentzet al, 2006; Triaset al, 2008).

The acidity of the stomach is considered a majéerds barrier against foodborne
infection (Smith, 2003). Recent studies have indidathe ability of foodborne
bacteria, aSalmonellaandL. monocytogeneso increase resistance to extreme pH
conditions after adaptation to sublethal acidiciemments (acid habituation or
acid tolerance) (Bearsoet al, 1997; Foster, 1995; Lou and Yousef, 1997;
O'Driscoll et al, 1996). This ability may have significant implicats for food
safety, in particular in acidic food as minimallyepessed apples.

The objective of this work was to apply a probiaticcroorganismL. rhamnosus
GG, to fresh-cut apple wedges to report its effecgrowth of foodbone pathogens
(L. monocytogeneand Salmonelly, the natural microflora, and on apple wedges
quality along conservation. The ability of the cudts to survive simulated gastric
stress conditions following storage was also stlidie
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2. MATERIALS AND METHODS

2.1. Fruit

‘Golden Delicious’ apples were obtained from logackinghouses in Lleida,
Catalonia. Prior to the experimental studies, applere washed with water,
surface disinfected with ethanol 70 % and let tp alr room temperature. Apples
were cut in 10 skin-on wedges using an apple stioesr.

2.2. Bacterial strains and inoculum preparation

The bacterial strains used in this work are listedable 1. The commercial strain
L. rhamnosus$GG (L. rham GG) was obtained from Ashtown Food Research €entr
(Teagasc; Ashtown, Dublin, Ireland). The probiddicain was grown in de Man,
Rogosa and Sharpe (MRS, Biokar Diagnostics, Beaukaance) broth for 15+2 h at
37 °C. The cells were obtained by centrifugatioh%844 x g for 15 min at 10 °C. The
broth was decanted and the cells were suspendgetiie distilled water.

Salmonellastrains were adapted to grow on tryptone soy &68A, Oxoid, UK)
supplemented with 100 pug mLof streptomycin sulphate salt (St, Sigma,
Germany) thereby enabling detection on a seleameslium (TSA-St) in the
presence of the natural microbial flora associatéiti apples. The strains were
grown individually in tryptone soy broth (TSB, Oxipi supplemented with
streptomycin (TSB-St) medium for 20-24 h at 37 tC.monocytogenestrains
were grown individually in TSB supplemented withg6L™ of yeast extract
(tryptone yeast extract soy broth, TYSEB) for 2024t 37 °C. Bacterial cells
were harvested by centrifugation at 9820 x g, 10 rat 10 °C and then
resuspended in saline solution (SS; 8.5 § NaCL). The four Salmonella
concentrated suspensions were mixed, as well asfithkeL. monocytogenes
concentrated suspensions.

For the inoculum preparation, bacterial concerdgrativas estimated using a
spectrophotometer (SP-2000UV, Optic Ivymen SystBarcelona, Spain) set at
A=420 nm according to previously determined standarges. A volume of each
of the bacterial concentrated suspensions was attdddL of water with 6 %
NatureSedl AS1 (w/v; AgriCoat Ltd., Great Shefford, UK) to tain
approximately 19 cfu mL* in the case ofSalmonellaand L. monocytogenesr

10° cfu mL? for L. rham GG. Inoculum concentration was checked by plating
appropriate dilutions onto TSA-St f&almonellaonto Palcam agar (Palcam Agar
Base with selective supplement, Biokar DiagnostiBgauvais, France) for
L. monocytogeneand onto MRS agar fdr. rham GG.
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Table 1Bacterial strains used in this study

Number Microorganism Serovar Source

ATCC 53103 Lactobacillus rhamnosus G Human feces
(L. rham GG)

ATCC BAA-707  Salmonella choleraesu@ibsp. Agona Alfalfa sprouts

cholerasuigSmith) Weldin

ATCC BAA-709  Salmonella choleraesu@ibsp. Michigan Cantaloupe
cholerasuigSmith) Weldin

ATCC BAA-710  Salmonella choleraesusibsp. Montevideo Clinical (patient with
cholerasuigSmith) Weldin salmonellosis associated
with tomatoes)

ATCC BAA-711  Salmonella choleraesugibsp. Gaminara Orange juice
cholerasuigSmith) Weldin

CETC Listeria monocytogenes la Rabbit

4031/ATCC (Murray et al. 1926) Pirie 1940

15313

CECT 933/ Listeria monocytogenes 3a Human

ATCC 19113 (Murray et al. 1926) Pirie 1940

CECT 940/ Listeria monocytogenes 4d Sheep

ATCC 19117 (Murray et al. 1926) Pirie 1940

CECT 4032 Listeria monocytogenes 4b Cheese
(Murray et al. 1926) Pirie 1940

LM230/3 Listeria monocytogenes 1/2a Fresh-cut iceberg lettuce

(isolated in our laboratory,
(Abadiaset al. 2008))

2.3. Apple treatment

Apple wedges were suspended (1:2 w/v) for 2 mirl%ZQ@ rpm in one of the
following treatments (a) control: 6 % NatureSeaB1 (w/v) solution, (b) Sal+Lm:
6 % NatureSe8l AS1 (w/v) solution inoculated withSalmonella and

L. monocytogenes(c) L. rham GG: 6 % NatureSeal AS1 (w/v) solution
inoculated withL. rham GG or (d) Sal+Lmt. rham GG: 6 % NatureSealAS1

(w/v) solution inoculated wittsalmonellaandL. monocytogenesndL. rham GG;

and then were allowed to dry in a laminar flow laiesy cabinet.

Approximately 10 apple wedges (200+5 g) were plategolypropylene trays
(192x137x55 mm, CL1000TPP, Alphacel) and sealed wipolypropylene plastic
film (Amcor Flexibles, Ledbury, Hereforshire UK) 86 p in thickness with an,O
and CQ permeability of 3500 cthm? day* atm' at 23 °C and a water steam
permeability of 0.9 g i day® at 25 °C and 75 % relative humidity. Apple trays
were stored at 5 and 10 °C for 28 days.
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2.4. Enumeration of bacterial concentration on apm wedges

Populations oSalmonellaL. monocytogeneandL. rham GG were determined in
three sample trays for each treatment (b, c andtdach sampling time and
temperature. The samples were examined on the fdapaulation and after 4, 7,
14, 21 and 28 days. For the analysis, 10 g of afjppihe each tray were mixed with
90 mL of buffered peptone water (BPW, Oxoid, LTDadhgstoke, Hampshire,
England) in a sterile bag and homogenized in a Sttver 400 (Seward, London,
UK) set at 230 rpm for 2 min. Further ten-fold dituns were made with saline
peptone (SP; 8.5 gL NaCl and 1 g L' peptone) and plated as described
previously. The agar plates were incubated at 3Ctior 24 h forSalmonellaand

L. rhamGG and for 48 h foL. monocytogenes

Mesophilic microorganisms were determined in cdribeatment (a) and yeast and
moulds in control andl. rham GG treatment (a and c) by enumerating colonies on
plates with plate count agar (PCA, Biokar DiagrusstiBeauvais, France) or
chloramphenicol glucose agar (GCA, Biokar DiagrusstBeauvais, France) and
incubated at 30+1 °C or 251 °C for 3 and 5 dagspectively.

Three replicate determinations (one tray each) warged out for each treatment
at each sampling date and temperature. The assayepeated twice.

2.5. Survival in simulated gastric conditions

SalmonellaL. monocytogeneandL. rham.GG from apple samples stored at 5 °C
(Sal+Lm; L. rham GG and Sal+Lmk. rham GG treatments) were evaluated for
their survival to the exposure to simulated gasttiess at each sampling time. To
simulate mastication, 10 g of each sample was glaae a 80 mL sterile plastic
bag (IUL Instruments, Barcelona, Spain) and 10 rilanificial saliva solution
(6.2 g L* NaCl, 2.2 g [* KCI, 0.22 g '* CaC} and 1.2 g [! NaHCQ) tempered at
37 °C were added. It was homogenized in a stomdaleader for 120 s at high
speed (Bagmixer 100 Minimix, Interscience). The mias transferred to an
Erlenmeier flask containing 80 mL of gastric flioH 2.0; 2M HCL containing
0.3 g L* of pepsin and tempered at 37 °C) and was incubiatexh incubator
shaker at 37 °C and 150 rpm for 2 h. PopulatiorSatfnonellaL. monocytogenes
andL. rham GG after being incubated with simulated gastdidl dor 2 h were
compared with those counts in BPW. Cell survivaswalculated as percentage of
viable cfu ¢" after simulated gastric challenge over total ceimBPW.

2.6. Quality analysis of apple wedges

Quality analysis of apple wedges was performedewh single tray. Three trays
were used for each treatment at each sample tirdeteanperature. Headspace
composition and pH were determined for all treatthemeanwhile color, texture,
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soluble solid content and titratable acidity wendyaletermined for the treatments
without pathogens as analysis took place outsiddtbsafety Laboratory.

2.6.1. Headspace gas composition

Carbon dioxide and oxygen content in single traysrewdetermined using a
handheld gas analyzer (CheckPoinGD,, PBI Dansensor, Denmark) at each
sampling time.

2.6.2. pH

Apple flesh pH was determined using a penetratient®de (5231 Crison, and
pH-meter Model GLP22, Crison Instruments S.A., B&wa, Spain). Three
measurements were carried out for each tray (9rdatations per treatment at
each sample time and temperature).

2.6.3. Color

Fresh-cut apple surface color was measured witR&@ Minolta chroma meter
(Minolta, INC., Tokyo, Japan). Color was measuresing CIE L*, a*, b*
coordinates. llluminant D65 and 10° observer amgdee used. The instrument was
calibrated using a standard white reflector plate94.00,x=0.3158,y=0.3322).
Five apple wedges were evaluated for each tray.slinace on both sides of the
apple wedges was measured for each replicate (n#3@gecrease inL* value
indicates a loss of whiteness, a more pos#ivealue means progressive browning
and a more positive* value indicates more yellowing.

2.6.4. Soluble solids content

Percent of soluble solids (°Brix) was measured @t °€ with a handheld
refractometer (Atago Co. Ltd., Tokio, Japan) ircguiextracted by crushing apple
wedges. There was one measurement for each tray.

2.6.5. Titratable acidity

To measure titratable acidity, 10 mL of apple ju{obtained by crushing apple
wedges of each tray) were diluted with 10 mL ofitlesl water and it was titrated
with 0.1 N NaOH up to 8.1. The results were calmdaas g of malic acid L
There was one measurement for each tray.
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2.6.6. Texture

Apple firmness evaluation was performed using a X2 Texture Analyzer
(Stable Micro Systems Ltd., England, UK) by measmyithe maximum penetration
force required for a 8 mm diameter probe to petetmto an apple cube of
20x20%20 mm to a depth of 8 mm. Three apple pidom® each tray were
measured.

2.7. Statistical analysis

Prior to ANOVA, all cfu mL* data were transformed to lggefu g'. The General
Linear Models (GLM) procedure of the SAS Enterpagde was applied (v.4.1; SAS
Institute, Cary, NC, USA). Significant differencbstween treatments were analyzed
by Duncan’s Multiple Range test at a significareeel of P<0.05.

3. RESULTS

3.1. Bacterial concentration on apple wedges.

Populations ofSalmonellaand L. monocytogenesn ‘Golden Delicious’ apple
wedges with or without. rham GG along 28 days of storage at 5 and 10 °C are
shown in Fig. 1.

Salmonellainitial population on apple wedges was 3.9+0.0Jafu ¢g* (Fig. 1A).
Meanwhile apple wedges stored at 10 °C showed arease inSalmonell&és
population (up to 5.4+0.3 lggcfu g* after 28 days), a decrease of approximately
0.5-log units was observed at 5 °C. Only slighfeddnces were observed between
Salmonellapopulation on apple wedges with or withautrham GG throughout
storage period at both temperatures.

L. monocytogene@ig. 1B) initial population was 3.7+0.0 lagcfu g. Although

at 10 °CL. monocytogeneincreased rapidly on the first 7 days (more than
2.4-log units) and then continued increasing slowlaching a population of
7.0+0.1 log, cfu g* after 28 days of storage, at 5 °C, population gnowas not
noticeable until 14 days of storage, and final pafien was 6.4+0.1 log cfu g*.
When it was co-inoculated with.. rham GG, pathogen population was
approximately 1-log unit lower when compared witd4h.m treatment from 7 to
14 days at 10 and 5 °C, respectively.

Initial L. rham GG population on MP apple wedges was approximatel
7.0 logo cfu g* and it fluctuated between 6.8 and 7.4.dogfu g' throughout
storage at both temperatures regardless it wasila@c alone or in combination
with SalmonellaandL. monocytogeng$ig. 2).
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Fig. 1 Salmonella(A) and L. monocytogeneéB) population on ‘Golden Delicious' apple wedges
inoculated alone & ) or together with rham GG (B ) and stored at 5 °C (dotted line) or 10 °C
(continuous line) (n=6, bars are standard deviatiotihe mean. When the standard error bars are not

visible, they are smaller than the size of the syinb
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L.rham. GG
(logiocfu g)
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5.0 T T T T T 1
0 5 10 15 20 25 30

Storage time (days)

Fig. 2L. rham GG population on ‘Golden Delicious’ apple wedgesculated alone & ) or together
with Salmonellaand L. monocytogeneéM) and stored at 5 °C (dotted line) or 10 °C (comus
line) (n=6, bars are standard deviation of the m@dmen the standard error bars are not visiblg; the

are smaller than the size of the symbol).

Initial mesophilic population on uninoculated apphleedges (Fig. 3A) was
2.60.1 logo cfu g*. At 10 °C, it augmented exponentially (more tharo@-linits)
until day 7, and then it continued increasing glighreaching a final population of
6.5+0.4 logo cfu g*. Although no mesophilic increase was observednduthe
first 4 days at 5 °C, then it augmented expondptialaching a final population of
6.1+0.4 log, cfu g".

Yeast and moulds were evaluated on control lancham GG treatments at both
storage temperatures (Fig. 3B). Initial populatieas 2.2+0.4 log cfu g* and it
augmented slightly during storage with maximums ytations between 3.7+0.4
and 4.7+0.14 log cfu ¢g*. No differences were observed among yeast anddsoul
growth at any temperature and treatment.
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Fig. 3 Population of mesophilic microorganisms (A) and guB) on ‘Golden Delicious' apple
wedges inoculated aloneaA( ) or together viittham GG (M ) and stored at 5 °C (dotted line) or

10 °C (continuous line) (n=6, bars are standardadien of the mean. When the standard error bars
are not visible, they are smaller than the sizénefsymbol).

3.2. Survival in simulated gastric conditions

The tolerance to gastric stressSdImonellaL. monocytogeneandL. rham GG
prior and after storage at 5 °C up to 28 days ooldén Delicious’ apple wedges
when inoculated alone or in combination was ingeddd (Table 2). Viability of
any of the bacteria was not affected by cultivaédone (Sal+Lm oL. rham GG)
or in combination (Sal+Lm+ rham GG).

Salmonellacell survival in simulated gastric conditions afteoculation of apple
wedges (t=0) was around 30 % for both treatmentsebsing storage times caused
a sharp reduction dalmonellaviability after gastric acid incubation, lowering

4 % after 4 days of storage at 5 °C and being Idha&n 1 % from day 7 until the

end of storage (<1.7-log unitsy
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Table 2 Salmonella L. monocytogeneandL. rham GG survival (%) after exposure to
simulated gastric fluid. Apples were inoculated hv#almonella L. monocytogenesr
L. rham GG alone (Sal+Lm ok. rham GG) or in combination (Sal+Lnh+ rham GG)
and stored at 5 °C up to 28 days.

Day Salmonella L. monocytogenes L. rham GG

Sal+Lm Sal+Lm+ Sal+Lm Sal+Lm+ L. rham. GG Sal+Lm+

L. rham. GG L. rham. GG L. rham. GG

0 35.648.1 27.745.7 15.0+4.3 14.3+6.1 78.6£10.2 82.3+15.7

4.5+0.6 4.043.3 1.7+¢1.1 1.1+0.5 82.0+46.3 68278
7 0.3+0.0 0.9+0.3 0.1+0.0 0.8+0.3 30.5+9.5 11.8+3
14  0.620.1 0.640.1 0.0 0.120.0 22.3#3.4 7.3:1.8
21 0.3+0.3 0.6+0.3 0.0 0.0 6.745.4 19.545.1
28 0.6 0.5+0.5 0.0 0.0 2.9+1.2 1.6+0.2

Each value is the mean + standard error of the roé#dmee replicates.
*not detected after incubating 10 g of digested $amp0 mL of BPW 24 h at 37 °C

PMeans that bacterial survival from apple wedgesmineculated alone differs from survival from
apple wedges when inoculated together (P<0.05)dcpto Duncan’s Multiple range test.

Higher reductions in viability during the gastricid challenge were observed for
L. monocytogeneslnitial cell survival (t=0) was 15 % approximatglit was
reduced to around 1 % on the first 4 days of seeayd below 1 % from day 7.

L. rham GG initial cell survival was around 80 %. Althdygncreasing storage
time of apple wedges caused a progressive reduofion rham GG viability, it
was higher to 10cfu g* up to 4 days of storage in both treatments. Fragn4ito
day 7 a sharp decrease of viability was detectedveier,L. rham GG viability
was maintained up to $@fu g* until 14 days of storage at 5 °C on apple wedges.

3.3. Quality analysis of apple wedges

3.3.1. Headspace gas composition

The Q and CQ concentration data were pooled for all treatmastshe evolution
on the trays was not different among them (Fig.Tdle Q concentration within
MP apple trays stored at 10 °C dropped rapidly frdh0 % to approximately
10.0 % during the first 4 days of storage and dftedays it was 0.0 %. At 5 °C, it
needed 21 days to reach 0.3 %. The, @@ncentration increased to more than
10.0 % during the first 4 days of storage at 10afd it reached a concentration
higher than 30.0 % after 28 days. At 5 °C, it wasaver 10.0 % until 14 days of
storage.
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Fig. 4 Concentration 0O, (M) and CQ ( A ) in apple trays stored at 5 °C (dotted line) ahd0 °C
(continuous line) (n=12, bars are standard deviatiche mean. When the standard error bars are not
visible, they are smaller than the size of the syinb

3.3.2. pH

Initial pH values of apple flesh were 3.93+0.20 &nely varied between 3.94+0.16
and 4.26+0.10 over the 28 days storage period (datashown). However, no
significant effects of treatment or storage time g sample variability were
observed.

3.3.3. Color

Table 3 shows the L*, a* and b* values for both gwntrol andL. rham GG
inoculated apple wedges stored at 5 and 10 °C 2&eatays of storage. Although
some significant differences were observed betweesiments for instrumental
colour values (L*, a* and b*) at both temperaturas, clear tendency could be
observed. However, during storage Hunter L* valineseased for all treatments
from 72.74 to approximately 80 in the first 4 dafjstorage. Then, they oscillated
from 80.51+0.43 to 82.92+0.44. Regarding a* valutbgy decreased for both
treatments at both storage temperatures on thelfadays and then they maintained
around -3.00. In terms of yellowness, b* valuesiadéed from 23.82+0.43 (initial
value) to 27.75+0.61 in all treatments along sterag
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Table 3 Changes in the color parameters (L*, a*, b*) ofnodulated (control) or inoculated with

wedges during storage at 5 and 10 °C.

rham GG ‘Golden Delicious’ apple

Temperature Treatment Days
0 4 7 14 21 28
L* 5°C Control 72.74+0.39 Az  79.75%0.42 Ay 80.9839 Ax 81.29+0.28 Awx 82.24+0.20 Aw  81.27+0.49 Awx
L.rham GG 72.74+0.39 Az  79.67+0.38 Ay 81.28+0.31 Ax 810.31 Ax 80.51+0.43 Bxy  82.31+0.28 Aw
10°C Control 72.74+0.39 Az  80.67+0.33 Ay 81.97£0Bnx 81.07+0.35 Axy 80.87+0.36 Bxy  82.92+0.44 Aw
L.rham GG 72.74+0.39 Az  79.75%0.42 Ay 80.98+0.39 Ax  ZBI0.28 Awx 82.24+0.20 Aw  81.28+0.49 Bwx
a* 5°C Control -2.48+0.11 Aw  -3.03+0.08 Ax -3.3136 Axy  -3.19+0.10 Ax -3.05+0.11 Ax -3.54+0.12 Ay
L.rham GG -2.48+0.11 Aw -3.55+0.11 Bxy -3.08+0.09 Ax  5B8+0.13Byz  -3.25+#0.18 Axy  -3.76%0.16 Az
10°C Control -2.48+0.11 Aw -3.26+0.18 Ax -3.11+0.15 Ax -2.89+0.12 Ax -2.88+0.Ax -3.22+0.09 Ax
L.rham GG -2.48+0.11 Aw -3.03+0.08 Ax -3.31+0.16 Axy  18+0.10 Ax -3.05+0.11 Ax -3.54+0.12 By
b* 5°C Control 23.82+0.43 Ax  23.83%0.41 Bx 26.4339Aw  25.97+0.53 Aw  23.90%0.36 Bx 25.95+0.68 Aw
L.rham GG 23.82+0.43 Ay 25.37+0.48 Axy 24.08+0.41 Bxy .525:0.53 Awx 25.48+0.52 Awx 26.31+0.61 Aw
10°C Control 23.82+0.43 Ay 25.91+0.49 Awx 27.7%DAxy 25.78+0.47 Awx 26.73+0.58 Awx 24.40%0.50 Aw
L.rham GG 23.82+0.43 Ax 23.83+0.41 Bx 26.43+0.39 Aw  250.53 Aw  23.89+0.36 Bx 25.95+0.68 Aw

Each value is the mean + standard error of the méinree replicates with ten evaluations eachfelbgint lowercase letters (w, X, y, z) in the same |
indicate significant differences (P<0.05) amongrage days for each treatment whereas differenttajalgitters (A, B) in the same column indicate
significant differences (P<0.05) between treatmahtie same time and temperature.
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3.3.4. Soluble solids content, titratable acidity red texture

Apple wedges solid soluble content (SSC), titratadotidity (TTA) and firmness
values were determined in control dndrham GG treatments along storage at 5
and 10 °C (Table 4).

SSC was not influenced Hy. rham GG treatment at any temperature (P<0.05).
However, significant differences were observed @lostorage within some
treatments and the tendency was to decrease itrealments. Soluble solids
content ranged from 14.4 °Brix to 13.1 °Brix.

Significant differences in titratable acidity bew®wve control andL. rham GG
inoculated samples were only observed at 7 dagsodge at 10 °C. Along storage
period, no significant differences were observad.facham GG treatments at any
temperature; and even though significant differenceuld be noted on control
treatments, they were very small in practical teriSA ranged from 2.15 to
2.70 g malic acid L.

No significant differences in texture between uateel and_. rham GG treatments
was noted at any of the storage temperatures #sualfte storage period had very
little effect on the firmness of apple wedges amisicant differences were only
observed forL. rham. GG treatment at 10 °C. Firmness values ranged from
17.61+1.00 to 23.31+1.74 N for all treatments.

4. DISCUSSION

Nowadays there is an increasing demand for nory-deised probiotic products
and the development of fruits and vegetables witibiptic content is a topic of
high interest for consumers. However, the availabfermation is very limited
(Puenteet al, 2009). The effect of probiotic bacteria agairsidborne pathogens
on fresh-cut fruit has not been previously evaldat€hus, the possibility to
produce minimally-processed apples enriched wighptobioticL. rhamnosuszG
and its effect against pathogenic bacteria wasstigated L. rham GG population
maintained viable at a concentration of around dfd g* when added to apple
wedges without quality rejection for 28 days. Mareg addition ofL. rham GG
resulted in a 1-log unit reduction bf monocytogenegopulation on apple wedges
at both temperatures tested (5 and 10 °C) but dt mht affect Salmonella
population.L. rham GG, Salmonellaand L. monocytogenesurvival decreased
when exposed to gastric stress throughout applgegestorage.
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Table 4 Changes in soluble solids content (SSC, ° Brikgttble acidity (TTA, g malic acidt) and firmness (N) of uninoculated (control)
or inoculated wittL. rham GG ‘Golden Delicious’ apple wedges during storags and 10 °C.

Temperature Treatment Days

0 4 7 14 21 28
SSC 5°C Control 14.4+0.4 AX 14.1+0.1 AX 14.2+02 A 13.9+0.1 Ax 13.7+0.2 Ax 13.7+0.1 Ax
L.rham GG 14.440.4 Ax 14.1+0.1 Ax 14.2+0.1 Ax 14.1+0.¥ A 13.840.1 Axy  13.4+0.2 Ay
10°C Control 14.4+0.4 Ax 14.2+0.2 Ax 14.2+0.2 Ax  3.8+0.2 Ax 14.0+0.3 Axy  13.1+0.0 Ay
L.rham GG 14.410.4 AX 13.8+£0.2 Axyz 14.1+0.1 Axy  14.2&®Rx 13.5+0.1 Ayz 13.3+0.1 Az
TTA 5°C Control 2.67+0.14 Ax 2.16+0.06 Ay 2.22+8.8y  2.26+0.18 Axy  2.34+0.21 Axy 2.15+0.01 By
L.rham GG 2.70+0.15 Ax 2.53+0.20 Ax 2.47+0.09 Ax  2.5ADAX 2.30+0.1 Ax 2.70+0.00 Ax
10°C Control 2.67+0.14 Ax 2.3410.24 Axy  2.23+0B®y 2.38+0.11 Axy  2.12+0.14 Ay  2.17+0.09 Axy
L.rham GG 2.7040.15 Ax 2.70+0.25 Ax 2.63+0.09 Ax  2.43#DAX 2.6310.23 Ax  2.27+0.14 Ax
Firmness 5°C Control 19.9841.68 Ax  20.34+1.80 Ax 0.53+1.33 Ax 20.04+1.09 Ax  21.28+1.33 Ax 23.15+1A1
L.rham GG 19.98+1.68 Ax  20.77+1.00 Ax  22.80+1.48 Ax 23B.74 Ax  20.60+£1.91 Ax 22.65+2.25 Ax
10°C Control 19.98+1.68 Ax  18.42+1.35 Ax  20.52# A& 19.80+1.43 Ax  20.94+4.23 Ax 18.37%1.40 AX

L.rham GG 19.98+1.68 Axy 19.98x1.29 Axy 17.61+1.00 Ay .2&r1.21 Axy 21.92+0.78 Ax 21.71+1.22 Ax

Each value is the mean * standard error of the nogdhree replicates with ten evaluations eachfebgit lowercase letters (x, y, z) in the same line
indicate significant differences (P<0.05) amongrage days for each treatment whereas differenttajalgitters (A, B) in the same column indicate
significant differences (P<0.05) between treatmahthe same time and temperature.
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Salmonellapopulation on apple wedges stored at 10 °C inexkadightly and
decreased when incubated at 5 °C. Neverthelessponocytogenegpopulation
increased on apple flesh at both temperatures. |8infalmonella and
L. monocytogendsehaviour on apple flesh has been reported preligalegreet
al., 2010). Pathogens growth was unaffected by headsgas composition as
both, SalmonellaandL. monocytogenesurvived and/or grew even the high £0O
content (over 10 % in the first four days at 10.°Qissolved CQ has been found
to inhibit microbial growth (Danielst al, 1985; Devlieghere and Debevere, 2000;
Devlieghereet al, 1998), affecting the lag phase, maximum growtie @nd/or
maximum population densities reached. However, igdéigat has been found that
CO, does not affect or in some cases promotes growth. anonocytogenes
(Cutter, 2002).

Meanwhile Salmonella population was not affected by co-inoculation with
L. rham. GG at any of the temperatures tested;monocytogenegrowth was
significantly (P<0.05) affected by co-inoculationthvL. rham GG, being 1-log
unit lower. It is known that lactobacilli are abk® produce antimicrobial
substances when grown in specific media. Sévaal. (1987) described a low
molecular weight, broad-spectrum inhibitory subs&an produced by
Lactobacillusspp. strain GG. Recently, Leet al. (2008) found that
L. rhamnosu$sG was a good antagonistic probiotic candidatenag&our strains
of E. coli 0157:H7 in solid media and broth and they hypd#eses antagonistic
metabolites to be responsible.

L. rham GG population on apple wedges maintained arobadnitial population
of 10’ cfu ¢g* during all storage period (28 d) at both tempeestu5 and 10 °C.
Previously,L. rham GG has also been reported to maintain inoculuellen
apple wedges over 10 days of storage period at°@-4RoRleet al, 2010).

L. rham GG also remained viable in orange juice (pH 3.&%) pineapple juice
(pH 3.40) over 12 weeks of storage at 4 °C at kwgleater than 10and
10° cfu mL*, respectively (Sheehart al, 2007). Another probiotic strain,
Bifidobacterium lactisBb-12, maintained between 6 and 7 ipgfu g' in
alginate- or gellan-based edible coatings on faghpapaya and apples during 10
days storage period at 2°C (Tap@ al, 2007). Although the minimum
recommended level of viable probiotics which shoodédpresent in foods for any
health benefits to be achieved can vary, in gertbealfood industry has adopted
the recommended level of 6fu g at the time of consumption (Kailasapathy and
Chin, 2000; Kurman and Rasic, 1991). Thus, protédtiave a promising potential
for exploitation as functional supplements in fqoibducts due to their impressive
tolerance to acidic environments (Rivera-Espinomh@allardo-Navarro, 2010).

Moreover, another aspect that should be considisr¢ide survival of foodborne
pathogens and the probiotic strain rham GG to gastric conditions. Thus,
SalmonellaL. monocytogeneandL. rham.GG cell survival to gastric acid stress
after incubation on apple wedges stored at 5 °Gou@8 days was evaluated.
SalmonellaandL. monocytogenasell survival decreased quickly (to less than 5 %,
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<2.5 logo units cfu @) within the first 4 days of storage. In the case o
L. rham GG, cell survival decrease was slower and moogrpssive and viable
cells remained over f@fu g until 14 days of storage. Several studies havessho
that the pH of habituation or growth environmentthe most important factor
affecting tolerance during subsequent exposure xtpbeme acidic conditions
(Koutsoumaniset al, 2003; Koutsoumanis and Sofos, 2004). Koutsoumanis
Sofos (2004) and Leet al. (1995) reported an increased acid resistance of
SalmonellaTyphimurium after exposure to pH between 4.3 aitd Regarding to
L. monocytogenesKoutsoumanis and Sofos (2004) reported that tHeragnge
within which habituation resulted in increased aesistance was 5.0-6.0, while no
acid tolerance was induced after habituation at 3H« addition, it has been
demonstrated that adaptation for a short periog ffeurs) at a moderate sublethal
acidic pH helps the bacteria to better resist pmstdethal acidic pH. However,
treatment for extended period at a moderate ag@éiicrenderedListeria more
sensitive to subsequent acid kill (Phan-Thanh anohtifgne, 1998). Growth
temperature is another important factor affecting bacterial acid resistance.
Alvarez-Ordéfiezet al. (2010) and Sameli®t al. (2003) demonstrated that
Salmonella typhimuriunsells grown at 10 °C showed a reduced acid resistan
comparison to cells obtained at 30 °C. Thus, theredse inSalmonella,
L. monocytogeneandL. rham GG cell survival along storage period on MP apple
wedges at 5 °C could be explained. Champagred. (2008) also reported strong
viability losses following a 2h/37 °C incubationg@t 2.0 forL. rhamnosud.B11
after 35 days storage in a fruit juice blend aC4 °

Mesophilic population on uninoculated apple wedigeseased over 6.0 lggcfu

g’ after the 28 days storage period at both tempemituYeast and moulds
populations were not affected by the presende oiam GG on the apple wedges
and they reached 4.0 lggcfu ¢* after 14 d of storage regardless storage
temperature. However, symptoms of decay were ns¢rvked throughout storage
period.

No significant differences in instrumental colodues between uninoculated and
L.rham GG treatment apple wedges was noted. Neverthdleésslues increased
throughout storage period in all treatments, indligea whitening effect. Hunter a*
values decreased significantly between day 0 amdli¢ating no development of
redness, meanwhile b* augmented. A decrease df*tlvalues and the rise in the
a* value have commonly been used as indicatorsrafvting (Mastrocola and
Lerice, 1991; Monsalve-Gonzale# al, 1993; Rojas-Graigt al, 2006). Other
researchers have also obtained good results usmgréSed as an apple
antioxidant (RoRlet al, 2009, 2010; Rupasinglet al, 2005; Toivonen, 2008).

Soluble solids content and titratable acidity weat influenced by apple treatment
with L. rham.GG or storage period supporting results obtaiyeldileet al. (2010).

Firmness of apple wedges was not influenced bytrssment withL. rham GG,
as values were not different from untreated sami@ewage period had very little
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effect on storage as differences were only noteshim treatment. However, R6R3le
et al. (2010) found that shear values for apples wedgested or not with
L. rham GG increased during the first days of storages Ttrease was attributed
to the NatureSe8IAS1 browning inhibitor as it has a high contentaicium so
the firming effect could be due to cross-linking lmbth cell wall and middle
lamella pectin by calcium ions (Riat al, 2007).

In conclusion, our results have shown tharhamnosusGG could be a suitable
probiotic strain to be added to apple wedges s@ritived at concentrations higher
than 16 cfu ¢g* throughout 28 days of storage at 5 and 10 °C witlamy quality
rejection. Moreover, it had a protective action iagl L. monocytogenes
population, reducing its growth by 1-log units abtth temperatures. Neither
Salmonellanor L. monocytogenesor L. rham GG were acid adapted while
surviving/growing on apple wedges so that subsegesposure to simulated
gastric fluid resulted in high viability losses. &) the probability t&Galmonella
and L. monocytogenesausing infection after ingestion would be redudedthe
case ofL. rham GG, cell viability was only higher to i@fu g* until 14 days of
storage at both temperatures; hence apple wedgéfslifdh should not overcome
this period to claim for probiotic effects.
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DiscusioN

En esta tesis se pretendia determinar, en primgar,lula capacidad de
supervivencia y/o crecimiento de los principaleséganos de transmision
alimentaria en frutas minimamente procesadas a¢idaszana y melocotén) en
diferentes condiciones (temperatura, atmosfera wleasado, etc.). Una vez
demostrada la capacidad de crecimiento de los @atdg de transmision
alimentaria utilizados en manzana y melocoton maniente procesados y debido
a sus implicaciones en la seguridad alimentariastgdiaron nuevas estrategias de
intervencion (eliminacion 'y control de crecimientofomo sustancias
antimicrobianas alternativas al hipoclorito sodi@oido peroxiacético, peréxido de
hidrégeno, y aceites esenciales, entre otros)bjoleonservacion. Todo ello con el
objetivo final de conseguir un producto mas sequan@ el consumidor utilizando
tecnologias mas respetuosas con el medio ambiente.

Las frutas seleccionadas para la realizacion da tdis fueron manzana y
melocotdn ya que la provincia de Lleida es la ppialcproductora de manzana del
pais (31.1 % del total en 2009) y una de principatenas productoras de
melocoton (18.3 % del total en 2009). En cuantosapatégenos de transmision
alimentaria estudiados, se seleccionaBatmonellay L. monocytogenega que
estan incluidos dentro de los criterios de segdrida los alimentos (incluyendo
fruta minimamente procesada) del Reglamento (CEX4#1/2007. El tercer
patdgeno seleccionadg, coliO157:H7, se incluyd en los estudios por su créeien
importancia en la seguridad alimentaria de frutaboytalizas. Las cepas de
Salmonellautilizadas en esta tesis pertenec&abnonella entericaubspenterica
(antiguamentesalmonella choleraesuisubsp.choleraesuiy siendo sus serotipos
Agona, Michigan, Montevideo y Gaminara. En algudesos estudios realizados
se utiliz6 una cepa dk. innocuaen sustitucién deé.. monocytogeneya que
L. innocuaha demostrado ser un modelo valido darenonocytogene@-rancis y
O'Beirne, 1997).

1. SUPERVIVENCIA Y CRECIMIENTO DE PATOGENOS DE
TRANSMISION ALIMENTARIA EN MANZANA Y MELOCOTON
MINIMAMENTE PROCESADOS

En los dltimos afos han aumentado el nimero deigaciones alimentarias

debidas al consumo de frutas y hortalizas minimaenprocesadas. La ecologia
microbiana de los patégenos en alimentos de oagénal es muy conocida pero
en alimentos de origen vegetal estd menos defifBgachat, 2002). Las frutas

minimamente procesadas pueden contaminarse cooamganismos capaces de
causar intoxicaciones alimentarias en el campardarla cosecha, el transporte y
el procesado. Esta contaminacion puede represemtdesgo importante ya que el
procesado necesario en la elaboraciéon de produnfognamente procesados
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omite cualquier operacion capaz de eliminar efaatiente la carga microbiana del
producto. Una vez en el producto, y segun las comués de conservacion, los
microorganismos pueden ser capaces de multiplicerseementando el riesgo de
producir intoxicaciones alimentarias. En esta tesidhia estudiado el efecto de la
temperatura de conservacion, la variedad de fratapresencia de sustancias
antioxidantes y el envasado en atmosfera modifiesdal crecimiento de los tres
principales patégenos de transmision alimentaria.

1.1.Efecto de la temperatura de conservacion

En los estudios llevados a cabo en la realizac&®eda tesis, las cepas de los tres
patégenos de transmision alimentaria utilizad®sgcoli 0157:H7, Salmonellay

L. innocuacrecieron de forma exponencial (mas de 2 uniddmigsritmicas en
24-48 h) en manzanas ‘Golden Delicious’ (pH 4.18%)y melocotones ‘Elegant
Lady’ (pH 3.73+0.28) minimamente procesados corsiy a 20 y 25 °C. Al
reducir la temperatura de conservacion a 10 °@ellacidad de crecimiento de los
patdgenos se redujo considerablemente, siendo nlcrenmentos de poblacion
aproximadamente de 1.3 y 1.0 unidades logaritntieas6 y 14 dias para ambos
patdégenos gram-negativos en manzanas y melocot@sp&ctivamente y de 2.4y
1.6 unidades logaritmicas pata innocua siendo el patégeno que alcanzdé
poblaciones mas elevadas. A temperatura de redgger (5 °C), no se observo
crecimiento ni déE. coli O157:H7 ni deSalmonellaEn cambiol.. innocuacrecio
en ambas frutas (hasta 1 unidad logaritmica enao#ln). El crecimiento de cada
uno de los patégenos fue similar en ambas frufgesar de las diferencias de pH.
Los resultados obtenidos han demostrado que lagzanas y los melocotones
minimamente procesados pueden ser sustratos adsqued el crecimiento de los
tres patdégenos de transmision alimentaria ensayadesperaturas de 10 °C y
superiores. Varios autores han demostrado la atgmhadeE. coli O157:H7 para
crecer tanto en manzanas minimamente procesadas eieridas de manzanas
(Abadiaset al, 2009; Dingman, 2000; Gunes y Hotchkiss, 2002isianicz et al.,
1999a; Triaset al, 2008) conservadas a temperaturas superiores €l1ha
poblacion de Salmonella también aumentdé exponencialmente en trozos de
manzanas ‘Red Delicious’ conservados a 10 y 20L&9drentzet al, 2001) y en
heridas de manzana ‘Golden Delicious’ a 25 °C €laaal, 2008). En lo que
respecta &. monocytogenesu poblacion aumenté en manzanas ‘Red Delicipus’
‘Golden Delicious’ conservadas a temperaturas d¥Cl{) superiores (Leverenét
al., 2003, 2006; Triazt al, 2008). En un ensayo realizado por Zhuangal.
(1995), la poblacion d&almonellaaument6 significativamente en tomate picado
(3.99-4.37) conservado a 20 y 30 °C, pero no a.FEtCcambio, la poblacién de
L. monocytogenedisminuy6 en tomate picado conservado a 10 y 2(B&0chat y
Brackett, 1991).

De los datos indicados se observa que el contrdd demperatura es un factor
critico para prevenir el crecimiento microbiano. nCdfrecuencia, los
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microorganismos pueden sobrevivir a temperaturaseffggeracion, aunque su
capacidad de multiplicarse desaparece 0 se redacexcepcion de los
microorganismos psicrétrofos conto monocytogeneéHarris et al, 2003). Por
ello, tiene que garantizarse que durante todadia @il del producto la temperatura
de conservacion no excede los 5 °C. El controladeiinperatura de conservacion
es especialmente importante en los lineales deslpermercados ya que, en
muchos casos, las temperaturas son superioresectanendadas. Por ejemplo, en
un estudio llevado a cabo por More#t al. (2012), los lineales evaluados
superaron los 7 °C el 70 % del tiempo.

1.2.Efecto de la variedad de fruta

A continuacion se estudio el efecto de la variedadruta utilizada en la dinamica
poblacional de los tres patégenos a temperaturaeftegeracion (5°C) y a
temperatura ambiente (25 °C). En el caso de manzémanamente procesada, la
cepa deE. coli 0157:H7 aumentd 2 unidades logaritmicas en langués 24 h a
25 °C en las tres variedades ensayadas, ‘Goldeitided’ (pH 4.16+0.25),
‘Granny Smith’ (pH 3.32%#0.13) y ‘Shampion’ (pH 4#4326). EI mayor
incremento se observdé en manzanas ‘Golden Delicimgguido de ‘Granny
Smith’ y por dltimo en ‘Shampion’. A 5 °C la poblén deE. coli O157:H7 se
redujo en las tres variedades. El crecimiento S#monellaa 25 °C fue
practicamente igual en las tres variedades estasliaDe forma similar a lo
ocurrido conE. coli O157:H7, la poblacion d8almonellase redujo en las tres
variedades a 5 °C. En el casoldennocuano se observaron diferencias entre las
variedades a 25 °C pero si a 5 °C, cuando su péhlae vio drasticamente
reducida en manzanas ‘Shampion’ (mas de 3 unidadasitmicas tras 14 dias de
conservacién). Las manzanas de la variedad ‘Shampan las que presentaron
mayor pH (4.44+0.26), mayor cantidad de sélidosilses (13.9) y menor acidez
titulable (2.16 g de acido malica'). En los estudios llevados a cabo por Fisher y
Golden (1998) no hubo diferencias en el crecimietoE. coli en diferentes
variedades de manzana, sin embargo Dingman (200€gna crecimiento en
todas las variedades de manzana dafiadas utilifg8aklen Delicious’, ‘Red
Delicious’, ‘Macoun’ y ‘Melrose’) a excepcidn devariedad ‘MclIntosh’, variedad
con el menor valor de pH, aunque no estadisticardifarente.

En melocotones minimamente procesados se obsemeygores diferencias entre
variedades. Los mayores incrementos de poblg€id@oli0157:H7 ySalmonella

se observaron en las variedades ‘Royal Glory’ yatiai (aproximadamente

4 unidades logaritmicas) que fueron las que prasamtun pH mas elevado
(‘Royal Glory’ 4.73+0.25 y ‘Diana’ 4.12+0.18), sedas de las variedades
‘Elegant Lady’ (incremento inferior a 3 unidadesgdoitmicas) y ‘Placido’
(incremento inferior a 2 unidades logaritmicas).5&C, las poblaciones de
E. coliO157:H7 y Salmonellase redujeron en todas las variedades utilizadas.
L. innocuacrecié exponencialmente en las dos variedadeyatas a 25 °C. El
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mayor incremento de poblacion se observO en maloest ‘Diana’
(aproximadamente 3.5 unidades logaritmicas) y diragecion en melocotones
‘Elegant Lady’ con un incremento de 2 unidades fitigicas. A 5 °C, la poblacion
delL. innocuaaument6 en melocotones ‘Elegant Lady’ (0.4 unidddgaritmicas)
y se redujo en melocotones ‘Royal Glory’ y ‘Dianilo existe ningun trabajo que
haya reportado el crecimiento de patdgenos de nigits alimentaria en
melocotdn ni en otras frutas de hueso.

Ademas de la temperatura, el bajo pH de las fegas principal factor que influye en
el crecimiento de los patdgenos de transmisionealiaria en fruta minimamente
procesada. Sin embargo, la efectividad del pH @rhlaicion de los microorganismos
depende del tipo de &cido organico del alimentajueexisten acidos mas efectivos
que otros (Basset y McClure, 2008). No obstangealimnentos pueden contener méas
de un tipo de acido diferente (Wiley, 1994), pordoe es imposible hallar la
informacion sobre el pH minimo de crecimiento. Bmplo, los acidos organicos
débiles tienen un efecto mas perjudiciaLemonocytogenegue el acido clorhidrico
y, el &cido acético es mas tdxico que otros acaiigénicos volatiles (Phan-Thanh y
Montagne, 1998). Los acidos fuertes se disocianplaiamente en solucién y los
protones pasan a través de la membrana celulaadoi@nando con los mecanismos
que controlan el flujo de protones. En cambio, &sdos organicos débiles
permeabilizan la membrana celular como moléculasdisociadas y una vez
disociadas en el interior de la célula no pueddén alaexterior y disminuyen el pH
intracelular a valores dramaticos que desestabildametabolismo de la célula.
Ademas, al mismo pH extracelular, los acidos oménicausan una disminucion
mayor del pH intracelular que el acido clorhidri&tan-Thanh y Montagne, 1998).
Varios estudios con diferentes cepa& dmonocytogendsan demostrado que el acido
acético y el lactico eran mas inhibitorios quedoslos citrico y clorhidrico (Connet
al., 1990; Sorrellet al, 1989; Vasseuet al, 1999). En el caso d& coliO157:H7, el
orden de inhibicién es de &cido acético> citricokendDenget al, 1999). En un
estudio reciente, Abadiaat al. (2012) observaron que la cepa Elecoli O157:H7
utilizada en esta tesis fue incapaz de crecer @a piinimamente procesada
conservada a 25 °C (pH 3.59), mientras que, cont@sdsto anteriormente, ha sido
capaz de crecer en manzanas ‘Granny Smith’ conHum@s bajo (pH 3.32+0.13).
Esta diferencia puede deberse a que el princit de la pifia es el citrico, mientras
gue el de manzana es el malico. De forma similam aleterminado pH, el acido
acético fue el mas inhibitorio pa&almonellaseguido del acido lactico, el citrico y el
malico (Jung y Beuchat, 2000). Alvarez-Ordééeal. (2010) encontraron un orden de
inhibicion similar. Janisiewicet al. (1999a) apuntaron que el crecimiento de bacterias
en productos acidos puede ser el resultado de lkdificagion del pH en el
microambiente adyacente.

La inhibicion en el crecimiento de patégenos dadmsion alimentaria no se ha
dado especificamente en las variedades mas acdaarfo, se deduce que podria
existir algun otro factor, a parte del pH, o algomponente de la fruta (polifenoles
u otros compuestos con actividad antimicrobiana) puede causar la inhibicién
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del crecimiento de patdégenos en algunas varieddelésita. Estas variedades con
efecto inhibidor podrian ser méas adecuadas pargrtaluccion de fruta

minimamente procesada desde el punto de vista mdbgico, siempre que

cumplan posteriormente con las necesidades de rvac&E manteniendo las

caracteristicas organolépticas en valores adecuados

1.3.Efecto del uso de antioxidantes

El pardeamiento enzimatico es uno de los princippteblemas en la produccion
de algunas frutas minimamente procesadas, ena® rethnzana y melocoton, por
tanto, es necesaria la utilizacion de sustanciéisxigiantes para prevenirlo. En
esta tesis se evaluo si la aplicacion de estoexadintes presentaba, ademas, un
efecto antimicrobiano. Los antioxidantes estudiaums sido el &cido ascorbico al
2% vy el producto comercial NatureSeaAS1 al 6 % en manzana ‘Golden
Delicious’ minimamente procesada y el &cido ascorlal 2 % en melocoton
‘Elegant Lady’ minimamente procesado. El uso dasestistancias antioxidantes
no tuvo ningun efecto en la poblacién de ningundodgpatégenos ni a 5 ni 25 °C
en ninguna de las dos frutas. Por tanto, el usstis sustancias antioxidantes a las
dosis ensayadas solo es efectivo mejorando la achlidsual de la fruta
minimamente procesada y, en consecuencia alargandda util del producto.
Este aumento de vida 0til puede tener connotacinegativas ya que, en caso de
darse las condiciones necesarias para su desatodlpatogenos de transmision
alimentaria podrian crecer durante un mayor perideldiempo sin influir en la
calidad visual de los productos, pudiendo llegaeraun problema de seguridad
alimentaria. Sin embargo, otros autores (Raybaumbdiia et al, 2009)
demostraron que una mezcla antioxidante compuestaNpacetilo-L-cisteina
(1 %), glutatiébn (1 %), lactato célcico (1 %) y dwimalico (2.5 %) redujo la
poblacion deL. monocytogenesSalmonellaEnteritidis y E. coli O157:H7 en
manzanas minimamente procesadas.

1.4.Efecto de la atmoésfera modificada

El envasado en atmdésfera modificada pasiva hadidtiimo factor estudiado en
los ensayos de dinamica poblacional en manzanaddeGoDelicious’ y
melocotones ‘Elegant Lady’ minimamente procesadosnservados a 5y 25 °C.
La fruta, cortada en trozos e inoculada se envadiamuetas selladas con un film
adecuado (Figura 1). La variacion de gases entelion tuvo lugar por la propia
respiracion del fruto. En ambas frutas, la supemiia y crecimiento de los tres
patdogenos ensayados y envasados en atmosfera caddiffue equiparable al
observado en aire. Los niveles de YOCO, alcanzados en manzana fueron de
17.0% y 6.8 % tras 3 dias a 25°C y de 19.6 %80 R.tras 14 dias a 5 °C,
respectivamente. En melocoton se observé un magoio de la atmésfera
gaseosa llegando a unas concentraciones final&€3.8€%6 de @y 24.6 % de CQ
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tras 6 dias a 25 °C y de 18.5 % dey03.9 % de C@tras 14 dias a 5 °C. La
atmésfera interior fue diferente en funcién de dat y de la temperatura de
conservacion debido a la diferente tasa de resirale cada fruta y a su variacion
con la temperatura (a mayor temperatura, mayord@asaspiracion).

Fig. 1 Preparacion de las barquetas de manzana y meahogaté estudiar el
efecto de la atmésfera de conservacion en el cieimy supervivencia de
E. coliO157:H7,Salmonellay L. innocua

Algunos investigadores han estudiado el efecto efelasado en atmosfera
modificada activa. Conwagt al. (2000) observaron que monocytogenesrecio
de forma parecida en trozos de manzana ‘Delicicaisservados a 5, 10 y 20 °C en
atmosfera controlada (0.5 %, ® 15 % CQ) y aire, mejorando notablemente la
calidad visual de los trozos de manzana conserne@maosfera modificada. Sin
embargo, Gunes y Hotchkiss (2002) observaron queneasado en atmésfera
modificada (1 % @y 0, 15, 30 % C®o 30 % CQ vy 21 % Q) inhibid
significativamente el crecimiento dE. coliO157:H7 en trozos de manzana
‘Delicious’ conservados a 15y 20 °C.

La vida util de frutas y hortalizas minimamente gesadas se puede alargar
mediante el uso de atmdsferas con bajpyQOalto CQ ya que éstas actuan
disminuyendo el deterioro natural de los producBis.embargo, los plasticos de
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envasado disponibles actualmente para frutas yallms minimamente
procesadas, frecuentemente no tienen una suficiaséede transmisién de, ®
CO, para evitar la presencia de condiciones anaerob@mscumulacién de niveles
excesivos de C{especialmente durante condiciones de temperatupEsiores a
las recomendables (inferiores a 5 °C). En el casodj nivel de @disminuya por
debajo del limite de fermentacién, se puede prodwspiracion anaerobia por
parte del producto y dar lugar a malos saborestiynesr el crecimiento de
patdgenos anaerobios (Soliva-Fortuny y Martin-Bel|a2003). Los niveles altos
de humedad generados en el interior de los endasasnodsfera modificada evitan
la pérdida de humedad por parte del producto, pexan condiciones favorables
para el crecimiento microbiano, especialmente sistex fluctuaciones de
temperatura (Hertog, 2003). El envasado en atn@sfiedificada ayuda ademas a
mantener la integridad de los tejidos, reducierdoantidad de exudados ricos en
nutrientes que facilitan el crecimiento de micr@igmos. Sin embargo, su efecto
en el crecimiento microbiano no es consistenteoymalmente, la temperatura de
conservacion es la responsable del control (Zagh®99). Ademas, cuando las
concentraciones de GQlcanzan valores bacteriostaticos en el intererlab
envases con atmosfera modificada pasiva, la pdiade patégeno ya podria
haber aumentado considerablemente. Por ello, erhasuccasiones se utilizan
atmosferas modificadas activas. En la Tabla 1 ssdgm ver los valores de
atmosfera modificada activa recomendados para masza/ melocotones
minimamente procesados desde el punto de vistalidad.

Tabla 1 Recomendaciones de atmésfera de envasado paramaangz melocotones
minimamente procesados

Producto Temperatura % O, % CO,
Manzana 0-5 <1 4-12
Melocotén 0 1-2 5-12

Adaptada de Gorny (2003).

Los resultados obtenidos han demostrado la capghdiéacrecimiento de los
patdgenos de transmisién alimentaria utilizados reanzana y melocoton
minimamente procesados cuando se conservan a tgmpsriguales o superiores
a 10 °C. Durante la distribucion y comercializacitinlos productos es muy dificil
mantener valores de temperatura adecuados y, pto, tas posible que en
ocasiones se superen las temperaturas optimasndereacion capaces de reducir
el crecimiento de patégenos, por ejemplo en losales de los supermercados,
como muestran diferentes estudios (Marklingleal, 2004; Morelliet al, 2012).
Asi pues, es muy importante evitar la contaminadiénos productos mediante la
aplicacion de Buenas Practicas Agricolas y Buen@stiPas de Produccion,
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ademas del sistema de APPCC. Sin embargo, es inpasiegurar que no existira
contaminacién con patégenos y es por tanto de wiglortancia establecer
estrategias de intervencién para eliminar, redyatontrolar estos patégenos en
fruta minimamente procesada.

2. NUEVAS ESTRATEGIAS DE INTERVENCION FRENTE A
PATOGENOS DE TRANSMISION ALIMENTARIA EN FRUTA
MINIMAMENTE PROCESADA

Para obtener frutas y hortalizas minimamente peatassseguras, de calidad y alto
valor nutricional, la industria necesita implementauevas estrategias

introduciendo y/o combinando técnicas sostenildepgecialmente procedimientos
estandar de desinfeccion. Las técnicas de consé@nvawas importantes para

prevenir o retrasar la alteracién son la refrigéragy el envasado en atmésferas
modificadas combinadas con tratamientos quimicokig®nes antimicrobianas,

acidulantes, antioxidantes, etc.) (Leistner y GpA@D?2). Los puntos clave para la
produccién de productos vegetales minimamente gadlos seguros incluyen el
control de los productos que entran en la cadepduptiva, la supresion del

crecimiento microbiano, la reduccion de la cargarafiiana durante el procesado
y la prevencion de la contaminacion post-procegad@s y Allende, 2005).

2.1.Sustancias antimicrobianas alternativas al hipocldto sodico

Durante el procesado de frutas y hortalizas miniemen procesadas, la
desinfeccion es una de las operaciones mas impestanie afectan a la calidad,
seguridad y vida util del producto final. Debido l@s riesgos de salud y
ambientales asociados con el uso del hipocloritticed actualmente existe una
tendencia a eliminarlo del proceso productivo. otanto es necesario buscar
alternativas que garanticen la seguridad de lodyatos manteniendo la calidad y
la vida util, a la vez que se reduce el consumagig.

En base a referencias bibliogréaficas, se selecmonana serie de sustancias que se
testaron en primer lugan vitro frente akE. coli O157:H7 yL. innocuamediante
contacto directo durante 1, 3 y 5 min. Se utilizagstos dos microorganismos
como modelos de patégenos gram-negativo y grantipmsiespectivamente, para
comprobar si existian diferencias de inhibiciéribaibles a las diferencias en la
composicion de la pared celular. Ninguna de lascewoimaciones ensayadas de
bicarbonato sédico (10, 50 y 100 ¢)Lbicarbonato potéasico (10, 50 y 100 §)L
vainillina (3, 6 y 12 g I) y bromelaina (0.1, 1, 10, 100 y 1000 mg kedujo las
poblaciones de ninguno de los patdégenos. A excepd& carvacrol (875 y
1500 mg [Y) y el 4cido peroxiacético (20, 80 y 120 mg)Lque redujeron ambas
poblaciones por debajo del limite de deteccion ¥218? ufc mL?), las reducciones
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obtenidas con el resto de las sustancias utilizgdadonato sodico, 10, 50 y
100 g L*; carbonato potasico, 10, 50 y 100 §; lperéxido de hidrégeno, 5, 10 y
20 mL L% N-acetilo-L-cisteina, 2.5, 5y 10 gL Citrox, 5 mL L' y quitosano,
10 g L") fueron dependientes de la dosis utlizada, oldsetvse mayores
reducciones ek. coliO157:H7 que eh. innocua A la vista de los resultados, los
dos bicarbonatos y la bromelaina fueron descartpdis l0s ensayos posteriores.
Sin embargo, la vainillina se testé posteriormeénteivo ya que se ha visto que
tiene efecto bacteriostatico (Fitzgeraidal, 2004), dificil de observar en ensayos
in vitro, y, ademas, ha dado buenos resultado en zumo deans (Yuket al,
2006). También se descartaron los carbonatos, gopokibilidad de causar
incrustaciones en la maquinaria industrial a ladsdestudiadas, y el quitosano, por
ser econémicamente inviable a la dosis efectiva.

A continuaciébn se ensay0 la efectividad del caolacwainillina, acido
peroxiacético, peréxido de hidrogeno, N-acetiloitaina y Citrox para reducir y
mantener a niveles bajos la poblaciorEdeoli, Salmonellaspp. yListeria spp. en
manzanas ‘Golden Delicious’ minimamente procesautasuladas artificialmente
y conservadas 6 dias a 10 °C. Se utiliz6 una testyoer de conservacion de 10 °C
para poder observar el crecimiento de patdégendsdsmision alimentaria en los
trozos de manzana ya que a 5 °C no hubiésemostatiiecrecimiento ni para
E. coli ni para Salmonella Ademéas, 10 °C es una temperatura que se da
frecuentemente en los establecimientos de ventafddiividad de estas sustancias
se compar6 con agua desionizada y una solucionipdelorito sédico (SH) de
100 mg L* de cloro libre (pH 6.5).

En el caso del carvacrol (500, 875 y 1500 niy, Isu efectividad fue inferior a la
del agua, siendo la poblacion de los patégenosemiom 1 unidad logaritmica
superior que en el tratamiento con agua tras 6 aiad8 °C. Sin embargo, otros
autores han descrito su efectividad en kiwi y zudteomanzana (Kisko y Roller,
2005; Roller y Seedhar, 2002). La desinfeccion danzana minimamente
procesada con vainillina a la mayor concentraciaeagada, 12 g t, causé
reducciones en las poblacionesHlecoli O157:H7 yListeria spp. similares a las
obtenidas con SH (aproximadamente 1 unidad logamd)mtanto inicialmente
como a lo largo de la conservaciéon a 10 °C. EnadocdeSalmonellalas
reducciones observadas fueron mas de 1 unidaditimiza, superiores a las del
hipoclorito a partir del tercer dia de conservadi@tnos autores han demostrado
mayores efectividades de la vainillina utilizangmeentraciones inferiores, 3 ¢'L
y 1.8 g L', en zumo y trozos de manzana, respectivamentea@igheet al,
2006; Yuket al, 2006). Aunque la mayoria de aceites esenciales@asiderados
GRAS, su uso en los alimentos como conservanteg tienitaciones ya que,
frecuentemente las dosis antimicrobianas efectpmasden exceder las dosis
organolépticamente aceptables. En el caso dendlivei, Rupasinghet al. (2006)
detectaron que dosis superiores a 1.8 gioducian sabores y aromas inaceptables
en manzanas minimamente procesadas. Por tantpegan de su efectividad, la
vainillina no seria una alternativa viable al hilpoito.
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El tratamiento de la manzana minimamente procesadal producto comercial
Citrox (5 mL L") fue tan efectivo como el tratamiento con hipdtbosddico
reduciendo y manteniendo las poblaciones de pab&gen niveles bajos. El
tratamiento redujo la poblacion de. coli O157:H7 y Salmonellal unidad
logaritmica, igual que el tratamiento con SH y lablpcion delListeria spp.
1 unidad logaritmica mas que el SH. No obstantessmbservaron diferencias
entre tratamientos tras los 6 dias de conservaxidf °C para ninguno de los
patégenos. Los cilindros de manzana tratados ctvaxGie tifieron ligeramente de
marrén debido al propio color de la solucion y, panto, tampoco seria un
desinfectante adecuado para ser utilizado en lanfdesion de manzana
minimamente procesada.

Los resultadosin vivo demostraron que el &cido peroxiacético (PAA, 80 y
120 mg L) fue igual o mas efectivo que el hipoclorito s@dém la desinfeccion de
manzana minimamente procesada. Las poblacione€.deoli O157:H7 y
Salmonellaen las manzanas tratadas con PAA tras 6 dias & 100 fueron
significativamente distintas de las poblacionetasrmanzanas tratadas con SH. En
cambio, la poblacion deisteria spp. fue entre 1.7 y 2.3 unidades inferior a la
poblacion en manzana tratada con SH. Ensayos @m®rhan demostrado su
eficacia en el control d&. coli y L. monocytogenegn manzanas y lechuga
minimamente procesadas durante 9 dias de congmvact °C (Rodgerst al,
2004). Ademas, este desinfectante ha demostrachcifireduciendo los recuentos
totales en melon ‘Galia’ y en racula minimamentecpsada (Martinez-Sanchetz
al., 2006; Silveireet al, 2008).

Las diferentes concentraciones de perdxido dedeidaensayadas (5, 10 y 20 mi) L
fueron eficaces en la reduccion de los patdgemoangeniendo baja su concentracion a lo
largo de los 6 dias de conservacion a 10 °C. Liagoéb deE. coli O157:H7 ySalmonella
fue aproximadamente 2 unidades logaritmicas inferotratamiento con SH tras la
desinfeccion, manteniéndose esta diferencia ado e la conservacion. En el caso de
Listeria spp. la reduccion inicial fue similar a la congdgupor el tratamiento con SH
(2 unidades logaritmicas), sin embargo, la polladé Listeria spp. fue 1.5 unidades
logaritmicas inferior a la de SH tras la conseéracEl peréxido de hidrégeno habia
demostrado con anterioridad su eficacia reduciesdaicroorganismos epifitos y patdgenos
en frutas y hortalizas enteras y minimamente prdesscomo pepino, calabacin, pimientos y
melones (Artést al, 2007; Saperst al, 2001; Sapers, 2003; Silvedrsal, 2008).

El tratamiento con N-acetilo-L-cisteina a una comeeion de 10 g t fue méas
efectivo que el hipoclorito sédico reduciendo a fms patdégenos en manzana
minimamente procesada. La reduccion iniciaEdeoli 0157:H7 ySalmonellafue

de 1 unidad logaritmica superior a la del tratamiegon SH, manteniéndose la
poblacién baja a lo largo de la conservacion. Aerigsteria spp. fue el patégeno
mas resistente, su poblacién tras los 6 dias dsecaacion fue la mas baja (por
debajo del nivel de deteccion). Asi pues, quedaodaado que no sélo tiene
efecto antioxidante, sin0 que también tiene efemttimicrobiano. Raybaudi-
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Massilia et al. (2009) demostraron que la inmersion de manzanasgi’ ‘F
minimamente procesadas en una solucién acuos&abl-hcetilo-L-cisteina, 1 %
glutation y 1 % lactato célcico y subsiguiente imacion artificial con

L. monocytogenesSalmonellaEnteritidis y E. coli inhibié el crecimiento de los
patégenos durante 30 diasa 5 °C.

En el procesado de frutas y hortalizas minimamprideesadas es muy importante
mantener la calidad del agua ya que si no estéfdesada correctamente puede
ser una fuente de contaminacion microbiana (Zagt®99). Asi pues, el uso de
sustancias desinfectantes ayuda a prevenir la roomaion cruzada. En la
realizacion de los ensayos, no se encontraronasékibbles de ninguno de los
patdgenos estudiados en las soluciones de aciduxipedtico, perdxido de
hidrégeno, Citrox e hipoclorito sodico tras la déstcion de los trozos de
manzana minimamente procesada. Estudios previoddranstrado que el uso de
desinfectantes a base de acido peracético, commairsy son una buena
alternativa para la desinfeccion del agua de pmgagjue fue tan efectivo como el
hipoclorito sddico evitando la contaminacion crugaa diferencia del Citrox que
no pudo evitarla (Lopez-Galvetz al, 2009).

La efectividad de los desinfectantes ha sido mayosolucién (contacto directo)
gue sobre la fruta. Esto es debido a que para @didgnar a los microorganismos
debe existir un contacto directo entre el desiafeety el microorganismo. Esto es
mucho mas facil en solucibn que en los alimentosndd pueden estar
internalizados o localizados en zonas inaccesib@®o en estomas, en las
irregularidades de la superficie o formando biasilnEn el caso de productos
minimamente procesados, los dafos ocasionados teluearprocesado pueden
ofrecer zonas en que el contacto directo es difipgrmitiendo que los

microorganismos puedan sobrevivir y crecer.

A la vista de los resultados obtenidos, el 4cidmxiacético (80 y 120 mgh), el
peroxido de hidrégeno (5, 10 y 20 mi)ly N-acetilo-L-cisteina (10 gt) podrian
ser posibles alternativas al hipoclorito sddico landesinfeccion de frutas y
hortalizas minimamente procesadas ya que no sdlgeren la poblacion inicial
de patdgenos, sind que la mantuvieron a nivelesstzajo largo de la conservacion.
Ademas, el uso del acido peroxiacético y del pel@xie hidrogeno esta autorizado
por la FDA. Sin embargo, en este estudio no se émvouenta la influencia de las
diferentes sustancias en la calidad organoléptedadmanzana minimamente
procesada, como cambios de textura, aroma, satmoyy, por tanto, éste deberia
ser el siguiente paso antes de utilizar a nivelesoral estas sustancias. Hay que
destacar que ninguna de las sustancias eliminkntetde la poblacion de patégeno
y por tanto seria deseable mejorar su efectividadiante la combinacién con
otras sustancias y/o otras barreras adicionales.
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2.2. Bioconservacion

2.2.1. Microorganismos epifitos de fruta
Seleccion de agentes de biocontrol

El uso de cultivos protectores puede ser una altiemna los tratamientos quimicos
o0 bien un obstaculo adicional al crecimiento deégemos de transmision
alimentaria en frutas y hortalizas minimamente @sadas. La flora nativa presente
de forma natural en la superficie de frutas y hiada puede jugar un importante
papel en la seguridad de estos productos (NguyenyT®arlin, 1994) mediante la
competicién con los patdgenos de transmision aliamen por espacio fisico y
nutrientes y/o produciendo compuestos antagonigtasfecten negativamente a la
viabilidad de los patégenos (Liao y Fett, 2001;isPeet al, 2003). Por ello, se
aislaron bacterias y levaduras de frutas enterasinimamente procesadas vy,
juntamente con una coleccién de antagonistas faegidel Laboratorio de
Patologia del IRTA de Lleida, se testé su capacjutad inhibir tres patégenos de
transmisiéon alimentarid. coli O157:H7,Salmonellay L. innocuaen manzana y
melocotén minimamente procesados. Se ensayaronotah de 98 y 108
microorganismos frente B. coli O157:H7, utilizado como microorganismo diana,
en manzana y melocoton minimamente procesado, atespaente, mediante
co-inoculacion y conservacion a 20 °C durante 2.dial 88.8 % de los
microorganismos testados en manzana no tuvo niefgeoto en la poblacion de
E. coliO157:H7 en comparacién con la poblacién de pamgerculado solo, sin
embargo, 11 microorganismos (CPA-1, CPA-2, CPAZB-U, COP21, PN5, PNG6,
EL8, CPA-6, CPA-7 y M174BAL2) redujeron la poblatidel patégeno en, al
menos, 1 unidad logaritmica y fueron selecciongdwa ensayos posteriores. En el
caso de melocotén, el 21.3 % de los microorganisestados redujo la poblacion
de E. coli O157:H7 una unidad logaritmica o0 mas. En este ,cdss
microorganismos seleccionados fueron aquellos & muostraron los mayores
valores de reduccién (RG4, EL8, PN6, CPA-2, CPAGBA-5, CPA-6, CPA-7,
C9P21, 128-M y F-10). Los microorganismos seleaims de ambas frutas
fueron testados frenteSalmonellay L. innocuaen condiciones idénticas (2 dias a
20 °C) y frente &. coliO157:H7 a temperaturas de refrigeracion (10 d&as@).
Ocho de los microorganismos seleccionados en marizemmon los mismos que
los seleccionados en melocoton: PN6, CPA-5, EL8;NI2C9P21, CPA-2, CPA-6
y CPA-7. PN6, 128-M, EL-8, C9P21 y CPA-2 perteneakgénerd?antoeaspp.,
CPA-5 y CPA-7 sonPseudomonasspp. y CPA-6 pertenece a la familia
EnterobacteriaceaeDe los 11 microorganismos seleccionados en manzaio
tres redujeron la poblacion @&almonella(128-M, CPA-6 y CPA-7) en, al menos,
1 unidad logaritmica. En cambio, todos ellos redujda poblacion dé. innocua
en mas de 1 unidad logaritmica. En melocot6n, 10lode microorganismos
seleccionados redujeron la poblacionS#monellal unidad logaritmica o mas y
s6lo ocho redujeron la poblacién deinnocuaen las mismas magnitudes. En
general, se observaron mayores reducciones. deli 0157:H7 ySalmonellaen
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melocotdn que en manzana que pueden atribuirseagbmrtrecimiento de los

patégenos en melocotdn (3.1 y 2.4 unidades logadsnrespectivamente) que en
manzana (1.6 y 1.4 unidades logaritmicas, resmauntwnte). En el caso de
L. innocua no se observaron grandes diferencias entre lassfrya que su

crecimiento fue similar en ambas (3.1 y 2.6 unidddgaritmicas en melocoton y
manzana respectivamente). A 5 °C, so6lo dos anta@eni CPA-6 y CPA-7,

redujeron la poblacion de. coliO157:H7.

De todos los antagonistas ensayados, dos (CPABAAT destacaron por su gran
capacidad de inhibicion de los tres patdégenos €2@on reducciones entre 2.8y 7.4
unidades logaritmicas, y & coliO157:H7 a 5 °C no sélo inhibiendo su crecimiento,
sino reduciendo su poblacién por debajo del niwetilado y, en algin caso, por
debajo del nivel de deteccién del ensayo. Trabajdsriores han demostrado la
efectividad de microorganismos antagonistas frent@atdgenos de transmision
alimentaria en manzana. Por ejemplo, Janisieaticd. (1999b) demostraron que las
células del agente de biocontr@l. syringae L-59-66, usado para controlar
podredumbres causadas por mohos en poscosechatate de pepita, prevenia el
crecimiento déE. coliO157:H7 en manzanas con heridas conservadas@d@4#rénte

2 dias. Posteriormente, Levereatal. (2006) encontraron siete microorganismos con
potencial para reducit. monocytogeney Salmonellaen cilindros de manzana
‘Golden  Delicious’. Las mayores reducciones fueropbservadas para
L. monocytogenesutilizando cepas deGluconobacter assai Candida spp.,
Dicosphaerina fagy M. pulcherrima.Recientemente, el agente de control bioldgico en
poscosech&. sakeCPA-1 redujo la poblacion de una mezcla de cinpagséeE. coli

en heridas de manzanas ‘Golden Delicious’ (Abastias, 2009).

En condiciones naturales, las concentraciones dég@aos de transmision
alimentaria que se puedan dar en fruta minimanmenateesada serdn mucho mas
bajas a las utilizadas en estos ensayo$ kOmL™), por tanto, la efectividad de
los agentes de biocontrol puede verse incrementadaiguiente paso fue la
determinacion de la dosis minima inhibitoria dedos mejores antagonistas frente
a los tres patdgenos de transmision alimentariardeda conservacion a 20 °C. En
el caso de la cepa antagonista CPA-6, se deterdmiodncentracién minima para
reducir la poblacibn de patdgenos de transmisidmealtaria inoculados a
10" ufc mL?, que fue de 10ufc mL™. Para la cepa CPA-7 se realizaron ensayos
dosis-respuesta con diferentes concentraciones ageno (19 1F vy
10" ufc mLY) y de antagonista (101, 10’ y 1¢® ufc mL?). Este present6é una
efectividad menor que el CPA-6 ya que necesitatza,eomo minimo, a la misma
concentracion del patdgeno para ser efectivo (@dncsuperior a 1.5 unidades
logaritmicas), es decir que para una concentratgdpatdégeno de 1@fc mL?, la
concentracion de antagonista necesaria seria’dgclmL™.

Aunqgue en la realizacién de esta tesis no se plhet@onocer el modo de accién de
los antagonistas seleccionados, se realizé undbaprinevitro para evaluar si
producian sustancias antimicrobianas. Para elevakio la efectividad del cultivo
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(medio en el que ha crecido el microorganismo esrcElulas, las célulasolas y
el sobrenadantlibre de célulasde ambos antagonistas frentelos patégeno
E. coliO157:H7, Salmonell, L. innocu: y L. monocytogent y los alterante
Pseudomonas margine y Aeromonas hydrophi. El cultivo y las células d
CPA-6 causaron has de inhibicién para todos los microorganismoscadores
mientras que en el caso de la cepa -7 no se observo inhibicion ni con
cultivo, ni con las células iconel sobrenadante. Por tanto, aunque Unicament
este estudio no podemos extraeiguna conclusién del modo de accion de la «
CPA6, podemos inferir que es poco probable que la ¢&PaA-7 produzce
sustancias antimicrobianen las condiciones ensayaty, por tanto, la causa de
inhibicion podria ser la competicion por espaciouyrientes. Este modo de acci
es el atribuido a ros agentes de biocontrol co P. syringa¢ (Janisiewiczet al,
1999b)y puede ser ventajoso ya que evita la creacioresisteccias por parte d
los patdgenos y, ademas, es menos probable que paolslemas en la sall
humana. Sin embargo, para conocer exactamente enBelo de accion
ambos antagonistas se deberian realizar ensaymsreadés

Para poder utilizar un agende biocontrol, éste no debe ser fitopatégeno.
primera aproximacionque permite conocer la fitojogenicidad de u
microorganism esestudia su capacidad de producir reaccion de hiperserdzli
en la planta del tabacPara la realizacion de esta eba se inocularon las cey
antagonistas en hojas de tabaco a una concentrdeids’ ufc mL™. Las planta:
inoculadas se mantuvieron a temperatura ambientenigmo, se utiliz6 agu
destilada como control negativcPantoea anaatis CPA-3 como control ositivo.
Ninguna de las dos cepas seleccionadas causo ¢alde a diferencia del contre
positivos P. ananati) que caus6 necrosis en las h (Figura2). Por tanto,las
cepas seleccionadno son fitopatogen.

Agua

P. ananatis CPA-7

Fig. 2 Reaccién de hipersensibilidiproducida en planta de tabaco por -6 (1 ufc mL?)
y CPA7 (1C ufc mLY) en comparacién del agua y del control positP. ananatis
(10° ufemL).
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Una vez seleccionados los mejores antagonistaproaedidé a su identificacion
mediante pruebas bioquimicas realizadas en lab@ratanediante secuenciaciéon
parcial y total de la regién RNA 16S. La cepa CRAétenece a un nuevo género
dentro de la familiaEnterobacteriaceaepréxima aObesumbacterium proteus
Hafnia alvej Serratia liquefaciensSerratia grimesii Serratia proteomaculang
Rhanella aquatilis

La cepa CPA-7 se identific6 comBseudomonas graminisEsta especie fue
descrita por primera vez por Behremdtal. (1999) como una pseudomonas no
fluorescente. Estudios recientes han demostradbi¢anta efectividad de CPA-7
en melén minimamente procesado frente a una mdectaepas dSalmonellay
una mezcla de cepas He monocytogenea 5, 10 y 20 °C (datos no mostrados).
Por todo ello, el uso de la cepa CPA-7 ha sidonpata a nivel nacional (Vifiat
al., 2010) y se ha solicitado su extension internadifvifiaset al, 2011).

Paralelamente se determind si las cepas antagomstalucian dafios en fruta
cortada. Para ello se inocularon diferentes conaeiohes de ambas cepas ®(10
10" y 1¢ ufc mL") en rodajas de melocotén y manzana usando agtidadas
como control. Las rodajas inoculadas se conservarbd y 20 °C. Tal y como se
se puede observar en la Figura 3, la cepa CPA-60cdafos visibles en ambas
frutas, que ademas fueron dosis-dependientes. Dalrdtos dafios, la cepa CPA-6
fue descartada.

A partir de aqui se continué Unicamente con la d@pa-7, realizando ensayos
semi-comerciales, es decir, ensayos a nivel ded#atrio simulando el procesado
industrial. Para ello, se pelaron las manzanascpgaron en 10 trozos, se trataron
con sustancias antioxidantes, se envasaron en fanmdsodificada pasiva y se
conservaron a 5y 10 °C. La eleccion de estas terysas fue para simular una
correcta temperatura de conservacion (5 °C) y pamalar una temperatura de
conservacion excesiva y que permitiera el crecitoniele todos los patdégenos de
transmision alimentaria. El objetivo de estos easdye comprobar la efectividad
del agente de biocontrol seleccionado en preseigcgustancias antioxidantes y el
envasado en atmosfera modificada.
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Fig. 3 Aspecto de los pozos producidos en rodajas decot@io (3 dias 20 °C) y de
manzana (6 dias 20 °C) inoculadas con las cepas@Cf@arecha) y CPA-7 (izquierda) a
1%, 10, y 1@ ufc mL* en comparacién con agua (tratamiento control).

Seleccion de antioxidante y atmosfera de envasadarapla aplicacion
semi-comercial de CPA-7

Para la aplicacion de la cepa antagoristgraminisCPA-7 en condiciones semi-
comerciales simuladas, se buscé un tratamient@xdddinte compatible con su
aplicacion, es decir un tratamiento que no afectara su viabilidad ni a su
efectividad. Para ello, los trozos de manzanaaartn con soluciones de acido
ascorbico (2 %), N-acetilo-L-cisteina (NAC, 1 %) NatureSedl AS1 (6 %)
inoculadas con una mezcla de cuatro cepaSalmonellaa 16 ufc mL?, cinco
cepas deL. monocytogenes 10 ufc mL' y la cepa antagonista CPA-7 a
10" ufc mL* y se conservaron 2 dias a 10 °C. En el caso i @scorbico, las
concentraciones d8almonella L. monocytogeneg CPA-7 tras la conservacion
fueron 0.8, 1.2 y 4.3 unidades logaritmicas infelsoal tratamiento con agua,
respectivamente. En cuanto al tratamiento con NAQ@oncentracion de los tres
microorganismos estuvo por debajo del nivel deadébe tras la conservacién. Sin
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embargo, en los ensayos de dindmica poblacionalsgueabian realizado en la
etapa anterior, el tratamiento de manzanas y mioes minimamente procesados
con acido asc6rbico no tuvo ningun efecto en lddgoiones dée. coli 0157:H7,
Salmonellay L. innocua Esta diferencia puede ser debida a la diferegplteagion
del patégeno, ya que en los ensayos de dinamidagioial el patdgeno se aplicd
con pipeta tras el tratamiento de la fruta connéib&idante y en estos ensayos se
realizo una inoculacion mediante inmersion de dosds de manzana en el inoculo
y la sustancia antioxidante. El tratamiento concltiéo-L-cisteina ha demostrado
con anterioridad capacidad de inhibir patdgenogradesmision alimentaria en
diferentes variedades de manzana (Bhagtvat, 2004; Raybaudi-Massiliat al,
2009). En cambio, el tratamiento con el antioxidartmercial NatureS€aAS1

no tuvo ningun efecto en la viabilidad microbiafar tanto, a continuacion se
evalud la efectividad del antagonista frent8amonellay L. monocytogenesn
manzanas minimamente procesadas tratadas con Skffire\S1 conservadas
7 dias a 10 °C. Este tratamiento antioxidante rluyia en la efectividad del
antagonista frente a ninguno de los dos patdgeogniéndose reducciones
superiores a 3 unidades logaritmicas al final deolaservacion. El antioxidante
NatureSedl AS1 fue seleccionado para los ensayos posteriores.

A continuacién se determiné la efectividad de CPAA7manzana minimamente
procesada envasada en atmoésfera modificada codaeavd 0 °C ya que es un
aerobio estricto y podria verse afectado por laicgeidn de @y el aumento de
CO.. Se observé que el envasado en atmdésfera modifitadifectd la efectividad
de la cepa CPA-7 frente &almonella (reduccion superior a 3 unidades
logaritmicas), sin embargo, la reduccién de la acbh delL. monocytogenesn
atmosfera modificada (2.5 unidades logaritmicas)ififerior a la reduccién en aire
(3.8 unidades logaritmicas). Esto puede debersgeaagnque el crecimiento del
antagonista no se vio afectado por la atmésferaememsado hasta que las
concentraciones de,@lcanzaron valores del 0 % (aproximadamente tréiag a
10 °C), el crecimiento de. monocytogenese vio favorecido gracias a las bajas
temperaturas y la baja concentracién de oxigeno.

Control biolégico en condiciones semi-comerciales

Para la realizacion de los ensayos semi-comercisgesutilizaron manzanas
‘Golden Delicious’ cortadas en 10 trozos y tratadams una solucion de
NatureSedl AS1 al 6 % (Figura 4). A continuacién se inocutapmr inmersioén en
una solucién con cuatro cepas Si@lmonellay cinco cepas de. monocytogenes
conjuntamente o0 no con la cepa antagonista CPAx tohcentracion de patégenos
se redujo de T0ufc mL* (en los ensayos anteriores) & liec mL* (que equivale
aproximadamente a iQufc g') para simular en lo posible condiciones reales.
Aunque la concentracion utilizada puede consideratsvada, no se redujo mas
para poder llevar a cabo el recuento del patégermuantificar la reduccion
obtenida por el antagonista. En el caso de la aafEgonista CPA-7 se ensayaron
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dos concentraciones, la minima concentracion etectibtenida en ensayos
anteriores, es decir la misma concentracion queatégenos (fufc mLY) y una
concentracion superior, 10fc mL™. Tras la inoculacién, los trozos de manzana se
envasaron y se conservaron a5y 10 °C.

Cuando el patégeno y antagonista se inocularonisshenivel, el antagonista no
tuvo ningun efecto sobre las poblacionesSdémonellay L. monocytogenesn
manzana minimamente procesada conservada a 5@. Hxfa diferencia con los
resultados anteriores puede atribuirse al cambterdperatura de conservacion, ya
gue aqui se disminuy6é de 20 °C a 5y 10 °C y, jpotot la velocidad de
crecimiento del antagonista se vio reducida sigaiivamente y su actividad
antagonista se vio dificultada. Ademas, se haruidal otros factores que han
podido reducir la efectividad del antagonista, comlo uso de sustancias
antioxidantes (NatureS€ahS1) y el envasado en atmésfera modificada.

Fig. Whoculacion de los trozos de manzana, escurrigiovasado.

Al aumentar la concentracién de antagonista hagtauft mL*, se aumenté su
efectividad, obteniendo reducciones significativds ambos patégenos. La
efectividad frente &almonellafue superior en manzana minimamente procesada
conservada a 10 °C, evitando su crecimiento arfgolale toda la conservacion
siendo la poblacion d&almonella2 unidades logaritmicas inferior respecto a
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Salmonellainoculada sola tras 14 dias, mientras que a 5 °@udo observarse su
efecto ya que la poblacion dgalmonellase mantuvo constante. En el caso de
L. monocytogenes el antagonista fue efectivo a ambas temperatutas
conservacién. A 10 °C la reduccién del patégeno émre 1 y 2 unidades
logaritmicas a lo largo del periodo de conservacibientras que a 5 °C, no se
observé reduccion del patdgeno hasta el séptimadalizonservaciéon. En vista de
los resultados, la aplicacion de la cepa antagonBPA-7 en manzana
minimamente procesada podria representar un obsi@dicional al desarrollo de
los patdgenos en frutas minimamente procesadaspl8acion tiene un efecto
protector evitando el crecimiento de los patégatmsransmision alimentaria que
pudieran llegar a estar presentes en los prodectesiso de que la temperatura de
conservacion aumentara a valores favorables pargesimiento.

La poblacion de la cepa antagonista CPA-7 aumemténanzana minimamente
procesada conservada tanto a 5 como a 10 °C ersfanramdnodificada aunque el
crecimiento mas rapido se observo a 10 °C (mastariidades logaritmicas). Sin
embargo, la poblaciéon se estabilizé o empez6 aidismtras 4-7 dias a ambas
temperaturas, probablemente al alcanzar su pohlagéxima y al agotarse e, O
en el interior de los envases, ya que la é&pgraminisCPA-7 es aerobia estricta.

Posteriormente, se han realizado ensayos siméaresa fruta no acida como es el
melén, donde el agente de biocontrol CPA-7 tamba&reducido el crecimiento de
Salmonellay L. monocytogenes 10 y 20 °C (datos no mostrados). En la
bibliografia consultada no se han encontrado tosbegn agentes de biocontrol en
condiciones semi-comerciales en fruta minimamerdegsada.

Efecto de la aplicacion del agente de biocontrol &” en la calidad de manzana
minimamente procesada

La aplicacion de agentes de biocontrol en frutaimdmente procesada no debe
ocasionar ningun efecto negativo en la calidad pteducto a lo largo de la
conservacion. Por tanto, paralelamente a los esssgmi-comerciales se evaluo el
efecto de la aplicacion del antagonista CPA-7 éerefites parametros de calidad
de la fruta.

La aplicacion de la cepa CPA-7 no causé efectasfiigtivos en la calidad de la
fruta, siendo todos los parametros evaluados @mlidsual, pH, contenido en
sélidos solubles, acidez titulable, color y firmeiguales en muestras inoculadas
respecto a las no inoculadas. En la determinaci@ncdlor, se observdé un
incremento en los valores de L* a lo largo de laseovacion independientemente
de la adicién del cultivo antagonista, lo que iadimy aumento en la luminosidad
de los trozos de manzana. El pardeamiento enziondtnie normalmente indicado
por una disminucion de los valores de L* y un auimeste los valores de a*
(Rojas-Grauet al, 2006). Este efecto blanqueante atribuido al aitémte
utilizado, NatureSell AS1, ha sido previamente observado por otros esitor

275



DiscusioN

(RoRleet al, 2009, 2010; Rupasinglet al, 2005; Toivonen, 2008). En cuanto a
los valores de firmeza, éstos se mantuvieron asechumentaron a lo largo de la
conservacion tanto en muestras inoculadas comousstras no inoculadas. Este
efecto es también atribuible al uso de NaturéSA&l1, ya que contiene una alta
concentracion de calcio (Riat al, 2007; RoRlest al, 2009).

La composiciéon de la atmoésfera en el interior de émvases de manzana
minimamente procesada inoculada cdéh graminis CPA-7 cambié mas
rapidamente que en los envases no inoculados asatmipgeraturas. Este efecto
podria ser debido a que la aplicacién del antagp@BPA-7 provocara un aumento
en la respiracion del producto. Existen estudios iqwestigan las respuestas de
plantas y/o frutas a la presencia de microorgarssiy@ sean patdgenos o agentes
de biocontrol. Estos estudios muestran el efecto lafe microorganismos
aumentando la produccién de especies reactivaxiderm (Heller y Tudzynski,
2011) o incluso, el efecto de los microorganismasla sintesis de proteinas
implicadas en la ruta energia y en el metabolisemsl azlcares en la mitocondria
(Chanet al, 2007).

Supervivencia del agente de biocontrol al estréstgéo simulado

A continuacion, se estudié la viabilidad de la c&€}RA-7 a un estrés gastrico
simulado a lo largo de la conservacion en manzanamamente procesada a 5 °C.
Si un microorganismo es incapaz de pasar la badelaestbmago es menos
probable que cause algun efecto nocivo en la shiudana. En este estudio,
P. graminisCPA-7 no sobrevivio al estrés gastrico desde &ldd inoculacion.

Asimismo, es interesante remarcar que no existguni referencia respecto a la
patogenicidad humana de la espétigraminisy que no crece a partir de 33 °C.

2.2.2. Bacterias acido-lacticas. Probiéticos

Las bacterias acido-lacticas son microorganismasifdados como GRAS por la
FDA que se han utilizado histéricamente para pveserarnes y productos lacteos
asi como vegetales fermentados. Por tanto, ya $fda autorizados en alimentos,
su uso como agentes de biocontrol en fruta minimgr@ocesada puede ser muy
interesante. Asi pues, paralelamente a la seledgdnicroorganismos epifitos, se
evaluo la efectividadh vitro de 123 bacterias acido-lacticas aisladas de egeta
minimamente procesados y de productos lacteogando el método de la gota
(agar spot test) y observando los halos de inldibigiesultantes. Ademas se
determiné el efecto de 31 de estos aislados salpelllacién de una mezcla de 5
cepas delL. monocytogeney una mezcla de 4 cepas &almonellamediante
co-inoculacion de cilindros de manzana ‘Golden &elis’ conservados 2 dias a
20 °C. Ninguna de las cepas testadas tuvo ninggstaefniin vitro ni in vivo, por

lo tanto se descartaron (datos no mostrados). Gindsres, como Triast al.
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(2008), encontraron cepas de BAL efectivas frenfgabgenos de transmision
alimentarian vitro.

Las bacterias probidticas, algunas de las cualedB#d., pueden tener un efecto
directo en otros microorganismos, por ejemplo penég, ya sea por la produccién
de sustancias antibacterianas o por competicigpaesos limitados. Por tanto, no
s6lo pueden reforzar la salud, sind ademas pueten tn papel protector frente a
patégenos de transmision alimentaria en los alioaseractuando como agentes de
biocontrol. La aplicacion de cultivos probioticas fsa realizado principalmente en
productos lacteos, sin embargo su consumo pregeatdemas a los individuos
con intolerancia a la lactosa o niveles altos deesterol. Por tanto se estan
buscando nuevas matrices para la aplicacion des esiitivos beneficiosos. La
fruta, en este caso manzana, puede ser un sustdgouado por su valor
nutricional. Sin embargo, la aplicacion de estdfwvas en manzana minimamente
procesada no es tan sencilla ya que el probiétatme dnantener su viabilidad a
concentraciones elevadas a lo largo de todo ebgerile conservacion. Por tanto,
en la realizacion de esta tesis se estudio lalidadi de tres cepas probidticas
Lactobacillus acidophilusLA-5® (CHR HANSEN), Bifidobacterium animalis
subsp.lactis BB-12° (CHR HANSEN) y Lactobacillus rhamnosu§SG LGG’
(Valio) en manzana minimamente procesada y envasadanésfera modificada 2
dias a 20 °C. De las tres cepas, UnicaméntghamnosusGG mantuvo su
concentracion al nivel inoculado coicidiendo cosuttados de otros autores (R6Rle
et al, 2010) y fue, por ello, la cepa seleccionada p#a ensayos
semi-comerciales.

Ensayos en condiciones semi-comerciales tomhamnosus GG

Se realizaron ensayos semi-comerciales de formiagma los realizados con el
agente de biocontrol CPA-7. En este caso, los srdeamanzana se inocularon con
Salmonellay L. monocytogenesonjuntamente o no cdn rhamnosussG a la vez
que se aplico el tratamiento antioxidante con MN&Bes! AS1 al 6 %. La
poblacion de patégenos aplicada fue dé aft mL' y la concentracion de
L. rhamnosus$sG de 18 ufc mL?. Una vez inoculados y tratados con antioxidante,
los trozos de manzana se envasaron en atmosfeiificada y se conservaron a 5
y 10 °C.L. monocytogenehie el patdbgeno méas afectado por la aplicaciéhade
cepa probidtica con 1 unidad logaritmica de redurcaiespecto al control no
tratado con el probiético a ambas temperaturase®imargol.. rhamnosus$GG no
fue eficaz contraéSalmonellaa ninguna de las temperaturas. Esta especificidad
hacia bacterias gram-positivas podria deberse mdduccion de algun tipo de
sustancias antimicrobianas similares a las baciegde ya que es conocido que los
lactobacilos son capaces de producir sustanciasiardbianas cuando crecen en
medios especificos. No obstante, Siktaal. (1987) describieron una sustancia
inhibitoria producida pokL. rhamnosussG, de bajo peso molecular y activa frente
a un gran espectro de bacterias gram-positivaam-gnegativas, pero no frente a
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otros lactobacilos y por tanto seria una sustadif&rente a las bacteriocinas.
Recientemente, Leet al. (2008) observaron quie. rhamnosusGG era un buen
antagonista de cuatro cepas diferentesEdeoli O157:H7 en medio sélido y
liquido debido a la produccion de metabolitos amtégjas.

La eficacia del efecto saludable de un probiotiepeshde del nivel de bacteria
inoculada y de su viabilidad a lo largo de la vidih del producto, por lo tanto el
cultivo probiético L. rhamnosusGG fue aplicado en manzana minimamente
procesada a una alta concentracion, obteniendo peoidacion inicial de,
aproximadamente 10ufc ¢g*. Ademas, esta poblacion se mantuvo al nivel
inoculado a lo largo de los 28 dias de conservatafito a 5 como a 10 °C.
Estudios anteriores han demostrado la supervivelgceste probidtico en manzana
‘Breaburn’ minimamente procesada conservada aQ-RdRleet al, 2010) y en
zumos de naranja y pifia conservados a 4 °C (Shesthah 2007) a niveles
superiores al minimo recomendado para ofrecer wwfitios de salud en el
momento de consumo (A0fc g*) (Rivera-Espinoza y Gallardo-Navarro, 2010).

Efecto de la aplicacion de. rhamnosus GG en la calidad de la manzana
minimamente procesada

Como se ha comentado anteriormente, la aplicacéddmidroorganismos en fruta
minimamente procesada, ya sea su finalidad prinapaontrol de patégenos de
transmisién alimentaria o bien el efecto probigtiom debe ocasionar ningln
efecto negativo en la calidad del producto a lgdate la conservacion.

La aplicacién del probidtico tampoco causo efesigsificativos en la calidad de
la fruta en ninguno de los parametros evaluaddaléchvisual, pH, contenido en
sélidos solubles, acidez titulable, color y firmegeendo iguales a las muestras no
inoculadas. En la investigacion llevada a cabo RdRleet al. (2010) se realizo
una evaluacion sensorial de manzana minimamenteegada enriquecida con
L. rhamnosusGG. En este estudio la aceptabilidad de las magsgtoculadas fue
igual a las no inoculadas, sin embargo, las muest@culadas con el probidtico
presentaron una textura menos firme y un ligeroléldico.

Supervivencia de microorganismos al estrés gastrico

La literatura muestra que un bajo pH durante etigriento bacteriano puede
inducir una respuesta de adaptacion o habituatidcido (Champagne y Gardner,
2008). Esta adaptacién o habituacion microbiananmdientes subletalmente
acidicos podria aumentar su resistencia a condiside pH extremos y, por tanto,
incrementar la supervivencia de los microorganisrabdransito a través del
estdbmago. Por ello se estudid si la supervivenasecimiento de los patdgenos
y los antagonistas en manzana minimamente procekadate su conservacion
mejoraria su resistencia al estrés gastrico. Eras de los patdbgenos una mayor
resistencia podria aumentar la probabilidad denizéeion intestinal y, por tanto,
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su virulencia. De forma contraria, rhamnosu$sG debe ser capaz de sobrevivir al
estrés gastrico y llegar al intestino a altas cotreeiones para poder llevar a cabo
su efecto beneficioso.

La viabilidad deSalmonellay L. monocytogenesas el estrés gastrico se redujo
drasticamente a lo largo de la conservacion denasizanas minimamente
procesadas. En el caso 8almonellala viabilidad pasé de, aproximadamente, un
30 % a menos del 5 % y de un 15 % a inferior d RaralL. monocytogenea
partir del cuarto dia de conservacion. En camhbiwjdbilidad dd_. rhamnosusGG

tras la exposicion al estrés gastrico disminuyfod®a progresiva, manteniéndose
por encima de TOufc g* hasta los 14 dias de conservacion de la manzana
minimamente procesada. Los resultados demuestenaiha existido adaptacion

al 4cido por parte de los patdgenos en las condisiestudiadas.

Uno de los factores influyentes en la adaptacioiadebacterias al acido es el
tiempo de exposicion. La adaptacidon por un cortdgode (unas horas) ayuda a
resistir valores de pH letales posteriores, en tan¥h la adaptacién es por un
periodo mas largo (12 h) puede provocar mayor biidsid por parte de las
bacterias (Phan-Thanh y Montagne,1998). Otro pdrarea la adaptacién al acido
es el valor de pH del ambiente de habituacion, aeihas rangos de pH que pueden
conducir a la incrementada resistencia al &cidb'@é&mo pH de adaptacion’ ain
no se han estudiado extensamente. En el casb. de®nocytogenesdiversos
investigadores han observado que tiene una magstarcia tras la habituacién a
pH entre 5.0 y 6.0 (Gahaet al, 1996; Koutsoumanis y Sofos, 2004; Lou y
Yousef, 1997; Phan-Thankt al, 2000) pero no a pH de 4.5 o inferior
(Koutsoumanis y Sofos, 2004). Pag&almonella los valores de pH que han
inducido a habituacién se encuentran entre 4.@yrbientras que a 5.5 o valores
superiores ya no existe habituacion (KoutsoumaniSojos, 2004; Leeet al,
1995). Por ultimo, otro factor importante en elde®no de habituacién al acido es
la temperatura. Alvarez-Ordéiiet al. (2010) y Sameligt al. (2003) demostraron
que las células d8almonellaTyphimurium que habian crecido a 10 °C tenian una
resistencia al acido inferior que aquellas quedrabfecido a 30 °C. Asi pues, los
datos de la bibliografia existente respaldan nogs#asultados.

En el caso de los probidticos, la resistencia&ailsito gastrointestinal es un criterio
importante de seleccién. En este caso la incubagénrhamnosussG en un medio
acido, manzana minimamente procesada, consenmad@,ano aumentd su viabilidad
a un estrés gastrico simulado, aunque mantuvo ltmaiabilidad hasta los 14 dias.
Champagne y Gardner (2008) observaron grandesciedas de viabilidad en varias
cepas probidticas tras su incubacién durante 2m°€ a pH 2.0.
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3. CONSIDERACIONES FINALES

Esta tesis pretende conseguir un producto alimendarconsumo creciente, como
es la fruta minimamente procesada, mas seguro gbazansumidor, de mayor
calidad microbioldgica y utilizando tecnologias méspetuosas con el medio
ambiente. Los estudios realizados se han centmradoa@zanas y melocotones ya
gue Lleida es una de las zonas de mayor produdeidspafia.

¢Son las manzanas y melocotones minimamente pratesan sustrato
adecuado para el crecimiento de patdégenos de trasgm alimentaria?

Tal y como se ha visto, los tres patdégenos dernrgndn alimentaria utilizados en
los ensayos han sido capaces de crecer tanto eman@momo en melocoton
cortados a lo largo de la conservacion a temperaie 10 °C y superiores, siendo
el control de temperatura de conservacion unavieteion eficaz para evitar el
crecimiento. Por tanto, si estos patégenos llegdeaforma accidental al producto,
podrian crecer exponencialmente si la temperateralmacenaje fuera superior a
la adecuada para su conservacion.

¢ Existe alguna posible alternativa al hipocloritédico en la desinfeccion de
fruta minimamente procesada?

El acido peroxiacético, el peréxido de hidrogenel YN-acetilo-L-cisteina podrian
ser algunas de las sustancias alternativas allbiftoc No obstante, son necesarios
mas estudios y existen impedimentos de indole l&yis a superar antes de su
aplicacion industrial.

¢ Es la bioconservacion un posible método de conti®lpatégenos en fruta
minimamente procesada?

En esta tesis, se ha estudiado con éxito la posipleacién de agentes de
biocontrol para reducir el crecimiento de las cepagpatégenos de transmision
alimentaria utilizadas en los ensayos como técoocaplementaria al proceso de
desinfeccion. La utilizacion de microorganismosagonicos ha demostrado que
puede ser una alternativa viable para el controlpdgenos de transmision
alimentaria en fruta minimamente procesada. Gradaslos resultados
prometedores, incluso en ensayos semi-comerciafesde las cepas estudiadas,
P. graminisCPA-7, ha sido patentada. Sin embargo, para gb@tmnservacion
sea exitosa es necesario, en primer lugar, su agifob a nivel legislativo. En
segundo lugar, los consumidores deben aceptarisa@pn en los productos. Esta
condicién podria no ser problematica ya que exigtem variedad de alimentos
gue utilizan microorganismos en su elaboraciénnseovacion.
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La manzana minimamente procesada, ¢ alimento prabai

Los resultados obtenidos en esta tesis avalansidlpaaplicacion de una bacteria
probidtica,L. rhamnosusGG en manzana minimamente procesada. De este modo,
se podria incrementar el valor afiadido de la frafaimamente procesada al
mismo tiempo que se daria una alternativa de comsden probioticos a las
personas con intolerancia a la lactosa.

En definitiva...

En la produccion de fruta minimamente procesadanpertante reducir el riesgo
de intoxicaciones alimentarias mediante la implel@an de planes como los de
Buenas Practicas Agricolas, Buenas Préacticas déuéecin (BPA y BPP) y el
programa de Andlisis de Peligros y Puntos de Cb@iritico (APPCC), asi como
el mantenimiento de la cadena de frio a tempestde refrigeracion. Sin
embargo, con la realizacion de esta tesis se hampsteado que existen nuevas
estrategias de intervencién altamente eficaces pagjorar la calidad
microbiologica de la fruta minimamente procesadaaPRograr la mayor eficacia
de estas estrategias deberian aplicarse de formaimada, la desinfeccién en
primer lugar para reducir la poblacién microbianiial en el producto y, en
segundo lugar la aplicaciéon de un agente de biocao(EPA-7) para reducir el
crecimiento de los patégenos de transmision aliamentque pudieran haber
llegado al producto accidentalmente.
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CONCLUSIONES

En base a los resultados obtenidos y a su intagidet se pueden extraer las
siguientes conclusiones:

Respecto a la supervivencia y crecimiento de patayes de transmision
alimentaria en manzana y melocoton minimamente pr&sados:

1. E. coli O157:H7, Salmonellay Listeria innocua crecieron mas de
2 unidades logaritmicas en manzanas ‘Golden Debti(pH 4.16+0.25) y
melocotones ‘Elegant Lady’ (pH 3.73+0.28) minimateemprocesados
conservados a 20 y 25 °C. Al reducir la temperaaut® °C, la poblacion
de E. coli O157:H7 y Salmonellaaumentd aproximadamente 1 unidad
logaritmica y la dd.. innocuamas de 1.5 unidades logaritmicas. A 5°C
s6loL. innocuafue capaz de crecer tanto en manzana como en oh@hoc

2. Los tres patdgenos estudiados crecieron de fonmi&sien tres variedades
de manzana (‘Golden Delicious’, ‘Granny Smith’ Yy h&npion’)
conservadas a 25 °C y 5 °C. Sin embargo, la pdladeL. innocua
redujo su crecimiento en manzanas ‘Shampion’ coaseas a 5 °C.

3. Los tres patégenos estudiados crecieron exponeraiét en todas las
variedades de melocotdn utilizadas conservadas @€ .2hos mayores
incrementos se observaron en melocotones ‘RoyalyGlp ‘Diana’,
seguidos de los ‘Elegant Lady’ y por ultimo ‘PlawidA 5 °C, las
poblaciones dé&. coliy Salmonellase redujeron en todas las variedades
utilizadas y la poblacién de. innocuaaumentdé en melocotones ‘Elegant
Lady’ pero se redujo en melocotones ‘Royal GloryDiana’.

4. Los tratamientos antioxidantes estudiados (aciddrago al 2 % y el
producto comercial NatureS8aAS1 al 6 %) y el envasado con la
atmosfera modificada pasiva ensayada no afectd suparvivencia y/o
crecimiento de los patégenos de transmision aliamEnen manzanas y
melocotones de IV gama.

Las manzanas y melocotones minimamente procesadpssar de tratarse de
productos acidos, son un medio adecuado para @hgemto de los patdgenos de
transmision alimentaria siendo la temperatura desewacion el factor mas
importante para prevenir su crecimiento, por lo astos productos deben
conservarse a temperaturas inferiores a 10 °C. idgiones necesario centrar los
esfuerzos en encontrar variedades que posean cstopugue inhiban el
crecimiento de patégenos 0 en las que su crecimientsea tan acusado y en
hallar nuevas estrategias de intervencion parardgt@ de patégenos y asi obtener
productos seguros.
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Respecto a las sustancias antimicrobianas alternaés al hipoclorito
sédico:

1. El bicarbonato sédico (10, 50 y 100 g)Lel bicarbonato potéasico (10, 50
y 100 g LY, la vainillina (3, 6 y 12 g ) y la bromelaina (0.1, 1, 10, 100 y
1000 mg [ no redujeron las poblaciones d& coli O157:H7 y
L. innocuaen ensayom vitro. El carvacrol (875 y 1500 mg')Ly el &cido
peroxiacético (20, 80 y 120 mg'}, redujeron ambas poblaciones por
debajo del limite de deteccion (2.5 x*16fc mL?), y las reducciones
obtenidas con el carbonato sodico, 10, 50 y 100'1g dl carbonato
potéasico, 10, 50 y 100 g't el perdxido de hidrégeno, 5, 10 y 20 mt:;L
el N-acetilo-L-cisteina, 2.5, 5y 10 g'Lel Citrox, 5 mL L y el quitosano,
10 g L* fueron dependientes de la dosis utilizada.

2. En los ensayos en manzana minimamente procesaefedtividad del
carvacrol fue inferior a la desinfeccion con aglua. desinfeccién con
vainillina a una concentracion de 12 ¢ fue tan o mas efectiva que la
desinfeccion con hipoclorito sédico (100 mg He cloro libre, pH 6.5)
reduciendo la poblacion de. coli O157:H7,Salmonellay Listeria spp,
tanto inicialmente como a lo largo de la conseaca 10 °C. Sin
embargo, se descarto la posibilidad de usar lalMancomo desinfectante
por los sabores y aromas que puede provocar emodugio a dicha
concentracion.

3. El tratamiento con el producto comercial Citrox tae efectivo como el
tratamiento con hipoclorito sdédico reduciendo y teaiendo las
poblaciones d&. coli 0157:H7,Salmonellay Listeria spp. a niveles bajos.
No obstante, este desinfectante alteré el coldadeanzana tratada, por
tanto, no es un producto apto para manzana minimarpeocesada.

4. Los tratamientos de &cido peroxiacético (80 y 120 L), perdxido de
hidrégeno (5, 10 y 20 mL1) y N-acetilo-L-cisteina (10 gt) fueron tan o
mas efectivos que la desinfeccion con hipocloritdic reduciendo la
poblacion y posterior crecimiento de los tres pands estudiados.

5. No se encontraron células viables de ninguno d@addgenos estudiados
en las soluciones de &cido peroxiacético, perodeldidrogeno, Citrox e
hipoclorito soédico tras la desinfeccion de los &®zde manzana
minimamente procesada.

El peréxido de hidrégeno (5, 10 y 20 mLY)L el &cido peroxiacético (80 y
120 mg LY y el N-acetilo-L-cisteina (10 g'1) podrian utilizarse como alternativas
al cloro en la desinfeccion de frutas y hortalizasnque no son capaces de
eliminar totalmente los patégenos. Sin embargo, tedtamiento con
N-acetilo-L-cisteina no previene la contaminacicuzada. Antes de su utilizacion,
se debe estudiar el efecto de estas sustanciaa ealilad del producto. El
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tratamiento antimicrobiano con estas sustanciasrtelealizarse en combinacion
con otros métodos de control para evitar el cremitoi de los posibles patégenos
gue hayan resistido a la desinfeccion.

Respecto a la bioconservacion de fruta minimamenfgocesada con
microorganismos epifitos de fruta:

1.

El 112 % y el 21.3 % de los microorganismos tesadrente a
E. coliO157:H7 en manzana y melocoton minimamente prdossa
respectivamente, redujeron la poblacién del patdgen, al menos,
1 unidad logaritmica respecto al control tras 2 di@ conservacion a
20 °C.

Dos microorganismos, las cepas CPA-6 y CPA-7, daslade manzana
minimamente procesada y de la superficie de manzeniera,
respectivamente, mostraron gran efecto  antagonistantra
E. coliO157:H7, Salmonellay L. innocuatanto en manzana como en
melocotén minimamente procesados conservados 2adifs°C y contra
E. coliO157:H7 a temperaturas de refrigeracion (5 °C).

A 20 °C, la dosis minima efectiva de la cepa CP#s de 16 ufc mL*
para una concentracion de patégeno deuf® mL*. En cambio, la cepa
CPA-7 necesitd estar a la misma concentracion dégeao para ser
efectiva.

La cepa CPA-6 fue identificada como una especievanwdentro de la
familia de lasEnterobacteriaceag la cepa CPA-7 pertenece a la especie
P. graminis.

Ninguna de las dos cepas caus6 reaccion de fitatiad en la planta del
tabaco. No obstante, la cepa CPA-6 causo6 dafdsedstuando se aplico
en fruta cortada y por tanto se desestimé paradsiinvestigaciones.

El tratamiento de manzana minimamente procesadacido ascorbico
(2 %) y N-acetilo-L-cisteina (1 %) afectd negativante a la viabilidad del
antagonistaP. graminis CPA-7. Mientras que el antioxidante comercial
NatureSedl AS1 no afect6 ni a su viabilidad ni a su efectiddpor tanto
es un antioxidante compatible con la aplicacioratéhgonista.

El envasado en atmosfera modificada pasiva noGagetd viabilidad de la
cepa antagonistB. graminisCPA-7. Si embargo, su efectividad frente a
L. monocytogendsie inferior respecto al envasado en aire.

La aplicacion semi-comercial de la cepa CPA-7 enzaaa minimamente
procesada tratada con Nature8es61, envasada en atmdsfera modificada
pasiva y conservada a 5 y 10 °C no fue efectivandmiase inoculd a la
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10.

misma concentracion que el patdogeno (una mezclad deepas de
Salmonellay de 5 cepas de. monocytogengspero si aplicado a una
concentracion superior en dos unidades logaritmlca®fectividad frente

a Salmonellafue mayor a 10 °C evitando su crecimiento, con una
diferencia de 2 unidades logaritmicas respectatdgeno inoculado solo
tras 14 d. En el caso de monocytogenesl antagonista fue efectivo a
ambas temperaturas de conservacién, reduciendiblagion del patégeno
entre 1y 2 unidades logaritmicas a lo largo débgde de conservacion.

La aplicacién del agente de biocontrBl, graminisCPA-7 no afecté al
aspecto visual ni a los pardmetros de calidadofigiamica (color, pH,
firmeza, solidos sobles y acidez titulable) evabsaden manzana
minimamente procesada tratada con Natur€Se&ll y envasada en
atmosfera modificada a lo largo de la conservaaiéry 10 °C.

El agente de biocontrdP. graminis CPA-7 no sobrevivié tras 2 h de
incubacion en jugo géstrico simulado a 37 °C.

Por tanto, el control biolégico podria ser un métate control novedosa. La
aplicacion del antagonista CPA-7 en manzanas mmang procesadas tuvo un

efecto

protector evitando el crecimiento de losogahos de transmision

alimentaria cuando aumento6 la temperatura de cemsén. Por ello, podria ser
Gtil para ser aplicado como una barrera adiciondheconservacion de este tipo de
producto.

Respecto a la bioconservacion de fruta minimamenfgocesada con
bacterias acido lacticas y la aplicacion de bacters probioticas:

1.
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De las 123 bacterias acido lacticas aisladas niagunstré capacidad
antagonista frente a patdégenos de transmision afaria niin vitro ni in
Vivo.

De tres cepas probidticad,. acidophilus LA-5° (CHR HANSEN),
B. animalissubsp.lactis BB-12° (CHR HANSEN) yL. rhamnosusGG,
inoculadas en manzana minimamente procesada cadae2wias a 20 °C,
Unicamente L. rhamnosus GG mantuvo su concentracion al nivel
inoculado, y fue, por tanto, la cepa seleccionadaa plos ensayos
semi-comerciales.

La aplicacion del. rhamnosusGG en manzana minimamente procesada
tratada con NatureS&ahS1 y conservada en atmoésfera modificada pasiva
a 5y 10 °C no tuvo ningun efecto en la poblaci@Salmonella en
cambio redujo la poblacion de monocytogenek unidad logaritmica.

La poblacion delL.rhamnosusGG se mantuvo al nivel inoculado en
manzana minimamente procesada, por encima del valoimo de
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10° ufc ¢*, necesario para reivindicar su efecto probidtitoante 28 dias
de conservacion a5y 10 °C.

5. La aplicacion de la bacteria probidtitarhamnosusGG no afecté a los
parametros de calidad evaluados en manzana minimemecesada.

Por tanto L. rhamnosus5G podria ser una cepa probidtica apta para szadta
en manzanas minimamente procesadas ya que mantwabgdidad a lo largo de
la conservacion y no produjo defectos de calidatbmas, este probiotico presentd
un papel protector evitando el crecimientd_denonocytogenes

Respecto a la supervivencia de microorganismos ateds gastrico

1. La viabilidad al estrés géastrico &almonellapasé de, aproximadamente,
un 30 % inicial a menos del 5 % a partir del cuditode conservacion en
manzana minimamente procesada a 5 °C.

2. Laviabilidad inicial al estrés gastrico demonocytogenesie de un 15 %.
Esta viabilidad se redujo drasticamente (por debdajo2 %) a partir del
cuarto dia de conservacion a 5°C.

3. La viabilidad delL. rhamnosusGG fue decreciendo paulatinamente
manteniéndose por encima dé Lfc g* hasta los 14 dias de conservacion
de manzana minimamente procesada.

Salmonellay L. monocytogeneso se adaptaron al estrés acido tras inocularse y
mantenerse en manzana minimamente procesada tratadaantioxidante y
envasada en atmésfera modificada pasiva conseevadaC. La cepa probiotica

L. rhamnosus$sG mantuvo su viabilidad tras el estrés gastrstdnlos 14 dias de
conservacion a 5 °C.
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PERSPECTIVAS DE FUTURO

A partir de los estudios llevados a cabo y los Itadas obtenidos en esta tesis
pueden derivarse varios estudios:

1.

Seleccionar aquellas variedades de fruta que nemesir efecto inhibitorio
al crecimiento de patégenos de transmision alimientaveriguar los
componentes responsables y optimizar el uso de eatéedades para la
industria de IV gama.

Estudiar el efecto de diferentes atmosferas madiéis activas en el
crecimiento de patégenos de transmision alimentaria manzana y
melocotdn minimamente procesados.

Evaluar el efecto de los agentes desinfectantedxiger de hidrogeno,
acido peroxiacético y N-acetilo-L-cisteina en ladidsd de la fruta
minimamente procesada, incluyendo la evaluaciérupgranel sensorial.

Estudiar posibles aplicaciones de la cepa antagoriseudomonas
graminis CPA-7 en otras frutas y hallar las mejores coodies para su
aplicacién (método de aplicacion, tratamiento aidiante y atmdsfera de
envasado).

Analizar la calidad organoléptica de la fruta tdatacon la cepa
antagonista, incluyendo la evaluacién por un pafelcata, asi como
calidad nutricional.

Realizar estudios toxicologicos de la cepa CPA-7.

Optimizar la produccion y formulacién de. graminis CPA-7 para su
aplicacion comercial.

Dentro del concepto de tecnologia de barrerassiigar la posibilidad de
aplicar la cepa antagonista en fruta tratada cosuatancias desinfectantes
propuestas en esta tesis.
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