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Resumen

RESUMEN

Los avances clentificos y tecnolégicos de las dltimas décadas han permitide
conocer €l beneficio para la salud del consume de frutas y hortalizas. Diversos estudios
epidemiologicos han demostrado la asociacion entre la ingesta de frutas y hortalizas,
con alto contenldo en compuestos antioxidantes, y la prevencion de clertos tipos de
cancer y enfermedades cardiovasculares. Ademas, el consumo ha sido promovido por
Investigadores, nutricionistas e Incluso a nivel gubemamental, recomendandose al
menos cinco raciones de frutas y hortalizas en la dieta diaria.

El actual ritmo de vida, en el que cada vez hay menos tiempo para la preparacion
de una comida equilibrada, ha propiciado la aparicién de un nuevo tipo de consumidor
gue demanda preductos frescos, saludables y listos para consumir. Los vegetales
minimamente procesados en fresco (MPF), o de 1a “IV Gama” de la alimentacidn, son
productos frescos acondicionados para su consumo directo, gque se comercializan
refrigerados vy envasados en atmodsfera modificada. Los tratamientos que sufren en su
preparacion industrial producen cambios poco notables respecto al vegetal original, en
las propiedades deseables para el alimento y, en particular, de las nutritivas,
organolépticas y de las relacionadas con su facilidad de utilizacion o convenlencia.

En los dltitmos anos ha aumentado la aparicion de brotes de contaminaclones
alimentarias de origen microbiano asocladas a los productos vegetales enteros y MPF v,
consecuentemente, también la preocupacidn por la calidad y seguridad de este tipe de
productos por parte de los consumidores. La desinfeccion es el inico paso de la cadena
de produccidn para la inactivacion y/o eliminacidn de bacterias patSgenas, asi como la
reduccion de la microflora natural asociada. Tradicionalmente, 1a industria de productos
MPF ha utilizado hipoclorite sodico (NaCl0) come desinfectante. Sin embargo, existen
diversos problemas asociados a su uso, como su dependencia del pH, la generacidn de
subproductos potencialmente cancerigenos, asi como su toxicidad, que puede afectar a
la seguridad de los trabajadores y que no siempre €5 suficientemente eficaz. Ademas, el
NaCl0, incluso a baja concentracion, puede causar olor y sabor extrano en
determinados productos. Por ello, el NaCl(} esta siendo cuestionado, incluso prohibide
en determinados paises de la Unién Europea como Alemania, Dinamarca, Bélgica y
Holanda y previsiblemente se restringira mas su uso, lo que exige disponer de
alternativas de desinfeccion para preservar la seguridad alimentaria a los consumidores.
Dentro de las alternativas consideradas como prometedoras se incluyen las soluciones
antimicroblanas {agua electrolizada, didxido de cloro o clorito sodice acidificado), la
radiacion UV-C y el envasado en atmdsferas modificadas activas, enriquecidas en
oxigeno, Oxido de nitroso o gases nobles. Estas altermativas podrian aplicarse selas o
como una combinacion de varlas técnicas.

Los trabajos de investigacion de la presente Tesis Doctoral se centran en el
estudio de las diferentes altermnativas al NaCl() sobre la calidad microbiclogica, nutritiva

y sensorial de brotes de hortalizas folidceas MPF y tomate para consumo en fresco. Las
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Resumen

Investigaciones se han realizado en el Grupo de Postrecoleccidn y Refrigeracion de la
Universidad Politécnica de Cartagena y en el Department of Flant Sciences de la
Universidad de Califomia, Davis {EEUU]}, dentro del marce de colaboracion que ambos
grupos de Investigacion mantienen.

Los efectos del envasado en atmosferas modificadas {AM) activas, enriguecidas
en (5, He, N; y N;O sobre la calidad de brotes de Red Chard MPF se han comparado en
el Capitule I con los de un tratamiento convencional de desinfeccién con NaClOd y
envasado en AM pasiva. El envasado en atmdsfera superoxigenada inhibig el
crecimiente microblano durante la conservacion refrigerada. El contenido total de
vitamina C disminuyd en un 67% para las muestras control {AM pasiva) mientras que
en las AM activas la disminucidn fue menos acusada {30%). La AM activa enriquecida
en He mantuvo los niveles de clorofila iniclales hasta el final de la vida dul del
producto. Como principal conclusion, las AM activas enriguecidas en He y (s
resultaron ser herramientas dtiles para el mantenimiento de la calidad de Red Chard
MPF.

En el Capitulo II se estudia ¢l agua electrolizada {AE) como un higienizante
emergente para la industria de la IV Gama. 5e detallan los efectos del AE neutra y acida
sobre la «calidad total de Mizuna MPF incluyendo cambios fisiolégicos,
microbiolégicos, nutricionales y sensoriales durante la vida dtl del producto,
comparade con una desinfeccion convencional con NaClQ. Ambos tratamientos
desinfectantes mostraron un efecto inhibitorio sobre 1a microflora natural del producto v
los principales atributos de calidad se conservaron durante la vida comercial. Se registrd
un ligero Incremento del contenide inicial de polifencles totales en las muestras tratadas
con AE Aacida. Sin embargo, se observé un descenso del 35% de la actividad
antioxidante total inicial tras al finalizar su vida Gtil. Ninguno de los tratamientos afecto
a la estructura superficial de los tejidos segin los estudios realizados de microscopia
electronica de barrido. Como conclusidn mas relevante, el AE resultd ser tan efectiva
come el NaClO y la calidad global de la Mizuna MPF se mantuvo durante 11 dias a
5*C.

El uso de clorito sodico acidificado {CS5A) como desinfectante altermativo al
NaClO sobre la microflora natural, inactivacion de Escherichia cofi y la calidad
sensorial de Tatsol MPF se estudia en el Capitule III. Para optimizar la eficiencia de
este desinfectante se utilizd una combinacion factorial de los siguientes elementos: dosis
de CSA {100, 300 y 500 mg/L), tiempo de contacto (60, 30 vy 120 s) y temperatura de
almacenamiento {3 y 10°C). El CSA resultd ser tan efectivo como el NaCl() para la
Inactivacién de la microflora natural y de E. coli inoculada artificialmente en brotes de
Tatsol. El aumento del tiempo de contacto no supuso un incremento de la actividad
antimicroblana. Los atributos de calidad se mantuvieron durante 11 dias a 3°C, pero
para la conservacion a 1{°C, solo sucedid durante los 5 primeros dias.



Resumen

En el Capitulo IV se evalda ¢l riesgo de contaminaciones cruzadas por E. coli
O157H7 vy 5 ernterica ser. Typhimurium durante la etapa de lavado y desinfeccion de
Red Chard y la accién preventiva del didxido de clore (Cl0;) y NaClO como
higienizantes. Para ello, se mmoculd artificialmente el material vegetal a un nivel
relativamente bajo {log 4), se mezcld con material no inoculado y se proceso en una
inica unidad. Las hojas de Red Chard representaron dnicamente €l 3-3% del material
inoculado total. Los conteos de bacterias antes, durante y después del procesado en
hojas ¥ agua de lavade fueron relativamente bajos, por debajo del indice deteccitn
cuantitativo. Para la deteccion se usaron técnicas convenclonales asi como técnicas de
deteccion rapida basados en PCR en tiempo real. Ninguno de los higienizantes
utilizados llegd a prevenir la transferencia de Safmonella al agua de lavado y al material
vegetal no inoculado. El Cl(); disminuyd el riesgo de contaminacion cruzada por £, cofi
O157:H7, pero no fue capaz de evitarla totalmente. La transferencia de Safmonelia al
agua de proveniente del centrifugado resultd relativamente alta convirtiendola en un
importante punto de control critico a tener en cuenta por la industria de los productos
MPF.

La mayoria de contaminaciones por patogenos alimentarios de las hortalizas de
hoja ccurre durante su produccion. Entre las principales causas cabe destacar el use de
enmiendas organicas contaminadas, contaminaciones cruzadas por manipulacitn
humana en las operaciones precosecha, emplec de agua de riego contaminada y
presencla de material fecal por la intrusion de animales en el campo o falta de higiene
del personal que trabaja en el campo. Ademas, los estudios cientificos disponibles sobre
el comportamiento de patSgenos entéricos en los tejidos vegetales, asi como durante su
procesado, son escasos y no muy claros. El principal objetive del Capitule V la
evaluacion del comportamiento de £ cofi v £ coli O157H7 sobre hojas de Mizuna,
Tatsol ¥ Red Chard desde 1a produccion hasta su procesado y distribucion en un sistema
modelo. La habilidad de este patSgenc entérico para sobrevivir sobre tejidos vegetales
durante las operaciones precosecha hasta la distribucidn comercial se ha demostrado.
Este estudic ha enriquecido la escasa informacidn existente sobre ¢l comportamiento de
E. coli en brotes de hortalizas folidceas ademas de proporcionar datos clentificos tiles
para el desarrolle de una adeacuada evaluacidn de riesgos durante la produccidon y
procesado de estas hortalizas.

El objetivo del Capitule VI fue evaluar €l efecto combinade de 1a radiacion UY-
C y el envasado en AM activas enriquecidas en O;, comparade con un envasado
convencional en AM pasiva en la calidad total de Tatso1r MPF. La radiacion UY-C sola
y combinada con el envasado en AM superoxigenada fueron los tratamientos que mejor
controlaron el crecimiento de la microflora natural durante 1a vida atil del producto a
3"C. Dichos tratamientos no afectaron al contenido total de clorofila, polifencles y
capacidad antioxidante total durante la conservacion refrigerada. La radiacion UV-C ¥
el envasado en AM enriquecida en O; son tratamientos no térmicos de conservacion y
podrian utilizarse con este propsite en la industria para preservar la calidad total de
tasol MPF, minimizando el consumo de agua.
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Resumen

En el Capitulo VII se evalud la eficacia del ClO; en sistemas industriales para ¢l
lavado y desinfeccion de tomate para consumo en fresco en dos factorias de Califormia y
Florida {EEUU). Los sistemas de lavado constaban de un tanque de recepcion y un
tanque de lavade, provistos de un sistema de recirculacion de agua. 5e evaluaron
regularmente los niveles microbioldgicos de los tomates antes y después del lavado, v
del agua en cada tanque durante una Jjormada laboral. Del mismo modo, se evaluaron los
parametros fisicoquimicos temperatura, pH, turbidez, Cl(}; residual, conductividad ¥y
potencial de oxidacion redox {ORP) del agua de procesado de cada tanque. El sistema
fue capaz de eliminar 5 log CFU/tomate de Pseudomonas flourescens inoculada
artificialmente. 5in embargo, se registraron niveles de aercbios mesdfilos totales
alrededor de 4 log CFU/frute después del procesado de tomates microbiolégicamente
esterilizados con AgNOs. La turbidez y la conductividad del agua de lavado aumentaron
con el tiempo, mientras que el pH y el potencial de oxido-reduccion se mantuvieron
constantes. Se observdé una correlacidn positiva entre el potencial redox y la
temperatura, ¥ una comrelacion negativa entre el potencial redox y la turbidez, la carga
de aeroblos mesdfilos y coliformes totales. Este estudio a nivel industrial ha revelado
valiosa informacidn sobre el manejo y las limitaciones de sistemas operados con Cl0;
en Industrias de manipulacion de tomate fresco.

El disenoc de los experimentos recogidos en el Capitule VIII deriva de los
resultados obtenidos en el Capitule VI, en el que se ha demostrado que la calidad del
agua tiene un fuerte impacto sobre la efectividad del Cl0.. El objetivo de esta nueva
experiencia fue evaluar la estabilidad del C10; en €] agua de lavado de tomate fresco y
el efecto antimicroblanc para inactivar diferentes serotipos de Safmonella enterica. Se
utilizéd una combinacidn factorial de los siguientes elementos: turbidez (0, 22, 43 v 160
FALD), temperatura del agua {10, 25 y 40°C) y dosis de ClO; {1, 3 ¥ 5 mg/L) para
evaluar ¢l estado oxidativo del sistema (potencial redox) durante el tiempo y la
capacidad para inactivar Salmornella. Entre los resultados obtenidos se observd una
correlacion inversa entre la turbidez del agua y la temperatura. El incremento de la
turbidez redujo el potencial redox y aumentd el tiempo de contacto para la inactivacion
de 5 emrerica. Los resultados obtenidos demuestran el importante efecto de la
temperatura y la calidad del agua para €l mantenimiento del potencial redox en ¢l
tiempo y la Inactivacién de Salmonelia.

En la presente Tesis Doctoral se han evaluado diferentes alternativas al NaCl(
en hortalizas folidceas y tomate. 5S¢ ha demostrado que el Cl0;, el AE y el CS5A
aplicados en la etapa de lavado reduce la microflora natural del producto asi como lade
los patdgenos inoculados, de manera tan eficaz como el NaClO, preservando los
principales atributos de calidad de los productos tratados. Sin embargo, €l lavado-
desinfecclon con agentes gquimicos no garantiza la eliminacion total de patogenos
alimentarios, pero si contrlbuye a su inactivacion y disminucion del riesgo de
contaminaciones cruzadas. Al evaluar la eficacia de un desinfectante a nivel industrial,
su efectividad estd limitada por las condiciones industriales especificas, las cuales
pueden variar de una factoria a otra. En sistemas de lavado industriales de Cl0;
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Resumen

provistos de recirculacion de agua, la calidad del agua de lavado tiene un fuerte impacto
sobre la efectividad del desinfectante. El lavado-desinfeccion de los preductos
constituye solo una parte dentro del sistema de limpieza y desinfeccion y no debe
considerase aislada. Por tanto, es crucial una vision integrada que englobe Buenas
Practicas Agricolas, Buenas Practicas de Fabricacion y un efectivo sistema de APPCC
para ofrecer a los consumidores productos frescos ¥y MPF microbiolégicamente seguros
y de alta calidad.
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ABSTRACT

Nowadays, the beneficial effect of the consumption of fruit and vegetables to
human health is well known, in part thanks to the recent scientific and technological
advances developed during the last decades. Several epidemioclogical studies have
demonstrated the association of the fruit and vegetables consumption, with powertul
antioxidant properties, and the prevention of some kind of cancers and cardiovascular
diseases. Moreover, the consumption has been promoted by researchers, nutritionists,
and even at a govermmental level, that recommends at least 5 servings of fruit and
vegetables a day.

The current lifestyle with little time to prepare a convenlent meal and a balanced
diet has created a new kind of consumer who demands fresh, healthy, and ready-to-cat
products. Fresh-cut vegetables {FC) are products that fit within the new consumer
trends. These products are elaborated free from additives, packaged under modified
atmosphere packaging (MAP), distributed at chilling temperatures and ready to eat. The
main advantage of FC plant foods is that they have almost the same properties than the
whele intact product, with a much reduced elaboration time and with a uniform and
consistent quality.

The association of foodbome outbreaks linked to the consumption of fresh and
FC wvegetables has dramatically increased during the last years. Thus, the concem about
these issues by consumers has also Increased. Disinfection 1s the only step that
contributes to effectively reducing microbial load across the supply chain. Sodium
hypochlorite {NaCl() has been the most common sanitizing agent in the FC industry.
However, some problems have been identified related to its use, such as potentially
hazardous disinfection-by-products formation, its strong pH dependence, and the
potential for gas emission that may affect worker safety and poor efficiency In several
commodities. For these reasons, some European countries such as Germany, Denmark,
Belgium, and Heolland have forbidden its use in the FC industry and this may lead to
new regulatory restrictions in the near future. Due to the combination of issues
previously mentioned, it 1s Imperative to investigate new altermatives which could
replace NaCl(O in the FC industry. Antimicrobial solutions {electrolyzed water, chlorine
dioxide, and acidified sodium chlorite), UV-C radiation; and packaging under active
MAP enriched with oxygen, nitrous oxide, or noble gases have been proposed as
alternatives to replace NaClO.

The research of this current Thesis focuses on the evaluation of altematives to
chlorine in the fresh-cut industry, while keeping nutritional and sensory quality of FC
baby leafy greens and fresh tomatoes. Investigations have been performed within the
cooperation agreement that the Postharvest and Refrigeration Group of the Technical
University of Cartagena and the Department of Plant Sciences, University of Califomnia,
Davis {USD, USA) 1s currently maintained.
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The antimicrobial effects and quality changes of O3, He, N3, and N:O-enriched
active MAPs {initially 130 kPa) compared to a chloriated -100 mg/L NaCl(O- passive
MAP {control) in fresh-cut Red Chard baby leaves up to 8 days at 5°C were studied in
Chapter 1. High O; MAP inhibited natural microflora growth during the chilling storage.
Regarding control treatment, no differences for He and N;O-enriched MAPs on
microbial growth were found, although control samples were previously disinfected. In
control samples, vitamin C content decreased up to 67% after the shelf life, while
samples subjected to non conventional MAPs decreased by 50%. He-enriched MAP
preserved the total chlorophylls content throughout shelf life. It is concluded that He
and Oz-enriched MAPs are useful toels in the preservation of fresh-cut Red Chard
guality and might serve as an altemative to chlorine in the disinfection step.

Chapter Il evaluates the use of electrolyzed water (EW) as an emergent sanitizer
for the FC industry. The effects of neutral and acidic electrolyzed water (NEW and
AEW) during the washing-disinfection step on quality attributes changes during the
shelf life of fresh-cut Mizuna baby leaves were studied. Physiclogical, nutritional,
enzymatic, sensory, and microblal changes throughout 11 days at 5° C compared to a
conventional Industrial treatment with NaCl(} were monitored. Both NEW and AEW
showed an 1nhibitory effect on natural microflora growth and retained the main quality
attributes throughout the shelf life. Initial total phenolics content ranged slightly
increased throughout shelf life for the samples treated with AEW. On the contrary, after
shelf life, the total antioxidant activity recorded on the processing day decreased around
33%. Scanning electron microscopy of the leaves showed that neither NEW nor AEW
affected their surface structure. In conclusion, EW provides an altemative sanitizing
technique to NaClO for maintaining the quality of fresh-cut Mizuna baby leaves up to
11 days at 5° C.

The decontamination efficacy and quality attributes effects of acidified sodium
chlorite {ASC) on fresh-cut Tatsol baby leaves have been investigated in Chapter III. A
factorial design of the following factors: ASC dose {100, 300 and 500 mg/L), time
contact (60, 30 and 120 s) and storage temperature (3 and 1{°C) was used to optimize
the sanitizer. ASC 100-500 mg/L. showed an initial antimicrobial efficacy on reduction
of epiphytic microflora and Escherichia cofi as effective as NaClO on inoculated leaves.
No significant differences on antimicrobial effect of ASC within 60, 90 and 120
seconds of contact time were found. Sensory quality attributes of fresh-cut leaves were
well kept at 5°C up to 1] days, but at the abusive temperature of [0°C only 5 days was
assured. As a main conclusion, ASC provides an alternative sanitizing technique to
NaClO for maintaining the quality and safety of fresh-cut Tatsol baby leaves up to 11
days at 5° C.

Chapter IV evaluates process handling cross-contamination potential and
pathogen removal of Initially low numbers of attached cells of Salmonella and E. coli
O157:H7 during the washing-disinfection, rinsing, and de-watering steps of fresh-cut
Red Chard as affected by ClO:; and NaClO. Red Chard leaves were artificially

¥l



Absrract

Inoculated at a low inoculums level {leg 4), mixed with non-inoculated leaves and
processed as a unit. Inoculated material represented the 3-3% of the total within the
same lot. Detection and recovery was performed by using conventional and PCR-based
technigues. Selected levels of Cl0; and NaCl(} used in this experiment were unable to
fully disinfect the applied pathogen surrogates from inoculated leaves regardless of the
washing type. While Cl0O; substantially prevented E. cofi O157:H7 cross contamination,
of the 1solate used in this study, it was not effective for the Salmonelia 1solate. Large
populations of Salmeonella were recovered from centrifugation discharge effluent water
whereas no colonies were detected from water in contact with inoculated leaves In
earlier washing unit operations. This represents a potential risk of cross-contamination
transference to product and equipment at the step immediately prior to packaging.

Human cross-contamination during preharvest practices and postharvest
handling, fecal contamination by animals, use of untreated manure and application of
contaminated irrigation water have been 1dentified as potential sources of contamination
of vegetables. Moreover, scientific based data about the survival of enteric pathogens in
the phyllosphere of leafy vegetables and after processing and retail distribution is scarce
and relatively unclear. The objective of the Chapter ¥ was to assess the fate of E. cofi
and £ coli O157:H7 in Mizuna, Tatsol and Red Chard from preharvest to postharvest
processing, packaging and storage conditions in a model system. Genotyping of generic
E. rcoli strains to evaluate their distribution in the phyllosphere from production
throughout processing is also reported. The ability of survival during production and
after disinfection as well as storage of low levels of £ cofi in the assayed minl greens
has been demonstrated. However, field-based trials under realistic conditions to
understand the fate of the pathogen should be further studied. In summary, this research
provides useful data to develop an adequate science-base risk assessment during the
production and minimal processing of these crops.

The objective of Chapter VI was to evaluate the effects of a moderate UV-C
pretreatment, a superatmospheric Oz-enriched modified atmosphere packaging {MAP)
and its combination compared to a conventional passive MAP on microbilal, nutritional
and sensory changes of fresh-cut Tatsel baby leaves throughout 11 days at 5 C were
investigated. The UV-C and the combined UV-C + Ojz-enriched MAP were the
treatments which best controlled the epiphytic microblal growth. Treatments assayed
did not affect the total chlorophyll, phenolic content, and the total antioxidant capacity,
which were kept throughout storage. According to sensory quality, the shelf life was 2
to 10 days at 5° C for all treatments. These innovative sustainable combined treatments
could be useful to the industry for keeping overall gquality of fresh-cut Tatsol baby
leaves, and probably other leafy vegetables, while minimizing water consumption.

Chapter VII aims to obtain efficacy data for whole system chlorine dioxide
{C10;) treatment as a baseline for operating standards in dump tank and flume systems
within tomato packing operations. On-site assessments were recorded in three

packinghouse facilities {two In Florida (FL), one in Califormia (CA)). Incoming
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tomatoes were collected every 30 minutes at the end spray-wash bed for microbiological
analysis of mesophiles, coliforms, and Escherichic cofi. Water was collected from
dump and flume systems, and thelr respective re-circulation tanks every 30 minutes for
equivalent microbiological content. Other parameters monitored were  water
temperature, pH, Cl: residual, turbidity, conductivity, and oxidation reduction
potential. The system was able to remove around 5 log CFU/fruit of inoculated
Pseudomonas fluorescens. However, surface sterilized tomatoes acquired approximatel y
4 log CFU/fruit of total aerobic mesophilic but not coliforms after washing. Turbidity
and conductivity increased during this time due to the associated organic matter from
the mcoming tomatoes and water temperature; while pH and oxidation-reduction
potential (ORP) remained mostly constant during this time. ORP levels were
significantly higher in flume than in dump tanks. A significant and positive correlation
was found between ORP and temperature, while a significant and negative comrelation
occurred between ORP and turbidity as well as total mesophiles and coliforms.
Facilities were not able to maintain a temperature differential above 3.5° C between
water and fruit pulp during the full dally operation, as recommended by the tomato food
safety guidelines. As a main conclusion, this study provides in-plant data that Cl13; is an
effective sanitizer for flume and spray-wash systems, but current operational limitations
greatly restrict performance in dump tank management.

The experimental design of the research work presented in Chapter VI1II results
from the findings obtained in the Chapter VII, where it has been demonstrated that
water quality affects the Cl(}; effectiveness. Water disinfection is a critical control point
to minimize transmission of bacterial pathogens from water sources to fresh produce.
This work aims to establish a correlative capacity of the Oxidation Reduction Potential
{ORP) and Cl0; dose, under different conditions of water turbidity and temperature,
and thelr potential to inactivate Safmeonella enterica on tomato processing water. ORP
was monitored under 1, 3 and 5 mg/L Cl3;, water temperature {10, 25 and 40°C) and
turbidity (0, 40 and 160 FAU). The main results show inverse comrelations between
water turbidity, temperature and ORP. An increase in turbidity significantly reduces the
final ORP and increases the contact time required for inactivation of 5. efirerica at any
assayed temperature. An increase in temperature and C10; concentration reduces the
contact time and achieves a 6-log reduction of 5. epterica within a 2 minute time frame.
However, water composition strongly affects the ORP wvalues, which can limit total
Inactivation of 5. enterica. Generated data demonstrated the effect of water gquality and
temperature to maintain an effective ORP towards inactivation of 5. enterica, which
could impact the current definition of adequate water quality and safety standards.

The proposed alternatives to NaCl(3 in baby leafy vegetables and tomatoes have
been evaluated in the current Doctoral Thesis. The use of Cl0;, ASC, EW applied
during the washing-disinfection step, reduces the natural microflora as the utilized
foodbome pathogens as effective as chlorine, while keeping overall quality of the
products. However, the application of chemical sanitizers during the washing-
disinfection step does not guarantee the total inactivation of pathogens and avoidance of
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the cross-contamination. When evaluating the efficacy of a sanitizing agent at industrial
level, results may vary among factories and depend on the specifics conditions. The
application of a sanitizer or a combination of disinfection treatments does not mean a
sanitation program. It Implies much more effort from a well designed integrated
production, handling, and processing to proper distribution chains, keeping appropriate
chilling storage temperatures and optimal MAP conditions throughout the entire
commercial life. In addition, Good Agricultural Practices (G AP), Good Manufacturing
Practices {GMP), and Hazard Analysis and Critical Control Points {HACCP) programs
should be implemented and accomplished to minimize the risk of contamination and to
assure safety and overall quality to consumers.
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1. AGRONOMIC AND ECONOMIC ASPECTS OF BABY LEAFY
VEGETABLES IN SPAIN
1.1. Baby leafy vegetables

Baby leafy vegetables or mini-greens have a cosmopolitan distribution around
the world. In particular there are significant concentrations in the Mediterranean areas
including the Murcia Region, as well as in some regions of the South-West and Central
Asla. Baby leaves can be industrially used to be included in mixed lettuce based salads.
Along with their nutritional value, they add a pigquant distinctive taste. At mid maturity
{815 cm leaf size) they can be also used in stir fry dishes (Martin, 2008).

The selected baby leafy vegetables included in the experiments accomplished in
this current Thesis are Tatsol, Mizuna, and Red Chard. The development and production
of these crops is still in early stages in Spain and there are no officlal available facts.
The main producer in the Murcia Region i1s “Grupoe G°s Espana” {Torrepacheco,
Murcia, Spain). According to the available data of this company, the processing
harvested Tatsol and Red Chard in 2010 was 10 and 20 Ha respectively and the
production was around 35,000 and 105,000 kg per year.

1. 11 Tatsol

(hder: Brassicales, Family. Brassicarege, Genus: Brassica, Name: Brassica

rapa cv. rosularis.

Figure 1.1. Tatsol baby leaves.

Tatsol, also called spinach mustard, spoon mustard, or rosette bok choy, 1s an
Aslan varlety of Brassica rapa grown for greens. It 1s a cold tolerant leaty vegetable {-
10PC) and 1t grows In a rosette form {153-25 cm). While it s tolerant of cold or even light
snow, 1t deteriorates n prolonged wet weather. The leaves are spoon-shaped, dark
green, and waxy with a short green petiole (2-9 cm) on the leaf stalk. It takes 45-50 days
to harvest. The baby size {7-10 ¢cm) has become a foundation ingredient for mixed
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salads. It has a soft creamy texture and has a subtle yet distinctive flavor. At maturation,
the leaf stalk and blade can reach 25 cm long. Nutritionally, Tatsol 1s a valuable source
of phosphorous, calcium iron, potassium, and vitamins A and C {Martin, 2008).

112, Miruna

Order: Brassicales, Family: Brassicaceae, Genus: Brassica, Name: Brassica

rapa Cv. Japonica.

Figure 1.2, Mizuna baby leaves.

Mizuna, also called Xiu Cai, Kyona, Japanese Mustard, Potherb Mustard,
Japanes Greens, California Peppergrass, Spider Mustard, etc., 1s a Japanese name used
primarily for cultivated varieties of Brassica rapa Cv. jJaponica. Mizuna 1s characterized
for its easy cultivation {in different soil types) and its reproductive capacity. Spring 1s
the best time for cultivation. Mizuna has also a good resistance against heat and cold
{no lower than 2°C). The harvesting of Mizuna can begin 20-60 days after planting,
according to the period of growth, climate, and environmental conditions. These species
have the capacity to grow again after the first harvest; the second harvest occcurs in 10-
30 days. The number of crops varies greatly with the species, but usually only 2 or 3
harvests are carried out depending on the season (Pimpini and Enzo, 1996). Mizuna is
low 1n calories, high in folic acid (vitamin B2}, high in vitamin A and carotenoids, high
in vitamin C, and it contains glucosinolates which are antioxidants which help to
prevent certain cancers. Dark green leaves offer the most nutrition and provide beta-
carotene, vitamins, minerals, and plus they are a source of fiber {FPimpini and Enzo,
1996, Martin, 2008).
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f.1.3. Red Chard

Order: Carvophvilales, Family: Amaranthaceae, Genus: Beta, Name: Beta
vitlparis cv. cycla

Figure 1.3. Red Chard baby leaves.

Red Chard is a popular red-stemmed chard. Chard can be harvested while the
leaves are young and tender and is extremely perishable. The harvesting of Red Chard
commonly begins 30-60 days after planting, according to the pericd of growth, climate
and environmental conditions. Fresh young chard can be used raw in salads. Mature
chard leaves and stalks are typically cooked. The flavor 1s mild yet earthy and sweet
with slightly bitter undertones. Several studies have reported the nutritional contents of
these fresh leaves. Pyo er al. (2004) reported that the antioxidant activity and phenolic

compounds of Swiss Chard extracts are a good dietary source of phenolic antioxidants.
In addition, Red Chard is rich in vitamin C {(Gil er al., 1988).

2. AGRONOMIC AND ECONOMIC ASPECTS OF TOMATO IN THE
UNITED STATES

The tomato is native to South America. After the Spanish colonizaton of
America, the Spaniards distributed the tomato throughout thelr colonies in the
Caribbean and Philippines. Tomatoes were also brought to Spain and then spread to the
rest of Europe.

hder: Solanales, Family: Solarareqe, Genus: Solarum, Name: Solarum
fveapersicum (synonimus Lycopersicum esculentum and L. Hycopersicum).
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Figure 2.1. Tomato production.

The first producers of tomatoes in the world 1s China (33,811,722 tons) followed
by United States (12,300,200 tons) and Turkey (10,983,400 tons), while Spain ranked
9" with 3,847,800 tons (FAOSTAT, 2008). In California, tomatoes are grown in the San
Joaguin and Sacramento Valleys, mamly centered in Fresno, Yolo, San Joaquin, Kings,
and Celusa Countles. Significant production also occurs in Merced, Stanislaus, Solano,
and Sutter Counties. Fields are planted from late January through early June for
continuous harvest from late June into October. Califomia accounts for over 90% of
LS. production and approximately 35% of world production (Hartz et af., 2008).

Table 2.1. Processing harvested tomato {Haj, yield per hectare {T) and production in the
United States and Califomnia during 2008, 2009 and 2010.

Harvested (Ha)

2008 2009 20116
United States 118,964 132,628 115,716
California 112479 124,616 108,433

Yield per hectare (tons)

2608 2609 2616
{nired Stares 16,789 17.24 18.13
California 17.14 17.49 18.57

Production (tons)

2605 2609 2616
United States 12,305,820 13,970,560 12,819,110
Califomia 11,822,000 13,314,000 12,300,000

Source: USDA National Agricultural Statistics Service, http://www.nass.usda.gov.

Tomatoes are a warm-season crop that is sensitive to frost at any growth stage.
The optimal soll temperature for seed germination 1s 20°C or above; germination below
16°C 15 extremely slow. Daily maximum air temperatures between 25 to 35°C are 1deal
for vegetative growth, fruit set, and development. With adequate soll moisture, tomato

plants can tolerate temperatures well in excess {38°C); although fruit set can be
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adversely affected. Fruit development and quality are severely reduced when day and
night temperatures fall below 20 and 10°PC, respectively (Hartz et al., 2008).

A wide variety of soil textures are used for tomato production. Sandy soils are
preferred for early plantings, because planting can be done in sandy soils more easily
during wet weather. Sand also warms more rapidly in the spring, promoting early
growth. However, loam and clay loam soils are generally more productive than sand.
Clay soil may be used if it is well drained and iirigated with care {Hartz er al., 2008).

Surface drip irrigation is used primarily In pole production, while in bush
production, subsurface drip brigation 1s commonly used (le Strange er af, 2000).
Fertilizer application rates vary widely among Califomia tomato growers. Typical
seasonal application rates are 140-280 kg/Ha of nitrogen {N) for bush-grown tomatoes
and [68-352 kg/Ha for pole-grown tomatoes. Phosphorous (P) application rates of 67-
134 kg/Ha of P;05 are adequate for the majority of tomato fields. Typical application of
potassium {K) ranges from 0-134 kg/Ha of K20 depending on the soil {Le Strange er al.,
2000).

Tomato 15 a natural source of lycopene, one of the most powerful natural
antioxidants. Tomato consumption has been assoclated with decreased risk of some
kind of cancer and cardiovascular diseases (Giovannucci, 159897,

3. MINIMAL PROCESSING OF LEAFY VEGETABLES
3.1. Introduction

Fresh-cut (FC} or minimally processed (MP) vegetables are ready-to-eat
products, elaborated free from additives by using light combined methods such as:
washing, cutting, disinfecting, and packaged at chilling temperatures under polymeric
films able to generate optimum meodified atmosphere packaging {MAP) conditions
{Artés and Allende, 2005). The maln characteristic is that FC produces are alive even
after processing, keeping this living fresh state throughout the shelf-life. FC vegetables
usually do not need further processing prior to consumption (Artés and Artés-
Hemandez, 200{, 2003).

The current lifestyle with scarce time to prepare a convenlent meal and to have a
balanced diet has created a new kind of consumer who demands fresh, healthy, and
read y-to-eat products. FC vegetables fit these consumer expectations and in the last
years, the demand of FC products has increased dramatically. The high suitability and
nutritional value of FC vegetables present many advantages for consumers and food
services { Artés, 2000, Wiley, 1994, Beuchat, 2002, Bruhn, 2002; Artés, 2004 ):

- Reduce preparation time.

- Provide a uniform and consistent high quality at reasonable price.
- Easy to store and require little storage space.

- Ready to eat.
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- Similar characteristics to the original vegetable.
- Low waste wage.

3.2, Current status of the FC produce industry

The FC products sector was developed in the US at the end of the 70s and its
original purpose was to supply the fast food establishments. Subsequently, FC products
were Introduced in Europe around 1980, mainly in France and the United Kingdom
{UK). In Spain, the FC preoducts began to be marketed in the 90s {Sanchez-Pineda,
2003).

According to the latest avallable data from “Asociacion Espanola de Frutas y
Hortalizas lavadas, listas para su empleo” AFHORLA (2008), the total production of
FC fruit and vegetables in Spain was around 67,000 tons in 2009, representing an
increase of 6.4% compared te 2008, An amount of 65,000 tons of the total sales were
vegetables and the rest were fruits. The Spanish FC produce industry reached a tumover
of approximately 200 ME£ in 2009,

About 7.7 million of houscholds bought at least one FC product a year in 2007
according to AFHORLA (2008). The average purchases of this kind of products were
about 2.8 kg per person and year. Despite the gradual increasing of consumption, these
facts are still far behind compared to other European Union (EU) countries such as the
UK or France, where more than 12 and 6 kg per person and year are consumed

respectively.

As previously stated, most of the FC products are vegetables and the green
salads comresponded to 653% of the total production. The 79% of the total production is
distributed to retailers and the remaining 21% to hotels, restaurants, and catering
services sector.

3.3. General processing and unit operations

The minimal processing system of vegetables can vary depending on the
product. The general flow chart of the process is showed below and based on Artés-
Hemandez et &l {2010). The diagram shows the general unit operations and the
maximum recommended temperatures for each processing step in the production line of
FC leafy vegetables.
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Figure 3.1. Unit operations of minimal processing of leafy vegetables.

3.3 1 Raw material

Many authors had reported the different factors such as irrigation type, climate

conditions, soil type, and fertilization, which can affect the physiclogical behavier and

the suitability for fresh processing {Klein and Perry, 1982; King and Bolin, 198%9;

Brackett, 2000). Among the main factors affecting the quality and shelf-life of
vegetables are included {Yildiz, 1994 ):

- Genetic factors

- Climate conditions {light, temperature, relative hummidity, pluviometry, etc.)

- Soil conditions (soil type, pH, humidity, microbiota, mineral composition)

- Agricultural practices {fertilization, pesticides, irrigation type, pellinisation, etc.)

- Harvest {mechanical or manual harvesting, temperature, hygrometry, etc.)

8
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The election of the cultivar is also important because not all varieties of a
specific vegetable can be suitable for minimal processing. Some examples are that
several research studies have been accomplished to select lettuce cultivars with low
sensitivity to browning development after minimal processing {T'omas-Barberan er al.,
1897, Castaner er a@l., 1999}, tomato cultivars well adapted to cutting {Aguayo et al,
2001 ) and sultability of melon cultivars to minimal processing { Silvelra et af., 2007).

332 Transportation

The transportation time from production to processing has to be as short as
possible. In addition, transportations that surpass 6 hours after harvesting are strongly
recommended to be done at temperatures below 10°C within the transport medium.

333 Qualiry assessmemt

The first operation upon reception of the raw materials at the factory is quality
control; a necessary procedure for a standard product quality. The main criteria are the
physical appearance of the raw vegetables, including overall freshness, the absence of
Insects, physiclogical and microbial diseases, presence of dirty and necrotic tissues, and
compliance with regulations on pesticide residues and nitrate content.

3.34. Precooling

The objective of the precooling step 1s to quickly remove the heat that the plant
material brings from the field after harvesting. The low temperature reached in a short
time reduces the metabolism of the vegetables. Therefore, the stress generated during
the minimal processing operations will be retarded, maintaining the quality of the
produce. The main advantages of precoeling technique are listed below (Artés, 1987 )

- Reducing weight loss and wilting

- Inhibiting microblal growth

- Inhibiting the respiration rate and decay

- Inhibiting ethylene emission and its sensitivity

The precooling system has to be chosen according to different factors such as the
type of vegetable, its chilling sensitivity, the type of harvesting containers and economic
elements {Artés and Artés-Hemandez, 2003). Vacuum cooling 1s generally well adapted
for baby leafy green vegetables, being the most efficient precooling technigue.
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Figure 3.2. Yacuum cooling system.

3.3.5 Prewashing

Inceming vegetables from the field are commonly cleaned before processing.
However, some industries skip this step In certain leafy vegetables. The objective of this
step 1s to eliminate unwanted dirt, pesticide residues, plant debris, insects and forelgn
matter, and retard the enzymatic discoloration reactions (Allende and Artes, 2005). This
unit operation is carried out in the dirty area of the processing line. The use of some
sanitizing agent such us sodium hypochlorite {NaCl() in this step is optional and
depends on the type of vegetable.

336, Curting

This step 1s one of the most critical points in the minimal processing line. The
cutting destroys plant cells and tissues that release nutrients. This process also increases
the rate of senescence of tissues and reduces their resistance to microbial spoilage
{Artés et afl., 2009). These changes are mainly due to the increase of respiration,
ethylene production, and mechanical injuries, which result in the release of intracellular
oxldizing enzymes and lead various biochemical deteriorations such as browning
{Varoquaux and Wiley, 1994; Ahvenainen, 1596). The cutting equipment should be
cleaned, disinfected and sharpened at regular intervals every working day. Standard
Operation Procedures {SOPs) for cleaning and maintenance of the cutting equipment
must be established by the industry.

Figure 3.3, Cutting operations.

10
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3.3.7. Washing and disinfection

Washing and disinfection is a key step that solely contributes to effectively
reducing the microbial load across the production chain (Suslow, 1557, Artés et al.,
2009). Fresh produce used as raw materials may be a vehicle for transmitting infectious
diseases {Leistner and Gould, 2002; Harmis er af., 2003; Artés and Allende, 2005).
Washing with water physically removes microorganisms from the surfaces of fresh
plant produces; however, previous reports have shown few decontamination effects on
several whole and fresh-cut commodities (Ruiz-Cruz er af., 2007, Park er af., 2008). In
fact, washing with water does not guarantee the inactivation of foodbome pathogens
{ATES et al., 200897,

Chlorine, in various forms, has been the most widely used disinfectant in the FC
industry. Chlorination of water is one of the primary elements of a properly managed
postharvest sanitation program. Water quality management is considered the most
Important control point in minimizing the transmission of pathogens. Transmission
commonly occurs when pathogens from infested plant produce, water, or debris are
transferred to non-infested surfaces such as those that are mechanically injured during
harvesting, transportation, handling or processing, wounds, or the natural plant surface

openings (Artés et al., 2009).

Figure 3.4, Washing-disinfection and rinsed.

NaCl(} 1s the most commonly used by the FC industry due to its strong ox1dizing
properties, antimicrobial activity and low cost. However, some problems have been
1dentified related to its use, including its potentially hazardous disinfection-by-products
formation, its strong pH dependence, and the potential for gas emission that may affect
worker safety. Recently, Artés et af, (2009) have proposed different sustainable
sanitizing altermatives to NaClO for the FC industry. These techniques include
altermative antimicrobial solutions, UV-C radiation, ozone, superatmospheric oxygen
packaging and innovative gas treatments.

338 Dewarering and centrifugarion

Drying or dewatering of wet surfaces must be carried out carefully to avoid
unnecessary damage to the plant tissues, reduce the product moisture content and

11
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remove cell leakage that can promote microbial growth {Simons and Sanguansri, 1997,
Soliva-Fortuny and Martin-Belloso, 2003). Dewatering systems include draining
systems, gentle removal with cheesecloth, centrifugal spin driers, vibrating racks,
rotating conveyors, hydro-sieves, and forced alr spinless drying turmels {Simons and
Sanguansrl, 1997; Sapers and Miller, 1998; Gomy et &l., 2002). Cold air injected over a
perforated conveyor belt, which transports the products, has been applied as an
altermative to the conventional dewatering systems. However, their main inconvenience

1s the low efficiency of drying large volumes of product {Artés and Artés-Hemandez,
2003).

Figure 3.5. Automatic centrifuge and drying tunnel by cold air.
3.3.9. Packaging

Packaging is a key operation in FC vegetables. The most important packaging
method for preparing FC vegetables is MAP. In general, MAP is a technique used for
prolenging the shelf-life of FC wvegetables which invelves the reduction of O; and
elevation of CO; concentrations compared to air within the packages. The basic
principle in MAP is that a modified atmosphere can be created by using a proper
packaging material which must have an appropriate {and often wvery selective)
permeability to gases of physiological interest (2, COy, C;Ha, and HzO). The aim of
MAP is to create an optimal gas balance inside the package by the diffusion of these
gases generated during respiration under a concentration gradient {Kader, 2002).

There are two types of MAP depending on the kind of generation (Kader, 2002,
Artés er al., 2006

- Passive MAP can be achived if the commodity and film permeability
characteristics are properly matched. An appropriate atmosphere can passively
evolve within a sealed packaged through consumption of O; and production of
C0Oy; by respiration. The gas permeability of the selected film must allow O; to
enter the package at a rate offset by the consumption of O; by the commodity.
Similarly, CO; must be vented from the package to offset the production of CO;
by the commodity.

12
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- Active MAP can be accomplished by creating a slight partial vacuum and
replacing the main proportion of the package atmosphere with a desired gas
mixture. This mixture can be further adjusted through the use of absorbing
substances In the package to scavenge (3, COy, or C;H;. Although active MAFP
implies some additional costs, its main advantage is that it ensures the rapid

establishment of the desired atmosphere.

For both cases, a well designed MAP 1s necessary to maintain the quality during
the shelf-life. Oz concentrations within the package must remain above the extinction
point of fermentation. 3, concentrations that fall below the extinction point can induce
anaercobic respiration which can potentially injure the tissues and produce off-flavors in
the produce. {Watada er af., 1956).

The main advantages of MAP for the preservation of fruit and vegetables are
{Artés, 2000):

- Reduction of respiration rate

- Reduction heat emission from respiration

- Inhibition of ethylene activity and consequently senescence

- Inhibition of sugar, vitamin and organic acid losses

- Total or partial limitation of physiclogical changes, such as chilling injuries,
scalding, browning, etc.

- Inhibition of microbial growth

3310 Qualiry conmral

Each factory must implement an effective quality control system to the whole
supply chain and the environment to guarantee the safety, suitability and compliance of
specifications. In addition, it has to have a procedure of product recall when the
specifications are not meet. Instrumentation equipments have to be revised, adjusted and

calibrated frequently.
3.3.11 Marketing and retail distribution

Temperature 1s the most important factor that influences the shelf-life of FC
products. Although products are kept at 1-3°C throughout the distribution chain, it 1s
impossible to guarantee that this temperature will be maintained during transit,
distribution and retail display (Artés and Artés-Hernandez, 2003). It has already been
demonstrated that processed products are often subjected to temperature abuse of about
12°C in the display cabinets in supermarkets. Inadequate temperature management
during marketing and retall distribution coupled with excessive temperature fluctuations
during storage can result in the formation of water condensation in the package, and can
cause consumer rejection. To prevent abusive temperatures during transport and
distribution, Time-Temperature Integrators {TTI)} have been used on packages.

13
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However, financial and environmental costs have limited the implantation of this
technigue {Artés and Artés-Hemandez, 2003).

3.4. Physiological and biochemical changes

FC vegetables generally have higher respiration rates than the comesponding
intact products. Higher respiration rates indicate a more active metabolism and, usually,
a faster deterioration rate {Cantwell and Suslow, 2002) which can also result in more
rapid loss of acids, sugars, and other components that determine flavor guality and
nutritive value. Physical damage or wounding caused by preparation can increase
respiration and ethylene production within minutes and may also increase the rates of
other biochemical reactions responsible for changes in color. The importance of
temperature 1s totally implicated 1n these biochemical processes (Cantwell and Suslow,
2002).

The most important enzyme In FC wvegetables 1s polyphencol oxidase (PP
which causes browning {Varaquaux and Wiley, 19594; Wiley, 1594}, Another important
enzyme 15 lipooxygenase which catalyses peroxidation resulting in the formation
aldehyde and ketone derivatives that characterize numerous off-odors.

3.5. Overall quality of FC vegetables

Consumers expect FC products to be fresh and at optimum maturity without
defects. These conditions cover the general appearance, sensory quality
{texture/firmness, aroma, and taste) and nutritional quality {¥Watada and ()1, 1999).

FC vegetables are vulnerable to discoloration because of damaged cells and
tissues, as well as lack of protective skin. These exposed tissues have the potential of
becoming dehydrated and/or discolored. Browning of cut surfaces 1s a big problem in
many FC products; because oxidation of phencols catalyzed by PPO results in the
browning complex. The phenols are a product of a reaction catalyzed by phenylalanine
ammonia-lyase {PAL), and the activity of PAL is used as an index for potential
browning (Mateos er al., 1993). MAP is effective in delaying and/or inhibiting PAL
activity {Watada and (i, 1995).

Cultivars differ in the degree of browning. Thus, selection of a proper cultivar is
important to control browning of cut products {Tomas-Barberan er al., 1997).

The general quality condition, which includes: appearance, firmness/texture, and
nutritional content is affected by various factors. The most important factor is
temperature. When temperatures Increase from O to [0°C, the RR increases
substantially. With increased RR, deterioration increases at a comparable rate; thus, low
temperature 1s essential for mamntaining good quality {Watada er af., 1996}, Produce
types and cultivars differ in chilling sensitivity and consequently, the optimum storage
temperature depends on the product itself and the exposure time.

14



frrraduetion

FC vegetables are highly susceptible to weight loss because Internal tissues are
exposed 1f there 1s a lack of skin and cuticle. However, relative humidity (RH)} 1s
generally very high within the package and dehydration is not a big problem. MAP can
be beneficial in keeping RH and maintaining quality of the product (Artés, 2000).

3.6, Safety aspects of FC vegetables

A food hazard is any biclogical, chemical, or physical agent which can cause an
illness in the absence of its control. Microbiological safety 1s the major 1ssue of concemn
in the FC industry, and risks can be divided into two categories {Hurst, 2002). One
category concerns the factors or conditions contaminating fresh produce with
indigenous pathogens during cultivation or at harvest. These have been addressed by
Hedberg er af. {1994) and Tauxe er af. {1997). This includes poor agronomic practices,
use of contaminated water for crop Urigation or mixing chemical sprays, application of
improperly composted manure as fertilizer, and lack of training among field workers on
good personal hygiene. Poor sanitary control during harvesting and postharvest
handling practices is another mechanism for pathogen contamination to fresh produce.

A second category of microbiological risk is the cutting operation in the minimal
processing  plant. Intermal tissue of fresh produce 1s normally protected from
microbiological invasion by natural barriers such as waxy outer skins or peel. However,
cutting operation releases nutrients, which can accelerate microbiolegical growth,
including potential human pathogens such as Escherichia cofi Ol5YTH7, Salmonella
spp. and Lisieria monocytopenes.

The Fig. 3.6. shows different mechanisms by which produce can become
contaminated with pathogenic microorganisms.
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Figure 3.6. Factors affecting the contamination of vegetables with human pathogens in
the field {Brandl, 2006).

To minimize the risks, the emphasis should be on preventing contamination by
pathogens. The best way to prevent the introduction of pathogens inte FC produces is
by employing: Good Agricultural Practices {(GAPs) for suppliers of raw materials, Good
Manufacturing Practices {GMPs), developing and using Standards Operating
Procedures (S0OPs), and implementing an effective Hazard Analysis Critical Control
Point {HACCPF) plan. These programs work together to identify potential points of
contamination and ensure that potential hazards are monitored and controlled to
enhance safety {Harris et af., 2002; Arteés, 2004).

The U.S. Food and Drug Administration (FDA) issued the “Guide to Minimize
Microbial Food Safety Hazards for Fresh Fruits and Vegetables” in 1958 and it was
recently supplemented by FDA’s 2008 “Guide to Minimize Microbial Food Safety
Hazards of Fresh-cut Fruits and Vegetables” (FDA 1988, 2008). These programs
provide recommendations for foed safety practices that are intended to minimize the
microbiological hazards associated with fresh and FC produces. Similarly, AFHORLA
1ssued the “Guia de Buenas Practicas de Produccion de IV Gama™ m 2006 for the
Spanish FC industry. Although, the use of these guides 1s not mandatory, its adoption by
the industry is strongly recommended in order to minimize microbial food safety
hazards and ensure food safety to consumers.

In Spain, the microbiological criteria for FC vegetables were referred in RD
348472000 (2001} which set cut the standards of hyglenic production, distribution, and
marketing of food based on vegetables to be eaten raw. Recently, previous Spanish
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legislation was repealed and RD 135/2010 {2010) was implemented on January 25,
2010. For this regulation, Spain has adopted the EU legislation (EC 1441/2007) on
microbiological criteria for food, which 1s mandatory and has a direct application to the
FC industry.

4. TOMATO POSTHARVEST HANDLING
4.1. Quality and maturity aspects

Tomato is a climacteric fruit vegetable with high respiration rate {10, 15, 22, 35
and 43 mg CO; /kg h at 5, 10, 15, 20 and 25°C respectively) and an ethylene emission
rate of about 10 pl. C;H; /kg h at 20°C. Tomato is very sensitive to C;H, with a
threshold of 0.5 ppm. Physicochemical changes such as chlorophyll degradation, loss of
firmness, slight decrease in acidity, and slight increase in soluble solids occur during the
climacteric peak {Artés and Artés-Hemandez, 2004).

Different maturity indexes have been developed to determine the optimum
harvest date for tomatoes. These indexes normally include several aspects such as
appearance, color, size, shape, and absence of physiological and pathelogical disorders.
The extermal color 1s a good indicator of tomato ripening stage. There are commercial
color charts to give objectivity to this important quality attribute and provide specific
maturity and quality indexes to growers, packers, distributors, importers, and exporters
{Artés and Artés Hemandez, 2004 ). The USDA defines the ripening stages according to
the following standards:

- {1} Green: Fruit surface i1s completely green; the shade of green may vary from
light to dark.

- {2) Breaken: there is a definite break in color from green to tannish-yellow, pink
or red on not more than 10% of the surface.

- {3) Tuming: 10% to 30% of the surface i1s not green; in the aggregate, shows a
definite change from green to tammish-yellow, pink, red, or a combination
thereot.

- {4) Pink: 30% to 60% of the surface is not green; in the aggregate, shows pink or
red color.

- {53 Light red: 60% to 50% of the surface is not green; In the aggregate, shows
pinkish-red or red.

- {6) Red: More than 20% of the surface 1s not green; in the aggregate, shows red
color.

17
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Figure. 4.1. Color classification requirements in tomatoes {USDA, 1991 ).

Each country has different specifications. In Europe, the tomato color chart
Kleur-Stadia Tomaten created by Dutch Bureau for Horticultural Auctions 1s well

known and currently in use.

Figure 4.2, Tomato color chart Kleur-Stadia Tomaten

Firmness is considered another important quality parameter for tomatoes. The
table shown below lists the typical textural characteristics of tomatoes and their

relationship to objective firmness {Cantwell and Kasmire, 2002).
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Table 4.1. Typical textural characteristics of tomatoes and their relationship to objective

firmness.
. Description based on resistance Firmness™*
Firmness class .
to finger pressure (mm compression)
Yery firm Fruit ylelds only slightly to considerable 0.5-1.0
pressure
Firm Fruit yields only slightly to moderate 1 0-15
pressure
Moderately firm  Fruit yields to moderate finger pressure 1.5-2.0
Moderately soft  Fruit ylelds readily to moderate finger
pressure 20-2.5
Soft Fruit yields to slight finger pressure 2.5-3.0
Very soft Fruit ylelds very readily to slight finger +13.0
pressure

*Measured by placing a 300 g weight for 10 seconds on the equator zone of the fruit

Many preharvest, harvest, and postharvest factors influence the composition and
quality of tomatoes. These include inherent {genetic) and environmental factors such as
climatic conditions {temperature, light, pollutants) and cultural practices (soil type,
nutrient and water supply, use of agricultural chemicals, harvesting method). Maturity
stage at harvest and postharvest handling procedures also affect tomato quality and its
maintenance {Kader, 1986).

4.2, General processing and unit operations

The general flow chart of the process is showed below and based on Cantwell
and Kasmire {2002} and Artés and Artés-Hemandez (2004,
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Figure 4.3. Unit operations of postharvest handling of mature-green tomatoes.
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4,21 Harvest

Tomatoes can be harvested by hand or mechanically. Special care must be taken
in all handling operations to prevent product damage and the associated loss of visual
appearance, Increase in water loss, and decay. Minimizing handling transfers of the
tomatoes 1s the key factor for reducing mechanical damage.

4,22 Transportation

Harvested tomatoes are dumped into a traller-mounted gondola and directly
transported to the packinghouse, and held in a shade area until processing.

4.2.3. Washing-Disinfection

Tomatoes are frequently handled in packinghouses with re-circulated water
systems, such as dump tanks and flume systems. These tanks are physically separated
and the water temperature must be 53.5°C above the pulp temperature to avoid
infiltration of microorganisms. Water chlorination (1533 mg/L. NaClO, pH 6.5-7.5,
contact time 2 mins max) is a common procedure for washing and disinfection of whole
fresh tomatoes (Cantwell and Kasmire, 2002; Artés and Artés-Hemandez, 20043,

4.2.4. Presizing, sorting, and selection

Tomatoes below a certaln size are eliminated manually or mechanically by a
presizing belt or chain. Undersized tomatoes are diverted to a cull conveyor or used for
industrial processing. The purpose of the sorting step 1s to eliminate cull, overripe,
misshapen, and otherwise defective fruit and separate tomatoes by color, maturity, and
ripeness classes. Electronic color sorters are frequently used to separate mature-green
and vine-ripe tomatoes or to classify them by different ripening stages. Tomatoes are
sorted by quality according to grade standards depending on the country {Cantwell and
Kasmire, 2002; Artés and Arntés-Hemandez, 2004,

4.2.5. Waxing

Edible waxes may be applied to tomatoes but this step 1s optional and scarcely
used. Waxing replaces some of the natural waxes removed in the washing and cleaning
operations, which reduces water loss and improves the appearance of the tomato.
Fungicides may be added to the wax to avoid further postharvest disorders.

4.2.6. Sizing

After sorting for defects and color differences, tomatoes are segregated into
several categories. Sizing may be done manually or mechanically by belt or welght
slzers.
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4.2.7. Packing and palletizing

Mature-green and pink tomatoes are commonly weighed or volume filled into
shipping containers. Other options are to pack into shipping containers by count or bulk
bins. Packed shipping containers of tomatoes in large volumes are palletized for
shipment.

428 CQuality comtrof

As previously mentioned, each factory must have an implemented quality
control system applied to the raw material, semi-processed and processed product,
manufacturing processes, and the environment to guarantee the safety, suitability, and
compliance of specifications. In addition, the company 1s required to have a procedure
of product recall when the specifications are not met. Instrumentation equipments for
guality control have to be calibrated frequently.

429 Precosling

Delays from harvest to cooling can result in excessive water loss. Thus, pre-
cooling 1s an essential operation to minimize this risk. While conventional room-cooling
i1s common, forced-air cooling is more uniform and produces a better quality fruit. The
optimum RH must be around 95-58%. The pre-cooling endpoint should be about
12.5°C. New trends are focused on promoting a more efficient air circulation through
the packages and increasing the contact with the fruit surfaces. The air speed should not
exceed 4 m/s to avoid excessive fruit dehydration { Artés and Artés-Hemandez, 2004).

4.2 10, Chilling storage and transport conditions

Mature-green tomatoes can be stored up to 14 days at [2.5°C prior to
complementary accelerated ripening without significant reduction of sensory gquality
and ceolor development. At this temperature, decay 1s likely to Increase following
storage beyond two weeks. Typically 8-10 days of shelf-life are attainable within the
optimum temperature range after reaching the firm-ripe stage. Short term storage or
transit temperatures below this range are used by some in the trade but will result in
chilling imjury after several days.

Tomatoes are chilling sensitive at temperatures below 8-10°C if held for longer
than two weeks or at 3°C for longer than 6-8 days. Consequences of chilling injury are
fallure to ripe and develop full color and flavor, iregular {blotchy) color development,
premature softening, surface pitting, browning of seeds, and increased decay {especially
black mold caused by Afierriaria spp.). Chilling injury 1s cumulative and may be
Iinitiated in the field prior to harvest (Cantwell and Kasmire, 2002).

The optimum RH should be around 90-95%, In order to maximize postharvest
quality and prevent water loss (desiccation). Extended periods of higher humidity or
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condensation may encourage the growth of stem-scar and surface molds {Cantwell and
Kasmire, 2(02; Artés and Artés-Hemandez, 2004,

4.2.11 Accelerated ripening

For uniform and controlled ripening, ethylene is often applied to mature-green
tomatoes. Satisfactory ripening occurs at [2.5°C to 25°C; the higher the temperature, the
faster the rate of ripening. Above 30°C, red color development {due to lycopene
synthesis) of the tomato is delayed due to inhibition of C;H4 production. Fruit ripened
above 25°C will be less firm than those ripened at 15 to 20°C. A C;Ha concentration of
about 100 ppm 1s commonly used. Tomatoes are usually held at 20°C with 90% RH and
treated for up to three days. If tomatoes are at the minimum color stage of “breaker”
{according to USDA color chart), a C;H4 treatment will not further accelerate ripening.
The treatment is not necessary because the fruit is naturally producing its own C;Hg
{Baez er af., 1998, Cantwell and Kasmire, 2002, Artés and Artés-Hemandez, 20040,

Ethylene treatments may be done at the shipping point or at destination markets.
However, ripening uniformity and final fruit quality are generally considered best if the
C;H, treatment 1s applied at the shipping point soon after harvest. Tomatoes may be
treated before or after packing, but most are treated after packing. An advantage of
treating before packing is that the warmer conditions favor development of any decay
on the fruit, so infected fruit can be eliminated before the final packing {Cantwell and
Kasmire, 2002).

4.3. Physiological disorders

Blotchy ripening i1s a physiological disorder characterized by the randomized
development of green or green-yellowish areas on the surface of red tomato fruit.
Apparently, the development of this disorder is related to the availability of potassium
and inorganic nitrogen in the soil system. Areas showing blotchy ripening have less
organic acids, soluble solids content {55C), and starch {Morett1 er al., 2000). Sunbum 1s
assoclated with excessive exposure to sunlight, which causes eclevated tissue
temperatures during fruit development. This disrupts lycopene synthesis, which results
In the appearance of yellow areas in the affected tissues that remain during the ripening
process. Blossom-end rot 1s a physiological disorder involving a calcium deficiency that
1s either due to poor uptake or translocation into the fruit. Symptoms begin in the green
fruit as a small discoloration at the blossom end that increases in size and becomes dry
and dark-brown. Occurrence increases dramatically when calcium levels in the soil
system drop below (0.08% (Morett er af., 2000). Eventually, secondary decay organisms
colonize weakened tissues. Graywall 1s noticeable as necrotic vascular tissue in the
pericarp fruit wall. The graywall begins developing at the green stage and has been
assoclated with marginal growing conditions such as cool weather, low light levels,
poor nutrition, saturated soils, tobacco mosaic virus, and bacteria; however, the cause is
still undetermined. Graywall can be a serious disorder in both field and greenhcuse
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production systems (Jones et al, 1999). Irregular ripening is characterized by the
appearance of non-uniform ripening and white internal tissue. It has been associated
with the feeding of sweet potato whitefly (Bemisia argentifolii) on tomato fruit {Hanif-
Khan er af., 1997}, Intermal bruising 1s recognized by the appearance of yellow to green
locular gel in ripe tomatoes. It is caused by an impairment of normal nipening of the
locular gel following a physical impact at the green or breaker stage of ripeness
{Macleod er af, 1976). Fruit with intermal bruising show significant reductions In
vitamin C content, titratable acidity {TA), consistency, and total carotenoids content
{Moretti et @f., 1998). Besides altering quality attributes, internal bruising also affects
tomato fruit flavor (Morett e af., 2002). Breaker-stage tomatoes are more sensitive to
internal bruising than those handled at the green stage { Sargent et af., 1992).

4.4, Pathological disorders

Tomatoes are susceptible to numercus fruit decays from the fields through
postharvest handling. Postharvest decays often develop in wounds, bruised tissue, and
during fruit softening. Tomatoes can be infested by plant pathogens via cross-
contamination from diseased fruits, dirty harvest containers, and from poorly sanitized
water handling systems, and packing line components. Populations of decay pathogens
can be adequately controlled through a regular sanitation program in the field and
during handling, packing, and ripening/storage operations. Bacterial decays include soft
rots {Bacillus spp., Erwinia carotovora spp., Fseudomonas spp., and Xamhomonas
campestris) and lactic acld decay commonly known as bacterial sour rot {Lactobaciilis
spp. and Leuconostoc meseneroides) {(Conn er al., 15995, Bartz er al., 1993). Fungal
decays include Altermaria rot or Black rot {Afrerraria alternata), Fusarium rot
{Fusarium spp.), Gray Mold rot (Borriis cinerea), Mucor rot (Mucor muceds), Phoma
rot {Phoma spp.), Phomopsis rot {Digporthe spp.), Phytophthora tot {Buckeye 1ot)
{Piotophthora spp.), Pleospora rot (Pleospora herbarum, Stemphylium botryosum),
Rhizopus rot (Rhizopus swolonifer, R orvzae), Ring rot (Myrothecium rorvidum),
Sclerotium rot {Sclerotium rolfsii), Sour rot (Geatrichum candidum), Target spot
{Coryrespora cassiicola), and Watery soft rot (Sclerorinia minor, 5. scleroriorum)
{lones et af., 1991; Snowdon, 1892,

4.5, Safety aspects of fresh market tomatoes

Tomatoes have been frequently associated with outbreaks of human
salmonellosis in the last years. Diverse Safmonella emterica serotypes have been
implicated n these infections, including Newport, Typhimurium, Javiana, Anatum,
Thompson, and Muenchen {CDC 2005, 2007). Recently, a §. enterica sv. SaintPaul
outbreak related with tomato and Jalapeno and Serrano peppers invelved more than
1,43 cases from the U5, and Canada (CDC, 20{08). In order to minimize the
microbiological hazards associated with fresh and FC tomato products the United Fresh
Produce Assoclation in collaboration with the North American Tomato Trade Work
Group (NATTWG) published the “Commodity Specific Food Satety Guidelines for the
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Fresh Tomato Supply Chain” in 2006 and then updated it in 2008, These programs
provide recommendations for foed safety practices that are intended to minimize the
microbiological hazards assoclated with fresh and FC tomate products during growing,
harvesting, transportation, cooling, packing, and storage.

Tomatoes are frequently handled in packinghouses with some systems of re-
circulated water, such as flume systems and dump tanks. The water used in these
systems can become Infested with pathogens, including plant pathogens, bacteria, and
human pathogens, which can cause tomato decay and even human foodbome outbreaks.
The use of sanitizing agents during the washing step is essential to avold cross
contaminations.

Since tomatoes are a warm-season <rop, high pulp temperatures can be reached
during harvesting and transporting operations to the packinghouse. Intemalization of
bacteria into the stem scar has been demonstrated with tomatoes submerged in water
that is cooler in temperature than the pulp of the tomatoes (Bartz, 1981, 1982). When
tomatoes cool In the water system, a vacuum is created which can cause water
infiltration and potential pathogens to be drawn into the pores of the tomatoes.
Therefore, water temperature, pulp temperature, and water quality are critical
considerations for maintaining the safety and quality of the product. In general, cold
water iImmersion as a cooling technigue shall not be used. If a dump tank is used, the
water temperature must be 5.5°C higher than the incoming fruit pulp temperature to
minimize the risk of intrusion of microorganisms into the tomatoes (Bartz 1988, Zhuang
et al., 1995, Ibarra-5anchez er af., 2004).
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5. SANITATION OF FRESH-CUT FRUIT AND VEGETABLES: NEW
TRENDS, METHODS AND IMPACTS

Extracted from: Artés, F., Gomez, P.A., Tomas-Callejas, A., Artés-Hemandez, F.,
2011. Sanitation of fresh-cut fruit and vegetables: New trends, methods and impacts. In:
McMann, J.M. (Ed), Potable water and sanitation. Nova 5Science Publishers,
Hauppauge, New York, USA. pp. 1-36.

5.1. Introduction

Consumers are more and more conscious about the relationship between the
food they eat and their overall health and well-being. This fact has increased the
demand of convenient fresh food, keeping their living fresh state, free from additives,
with high nutritional value and powerful antioxidant properties which fight reactive
oxygen species. The industry satisfies this particular demand by offering FC fruit and
vegetables. FC produces are elaborated free from additives by using light combined
methods such as washing, cutting, disinfecting, and packaged at chilling temperatures
under polymeric films able to generate optimum MAP conditions {Artés and Allende,
20053). FC commeodities usually need no further processing prior to consumption,
offering important advantages for consumers since, in addition to convenience and
functionality, they have high quality and any or low wastage at a reasonable price
{Wiley, 1994; Beuchat, 2002; Bruhn, 2002, Artes, 2004,

Despite the benefits derived from eating raw fruits and vegetables, due to their
specific methods of preparation, FC plant foods are highly perishable and must be
elaborated following strict control procedures for reducing overall quality loss and
assuring its safety to consumers. FC processing of plant produce stimulates
microbiological growth, which may be potentially harmful to human health. Due to this,
safety 1s an issue of concem as these foods have long been known to be vehicles for
transmitting infectious diseases { Leistner and Gould, 2002, Artés and Allende, 2005).

FC produces are alive even when processing destroys plant tissues increasing
metabolic activity and inducing senescence and loss of resistance to microbial spollage.
Plant damage stimulates respiration rate {(RR), C;H; emission, enzymatic and non-
enzymatic colour change and nutrient loss from cells. These changes lead to quality loss
and reduced shelf-life when compared to that found for the intact product (Wiley, 1994,
Artes et al., 2007). There are also pre-harvest factors like plant cv, growing conditions,
harvest time and maturity/ripening stage at harvest that have a high influence on
postharvest life. Processing conditions {precooling, trimming, cleaning, conditioning,
cutting, peeling, coring, handling, washing, disinfecting, draining, rinsing, drying,
packaging) and distribution conditions (temperature, RH , atmosphere composition and
duration) highly determine produce characteristics. For being successful, FC industry
must be seen as a highly integrated system with all processing steps considered in
combination with the others (Artés, 20047,
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FC industry 1s really concemed about fresh-like quality, safety and high
nutritional value. Moreover, 1t 1s more and more oriented to look for sustainable
procedures, especially those related to sanitation. The main preservation technigue to
prevent or delay spollage 1s chilling storage combined to active or passive MAP. Also

some chemical ceadjutants like antimicrebial solutions, acidulants and antioxidants are
commonly used {Leistner and Gould, 2002, Artés and Allende, 2005).

This work mtends to review the major sanitation approaches which can be used
for keeping quality and safety of FC plant commeoedities within a sustainable frame
represented by antimicrobial solutions, electrolyzed water {EW), Os, ultraviclet (UV-C)
light, intense light pulses, and innovative MAP under superatmospheric J; and noble
Tases.

5.2. Antimicrobial agents applied as solutions

In many situations of the FC industry, chlorination of water 1s one of the primary
elements of a properly managed postharvest sanitation program. This operation is
considered as the most important to disinfect water and minimize the transmission of
pathogens from infested plant produce, water or debris, to non-infested surfaces such as
those mechanically imjured during harvesting, transportation or processing, wounds, or
the natural plant surface openings {Artés et 2l., 2009). Disinfectant capacity of NaClO is
related with its very high oxidizing properties making it useful for samitizing both
products and equipment of the processing area (Nieuwenhuijsen er af, 2000). It is
effective for most situations, relatively inexpensive, and useful in operations of any size
{Suslow, 1997). Effectiveness of NaClO against microorganisms mainly depends on
concentration since thelr efficacy increases when Increasing concentration, but also on
pH, temperature, organic matter present in the washing water and plant commodity,
time of exposure, and Initial microbial load of raw material (Boyette et al., 1993;
Gomez et af., 2010). However, very high NaClO levels may cause product tainting
{Adams et @f., 1988} and sodium residue on the product and equipments (Ritencur and
Crisosto, 1996,

NaCld in contact with water induces an increase mm pH and generates
hypochlorous acid (HOCI), which 1s the active antimicrobial compound. The acid
dissociates readily to hypochlorite ions {OC17) at high pH, or chlorine gas {Cl;) at low
pH, thus the pH must be kept in the range of 6.5 to 7.5 for HOC] to be stable and
efficient {Boyette et af., 1953; Suslow, 1957). It should be indicated that, even if NaClO
1s more efficient at low pH levels, values between 6 and 7.5 should be selected for
reducing the risk of corrosion of metallic processing equipment {Beuchat, 2000).

An understanding of NaClO chemistry together with a definition of terms is
necessary to describe the amount of chlorine in any form available for oxidative
reaction and disinfection. Total chlorine refers to the sum of free and combined chlorine
in solution. Free chlorine, free available and free residual chlorine refer to chlorine in
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the form of elemental chlorine {Cl:), hypochlorous acid (HCIO) and hypochlorite 1on
{OCT ) (51mons and Sanguansri, 1997).

NaClO may partially oxldize food constituents originating unhealthy by-
products, such as chloroform {CHCls), haloacetic acids or other trihalomethanes {THM)
that have known or suspected carcinogenic or mutagenic potential effect, with proved
toxicity to liver and kidney {Nieuwenhuijsen er al., 2000; Hrudey, 2009, Olmez and
Kretzschmar, 2009). At the same time, at pH over 7.5 NaClO reacts with organic N-
based materials to produce chloramines {Suslow, 1997). These negative aspects related
with chlorine have induced some European countries, like Germany, The Netherlands,
Denmark, Switzerland and Belgium to forbid the use of NaClO for disinfection of FC
produces {Betts and Everis, 2005, Carlin and Nguyen-the, 1599). An option to reduce
THM levels is to change chlorine by chloramine disinfection because they do not react
with organic matter in the water to form THM. Adding ammonia to a chlorination
system switches NaClO to chloramines. However chloramines could be considered as a
rather less acceptable altermative because its efficacy as a disinfection agent 1s lower and
could be risky for workers organs like e yes and respiratory tract.

It has been demonstrated that effectiveness of NaCl(} is limited to some products
{Beuchat and Brackett, 19%90). Actually, chlorine compounds are helpful in reducing the
aerobic microbial counts In many leafy vegetables, but not necessarily in root
vegetables. At the same time, it was reported that NaClO is not very effective for
inhibiting L. monocytogenes growth In shredded lettuce or Chinese cabbage
{ Ahvenainen, 1994},

According with previously mentioned concems, considerable research is
nowadays done leoking for altermmatives to NaClO. Among them, some organic acids
formulations, such as peroxyacetic acid {PA) combined with citric and ascorbic acids,
Cl0; and H;3;, calcium lactate, EW, steamer jet injections and biological compounds
have been tested with varying results as it will be described below.

52,1, Peroxiacetic acid

PA 15 a combination of peracetic acid (CH;COsH) and H;0,, and typically
commercialized as a liquid. PA is an interesting altemative to NaClO since its break-
down products, acetic acid, ;, CO;, and water makes its use completely sustainable
and eco-friendly. Its first application was for cleaning surfaces in concentrations ranging
from 85 to 300 ppm. The FDA of the USA has set a minimum of 8 ppm PA for
cleaning hard surfaces where foed is handled (FDA, 1997}, although for cleaning food’s
surface 3J ppm 1s commonly encugh (Stampi et af, 2001) while levels used in the
environmental and medical fields normally ranged from 1,200 to 2,600 ppm.

Related to the mechanism of action of PA, it has been suggested to act primarily
on lipoproteins in the cell membrane, and it may be possible that 1t 1s equally effective
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against outer membranes lipoproteins, facilitating its action against Gram-negative cells
{Leaper, 1584).

PA tolerates several adverse factors like a wide range of temperature application,
pH changes {from | to &), water solutions with high carbonate concentration and soil
contaminated. By these positive sides, its current main area of application is in fruit and
vegetables processing (Artés er al., 2009). For plant surfaces treatment, recommended
formulations combine Ha(h 11% and CH3COsH 13%, at 80 ppm, followed by rinsing
with tap water {Suslow, 1997). It has been reported that it was effective for controlling
E. roli, Salmonella spp., and L. monocytogenes in FC products {Park and Beuchat,
15999, Rodgers et afl., 2004, Ruiz-Cruz et al., 2007). In Enterobacter sakazakii counts
decreased 3 log units in lettuce with PA applications {Kim er af., 2006). Compared to
150 ppm NaCld, 80 ppm PA reduced the psychrotrophic counts by 2 log units and
mesephilic counts by | log unit in FC Galia melon, resulting in the pleces having a
shelf-life of 10 days at 5°C. However, this sanitizer decreased the total vitamin C and
the antioxidant activity {Silveira et af., 2010). Yandekinderen er af., (2009) studied the
impact of a decontamination step on the shelf-life, sensory quality and nutrient content
of grated carrots under MAP and stored at 7°C. &) mg/L. PA showed possibilities for
extending shelf-life without pronounced effects on nutritional content.

523, Chlorine dioxide

Cl; is a stable dissolved gas with a strong oxidative power and penetration,
higher than that found for NaClO (FDA, 1998). ClO; is a strong bactericide and
virucide at levels as low as 0.1 ppm having also a very high effectiveness against
spores. It attacks planktonic and sessile bacteria and fungi, disinfects surfaces, and
prevents and removes rapidly bio films, avolding bacterial re-growth (EPA, 1559). Cl(,
does not need a long contact time for being highly effective against pathogenic
organisms such as FLegionella, amoebal cysts, Giardia cvysts, E cofi, and
Cryprosporidium (Xie, 2003). Different compounds of bacterial cells membrane react
with Cl0;, causing the interruption of several cellular processes. Cell membrane has
been identified as the primary target of Cl3; on microbial cells but ClO; also reacts
directly with amino acids and the RNA attacking the cell structure and/or the acids
inside the cell. The production of proteins is prevented and the cell membrane affected
by changing membrane proteins and lipids (EPA, 1995).

Viruses are eliminated in a different way than bacteria. C10; reacts with peptone,
a water-soluble substance that originates from hydrolysis of proteins to amino acids, and
kills viruses by prevention of protein formation being more effective than NaClO or O
{EPA, 18999).

Differently to NaClO and NaBrO, Cl(}; does not 1onize to form weak acids

neither to form carcinogenic by-products, like THM. This allows ClO; to be effective
over a wide pH range. However, differently than PA, which 1s not dangerous, Cl1(); and
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its disinfection by-products {chlorite and chlorate) can create problems for dialysed
patients (EPA, 18959),

ClO; can be used as both gas and aqueous type. As a gas it has more
penetrability than the aqueous sanitizers {Han er al., 2001). Different factors such us gas
concentration (0.1-0.5 mg/L}, time {7-135 min), RH (35-95%) and temperature {3-25°C)
affect the antimicrobial effect of Cl(}; gas on the inactivation of E. cofi 3157:H7 (Han
et af., 2001; Gomez-Lopez er al., 2009). One of the most important qualities of Cl(}; 1s
its high water solubility, especially in cold water, which makes it strongly
recommended for using in the FC industry. Cl(}; remains as disselved gas in solution
being approximately 10 times more soluble In water than NaClO.

Main Cl03; drawback is that it must be generated on-site by reacting sodium
chlorite and acid or NaClO (EPA, 1599}, Today, new technology allows a more easy
production, like systems where the reactants are packaged in pouches for reacting
together. However, Cl3; is unstable and can be explosive when concentrations reach
8.5% or more in air (Betts and Everis, 2005; Iin er af., 2009},

While for drinking water less than | ppm Cl0; 15 allowed, for whole produce a
maximum concentration of 3 ppm 1s permitted {(EPA, 1999; CFR, 2007a,b). The effect
of Cl0O; to inhibit the main foodbome pathogens related with the FC commeoedities has
been reported previously. Concentrations of 4-3 mg/L with contact times of 6 — 30 min
were effective to reduce Safmonella spp., £ cofi O13TH7 and L. monocytogenes
Inoculated onto cabbage, carrot, lettuce, strawberry and melon (Sy er al, 2005
Mahmoud er zf., 2007, Mahmoud and Linton 2008a,b).

A solution of 5 ppm Cl0; has been effectively used for apple, lettuce, strawberry
and cantaloupe for inhibiting moculated £, cofi and L. monocytogenes {Rodgers et al.,
20043, In FC faba bean {Vicia faba L) the immersion for 2 min in 4 ppm Cl0O; was as
effective as 150 ppm NaClO + lg/L citric acid n reducing enterobacteria and

mesophilic counts after 8 d at 5°C, decreasing browning and improving sensory quality
{ATEs er al., 2007, 2009).

Although the lack of knowledge about toxicity of ligquid Cl0O; disinfection by-
products make further studies necessary to establish the suitability of this chemical for
FC produce sanitation. Lopez-Galvez er al. (201{) demonstrated that the use of aqueous
3 mg/L ClO; was equally effective as 100 mg/L NaClO and it did not cause any
detrimental effect on the sensory and nutritional quality of FC Iceberg lettuce without
the potential formation of THMs. Tomas-Callejas er af. (2010} evaluated Salmonelia
spp. removal and cross-contamination potential during the washing-disinfection,
rinsing, and de-watering steps in FC baby Red Chard. Typical industry rates of 20 ppm
NaClO (at pH 7.0) and 3 ppm Cl0O; substantially prevented cross contamination by
Salmonella among co-mingled Red Chard leaves but neither fully disinfected the
pathogen from inoculated leaves.
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5324, Hvdrogen peroxide

H;0; is a strong oxidising agent that 1s commonly used in the iIndustry and in the
medical field. It is considered a powerful bactericide, being effective even against
spores. It 1s unstable and decomposed upon standing, agitation, and exposure to light or
heating, producing water and Oz. However, H:0; 15 also able to generate other cytotoxic
oxidising species like hydroxyl radicals {Khadre and Yousef, 2001). A efficacy of H;O;
washing, similar to that of NaCl(, has been demonstrated in extending shelf-life and
reducing native microbial and pathogen populations, including £, cofi, in whole grape,
prune, apple, orange, mushrooms, melon, tomato, red bell pepper and lettuce, and in FC
cucumber, zucchini, bell peppers, and melons {Sapers, 2003, Artés er af., 2009). H;0; 1s
not currently approved as a sanitizing agent for fresh produce even when 1s permitted
for other uses in food processing and packaging because it leaves no potentially harmful
residues and it has been approved by FDA.

For disinfection of FC commaodities, the use of dilute H:O; solution has shown to
be promising. For example, washing with 3% H;0; was more effective than with 1000
ppm NaClO and NajPOy4 for reducing the microbial 1oad on cantaloupe rinds, thus
improving microbial quality and shelf-life {Sapers and Simmons, 1998). Residual H.(;
In treated fruits and wvegetables might be eliminated passively by the action of
endogenous catalase, given enough time for reaction, or actively by rinsing immediately
after treatment to avold reactions between Hz:0; and food constituents that might affect
product quality or safety. Ukuku (2004) studied the eftect of H;(; on microbial quality
and appearance of whole and FC melons contaminated with Salmonefla spp. HoOs
treatments of whole melon (2.5% and 5%) for 5 min caused a 3 log CFU cm™ reduction
of the indigenous surface microflora and 3 log CFU cm™ reduction in Salmonella in all
melon surfaces. However, browning of shredded lettuce increased after dipping In a
H.; solution {Parish er af., 2003).

Pedahzur et af. {1597} noticed an increase in the bactericidal effect of H;(3; and
silver on E. coli when applied together, suggesting that such increase in the bactericidal
effect of these two disinfectants might be due to the synergism between the two
chemicals. Gopal et @l {2010} examined the use of silver and H:(: as possible
alternative to NaClO. Combination of electrochemically generated silver {3 ppm) and
H;0; (0.4 ppm) caused a reduction in the total plate count (.87 log), Fseudomonas
{2.66 log), Enterobactericeaca {1.61 log) and yeast and mould {1.60 log) immediatel y
after washing in comparison to water-washed shredded lettuce. The combination of [ %
H;0; with 25 pg/mL nisin, 1% sodium lactate, and 0.5% citric acid {HPLNC) for
reducing transfer of bacterial pathogens from whole melon surfaces to FC pieces has
been tested. HPLNC reduced the number of £ coli O157-H7 and L. monocytogenes by
3 to 4 log CFU cm™ on melon and the natural microflora on FC melons were also
substantially reduced {Ukuku et af., 2005).
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The use of H;O; as vapour instead of water solutions also appears to reduce
microbial counts, extending shelf-life and maintaining quality of FC green bell pepper,
cucumber, and zucchini {Sapers, 2003).

325 Cirricacid Ascorbic acid  Calcium

Organic acids and calcium have been mostly applied for controlling enzymatic
and non-enzymatic browning in many fruit and vegetables {Sapers, 1993). They have
also a positive effect for avoiding texture deterioration {Rosen and Kader, 1989) and
microbial growth (Yildiz, 1994 at levels that did not adversely affect taste and flavour
of plant commodities. hrganic acids and calcium are more effective for bacteria than for
moulds and yeast due to the low pH (between 2.1 and 2.7) at which they are applied.

Studies on FC Chinese cabbage showed that citric acid (10 /L) repressed the
petiole sprouting (black speck) development and prolonged their shelf-life from 10 days
fcontrol) to 14 days at 5°C. When stored at 0°C the shelf-life was not extended by citric
acid, ascorbic acid and CaCl; dips, but citric acid improved guality by reducing black
speck. In this experiment, treatment with citric acid produced only a slight pH reduction
without affecting taste. The CaCl; {10 g/} was beneficial in reducing browning while
no microbial spoilage occurred after 35 d at 0°C or 21 d at 5°C under any treatment
{Kim and Klieber, 1997).

FC Amarillo melon dipped in 9.52 mM citric acid for 30 s before MAP reached
a shelf-life of 10 days at 5°C. This treatment kept microbial safety and avoided
translucency and discoloration. Compared to 1.4 mM NaClO, citric acid increased
lightness and improved visual appearance of melon pleces {Aguayo et af., 2003).
Dipping green celery crescents in a 0.5 M ascorbic and 0.1 M citric acid solution was as
effective as 100 mg/L NaCl(} for reducing microbial counts and iImproving consumers
acceptability (Gomez and Artés, 2004). Olmez and Temur (2010) investigated the
effects of 0.25 g/100 g citric acid + (.50 g/100 g ascorbic acid solution for 2 min at
10°C on biofilms and attachment of E. colfi and L. monocytogernes on green leaf lettuce.
The treatment was unable to efficiently reduce or detach bacterial cells inside the
biofilms or those cells attached to inaccessible sites. Moreover, a better understanding
of the mechanism involved in bacterial attachment and biofilm formation 1s needed.

Cell wall structure and firmness of plant commeodities is related to calcium since
it maintains them by combining with pectin to form calcium pectate. Moreover, calcium
lactate avoids the off-flavours associated with chloride salt, being a good altemative to
it {Luna-Guzman and Barret, 2000). Studies with FC melon showed that treatment with
calcium generally kept firmness better than control during storage (Aguayo et al., 2007,
Luna-Guzman er af., 1999). FC lettuce seems also to be favoured when treated with 120
ppm NaClO and 15 g/L calcium lactate at 20 and 50°C. Samples washed with calcium
lactate showed higher crispness than those immersed in NaClO even when lower than
those which received a heat shock treatment (30°C). Authors {Martin-Diana er af.,
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2006a) hypothesised that calclum lactate avolded the loss of turgor during the first days
of storage while the combination with 30°C extended this benefit to 12 days. It 1s
possible that it may occur the activation of texture-related enzymes, as the pectin
methylesterase, affecting the washing solution absorption into the lettuce. This might in
tumm increase the amount of calcium retained by the vegetable {Martin-Diana et al.,
2006a). Experiments with FC carrots showed that washing with 15 g/L calcium lactate
at ¥JC was effective 1n reducing lignification at the cutting-edge area while keeping
turgor of cortex tissue cells. Data about microbial growth should be given in order to a
better knowledge of the effects {Rico et al., 2007). In that way, Aguayo er al. (2007)
found that CaCl; and calcium lactate reduced the bacterial growth by 2 log CFU/g and
the yeast growth by | log CFU/g when diced melon was stored up to 8 days at 5°C.
Moreover, FC melon dipped into hot calcium solution {60°C, | minj as CaCl; {(.5%), or
weak organic acid salts like calcium propionate (3.9%) or lactate {1 .4%) had a lower
microbial growth and a better firmness. This could be explained by an increment in
bound calcium concentration (530%) which in tums produces firmer melon pieces.

3.2.6. Electrofyzed water

EW 1s generated by electrolysis of a dilute salt {WaCl, usually about 0.1%)
solution of pure water in an electrolysis chamber where anode and cathode electrodes
are separated by a membrane. On the anode side, acidic EW is generated and has strong
bactericidal effect on most known pathogenic bacteria, due to its low pH, high
oxidation—reduction potential {(ORP) ({about 1100 mV) and the presence of
hypochlorous acid. The cathode area produces alkaline reducing water (Ongeng er al.,
2006).

The acidic type was the furst form developed and accepted by the food industry
in Japan {lzumi, 1999)}. It was found to be useful at killing bacteria and parasites on raw
fish without altering its sensory characteristics. EW has a strong bactericidal effect
against pathogens and spoilage microorganisms, more effective than NaCl( due to its
high redox potential {Izumi, 1999, Koseki and Itch, 2001, Bar et afl, 2003).
Hypochlorous acid is present in EW at pH 6.8 and it 1s generated by electrolysis of
NaCl solution, since HC1 formed at the anode site neutralizes the MaOH at the cathode
site. Advantages of using EW at neutral pH are that it does not affect pH, surface colour

or general appearance of FC vegetables (Izumi, 1959).

In the recent years, several studies have reported that the use of EW in FC fruit
and vegetables 1s greatly influenced by type of vegetable and minimal processing.
{Izumi, 1999, Kosekl and Itoh, 2001, Wang et al., 2004, Ongeng et al., 2000, Rico et
al., 2008). EW containing 15 to 50 ppm available NaClO was effective as a disinfectant
for FC carrots, spinach, bell pepper, potate and cucumber, without discoloration and
lowering microbial counts from 0.6 to 2.6 log units (Izumi, 1955).
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Acetic EW disinfected the surfaces of lettuce by reducing the aerobic and
coliform bacteria, moulds, and yeasts, with a similar effect of NaCl(}, resulting in a |
log unit reduction for total aerobic counts and 0.5 log for coliforms in shredded lettuce
pleces. After 7 days at 1-2°C, physical and sensory parameters did not change {Wang a1
al., 2004, In other study, it was reported that EW has no impact on taste, smell, and
texture of shredded lettuce (Koseki er al., 2001). In the same way lettuce samples
washed with EW containing 60 mg/L free chlorine (pH 6.5} resulted as effective as
NaCl0, showing a good quality retention (Rico et al., 2007a). Growth of Salmonella
was reduced in alfalfa seeds and sprouts when treated with EW {Kim et af., 2003) while
acetic EW has also been shown to effectively inactivate £ cofi O157HY, 5. enteritidis
and L. monocytogenes on lettuce (Park er af., 2001).

The use of acidic EW {AEW) and neutral EW {NEW) as disinfectant for food
processing equipment has been studied (Venkitanarayanan et al, 1599%a; Kim et al.,
2001; Park er al., 2002, Guentzel er af., 2007). Ayebah and Hung {2005} indicated that
AEW did not have any adverse effect on stainless steel. However, issues such us gas
emission, strong acidity of AEW, metal corrosion, free chlorine content and by-products
formation need to be supported for further research.

The efficacy of NEW and AEW to reduce natural microflora as well as the main
foodbome pathogens associated to FC produce has been demonstrated. Using AEW
alone resulted in moderate control of bacterial growth of FC cilantro during storage
{Wang er al., 2004). Reductions of viable aerobes by 2 log CFU/g were obtained in
lettuce washed with AEW {pH 2.6; oxidation reduction potential, 1 140 mV; 30 ppm of
avallable chlorine) for 10 min (Koseki er af., 2001). Also, AEW was effective to reduce
E. cafi 0157 HT7 {Venkitanarayanan er @/, 199%b; Sharma and Demirci, 2003; Liao ez
al., 2007, Stopforth et al., 2007), Salmonelia and L. monocytopenes (Venkitanarayanan
et af., 1999b; Fabrizic and Cutter, 2003, Stopforth er al., 2007). Due to its neutral pH,
NEW could be less aggressive to the corrosion of processing equipments compared to
AEW. NEW (pH 6.8) contalining 15 to 30 ppm avallable chlorine was effective as a
disinfectant for FC vegetables without causing discoloration. NEW did not affect tissue
pH, surface colour or general appearance (lzumi, 1999). Abadias er af (2008}
demonstrated that the bactericidal activity of diluted NEW (50 ppm of free chlorine, pH
8.60) against E. coli Q137 HY, Salmonella, L. innocua and E. carotovora on FC lettuce
was similar to that of 120 ppm free NaClO.

A theory for the Inactivation mechanism of bacteria by EW proposed that ORP
could firstly affect and damage the redox state of glutathione disulfide-glutathione
couple, and then penetrate the outer and inner membranes of £ coli O157:H7, resulting
the necrosis {Liao er af., 2007).

The application of EW in the food industry has been recently reviewed by
Huang er al. {2008) as a disinfectant for food processing equipment, vegetables, fruits,

poultry, meat and seafood. However, there 1s scarce information about the effects of
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NEW and AEW on the main quality attributes in FC vegetables. Martinez-Hemandez e¢
al., (2009) showed that the use of AEW {40 ppm free chlorine, pH 3.0} retained the total
content of polyphenols and chlorophylls better than a conventional 100 ppm NaClO
treatment during the shelf-life of FC Mizuna baby leaves stored at 5°C up to 1| days.

E%W has many potential uses for the food industry being ad vantageous because it
Involves on-site production of the disinfectant, which means there are no chemicals to
store or handling costs for dealing with them. The main problem 1s that, In some cases,
it has a short shelf-life {about 2 weeks): therefore mostly only companies with access to
an electrolysis machine could get profit from its benefits (Artés er al., 2009).

3.2.7. Steamer jet infection

Vapour or hot water could be seen as an alternative to replace NaCl0. However,
exposure to high temperatures may produce detrimental changes in the product lowering
its nutritional value. By that reason, exposure time to steamer jet injection should be
low and much research is needed to optimise exposure conditions for FC plant
commodities. In that way, Martin-Diana ez al. (2007) reported a lower RR and a partial
Inactivation of browning-related enzymes when FC lettuce was exposed to water steam.
Moreover, mesophilic counts were maintained as low as when NaClO was applied.
Independently of these positive effects, ascorbic acid and carotenoids content showed a
reduction, even when samples look like 1t did net, showing similar values of

acceptability and fresh appearance than control.
328, Bislogical compounds, natural microbiota and/or their amtimicrobial products

Nowadays efforts to reduce or eliminate chemically synthesized additives in
foods are conducted to find natural altematives to control bacterial and fungal growth in
fresh-cut plant commedities {Soliva-Fortuny and Martin-Belloso, 2003). Commercial
products based on natural biocide action such us lactate esters from lactic acid and
alcoheols {Purac), organic acids and flavonoids {Citrox), and lactoperoxidase, H:(J; and
thiocyanate {Catallix) have been released to the market. Citrox and Purac applied at the
commercial recommended doses did not prevent transfer of £ coli cells between
Incculated and non inoculated FC lettuce and therefore indicating cross-contamination
during washing {Lopez-Galvez et af., 2009). Other natural derivate compounds such us
grapefruit seed extracts {(Xu er af., 2009) and green tea extracts {Martin-Diana er al.,
200%) has been studied due to their antimicrobial effect in order to extend the shelf-life
of FC commodities.

Eugenol (from clove, Syryeium sp.) and thymol (from thyme and oregano)
exhibited antioxidant and antimicrobial effects on MAP stored table grape {Burt, 2004,
Valero er af., 2006). Rots in apple are better controlled by carvacrol than by eugenol
{Neri er af, 2009). It i1s worth to mention that there is always an Important risk of
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conferring oft-odours when applying essential oils. Sensory evaluation, particularly for
FC produces is a point to take seriously into account.

Essential oils from plant also have antioxidant and anti-inflammatory properties
for humans. They could be used for extending shelf-life of FC products and, at the same
time, to confer other benefits for consumers™ health {Gutiérrez er al., 2009).

The use of natural aroma compounds to improve shelf-life and safety of FC
fruits has been reviewed (Lanciottl et af., 2004). Plant volatiles have been widely used
as food flavouring agents and most of them are generally recognized as safe {GRAS)
{Newbeme at al., 2000). The addition of hexanal at levels not exceeding 100 ppm mn the
storage atmosphere of FC apples reduced the growth rate of natural microflora during
storage at 4°C {Lanciotti er af., 1999). Some research has been conducted on the effect
of natural competitive microbiota, in most of the cases lactic acid bacteria and/or their
derived antibacterial products for FC plant commodities. It has been suggested that they
enhance the safety of FC vegetables {Bari er af., 2005) and apples {Leverentz er al.,
2006). However this approach has not been yet fully explored.

An Interesting option is the use of edible coatings as cammers of antimicrobial
agents. In that way, the effect of lemongrass, oregano oil and vanillin incorporated In
apple puree-alginate edible coatings, on the shelf-life of FC Fuji apples, has been
investigated. Vanillin containing coatings (0.3% w/w) were the most effective in terms
of sensory quality after 2 weeks at 4°C. All antimicrobial ceatings significantly
inhibited the growth of psychrophilic acrobes, yeasts and molds. At the same time,
lemongrass (1.0 and |.5% w/w) and oregano oll containing coatings (0.5% w/iw)
exhibited the strongest antimicrobial activity against L. irnocua {4 log reduction)
{Rojas-Gral er al., 2007). Raybaudi-Massilia et af. (2008) studied the effect of malic
acid and essential oils of cinnamon, palmarosa and lemongrass and their main active
compounds as natural antimicrobial substances incorporated into an alginate-based
edible coating on the shelf-life and safety of FC Piel de Sapo melon. Palmarosa oil
Incorporated at 0.3% into the coating appear to be a promising altemative for FC melon,
since it had a good acceptation by panellists, maintained the gquality parameters,
inhibited the native flora growth and reduced 5. erteritidis population.

5.3. UV-C radiation and intense pulse lights

UV light at sufficiently short wavelength could be used to break down
microorganisms in food, air and water purification systems. The use of non-lonizing,
germicidal and artificial UV at a wavelength of 190-280 nm (UV-C) could be effective
for surface decontamination of FC products. This treatment offers some advantages to
the food industry since it does not leave any residue, does not have legal restrictions; it
1s easy to use and lethal to most types of microorganisms {Bintsis er af., 2000). In
addition, UV-C does not require extensive safety equipment to be implemented {Yaun
et af., 20047,
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The most important effect of UV-C i1s at the DNA level by inducing the
formation of pyrimidine dimmers which alter the DNA helix and blocks microbial cell
replication {Kuo et af., 1997, Lucht et af., 1998). Consequently, cells which are unable
to repair radiation-damaged DNA die and sub-lethally injured cells are often subject to
mutations {Lado and Yousef, 2002).

Strains sensitivity to UV-C changes depending on the microorganism {Gardner
and Shama, 2000). For example FPseudomonas qeruginosa was more sensitive than
Mirrocorcus radiodurans and Candida albicans (Abshire and Dunton, 1981}, /n vitro
studies performed by Sumner er af. (1995) indicated that UV-C was highly effective In
destroying S tvphimurinm while L. monocytogenes and S, enterica, also under in vitro
conditions, were inhibited during 13 days at 5°C at doses of 2.4 kJ m? {Escalona er al.,
2010).

Related to temperature, UV-C seems to be effective in a range from 5 to 37°C.
However, the structure and surface of the vegetable have an influence on the incident
irradiation (Bintsis er af., 200{; Lado and Yousef, 2002; Gardner and Shama, 2000). An
Interesting benefit of UV-C application is that it stimulates plant defence mechanisms
increasing resistance to pathogens. But, from the other side, UV-C may modify cell
permeability on vegetables Increasing electrolytes, amino acids and carbohydrates
leakage, which consequently may stimulate bacterial growth {Nigro er afl., 1598). Based
on Ben-Yehoshua and Mercier (2003}, 1t is very Important to find a safe dose able of
greatly weaken microorganisms development without damaging the product.

UY-C light has been evaluated as an alternative for surface disinfection of FC
fruit and vegetables {Erkan er af., 2001, Marquenie et af., 2002, Allende and Artés,
2003ab;, Yaun et al., 2004). fir vive studies on zucchinl squash slices exposed to UV-C
during 10 and 20 min showed that decay and senescence were delayed by affecting
microbial growth (Erkan er af., 2001). However, several products {tomato, Lu er al.,
1987, Liu et al., 1993; strawberry, Marquenie er al., 2002; cammot, Mercier and Arul,
1593, table grape, Nigro et af., 1998 and sweet-potato, Stevens et al., 1999) showed an
increase 1n the RR of the slices, while the C;H4 production and the sensitivity to chilling
injury during storage at 3°C were unaffected. Similar results were found for. Related to
the stimulation of defence mechanisms beneficial for health, it has been shown that 4 to
14 kIm™? UV-C applied to broccoli heads delayed yellowing and chlorophyll
degradation at 20°C, with an increased total phenols and flavonoids content, along with
higher antioxidant capacity and lower RR {Civello et al., 2006). Some negative effects
of the use of UY-C has been cbserved in FC apple stored for 7 days at 5°C indicated by
an increase in surface browning when 5.6, 84 and 14.1 kJ m™ doses were used. This
process could be related to an increased enzymatic activity caused by membrane
breakage with consequent loss of compartmentalization (Gomez er al., 2010).

The natural microflora of FC Red Oak Leaf lettuce up to 10 days at 5°C was
reduced by the use of two sided UVY-C radiation {1.18, 2.37 or /.11 k.lm_z) even when
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7.11 kIm™ induced tissue softening and browning after 7 days at 5°C {Allende et al,,
2006). The same trend was also observed for one sided UV -C radiation of shredded Red
Oak Leaf and Lollo rosso lettuces throughout 10 days at 5°C where 0.4 to 8.14 kJ m™
decreased psychrotrophic and coliform bacteria, and yeast growth, but only significant
reductions were found when the highest level was applied {Allende et af., 2003ab). The
same authors reported an increase In the lactic acid bacteria (LAB) which seems to be
stimulated by UY-C, probably due to reduced growth of competitive flora.

Sometimes results are not really consistent, like observed by Lopez-Rubira et al.
(2005). They analyzed the effect of UV-C doses from 0.56 to 13.62 kim™ on microbial
growth in FC pomegranate arils stored up to 15 d at 5°C. UV-C doses did not affect RR,
but some of them reduced mesophilic, psychrotrophic, LAB and Erntersbacteriaceae
counts. Nevertheless, microbial counts were not systematically reduced throughout
shelf-life and yeast and moulds were unaftected.

Combination of MAP and UV-C could have a positive effect by reducing
psychrotrophic bacteria, coliform, and yeast growth in FC lettuce without adversely
affect sensory quality {Allende and Artés, 2003b). Pre-processing application of UV-C
may have also an influence on FC produce’s behaviour. Robles et af., {(2007) indicated
that tomatoes pre-treated with 4 KIm™ UV-C followed by storage under 5 kPa O; + |
kPa Ci}; at 12°C for 21 days showed retarded ripening and kept better firmness and
sensory attributes than alir storage.

Decay caused by Borryvtis cinerea of whole bell peppers harvested from
Integrated pest management production and treated with 2.27 kIm™ UV-C was reduced
after 21 days at 5°C. A residual effect was found since Inhibition remained after a
further 5 days peried at 15°C. Bell peppers sticks, also from integrated cultivation,
showed a high reduction in mesophilic counts when 2.27 kJ m °UV-C were applied. Om
the other hand, sticks from organically cultivated bell peppers, which showed the
highest Enmterobacteria growth, only 2.76 Kkl m* reduced these bacteria counts after
shelf-life (Artés er af., 2006a).

The effects UV-C doses to reduce pathogen and spoilage bacterial growth in FC
baby spinach has also been studied {Escalona et af., 2010). UV-C doses relativel y high
(12 or 24 kI m™) showed an inhibitory effect on initial microbial counts. However, this
effect was lost during storage, reaching higher counts on radiated leaves compared to
control. Results were confirmed by Artés-Hemandez er af. {2009) where UV-C light
(4.64, 7.94 and 11.35 kJ m™) reduced the initial mesophilic and psychrophilic counts on
the processing day, but no residual inhibitory effect was found for the higher doses after
6-13 days at 5 and &°C. It is possible that high doses of UV-C could stimulate microbial
srowth by a superficial damage caused on spinach leaves.

Recently, the effects of radiation processing on phytochemicals and antioxidants
In plant produce have been reviewed {Alothman er af., 200%). It has been reported that
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ablotic stresses like UV light may enhance the nutraceutical content of fresh fruit and
vegetables. It would affect the secondary metabolism of fresh produce and increase the
synthesis of phytochemicals with nutraceutical activity or reduce the biosynthesis of
undesirable compounds (Cisneros-Zevallos, 2003). Also, the impact of lighting on
shredded cauliflower packaged i different film types and stored at 4°C in darkness and
partial or continucus lighting has been evaluated. The light accelerated browning in the
cut zones and the development of abnormal colouring in these areas marked the end of
shelf-life. Among the sensory attributes studied, colour was the most affected by
exposure to light {Sanz-Cervera er al., 2007). UV-C doses at .25 and 1.0 kI m”
increased anthocyanins concentrations in fresh strawberries {Baka er af, 1999). Bell
peppers exposed to 7 kJ m™ UV-C light showed lower total phenolic content and higher
antioxidant activity {DPPH scavenging activity) with Insignificant effect on the
carotenoids content {Vicente er af., 2{0053). Broccoli florets treated with 4-14 kl m2UV-
C light displayed lower total phenolic and total flaveonold content along with higher
antioxidant capacity compared to control {(Costa et af., 2006). Application of 2 or 4 kJ
m™ on blueberries did not change the total phenolic content while it increased the total
anthocyanins content and FRAP values (Perkins-Veazie et af,, 2008). Low UV-C doses
{l.6and 2.8 kJ m_z) for keeping overall quality of FC watermelon have been reported.
Low UV-C illumination preserved sensory attributes up to 11 days at 5°C, with
maintenance of lycopene and ascorbic acid, and increased total antioxidant capacity
{Antés-Hemandez er af., 2010).

Intense pulses light {IPL) is an emerging nonthermal technelogy for the rapid
Inactivation of pathogenic and spoilage microorganisms In foods. It involves the use of
Intense pulses of short duration {from 85 ns to 0.3 ms) and a broad spectrum {from 0.45
to 13 Hz) to ensure microbial inactivation on the surface of either foods or packaging
materials. The limited energy cost, the lack of residual compounds, and its great
flexibility are some of the major benefits of this technique {Elmnasser er af., 2007,
Gomez-Lopez et af. 2005). It seems to induce structural changes of microbial DNA,
comparable to the effect caused by continuous UV sources, but others mechanisms
could to be involved {Takeshita er @i, 2003). ILP effect 1s dependent on the light
absorption by microorganisms. Moreover, certain food components could also absorb
the effective wavelengths and decrease their efficiency. ILP has been used to
successtully nactivate £, cofi O157:H7 on alfalfa seeds {Sharma and Demurci, 2003},
and Aspergillus piger spores on com meal {Jun et al., 2003). Regarding shelf-life of FC
vegetables, Hoomstra er af. {2002) showed that a 2 log CFU/g reduction in aerobic
counts on selected vegetables can increase their shelf-life about 4 days. Gomez-Lopez et
al. {2003) reported that rich in carbohydrate foods such as fruit and vegetables seem to
be more suitable for decontamination by ILP, although 1t was found an increase on the
RR of treated produces. In FC vegetables such as spinach, celery, green paprika,
soybean sprouts, radicchio, carrot, iceberg lettuce, and white cabbage, a PL treatment of
7 J intensity for 45 and 180 s per side provided log reductions in mesophilic aerobic
counts between (.21 and 1.67, and between 0.56 and 2.04, respectively {Gomez-Lopez
et af., 2005). ILP did not prolong the sensory shelf-life of FC white cabbage or Iceberg
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lettuce, while from the microbial point of view, | extra storage day at 7°C was achieved
for lettuce. Additionmally ILP seems to be useful for emzymes inactivation. IPL
treatments (4.8, 12, 28 ] cm'zj extended the microbiological shelf-life of FC mushrooms
by 2-3 days compared with untreated samples. However, high pulse light fluencies {25
and 28 J cm_z} dramatically affected the texture of sliced mushrooms and prometed the
enzymatic browning by an increase on PPO activity at the highest dose {Oms-Oliu et
al., 2010).

5.4, Ozone

(Jzone 15 a gas at room temperature formed by the highly unstable tri-atomic
oxygen molecule {Os) obtained from the addition of an oxygen atom {') to a molecular
diatomic oxygen {;) {(Horvath er al., 1985). The gas is colorless with a pungent odor
readily detectable at concentrations as low as 0.02 to 0.05 ppm {by volume), which is
below levels of health concem. It is a powerful oxidant, second only to the hydroxyl
free radical, among chemicals typically used in water treatment. Therefore, it is capable
of oxidizing many organic and inorganic compounds in water.

The (s i1s commercially generated by passing (O, through an electrical charge.
Thus, molecular (; is split into two O which are highly reactive moieties. When a free
O encounters O, it combines to form the O3 molecule which rapidly degrades back to
(3, with the released (O combining with another (O to form (3, or combining with other
chemical moieties to cause oxldation (Rice et af., 1981). Upon release of O, O5 actsas a
strong oxidizing agent being very effective in destroying microorganisms {Guzel-
Seydim et af., 2004a). O; was approved for use as a disinfectant or sanitizer in foods
and food processing in the United States (FDA, 1997).

(Jzone 15 scarcely soluble in water and, even when O3 1s more soluble than O3,
NaCl0} 1s 12 times more soluble than Os. Concentrations of Os used in water treatment
are typically below 14 %, which limits the mass transfer driving force of gaseous (s
into the water. Consequently, typical concentrations of O3 found during water treatment
range from <0.1 to | mg/L, although higher concentrations can be attained under
optimum conditions {Hoigné and Bader, | %83). Basic chemistry research has shown that
5 decomposes spontancously during water treatment by a complex mechanism that
Involves the generation of hydroxyl free radicals {Glaze, 1987) which are among the
most reactive oxidizing agents in water. The decomposition of 05 1s so rapid in the
water phase of food that its antimicrobial action may take place mainly at the surface,
leaving noresidues. The bactericidal effects of (5 have been shown on a wide variety of
Gram+ and Gram- bacteria as well as spores and vegetative cells {Foegeding, 1385). O5
destroys microorganisms by the progressive oxidation of vital cell components,
preventing the microbial growth and extending the shelf-life of many fruit and
vegetables, and their industrial use 1s increasing (Parish er al., 2003). No significant
effect of temperature on the efficacy of (35 has been noted In the range of 10-26°C
{Olmez and Akbas, 2009).
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The main systems for s application include the gaseous phase storage (for
cyclic or continuous exposure) or as ozonated dipping {Aguayo er af., 20060). An
Increase 1n the shelf-life of apples and oranges treated with 0.4 ppm O; was attributed to
the oxidation of C;H, In the cold room {Skog and Chu, 2000). Sarig er al. {1996} found
that Os controlled RhAizopus stolonifer and Induced resveratrol and pterostilbene
phytoalexins synthesis in table grapes, the berries being more resistant to subsequent
infection. In fact, 8 ppm s increased up to three fold the resveratrol level in Napoleon
table grape {Artés-Hemandez et al., 2003} and also the continuous applications of low
s doses seem to enhance the total polypheneol content during long-term storage of
seedless table grapes (Artés-Hemandez er al., 2007). The effect of a flow of 4 £ 0.5 ppm
05 enriched air applied cyclically {30 min every 3 h) on whole and sliced tomatoes
prevented fructose, glucose, ascorbic and fumaric acid losses. In addition Os kept a
good overall quality of tomato slices and reduced 1.1-1.2 log CFU/g for bacterial and
0.5 log CFU/g for fungal counts {Aguayo et af., 2006). The efficacy of gaseous (s,
applied under partial vacuum in a controlled reaction chamber, for the elimination of
Salmonella noculated on melon rind has been investigated (Selma er af., 2008).
Gaseous s (10,000 ppm for 30 min under vacuum) reduced viable, recoverable
Salmonella from inoculated melons with a reduction between 4.2-2.8 log CFU/rind-disk
(12 cm?). A novel ozone-generation system capable of generating Os inside a sealed
package at various geometries has been developed. Whole prepackaged spinach leaves
mnoculated with E. cali (57 HY under this ozone-generation system showed that this
treatment reduced £ cofi O157H7, however, minimizing quality changes after
treatment requires further research { Klockow and Keener, 2009).

Conventional sanitizers could be replaced by the use of Os water due to its
efficacy at low concentrations and short contact time requirements as well as the
breakdown to non-toxic products {Graham, 1297). O5 solubility has a strong influence
on the efficacy of this treatment. Solubility depends on temperature, Increasing with
decreased water temperature {Bablon er af, 1991). It i1s Important to provide certain
turbulence to the water as a way of increasing bubble contact and subsequent Os
solubilisation. The flow rate and contact time as well as purity and pH of water are also
important and greatly affect the rate of O; solubilisation. Kim er al. {195%9a) indicated
that high pH destabilizes 05 and decreases the apparent rate of solubilisation. Moreover,
tap water may contaln organic matter that consumes Os.

Incculating targeted microorganisms on pure cell suspensions or on the food
surface and treating these surfaces with s under conditions that simulate normal
processing has been useful for studying the efficacy of Os; water. In that way some
authors (Restaino er al., 1993; Singh er af., 2002) have found a decrease in pathogens
including 5 aurens, 5. ryphimurivm, Y. emerocelitica, L. meonocytogenes and E coli
O157:H7. The use of 1.5 ppm Os water {(pH = 6, 25°C) for 15 s reduced between 1.5 and
5 log CFU/g E. coli O157TH7, P. fluorescens, L. mesemteroides and L. monocytogenes
counts {Kim er 2f.,19990). Khadre and Yousef {2001} indicated that effectiveness of O
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In disinfecting food-contact surfaces may be tested using spores of B
stearothermophifus as indicators, due to their high resistance to Os.

Food composition may have a significant effect on the bactericidal power of Os
against spore former, a Gram rod, and a Gram™ coccl. High levels of protein {caseinate)
and fat {whipping cream) resulted in the greatest amount of protection to spores of B.
stearathermophilus and vegetative cells of £ coli and S, aureus {(Guzel-Seydim er al.,
2004b). s may have a positive influence on some unwanted changes like Zhang er al.
{2005) reported for celery sticks. In this case, dipping .18 ppm Os; water for 3 min
reduced RR, inhibited browning and improved sensory quality. After 9 d at 4°C,
bacterial population was reduced 1.65 log CFU/g compared to control water. Rico et al.
{2006) found that O5 water {1 mg L' at 18-20°C) reduced both enzyme activity and
enzymatic browning of shredded lettuce. However, this enzyme nactivation showed a
negative effect, as the reduction in activity of the texture-related pectin methylesterase
was correlated with a lower crispiness. Selma er af. {2007) treated shredded lettuce with
3 ppm s water for 3 min reaching a reduction of 1.8 log CFU/g In Shigella sonnei
counts. Silveira er af. (2007, 2010) found a similar sanitizer effect between 130 ppm
NaCl( and O; dips (0.4 ppm, 3 min) on diced Galia melon. Both treatments reduced |
log CFU/g compared to water alone and extended shelf-life to 10 days at 5°C.

In some cases O; appears to be lowly successful. Aguayo er al. {2003) washed 3
min FC Amarillo melon on 6.3 ppm O3 water. After 10 days at 5°C, the mesophilic and
psychrotrophic bacterial counts were reduced only on 1.2 and 0.2 log CFlU/g
respectively and on 0.4 and 1.5 log CFU/g respectively those of yeasts and moulds. In
sliced Thomas tomato stored for 10 days at 5°C, the O5 water {3.8 ppm, 3 min) reduced
on 1.8, 1.6 and .7 the mesophilic, psychrotrophic and yeast counts respectively. In
shredded Iceberg lettuce, Baur er @l {2002) maintained better sensory and
microbiological quality, prolonging shelf-life, in samples treated with 200 mg/L free
chlorine than in O; water {1 ppm, 4°C, 120 s). In contrast, the application of 2 ppm O;
water for 2 min was found to be optimum processing conditions of shredded green leaf
lettuce, n terms of reducing microbial load and maintaining the sensory quality
compared with 100 ppm NaClQ water during chilling storage {Olmez and Akbas,
2009).

Beltran er af. (2003} found no evidence of browning in FC potatoes dipped in O
water {20 mg L1 min) or in O3 plus peroxyacetic acid (300 mg L_]) and stored up to
14 d under partial vacuum at 4°C. These treatments kept the Initial texture and aroma.
However, the ozonated water alone was not effective in reducing total microbial
populations. The combmnation of Os—Tsunami 100 {15% PA and 11% H;0;) was the
most effective treatment to control microbial growth achleving 3.3, 3.0 and 1.2 log-
reductions for LAB, coliforms and anaerobic bacterla, respectively.

Regarding (35 handling, even when it has been approved as food additive,

workers who might have contact with (3 must be careful since gas concentrations over
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0.2 ppm may affect respiration and may produce dizziness and eyes and throat Iiritation
{Hoof, 1582). Ambient (; levels at the industry facilities should be continuously
monitored in view of the fact that high levels may be fatal to humans (Shirk, 2000}

5.5. Superatmospheric oxygen

For most of the cases, a conventional MAP with | to 8 kPa O; combined with 10
to 20 kPa CO; at O to 3°C 1s frequently recommended for keeping quality of FC fruit
and vegetables {Gomy, 2003; Artés er al., 2000b). However, the combined effect of
high O; concentrations {over 60 kPa) and CO; around 10 to 20 kPa may provide
adequate suppression of microbial growth increasing produce shelf-life {(Allende et al.,
2004, Geysen et al, 2000, Conesa et al, 2007ab; Escalona et af., 2007). This
superatmospheric O; MAP could be effective for inhibiting enzymatic browning,
preventing anaercbic fermentation and moisture and odour losses while reducing
aerobic and anaerobic microbial growth {Day, 2001 ).

A number of factors may explam the toxicity of hyperbaric (O; like the adverse
effects on the oxidation-reduction potential of the system, the oxidation of enzymes
having sulthydryl groups or disulfide bridges, and the accumulation of injurious
reactive () species {Kader and Ben-Yehoshua, 2000). CO; causes a decrease in Intra
and extracellular pH and interferes with the cellular metabolism with a stronger
inhibitory effect at low temperature due to enhanced C(; solubility {Dixon and Kell,

1589).

Recently, some studies have been carried cut for analysing the effect of high O;
and CO; levels on quality and safety of FC plant commodities (Allende et af., 2004;
Amanatidou et af. 1999, 2000, Geysen et af., 2006; Conesa et al., 2007a,b; Escalona et
al., 2007, Jacxsens er al. 2001; Sanchez-Ballesta er af., 2007). In practice, the use of
high O; in MAP for keeping quality of FC produces 1s still emergent and needs to be
supported by more research. Kader and Ben-Yehoshua {(200(% have found some
contradictory results since superatmospheric (; may stimulate, have no effect, or reduce
RR and C;Hs production, depending on the commeodity, ripening stage, O, CO; and
C;Hs concentrations in the atmosphere, storage time and temperature. Related to
microbial growth, 1t seems to be that exposure to high O; did not strongly inhibited it,
while high CO; reduced the growth to some extent in most cases. Allende er al. {2004)
found a reduction of aercbic microbial growth in superatmospheric () due to the
accumulation of high CO; levels. The antimicrobial activity of C0O: at high
concentrations 1s already well known. Probably the same effect was observed by Van
Der Steen et afl. {2002} for raspberries and strawberries when applying a high O; level
in a high-barrier film, showing a reduction in microblal growth while keeping sensory
guality attributes. The addition of C(; 1s unnecessary when high O; atmospheres are
injected in barrier film packages, because the respiratory activity of produces generate
antimicroblal C(; levels reaching 20 kPa. By using this high O; MAP the shelf-life for
FC wegetables can be twice compared to conventional low O; MAP just by suppressing
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microbial growth {Jacxsens et al., 2001). In the case of L. innocua levels higher than 75
kPa O; were needed to reduce growth on shredded lettuce (Escalona er af., 2007), in
agreement with other studies where L. inrocua growth was almost not influenced by O,
concentrations up to 100 kPa {(Geysen er al., 2006). fr virro studles on yeast growth
under superatmospheric O; showed contradictory results. Jacxsens e &f. (2001), found a
reduced growth of Candida lambica while a simulated growth of C. guilliermondii and
€. sake under around 80 kPa O; at 8°C was reported by Amanatidou er af. {1999). Yeast
growth can be reduced or stimulated under high ; levels depending on the species or
strain and their sensitivity to high O; {Van der Steen er al., 2003). Allende et al. {2002),
reported yeast counts higher than 5 log CFU/g after 3 days at 4°C on mixed salad stored
under superatmospheric O; MAP. For FC melon, high O; levels kept the initial colour
and firmness retarding anaercbic fermentation better than low O; concentrations. In
addition, yeast growth was delayed {Oms-Oliu er @i, 2008b). Related to residual effect
Zheng et af. (2008), found that berries kept in 60 to 100 kPa O; showed inhibited decay
and, after additional 2 days in air at 20°C, treated fruit also exhibited less decay rate,
suggesting that high O; levels had residual effect on decay control.

Linked to the response of FC wvegetables to high O, Jacxsens er al. (2001}
reported a low sensitivity in grated celeriac and shredded chicory endive. In 3, 80 and
053 kPa O;,, grated celeriac reached 120, 97 and 124 nmol O; /kg s respectively and for
shredded endive the RR was 20, 107 and 132 nmol O /kg s also respectively. In
addition, exposure of shredded carrot to 30 kPa O; + 30 kPa CO; showed an accelerated
C;H, production, possibly as an injury response at 8°C after 2 to 3 days { Amanatidou ez
al., 2000). Escalona et al. {2006) reported a higher effect of CO; than that of G; in the
RE of FC butter lettuce. A level of 10 kPa CO; reduced the RR and when raised over 20
kPa C();the RR increased probably due to a shift to anaerobic metabolism. At 20 to 100
kPa O; and 1, 5 and 5°C, the respiratory quotient was about 0.7 to 1. In FC carrot stored
In initial 70 kPa O, the RR expressed in O; consumed was 3-fold higher than under
mitial 2.5 kPa O; + 7 kPa C(}; as a consequence of oxidative processes. By using low
permeability film a rapid depletion of O; and accumulation of CO; was obtained under
initial low O concentration {Oms-OHiu er al., 2{{8a).

Few reports indicate the effects of elevated O; on enzymatic browning. From in
virrg studies of PPO kinetics, the main enzyme responsible of browning, it seems to be
that the substrate concentration as well as the O, level had a clear inhibitory effect on
the reaction rate. Moreover, the Inhibitory effect of O; was more evident at low final
product concentration {(Gomez er afl., 2006). /r vive studies showed that an atmosphere
of &0 kPa O; + 20 kPa C0O; delayed browning of shredded lettuce under MAP for 10
days at 3°C compared to air {Heimdal er af., 1995), although it 1s well know that
browning susceptibility 1s highly cultivar dependent. Jacxsens er af. (2001} found that
low O; caused a reduction in the enzymatic browning in FC vegetables since O; 15 a
necessary substrate for the reaction. However, high O; atmospheres were more effective
In reducing or inhibiting the enzymatic browning of Iceberg lettuce, radicchio and Lollo
Rosso lettuce. In the case of FC bell pepper, 80 kPa O; combined with 15 kPa CO;
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maintained the main sensory quality attributes and inhibited growth of the spollage
microorganisms and Emterobacteriacege {Conesa et al., 2007ab).

In the case of shredded Iceberg lettuce Heimdal er af. (1955} found that under 80
kPa O; + 20 kPa CO; browning was higher than under moderate vacuum MAP. For
Spartan apple, Lu and Toivonen (2000) reported that a pretreatment with 100 kPa O;
before cutting reduced surface browning, flesh softening, and off-flavour in slices. This
inhibition of browning was associated with retention of cellular integrity.

Regarding sensory quality, acceptable scores were found in FC spinach leaves
treated with 80 to 100 kPa (O, + 20 kPa C(, compared to low (3 and high C(3,, where
the spinach was affected by fermentation {Allende er af., 2004). Beneficial effects of
superatmospheric 3; have been reported for shredded chicory endive and mixed
vegetable salads (Jacxsens er af. 2001, Allende et al., 2002; Escalona er al., 2007).

In addition, FC carrots stored in 30 kPa O; + 30 kPa C(; had similar or better
guality than those in | kPa O; + 10 kPa CO; after 12 days at 8°C. Therefore, FC carmrots
could tolerate high CO; levels in combination with high O; levels, and this innovative
MAP can be used for keeping their fresh characteristics and lowering microbial growth
during shelf-life {Amanatidou er afl., 2000). FC butter lettuce kept a good visual
appearance with 73 kPa O; + 15 kPa C0O; after 10 days at 7°C, reducing cut surface
browning and loss of freshness {Escalona er af., 2007). Spinach leaves kept a better
appearance when stored at higher than 50 kPa O;, delaying anaerobic fermentation and
increasing shelf-life when compared to atmospheres with 0.5 and 25 kPa O, {Magalhaes
et al., 20(007}.

5.6. Innovative gas treatments

Packaging under non-conventional gases like Ar, He, Xe or N;O has been
proposed for improving quality of some FC plant commeodities. Those gases may be
chemically inert, but they had some antimicrobial and/or physiclogical effects, although
it did not appear to be through modification of enzymes activity {Gomy and Agar,
1598}, In fact, it has been shown that an Ar-enriched MAP reduced microbial growth
and delayed quality loss of fresh broccoli and lettuce {Day, 1996; Jamie and Saltveit,
2002). In that way, a patent registered the use of Ar in the preservation of cut and
segmented fresh fruits {Powrie er af., 1990). He or Ar-enriched atmospheres might
modify the Oy, CO,, and C;H, diffusion in some commeodities (Burg and Burg, 19635).
Certainly, low ; atmospheres combined with high Ar, He or N; had different diffusive
characteristics because both Ar and He are monatomic gases and are smaller in size than
the diatomic Nz {Jamie and Saltveit, 2002}, It has been found that 30 kPa Ar + 2 kPa (O
did not delay the accumulation of phenolics in FC lettuce, or the loss of chlorophyll
from broccoll florets beyond that of low O; atmospheres made with He or N; {Lougheed
and Lee, 1991). According to Sidorkin er af. {1989) there was no difference in the
viability of cells, the uptake of sucrose, or the density of tobacco suspension cultures
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grown for & days in 21 kPa ; and 79 kPa of Ar or N2, On the other hand Xe showed
good results on forming clathrate hydrates {crystalline water-based solids) under 1.5
MPa pressure in preservation of asparagus and cucumber, but the high cost may limit its
application. 5toring asparagus spears at 4 °C under 1.1 MPa mixture of Ar and Xe (2:9,
viv) for 24 h extended thelr shelf-life compared with a conventional MAP of 3 kPa O; +
3 kPa CO; (Zang et af., 2007).

N;(} has effects as an inhibitor of C;Hy production and RR on fruits {Benkeblia
& WVaraquaux, 2003; Palomer er af., 2005) as well as a fungistatic agent {Thom and
Marquis, 1984, (Jadir & Hashinaga, 2001a,b). N, has 77% solubility In fruit cell,
although its absorption in tissues 1s completely reversible {(Gouble et af, 1995).
Therefore, N;O have a direct effect by extending the shelf-life of these products.
Inmovative MAP of 90 kPa Ar + 3 kPa O; and 90 kPa N:0O + 5 kPa C(}; were used with
kiwifruit slices at 4 °C for 12 days in comparison to air and N;z-enriched storage. MAP
with 90 kPa N, maintained the best quality of slices, delaying firmness loss and
browning in pericarp and core surfaces. Slight medifications in the most important
discriminated quality factors for the slices under N;O-enriched, a rapid quality loss for
air and Nj;-enriched atmosphere and an acceptable quality in Ar-enriched atmospheres
after 8 days at 4°C were found {Rocculi et &, 2005). FC spinach leaves fertilized with 8
or 16 mmol N /L under a floating trays system and stored under N;O-enriched MAP
showed after 8 days at 5°C a reduced microbial growth, with good sensory quality
preserving  the total antioxidant capacity, phenolics and chlorophylls content
{Rodriguez-Hidalgo er al., 2010).

5.7. Conclusions and future trends

The food industry is now seeking altermatives to chlorine which may assure the
safety of FC produce and maintain the quality and shelf-life, while alse reducing the
rate of water consumption during processing. Sustainable strategies that would allow
replacing it are promissory. Chlorne dioxide, ozone, organic acids, peroxyacetic acid,
electrolyzed oxidizing water, UV-C and hydrogen peroxide are the main alternative
sanitizing agents that gained interest in recent years. The effects of these disinfecting
agents on the microbiological, nutritional and sensory quality of FC produce, and also
the possible environmental impact and the potential on minimizing water consumption
rates in the food industry are aspects to be elucidated during the next years. The
potential and limits of these iInnovative sustainable techniques must also be well defined
and included in the regulations.

It 1s worth to mention that genetic cv selection must be oriented to slow ripening
and senescence rates, with low C;Hs production and/or sensitivity, improved firmness,
good adaptation to minimal processing and enhanced antioxidant systems.

Application of a sanitizer or a combination of disinfection treatments does not
mean a sanitation program. It implies much more effort, from a well designed integrated
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production, handling and processing to proper distribution chains, respecting low
storage temperatures and optimal MAP. In that way, food safety hazards associated with
FC produce must be clearly identified. It should be taken Into account that the produce
moves from the field through the processing plant and then to the consumer’s table.
Consequently three highly important sources of contamination -microbial, chemical and
physical - may represent a health hazard. Procedures like HACCP together with a
specific action plan should be developed on each case in order to 1dentify and control
any of these hazards from entering the handling process.

How to interpret microbial results and which standardized procedures are best
for consistent microbial analysis in testing FC produce must be a top priority.
Consequently, new techniques for microbial detection like PCR and qPCR have to be
promoted and fitted for different crops and handling conditions.
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Table 5.1. Alternative sanitizers to chlorine for fresh-cut fruit and vegetables.

SANITIZER COMMODITY

REFERENCES

Peroxiacetic acid Melon

Rodgers et al., 2004, Rocha-
Bastos er al., 2005, Silveira er af.,
2010

Carrot, lettuce, leck, white
cabbage

Ruiz-Cruz er ai., 2007,

Yandekinderen er af., 2009

Tomato, sweet pepper,
cucumber

Alvaro er al., 2009

Rocket

Martinez-Sanchez er al., 2006

Fresh-cut potato

Beltran er al., 2005

E=carole, lettuce

Rodgers eral., 2004, Allende er
al., 2008; Lopez-Galvez et al.,
2009

Apples, strawberries

Rodgers et al., 2004

Chlorine dioxide Cabbage Sy eral., 2005, Gomez-Lopez er
al., 2008
Lettuce Rodgers et al., 2004, Sy er al,
2005, Gomez-Lopez et al., 2008,
Mahmoud and Linton, 2008a b,
Lopez-Oalvez er al., 2010
Carrot Sy et al, 2005, Gomez-Lopez et
al., 2007
Strawberry Rodgers eraf., 2004; Mahmoud er
al., 2007
Melon Sy et al., 2005, Rodgers er al,
2004
Apple Rodgers et al., 2004
Faba bean Artes er af., 2007ab
Chard Tomas-Callgjas er al., 2010
Lreen pepper Han et af., 200!
Hydrogen peroxide Melon Sapers and Simons, 1998; Ukuku
et al., 2004, 2005
Lettuce Gopal et al., 2010

Green bell pepper,
cucumber, zuchini

Sapers, 2003

Citric acid — ascorbic acid Chinese cabagge

Kim and Klieber, 1997

— calcium Melon

Luna-Guzman er af., 1999,
Aguayo et al., 2003, 2007
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Lettuce

Martin-Diana et al., 2006a; Olmez
and Temur, 2010

Green celery

Gomez and Artés, 2004

Cilantro Allende et al., 2008
Electrolyzed water Carrot [zumi, 1999
Spinach Izumi, 1599
Bell pepper Izumi, 1599
Potato Izumi, 1999
Cucumber Izumi, 1959
Lettuce Hua er zf., 2004, Koseki et af.,
2001, Abadias er ai., 2008; Rico
et al., 2007a
Alfalfa sprouts Kim et al., 2003
Cilantro Wang et al., 2004
Mizuna leaves Martinez-Hemandez er af., 2009
Steamer jet injection Lettuce Martin-Diana et ai., 2007
Biological compounds, Lettuce Lopez-Galvez er al., 2009, Xu er
natural microbiota and/or al., 2007, Martin-Diana et al.,
their antimicrobial 2008; Gutierrez et al., 2009
compounds Cucumber Xu et al., 2007
Apple Lanciott et al., 1999; Leverentz
et af., 2006
Carrot Dutierrez e af., 2009
Cabbage Barl et al., 2005
Broccoli Bari er af., 2005
Mung bean sprouts Bari et al., 2005
UV-C radiation and Spinach Artés-Hemandez er al., 2008;

intense light pulses

Escalona eral., 2010

Zucchini squash

Erkan er af., 2001

Tomato Lu eral, 1987, Liu er af., 1993,
Robles er al., 2007

Strawberry Marquenie et af., 2002; Allende et
al., 2007

Lettuce Allende er af., 2003a,b, 2006;

Gomez-Lopez et al., 2005

Pomegranate arils

Lopez-Rubira er al., 2005

Bell pepper Artes et al., 2006

Mushroom Oms-Oliu er af., 2010

Watermelon Fonseca and Rushing, 2006,
Artes-Hemandez er al., 2010

Ozone Lettuce Baur er af., 2005; Ricoer al,,

2006 Selma er al., 2007; Olmez
and Akbas, 2000

Apple Skog and Chu, 2000

Orange Skog and Chu, 2000

Table grape Sarlg et al., 1956

Tomato Aguayo er al., 2006
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Melon Aguayo et al., 2003; Sllvelra et af,
2007, 2010, Selma er af., 2008

Spinach Klockow and Keener, 2009

Celery Zhang et al., 2005

Potato Beltran er af., 2005

Superatmospheric oxygen Mixed salads Allende et af., 2002, 2003,

Amanatidou et af., 1999, 2000

Carrots Oms-0liu er af., 2008a

Bell pepper Conesa er al., 20006, 2007

Table grapes Sanchez-Ballesta et al., 2001

Strawberry Van Der Steen et al., 2002, Zheng
et al., 2008

Melon Oms-Oliu et af., 2008b

Innovative gas treatments  Asparagus Zang et al., 2007

Apple (Jadir and Hashinaga, 2001

Guava (Yadir and Hashinaga, 2001

Mandarin {Jadir and Hashinaga, 2001

Persimmon {Jadir and Hashinaga, 2001

Strawberry (Jadir and Hashinaga, 2001

Tomato (Jadir and Hashinaga, 2001
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OBJECTIVES

The current research work is focused on keeping quality and food safety during
postharvest handling, processing and shelf life of fresh-cut leafy greens and whole
tomato. Chlorination with NaCl(}, as an industrial disinfection technigue for plant
commodities, has been forbidden in some European countries and this may lead to new
regulatory restrictions in the near future. Different issues such as dangerous by-products
formation, poor efficiency in some commodities and gas emission, which can affect
workers and consumers safety, are related to its use.

In this Thesis, an integrated perspective of food preservation where strategies to
keep or enhance quality and sensory attributes of vegetables are combined with
strategles to maintain safety has been the major approach to address, develop and solve
the raised problems. The research work focuses on the evaluation of new emerging
alternatives to replace chlorine in the fresh and fresh-cut produce industry. These
Integrated preservation technigues include the use and optimization of altermmative
chemical sanitizers, physical pre-packing treatments and design of an optimal passive or

active modified atmosphere packaging.
The specific objectives of this Thesis are:

s In baby leafy vegetables:

o Evaluation and optimization of altermnative chemical sanitizers (Cl(,,
acidified sodium chlorite, electrolyzed water) to chlorine and its effects
on microbial, nutritional and sensory quality during shelf life.

o Bvaluation throughout shelf life of innowvative active MAP treatments
fenriched atmosphere in noble gases, superatmospheric oxygen and
nitrous oxide) on the overall produce quality.

o EBvaluation of the use of a UVY-C radiation pre-treatment and In
combination with passive and active MAPs In quality changes
throughout shelf life.

o Potential risk assessment of cross contamination by Safmoneila enterica
and Escherichia coli O15T:H7 during fresh-cut processing by using
chemical sanitizers.

o Study of the survival and distribution of £, cofi from production to retail
distribution.

s In tomato:

o Development of scientifically-based critical operating standards for Cl0;
In postharvest washing of fresh tomatoes.

o Evaluation of the influence of water quality in Cl32 effectiveness to

Inactivate 5. emterica.
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Innovative active modified atmosphere packaging improves
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1rehm being soored an the Wit of nseobiey. 0 concusion, He and O enriched MADPS are usefal ools in the
B axide peeseriation: of fredterst Best UChand opaliby

o 201 Elsewier Lidk Al g lits resesvend.
1. Imroduction available and not complzeely chear. <hang, Zhan, Wang, and lang

The currznt lifestyle with litdle time o prepare a corvenizonmesal
Al 1o Diave a Lalanced diet Bas coeated a ey Bind of consunes who
dermands fresh, healthy ard ready-te-zat products, Fresh-ous vege-
rahlzs are prac neswkich firwrirhin th=new consnmerrrends: Sewveral
stwcies Pave reporied the nariticnz) conients af these iresh leaves.
Py, Leely Logendiac, and Bosenl (2004} reporied e antioxddant
activity 2nd phenolic compounds of Swiss Chard exbracts as a good
dierory srawree nf phenalic antnsxidanrs inaddicion, Chare i rich in
witarmn CLGIlL Feoreres, & Tomas Barberda, 1958, Moo convenional
active MAF 15 a novel techmgue fon packagag plant conumehines
which replace the criginal atrmospheric ges partial pressvre with
frotie gaacd (He Ar or Xed, nitrous aside (A0, Mo or superalro-
spleric Oy concenurations that might ke Lavourabile Tor kesping i
qualiby {Artés Odmez. Aguaye. Escalona, & Attes-HernZndes. 2008
Thaafacts of s peratriospheric Oy MaF angualing changes in several
leafy vegraables have been reporied [Alende, SAguayo, S A&, 2004,
Antgs & Allende, 20053, although it peeds w be cupported By more
rezearch, Little informaton abowt the eftects of noreccnveniwonal
WAF on Bresh-cir baby Jeaves an overall and micrabial Guality is

*UAPPRLRARE IS T TRLY 434 5Ol S M S 3s Del 315834
B il oo [rorres hoeodaponss (B Ames Beond rdea)

D02 R-CATAE = e Front matber © 2011 Eleawiar Lid. All rights resenead.
abiee: TOECER g P 2T LOTHI20

|'l}'l',l’. A1 have showwn thas %rbrl'ng ASPANTZAS Ipears with 11 M
tnixture of Arard X 2:6, vy for 24 har 42 C exended their shelflifs
cormpared o g comventionzl VAP o addicion, te effects of N2 as an
inhibicorof Gl Ly prodacden and B Malomer, Boig-Villanova, Lrima-
Caken dVendrell, 20051 axwellas on fungizmric pffertor friirs haws
heen demonsorated (Gadir & Hashinaga, 2001 Redriguez - Hitdalgo,
Aries-Hendides, Cones, Frinandsz 8 Aatgs, 2010) The wljective
of the present work wai to evaluate the effect of four por=convens
i Al aerive WARS {100 W2 6y, 100 Wi e, 300 kP B ane 100 e
W20 of initdal gas partiol presorss] compared ooa conventional
pascrye WA on cverall qualily claspes of ash-cul Ked Chans saly
leaves during shelf life. To the best of our knowledge, this iz the first
TepWeT I sy Hhee et in qualing changes of He anad MoO-enncked
aumuupheres of fesl-col Bed Chard,

2. Materials and methods
A1 Bt materisf

Balzy Red Chand [Beta vulgaris var opclad leaves werne grown in
Mredliba s anean Cliuate (UL, Span; and Ui amcally Darvestedl
27 a commmercial developmen: stage. iImmediately after haruesting,

theleaves were transponied tothe Tochnical Universicy of Carragena
whnere they vere pra-coolad By aie al 5 O anti] furcher poocessing,
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22 Sample preparntion, treatments dmd storage conditicns

Baky leaves were hand processed in a chean roomear 8=C 2nd thase
wilh clefecx were discarced, Red Clard leaves were praveashied] for
1 mm with tapowater al S50 dor acive aon-comventierat MAF treal-
ments, the leeves were wachad Intapwarer for 2 mdeac 5=, while for
venliol eatsuent (hey were washied wilh ohloninated saler
10 e L ! MCIN) 20 5 0 bar 2 o, Alier washung, leaves wera
ensee by mmersionin tapvater al b U lor T, anc then wene spin
Ariog o clrinzre prress water Ahoar 40 & of Bssueswets placed In
pudypiprlane PP tags of 1500 ml capacily and thenmally sealel
with a k- orrentec PR {HOPP) PR oo d el Semars S0, Moo, Spaind
For control, a 4€ wm thickness ROPF 1o generate a passve MAF was
werd, D, TR ard 00T ar 23 °C amd 0% RH was slmilar wirth
800 cnr m 2 d b oaom U oand WVTR ar 23 °C and £5% RH was
D7 gm o atm ! [elata provided Lae the sapplier) Feor o=
senventicnal active MAE treatments initialby cormpased of 100 kg of
Iy, He N.,_ anrl Mﬂwwpaﬁayed inalteases, rhe rrayt{uprpl:lprmzlly
sealed al che lopowicha 52 um thickness BOPP just afver Hushing the
Luipesponning gas wichin packages, 0;TR 204 CO;TR a0 23 °C ane 0%
L wezs similarwith SO0 em?m 44 U am Vand WyTIae 23°C 2nd
KA RH was O S o il Yarm ! tdaia procvided I the sapplior], Five
veplicates of woe Daske per Creatmen! and storage e | processing
dayarid alter 4, o oarnd Bdays Twere prepaved aid stoved at 5L

23 Analyscis ond dererm!inarions

LT Kesprraicn rale and gos composiiion wilkm packages

The BR of the leaves was determined ar 5 °C bw vsing a closed
spatern, Three replicates of 200 feaves were placed weithin 750 ml
lass jars ar 5 *C up w 8 days. The increases in OO were monitorsdl
almestdaily starng at 2.3 b alcer having closed the jars. Headspace
g8 samples {1 mL}were withdrawn frorm the jars with 2 gas-tight
syringe and analyzed in oA gas chramatagraph (GC; [Thermo Fin-
nigan Trace CC Milan Ialy ), eguipped with athemmabcondoctivity
detector {150 ) oven [ramp frem 40 o &0 °C) injector (1530 °C)
aned Pernpack-M-80 0 eabimn He {20 mEmin ' was the carrier
gas. I order wawnkd OO acoomuolagier: and to maimzin 2 high BH
willin jun s, o condinuous Do of 36 ol con ¥ of hmidifed air wiis
applied batween each obesrvation, Gas composidon (L, WUy and
Nz;-wi:hirl Fﬂrkag-q s manibered mprn.—figinz e‘l.'l],.l and aftérd, b
aned & days of soraze. Headspace zas samples (0 ml) wene with-
v o fhe packages using 2 gas-tight syringe auel atalyzed in
the G 1 and M0 partial pressares were caleulated a2 remaining
partial pressurs after acdimg Oy, OO and Wy Three replicar=s were
made fr each ireatment 2nd evaluarion period.

232 Colouwr

Leal ealour was measured at three points cn (he apper side of
leaves vsing = compart frstimohs colorimeter (Mincla CR-300,
Fanmmy, ML Q5AY wilh ane 8 oo dianne ler vy aperlure and
2 white plate C refersnce | V=843, x = (13142, y = 03217, standard
CIE illaminant, 2° sheerwer] Yaloes were expressed as Himter
lightnacs, cheoma and hue angle pormetare Ohssrations wena
made on thirty randomby selecoed leaves. All treatments were
replizarad three rines.

223 Microbinl anolysis

Standard enumeration methods were vsed to determune the
microbial growth, Thres random samples were Saken an 2ach 2val-
watier cime, Temgrams of leawes were homagenised in S0 ml ol sterile
bufferad peplonz swater (BPW) (Schorku. Chemie 58 Borcelona
Spain} for 7 min i a steile sonuxchen bag (Modsl 400 Baus 6141,
Lenden, U vang a Mashcator { Colwiort Stomacher 00 Lab, Sevaar:d
Medleal, London, UK. In ordere to dotermire the enamerzclon of each
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muerobial group (mesophilic, enterobaciens, pawchrooreplac, veasts
anwl monlds’, ren-field diludon series viere prepared In 9 mi af B
The following media and incobation concitions were oscc: plate
coul modified sea (Schadan Chemis, Barcelona, Spain) for meso-
philicand psychrotrophne acrobic bactens, ncubatec at 30 “Ulsrdh
andl at 5-Cller 7 days respoavely; vinlerred bilo dexirases agar [ WVRBDY
(e lan Chens e, Baeeloma, Spai] for enicrobaclesia, iocckzied al
FFSC e A8 hy and profaba dextross agar bage (harlaa Chesme,
Barcelonz, Spam Paath oeytetracychne { 0 mg L' 1 S igma Uberucal
Can, S bme, W0 0150 ) faryeazms and metled 3 Incobared for3-- 5025
Al 22 =0 Al mierobial counts were reporizc as e coleny Tonning
wnicE per zram{ log CRF g ! A The présence of dainaielia s, Listeia
monocytogemes and generic Excherichin coli was also svaluated
acerrdiv ara ke Flfeglslarinn for fresh-rareegershies [Reanlarion FO
A AN0OT. 2007, All analyses weere mace in miplicase,

S, LEnEery evelustion

& weven pereon p.:mPI [:lgerl ?d—ﬁ?} rraines - in SPNENTY ) |a|i|:!.r
analyses performmed the svalusdon, Belone runming (he experimenis
v s was wached Deooeen e panellics in ooden (o sebect
thiose atrrbutes that better describe sensene changes. Sersory sval-
nariom wot ewalnated nnproroscing doy and afterd @and & days at
5 7€, Dl vion, wow miog, ofF ocdoars aond off- Mavou s vsere sooial
un g fwve-pot Soale ol daitage mombence and sevay 1 = e,
2 —alighr, 3 = moderate 4 — severe and 5 — extreme] Visal
appearance and averall qualizy was cvaliaced by using a nine poine
seale 1 = sxtremmely poo, 5 = G Baicof usanilily, 8 = axcellaci).

215 Chiorophylt coment

Far e preparation, 25 g af leaves from cach Deatment were
frozem in liguid Mo, grinded using & mincer (R4, A 11 basic, Berlin,
Cemmany) at 28,0005 bor 13 5. and stored at 80 "L, The sample
preparation for chlarephyll determination was conducted accord-
gt Smith & Beniter (1955). The toral chlorophy ] pigmens were
extrocoed witk hexane. & 0.5 @ samplz of Frozen shreddad leaves
weas mixed weh 8 il of haxane and 13 mbL of 2 musture of meth-
anclacetone [ 1427 The exrraction was carried aof for s hars =Cin
darkness. Then the samples were shaken 20 300w g every 15 min by
using o vorber Vel Screniifica, 25 Mo, laly ), After incalation,
Zomb of T MoNacl was adeled. Subsequercly the samples ware
shabeny again and then esntrifigad for 30 min at 2800w ar 40
Afver cemirifuzation, © mLoof (he supernatant was pipeted ino
4 gty covette (Hedlie CmbH & Co, MOlheio, Gennany . Thee
equations developed by Wallburn (1554 were weed 1o detsrmine
the individial levels af hath chlornplyll @ (Chl 6} = 005
Aoz~ 0.TBE Agqq and chivrophyll b {CllB) = 1637 Agqq ~ 514 sy
where (il Giluropbylls anmunt was caloalatzd as Chl u+ Chi b,
The abserbance {A) at 662 and Gdd mr was measored using
a UVovigible specirophotometer (Hewlel Mackard, madsl 5453,
Calumbia, RAY Chlormphyll comient was @ pressed s=me Chl ke !
Draslewenghel [Jw e Al s umeanenls were pade meloplicaies,

236 Tored phcnddics content

Fromen samplies of 0.5 ¢ wene homogenised witls 5 mlof meth-
anclywater (11 vivban an Ulraturras Janke % Kunkel, lka-laber-
vechnik, Canmany} al 24,000« for | i Nexr, the ubes wens
placed an an jee bed, in dartkness and were Famogenized with
i vorlex at dme emo, after 30 min and after 1 b Afterwards 2 mb
sample was transkermed m £ « 2 mL zppendorts and centrifuged at
S5y For 10 midn 2t 40, The 2upernatant wias used as an sxract
for wack sample The ampomi of wial phenolic compounds was
determined as described previously by Singleton and Bossi(1965).
A 100 pl aligquor ol sxract was mized with 1500wl of Folin—Ciocalteu
reagent 1w dah e with il Qswzter ) andincaoated for 1
befors | mL of 75 2 L lendium carborats (2% wiv) + MacH



1432

VIR vl was added, Ths musture was then meabatsd Tor LG hoat
rom emperaare In darfdnese meazurdng the zbzorbance at 565 nm
(Hewler Packerd 8452 0% Vis spectrophotometer. Colambia, 1SAL
Todal phenvlics convenl wos expressed e chlomesnic acid eguiva-
lents (ChAE g kg | foe Allextracts wers analvied i tripheates.

230 Viemdn O oot

Wikarmn € content was Cererrmimed acconding 1o Che roetlosd
desenbed by Wnght and Kader {1997) for the delenmnation of
aserrhle () and detvdmascorhie (DHAA) adds conrerr by HEC
T grane el e grovnd Teoves wess added 1o 10 kol s o
Fedinmn 192 2L ' amic acid 05 5L T etindene diamine tetraacetic
acid (EDTA) disodivrm salt, Z0mLL ' methanol and LGB g L ' WaF).
The migroee was then direrdy hamazenlzee fae 30 5 ordoe rsing an
vhrararrax (ka-Werke, Sraufen, Cermany) and filersd thmougk
cheesecloch The fillszce was collected and centsifuged at 10,500
for & mir ar s °y {lleraeus [resce &1 Therme Clectron Corporaticn,
Germang) The filrate was adjused o phe 235240, fodhed
rhrugh an acivaced Sep-Pak C18 anridge DWaiers, Milfor:d, WMA]
and the: filtered tueugh & QA3 g Gilber, Altenwands, Ll ol 7.2-
phemylensdiamine dilwedrochlorde (OPFDA] sohtion (3% me
I mi ') was added mo % mil ewtrace for dolyd masoarhic acid
dleriva zaticn e the lowaphoe 34,2 dilydrosyetl sy o 3.4
b e saline-"-ome (DFDL Alter 3¢ on o daskress, Che sanples
were analyzed by IWLC {Agilerc 1200 Series, Dedin, Germany] The
HPLL system was equipped wich a diode armay working ac 267 nm (-
ascorlute ) aad 3B o {dedydroasonnaiel Duplicares of 20 pl. of
each extract wers injected Gsing a slationery phase mto 3 reverse-
pheee C16 p=Dondapak OC5=55 (10 pm} sreinleas sreal calurnn |5 wm,
A0 e 300 mm) (Waters p-Bondapack, reland ] and & goard colame
(riudeos] 5 pm 100 &% The Now rate vas fixed oo 1 mLmin ' at
25 °C Standards of w-ascorbate and dezivdroascorbate [Aldnch
LChemical Co., Berfin, Lermany] whane uzed. Total vitamin L canfent
wiag calonlaced by acdding A + DHAA and resolis wene expresse:d as
g vt C ke ! fe Al extracts were anakyzed in triphcaces.

2d sbersbeal analyag

Tlee enperimest veas a 5w o Lifoctoial desigo {MAP reat-
ment o+ storage e} which was analvzed using comparison
AMARE Hreatments carried pros miwed and II,':l'F"J""i ml!la"qﬂe
omrparismms af means in Sizdsdeal Analyses System 920 [SAS
Testitote, Carw, NE USAL Stesical significance was es abbislned
when p -2 WG All data was previoushe evaluatesd e normality ansd
homnegercing of variancs using tha ]'Icr!!niu.ari;ll;e flwtinn nf SA%

3, Resulis aud discmssion
3. Respiration rate angd gog composition withisn packiges

The BE il Ked Cliand baby leaves was 2035 g QU ky That
5 7L Thas rate wis within the range reparted tor matore Chard by
Canteacll. Rewaelo, Mie, arid Rabateky (AR ), wihere 85 105 and
At 4 35 me O b U hoar € and A6 5C recpeciively woe
okserved, These ditterences in BR ray be due to genotype. cropping
systeims, envinonmental conditions, physiolecgical srage at harsest
angl sinrage coneditions

The initial cas partic] pressures of passive MAF (Fie. 1) were
2L kP Oy and 0003 kFa OOy balanced wath Mo, As s pecied, due to
the rezpiratary activity of leaves and the film permeability, the ()
pariial precars decreased and ihe OO, ircoreaszed. Consequently,
15.8 kPa Oz and 4.8 EPa COa within pockages afver 8 days at 3 “Cowere
ronitcred, This acailiian of pactial pressures could be considered
as recommendec, for resh-cut bay beal wegelables al 5 "L | Artes-
Herrdndez, Escalona, Keblez, Martdnez-Herndndez, & Arcds, 200
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Hg. 1 U changes (@00 200 of fesheat feed: Cherd stored under padsive SMar
dimieg sotage ar s U Eetar bass show snandand deviaren (520

Kivoly, Tibaldi, B Foutan:, 2008% In Oeenuiched MAP Deatprent
(Vg 24], gas parrial prezsvres at S “Creached b—7 kla 0Oy and B2 ks
7 halanred wirth b afier Sdaye This slighe diference on O partial
pressune Letvveen passive and soperatimosplenc MAP veas niaindy
v L e Feliy s, ol D a Liovowers prer novea Dy a6 ads ool
e cavsed by the high Oy levels which covld increase levels of the ki
wirhin pockages (Escalonz, Verlindon, Geveen, & Micolar, 20050,

My -aariched MAP (Fig 3R) mainizined irebly levelthoonchoom tha
shelt libe over 83 kPz and the &y partial pressure belowe 1 kPa. In the
He-enrichad WAF treatment | Fig 207 He partial précoire progres-
sively dearsazed wirhin packages 020 kPa aiter B days at 5 0 Such
Toes of partial pressure was faster than that momitered for the other
actwe MAP weammens. Thes can be atinioutec to the gas perme-
anility of the film, the small malecular size of the atory (0005 nrm
acomic mae iy} and che higher differsence in He pandal pressunes
inside and ontside the packoges. As expected, the peneral elfed in
gas changes hor Dotk gas parhal pressures, was (o compensats
differances S achicwe a 225800 2 Aquilibnom within packagss. The
differapes of MNa0 parial presaore havwesn ingide 2nd coiside e
pachaze was ol high, Howewer, HoO-eniched MAP kept i MNa0
Teval througheut the shelflifz over 95 kFaiFig, L0} Although Heis an
iners manatemic gas; with small atamic ¢imendiar and o ealin-
pilicy ir plarc cells, Mo0 hasa mud bigger molamalar Cimer sier and
T wilubility inovesetable cells [Gouble, Fah, & Soadain, 1095}
which explains thie ehavioun The Oy partial pressure was 3love
0.3 kFa for all treatments threvghoutshell like, the theorstcal limit
Tar aernhie respiradon (Salneedn 2903)

32 Coloor

Changes in colowr parameaters ane showr in Tablke 1. Shght
imeteazes in ightness (10} during shell Be were Gond as a generl
trend for ol racmmerts. Mal-anriched AP chovesd dhe masimorm
mcreasz in LY value atter & cays ab 5 "C wath 11% ot the value
monitored an the procesing day (3432 & 200 In the remaining
Ireatments, increases between 7 andd 98 reganding (he initial value
were found. While sirnificant dilferences amons treatments and
storage time were bownd, LY diltererwes [ower than 3 units are nct
detectable 1y the human aye This is conzistent with sensory
resalts, wihete no differcnces in cerms of visual appearmance wiers
detected. Boceul, Romani. & Dalla Rossa, 2000 reported fhat the
Destoclowr maintenance for fresh-out kiwifoail in terms of L value,
wis an actmee MAF of ibal 90 kHa NaU S kPa i and 5 kFa G,
This effeer could e a conssqioenee of an Indirocrenzyme Inhiblory

84



Chapter |

A TGl ed ol EWT - Bo! Boierme wan! Teeionubopy 34 790100 #000-0008 428
Wil B e B - _
v e T
——
4 - --.._H_I
”
= Al ”
= - i
id
-
& e il ) - PR
" o — i e e —
11 ".‘- T _—
. T B S
o
il T
¥
g L
4 "
\-‘ ~
m g
" e el T — " —
u F 9 - ¥ w & a L ]
Trars Tavs

Fig. 2. Caschangts (0 D00 w tapesstomsp et gads b fresk-mif Sed Chand chived sinder active Da AL Mo (08 He 050 oo Mo [0 RIAP disring tacage st 52D Al weries are

malamoed wath My wher ane prnterl Eroor boees 2oy andil devestine (50

client of ol The ionitial Chuoame value (0% ) wes 3008 + 50 which
was kepl e shell bie pegardiess Gf MAP lraaime st aned sloraue
tare. sirular behawiomr was lound for Hue angle where values
remalned quice consmant darlng =hell e clase o 1785 -+ 00 farall
Lreatmens (dats oot shcan).

3.3, Sersory svaluziion

Al treaomenis shevsd . a med erate decrease of the averall
sersory quality afier 8 days at 5 °Cobeing seoored as zcceptale for
fresh consurnpbicn at Ehe linut of usabiliby, Mo dilfzrences on visual
ApPEArance amang freatrents wiers anserved. Bed Chard haby
fewas ditl noc show browming, offodaars er off oo thar
enceeced the limit o Bresh conswenption. Slight delgdiation

Tali=1
Ll T Parh e rE LT LT changad Ton e Shed U E Bed DRard stored (des Ak dunng
anmge A T

Lol parasieters gl boes e s Shorawe L
hilial Lay-d Dug & Day §
1=
Fasiive AP &3 I st g
Ha-anriched KAP F i R T g a6
Qgenricked MAT E i I
Hy-erriched AP T T ek a7
Hafie nrichicd WIAP PR 47 a8 Ry
-
Passivy: MAP e Al any 32207
Ha-enriched MAF we o, aEE NSy
L-pAnchod MAF TN S ElTv
Hy-errithed AN md et ey o
MO icdied TIAP . (RCAR: Vi ks kL #

D Ferenk nurhers among eich row denotes derificant diference (5 < 0050
[vi Ferent latter withinewh c2lupn Senotes significant differsace (p o 0051
Wahses aremican of 20 measores,
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syrponis weere found afler 8 days ol 550 i Uxe passive and He
enriciied MAF Crealiments (data ol stownk

3d. hdicrobiol analusis

The initial micranial Ioa:l of all active MAT samples was 4956 oy
(FU g 1 fur aerobic mesophilic saciera(Fig. 34 This resull agress
wath that previously reported for fresh Swiss Chard 1Moreira,
Benira, & Del valle, S The passive WA treatment, disinfecrsd
with 100 mg L1 NaCko, showerl 2 raduction of C67 lop CFLL g
Afbe B clays ot 570 the micrebsal coculs wene 5360 log TR g 1
A% log CFU g T and .75 log CFU g fer the superammospheric O,
NE-Fnrirhé:'I ancl p:{tsi'l.'# RSP rpgper‘ii.nﬂy Reg_;r.‘ling the sontrod
somples, the Og-enmiched MAP showed 2 beneficial eect for
inlibiting the asrobic mesophilic goowdh (133 log CFU g "J. This
inhibitery effect could be related with the texizity of igh Oy
coneentrations o cells (odsrelaki & Mitcham, 20007, which many
inddue: DNA and nuck=oprorzin dameage, 25 well as general proein
darsage in picrwo ganisim Moradas-Faireias, Costa Fipe, B Page,
WG Compared to passiué MAF no agnificant redactions
(7 2 0.05) for He, 1 and Ma0-enmiched MAPY in aerobic mesophilic
growth wene feond, O find ings: agree with thar repored e
Fseskn amal ol (2002 7w winehthe gers bie nesupinhe grovelh on
trasb-cut lsttuceand cabhages under Np-enmched MAF fors dings at
G 20 s mob different fram that under paasive MAT Reganding
Frterharerinean: armaih (Fir. 38), the ividal microbial counes
weerz 301 log CHU 2 "and 379 log LU ! ter the chlonnated
Jpassive WiaF and for all active AR respectively. & <lightinhibitony
effeat of high 0y lewels on Enterchacteriaceas growth dorirg shelf
life weas observed. Berarding concrel, reductions of 0.67 lop OFUg !
and 0.C5 log CFL g ! vere recorded for Og=ennched MAFon days 4
and b, [No differences were faund for the remaining treatments The
dizinfecrimm with 100 mg 1 ' Macler of the passive MAP treatment
reduced che initiz! bad (4,54 lop CFJ o ' 3in almost 2 log CFU o !
fur peyclwomophic. hacteria compared o the oller treatments
g, AL However, shght differznces between passie and He-
enriched MAP thraughour shelf Hie were found. Kescl ard Imh
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g 3. Mesophib: [AL enldmba aria D) payckrophis (O} and yeastard menkds ) aiants (og CFL 5 1l Breshocul Res Chard stored Ui der VAP C@ Pz B0 &by ylie;

ATy AR ATTARS KPS O Uesar Baea dha Stardand devanon (S0

{2002 ddich ot fed differences oo peyehrouephic giowil: in otk
passwe and Mo=snrchec: MAP lor freshecol letioce alter 5 davs ab
5 °C. High He levels Preoured the peyeheaceaphic bacroria srovch
reacliing, 723 log CFF g U aller 6 days o0 5290 As im0 e etber
Lacteria grougs, the minbiiory ailect for peychmdrople growih of
bugh Uy was obzerved. Mo relevant chacges o ysast and moulkd
arowvth weere fond (Fig 300 Uoncerning saimaielfn spp, Disteric
maormicyingenes anl generie F.oooll no celonies were decseced for
anty lreatient o poosssing doy accarding to Begulotion EC 14415
2007 (2007
14, Chlrraphull ronienr

Changes of tatal chlosogligdl (00 2 Cll &) conbent in fresh-ouk
Fed Chard baby leaves throughcut 8 days at s "G are shownin Fig 4.

Fheinitial toral chlarophvll amaont was 494 - L omg Chl ke L
This level was similar oo Chat reporezd (437 mg kg ') by Boura,
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Fig. 4. Tetal chlerophydls contect (rpg €8l kg © bl chagges in feesbcat Red Chard
shored wader BIAN | @ Paksivs, B0 &Nz oy Tle aMeD) during stosage ot 5 °C Srvar
bars shewe standars devialion |50

Cavidoch, and Del Valle (20005 The Chl @ contEni reprasentsd
aronnzl B-H5% of toal chloraphyll cortent for all reaiments, Hes
enrichad MADT showed a bemoficlz] effect for leopinz che oral
el lanephylls comicnt rowgheul slell il wdwen conpered Do Ny,
Mald, Go-wmpriched MAPs and pessiver MAF wind registared 16, 20,
2 and JT% of losses respectivelit Jaime and Seitved (2002] repor-
ferl a hetter chlcrapbyll retention in hroceoli florets Beald far 7 days
a0 18 50 untler 2 kPo Gy and 98 kP2 He than in air sirce He bhas
diffusivicy chaoctenistios which cight enhance gos diffusion and
reduced the concentration gradient of Uz bebweeen the inside and
antzide of o cammadity

26, Toiol phenolics cenivnt

Charges in tofal pobrphensls conbent of fresh-cut Ked Chard
habhy leawes stored p o B days ar 5 50 onder canvencinnal and
imrwrvative active RAP are shown ie Fizo 5. Tsal prenobics conent
ac harvest was 513 g (AR kg | fw, Previous repons on extiacls
frant matiwe leaves of Svass Chard hase shown a content of
BO00mE gallic acid equivalent (GAE) kg ' B (Pyo cLal., 2004) The
imitial amoume At hareest was kept henween the ranges of
SE0—671 iy CLAE kg " b all el enls up A days al 3G
The most remarkable differanoes voers bonnd alter O davs of shelf
lifee ameber He, (O ard My-ennched §APs, whene 93, 80 and 61%
inereasee, rewrding valoes a harvest respectively wene choered.
The wound-uwduced phencmencn m the phenclic metabclism
cold explain this behavicn . Howsver, enoymatic activicies suchas
™ activity sboubd be fested foocormoborate the hypoathesis
Therealter, totz] polyphenol cenvent sradually decreased during
the remamdershell litz, registening atter B days at 5 °C ncreaseas of
25—a% of the initial valuas with the esception af Mad-enrichad
rvacment chat showved a & opedipetion, Dur resolt abavt high O,
effect for incremsing [otal polyphepol content corees with o recent
repurt slrwing Chat higier than 60 kPa Qs increased ol phenolics
m strawbernes stored 5 days al 50 [ dheng, Wamg, Wamg, % 2heng,
20077 Hevwever, cur p2sult on He and Ma-onrlched armesphers: did
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Fig. & “Tvtal polvphencds content (mg CheE kg ¥ ) chargis in fesh oo Red Chand
shimel i MWAP W Fasine, WO Ny v Hep a W00 l,luug;u-.qp-x!'c Ernm
S Wi 1l ml..m.l Uesjativn {300

not agreswith thase réporting that Aol 90 kPa He o 2 kPa ok and
0 kTa My o+ 2 ETa Oy died not delay the phenolics acoumilerion in
fresh-cut letmce stared at 7 °C for 4 doys [Jaime & Szitveit, 2002}

37 Tolol vitamin © conient

Pastharvest lossez af vitamin O are influenced by several factors
suich ng rerperarare, bamiciny, acmosphors phweical damage and
rhilling injory (Moreira er &b, 2003) Large genatypic. vatiation,
it comdilpons aied cudbual pracaes are prebarvest locls
respor sh e for the wicde varation in vk mm O content af frots and
vegelables (Lee & Kader 2000]. The i@l vitamin © centen
(A4 | DHAAY on procesdnn day war 15740 < W0 mo ke 'R
‘Fig . This vz lue wes considerzh iy higher thanthat ot 450 mg kg !
reportad for fresh-cut Swiss Chard (Gilet al., (== This differsnce
ran be attribiated ta different plant material, matority stage, 2ari-
coleral practices, seasom, e, Several authors hove reported that
gven My tertilizers. espeaally at high rates. seem bo decrease the
vitamin C concentration {Moreirz et al., 20037 Fram the total initial
oonters, the DHA A fonm represenced more than 95% and the resi waas
the AA form. Quite similar resuts were found by Gil et al. (1558) for
munimally processed Swiss Chard where cnly BHAA was detected.
This canild we 2s8a0izbed with 2 Righ nsidase adtraity PP, asearbate
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Vitarrdn € (mg virC kg iwi
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Fig. B Tl witamin T content {me it £ kg ' bt changes e fresh-cot Bed Chaed
storad Lrder MAP (@ FPaisive: BCy 4 Yz wHe & MNeCduring storage ot 50, Eover
cars anew standard deviaben (S0
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arklase, cylechrome opdase, and peromidase |10 the extracts, inall
our obrervadons we recorded a progressive decrease of vicamir C
content in all creatments, 2ithough innovarive active MAP crear
wreeni by vesistered Jower vitamin © losses than passive MAP, Alter A
davs at 5 L, the wizamn O losses wens betwesn 8 and 15% far the
acthve MAP trearrments while passiwe MAP rogletered SC% lozses,
Higher redacoions {S0) were observed afler 8 days al 3 50 o all
e e TAPE anel 6% Ton e passve MAE

4. Comclusions

High Up MAF (-85 kHa Ug) showed a benshoal eff=ct by
Tenveering the nanral micenflae: erewsh rhennshanr 7 dzys ar 5 =0
regartivg Lo a ceveniionely disiofecte] coutiol stored wde
pastive MAP Microhial growth for e amd MaD-anniched MAPS was
similar 1o chat registered by the contral Total phenolics content ag
harvesr inceeased diring shelfHife oncer Inravarive He 0, and #y-

enrichied MAPL Such allevuative Ledalnienls  pegisbael lowen
vitaroan C lasses than contrel. Our resales seggest that He snd (-
enmiched MAP are beth 2ificicn tools for keeping overall qualicy of
frezb-rut Red Chard haby l=aves as effective as a conventionalhy
supmbrzen wealment soved under passive MAF
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CHAPTER 2

Neutral and acidic electrolyzed water as emergent sanitizers
on fresh-cut Mizuna baby leaves
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The effects af df lar ienmgl = e fhleree mence | and aeidic ela-r,tml_g'r.e.f v ater (W 2 AR
i e warlio anl Jlsinle o sk, vn guality golibuce sl duing shell e ol Desbou
miguria baby leaves were studled Physolegical. numitional, engymatic sensony, and microbial changes
thronighont 17 days al %o wers momiares Beso! iswere conmpaced octhose reached withee convestinnal
Bsdust e e o 100w L' NaCks at pH 8.3 and wit]ia cunteolwe i witl; diiunised waver, Bl
MEVY and AR showed on intibioeny effect on natural microfoca growthand recained e maln gualing
altvabmbes Fedal ¢ aloraphadl contest was presered atter shelE He . lbial fotal phennlie coobents ranged
between TR and 3515 g CAF ke Frw For ARW D 2l AW 100 treatnen s respectively amd slizhtly
imcrasar thranghanr enal £ Hfain ennmmast, after shelf e the reral antioedans acriving recorded onthe
procesaing day doareasad around 356 Thromghaont sheif D DWW induced anoinefeade 1o catalase astivity
wlilepaperomide didmtas s acvine decissals Scamming slectron micegaesps of the leaves slensed that
neirher NEW rr aFw affecred rheir sbrface socmre. Tnorhe hesenfaur knawledge, the #ffeees nf NEYS
and ALW on Didactive quality parameter:s, as well as dn anboidant 2Reyime activites for fresh-cut baby
leaves are st repored here, BV prowvides an alternasive sanitzing techmiqeee o MaCIG Tor mainsaininge

e qualley of fresh-cum mizana baiy leaees ap s i days an 50

220D Elstvier BV AL rights retenved.

1. Imtrodmction

Elzctrelyeed water LEW ) both acidic and neutral types. has been
propossd as a mevs caniti zar for the food indus ooy Cizumi, 1999, Liao
ebal., 200 s Makrnad, 2007 Sea e al, J008; Arids e0al, 20007
The mzin advanape of EW 5 e safen I conmast with the ooob
lewms wich toe use of Nall soch as skin and membrane imitation
and todizity, neutral and acidic electrobyzed wiater [MEW and AEW)
Is o corroaive o sking mecos membrsnes, or arganic matedal.
I addition, wher EVY comes in contact with orgonic matter, o is
dilured by taz water or reverss osmosis water, it becomes ordi-
nary water again Thos it is mere seo-friendly than Nacifrand is
nai sedentially hamid fer buoman healibe{Hoeng seal, 2008), Tha
i diseed v onbagasis relabed bo e vapid s inantimicrobic ooty
iy i B iz nozsupplied with H' , HOC, anc Cls by electrolysis | Kiura
ebal, 2002 ) Han and oo (20047 <hodied the effectaaf storage con-
dicioms o chiemibcal and physical propendes of By and s howed that
pH, el dation-redoction potential (ORE), cund sclivity and clduide
o concentratin did not change much under the storaze cond-

.":.E'll-\.lr"!\;;:;l;nwdmslurn-r Tl ¢ M G0 e n 1A 0ER 10547
E- e 7 artes-Fdleai D 2 (B AT Hemdndes)
LEE, hetpe v upct ad gpostred (1 Artée-llernandas )

W25 SRS — swe Diomt woatier & 2000 Blevier BY AN mights teserved
dzi 10 10 & pasthanudio, 300 00012

tlons, Total resideal chioeine and disselved O decreased 245 and
ATE, vempeectively o3 Tdays closed siorags and decisased 815 aml
A1 respectivelys in 12-days semi-open starage.

Thee wse of ADW and NEW as d sinfectants for food processing
equipment has been stdied JKim et al, 2000 Peck o al, 2000
Gueneel etal, 2008) Avebah and Hume 20057 reported ther AZW
did not have any adverse echect on stainless steel. However, iseues
such as gas emission, strang azidity, metal eomasion. free chlorine
cortemt z2nd Farmation of by-prodisis need oo be supported with
Farther reseanch,

The elficacy of MEW and AEW e reduce natural microflora as
wiell asthe main fandborne pathagans assnciated with afew fresn.
o plane produets bags besnoreparil The oee of AEW resulisd in
rooderabe control of o bedal groweth oo feesh cat cilantoo dor
ing storage (Wang et al., 2004 % Reducsions of viable aercbes by
Fhag CFLLa D were reached in lerfoce washed with AFW [ pb 25
ORE 1140 m: 3 mg L ! of free chloine) for 10 min { Kesekl e al,
2007 1 Alsu, AEW waselbective inveducing Escheioiin codi D157 HY
[Menkitanarayanan et o, TEEY; Sharma and Lemire, 2000; s
et gl 2005 Stoplorth e al, 2008), saimonedls and Hsterfa manocy-
rozenas Venlkdranarayanzn eral, 1999 Fabrizio ard Corer, 20078
Stopluith e al,, Z008Y Compured 10 AEW, WNEW would be ley
agersssive in reafion o Bhe carrasion of DIOCHSE g s LEEm éent
due ity peutral pH, MEW (pH 5.8) containing 15-50mg L= of
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avalabibe chlcine was effective as 3 disialectant for resh-cut wag-
elablas vithout causing o scolouration: NEW did not alfect tissue
P, surface colaur or general appearance {[num; 9995 Abadiag
e al. (008 demanstrared thar the bacterividal activity ef dilored
NEW (30mgl ! free diarine, pH 8.6) against £ colf 0157.HT.
Salmenetla, Listeria innecua and Erwiina corofovona on fresh-cut
fertues was similar to that with Nallo J120me -1 free chlc-
rine )

Athreory forincotivation ol acleria by EW was reporced by Lioo
efal (20U on B coli 0750 :HS. The Inactivation meachanism oro-
persed that ORP caold fest affect and damage the redes state af
gliarhiens dise fide-ghitaihlone conple [CSSCICEHY, and then
prere Labe e puber dnd tores imemboones of E cel D757,
i i thee Dacteria necros s

The appleation af TW in the Sand indostry bas heen recently
reviewed a5 a2 disnfectan: Tor fopd provessing =quipmen:, ves
elabdes, froi, poultey, mmeat and sealood [Huang et al, 2008L
Lowever, there is litde information available on che efTects
nf HPW and APW mmothe maln quallty artribures In fresheoos
veperahles

Fellowving or sree colew Joss 56 nataal gl o -
ing plant ssnescard as 3 consequence of chlore oyl dagradation
Several studies have reperied the activity of this pigment with the
prewrrtion nfraneer] Fgnee eoal, 2000 2000 The Megel et al, 2005)
e vvell ay Uedn absui e by Doy Feroes cnd Blakeslee,
2004) Polypheno s contribute to Aavour, natural food sigments
and stross resiatanee ef veserablies (Lole and Xig, 20055 Phene-
fic comn wnds com aee as antioxidant= (Shahidi snd Moceke 18405)
by intertering with oxidation processes through chain-breaxing
reaction activities [primary ocdation) or throagh scaverging of
free redicals (secendany oxidation ) (Gordon, 19907 The dntiox-
idant proparties of phenalic compounds stimuolace the need o
design siracegies toenhance its contznt in Aant tissues {CGsneros-
Zevallos, 20003 Antioxidants scavenge réachive oiyen species
(Ri3E) which can cavse cell dermage in plant dssues, ROS ane
generated inonarmal merabolle processes as by produces of ecll
v Dolistn | Resvess el L, 0001 The antiosidant activity could be
altabuted mamly toatamn L Pheaoho compounds and witamin
Coare cthe major anc oxidanr sourzee of Brassfog voperables, duc ra
thedr high core sod BlighoanBosddant activiby, Do the coniang,
Tipad s oluble antessdants (eareteneids and vitamin E) are resxm-
sible fon up to 205 of the botal anheadant acti by Fodsede s, 2007
Anioxidann sysrerts (0 pl AN Presvent or mirigane e membeane
preaisddation sesali g Do BOS undee abiode stiess comditions
[Korkmaz et al, 2010L 500 15 a group of mets|lsenzymes thar
protect cells from oxidative damag: by dismutang supercxide
radicals re maleeidar 0 and Hz0, Then the famer peodier, a
pulebaly tosdc oonpouiil, i convesid oewaien by o nmabe
of enzyivas such as catalise [CAT, ascorbate percxiczse [AFK)
and poroxidaze (POC) (Keshhar ot al, 2003) SO0 cngymes ase
focated in the chlorplast, miinchandnia, mytaplasm and peroxi-
somnes ad opersie as e first line ob delemee agalns: BOS (Lo
el al,, 20000 The germera) deactivation foumi-for SO0 activity du-
ing storage cauld be due be the oxidation of the amine acids
andjnm disulfre honds, which are twalued 0 the aocive clre af
500,

The st F flus study was 1o nvastsate Uhe elfacs of MEW
and AW zeemengent san:tizer s on the overall qualicy of freghecus
mizina haby leaves includ ing phystological, microbial, narricional
al sEmmoy chianges, curnpaned g convendoral dicinlection
used i U ind ustey with seciam Sypechlonte {10 mg L7 Malli
ac pll 557 and versis a conoral washing with delonized warer
As far asr we know. the efferts an bloactive quality paramemrrs,
as weel] as oo oanbiosidan; encane activies, of NEW aml ABW
during saell-hfe of fresh-cut Dabye lzaves have not besn esrher
reported,
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2. Materials and methods
21, Flanr saarerial

Mizuna (Brassfco rapa oy, [oponica) baby leaves wate caltivated
in the cpen aic under the Mediterrangan climate of the Yamgo
de Carmzena’ (Mureia, Spain] and mechanically harvested ar the
commerdial development stage. Immediarely alier harvesing, the
lemves were transported inabout 30min to the Flot Flant of the
rasearch group in the Technical University of Cartagena {UMCT
witiere they wers nird-easled by airar -0

22 Froduction of electiodyzed water

For W prodisetion, an Erwiradyte EL 400 devics {euariaja,
Wadrld, Spalny was used. |5 deslm of the diaphrazmatic cell
ersies Lhat the elechrolyte used fothe prodoction of activated
solutions has a maximum sontactarea with the slectrodas. The LW
i= generated vedng a enncdmions sopply af diluse <ale warer {175
MNarl in rap warer) Twa: iypes of proceasing warer wirh differsnr
cliana lristivs ane senviated, Aielecauiyaed DasivsolutionpH 11
and DRP< <BO0mVY s proc aced at the cathode side, ane a0 elec.
toebyzed acid solution (pH 3 and CRF» 1103m% ) s produced at the
ancile side.

T b baiar IS EVY. Q0 wwas slidined Broon Lhe aoede aogd Lo Lie
cathade and mixed in comect proportions, NEW had a ol value
ALY eamaining 10 LV of Tee chlorne. AFW fhad & pH
valia 3.1 401 {drainad from- the anode) reraining M50 mg L) of
free chlorine, To obrain the desired concentrations of <1, AU and
P00 g 71 af fae chlarine for both NEW and AFW, an approgriate
proportion af disilled water wias mised with the original selo-
tions, Free chiotine and pH were determined vsing 5 photometer
CHUS ¢ T, Hanna Instruments, Zibar Bpaind and pH-meter {dasic
20, Crigon, Bareslona, Spain ) respectivaly, for all solutions.

273 sample prenparailon troanmenes and storage eovtditlons

Mizuni baby leaves (8 rapa var, Japonica) wers processed m
adisirfecred moom ar & ©C Leaves with defoers such 25 vellowing,
devay, colsand beoisiog weercalicard el The vow ned o bl o e
vaashied 100 T minowi thlapowater at 370 to rermove races of soil and
OTRANI Fatter.

WEW and AFW each in eorrenmarions af4n, Thand 100 mgl !
of Tew chifosine, were preparad, A stanedand indos izl disinfec
tiontreatrment with Mol Q00 mg LY, pH S was alse prasaced,
Ag corcrol, deionised water was used. All washing teatmens
lasred 2min 2r 5907 and were Mallewed By a 1 min rinsing srep
with Lag watir, Thzi leaves were manually spive-doied woelin
inate excdss waber. Ao amouit of 40g of leaves was placed in
polypropylens (1) traye of 1T800mE thermally sealed at tee Sop
with a bi-oiented polypropdene { BOPPY Rl ol 570 pm thickiness
[ PRstlens il=] Segura kL, Macela, Spaie ) o generabe 3 passive med -
ified atmesplieme package (IMAPY The paumeabilive of BOPP was
2004l meTd arme? and 3624 mL o0, med de Y atme Y ar 50
and O R Three repli sarss el one haslior per recarment and sror
age durativn (processing day and after 4, ¥ and 17 days ol shelf ] e)
worie peoared and stied s dark cold reerm A0S PO THS e ngaer-
ature way selected as che maximam [imit recommended and it:s
most commanky used far freshe cor planteommedizles throughooe
ils enrnmercial digt bk on and tetail sale.

24 Analysiz and determimarions
el ], Respiraffon vate omd gus composition within packones

Caas analyses were defermuned with a gas choomatograph (G0
(Therraa Fianigan Trace GO, Milan, [taly), equioped with a sher-



Chaprer I

40 A Tmrds-Colisiae o0 of. / Postisary s Mudony and Tec ety 50 r200 11298 108

mal comluetiviiy Celeclor (500, oven ramp Trom 205 o
HOCCY srgector 1500 and wath g Forepack-N oS00 100 colurmn,
He (20 rmbmin " Vwas the carvier gas. Calibration of GOy amd 05
weses dene wirh knewn standards fram gas oylindersCair ligquid 5.0,
Wurcia; Spaink

Zd 4.0, Respiranion rage. The respiration cate | BR) of che leaves was
Aeterm ned ar 590 by ising aclozed gparem Three replicares af 20 ¢
leaves weers placed within 750ml glass jars 20 3+0 up o 7 days
Iy coder to zwoild C0y accmnualztion higher than GOz kPa (Watada
gt al,, 199G} and to maintain a high RITwithin jars, 3 continoous
flenas af 20 Lmine! humid/fed air was appli=d throcghche glass
Jars, The ineregzes in OOy were dally monlered aler closing the
aus foc e Alter tzRong clee samples, the jaes ware continuously
flushad azain with the humid ifed air okl the nesct sampling time.
Hegdepare gagsarmples (1 mb) were withdrwn from the jars with
a gas-tehi syringe and aralyeedin the G Thiree replivates were
e Do ewch Cleads il aiel evaluduion e,

244 Gas ecomposifien within packeges, Gas compasition [0, znd
Lo pedthin the packageswas monbtored orthe processing dayznd
abter 1,24, Famd 11 coys ol storage, Headspace gas samples (] mL]
were withdrawn from the pacxages using a gas-tght syringe and
analyzedin the 57 Threa replicates vaers made for each treamment
aned evaluz dan perilod.

2o 2 Micaoldul unohyviz

Staredard enwreration methods were ussd e determine the
mizrobial grewth, Thvea randam samples were taken on sash eval-
marion dme A g sample of leaves was hormogenized io S0 ml
ol slenle peplooe saloe solulivn (pH 2 CSchalaw Clienie 34,
Harcelona, Spain) for Timinin a stesile stomacher bag { Mode! 400
Rags G147, Londary UK vsing a Maslicator [Colwnr? Stormacher
A0 Tah, Seveard Madical, Ennder, KL Inoarder ma defermins
the enumeration of each microbial group jmesophilic, enterobac-
teria, peve votrophic, lactic acid baceeris, yeasts and moulds),
ter=fold difiion geries were prepred in Amlof sterile peprane
saline solutipm Mesaphilic, enterobacteria, laz e acid bacteria and
EEyulwotrophic were powc-placed. Yeastand mould were gpread-
plated, The Lol oy media and incabation condiens veere weeds
plare count madified agar {Scharlae: Chemis, Darcelona, Spaln)
for meseshilic and pasyehrotrophic acrobic hacterda, incabared at
F0EC Tor A8 D and at 55 ber 7 days espectvely; violst ted bile
dextrose agar [Sckarlau Chernie, Barcelona, Spam) for enterobac-
tevia, Ineubared ar 37C far 49 h: de man-rognza-sharps agar
Sclien T Chiesnic, Bareclooa, Spain b Toc acid Tacobe acteria, -
Datsd] at 30°C foe A8 D aned poraio destiose agar Dase (Scharlau
Uherme, Barcelona, Span) satl: 100 mg L= oxytetiacychne [ Sigma
Chernical Ca, Sr Loals, MO, LISAY for wpeasts ard manlds inen-
Il T 35 thaye it 2340 Al nderobial counls wers reponied
a5 fow colony fanming units par gram g CHI g 1), The presercs
ol Swimoneilz spp. Lomonocytogenies and generic £ coli was evalu-
ared acenrding 1o rhe Frirapear legis!ariar for fresh-cior veperahles
TRegubation EC 1441 /2007, 2007 ) All analyses were nade o gl
Ciltms,

24T Sensory evasiation

A seven-persor panel (aged 24-82) fmined In sensony qualing
avtabysee P rrned eevalioa e, Belore oo rg e e peinmenis
a congensus was feached Detwaen the panelizes incrder to select
thase arrribures thar barrer deser:be sensorychanzes. Sensary quzl-
igywedas cvaluated en the orecessing day andafterd, 7and 11 days of
il b like at 5 °C, Befieds ation, Drovming, o -odours and ol -Tlavoms
wiere seored cna fnee-poant scales of darage incidence and sever-
Iy [1=none, 2=slighe, 3= madarare, Jimic af usabiling, £ = severa

arid S=exirerne] Visual appeacance and overal ! guali iy ws eval-
vated by waing & qune-poant scale () =extremely poor, o= [ar, limit
waf ugabiliey 9 - excsllanty

A, Clforozhydl content

Far tissue preparation, about 2og ot leaves from 2ach treatment
weere frazen in Lauid My and ground vsing a miecer (1K8 A 0
Trastir, Berlin, Cerrnany] a0 28 000w g for 108, anel aored at =8 =0
Thesample prezacation for chlopepbyl Ceterminaton was acoord
ing to Smith and Benitez {19550 [he tota. chlcrophyll pigments
were axrracted wit® bewanes A 0 5% sirmple of frazen shreddead
leaves was migsd with Sl of hegane and 15ml ef o mixians
ol rechamnobaceton: D12 The estooction vwas cavtied out Toc 5h
at & -Cin darkness. Then, samples were shaken ar 200 < g every
15 rin by osing a vartes (Vel o Sciantifica 74, Milano, Traly’) Afrer
the lneubariondime, 25 mLalasoloton ol 1M Nacl wis added, Sul-
seguertly e samples vasee shaken sgaioamd tuncent:ilaged Tor
J0min-at 2800« g ac4-C, Afer cencrifugation, | mb of the super-
narant waz removed and introdeeed inmca guartr cowere (Hellma
nmhkE & Coo MAITEem, Germanyl The equzriens develenped hie
Wl Il {1954 wweera el G deisnnidoe Uie fndivid aal levels of
Eath chloraphyl] a{ Chl - 10005 g; - 000, and chlaraphyd
Dfendy, 1 15 3 ey — 318 where total chlorsphylly wagz cal-
enlared as Chlz+Chlg The absorkanee (A} al £62 ane 644 nirwas
nrEasured using o UV visi e specophiolone bz DAewle o Packad,
model 8457 Columbia, USA) Chiorophyllsentent was expressed as
g b1 Freshwed gh (e A e astrem ents were made in epli-
R

25, Toral phenolic coireig

Fresen aampies of 0.5 were homogen:ded with Tml ol
methonolpwazer 01 vl inar Ulootarsax (fonke & Kunkel, ka
Labortechnik, stauten Lermany) at 24,000 = glor T min. Then, the
tubes were placed onan icebed, in dar<ness and wershomegen zad
velth a vories at thoe zevo_ alter Wmin and afier 1h, Afrerwands
2mk ol sample was mansforred into twa 2ml copendorf tibes
A cenl il ged g TRE o Tor T0nin at 455 The supsesnslant
veas vsedl g5 e sxdract for each sample: The gmaunt of tota) she-
nalie carmpaunds was determined az described by Singleran and
Roah VGRS A 00 L aligqoot of vairacl was cined wwith 156 ol
ul Felin-Crocalieu peapent 1T viv diluted st Milli-O-swaiacy
ang iweubated for Lo before Tmbof PEgL="Y sodiam carbonans
(28 wiivi+ HaoH (0.4% seid ) owas added. The mismre was inen-
Trced Tor 150 2l o fenaper adoce D dackeess, aneasindig te
absarbance at SOk nen [ ewlett Packand. 34535 UV -vis specteopha-
tameter, Cobwnbia, 154 Totzl phenalic content vwas expesssed as
chlnrageric actd cquivalents {CAE ) inmgz kg = S Al osrracts werse
Al dlyresl i iplivates,

4B, Toral arfaddant gerivity

The antiosciddars activity of che fresh-onr miiira esves was
Based ont the evaluation of the se radleal seavenging capacliy
according tu Brand-Williams et al, (1895} A suludon ol 0.7 M
2. z2=diphenacl-1-picrythydrazil radical {OFP1T)in rmethanol vwas ore-
rared an aliguor of PSpl of the ewrraer obraned from the
preparation ol phenolic aompounds veas added (0 875 20 ol this
sulutpon, e mesbece was wogbatad (o darkeess (60 Fhoal rown
temperature. The antioxidant aetivity was mezsorad by decrezsing
the ahsorhance ar S17nm (Hewlers Packard 8433 UV wvis spec-
Lrarphotemet e, Dolumlia, USA) Recolis oes expieseel] as g
ascorbiz azid equivalent abiosidant capacily (AEAL) Ki™! B AL
rmeasurd ments wers made in oriplicares.

Ad Freviiatic activity

LA L Loevag ediroct preparation bapyoies were  exlracted
acearding ro Kang and Saloveir (2000 ) methad wirk slighe modi-
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leaves weers placed within 750ml glass jars 20 3+0 up o 7 days
Iy coder to zwoild C0y accmnualztion higher than GOz kPa (Watada
gt al,, 199G} and to maintain a high RITwithin jars, 3 continoous
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ficatiome, An amecnt of 44 of frogen { - B0 ) grownc mizuna balby
leaves were bomogemzed indml of g chilled solutwen (490 con-
raiming 0.05 M Tris-HC] Buffer (pb 255 2mM gl and Lmdd
el ene dizmine pelraacetic 2cc (EOTAY, for 7 hewith anoarkital
chaker at 250 v The homogenatie was ceniilmmed oo 200000
bor A0min at 4L, | he supsrnatant was used a5 enzyme excract.

DA TR Snperavlde Mamurese (SN2 cotfuliy, SO0 sndvity was
wsgayed by its oty to inhibit the pholocheinical reduction: of
nitre Blue tecrazclam (B according o the method of Dhindsa
et al (198 1 wirk slight mndi featier s A 96 pobystyrene flat-bartam
well plare [Grsner Sioeone, Fricken haosen, Ceomanyg bans loaded
wvitl 351 pok reaction e ontaimed S0 phos dAwte Dulber (pH 78L
T3 mM methionine, 73 e MET, 2 b riboflavin, 001 mbd EDTA and
Aokl afeneyme skiracs Giboflavin wes 2@ded lase and s plare
wias placed 30 bedows 2 lght bank consisting af two 3.5W M
wiescent Lamps [or 20miire A noo-oradiated peaction mixtuce did
natdevelsp oolow and served as the contral. The absorbance by the
reaction mixniwewas read ar 260 nmasing a muldesan plare reader
UTecan Iefinieie M2XL dinnederh Sedtezdand at dme O and 7 h
300 activity was cafualated per g ool Bresh sample cod expressed
as a percentaze of the cantral. All measuremenss were made in
rriplicare

LSS D Cutadase TLAT dctiaty, VAT activily wds acsayed Ly aiga-
suring the rare of disappearance of [0y using the methed af
Liaehly ard Chanee G507 with shighr modifications. The reac-
tiern rrixiure vas progsely loaded onoa 86 UV seae [Lac-booam
weell plate (Lreiner Bio-one Frickenhzussn, Geomany] contaning
Bl of 50 mM plosphare Buffer [pH 7% 03w of 13 1505 and
Bl enyrne exiraes, diluted (060% t keep mesmrement= wihin
the Erear range of Ce analvsis, The HyD- decrease was monitored
as adecline in atscrbance at J40nm using & multiscan plabe reader
(Tecan [nfinnite MO0, Mannedorf, Switzerland ) every 10min for
T CAT acibvity (A min ) was caleulated by che Inddal veloeldes
et foom the mear porticn of the carves, One cnit ol activizy
[} was cenned a5 a decreasein abserbance of LUV min™ "t
Al measurerments vaers made nriphicatés

248 Scaring vlectien microscopy (3ER ]

The leafl dssue was dehydrared in a graded acetons serias {foom
15 ko I00%, v} acearding ta Fecalana ef al (2000} Subsequently,
the speeimery were fransfemed tooa erldez! polo ddng appa-
vatus (CFD 030; BAL-TEC. AG, Balzers, Liechienstein] and diied
with U0, The dried specimens were maunted an aluminam <ises
and coared wich gold ina Sputter Coarer (377640 Cuarnm Tech-
nolegles, East sussex. England ) o make thele sinfaces eleciriezlly
conductive and wepe linally obeerved willia scanning elecvon
roicrasce i (S ANH0N, Hitsch, Katingen, Germany]. Cantral, NaCioy,
P EWT RO, AEN 100 an beve W eRlreme Ireammen s EW 420 and
AEW 220, prepared] exclusively for SFM analyses, were inspeciad
L B il SO 200

240 Sratistical imalysis

The experiment wosan & e d hifeeorial desime anshing trear
men: = siorage time] which was subjectzd to analysis of variance
[ANOVAT csing Sratgraphics Plus (varsion 50y soffware Mean val-
s e suijected toc the least simificant difference rest 1503 a0
P08, Fgures cepresent mean values (n=3+£80

3. Hesults and discussion
1 Resplvarior vare aied gas compesition witie prekozes

The RRof antreated and treated o una leaves was moortored
for up to 7 dave ar 520 Afrer = daye che RS was quite stzble far all
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Fig, 1. Bespirataom talz ol Desbeout s aoms Datly keages wasled wiider secegal 2V
preatments el arnged o Te T odags A ST Dala repreaend means af thees el
cares +amndard devladon (50

treatrnents ab about 40 0w ke~ BV (b Ty After 7 days nunor
differencez ameng e eomene wera found. The BR of canmol leaves
wias slighelyrhigher than thar reached fer the remaining rreatmenrs,
Chuar pesults agree witly those from Rico el al, (2008) showimg tat
NEW decreas=d the R of rinimally gracessed lettuee whach might
berelated wirth the red aetion inmiecrobial spaoilage, A lowner BR zen-
cenelily innnplies boveer ncrobial spoilages sloween ool deles ioneimn
A less lass of quiality (UM Byomes 2od Beiroe, 20061

Theaihal gas parbal pressorzwathin paciages veas oo [ 21 9ka
O AN FRPACO2 L Asexperrad, diee rarhe respirarary acr vy of
Feaarwores cvined i nee Cilenr s neealidling, e D pantial poessow ducreased
and the Ul increased [Fig 4] Gas partial pressurs sithin. pack-
agees abver 11 days ar 370 was 16,1 kFa €05 and 3.5 kPa 05, which
ean he cansidered 22 recammended far fresh-mar kaky leaf vap-
etablez dudmg shell Hie {allende e al., 2006 Conie e al, 2008
Abes-Hemnandesz ef al, 2006 Micola et al., 20083

32 Microtdal anaiys(s

The sitial merobial [oad was 392U Flg~" for a=zabic
mesephilic bacteria (Fiz 34 This resulr apracs wich thar recently
sepoeied for Destecol o e Dely e (Mo Goce- 33 nclhes eoal,
Aougal Regarding the contl tisatmsn s alter wastang witl: chlo-
rinated water, as weell as wath NEW and AEW, totas mesophulic
conmrswers slighrvesdoesd (<1 CFLHag anirk Thase resilrs asres
wiich Uhioses seporied Ly Aliad s e all (2008 ) wiliere redeations of

kP Oy - 0,

Daysat 570
Dol m MG ok EWAD RN T
—=NEE W] SR A - AR T - EWY I

Fig 2. Gas changes within packiges of Miesbi-cut misuma baliy Lodves wshe d wnder
wmenal EW et o o] s Lol [TTTRTR i awn ol o Dl T8 TUE DR L
threw replicates o standard deviation | S0
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S CONTROL =B 100 e HaI0r = NEW 40 =l HEW

e T e TR A

—S-AEFE I = N2V 1

Fiig 3. MlesOplilcl A enie i bactemz (8] prpa hroploic (27 DAB (L aied yeas b aid aeeikds JEpomuite | o P 5ol Bie heCul imad ik Dabny Beawves wis Ded crsber several EW
PR3 TI NS and stomen Dfern ] days ar 400 Nard mpresenn means of toroae e Rikcates & srandatn deaiarnsn (50]

1 CRU oy unitweere found foz fresh cuticebers [ettuce and fourssz

sons 5254 (mixed of icebeng lettuce, carrot and cabbage) treated
with NEW fpH 86, DD T2V, 52 ma 171 of Free O during 3 min,
In the same way our rescl e agree wich those feund in fresh-cor
ellanesn treated with AZW (pH L4, ORP 1130mV, 168 mg L1 free
S Tor B (W anm eealy, 30040 Both NEW A0 zod MEW 70 treat-
mer:ts intibited the microbial growth throughoot the shel-67= at
547 reaching 2 final load of 200 and 254 leg CFU &1 respactivaly
MO0 tealnce il showed s good saodt el oflecs on aesoplilies,
Lruat Dt Uz Cha ol BEM < Dznd S Lsuood C 1998 rep ied reduc-
lcns an total mizrobial counts rangang Tom U5 to 20 log CFLig™!
ancearrars, hell pepners spinach, [2naness radish and poraraes
e (e wlTech of EW {pH 8.8, 15-50mp L7 availalile €1 D

ing shelf lifs, ALV treatmants had a lewer micrabiocidal effest on
[resh-cur mieana leaves comparsd v the NEW and Maclo qeat-
mierrs. Howewer, Kos=ki or 2 (20010 found redierions oo mral
viable ceobes by ZlogCFUs " e lelluce reated witl: AEW (cH
A0 URF1TA0 MY, 3{]11‘:5; L= available C1)

Reear ding Emierebucteriacene (Fiz 32 NaCl O treatznent showed
cnthe process ing day s recuction B log CHU 5! compared to the
corral treatment. Lath ADW and MEW treatments (excent MDA A
showad 2 simnilar mierobiocid aleffecothanMaZld: Reduetionsof the
inltal enrerabacteria load of 1.3 1.2 and 7 log CFU g ¥ for ARW 70,
NEW Tk arsd AEW A0 pespectively were Touml Thess ceduction
levels are of asmiler rangs o those reached by wieshing fresh-cul
lerruee far D min in elecmalyzed addizing warer [Z0W) (362 mz
Tove ovdalaais TV vesling 01,3 Tog CFL g Lol Eucrofrcterlucene
COrgeng e aly 2006, ANk e the ioitgal miceebicde effect of B
Lreatrmenie or g ung leaves weas higherthan thet vt Mal 1o, after
4 aad T odavs ar 500 the enrerahacner 2 laad far 200 FW ryres was
alowe e Tewel nocifoied o NaCID trecbinsnt A Tiypotlesis Tos
that babaviour is that AR 2nd MEW might cause superficsl dam:
age o the leaves, proruoting the mictobial growth cate, Washing
for Smir wirh ARW 'pH 24, ORP 1130mY. 16aamgl: I Froe Oy
Toemde ool citarw inoeasad e eleclolie Teabage conpaed o
chlarinated witer (50 mg L= frae calorine, pH G40 snd tapvwater,
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which could indicare a dlanieo s o damage (Wang =0 al, 2004
Lormes-Lépez et al, 200

Diffarsnees an the peycheaphilic group on the processing day
wiere: fourd (g 301 Regarding the conteol MaClo, ARV 40,
aisd WEW A0 weavments showed redocdens of LO5 180 and
T Flog U =" respectively. The increase of microbial groveth
thraughout shelf 1ife was faster for the contral and MNEW than
fewr AEW Al MaCIY treatments, After ¥ odays al 50, tatal acroble
mesaphilic amnd psychrophilic bacteda reached a stationary phase
which was not increased throughout the shelt [ibe, Similar results
were feund by Gamez-ldnes of al. (2007} far fresh-cot ranhages
eraaed wlih WEW, After shell 1T, no differences herween Wac’lo
armd AEW were Fonmd, Therefure, ey veere the best Coealinents oo
contrelling peychrophilic bacteria growth,

Thelacte acid hacreriad LA arawth is related fathe T0 and O
pemrlal pressure. Moslmifcant difersnces on LAS counts ac day 0
bor all toeatiments voere Gund | Fg. 300w e around 200 57 wes
feurd for all treanm ants. | owever, Ongeng ot al. (2006 reported a
rediedor of 1 2oz CHx ! washing for 7 min wirh FOW {28 me
feee aridarrs L-0) esmepared raa canme! washing reearmenr with
g weater, Durioe sl Jile e LAE load Do SEWY T0 was guile
constant aad NEW ard Nallo Bad similar efects. ARA FU showed
the best disinfoectan: effcat against LAR,

Resg=rding yeast and monids growa b (Fig AFy all disinfectant
v i solubions cetaeed We et el (38 e CeUe VY in
T logCFl g;"1 compared o the control and these cournts vers main -
tained constant dorng shelf [ife.

The preserce ol Salueoallo spp. L maenecytopenes ol penedie
E coli was also studied, Mo colpnies were detecoed bor any treat-
et on the processing dav on che reoe marerial 2fer disinfection
Ereamrenes, this beirg safe aceording the FClegislavion {egulation
EC 14412007, 2007),

Smal ditterences among MaClo, NEW and AEW treatments in
reduetion of micraorganizms were faund, NEW had a kigher effect
againat erverabacter a mnd mesophilic bacterda, and AR for pey-
corerraphic and IAE Theanly twea facters thar coold explain this
il zence vaau Ll e e ORP 2l the g H Fae her tesecich is needesd
tourderstand winch factor s e mamninfluznce oneach microor-
EARISM o,

EF wenmscly eveldotion

Allrrestmenrs shawvaed A slighr deerease of rheir everall sensnry
rguraalicy alber ¥ dlage at 5 Cwliilestll being acoeplabl= o comsanmp-
ticr, Mo noticeabde differences in visual appearancs, browning
detmdvation, ofl-odours and of-Oavours among reatments wate
fewird. The averall seranry qualing reached rhe limic of usahi-
ity Tou all ceeauneny alter 11 days al 3°C (dala ooe showndk:
this then is the shelf hfs established onder our éesgevirnental
eonditions.

A4 Chiropioe content

The initial chlorophyl amoont was around 95me k! fis. The
Chl# and Chi ferepeecserred aronnd S0 cach ame from the moal
content{ Fig. 4 L Mo significant ditfereness vwere lournd amang toeat-
FUPENILS G L oo s e slay (et e alter 11 daws at 250 peneak
the initial 2moune was maintained thraaghout shelf life in a range
betwesn 95 and 110meChllie -1 fwe. This Indicates that the tomal
crllonopliyl content s nob 2lecred by the ooddiaing sanilizers
wedd i Ui studys MAP storzge ab DoCanhibntzd the natural depra-
darian of chlarophyil. Changes meriered in the a” paramecer can
b assoc lated wirh degradztionafehlorophyll pigments Wang et al.
(200 i o Bod adilerence ina™ colorimerric parameser g -
ey shiel [l of Freshecut alantro treated with AEW. However, o
values ineroased during storage ar 4-C in fresh-cor letues, with na
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algnlficant diferonzes bevwesn oo neand NEW tteatments [ico
elal, 20081

15 Tl plumobic conrent
Total phenolic content of mizuna biby leawes ar hanmest was
TE g CACKE v T centrol trestment (Fig. 55, which was

higher than that of 980 meke ' b found by Martine: Siichez
@l al 0080 Fle dilTeren . polyphsnols conber s G oo vess-

100

B
Thaysat G50
B o HEN AR m BEW T

TR
W D A WEWOE B NEN T —b=AEW T
Fig. 6. Totl antivddant sctivity chamges in fresh-cut ridzuna baby Seaves win led
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Table |

Supcrorile dismmatise and catalass adieGoctanges in resh o mizo biby ledves weeled andessovesal EW St s and stored up 20 1 day's at 500

Provessing ay

Allan ddlaygs ar s el

Al 7 Ly dLa=0 Alven Tl days albol

SO0 acthviny | (Newntc] g7 e

Coatrol 140 116
Hal'k Rk T
NI 4 3129 r
HEW 118 : r
AEW D a1 103
AEW 100 FEH LA
AT activiny  (ug

Conirol TET RS0
Halkd JEG 2006
HEW H 1! BT
HEW 18 477 25
ALWY A0 m ) b=}
AEW 1LY H1e A4

@7 24
14 Rl
104 K
14 ELT
114 g
[ i

1387 3820
14 3030
1240 3854
17137 3023
174 47
RS Bzl

P10 Pl 12
B 19 LR P )<

etablas may ba e Aoenced by severs] facnors, including genaetic and
emvironmental influenees, srewing pericd, and maturity stage at
haryest (Nacek ani Shahidi, 2006 Sicgh et al, 2007) Martines-
ke el al TEUDE0 Tl Wl Ehe g @iens i Cotlp b
in e xuna baby leaves ace isorhamnasin J-0bglucosice and sinapic
acid, each one being 23% el the total palyphenals cantent. 0n the
pracessing day no mpos it Silferenees among freaimenis were
found, The initial total phenciic amount rangsd bebween 1358
amd 3518 myCAE kg™ fv for AW 40 and 100 trearments Tespe:.
tively. The general trend thremghont 11 days an 5O wiaz e slighity
frwrease the it ol content with ng remarkable di Terences among
freaaments, except bor WEW 40 which reached the highest amount
with an inerease of 3 3% after shelf.fe

2 Fodad arifio dared dofinty

The tocal antlosxldant acdvivg on cthe processing day wis
03 e AEAC kg ! B Tor contral leaves (g 6), which was lower
than 1400mg TEAL {to@l equivalents of anbicxidant capacity]
ke i reperted for mrizina leaves (Martinss-Sincher er al,
D00EEY, Thisamemt indizees that meenna lea goed nanabseores
wb ot ienidarcs (Mocek ond Shalidi, 2006, Singl etal, 2007, Mo di?
ference ininitial rotal antioxidan: activicy among reatments was
fruirnd, exeapt thar far MEW 100 and AFW 100 which shawed tha
feweer levels with 585 and 557 mg ARAC ke 1 fw respectively.

The gzrneral coerad i the botal antiosd dant ac ity ap to e dil
dayofshel? | fewas tegradually decrease the initial values (4 D-45%)
hur afrer 7 days a slighs inrrease was generally faond  This faec
oy e e cnne combined sifect ol processig steps and chilling
stonepe wnder MAF,

After 1 days 28 50 & peneral teduction of 10-40% af the ini-
rial raral anrie s danr asvving was fmmd. This facr might beedie o
witamin  and carofenol Tosses doeing shell life s Torther stodies
dowenn iy b shoud Ve commlucied. Al shell lite ne vzimak-
able o FFarerces veers feund. ©is noticezble that HEW treatiments
wiere: generally less sgimessive than ABW far miaintaining inirial
ok’ amtindielam e gty after shal Plits oned this mmighe bacdone oo
its srong oxiclzing activigy.

T Antioxidan ewsyme iorividia

Mizuna baby leaves washed with bach ['Ws menerz|ly showed a
higher SO0 zeriviey than that registered for control leaves afrer shelf
file { Talde 1 ST activiiy oo e pocsssing day ranged belvesen
L aed 140 Meontrol g fa) just alter washing vath NEW A0 and
NEW 100 respectively. Tha goneral rrend wasz o decrease ies valua

for all traatments during shelf ke, céaching réd uctions from 77 to
306 Lalver ¥ clays ac SoChand from 12 1o 36% [after 11 days at 8400
v AFW 100 ard AFW 20 respectively. Freept o APW 100, 211
Pl eenadinging washing ceatiiesly sooweed o 25w 355 reduc-
tions of the initial SO0 activity: Ricaes al, (0B repocted a similar
devreasein polyphenol ssddase aerivity in feest-eat lerneee treated
wirh MEW (170 mg I3 free Ol

CAT activity on the proczssing day ranged oebween 44y and
1022 fug" far) for MWEW 100 and NEW <0 respectivsiy (Table 1)
Ireeanerast wirh (his creyme aetivity, e rrend was toingreaze is
valaz througheut shelfife forall reatnents, Such increages rangsd
afcer 4 days at 5*U from d foo befold the inidial valwes tor MEW
40 and NMEW 1700 respectively, However, after 1] days, 4-6 fold
Inerease respecibvely were vocorded. Many abiode siresses heve
beenreported loircrense CAT activity, as Kamg amnd Salveit (20010 )
demenstrated for cucumber seedling radicles,

18 Soomrng alectroe neeraseany [SEA)

Al studyiog e SEM protapes, oo substantal dalfevences at
JO0:zar 2000 an the suface strucrure of leawes uszarterwashing,
among canmol (Fig. Taand bl NEW 100 (Fz 70 and d) and AEwW
100 Fig. Peand U treatrnenis vaers obeaoved, Similar obssivations
wese reported by Kosek of al, 2200 Jon lettuce leaves treated with
ADW (pll 282 ORF 1140mY; 30mel " of availase chlordne). In
the same samy, Ricoocr al. 20087 did nor Ainé srrecriral 2 fferences
B covur- seaniiiog eleciion imicrescopy an teshs cul iluce Dreale=d
witth 120mg L1 chborioe, NEW 120 NEW bl and NEW 12 after 1
dayar 4+,

Erdvrnne EW biealnesnla De oo sloey cacd sewene oo
suilace damages suclvas cracks and deiydoation with conseguent
tuggor loss, gsweas found for NEW 420 and AEW #40 [ Rg. 75 and b,
and Fig. 7iamd j respecrively )

4. Conclusions

Mg amain canclusion, vaashing wich W sseme ta be a pramising
disinferrion ceehnii e, a5 effeetive as the conventdonal disinfeedon
wih o 100 gy L ¥ MaZloy Beothe AR anc MEW {0 or 100) showsil
ananhibiteny =fect on natural miceoflors growth compared te 2
cantrol washing with delornized warer. In the same way the T
treatment vsed did not affect the surface scroacmure of fhe leaves
alte weashiog and Kegd the maionguality atteilbaee heoweboat 11
daysat oL The elfects of NEW and AEW on by-proaduct farmiten
Az well as on processing squipment shoold bo furcher soedied.
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31 INTRODUCTION

Fresh-cut products are highly perishable, due to physiclogical and microbial
factors, and must be prepared for marketing and consumption following strict control
procedures. These stringent process controls are essential to assure safety and to delay
and reduce overall quality loss. Many of the minimal processing techniques are focused
on assuring food safety and high quality products to consumers {Artés et af,, 2009). The
specific operations involved in fresh-cut preparation can stimulate microbial growth,
which may include pathogens harmful to human health. Prevention and sanitation are
the most important tools for keeping overall quality and safety of fresh-cut plant
commodities. Washing and disinfection 1s a key step that contributes to effectively
reducing microbial load across the supply chain {Suslow, 1997).

Chlorine in various forms has been the most widely used disinfectant in the
fresh-cut industry. Chlorination of water 1s one of the primary elements of a properly
managed postharvest sanitation program. Water quality management is considered the
most important contrel point to minimize the transmission of pathogens from infested
plant produce, water or debris, to non-infested surfaces such as those mechanically
injured during harvesting, transportation, handling or processing, wounds, or the natural
plant surface openings { Artés er al., 2009).

Sodium hypochlorite {NaClO) is a potent disinfectant with strong oxidizing
properties, being the most commonly used by the fresh-cut industry due to its
antimicrobial activity and low cost. However, some problems have been identified
related to its use, such us potentially hazardous disinfection-by-products formation, its
strong pH dependence, and the potential for gas emission that may affect worker safety
{Olmez and Kretzschmar, 2009). NaClQ may partially oxidize food constituents
generating unhealthy by-products, such as chloroform {CHCls), haloacetic acids or
other trihalomethanes (THM) that have known or suspected carcinogenic or mutagenic
potential effect, with proven toxicity to liver and kidney tissues (Nieuwenhuljsen et al.,
2000, Hrudey, 2009). For these reasons, some Buropean countries have forbidden its
use In the fresh-cut industry and this may lead to new regulatory restrictions in the near
future. Due to the combination of issues previocusly mentioned, it 1s imperative to
Investigate new alternatives which could replace NaCl(} in the fresh-cut industry.

The antimicrobial activity of ASC is attributed to the oxidative effect of chlorous
acid (HC13.), which is derived from the conversion of chlorite ion into its acid form
under strong acidic conditions. It 1s hypothesized that the mode of action of ASC
derives from the uncharged HC1O,, which is able to penetrate bacterial cell walls and
disrupt protein synthesis (Kemp er af., 2000).

Inatsu et af. {2005b) evaluated the efficacy of ASC for reducing pathogenic
bacteria on lightly fermented Chinese cabbage leaves. Washing inoculated leaves with
distilled water reduced the population of E. cali O157H7 by less than | log CFU/g,
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whereas treating with 0.5 g/L ASC reduced the population by more than 2 log CFU/g. In
the same way, Allende er @i {(2009) found reductions of 3 log CFUW/e for £ cofi
O157:H7 populations on fresh-cut cilantro after washing with 1,000 mg/L ASC
compared to control. A reduction of viable aerobes of | log CKFU/g for fresh-cut
cantaloupes treated with | g/l ASC has been recently reported {Fan et al., 2009).

The use of ASC has been more widely studied as a sanitizer for the meat
Industry (Castillo er af., 1999, Haymeer er af., 2004} as compared to the limited research
evaluating the effect of ASC microblal and sensory quality on fresh produce, especially
leafy vegetables.

The objective of the current work was to elucidate: {1) the decontamination
efficacy of ASC on natural leafy green associated microbiota {total aerobic mesophilic
and total coliforms); {2) the effectiveness of ASC for controlling inoculated £, calfi;, and
{3) the impact of these washing treatments on sensory and keeping-quality of fresh-cut
Tatso1 baby leaves, which 1s an increasingly used compenent of fresh-cut mixed salads.

3.2 MATERIALS AND METHODS
3.2.1. Plant material

Tatsol (Brassica rapa var. rosularis) baby leaves were grown under the
Mediterranean climate of the Campeo de Cartagena (Murcia, Spain) and mechanically
harvested at a commercial development stage. Immediately after harvesting, the leaves
were transported by car in about 30 min to the pilot plant of the Technical University of
Cartagena {UPCT) where they were air precooled at 5°C. Leaves where stored at this
temperature until next moming when minimal processing started.

3.22. Bacterial strain and growth conditions

A non pathogenic £ cofi strain from the Spanish Type Culture Collection
{CECT 515) was used in this study. An antibiotic-resistant derivative strain to nalidixic
acid (50 mg/L) (Nal") was isolated via spontaneous mutation and used to minimized
interference with other bacteria and to facilitate the detection and recovery. E. cofi Nal'
was grown ovemnight in 30 mL of T5B supplemented with 50 mg/L of nalixidic acid at
37°C. After incubation, cultures were centrifuged at 8,000 g for 5 min to collect the
cells and washed twice with 0.1% buftered peptone water (BPW) (Scharlau Chemie
5.A., Barcelona, Spain). The final cell pellet was suspended in 0.1% BPW to make an
initial cell density (ODgx) of approximately 0.7, which corresponds to a concentration
of 10° UFC/mL. The cell suspension was diluted with deionized water at 10°C to
achieve a final concentration of 10° UFC/mL. The final concentration was confirmed by
plating on Chromoc ult® coliform agar {Merck, Barcelona, Spain) supplemented with 30
mg/L of nalixicid acid.
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3.2.3, Inoculation procedure

Tatsol leaves were noculated in a disinfected processing room at 8§+1°C by dip
Inoculation. Leaves were submerged in the inoculum |{1{]'E CFU/mL) for 5 min and were
further removed, drained, spreaded over sterile paper towels and dried in a biosafety
cabinet for | h at room temperature. Inoculated leaves were stored at 5°C and 20% RH
overnight prior to processing.

3.2.4. Sample preparation, treatments and storage conditions

Two different sets of Tatsol baby leaves, for control and inoculation
experiments, were minimally processed separately in a disinfected room at 8°C. First at
all, leaves with defects such as yellowing, decay, cuts and bruising were carefully
discarded. The raw material was prewashed for | min with tap water at 5°C to remove
traces of soil and organic matter. The following chemical washing treatments were
prepared: ASC at 100, 300 and 500 mg/L by acidification of sodium chlorite {Panreac
(Juimica 5.A 1., Barcelona, Spain} with citric acid to reach a final pH around of 2.8 at
5°C. A standard industrial disinfection treatment with NaClO {100 mg/L, pH 6.5, T =
3%C) was also prepared. As control washing with tap water at 5°C was used. All washing

solutions were prepared immediately before application.

The contact times of the different treatments with ASC were 60, 80 and 120
seconds. For the standard chlorinated water and the control treatment the contact time
was 120 seconds. All disinfection treatments were followed by a 1| min rinsing step with
tap water at 3°C. Then, leaves were manually spin dried to eliminate water excess. An
amount of 40 g of leaves was placed in 1,300 mL polypropylene {PP) baskets thermally
sealed at the top with a bi-oriented PP (BOPP) film of 40 pm thickness (Bhticos del
Segura 3.1, Murcla, Spain) to generate a passive modified atmosphere package (MAP).
The O; and C0O; transmission rate at 23°C and 0% RH of BOPP was similar with 830
cm® /m’d atm and the water vapour transmission rate at 23°C and 85% RH was 0.7 ¢
/m°d atm {data provided by the supplier). Three replicates of one basket per treatment
and storage temperature and duration {processing day and after 5, 8 and 11 days of shelf
life) were prepared and stored in a dark cold room at 5°C and 1{°C. The 5°C
temperature was selected as the maximum limit recommended and the most commonly
used for fresh-cut plant commodities throughout its commercial distribution and retail

sale, the 10°C was selected as an abusive temperature during distribution and retail sale.
3.2.5, Gas composition within packages

Gas composition (3 and CO;) within packages was monitored on the
processing day and after 5, & and 11 days of storage by using a gas-analyzer {PBI
Dansensor, CheckPoint, Ringsted, Denmark). In order to avold modifications in the
headspace due to gas sampling, each analyzed package for each evaluation time was
opened and used for further analysis. In the current work only results from the samples
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subjected to the 120 s contact time are presented. Three replicates were made for each
treatment and evaluation period.

3.2.6. Microbial analysis

To determine the microbial growth, standard enumeration methods were used.
On each evaluation time three random samples were taken. A 10 g sample of leaves
were homogenized in 80 mL of sterile BPW (Scharlau Chemie SA, Barcelona, Spain)
for | min in a sterile stomacher bag {(Model 400 Bags 6141, London, UK) using a
masticator {Colwort Stomacher 400 Lab, Seward Medical, London, UK}, Tenfold
dilution series were prepared in ? mL of sterile BPW. From non inoculated samples and
E. cofi Na' from inoculated samples, total aerobic mesophilic bacteria and total
coliforms were recovered. The following media and incubation conditions were used:
plate count modified agar {Scharlau Chemie, Barcelona, Spain) for mesophilic aerobic
bacteria, incubated at 30°C for 48 h, Chromocult® coliform agar {Merck, Barcelona,
Spain) for total coliforms, incubated at 37°C for 24 h, and Chromocult”™ coliform agar
supplemented with 30 mg/L of nalixicid acid for E. cofi Na', incubated at 37°C for 24 h.
All microbial counts were reported as log colony forming units per gram (log CFU/g).
For the non inoculated samples, the presence of Salmonella spp., Listeria
monacytogenes and generic £ cofi was evaluated according to the European Union
legislation for fresh-cut commoedities (Regulation EC 144172007, 2007). All analyses
were made In triplicate.

3.2.7. Sensory evaluation

For the sensory assay non Inoculated samples washed 120 s with the different
treatments were used. A seven people panel (aged 24-62) tralined In sensory quality
analyses performed the evaluation. Before running the experiments a consensus was
reached between the panellists in order to select those attributes that better describe
sensory changes. Sensory quality was evaluated on the processing day and after 5 and
11 days of shelf life at 5°C and 10°C. Visual symptoms of dehydration and browning,
and off-odours and oft-flavours development were scored on a five-point scale of
damage incidence and severity {1 = none, 2 = slight, 3 = moderate, limit of usability, 4
= severe and 3 = extreme). Visual appearance and overall quality were evaluated by
using a nine-point scale {1 = extremely poor, 3= fair, limit of usability, 9 = excellent)

according to Tomas-Callejas er af. {201 1a).
3.2.8, Contact time/dose optimization assessment
3.2.8.1 Leaves inoculation

The inoculation procedure with E. cofi Na' of Tatsoi leaves has been described
above. A total of 5 leaves {n=>5) were evaluated for each treatment {dose and contact

time).
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3.2.82. Washing treatmenis

The following chemical treatments were prepared as previously described in 1 L
beakers: ASC at 30, 100, 200, 300, 400 and 500 mg/L. To determine the effect of ASC
doses on decontamination efficacy, a total of 5 inoculated leaves were each submerged
Into the sanitizing solution for 3, 15, 30, 60 and 20 s. Then, the leaves were rinsed with
deionised water for 10 s In order to eliminate the residual excess sanitizer. This
experiment was performed at room temperature {about 22°C).

3.2.83. Bacterial enumeration

Followmg each treatment, samples were transferred into sterile plastic bag
{Whirl-Pak, Nasco, Modesto, California, US) containing sterile BPW {Scharlau Chemie
54, Barcelona, 5pain} added mn a |2 w/v ratio. Samples were then massaged by hand
for | min. Ten fold dilutions were prepared with BPW. For E. cofi Na' recovery,
Chromocult® coliform agar {Merck, Barcelona, Spain) supplemented with 33 mg/L of
nalixicid acid was used and incubated at 37°C for 24 h. Results were reported as log
reductions of £, cofi. Five replicates for each dose and contact time were made.

3.2.9. Statistical analysis

The experiment was based on a factorial design: treatments {at three levels of
concentration 100, 300 and 500 mg/L) x contact time {at three levels 60,90 and 120 s5) x
storage time {four levels 0, 5, 8 and 11 days) at each storage temperature. For the
statistical analysis Statistical Analyses System {SAS) 9.2, (SAS Institute, Cary, NC,
Us4) was used. Replication of each treatment, contact time and storage time
combination was repeated in triplicate. Comparison among treatments was carried
using the MIXED procedure and Tukey’s multiple comparisons for mean separation. A
comparison of the ASC treatments during each day of storage against NaClO and water
washing treatments was carried using the GLM procedure and Tukey’s multiple
comparison was utilized for mean separation. For all comparisons, a significant
differences were established when p<0.05. All data was previously evaluated for
normality and homogeneity of variance using the UNIV ARIATE procedure function of
SAS.

3.3. RESULTS
3.3.1. Gas composition within packages

The gas partial pressure changes of (; and C0; within packages throughout 11
days at 5°C and |{PC are shown in Fig. 1. The initial gas composition was air {20.9 kPa
; and 0.03 kPa COs;). As expected, due to respiratory activity of the leaves and the film
permeability, the O; levels decreased and the C(); increased along the storage time for
both storage temperatures. No significant differences {p<0.05%) were found among
treatments at the same storage temperature. Equilibrium gas partial pressures within
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packages at 5°C were reached after 8 days with around 10-12 kPa O; and 8-10 kPa C(;
{balanced with N3} (Fig. 1A). The same trend was found at 10°C although higher O;
consumption and CO; emissions occurred in leaves within packages. After 5 days at
10°C (Fig. 1B}, the CO, partial pressure was higher than the O; for this abusive storage

temperature. In this case the equilibrium gas partial pressures within packages were also
reached after 8 days with around 1-4 kPa Oz and 13-15 kPaCOs.

3.32. Sensory evaluation

The average of the scores for sensory evaluation of fresh-cut Tatsol at 5°C and
10°C are shown in Figure 2. After > days at 3°C, Tatsol baby leaves did not show
noticeable symptoms of browning, off-odours nor off-flavours that exceeded the
acceptable limit for fresh consumption. However, for all treatments, after 1 | days at 5°C
slight dehydration symptoms were recorded. In general, all samples showed a moderate
decrease of their overall sensory quality after 11 days at 5°C, being scored above the
limit of usability. Strong differences between storage at 3°C and 10°C in visual
appearance and overall quality were observed. After 5 days at 10°C, all treatments
except NaClQ, were scored below 6 for visual appearance and overall quality and slight
dehydration symptoms were cbserved. After 11 days at 10°C, none of the treatments
were acceptable for consumption based on overall quality and slight to moderate off-
flavours were registered for all samples (data not shown).

3.3.3. Microbial analysis
3.3.3.F Narural micraflora

The initial microbial load for total asrobic mesophilic bacteria was 4.39 log
CFU/g (Table 1A). Washing for 120 s with NaClO resulted in | log reduction of the
population compared to the control. Significant differences {p < (.05) among ASC and
NaClO treatments compared to the control were found. The antimicrobial effect of ASC
against NaClQ was similar after washing and no significant differences were registered.
After 5 days at 5°C, the mesophilic population reached 3.74 log CFU/g and remained
stable throughout the chilling storage. For NaClO, ASC 300 and ASC 500 lower
bacteria populations were registered and no significant differences among them were
found. After 5 days at 5°C, ASC 100 was not as effective as NaClO, ASC 300 and ASC
500 treatments and showed a similar behaviour to the control. The initial antimicrobial
effect of the sanitizing solutions did not remain until the end of the chilling storage. The
bacterial load was similar for all treatments after 11 days at 5°C. Regarding the length of
the treatment, comparisons within each treatment were carried out. In general, no
significant differences between contact times were found.

Total mesophilic counts of fresh-cut Tatsol leaves stored at 10°C are shown In

Table 1 B. As expected, the microblal growth rate was faster than at 5°C. The bacterial
population In the NaClQd and the ASC treatments was higher than that in control
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samples after 8 days at 10°C. At the end of shelf life, ASC 500 mesophilic load was
above | log CFU/g compared to the control. No differences between contact times
within each treatment were found.

Changes in total coliforms population as affected by treatment, contact time and
storage duration are listed in Table 2. NaClO and ASC were effective in reducing
coliforms {> | log reductions) populations on fresh-cut Tatsol compared to the control.
For most of sanitizing treatments, total coliforms counts were below the limit of
detection {2 log CFU/g) during the MAP storage at 3°C (Table 2A). Nevertheless,
coliforms populations in ASC treated leaves were above than those in control during the
storage at 10°C (Table 2B). Significant differences were registered for all the sanitizing
treatments after 11 days compared to the control while no differences between contact
times within each treatment to any storage temperature were found.

Generic E coli, Salmonella spp., and Listeria monocyvtogenes were not

recovered from any of the non-inoculated samples, being safe according the EC
legislation {Regulation EC 144 1/2007, 2007).

3.3.3.2 Escherichia cofi

The populations of £ cofi on fresh-cut leaves treated with several sanitizing
solutions and MAP stored up to 11 days at 5 and 10°C are listed in Table 3. The E. coli
population attached to Tatsol leaves after washing with water {control) was 5.15 log
CFU/g. Washing with NaClO reduced the E cofi population in 1.17 log units.
Treatment with NaClO and ASC 100 resulted in similar reductions in the number of
viable £, cofi and no significant differences were found among those treatments. The
antimicrobial effect of ASC at a concentration of 300 and 300 mg/L was more effective
than the NaClO treatment in reducing £, cofi. ASC 33X} treatment showed the greatest
log reductions of 1.76, 1.56 and 1.88 at 60, 50 and 120 s of contact time respectively
compared to the control. No £ coli growth during MAP storage at 5°C for any
treatment was found. The effects of the antimicrobial solutions remained throughout
shelf life. After 11 days at 3°C, log reductions ranging from 1.6 to 2.3 for ASC 300 and
ASC 33 compared to the control were achieved. No differences between contact times
within each treatment were found.

Contrary to the observations at 5°C, storage at 10°C resulted in an increase of the
E. colfi population during the MAP storage for all treatments {Table 3B). For control
treatment the E. cofi load reached 6.07 log CFU/g after 11 days at 10°C. The £ coli
populations for the remaining treatments were below the control but only ASC 300 (60
s) and ASC 300 showed significant differences. The microbial growth rate along the
storage time was faster for the samples treated with chemical solutions than for the
control. After 11 days at 10°C, E. cofi population increased in 0.92 and 1.78 compared
to the initial load for the control and NaClO treatments respectively and above 2 log
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units for all ASC treatments. In general, no differences between contact times within
each treatment were found.

3.34. Contact time/dose optimization assessment

The measured moculum level for the generic £ cofi was 6.38 + (.02 log
CFU/mL (data not shown). The survival of E. cofi on Tatsol baby leaves exposed to the
different ASC doses and the different contact times of treatments are shown in Fig. 3.
After iInoculation, on average, 5.3 + .06 log CFU/g of attached E. cofi was detected.

Washing Tatsol leaves for 3 s with 50, 100, 200, 300, 400 and 500 mg/L of ASC
reduced 051, 1.15, 1.7, 1.11, 1.72 and 1.89% log CFU/g of the £ rafi population
respectively. Between ASC 50 and the two highest concentrations (400 and 300 mg/L)
significant differences {p<0.03) in log reductions were found. The antimicrobial effects
of ACS were more noticeable during the first 30 seconds of contact time. In addition,
higher doses resulted in higher reductions. Increased time of contact after the first 30 s
did not increase the antimicrobial effect of ASC which remained quite stable. After B0 s
of contact time, log reductions above 2 for all treatments were recorded. No differences
In populations between treatments after 20 s of contact time were found.

3.4. DISCUSSION

Prevention and sanitation are the most important tools for keeping microbial
guality and safety of fresh-cut commodities. The limitation of the postharvest washing-
disinfection treatment to remove the microorganisms acquired in the field or during
handling with chemical sanitizers, as well as the main produce-related foodbome
pathogens, is becoming of an important interest (Artés and Allende, 20053, Kim et al.,
2009; Olmez and Temur, 2010). Washing with water physically removes
microorganisms from the surfaces of fresh plant produces, but previcus reports have
shown little decontamination effect on several whole and fresh-cut commodities {Park
et al., 2008; Tomas-Callejas et al, 2011b). In fact, washing with water does not
guarantee the inactivation of foodbome pathogens. Several issues previously discussed,
related with the use of chlorine as sanitizer in the fresh-cut industry have stimulated in
finding alternative sanitizers. The use of ASC has been widely study in the poultry and
meat industry. Moreover, there 1s a concern about the use of this chemical in the food
Industry due to its acidic nature. As far as we know, there are little studies about the

corrosive effect of ASC on stainless steel and food processing equipment.

Mesophilic bacteria counts typically range from 3 to 2 log CFU/g for fresh
produce and from 3 to 6 log CFLU/g for processed produce (Zagory, 1959), In this study,
less than 2 log CFU/g reductions of aercbic microflora, coliform population and £ cali
In fresh-cut Tatsol leaves compared to water-washed samples was achieved. This result
agrees with that reported by Ruiz-Cruz et af. {2000}, who found reductions by 1.2 - 2
log CFU/g in shredded carrots treated with ASC (100, 250 and 500 plL/L) compared to
water-washed and unwashed samples. In the same way, reductions in aerobic
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mesophilic bacteria, yeast and moulds by about 2 log CFU/g for fresh-cut cilantro by
Allende et af. (2009).

Many research studies reported the antimicrobial effect of the sanitizers only
after their application. However, the maintenance of the microbiological reduction
reached during storage is even more important. Natural epiphytic microflora growth
during storage at 1{FC was faster for the disinfected treatments with NaClO and ASC
than for the control. A hypothesis for this behaviour is that ASC treatment could cause
superficial damages on the leaves, releasing nutrients and promoting microbial growth.
Ruiz-Cruz er al. (2006) reported that shredded carrots at 5°C resulted in more electrolyte
leakage than lower ASC concentrations and chlorine, probably due to tissue damage
caused by ASC. However, further studies should be performed to support this claim.
Also, it should be considered that disinfection does not remove the entire associated
microflora. Hence, the remaining bacteria might find less nutrient competition which
could enhance microbial growth during chilling storage. Thus, Lopez-Velasco er al
{2010) found that the remaining bacteria in spinach disinfected with NaClO were able to
quickly re-establish populations on the surface compared to water-washed samples
during storage at 4°C and 1 {0°C.

Reductions in population of inoculated E. colfi on leafy vegetables as affected by
ASC have been reported. Washing Chinese cabbage leaves with distilled water could
reduce the population of E cofi Ol57:H7 by approximately 1 log CFU/g, whereas
treating with 0.5 g/l ASC at 4°C could reduce the population by 1.6 log CFU/g {Inatsu
er i, 2{05a). In the current work, NaCl( and ASC showed a bactericidal effect in
approximately 1.2 and 1.4 — 1.9 log CFU/g reduction of the E. cofi population {Table 3)
respectively. The antimicrobial efficacy of ASC 100 resulted as effective as NaClO,
while ASC 300 and ASC 300 were significantly different {Table 3). E cofi populations
were maintained during the M AP storage at 5°C for any treatment. This result agrees to
another study where no changes in population were found for Iceberg lettuce stored 14
days at 5°C (Delaquis et al., 2002). Our results also agree with those reported by Lopez-
Yelasco er al., (2010), where E. cofi 0157 H7 populations on inoculated spinach were
maintained after 13 days at 4°C, while storage at 10°C resulted In a small increase.

Regarding the contact time no significant differences within treatments was
found. In addition, increasing the length of the treatment does not appear to increase the
antimicrobial effect. Many research studies focused on the evaluation of sanitizers on
the inactivation of foodbome pathogens in fresh plant produces using abusive contact
times. In fact, contact time above 2 min is not realistic at industrial level for washing
fresh-cut leaty vegetables. Thus, as previously commented, the effect of ASC on E. coli
{Fig. 3) seems to be more effective only during the first 30 seconds. Although 1t was not
taken Into account for the current study, water guality parameters such as turbidity,
organic matter content, oxlidation reduction potential, conductivity, and temperature
should be consider in order to evaluate the real efficacy of ASC. In addition, organic
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matter content in the processed water might interfere with the effectiveness of chemical
sanitizers. These factors should be included in further studies.

Gas partial pressures within packages after 8 days at 5°C were around 10-12 kPa
; and 8-10 kPa CO,. This equilibrium partial pressure can be considered as
recommended for fresh-cut baby leaf vegetables during shelf life at 5°C {Conte et al.,
2008, Artés-Hemandez er af., 2009). However, for all treatments during shelf-life at the
abusive temperature of 10 °C, high C(}; concentrations were reached and the O; levels
were close to the theoretical limit of 0.5 kPa for aerobic respiration (Saltveit, 2003)
which implies risks of both fermentation and anaerobic microbial growth.

In summary, low to moderate doses of ASC {100-500 mg/L) compared to the
maximum allowed by FDA {1,200 mg/L) showed an initial antimicrobial efficacy on
reduction of epiphytic microflora and E. cofi as effective as NaCl() regardless of the
contact time on fresh-cut Tatsoi baby leaves. Throughout the 11 days of shelf life
sensory quality attributes were well kept at 5°C but not for the abusive 10°C. Based on
our microbial findings, ASC treatment could damage the superficial tissues of fresh-cut
Tatsol baby leaves and could promote microbiclogical growth. Therefore, studies on the
surface damage of the leaves should be further studied, as well as the effects of ASC on
nutritional quality of Tatsol baby leaves and on the processing equipment.

The application of a sanitizer or a combination of disinfection treatments does
not mean a sanitation program. It implies much more effort, from a well designed
integrated production, handling and processing to proper distribution chains, keeping
appropriate chilling storage temperatures and optimal MAP conditions throughout the
entire commercial life. In addition, Good Agricultural Practices, Good Manufacturing
Practices and Hazard Analysis and Critical Control Points programs should be
implemented and accomplished to minimize the risk of contamination and to assure
safety and overall quality to consumers.
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FIGURES AND TABELES
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Figure 1. Gas changes within packages of fresh-cut Tatsoi leaves washed under several
treatments { @Control; WNaClO; m ASC 100; ¢ ASC 300; & ASC 500) and stored under
MAP up to 11 days at 5°C {A) and 10°C (B). Sclid and dashed line represents O; and
C(; concentration respectively. Data represent means of three replicates (n=3 £ 5D).
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Figure 2. Browning {1}, dehydration {2) and overall quality {3) evaluation of fresh-cut
Tatsol baby leaves washed under several ASC treatments and stored under MAP up to

11 days at 5°C {A) and 10°C (B).
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Figure 3. Log reductions of £ coli on Tatsol baby leaves exposed to different ASC
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aerobic

mesophilic bacteria stored under MAP at 5°C {A) and [0°C (B) up to 11 days. Data
represent means of three replicates {(n=3 = S5D).

Table14A
Treatment  optact Storage time at 5°C (days)
time () Dayv 0 Day § Day § Day 11

Water 150 439+ 020" 574 +£0.15° 5.53+£037%  581+0.16%
NaClo 130 344 +£029% 448 £030°  4.99+1.20°  S546+048°°
60 392+0335 5090+0.19°  S.05+067°% 489+05451
ASC 100 90 325+ 0817 426+£026%° S.01:042% 450+024 %
130 339+0.18% 523+086%"° s5.86+048% s1l1x1.27%
60 400+0045% 482+030°% s510+020* 465+078%!
ASC 300 %0 358+022%  447+020% 4.83:036"% 466+0.147
130 374+021%" 422+035%" 461 +087% 480+042°%!
60 3178+025% 474+ 1117 464 +£073% S46+£0.11°
ASC 500 %0 357+0425"  4,18+029% 497+1.10*" 476+0.80°%
150 377+006%5 476+009%  5.02+035% 5.10+0.679%

Table 1B
Treatment Contact Storage time at 10°C (days)
time (3) Dray O Day 5 Drav 8 Day 11

Water 130 4.39+020"  578+£009" 6.65+0.64° 5.77+0.14°
NaC10 190 3.444+029°%  591+021% 694+053°  565+027°
60 3.92 +0.33%" g02+020"" 708+025* s72+016°%
ASC 100 %0 3.25+£081% 575+£044" 669+030% 586+026"
150 339 +0.18%7 624 +0* 743+002% 7.08+0.10°
&0 400 £004% 634 +006"" 699:£026%" 669:052%
ASC 300 %0 358 +0.22%" 6.24+039* 704+054" 6.00+089°%
120 374+021°%0 59540334 700+068% 666+036°
&0 3.78 £0.2551 6.16+005% 676+065% 664+ 0385
ASC 500 20 357 +042%1 5754024 684+015% 689+0.12%
130 377 £006% 534034 692+020% 654£053 %

Dilferent capital letters denote significant difference between the teatments and the two control treatments [water
and MaC K (p<0.05) within the same column.
Different number within each colomn per each treatment and day, denote sigrificant difference in contact time

[p=<005).
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Table 2. Effect of ASC sanitization of fresh-cut Tatsoi leaves on total coliforms stored
under MAP at 5°C {A) and 10°C {(B) up to 11 days. Data represent means of three

replicates (n=3 + 5D).

Table 24
Treatment Contact Storage time at 5°C (days)
time (5) Dray {) Day 5 Day 8 Day 11
Water 130 3.83+0.534 <2.00° 4.14 +1.86° 251 £0.88"
NaCl0 130 <2.00° <2.00° 2.86 + 149" <2.00"
&0 210 +0.175 2.49+020% 2.10+017% <2.00 4!
ASC 100 90 <2.00 %! <2.00 % <200 239+ 068
130 <2005 297+105" 4s54+109"" 389:018%
40 <2.00 %! 249+020% 216+028% 269+ 1.19%!
ASC 300 90 <2.00 %! <2.00 % <2.00*" 2.57 £ 0994
150 <2.00°%" <2.00 %! <2.00"! <2.00 "
50 <2.00%"  210+£017%  <200%" 288+ 153%
ASC 500 %0 2.64+1.11%] <2.00%’ <2.00" <2.00*!
130 <2.00 5! <2.00 5! «2.0047 2.48 + 0.84 4
Table 2B
Treatment Contact Storage time at 10°C (days)
time (s) Day 0 Day § Day 8 Day 11
Water 130 31.83+053%  401+£062°  4.12+064°  392+088°
NaCl0 130 <2.00° 423+0.18° 639+054"  536+043°
60 2.10£0.17% s560+0.10" 669+008% s546+005%
ASC 100 90 <2005 228 +048%' 458+137%% 475+ 151"
130 <2.00%! 5.60 £0.10%"  650+002°% 604 +0.09°
60 <200%"  4.80:024" 604x0.12% 550:055%
ASC 300 90 <2.00°%’ 5.21 +043%" 583+026%% 461+086"
120 <2005 498 +053% 521 +061°% s21+029%
60 «2.00 84 499 +0.60%" 5.30+£0229%" 493+ 0494)
ASC 500 90 264+ 1115 459+043%" 477+0.14%% 595+026%
150 <2007 432:x0m" 4.67x082°% 3891 126%

Dilferent capital letters denote significant difference between the teatments and the two control treatments [water
and MaC K (p<0.05) within the same column.
Different number within each colomn per each treatment and day, denote sigrificant difference in contact time

[p=<005).
Limit of detection = 2 log CFU/g.
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Table 3. Effect of ASC sanitization of fresh-cut Tatsol leaves on E. cofi stored under
MAP at 5°C {A) and 1{0°C (B) up to || days. Data represent means of three replicates

(n=3 + SD).

Table 34
Treatment Contact Storage time at 5°C (days)
time (s) Day 0 Day § Day 8 Day 11
Water 130 5.15+002%  4.80+£005%  493+001% 4.69:008"
NaClo 130 3.98+0.13°%  355+0.10° 326+013% 339:008°
60 3.88£0.14%" 357+0.12% 342+004°' 3330117
ASC 100 90 3.85£008° 344 :0.11% 323+£023% 320:032%
130 3.86 £0.11%" 347 +0.14%' 321:022°" 325:003%
60 376 £0.13%1 318+0.13%7 294+030° 279:010%
ASC 300 90 353£007°" 307 £013% 274£224%" 278:016%
120 3.42£020°° 278+0.16°" 275+0.18%" 2.84+028%
60 333 £008°"  3.13+049% 272+£022%" 310+£009%
ASC 500 90 3.59+£0.14°"  2.87+0.15°" 284+006°" 290:055%
150 3.27+£009°" 280+030°" 259+011%" 232+055°
Table 3B
Treatment Storage time at 10°C (days)
Contact
time (3) Dray 0 Dray 5 Day 8 Day 11
Water 120 5.05+0.02"  4.80+£005" 572+£008" 607+0.4°

NaCl0 120 3.98+£0.13°  355+£010% 548+016%° 576+0.12°°
60 388 £0.14%" 357012 538:007°% 5.69£0.35°%

ASC 100 90 385+£0087 344£0117 514£027% 599+£0.02°
120 3.86 +0.11%" 347+0.14% 518+022% 572+0.15"%

60 376 20,1350 31820135 4.98+0.15%" 5.62£023°%%

ASC 300 90 353+0.07°" 307 £0.13°° 4.92:006% 522+0.17°
120 342+£020°°% 278 +£0.16%" 4383+0.14°%" 540+0.18°%
60 3.32£008°  3.13+049°% 4.87+030% 531+014°5%

ASC 500 %0 359 +£0.145" 2874015 469+048°%' 490+027°
120 327 £0.08°"  2.802030°" 4770937 530£0.18°%

Dilferent capital letters denote significant difference between the teatments and the two control treatments [water
and MaC K (p<0.05) within the same column.
Different number within each colomn per each treatment and day, denote sigrificant difference in contact time

[p=<005).
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4.1. INTRODUCTION

It 1s well known that a diet rich in fruit and vegetables can promote health
benefits, including the prevention of chronic diseases such as cancer or cardiovascular
diseases (Steinmetz and Potter, 1996; Liu, 2003). An increasing deterrent to
consumption and realizing these health benefits, fresh produce consumed raw has
become widely recognized as a vehicle for transmitting infectious diseases {Leistner and
Gould, 2002; Harris et af.,, 2003). Enteric diseases linked to consumption of fresh
produce have dramatically increased in the last several decades (Scallan er af., 2011,
Morris, 201 1), Escherichia coli (137:HT has been associated with multiple outbreaks
linked to the consumption of fresh and fresh-cut leafy vegetables {CDPH, 2004; CDPH,
2005, CDC, 2006). Recent Salmonella outbreaks associated to leafy vegetables in
Europe and the US have been also reported {Hanning et af., 200%; Raybaudi-Massilia ez
al., 2009).

The specific operations involved In preparation of fresh-cut vegetables can
facilitate attachment and stimulate microbial growth, which includes diverse complexes
of spoilage microbiota and bacterial pathogens harmful to human health {Sapers et al.,
20063, Therefore, fresh-cut produce must be managed in primary production phases and
elaborated for marketing following strict control procedures for reducing overall quality
loss and assuring its safety to consumers {Artés et al., 2009).

Immature or baby leafy vegetables are typically consumed raw. Hence, washing
and disinfection 1s a key step that contributes to effectively reducing microbial load
across the supply chain {Beuchat, 2000, Artés et af, 2005). Chlorine {sodium
hypochlorite —NaClO-) in varlious approved agricultural and food grade formulations
have been the most widely used disinfectant in the fresh-cut industry. However, there 1s
a certain concern about the use of NaClO by the fresh-cut industry due to its low
effectiveness n presence of organic matter, and the formation of known or potentially
carcinogenic or mutagenic by-products such as chloroform and haloacetic acids
{Nieuwenhuysen er af., 2000; Richardson er al, 2007, Hrudey, 2009; Omez and
Kretzschmar, 20097,

Chlorine dioxide {Cl(;) has been utilized as a water treatment for several
decades but has attracted increased interest over the past ten years as an altermative to
NaClO for the fresh and fresh-cut produce industry (Artés et af., 2009, Gomez-Lopez et
al., 2009). Cl}; used as a disinfectant has several accepted or percelved advantages over
NaCl0, including higher oxidant capacity (Bernarde et af., |967), effectiveness over a
broad range of pH {Parish et af., 2003), lower reactivity with organic matter {Gordon
and Rosenblatt, 2005} and high effectiveness at low concentrations {Huang er af., 1997).
In addition, Cl0; and its main by-product, chlorite {Cl0;7), are classified as non-
carcinogenic products (IARC, 1891, EPA, 2000; ATSRD, 2004). However, as with all
chemistries used for process water and wastewater disinfection, Cl0; has disad vantages
associated with its use. Cl0; is a very unstable substance; it is highly explosive as a
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concentrated gas {and therefore must be generated on-site). It decomposes readily when
exposed to sunlight, as may occur In raw produce washing operations (Suslow, [ 597).

Regardless of these practical challenges, the efficacy of Cl0; in inactivating key
foodbome pathogens of concem among different commodities has been reported.
Concentrations of 4-35 mg/L were effective to reduce Salmonella spp, Escherichia coli
Q157 HY? and Listeria monocytogenes inoculated onto cabbage, carrot, lettuce,
strawberry and melon (Sy er al., 2005, Mahmoud er af., 2007, Mahmoud and Linton
2008, Keskinen et al, 2009). ClO;can also decrease the viability
of Cryprosporidium parvum oocysts {(Peeters er af., 1985).

Washing procedures applied to fresh produce have the potential to reduce
contamination from the surface of the product. However, the wash water may also serve
as a source of contamination or has great potential to result in cross-contamination
within a lot and among sequentially washed lots. Due to economic and environmental
factors, reconditioning and recycling of water has been a long employed practice for the
industry and it is currently recommended by govermmental institutions {USDA, 1598),
The effective use of chemical sanitizers during the washing-disinfection step 1s a critical
point for keeping gquality and safety of fresh-cut produce.

Despite the wide use of antimicrobial chemistries add to water as processing
aides, the survival of food bome pathogens on fresh-cut products and resultant illness
and outbreaks remains a reality. The rapid detection of human pathogens at various
points from preharvest to finished, packaged product has become a priority for the
fresh-cut industry (Gomez er af, 2010). Fresh-cut leafy vegetables are highly
perishable, and heold times for pathogen test cutcomes, consistent with conventional
culture-based methods are unacceptable, even when sufficient large capacity
refrigerated storage is avallable. Conventional methods of detecting pathogens in food
samples are time-consuming, taking 3 to 5 days or longer for a confirmed positive result
and mtrinsic traits of some leafy vegetables can prevent or delay detection with rapid
commercial detection kit formats {D’lima and Suslow, 2009). In addition, even a few
surviving cells, at numbers below typical limits of detection are still bemg cause for
concem. In the case of E. cofi Ol57T:H7, for example, evidence from epidemiological
studies suggests that the infectious dose may be as few as 10 cells per serving
{Jiimeman et al., 1993). In recognition of this risk to consumers, research efforts have
been focused on the development more rapid, unequivocal and sensitive pathogen
detection methods. Several commercially developed and approved or certified rapid
methods for the detection of low levels of £, cofi Q137 HT and Safmonella in fresh-cut
leaty wvegetables are avallable. The (Qualicon BAXE Salmonella system and the
Assurance GDSE O157:H7 are PCR-based systems and currently approved by the
AOAC as official methods for detection of Salmonella and E. cofi O157:H7Y in selected
foods (Silbemagle er af., 2003; Feldsin er af., 2005). Despite these advances, the
optimal sampling locations for assessing pathogen risk exposure and control efficiencies
during fresh-cut processing of salad blends have yet to be fully elucidated.
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Baby leaty vegetables have grown in popularity as a base ingredient for fresh-
cut mixed salads. Baby Red Chard {betz vulparis cv. cicla) 1s one of the most
commonly consumed which adds a sweet with slightly bitter flavor undertones to mixed
salads.

The objective of the current work was to evaluate process handling cross-
contamination potential and pathogen removal of initially low numbers of attached cells
of Salmaonella and E. cofi Q157 H7 during the washing-disinfection, rinsing, and de-
watering steps of fresh-cut Red Chard {Beta vuigaris cv. cicla). To determine this, a
model wash-process system was designed to evaluate efficacy and stability of liquid
Cl0; applied to the water as the disinfectant treatment.

4.2. MATERIALS AND METHODS
4.2.1. Liquid chlorine diexide stability

A synthetlic processing water to simulate commerclal processing  water
conditions was created. To simulate the background oxidative demand of processing
water, plant material with adhered soil was taken from University of Califomia {Davis,
CA) research farm and submerged 1n tap water. Dilutions were prepared and adjusted to
create synthetic process water with turbidity values of 22 and 160 FAU (Formazin
Turbidity Unit = Nephelometric Turbidity Unit). These assays were carried out by
adding Cl3; {Aquapulse Systems Inc., San Luis Obispo, CA, USA) by serial dilutions
in 100 mL of synthetic water to reach a final concentration of 3 mg Cl0./L confirmed
by using a colorimeter as described below. Changes in oxidation reduction potential
{ORP) and residual Cl(}; concentration {mg/L) during a 2 min interval at two
temperatures (10 and 25°C) and two water turbidities {22 and 160 FAU) were
monitored. All physicochemical parameters were determined using standard protocols.
Specifications of the mnstruments used are as follows: ORP-sensor (Thermo Fisher
Scientific Inc., Waltham, MA, USA) for ORP; portable colorimeter for turbidity
{DR/830, Hach Company, Loveland, CO, USA)} and Cl3; residual {Pocket
Colorimeter ™ II, Hach Company, Loveland, CO, USA). The samples of 160 FAU
water were filtered by using a 0.45 pm filter before measuring the Cl0; residual to
avold interference among suspended solids and the Cl(}; colorimeter. All analyses were
made In triplicate.

4.22, Plant material

Red Chard {Beta vilgaris cv. cicla) leaves were grown under certified organic
management in Salinas Valley {California, US) and hand harvested at a commercial
development stage as immature or ‘baby’ leaves. Immediately after harvesting, the
leaves were placed in pre-cooled, insulated chests {coolers) and transported to the Mann
Lab {University of Califomia, Davis) where they were held at 5°C until further
processing within 18 hours.
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4.2.3, Bacterial cultures and inoculum preparation

Attenuated strains of B cofi GUTHT (PTYS51533) and S5 enrerica  sv.
Typhimurium {(PTVS177) were used in this study {Table 1). A derivative strain resistant
to rifampicin (80 mg/L) was isclated for each strain via selection of spontaneous
mutants and used to minimize Interference with other bacteria during quantitative and
qualitative detection and determinative confirmation tests {Beuchat er al., 2001). Both
strains were grown separately ovemight in 2 mL of Tryptic 5oy Broth {TSB) (BD
Diagnostics, Sparks, MD, USA) supplemented with 80 mg/L of rifampicin at 37°C.
After incubation, cultures were centrifuged at 4,000 x g for 10 min. The pellet was re-
suspended and washed twice with Butterfield’s phosphate buffer {Whatman Inc.,
Piscataway, NJ, USA). The final cell pellet was suspended in Butterfield’s phosphate
buffer to obtain an initial cell density {(3Dggo) of approximately 0.7, which corresponds
to a concentration of 10° CFU/mL. The final concentration was confirmed by serial
dilution plating on Tryptic Soy Agar {TSA) {(BD Diagnostics, Sparks, MD, USA)
supplemented with 80 mg/L of rifampicin {TSA-rif).  All experimentation was
conducted in the Suslow Biosafety Level 2 Laboratory of the L. Mann Postharvest
Laboratory at University of California, Davis.

4.2.4, Inoculation procedure

Red Chard leaves were submerged in phosphate buffer {pH 7.0) containing 10°
CFU/mL for | min and were subsequently dewatered and dried overnight at 15°C and
03% RH prior to processing to allow for presumptive cell attachment on the plant
phyllosphere. Inoculated leaves were marked in the distal tip of the petiole with a
colored tape for differentiation from non-inoculated leaves combined with treated leaves
during processing.

4.2.5, Sample preparation and processing

Two sets of different experiments with Red Chard baby leaves, separately for
Salmonella and E. coli 0157 H7, were subjected to simulated minimally processing at
room temperature {nominally 20°C). In each experiment as a preparative step, non-
Incculated leaves with defects such as yellowing, decay, harvest and transport damage,
and bruising were discarded. Twenty Inoculated and marked Red Chard leaves were
mixed with 300 g {roughly 120 leaves) of non-inoculated leaves from the same lot and
processed as a unit. Within each replicated experiment and each specific treatment
variation, inoculated material represented the 3-3% of the total weight. Two different
maodel washing systems were evaluated as follows:

A. Prewashing {1 min, spray—shower with municipal tap water), Disinfection Wash
{lmin, sanitizing solution —aerated batch agitation wash), Rinsing {30 s, spray-
shower with municipal tap water) and Dewatering (30 s — manual centrifugation
with 10 L foodservice spin dryer).
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B. Prewashing {1l min, inmmersion with municipal tap water), Disinfection Wash
{1 min, sanitizing solution — immersion), Rinsing {30 s, spray-shower with
municipal tap water) and Dewatering (30 s — manual centrifugation with 10 L
foodservice spin dryer).

Prewashing, washing-disinfection and rinsing were performed in different tanks
using a ratio of 3 L water/300 g product. The aerated agitation bath was created by
passing compressed air through a 1.5 x 35 cm-long aguarium airstone. Two chemical
disinfectant solutions: Cl0; (3 mg/L) (Agquapulse Systems Inc. San Luls Obispo, CA,
USA) and NaClO {(6%) {The Clorox Company, Oakland, CA) (25 mg/L, adjusted to pH
6.5 with citric acid), were prepared immediately before application and added in the
washing-disinfection tank. After processing, inoculated and non-inoculated leaves were
collected, divided by type and analyzed separately. The experiment was repeated twice
for each strain.

4.2.6. Bacterial detection, recovery and enumeration

4,261 Water

Three random water samples of 20 mL were collected from each washing step
{prewashing, washing, rinsing and centrifugation) to evaluate the potential transfer of
pathogens from inoculated leaves to the processing water. Samples were immediately
neutralized using sodium thiosulphate {Naz5:0s) {1 N}). The amount of Na;5;0; used
was previously tested in the laboratory under anticipated experimental conditions and
was added in excess to ensure the complete Cl10:/NaCl} neutralization. Recovery was
done by .45 pm hydrophobic grid filtration using the Neogen ISO-GRID system
{Neogen Corporation, Lansing, MI, USA). Membranes containing any viable captured
bacterial cells were transferred to TSA-rf and Incubated at 37°C for 24 h. TS5A-rif
plates were also supplemented with 1 g/l of sodium pyruvate | CsH;NaO5 (TSARP)}
during preparation to facilitate resuscitation of sub-lethally injured cells {Knudsen er al.,
2001). Following incubation, the grid squares containing presumptive positive colonles
were counted to yield CFU/ 1OmL.

4.2.6.2. Red Chard

Inoculated and marked leaves (n=20} were collected after processing and placed
In 3 sterile bags {Whirl-Pak™, Nasco, Medesto, California, US) containing 4 leaves
each and (.1% sterile buffered peptone water {(BPW) {(BD Diagnostics, Sparks, MD,
USA) added in a 132 w/v ratio. Samples were then vigorously massaged by hand for |
min. Ten-fold dilutions were prepared with BPW and plated on TSARP for both E. calfi
O157:H7 and 5. enrerica recovery. Plates were incubated at 37°C for 24 h, counted and
results reported as log CFU/g. Five replicates for each strain; sanitizing type and
washing system were performed.
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Three replicates (n=3) of 25 g of non-inoculated leaves were placed in sterile
bags containing 50 mL of buffer supplemented with 82 mg/L. of rifampicin to evaluate
the potential transference of pathogens from Inoculated material to non-inoculated
leaves. BPW and mEHEC (Blocontrol Systems Inc., Bellevue, WA, USA) were used as
broth enrichment media for Saimonella and E. cofi O157H7, respectively. Samples
were homogenized for 30 s at medium speed in a Pulsifier (Microgen Bloproducts Lid.,
Surrey, UK} and direct plated on TSARP plates. Then, enrichment cultures were further
supplemented with BPW or mEHEC, supplemented with rifampicin as above, to reach a
final volume of 225 mL. Broth enrichments were incubated for 24 h at 37°C without
shaking and subsequently plated on T5ARP, as above, and also small aliquots were
removed for PCR-based detection as described below. Results from plates were
reported as log CFLU/g.

4.2.6.3. Inoculated bacrerial isolate detection by PCR

Pathogen detection kits were used to evaluate the potential cross-contamination
by Safmonella and E. cofi 0157 H7 from inoculated to non-inoculated plant material
during processing, anticipated to be below the quantitative limit of enumeration. BAX®
Salmonella {Dupont/Qualicon, Wilmington, DE) and GDS® O157:H7 (BioControl,
Bellevue, WA} were used In this study as rapid detection kits. BAX® Salmonella 1s
based on real-time detection of SYBR intercalation into double-stranded DNA during
PCR amplification. Standard detection time includes 8 h of non-selective enrichment
plus 3 h for processing and detection. For these experiments, a selective enrichment by
the addition of rifampicin was used to enhance the recovery of applied isolates.
Assurance GDS® 0O157:H7 is a probe-based real time PCR which is combined with an
Immunomagnetic separation step prior to processing, amplification, and detection. Time
to detection includes 8 h of semi-selective enrichment plus 75 min for amplification and
detection. The specific technical directions provided with each kit were followed
carefully with the exception of the use of rifampicin supplementation. Enriched samples
were Incubated according to provider specifications and results were used to determine
presencefabsence of the target pathogen. All analyses were made in triplicate.

4.2.7. Statistical analysis

The data was analyzed by using Statistical Analyses System (5A8) 9.2, {SAS
Institute, Cary, NC, USA). Each treatment was repeated in triplicate. Comparison
among treatments was carried using the GLM procedure and Tukey’s multple
comparison was utilized for mean separation. For all comparisons, a significant
difference was established when p<0.05. All data were previously evaluated for
normality and homogeneity of variance using the UNIV ARIATE procedure function of
SAS.
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4.3. RESULTS
4.3.1. Liquid chlorine dioxide stability

Changes in ORP and residual Cl0O; as affected by water temperature and
turbidity are shown in {Fig. 1). Residual Cl(}; concentrations were monitored after its
addition during a 2 min interval. The impact of turbidity was more pronounced than the
effects of water temperature in ORP and residual Cl; values. From an initial Cl(;
concentration of 3 mg/L, residuals quickly decreased to | mg/L within the first 20 s
when added to 160 FAU turbidity water regardless of the water temperature and
subsequently remained quite constant during the remaining 2 min {Fig. 1 A). A turbidity
value of 22 FAU at a water temperature of 10°C was less influential in affect on
reducing the initial C13; concentration during the monitored time. However, a slight
decrease of residual Cl(; for 25°C water temperature within 2 min was observed. In
general, lower reductions of residual Cl0; were observed at 10°C than at 25°C as well
as at 22 FAU than at 160 FAU. A Cl(J; concentration of 3 mg/L. was assoclated with
ORP values greater than 650 mV for water turbidity of 22 FAU at 10 or 25°C. However,
when water turbidity was 160 FAU, ORP values decreased throughout the time and
dropped to values less than 330 mY within 10 s. For the C1(3; concentration tested, ORP
values were not significantly different irrespective of water temperature tested for each
turbidity condition {Fig. 1B).

4.32. Pathogen inactivation on inoculated leaves

Inoculated leaves represented 3-3 % of total weight of minimally processed Red
Chard. After washing the combined leaf mass, inoculated and marked leaves were
selectively removed and analyzed separately. The antimicrobial effects of Cl10; and
NaClOon £ cafi G157:H7 and 5. erterica are presented in Table 2.

The initial population of E. coli O157:H7 on inoculated leaves before processing
was 3.5]1 £ (.13 log CFU/g. For the washing type A, log reductions after processing of
0.70 reaching a final load of 2.80 log CFU/g for both sanitizing solutions were
achieved. Washing type B was apparently more effective for NaClO compared to
washing type A and a reduction of 0.85 log CFU/g just after washing was observed. In
general, no significant difterences {(p<{.03) among washing types and sanitizers for £
cafi O157T:H7 were found.

Greater log reductions for S enterica as compared to £ cofi O1Y7HT after
processing were reached. The initial Safmonella load was 4.27 log CFU/g. Significant
differences in log reductions after washing among sanitizers within the same washing
system were found. Washing with NaClO resulted in 150 and 1.12 log CFU/g
reductions of Safmonella for the washing types A and B respectively. Reductions of
0.88 and 1.33 log CFU/g after washing with ClO; for the model systems A and B
respectivel y were achleved.
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4.3.3, Pathogen cross-contamination from inoculated leaves to processing water
and te non-inoculated leaves

The potential cross-contamination from inoculated leaves to non-inoculated ones
via processing water was studied {Table 3). After processing the Red Chard leaves, no
borna fide colonies on selective media were recovered and, therefore, levels of the
applied pathogen surrogate 1solates were below the 1imit of guantitative detection (1.4
log CFU/g) regardless of the sanitizer and the washing model type used. Neutralized
water samples from prewashing, washing, rinsing and the dewatering step were
processed by using a sterile hydrophobic grid membrane to evaluate the potential risk of
E. cofi O15TH7 transference from inoculated leaves to the processing water (Table 3).
No colonies in the processing water from prewashing, washing and rinsing steps for any
sanitizer and washing type were detected. However, small populations ranging 4.3 — .5
CFU/10mL of E. cofi 01537 H7 were recovered from effluent discharge water collected
during the centrifugation de-watering step.

In this study PCR-based rapid detection kits were used to evaluate the presence
of the pathogens below the quantitative limit of detection in non-inoculated Red Chard
leaves (Table 3). For the washing type A, the probe-based GDS system provided
molecular evidence of the presence of £ cofi O157H7 after washing with NaClO in |
out of 3 samples, whereas no positives for ClO; treated washes were registered.
Positives observed within model system A represented 6% of the total samples for both
sanitizers. However, 30% of the analyzed samples were positive for washing system B.
Regarding the obtained results, none of the sanitizers In the conditions assayed, could
completely prevent the cross-contamination to non-inoculated leaves within the limits
of the model system design. Although it is not part of the official protocol, the selective
enrichments used for the GDS procedure were direct plated on CHROMagar Q157™
{CHROMagar, Paris, France) to confirm the GDS results and verify that PCR detection
included viable target cells.

As observed for B cofi Q153THY, no colonies of Salmonella were recovered
from non-inoculated leaves regardless of the sanitizer and the washing model type used
after processing. However, transference of viable Salmonella from inoculated leaves to
the processing water was detected. Water from the centrifugation step was found to
harbor significant populations of the target bacteria. Populations of Salmeore{la in the
NaCl( treated samples were lower than in comparison to Cl(;, independent of the
washing system. The Safmonella recovery in the centrifuge effluent water was 35 and
23 CFU/10 mL for NaCl( and 139 and |14 CFU/1 0 mL for C10; for the washing types
A and B, respectively. No significant differences among washing systems for each
sanitizer were found.

The evaluation of the presence of Salmorella In non-inoculated leaves below the

guantitative limit of detection was carried out by using the BAX® Salmonella system.
None of the sanitizers in the conditions assayed were able to prevent cross-
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contamination to non-inoculated leaves and all samples were determined to be positive
by the BAX assay. The selective enrichments used for the procedure were also plated
out on XLT4 and found to confirm the PCR assay results.

4.4. DISCUSSION

Fresh-cut produce is commonly consumed raw and disinfection 1n a washing
step constitutes a minimum practical means of decontamination for quality and safety.
Washing with water, particularly with added mechanical action, physically removes
microorganisms from the surfaces of plant products, and the addition of disinfectants
can help to improve the efficacy of this processing step. However, several reports have
shown that the level of decontamination is not high enough to ensure safety of fresh-cut
commodities {Ruiz-Cruz er al., 2007, Park er al., 2008, Tomas-Callejas er af., 2011).
Consequently improvements in the application of chemical sanitizers to the washing
water are a cruclal point to prevent cross-contamination and maximize inactivation of
attached human pathogens.

The population of E. coli O157:HT and Salmenella inoculated onto Red Chard
leaves was determined after the chemical treatment. In this study, 0.7 and .8-1.5 log
reductions of E cofi O157H7 and Safmornella, respectively, after processing with 3
mg/L. C10; were observed. This result 1s consistent with that previously reported by
Lopez-Galvez et al. {(2010) where generic E. codi reductions of (.8 log CFU/g in fresh-
cut lettuce treated with 3 mg/L Cl0; were detected. However, Inconsistent results have
been reported depending on the commedity, initial inoculum level, ClO; concentration,
contact times, washing conditions and recovery procedures {Singh er al., 2002, 2003,
Lee and Bake, 2008; Pao et af., 2007, 2009). Washing iceberg lettuce for 2 min with
TrnNova (20, 100 and 200 mg/L of 1on Cl3;7) resulted in reductions of £ cafi G157HY
of 0.5, 1.05 and 1.13 log CFU/g respectively {Keskinen et af., 2009). Increasing the
Cl0; concentration does not seem to result in greater reductions of the initial pathogen
population. In the same manner, Kim et al. (2009) reported log reductions of 1.66 and
1.54 log CFU/g of E. cofi O157H7 and S, enterica ser. Typhimurium in inoculated
broccell sprouts after washing with 30 mg/L ClO; for 3 min. However, the current
residual Cl(}; concentration in water approved by the U.S. Food and Drug
Administration must not exceed 3 mg/L for fresh cut produce (21 CFR 173.300; 2007).

The inoculated plant material represented only 3-3 % of total weight when
mixing with non-inoculated Red Chard leaves. Low levels of inoculum and the
Inoculatedmon-inoculated plant material ratio was selected to mimic real conditions of
contamination in the Industrial processing plants. Plant material might arrive from the
production fields with sporadic levels of contamination within and among lots received
by the processor. Lots may include product harvested from different production fields
and even different growers many miles apart. Non guantitative evidence of cross-
contamination of non-incculated leaves by £ cali 0157 HT was detected after plating
on selective culture media (LOD 1.52 log CFU/g). Based on the Assurance GDS results,
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33 % of the total samples were positive for £ cofi O137T:H7, and only Cl0; for the
washing type A was able to completely prevent cross-contamination. Prior reports
demonstrated that once cross-contamination occurs during produce washing, further
washing with disinfectant solutions including Cl0;, is unable to control the
contamination {Lopez-Galvez et al, 2010). While no Salmonella colonies were
recovered on selective media from non-inoculated Red Chard, after detection by PCR-
BAX all samples were positive regardless of the washing and sanitizer type used. Pao ez
al. (2007) studied the effect of ClO; for preventing Salmornella cross-contamination
through contaminated water to non-inoculated tomatoes and determined that 3 mg
Cl(}/L effectively prevented cross-contamination.

It is known that water quality can affect the efficiency of chemical sanitizers.
Although the interaction between Cl}; and organic matter does not produce toxic by-
products, as occurs with NaClO, Cl10; is able to oxidize a large fraction of natural
organic matter (Swietllk and Sikorsa, 2004}, reducing 1ts availability in inactivating
target microbes. Cross-contamination with E coli between inoculated and non-
Inoculated fresh-cut escarcle washed with different water quality was influenced by
microbial and organic load present in re-circulating water {Allende er al., 2008). In this
study, CIO; stability test results showed that ORP values were affected by water
turbidity. It has been established that ORP values >630 mV are required to effectively
kill human pathogens in the limited contact times typlcally present during produce
washing processes {Suslow, 2004). The ORP often comrelates well with the
antimicrobial potential of the water and it is assoclated with the concentration of the
oxidant, though not in a direct linear fashion under all conditions {Robbs et af., 1995).
Previous studies showed that residual C10; in hot water was lower than in cold water,
presumptively related with faster solubilization of Cl0; (Zhang er al., 2008).

Though further study is warranted, our results suggest that special attention to
water from a centrifugation-dewatering step should be taken into account as a control
point in minimal processing of fruits and vegetables. Large populations of Salmenella
were recovered from centrifugation discharge effluent water whereas no colonies were
detected from water in contact with inoculated leaves in earlier washing unit operations.
This result confirms the ability of the centrifugal force applied during the de-watering
step to remove at least a proportion of more firmly attached cells with the unbound
water from the leaf surface. This represents a potential risk of cross-contamination
transference to product and equipment at the step immediately prior to packaging. These
results further suggest that the centrifugation effluent water could be used as a potential
sample point to evaluate lot contamination and cross-contamination in the processing
chain by low levels of pathogens, as were used in this study, undetectable by
conventional sampling methods. In this way, a rapid molecular protocol for evaluating
aerobic bacterial load on fresh-cut lettuce by using centrifugation water as an alternative
to the food product itself has been recently developed (Gomez er af., 2010). In the same
way, Bhagwat {2004} proposed to use vegetable rinse-water as a broader lot screening
strategy for detecting Safmonella by real uime PCR.
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In summary, selected levels of Cl(}; and NaClO used in this experiment were
unable to fully disinfect the applied pathogen surrogates from mnoculated leaves
regardless of the washing type. While Cl0O; substantially prevented E coafi O157H7
cross contamination, of the isolate used in this study, it was not effective for the
Salmonella 1solate. Due to the certainty of generating aerosols and other means of
handling contamination, only individual isolates of the available attenuated pathogen
surrogates could be used to represent possible outcomes with pathogenic forms, as
would be typical in more contained lab studies of wash processing,

The outcomes of this research provide further evidence that the application of
chemical sanitizers during the washing-disinfection step does not guarantee the
Inactivation of pathogens and elimination of cross-contamination concems. Water
guality management parameters should be designed thoughtfully and implemented with
great attention to detail to optimize safety and overall quality for consumers.
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Table 1. Characteristics of the Escherichio cofi OL5T-HT and the 5 emterica sv.
Typhimurium strains used 1n the study.

Strain Source of information

PTVS 155 E cofi O157HY. ATCC # 700728, does not possess stxJ and stx2 genes
{BSL-1). Transformed rifampicin resistant.

PTVS 177 S. enterica sev. Typhimurium. ¥38935 phage typel3a Plasmid: pSeV2™.

Transformed rifampic resistant. From parent strain PTVS 1530, originally
made available by R. Curtis, Biodesign Institute, Arizona State University.

Table 2, £ coli 3157:H7 and §. enterica sv. Typhimurium populations {log CFU/g) on

incculated Red Chard leaves as affected by sanitizer and washing types before and after

processing.

Escherichia coli O157-H7

Microbial population (log CFU/g)

Washing type  Sanitizer Before processing After processing  Logreduction

A NaClO 3.51 £0.13 2.80+0.12 0.71
Cl10, 3.51 £0.13 279 +0.23 0.72

B NaClO 351 £0.13 2.66 £0.19 0.85%
Cl3; 3.51 £0.13 2.85 £ 0.08 0.66

5. emterica sv. Typhimurium

Microbial population (log CFU/g)

Washing type  Sanitizer Before processing After processing Log reduction

A NaClD 4.27 £0.10 277 £0.12 1.50%
Cl10; 4.27 £0.10 3.30 £0.23 0.88*

B NaClD 4.27 £0.10 3.15+009 1.12%
Cl0; 4.27 +£0.10 2.74 £ 0.05 1.53%

* Dencotes significant difference (p<0.03) in log reduction within the same row
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Table 3. Transference of E. cofi O15T:H7 and 5. enterica sv. Typhimurium from

mnoculated Red Chard leaves to processing water as affected by sanitizer and washing

types.

Escherichia coli O137:HT

5. enterica sv. Typhimurium

Wasting  oonitizer "0 cppomL VS Sanitizer VA8 CRU/IOmL

type stap type step

A Prewashing ND® A Prewashing MO

NaC10 W ashing ND NaC10 Washing ND

Rinzed ND Rinzed ND

Centrifuged 0.3 Centrifuged 33

Prewashing ND Prewashing ND

W ashi ND Washi ND
10, ashing 10, ashing

Rinzed ND Rinzed 3

Centrifuged 0.8 Centrifuged 139

B Prewashing ND B Prewashing ND

NaC10 W ashing ND NaC10 Washing MDD

Rinzed ND Rinzed 2

Centrifuged ND Centrifuged 23

Prewashing 035 Prewashing 2

10, W ashing ND 10, Washing MDD

Rinzed MDD Rinzed ND

Centrifuged .5 Centrifuged 114

*MD: Not detected
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Table 4. Cross-contamination of E. cofi G15T:H7 and 5. emterica sv. Typhimurium
from noculated material to non inoculated Red Chard leaves as affected by sanitizer
and washing types above and below the limit of quantitative detection.

Escherichia cofi O15T-H7

Microbial counts

Washing type Sanitizer GDS 0157° BAX Salmonella®

{log CFU/g)*
A NaClo ND* 143 -
C10;, ND 0/3 -
B NaClO ND 1/3 -
Cl10;, ND 213 -
5. enterica sv. Typhimurium
A NaClg ND - 313
C10; ND - 373
B NaCl ND - 373
Cl10;, ND - 373

= Limit of quantitative detection LOD = 1.52 lag CFU/g.
™D Mot detectad

*BioControl Assurance GDS E. coli ©157 PCR system
*Qualicon BAX Salmaonella PCR system
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5.1. INTRODUCTION

Enteric diseases linked to consumption of fresh produce have dramatically
increased in the last several decades (CDC, 2011; Morris, 2011}, Escherichia coli
(3157:H7 has been associated in multiple outbreaks linked to the consumption of whole
produce and fresh-cut leafy vegetables (CDPH, 2004, CDPH, 2005 CDC, 20086).
Diverse opportunities for primary contamination and cross-contamination during
preharvest phases and postharvest handling are recognized, including fecal
contamination by animals or transmission by Insects, use of untreated manure,
application of contaminated irigation or foliar contact water, flood water carrying
human waste, and direct human hand contact {Beuchat, 1996; Suslow et al., 2003,
Brandl, 2006). Prevention and sanitation become the most important tools for keeping
microbial quality and safety of fresh-cut commodities. In response to repeated
foodbome cutbreaks associated with the consumption of fresh vegetables, the .5, Food
and Drug Administration {FDA}) released its “Guide to Minimize Microbial Food Safety
Hazards of Fresh-cut Fruits and Vegetables,” {FDA, 2008) which identified concems
and provided recommendations for food safety practices that are intended to minimize
the microbiclogical hazards assoclated with fresh and fresh-cut plant products. Early in
2011, the FDA Food Safety Modemization Act was signed into law and has prompted
the produce industry to anticipate minimum federal standards for production of fruits
and vegetables based on known safety risks (FD A, 201 1).

Consumption of leafy vegetables contaminated with £ cafi O157-H7 poses an
important risk for humans, as epidemiclogical studies have shown that the infectious
dose may be as low as 10 cells (Jinneman et al., 1995). Infection with E. cafi O157H7
can cause many forms and severity of illness or morbidity, ranging from rapidly
resolving diarthea to severe hemorrhagic colitis and life-threatening hemolytic uremic
syndrome, particularly in infants and elderly people {Delaquis et al., 2007). Plant-based
foods had not been traditionally recognized as a host for life-threatening enteric
pathogens until multiple factors converged to elevate both the incidence of produce-
related outbreaks and the recognition of their role in overall foodbome illness {(Warriner

and Namvar, 2010},

Surface contamination of the edible tissues of leaty vegetables is often held to be
due to pathogen transference from soll or water. Survival of E. cofi O157:H7 on plant
surfaces 1s variable and controlled by numerous factors including: nutrient availability,
competition with indigenous microflora, UV radiation, and relative humidity {Brandl,
2006). Unlike many true epiphytes, £ cofi O157:H7 does not appear to produce
enzymes that degrade plant cell walls and the fate of this enteric pathogen upon amrival
in the phyllosphere 1s not fully understood (Teplitski et al., 2009). A study conducted
by Islam et al. {2004) demonstrated that £, cofi O157:H7 persisted for 154 to 217 days
in soils amended with contaminated composts and was detected on lettuce and parsley
for up to 77 and 177 days, respectively, after seedlings were planted. In a greenhouse
experiment, when E. cofi 0157 H7 was sprayed inoculated (10" CFU/mL) on butterhead
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lettuce, it was detected after selective enrichment up to 30 days post-inoculation.
However, a reduction of the dose level |[11f]'2 CFU/mL)} resulted in the absence of
detection within 17 days post-inoculation {Salomon et al., 2003). Recently, Moyne et
al. (2011} reported that £, cofi 3157 H7 spray-inoculated in a lettuce field was detected
up to 28-35 days post-inoculation. Scientific based data modeling the postharvest
survival of this enteric pathogen in the phyllosphere of leafy vegetables after processing
and retail distribution 1s abundant but often contradictory {Sapers et al., 2005).

Asian baby leaf vegetables have recently grown iIn popularity as a base
ingredient for fresh-cut mixed salads. Among those Tatsol { Brassica rapa cv. rosularis),
Mizuna {Brassica rapa cv. Japonica) and baby Red Chard (Beta vulgaris cv. cicla) are
the most commonly consumed. The specific crop cycles for these vegetables vary
between 25-75 days depending on the environmental conditions and desired stage of
maturity. The specific operations involved in fresh-cut preparation include combined
light-handling methods such as washing, trimming or cutting, disinfecting, and
packaging at chilled temperatures. Unitization is generally under polymeric films able to
develop optimum modified atmosphere packaging (MAP) conditions (Artés and
Allende, 2005). Baby leafy vegetables are frequently consumed raw, thus washing and
disinfection are a key steps that contribute to effectively reduce microbial load across
the supply chain {Suslow, 1997, Allende et al., 2004). Specific postharvest processing
operations such as cutting or shredding can damage the plant tissues, rendering them
more prone produce to support the survival and growth of pathogenic bacteria
responsible for human illness. Postharvest handling practices can influence the fate of
E. cafi, as Indicators of enteric contamination, and & cefi O157:H7 during processing
and could increase the likelihood of cross-contamination {Delaquis et al., 2007; Luo et
al., 2011). It has been demonstrated that plant lesions can promote the rapid
multiplication of E cofi O137:H7 over a short period of time on lettuce during
postharvest phases (Brandl, 2008). The application of chemical sanitizers during the
washing step constitutes the avallable and a practical means for achleving some gains in
decontamination of leafy vegetables and is one of the primary elements of a properly
managed postharvest sanitation program. However, this step does not guarantee the total
Inactivation of human pathogens {Artés et al., 2009).

The purpose of the current study was to assess the fate of £ cafi and £ coli
O157:H7 in diverse baby leafy wvegetables from preharvest to postharvest minimal
processing, packaging and chilled storage conditions in a model system. Genotyping of
applied generic E. cofi strains to evaluate their comparative survival in the phyllosphere
from production throughout processing is also reported.
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5.2. MATERIALS AND METHODS
5.2.1. Bacterial strains and inoculum preparation

Two different cocktails of generic E. coli (TVS 3533, TVS 354 and TVS 355) and
E eali MYFHT (PTVS 154 and PTVS 1535) were used {Table 1), Generic E. rolf
strains were 1solated from surface irrigation water {(TVS 353}, Romaine lettuce (TVS
354) and sandy-loam soil (TVS 355) samples from the Central Coast near Salinas,
California. Each isolate has a distinct DNA-fingerprint by repetitive extragenic
palindromic PCR {Fig. 2). E. cofi O157H7 strains used in this study are non-toxigenic
1solates (lacking stxl and stx2) ATCC 700728 and ATCC 43888, classified as Biosafety
Level-1 (BSL-1) and BSL-2, respectively. The use of both £ cofi O157:H7 strains 1n
greenhouse 1s currently approved by the Office of Environmental Health and Safety
{EH&S) of University of California, Davis. An antibiotic-resistant derivative strain for
tolerance to rifampicin {80 mg/L) was isolated via spontaneous mutation and used to
minimize interference with other bacteria and to facilitate the detection and recovery for
each strain {Beuchat et al., 2001 ). Both generic £. cofi and £, cofi O157:H7 strains were
separately grown In 9 mL of tryptic soy broth {TSB) {BD Diagnostics, Sparks, MD,
USA) supplemented with 80 me/L of rifampicin at 37°C for 18h. After incubation,
cultures were centrifuged at 4,000 rpm for 10 min. The pellet was re-suspended and
washed twice with Butterfield’s phosphate buffer {Whatman Inc., Piscataway, NJ,
U54). The final cell pellet was suspended in Butterfield’s phosphate buffer to achieve a
target initial cell density {ODgqr) of approximately 0.7, which comresponds to a
concentration of 10° CFU/mL and subsequently diluted to achieve a final concentration
of 10° CFU/mL. The final concentration was confirmed by plating on Tryptic Soy Agar
{TSA) (BD Diagnostics, Sparks, MD, USA}) supplemented with 8 mg/L of rifampicin
{TSA-nf).

5.22. Baby leafy greens cultivation

Seeds of Mizuna (Brassica rapa var. japonica), Tatsol {Brassica rapa var.
rosularis) and Red Chard {Beta vulgaris var. cycla) were supplied by Synergene Seed &
Technology (S5alinas, CA, USA). Fach lealy vegetable was individually grown In
aeration container pots of 18 cm in diameter and 10 cm in depth (Smart Pot, High
Caliper Growing — Root Control, Inc., Oklahoma City, OK, USA) containing UC mix
{33% peat, 25% sand%, 42% fir back). Common commercial plant densities of 500
seeds/m’ for Red Chard and 1000 seeds/m® for Mizuna and Tatsoi were established.
Pots were randomly distributed across a greenhouse bench. Greenhouse conditions
ranged from 18 to 21°C and from 65 to 73% of relative humidity {RH}. Plants were
watered daily and fertilized as needed with 30% Hoagland’s Solution fellowing
standard practices in a research greenhouse of the University of California, Davis. Two
development stages of the baby leafy greens were defined for experimental sampling as
3 and 4 weeks old post-planting plants.
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5.2.3. Greenhouse trials and inoculation procedure

Two trials were conducted during summer and fall 2010. A factoral
combination of the following conditions was evaluated: nirigation type {overhead and
drip rrigation), leaf age at inoculation time {3 and 4 weeks post-planting}, and inoculum
type {generic £ coli and E. cafi Ol 57 HT). Each grouping treatment consisted of 3 pots
of each leafy vegetable (n=9), resulting in 34 pots per trial. Each pot was considered as
a replication within the same grouping treatment. For the fall trial, only drip nrigation
was used.

Hand-spray bottles were used to inoculate the 3 and 4 weeks old plants. The
bottles were previously calibrated to release 4 mL of the 10° CFU/mL inoculum
solution In two single manual pumps of the spray-trigger per pot. The Inoculation was
always performed between 8 to 8 30 am to prevent acute heat stress. The final bacterial
load achieved in each pot was determined to be approximately log 4.2 CFU/cm?®. The
final concentration was confirmed by plating on TSA-nf.

Inoculated 3 and 4 weeks old plants were harvested at commercial baby leaf
stage after reaching 31 and 38 days post-emergence, respectivel y, and were subjected to

further postharvest operations.
5.2.4. Postharvest operations

After harvest, each grouping treatment was processed separately at room
temperature. Leaves with defects such as yellowing, decay, cuts and bruising were
carefully discarded. The raw material was washed for 20 s with tap water containing 3
mg/L. C10;, adjusted from a liquid concentrate, as the disinfectant agent and followed
by a 1 min of rinsing with tap water. Then, the leaves were manually spin-dried to
eliminate excess water. An amount of 20 g of leaves were placed in 23 x 15 cm
commercial salad bags and stored in a cold room without light at 5°C for up to 7 days.
The 3°C temperature was selected as the maximum limit recommended for short —term
storage and distribution and the most commonly used for fresh-cut plant commodities
throughout its commercial retall sale. Three replicates for each grouping treatment were
prepared. All the postharvest experimentation was conducted in the Suslow Biosafety
Level 2 Laboratory of the L. Mann Postharvest Laboratory at University of Califomia,
Davis.

5.2.5, Plant sampling, bacterial recovery and detection

Recovery and detection of generic £ cofi and attenuated £, cofi 0157 H7T was
conducted after 2, 7 and 10 days post-inoculation, following disinfection (AW ), and at 7
days of chilling storage {AS). To collect samples, baby leaves were removed by cutting
immediately above the soil level with sterile scissors. Plant samples were transferred
into sterile plastic bags {Whirl-Pak, Nasco, Modesto, California, US) containing sterile
T5B supplemented with 80 mg/L of rifampicin in a 112 w/v ratio. Samples were then
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massaged by hand for 1 min and 100 pl. of bacterial suspension was plated on TSA-rif
and mcubated at 37°C for 24 h. TSA-nf plates were also supplemented with 1 g/L. of
sodium pyruvate | CsH;NaO5(TSARP)} during preparation to facilitate resuscitation of
sub-lethally mjured cells {Knudsen et al., 2001). Due to the different availability of
plant material during the greenhouse development, and mn order to homogenize the
sample size, an amount of 5 to 15 g of sample was taken for the 2, 7 and 10 days post-
Inoculation time points and 20 g following disinfection and storage. Results from plate
counts were reported as log CFU/g. All analyses were made in triplicates.

Samples with bacterial populations below the limit of detection by direct
enumeration, were enriched at a 1:2 w/v ratio using TSB supplemented with 80 mg/L of
rifampicin and incubated at 37°C for 18h. For confirmation of generic £ caofi
enrichment was plated onte Chrom-ECC agar (Chrom Agar, Paris, France)
supplemented with 80 mg/L of rifampicin and incubated at 37°C. Typical blue colonles
were consldered a positive result. For detection of £ cafi O157:H7, amplification of
rfbE was done using probe based real-time PCR. Amplicons were generated using
forward primer #fBE-F (3°-CATGCCAATGTACTCGOAAAAAT-3"), reverse primer
rfbE-R {3’ -CCACGCCAACCAAGATCCT-37) and rfbE probe
{(NEDCAAAAGCACCCTATAGCTMGBNF(}). Each 20 pl. reaction contained 10 plL
of a 2X Tagman® Gene expression master mix {Applied Biosystems Inc., Foster City,
CaA, USA), 0.5 pM of forward and reverse primers, 2.5 pmol of probe targeting rfbk
{Applied Biosystems Inc., Foster City, CA, USA) and 2 plL of enrichment that was
previously boiled for 95°C for 10 min. Amplification was carried in a thermocycler
{7300 Real Time PCR 5System, Applied Blosystems Inc., Foster City, CA, US5A) with a
protocol consisting 1in one cycle of 30°C for 5 min, one cycle of denaturation at 353°C for
3 min, followed by 40 cycles of 53°C for 30 seconds and annealing at 60°C for | min.
Amplification greater or equal to the Ct value of an standard containing 1 copy of rfbE
was classified as positive.

5.2.6. Repetitive extragenic palindromic PCR (REP-PCR)

Genetyping of individual generic E. cofi contained in the cocktail was by
amplification of repetitive extragenic palindromic {REP) elements to evaluate the
distribution of the strains in the phyllosphere of cach leafy vegetable from preharvest to
postharvest conditions. Ten percent of the total £ cofi colonies recovered thorough the
entire experiments were isolated and used for this assay. Isolated colonies were purified
by streaking them on TS A and incubating at 37°C for 24 hours, repeated twice. Purified
colonies were re-suspended on Butterfield’s phosphate buffer (Whatman Inc.,
Piscataway, NJ, USA) to yield an ODggy of 0.4-0.5. The cell suspension was
subsequently centrifuged at 13,000 g for | min and resuspended in 200 pl. |X TE
bufter. Template DNA was prepared by heating at 25°C for 10 min. Amplification was
done with primer REPIR-1 (5-IIICGICGICATCIGGC-3")y and REP2-I {(5°-
ICGICTTATCIGGCCTAC-37) (Versalovic et al. 1991). Each 25 pL reaction contained
5 pL 53X colorless GoTaq® buffer (Promega Corp. Madison, WI, USA) supplemented
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with 62.5 mmol of MgCl {Invitrogen Corp. Carlsbad, CA, USA), 0.2mM of each dNTP
{Applied Bilosystems Inc., Foster City, CA, USA), 0.5 pM of REPIR-I and REPZ-]
primers 1% of DSMO and 1.25 U of GoTag® (Promega Corp. Madison, W, USA),
775 pL H:0 and 1.5 pL of template DNA. Amplicons were generated in thermocycler
{Gene Amp®, PCR Syatem 2700, Applied Blosystems Inc., Foster City, CA, USA) with
an initial denaturation {4 min, 94°C) followed by 30 cycles of denaturation {94°C, |
min), annealing {40°C, 1.5 min} and extension (65°C, 8 min}, followed by a single final
extension (653°C, 16 min). Amplicons were separated on 1:2 {w/v) agarose for
electrophoresis during 2.5 hours at 120 mV. Isolates showing identical band pattermns
were grouped manually.

5.2.7. Statistical analysis

Statistical analysis was carried with Statistical Analysis Software V. 5.2 (SAS Institute
Cary NC} using a factorial design. To assess significant difference among treatments
during the time, the MIXED procedure was utilized and Tukey palr comparison was
applied for mean separation. A p-value lower than 0.05 was utilized to establish
significant difference among treatments. Data was previocusly analyzed for normality
and homogeneity of variance using the UNIV ARIATE procedure, function of SAS.

5.3. RESULTS
5.3.1. Envirenmental conditions during vegetable production

Weekly average temperature, RH and hours of daylight at the greenhouse for
both summer and fall trials are shown in Table 2. During the summer trial, the average
temperature ranged from 20 to 22°C and the RH around 69-74% during the 5 weeks of
experimental baby leaf production. 5imilar conditions of temperature and RH where
recorded during the fall trial; temperature varied from 20 to 21°C and RH from 65 to
T2%. Although temperature and RH were similar during both consecutive growing
seasons, differences in daylight hours were recorded and light spectrum and gquality
were correspondingly lower. Average daylight during summer trial ranged from 14.1 o
13.1 h while for the fall trail daylight ranged from 11.7 to 1.6 h, which represents a
difference of 3 hours of daylight exposure. Supplemental light was not used.

5.32. Survival of generic E. coli

A cocktall of three generic strains of £, cofi were spray-inoculated onto 3 week
old or 4 week old Mizuna, Tatsol and Red Chard leaves. The initial inoculum level was
about 4.2 log CFU/cm®. In general, applied E. cofi was detected at all the sample points
from production to storage regardless of the season, leaf age at inoculation time and
Irrigation type for all three baby leafy greens evaluated.

For the summer trial, £, coali counts 2 days post-inoculation were 2.45 and1.87
log CFU/g for sprinkle and drip irrigation, respectively, for the 3 week-old Mizuna
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leaves, while E. coli populations on 4 week-old Mizuna leaves, were below the
guantitative limit of detection {1.43 log CFU/g) {Table 3). According to the analysis of
variance, the leaf age had no effect on the bacterial population (p=0.03) during the crop
growing for each urigation type. After 7 and 10 days post inoculation, all the samples
were below the limit of detection (LOD) but were detected after selective enrichment.
The wash disinfection of Mizuna leaves with Cl; was unable to fully nactivate the
Inoculated bacteria as evidenced by enrichment-detection of E. rcali survival after
processing and storage up to 7 days at 3°C. During the fall trial (Table 3A), E coli
populations on the 3 and 4 week-old Mizuna leaves after 2 days post-inoculation were
2531 and 347 log CFU/g respectively. In this trial, the effect of the leal age on the
survival of £ cofi was significant {p<0.03) only at 2 days post-inoculation. E. cofi
populations dropped by approximately .75 and 1.66 log CFU/g after 10 days for the 3
and 4 week-old Mizuna leaves, respectively. In contrast with the summer trial, £ cofi
was recovered by direct-plating on selective culture media and the colony counts were
above the LOD up to 10 days post-inoculation. Washing harvested material with 3 mg/L
of ClO; resulted in a reduction of E. coli population below the LOD. Similarly to the
summer trial, the target bacteria were recovered from all samples after commercial
chilling storage of 7 days at 5°C.

In the summer trial for Tatsol leaves {Table 3), the effect of the leaf age on the
survival of £ rcoli was not significant. The £ coli populations after 2 days were 3.22
and 3.50 log CFU/g for the 3 week-old leaves subjected to sprinkle and drip irigation,
respectively, and 2.72 and 3.05 log CFU/g for the 4 week-old leaves. The populations
remained unchanged during the growing peried regardless the irrigation type and
dropped by 0.7 — | log CFU/g after the wash disinfection with Cl0; for the 4 week-old
leaves. In general, with the exception of the 3 week-old leaves under drip urigation, £
cafi population from all the sample points were above of the quantitative LOD. As
expected, £, coli was still recovered after storage at 3°C for 7 days. A similar trend for
the trial performed in fall was observed. E. cofi population declined in approximately
1.5 log CFU/g after 10 days compared to the population recovered from 2 days post-
Inoculation. In contrast with the summer trial, the reduction observed for each leaf age
was significantly different. After the cold storage, survival of target bacteria was only
confirmed by selective enrichment.

In contrast with the previous results, the effect leal age was significant on the
survival of E cofi on Red Chard leaves after 2 days post-inoculation for both summer
and fall trials. No difference between nrrigation types was observed. The number of
culturable bacteria declined rapidly from the initial date of inoculation until harvesting
and subsequent postharvest washing for the 3 week-old Red Chard leaves in the summer
trial. However, the E. cali population remained constant from day 2 up to the period of
chilling storage and no significant differences (p=0.03) were recorded. The same
behavior was recorded for E. cofi population during the fall trial.
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5.33. Survival of E. colf O157:H7

Population dynamics of £, cafi O15T:H7 n the phyllosphere of Mizuna, Tatsol
and Red Chard baby leaves are shown in Tables 4 and 5B for summer and fall trials,
respectively. In general, the effect of the irrigation type and leaf age on the survival of
E. coli O15TH7 was not significant for all leafy green types and trials. For all 3 week-
old mini-greens, average £ cofi O157:H7 population was in the range of 1.8 — 2.4 log
CFLl/g after two days post-inoculation. However, bacteria were not recovered by direct
plating after 2 days post-inoculation from any sampling point. The evidence of E. cali
O157-H7 survival throughout the simulated processing chain and refrigerated storage
conditions was confuirmed exclusively by gRT-PCR. Decrease of E cofi O15TH7
populations were detected after 2 days post-inoculation for the 4 week-old baby leaves
during the summer trial, however populations tended to remain constant from day 7 and
during storage. Processing operations, Including a washing disinfection step with 3
mg/L of Cl(};, were unable to efficiently remove and/or inactivate the attached E. caolfi
O157H7 from the plant surfaces. The bacteria populations before and after the
washing-disinfection operation were not significantly different for all the leafy green.

Seasonal effect for both £ cofi O157H7 and generic £ cofi was evaluated.
Significant effect of the growing season was determined for the E. cofi O157:H7 for the
three leafy green varieties, in contrast to the effect of season on generic £ coli
populations which was found to be only significant for Mizuna but not for Tatsol or Red
Chard.

5.3.4. Distribution of E. coli strains in the leafy greens phyllosphere

A cocktall of three different E. coff strains (TVS 353, TVS 354 and TVS 355)
which were originally isolated from migation water, Romaine lettuce leaves, and sandy
loam soil cultivated with Romaine lettuce in the Salinas Region {Califomia, USA), was
used In this study. REP-PCR, as a genotypic 1dentification method, was utilized in the
current study to differentiate the three different strains, which have a different DNA-
fingerprint (Fig. 2), and evaluate their relative abundance and distribution in the
phyllosphere of the leafy vegetables.

During the summer trial, TVS 333 {water isolate) represented more than the 50%
of the culturable bacteria for Mizuna and Red Chard while TVS 355 (soil isolate)
population ranged from 20 to 33% for all the leafy green types. TVS 354 (plant) was the
least abundant strain with a relative abundance of 8, 16, and 27 % for Tatsol, Mizuna

and Red Chard, respectively, was determined (Fig. 1A},

Similar results were observed for the fall trial where TVS 353 was the most
persistent strain. On average, a relative abundance of 56, 46 and 42% of TVS 333
compared to the total populations of applied £ celi corresponding to Mizuna, Red
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Chard and Tatsol. TVS 3535 represented 33 and 35% of the total for Red Chard and
Mizuna while it represented 40% for Tatso1 leaves (Fig 1B}

In general, E cofi strains could be ranked according to their persistence in the
phyllosphere of the assayed leafy greens as follows: TVS 354 {plant) < TVS 355 {soil)
< T¥S 353 (water), being the £, cofi isolated from environmental plant samples the
least persistent under the conditions of this study.

5.4. DISCUSSION

This study provides an assessment of indicator/surrogate strains and pathogen
behavior under model conditions for the production of baby Mizuna, Tatsol and Red
Chard and including postharvest minimal processing and chilling storage, mimicking
commercial conditions. A mixture of three strains of generic E. cofi and a mixture of
two avirulent strains of £ coli 01 37:H7, safe surrogates of the pathogen, were used In
this study.

In general, a rapid decline of generic £ cafi and £, cofi O157:H7 population for
all the leafy vegetables regardless the leaf age and the Irrigation type for both seasonal
trials was observed. Our results agree with previous indings reported by Wood et al.
{2010) for population dynamics of £ coli inoculated In growing spinach. In that field
study, E. cofi population was reduced by 3-5 logs after 72 h and culturable bacteria were
recovered only up to 6 days post inoculation. Moyne et al. {2011} evaluated the survival
of E cofi O15T:H7 (ATCC 700728) on lettuce plants using a relative low inoculum
level {5 log CFU/mL} in a summer field setting experiment. After 2 days post
Inoculation no culturable E coli O157-H7 were recovered but the target bacteria were
detected by selective enrichment up to 14 days post inoculation. A recent study
conducted by Erickson et al. (2010, £ cofi G157:H7 artificially inoculated 1n a spinach
and lettuce field-grown spinach and lettuce at 10% CFU/mL via imigation water was not
recovered after 7 days post-inoculation and 1t could be only detected 1f the level of the
mnoculum applied was higher than 10° CFU/mL. In contrast with this behavior, £ colfi
O157H7 was detected up to 77 and 177 days in lettuce and parsley respectively (Islam
et al., 2004). Other studies have reported the influence of the umigation method
{Salomon et al., 2002) on the transmission and persistence of the pathogen as well as the
leaf age (Brandl and Admunson, 2008) as a risk factor of contamination with £ cofi
O157:H7. In the current study, the leaf age at the time of inoculation as well as the
Irrigation method used did not have a significant effect on the survival of E cali and £
rafi O157H7 during growing phases in a greenhouse.

Solar ultraviolet (UY) radiation and desiccation have been identified as
important factors influencing pathogen survival in the phylloplane {Heaton and Jones,
2008). UV radiation contributes to inactivate phyllosphere bacteria and foodbome
pathogens of produce {(Jacobs and Sundin, 2001, Allende and Artés, 2003). Experiments
under greenhouse conditions provide an effective formula to protect the crops from
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natural winds and dryness. However, our results did not differ from previous studies,
performed under field conditions {Erickson et al., 201{0; Wood et al,, 2010 Moyne et al.,
2011). The decline rate of the survival populations for the fall season was slower than
for the summer season, likely result of the differences the duration of daylight exposure
among seasons, potentially attributed to longer exposure to solar radiation and a
consequence of desiccation at the leaf-air boundary, causing additional stress to
bacterial cells on the plant surface.

In the current study we inoculated the leafy vegetables using a cocktall of E. coli
or E cofi O157H7 strains. This study presents the distribution of the three
environmental isolates of generic £ coli strains in the phyllosphere of Mizuna, Tatsol
and Red Chard. A heterogencous distribution of the iscolates was observed (Fig. 1). In
general, a different relative abundance for each strain was observed, with 1solate TVS
353 (water isolate) the most tolerant or best adapted. This comroborates that the use of a
mixture of different strains provides a better approach to a real world scenario compared
to the use of a single strain.

The minimal processing of the Mizuna, Tatsol and Red Chard baby leaves
included a disinfection step with 3 mg/L. of Cl(}; as a disinfection agent. In general,
reductions of the population of generic and pathogenic E. cafi less than | log unit for all
treatments and leafy green types were achieved. In most cases, these reductions were
not significant and C10; was not able to fully disinfect the inoculated leaves. Similar
findings have been reported for other minimally processing leafy vegetables such as
spinach {Lee and Baek, 2008) and lettuce {Keskinen et al., 2009). Results of this study
suggest that the sanitizer was not able to reach the bacteria during the washing step,
probably due to thelr location on the leaves or assocliation within aggregates {Lindow
and Brandl, 2003). In fact, bacteria on plant surfaces tend to concentrate where there are
more binding and protected sites {Parish et al., 2003}, with preferential occurring at the
base of trichomes, on the outer rim of stomata, and in cell grooves along veins {Moniler
and Lindow, 2004). A study of the bacterial distribution on lettuce surface treated with
NaClO by scanning electron microscopy showed that the most of the bacteria were
located either around or infiltrating stomata or as groups of clustered cells (Lopez-
Galvez et al.,, 2010). These findings mentioned above suggest that the location of
bacteria in sheltered sites could protect them from chemical sanitizers.

After the minimal processing of Mizuna, Tatsol and Red Chard, they were stored
at 3°C which is one of the most commonly used temperatures for minimal processed
vegetables throughout its commercial distribution and retail sale. By the end of the
simulated shelf-life at 5°C, evidence of survival of E. cofi and E colf Q15T HT was
confirmed by both culture and enrichment or RT-PCR methods for all minimally
processed products. In general, the population remained constant or a limited decrease
during the cold storage was achieved. Similar results have been reported by other
authors. Hiveira et al. {2010} studied the survival and growth of £ rcofi O157:H7Y
Incculated onto shredded lettuce packaged under MAP at commercial cold storage
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conditions. After 10 days at 3°C populations of E cofi Ol57H7 decreased
approximately m | log unit. This minimal effect on survival of E cofi O157H7Y 1s
similar to other studies with leafy vegetables where no changes in population or small
decrease in 1ceberg lettuce {Delaquis et al., 2002) and spinach {Lopez-Velasco et al.,
2010) stored at 5°C and 4°C respectivel y were found.

The fate of E. cofi and E. cofi O157H7 during production, harvest, processing
and storage of Mizuna, Tatsol and Red Chard baby leaves 1s reported in the current
study. The ability to survive during production and after disinfection and storage of low
levels of E. cofi in the assayed minl greens has been demonstrated. However, field-
based trials under realistic conditions to understand the fate of the pathogen should be
further studied. In summary, this research work provides useful data to develop an
adequate science-base risk assessment during the production and minimal processing of
these crops.
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FIGURES AND TABELES

Table 1. Characteristics of the Escherichia cofi strains used In the study

Strain Source of information

TVS5 333  E coli WTTE, selected rifampicin resistant. Isolated from irrigation water
{5alinas Region, CA, USA).

TVS5 354 E cofi Pl49, selected rifampicin resistant. Isolated from lettuce leaves
{Salinas Region, CA, USA).

TVS 335 E. cofi 519, selected rifampicin resistant. Isolated from sandy leam soil
{Salinas Region, CA, USA).

PTVS 154 E cofi O157HT7. ATCC # 43888, does not possess stxf and six? genes
{BSL-2). Selected rifampicin resistant.

PTVS5 15 E. cofi Ol3TH7. ATCC # 700728, non toxigenic {BSL-1). Selected
rifampicin resistant

Table 2. Climatic data summary for each trial. Values are the average weekly
temperature, relative humidity and daylight hours

Summer 2010 Fall 2010
T{°C) RH (%) Daylight T {°C) RH (%) Daylight

hours hours
Week | 21.3 T2.5 14.1 218 T1.6 11.7
Week 2 21.0 734 13.3 19,8 6.4 11.4
Week 3 20.1 T2.8 13.6 20.2 6.4 11.2
Week 4 21.8 6594 13.3 19.2 T1.8 10.8
Week 5 21.1 714 13.1 19.1 65.6 10.6
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Table 3. Persistence of E. cofi inoculated on 3 weeks old {A) and 4 weeks old (B}
Mizuna, Tatsol and Red Chard baby leaves from production to processing and storage
fsummer 201{)

A Time after inoculation®

Crop Iirigation 2 T 10 AW AS
type

Mizuna Sprikle 2.45, (3/3)° 1,58, 1.79, 1.52,
Drip 1.87, {3/3) {3/3) {2/3) {243}

Tatsol Sprikle 3.22, 314, *3.49, 3.37, 2.34,
Drip 3.50, {3/3) {3/3) {3/3) {3/3)

Red Sprikle *¥2.014 {343} {343} *2.33.48 21048

Chard Drip 2.62g {3/3) *202a 1.94g £3/3)

B Time after inoculation®

Crop Iimigation 2 7 10 AW AS
type

Mizuna Sprikle {3/3) {343} {343} {2/3) §243)
Drip 1.52, {3/3) {243} {3/3) {3/3)

Tatsol Sprikle 272k {3/3) 297, 228,k 2.1 24K
Drip 3.05, 231, 2.86, 187, 1.94,

Red Sprikle 3114 2,954 3.05, 3.214 204,

Chard Drip 3,359, .86, 3,38, 2,894, 2,864

*Levels of £ coli are expressed as log CFUJg (n=3).

¥ Ratio denotes the number of replications tested positive for £ coli by selective enrichment in TSB+rif™
and confirmed by surface plating on CHROM ECCrif™ per total. Limit of detection iz 1 .43 log CFU/g.
Different capital letters denote significant difference (p<0.03) within the same row.

* Dencotes significant difference (p<0.03) between the irrigation type for the same crop and time point.
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Table 4. Persistence of E eofi O157:HT inoculated on 3 {A) and 4 {B) weeks old
Mizuna, Tatsol and Red Chard baby leaves from production to processing and storage
fsummer 201{)

A Time after inoculation®

Crop Iirigation 2 T 10 AW AS
type

Mizuna Sprikle 1.7, 1.88, {173} {2/3) {243}
Drip 2.45, (33" {173} {1/3) {243}

Tatsol Sprikle 1.80, {3/3) {3/3) {3/3) {3/3)
Drip 2174 {3/3) {273} {1/3) {2/3)

Red Sprikle 216, {343} 1.57 4 {3/3) £3/3)

Chard Drip 1.71 4 {3/3) {243} {2/3) {243}

B Time after inoculation®

Crop Iimigation 2 7 10 AW AS
type

Mizuna Sprikle 1.66, (3/3)" 1.73,4 1.65, 1.77 4
Drip 1.85, {3/3) 1.65, {3/3) {3/3)

Tatsol Sprikle 227 2.46, 2.06, 1.76, £3/3)
Drip *3.37, 2.82, 3.39, 212, 2.30,

Red Sprikle 2,104 {3/3) {3/3) {3/3) {3/3)

Chard Drip 2974 §3/3) *1.85 48 1.85g 1.79g

*Levels of £ coli O157:HY are expressed as log CFU/g (n=3).

¥ Ratio denotes the number of replications tested positive for £ cofi O137:HT through amplification of
rfb & by gRT-PCR per total.

Different capital letters denote significant difference (p<0.03) within the same row.

¥ Dencotes significant difference (p<0.03) between the irrigation type for the same crop and time point



Chaprer V

Table 5. Persistence of E cali (A and E. coli O137TH7 {B) inoculated on Mizuna,
Tatsol and Red Chard baby leaves from production to processing and storage (fall

2010).

A Time after inoculation®

Crop Leaf age 2 7 10 AW AS
Mizuna 2.51, 1.82g 1.76g (3/3)° {3/3)
Tatsol 3 weeks 3.25, 1.52g 1.74g 1.50g {3/3)
Red Chard 2.16, 2.22, 2.34, 2.08, 1.86,
Mizuna 3.47, {3/3) 1.75g {3/3) {3/3)
Tatsoi 4 weeks 3.33, 2,76, 1750 (3/3) (3/3)
Red Chard *311, 2.83.8 2.56 5 2328 2.07g
B Time after inoculation®

Crop Leaf age 2 7 10 AW AS
Mizuna 315, (3/3)° 1.74g {3/3) {1/3)
Tatsol 3 weeks 2.69, 1.75e {3/3) 1.934g {2/3)
Red Chard 3914 2.46g 231g 2.28E 2.07g
Mizuna 2.68, *2.02g 1.91g 1.69g £1/3)
Tatsol 4 weeks 3.32, 2.01g {3/3) {2/3) {2/3)
Red Chard 3.37, 2.18s 2.28g5 2.22g 1.54g

* Levels of £ coli are expressed as log CFU/g (n=3).

+, denotes positive sample

b Ratio denates the number of replications tested positive by selective enrichment in TSB+rif and
confirmed by surface plating on CHROMECCHrif for generic £ coff or, through amplification of rf& £ by
qRT-PCR for £ coli Q137-HT pertotal. Limit of detection iz | 43 10g CFU/z.

Different capital letters denote significant difference (p<0.03) within the same row.

¥ Denctes significant difference (p<{0.03) between the leaf age for the same crop and time point.
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Figure 1. Relative abundance of E. coli strain TVS 3533, TVS 354 and TVS 355 in the
phyllosphere of Mizuna, Tatsol and Red Chard during the summer (A} and fall {B) trial.
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Figure 2. A PCR fingerprint patterns of E. cofi strains TVS 353, TVS 354 and TVS 355
strains by REP-PCR.
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6.1. INTRODUCTION

Asian baby leaves vegetables have recently grown in popularity as a base
ingredient for fresh-cut mixed salads. Among those Tatsol { Brassica rapa cv. rosularis),
Mizuna {Brassica rapa cv. Japonica) and Red Chard {Beta vulparis cv. cycla) are the
most important. Tatsol 1s a variety of Brassica rapa grown for greens. The leaves are
spoon-shaped, dark green, and waxy, with a short green petiole {2-9 cm) on the leaf
stalk. Tatsol leaves have a soft creamy texture and has a subtle yet distinctive flavor,
being a valuable source of phosphorous, calcium iron, potassium, and vitamins A and C
{Martin, 2008). It is well known that the association of a diet rich in fruit and vegetables
with the prevention of chronic diseases such as cancer or cardiovascular diseases which
have stimulated the Interest in this kind of products and their bicactive compounds
{Steinmetz and Potter, 1996; Lo, 2003). Consumers are concemed about the
relationship between the food they eat and thelr overall health and well-being. This fact
has increased the demand of convenient fresh food, keeping their living fresh state, free
from additives, with high nutritional value and powerful antioxidant properties which
fight reactive oxygen specles {ROS). The industry satisfies this particular demand by
offering minimally fresh processed or fresh-cut fruit and. Fresh-cut vegetables are
ready-to-cat products which fit very well within the new consumer trends. These
commodities are elaborated free from additives by using light combined methods such
as washing, cutting, disinfecting, and packaged at chilling temperature under polymeric
films able to generate optimum meodified atmosphere packaging {MAP) conditions
{Artés et al., 2009,

Polyphenols contribute to flavour natural food pigments and stress resistance of
vegetables {Lule and Xia, 2005). Phenolic compounds can act as antioxidants {Shahidi
and Naczk, [993) by interfering with oxidation processes through chain-breaking
reaction activities {primary oxidation) or through scavenging of free radicals (secondary
oxldation) (Gordon, 19%0). Phenolic compounds and vitamin C are the major
antioxidants sources of Brassica vegetables, due to their high content and high
antioxidant activity. Lipid-soluble antioxidants {carotenolds and vitamin E) are
responsible for up to 20% of the total antioxidant activity {Podsedek, 2007).
Antioxidant systems In plants prevent or mitigate the membrane peroxidation resulting
from ROS under abiotic stress conditions {Korkmaz et al., 2010). Yellowing or green
colour loss 1s a natural phenomenon during plant senescence as a consequence of
chlorophyll degradation. Several studies have reported the relationship of this pigment
with the prevention of cancer {Egner et al.,, 2001; Egner et al., 2003; De Vogel et al,,
2005} as well as their absorption by humans {Ferruzzi and Blakeslee, 2007).

Innovative MAP under superatmospheric (3 conditions and UV-light has been
proposed as innovative sustainable sanitation strategies which can be used for keeping
guality and safety of several fresh-cut produces {Allende and Artes, 2003; Rico et al.,
2007, Artés et al., 2009). Non-conventional active MAP is a novel technigque for
packaging plant commodities which replace the original atmospheric gas partial
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pressure with noble gases {He, Ar or Xe), N2O, N3, or superatmospheric O; levels that
might be favourable for keeping its overall quality {Tomas-Callejas et al., 2011a). The
effects of superatmospheric O; MAP on quality changes in several leafy vegetables
have been early reported (Jacxsens et al., 2001; Allende et al., 2004), although it needs
to be supported by more research. The use of non-ionizing, germicidal and artificial
ultraviclet light {UV) at a wavelength of 190-280 nm {UV-C) could be effective for
surface decontamination of fresh-cut products {Artés-Hernandez et al., 2009, Artés-
Hemandez et al.,, 2010). UV treatment can be performed at low temperature and 1s
classified as a non-thermal disinfection method {Tran and Farid, 2004). Besides the
antimicrobial effect, it is also hypothesized that selected abiotic stresses such as UV-C
light would affect the secondary metabolism of fresh produce and could increase the
synthesis of phytochemicals with nutraceutical activity {Cisneros-Zevallos, 2003).

Food integrated preservation technigues such as sanitizing treatments, MAP and
chilling storage temperatures are commonly applied to avold the quality deterioration of
horticultural produces. This deterioration can be caused by microorganisms and/or by a
variety of physico-chemical reactions that take place after harvesting. Following the
principle of ‘hurdle technolegy’, a combination of varlous preservation techniques at
lower individual intensities can have additive or even synergistic antimicrobial effects,
while their impact on sensory and nutritive properties of the food 1s minimized
{Leistner, 1892, 200{).

The main objective of the present work was to evaluate the effect of a moderate
UV-C pretreatment, a superatmospheric O; MAP and its combination compared to a
conventional passive MAP on microbial, nutritional and sensory changes of fresh-cut
Tatsol baby leaves during shelf life.

6.2. MATERIALS AND METHODS
6.2.1. Plant material

Tatsol {Brassica rapa var. narinosa) baby leaves were commercially air grown
under Mediterrancan climate {Campo de Cartagena, Murcia, Spain) and mechanically
harvested at a marketable development stage. Immediately after harvesting the leaves
were transported to the Technical University of Cartagena where they were air pre-
cooled at 5°C until they were processed the nextday.

6.2.2. Sample preparation, treatments and storage conditions

Baby leaves were minimally processed in a disinfected cold room at 8°C and
those with defects were discarded. Sound Tatsol leaves were prewashed for | min with
tap water at 5°C and then the following treatments were applied:

s TI1 (Control): leaves were washed in tap water for 2 min at 3°C and then spin
dried for 45 s in a handheld salad spinmer {Dynamic Professional, Vence,
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France) to eliminate water excess. Leaves were packaged under passive MAP as
described below.

o T2 (NaClQ): leaves were washed with a standard industrial disinfection
treatment with 100 mg/L NaClO at pH 6.5 for 2 min at 5°C, rinsed with tap
water for | min and then spin dried to eliminate water excess. Leaves were
packaged under passive MAP as described below.

o T3 (UV-C) prewashed leaves were spin dried to eliminate excess water and
subsequently were subjected to 4.54 kJ UV-C m-2 radiation. Leaves were
packaged under passive MAP as described below. The UV-C dose applied was
selected based on previous reports and our preliminary experiments in fresh
leafy vegetables. The UVY-C equipment used was fully described in Artés-
Hemandez et al. {2009},

o T4 {(O;-enriched MAP): prewashed leaves were spin dried to eliminate water
excess and subsequently were packaged under active MAP with an initial 100
kPa (); concentration as described below.

o TH{UV-C + O; -enriched MAPY: this treatment was a combination of T5 + Ta.

For all treatments 40 g of leaves were placed in 1,500 mL pelypropylene (PP)
baskets which were thermally sealed at the top with a bi-oriented PP {BOPP) film of 40
um thickness to generate a passive MAP. The active Oz-enriched MAP was generated
just after flushing the O; within the packages and sealed at the top with the BOPP film.
The 5 and C, transmission rates at 23°C and (0% RH of BOPP were similar with 300
cm’ ‘m°d atm and the water vapour transmission rate at 23°C and 85% RH was 0.7 ¢
/m°d atm (data provided by the supplier, Plasticos del Segura S.L., Murcla, Spain). Five
replicates of one basket per treatment and storage duration {processing day and after 4,

6, 8 and 11 days) were prepared and stored in a dark cold room at 3°C.

6.2.3. Respiration rate and gas composition within packages

The respiration rate (RR) of control leaves was determined at 5°C by using a
closed system. Three replicates of 20 g leaves were placed within 730 mL glass jars at
3°C up to 7 days. The increases in C(); were monitored almost daily starting at 2.5
hours after having closed the jars. Headspace gas samples {1 mL) were withdrawn from
the jars with a gas-tight syringe and anal yzed in a gas chromatograph {Thermo Finnigan
Trace GC, Milan, Italy), equipped with a thermal conductivity detector {150 °C), oven
{ramp from 40 to 90 °C), injector {150 °C) and Poropack-N 80/100 column. He (20 mL
/min} was the camrier gas. In order to avoid C() accumulation and te maintain a high
RH within jars, a continucus flow of 30 mL/min of humidified air was applied between
each observation. Gas partial pressures ((3; and C() within packages were monitored
on the processing day and after 4, 6, 8 and 11 days of storage at 3°C by using a gas-
analyzer (PBI Dansensor, CheckPoint, Ringsted, Denmark). In order to avoid
modifications in the headspace due to gas sampling, each analyzed package for each
evaluation time was opened and used for further analysis. Three replicates of one basket
were used for each treatment and evaluation period.
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t.2.4. Colour

Leaf colour was monitored at three equidistant points on the upper side of leaves
using a compact tristimulus colorimeter {Minolta CR-300, Ramsey, NJ, USA) with an §
mm diameter viewing aperture and a white plate C reference (Y =943, x =0.3142, y =
0.3211, standard CIE illuminant, 2% observer). Values were expressed as Hunter
lightness, chroma and hue angle parameters. Observations were made on thirty
randomly selected leaves. Measurements in all treatments were replicated three times.

6.2.5. Sensory evaluation

A seven person panel {aged 24-62) trained in sensory gquality analyses performed
the evaluation. Before runming the experiments a consensus was reached between the
panellists in order to select those attributes that better described sensory changes.
Sensory evaluation was evaluated on the processing day and after 4, 6, 8 and 1| days at
5°C. Dehydration, browning, off-odours and off-flavours were scored on a five-point
scale of damage incidence and severity (I = none, 2 = slight, 3 = moderate, 4 = severe
and 5 = extreme). Visual appearance and overall quality was evaluated by using a nine-
point scale {1 = extremely poor, 3= fair, limit of usability, 5 =excellent).

6.2.6. Microbiological analysis

For determining the microbial growth standard enumeration methods were used.
Three random samples were taken on each evaluation time. Ten grams of leaves were
homoegenized in 30 mL of sterile buffered peptone water (BPW ) {Scharlau Chemie 5A,
Barcelona, Spain) for | min in a sterile stomacher bag {(Model 400 Bags 6141, London,
UK} using a Masticator {Colwort Stomacher 400 Lab, Seward Medical, London, UK.
In order to determine the enumeration of each microbial group (mesophilic,
enterobacteria, psychrotrophic, yeasts and moulds), ten-fold dilution series were
prepared in 9 mL of BPW. The following media and incubation conditions were used:
plate count modified agar {Scharlau Chemie, Barcelona, Spain) for mesophilic and
peychrotrophic aercbic bacteria, incubated at 30 °C for 48 h and at > °C for 7 days
respectively; violet red bile dextrose agar {Scharlau Chemie, Barcelona, Spain) for
enterobacteria, incubated at 37 °C for 48 h; and potatoc dextrose agar base (Scharlau
Chemie, Barcelona, Spain) with 100 mg/L oxytetracycline {Sigma Chemical Co., 5t
Louis, MO, USA) for yeasts and moulds, incubated for 3-5 days at 22 °C. All microbial
counts were reported as log colony forming units per gram (log CFU/g). The presence
of Salmonella spp., Listeria monocytogenes and generic Escherichia coli was also
evaluated according to the EU legislation for fresh-cut vegetables {Regulation EC
144172007, 2007). All analyses were made in triplicates.

6.2.7. Chlorophyll content

For tissue preparation, about 25 g of leaves from each treatment were frozen in
liquid N3, ground using a mincer (IKA, A 11 basic, Berlin, Germany) at 28,000 x g for
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10 =, and stored at80°C. The sample preparation for chlorophyll determination was
conducted according to Smith and Benitez {1955). The total chlorophyll pigments were
extracted with hexane. A 0.5 g sample of frozen shredded leaves was mixed with  mL
of hexane and 15 mL of a mixture of methanol:acetone {1:2). The extraction was carried
out for 5 h at 5°C in darkness. Then the samples were shaken at 200 x g every |3 min by
using a vortex {Velp Scientifica, ij, Milane, Italy). After incubation, 25 mL of |M
NaCl was added. Subsequently the samples were shaken again and then centrifuged for
30 min at 2,800 x g at 4°C. After centrifugation, | mL of the supematant was pipetted
Into a quartz cuvette {Hellma GmbH & Co., Miillheim, Germany). The equations
developed by Wellbum (1994} were used to determine the individual levels of both
chlorophyll a {Chl @) = 10.05 Az — 0.766 Agyy and chlorophyll b {Chl &) = 16.37 Agyq —
3.14 Ags where total chlorophylls amount was calculated as Chl @ + Chl & The
absorbance (A4 ) at 662 and 644 nm was measured using a UV -visible spectrophotometer
{Hewlet Packard, model 8453, Columbia, USA). Chlorophyll content was expressed as
mg Chl/kg fresh weight {fw). All measurements were made In triplicates.

6.2.8. Total phenolics content

Frozen samples of 0.5 g were homogenized with 3 mL of methanol/water {41
viv) in an Ultraturrax {(Janke & Kunkel, Ika - Labortechnik, Germany) at 24,000 x g for
I min. Next, the tubes were placed on an ice bed, In darkness and were homogenized
with a vortex at time zero, after 30 min and after 1 h. Afterwards 2 mL sample was
transferred In 2 x 2 mL eppendorfs and centrifuged at 15,000 x g for 10 min at 4°C. The
supematant was used as an extract for each sample. The amount of total phenolic
compounds was determined as described previously by Singleton and Rossi (15653). A
100 pL aliguot of extract was mixed with 150 plL of Foli-Ciocalteu reagent {1:1 v/v,
diluted with milli-Q}-water}) and incubated for | min before | mL of 73 /L sodium
carbonate {2 % w/v) + NaOH (0.4 % wiv) was added. The mixture was then incubated
for 1.5 h at room temperature in darkness measuring the absorbance at 765 nm {Hewlet
Packard 2453, UV-Vis spectrophotometer, Columbia, UUSA). Total phenolics content
was expressed as chlorogenic acid equivalents {(ChAE) in mg/kg fw. All extracts were
analyzed in triplicates.

6.2.9. Total antioxidant activity

The antioxidant activity of the fresh-cut Tatsol leaves was based on the
evaluation of the free radical scavenging capacity according to Brand-Williams et al.,
{1995). A solution of 0.7 mM 2,2-diphenil-1-picrylhydrazil radical in methanol was
prepared. An aliquot of 25 pL of the extract obtained from the preparation of phenolic
compounds was added to 575 pL of this solution. The mixture was incubated in
darkness for 1| h at room temperature. The antioxidant activity was measured by
decreasing the absorbance at 317 nm (Hewlet Packard 8453, UV-vis spectrophotometer,
Columbia, USA). Results were expressed as mg ascorbic acid equivalent antioxidant
capacity { AEAC) kg fw. All measurements were made in triplicates.

178



Chaprer Vi

6.2.10. Statistical anal ysis

The experiment was based on a 5 x 4 bifactorial {treatment x storage time). For
the statistical analysis the Statistical Analyses System (SAS) 5.2, {SAS Institute, Cary,
NC, USA) was used. Replication of each treatment and storage time combination was
repeated in triplicate. Comparison among treatments was carried using the MIXED
procedureand Tukey’s multiple comparisons for mean separation.  Statistical
significance was established when p < 0.05. All data was previously evaluated for
normality and homegeneity of variance using the UNIV ARIATE procedure of SAS.

6.3. RESULTS

6.3.1. Respiration rate and gas composition within packages

The RR of untreated Tatsol leaves was monitored up to 8 days at 5°C. In spite of
a slight initial increase in RR, due to the stress induced by the processing, it was
remained quite stable after 3 days at 5°C at about 20-25 mg CO; /kg h {data not shown).

The gas partial pressure changes of (; and CO; within packages throughout 11
days at 5°C are shown in Fig. . The initial gas composition of passive MAP was air
{20, kPa O; and 0.03 kPa CO;). As expected, due to the respiratory activity of the
leaves and the film permeability, the O; levels decreased and the CO; increased during
shelf life. No significant differences {p<{0.05) were found among the control and NaClO
treatments. However, differences among UV-C In comparison to NaClO and control
treatments after 4 days at 5°C were found. Equilibrium gas partial pressures within
packages for passive MAP were reached after ¥ days at 3°C with 3-6 kPa O; + 15-16
kPa C(}; {balanced with N3} for control and NaClQ treatments and 1-2 kPa O, + 18-20
kPa C0O; for UV-C pre-treated samples {Fig. 1A). For the active MAPs, gas partial
pressures after 8 days at 5°C reached around 38-40 kPa O; + 18-20 kPa CO; (Fig. 1A).
As observed before for the passive MAPs, higher C3; and lower O; values were
registered again for the samples exposed to UV-C radiation.

6.3.2. Colour

As a general trend for all treatments maintenance of lightness {L*) during the
shelf life was monitored and no significant differences among treatments were found
{Table 1}). Howewver, the combination of UV-C + h-enriched MAP resulted in a
significant decrease of L* after 11 days at 3°C with respect to the initial values,
although L* differences lower than 3 units are not detectable by the human eye.
Regarding to the Chroma parameter {C*), the initial value was 20.3 and was kept quite
constant regardless of the treatment throughout 11 days at 5°C. Similar behaviour was
observed for Hue angle where values around 179 remained constant during the shelf life
for all treatments {data not shown),
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6.3.3. Sensory evaluation

After 6 days at 5°C, Tatsol baby leaves did not show noticeable symptoms of
dehydration, browning, off-flavours or off-odours that exceeded the acceptable limit of
usability for fresh consumption (Fig. 2). However, all samples showed an important
decrease of their overall sensory quality after 11 days at 3°C being not acceptable for
fresh consumption and visual appearance showed the same pattern {data not shown).
According to overall sensory quality, a maximum shelf life of 9 to 10 days at 3°C was
established In our conditions. In particular, after the determined shelf life, moderate
dehydration symptoms occurred and slight to moderate off-odours were observed (Fig.
21, 5light browning and off-flavours were registered after shelf life {data not shownj.

6.3.4. Microbiological analysis

The initial microbial load for total aerobic mesophilic {TAM) bacteria was 3.7
log CFU/g (Fig. 3A). Washing with chlorinated water resulted in 0.8 log reductions and
in the leaves subjected to UV-C light the initial TAM load decreased in 0.6 log CFU/g
when compared to the control. NaClO treatment kept the TAM reductions in 0.7, 0.8
and 0.4 log CFU/g after 4, 6 and 8§ days at 5°C compared to the control. After 11 days at
3"C TAM load was similar for the control and NaCl() treated samples. During the first 4
days at 3°C slight increases in TAM counts for the Op-enriched MAP treatment were
found. Then, the antimicrobial effect of the superatmospheric O; kept the TAM
population quite stable during the shelf life. Significant differences on TAM counts
among UV-C treatment and the control and NaClO were found. The decontamination
effect of UV-C reduced the initial TAM population in 0.6 log CFU/g compared to
control. The antimicrobial effect of the UV-C light was kept during the shelf life and
1.1, 1.3 and 1.2 log reductions after 6, & and 11 days at 5°C likened to the control were
registered. The combination of UV -C + O;-enriched M AP was even more effective than
the remaining treatments and in comparison to control reductions of 1.7, 1.8 and 1.5 log
after 6, 8 and 11 days respectively were found.

Regarding Enterobacteriaceae (Fig. 3B), no differences among treatments in
counts on the processing day were observed. The enterobacteria population increased
from 2.2 to 4.0 log CFU/g in control leaves during the shelf life and slight increases
were registered for NaClO and O;-enriched MAP treatments. The samples pre-treated
with UV-C light and its combination with O;-enriched MAP kept the entercbacteria
load around the limit of detection {2 log CFU/g) throughout the shelf-life.

All psychrophilic counts were below the limit of detection {2 log CFU/g) on the
processing day {Figure 3C). The UY-C pre-treatment and the UV-C+0O;-enriched MAP
treatments inhibited psychrophilic growth and a bacteriostatic effect was observed
during the first & days at 5°C. However, after 1 | days no significant differences among
treatments were found.
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Washing with chlorinated water reduced the initial population of yeast and
moulds in approximately 1.8 log CFlU/g compared to the control (Fig. 3D} An
inhibitory effect in UV-C + O;-enriched MAP treatment was found and yeast and
moulds counts in the control, O;-enriched MAP and UV-C treated samples remained
quite constant up to 11 days at 53°C.

Generic E coli, Salmonella spp., and Listeria monocyviogenes were not
recovered from any of the samples, being then all safe according to the EC legislation
{Regulation EC 144 1/2007, 2007).

6.3.5. Chlorophyll content

The 1nitial chlorophyll amount was in the order of 720 mg/kg fw (Table 2). The
Chl @ content represented around 70% and Chl £ around 30% of the total chlorophyll
content. The general trend was to decrease the initial chlorophyll content throughout the
shelf-life for all treatments. UV-C pre-treated samples showed lower total chlorophyll
content after shelf life in comparison to the remaining treatments. However, all these
variations among storage time and treatments were no statistically significant.

6.3.6. Total phenolic content

Total polyphenols content of fresh-cut Tatsol baby leaves at harvest was 225 mg
ChAE/kg fw. After 4 days at 3°C the polyphenols content significantly increased and
was kept throughout the shelf life for all treatments (Table 2). After 11 days the total
phenolic content ranged between 285 — 316 mg ChAE/kg fw, with an increase of 12-
29% of the initial value, and no differences among treatments were found.

6.3.7. Total antioxidant activity

The total antioxidant activity of fresh-cut Tatsol baby leaves at harvest was 638 mg
ABEAC/kg fw {Table 2). As observed for total phenolic content, this value strongly
increased {25-40%) after 4 days at 5°C for all treatments without differences among
them. Then, total antioxidant activity progressively decreased reaching values after 11
days similar to the initial content. The control treatment showed the lowest antioxidant
activity {364 mg AEAC/kg fw) with respect to the remaining treatments which ranged
between 661-698 mg AEAC/kg fw after 11 days at 3°C without differences among
them.

6.4. DISCUSSION

The microbial safety and stability as well as the sensory and nutritional quality
of food are based on an application of combined preservative agents {(Leistner, 2000).
For fresh-cut commodities 1t implies several factors from a well designed integrated
production, handling and processing to proper distribution chains, keeping appropriate
chilling storage temperatures and optimal MAP conditions throughout the entire
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commercial life {(Artés et al., 2009). Research on the combination of different food
preservation techniques has increased because many of them act by amplifying this
interference with homeostasis {Gould, 1956). Innovative superatmospheric O; MAP and
UV-C pretreatment techniques have been proposed as sustainable sanitation strategies
which can be used for keeping quality and safety of fresh-cut produces {Allende and
Artes, 2003; Seliva-Fortuny and Martin-Belloso, 2003, Allende et al., 2004; Rico et al,,
2007).

Baby leaves vegetables are very susceptible to mechanical damage, weight loss,
and microbial growth which strongly affect the shelf life. Fresh-cut produces usually
contaln microorganisms such as psychrotrophic aerobic bacteria, coliforms, yeast,
moulds and pectinolytic bacteria. Commonly total counts of microbiclogical
populations on minimally processed vegetables after processing range from 3 to 6 log
CFU/g {(Ragaert et al., 2007). In the current study, reductions of 0.8 and 0.6 log CFU/g
of TAM bacteria for the NaClO and UV-C treatments compared to the control were
achieved. This result agrees with our previous results in where reductions of TAM from
0.3 to | log CFU/g in baby spinach leaves subjected to O to 7.54 kl m? UV-C were
foumd (Artés-Hemandez et al., 2009). Other studies have reported that UY-C 1nhibited
microbial growth and delay senescence of zucchinl squash (Erkan et al., 2001), carrots
{Mercier and Arul, 1993}, sweet potato {Stevens et al., 15999) and fresh-cut melon
{Manzoco et al., 2010). The O;-enriched M AP showed a beneficial effect for inhibiting
the TAM growth during the shelf life. This inhibitory effect could be related with the
toxicity of high O concentrations to cells {Wszelakl and Mitcham, 2000), which may
induce DNA and nucleoprotein damage, as well as general protein damage In
microorganism {Moradas-Ferreiras et al.,, 1996). The combined effect of high O
concentrations {over 60 kPa) and CO: around 10 to 20 kPa may provide adequate
suppression of microbial growth increasing the shelf-life {Jacxsens et al., 2001; Allende
et al., 2004; Geysen et al., 2006).

Many research studies reported the antimicrobial effect of the disinfectant agents
only after their application. However, the maintenance of the microbiclogical reduction
reached during storage 1s even more ilmportant. The UV-C light dose was selected based
on our previous findings. An important point to take Into account is that the
effectiveness of UV-C depends on the incident irradiation, determined by the structure
and topography of the surface of the product (Gardner and Shama, 2000). Artés-
Hemandez et al. {2009) reported that UV-C doses above 5 kJ m~ did not show a clear
inhibitory effect on microbial growth on minimally processed spinach during the
chilling storage at 5 and 8°C. Similar results were reported by Escalona et al. (2010}
where short exposures times and low UV-C radiations doses were effective to reduce
epiphytic microflora associated to baby spinach leaves up to 14 days at 5°C. An
inadequate UVY-C light management on leafy greens might damage the superficial
tissues of the leaves and could release nutrients and promote microbiclogical growth
throughout shelf life. Charles et al. {2008) demonstrated evidence that UV-C light
affects the morphelogy of tomato fruit surface. It has been suggested that UV-C light
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could alter the cell permeability and may have resulted in a greater leakage of
electrolytes, aminoacids, and carbohydrates which might stimulate microbial growth
{Nigro et al., 1998). In addition, it might impact on the sensory quality. The crucial
point 1s whether a safe dose can be found which would greatly impair microbial growth
without damaging the product (Ben-Yehoshua and Mercier, 2003).

While the enterobacteria population remained quite constant throughout shelf
life for all treatments except in control leaves; UV-C and the combined UV-C+ O;-
enriched treatment were those which best controlled the psychrotrophic growth. Our
results agree with those reported by Allende and Artés {2003) where the combination of
passive MAP and low UV -C radiations reduced psychrotophic populations about 0.5 - 2
log CFU/g on the processing day and during the shelf life. O;-enriched MAP showed an
inhibitory effect of psychrotophic growth in fresh-cut Red Chard stored up to & days at
5°C {Tomas-Callejas et al., 2011a). However, this behaviour was not observed for fresh-
cut Tatsol. The effect of high O; concentrations {93 kPa ;) on the psychrotrophic
human pathogen Listeria monocytogernes growth, which 1s associated with refrigerated
fresh-cut vegetables, resulted In an extended lag phase {Jacxsens et al., 2001).

Regarding the nutritional prefile, the different polyphencl contents in Brassica
vegetables may be Iinfluenced by several factors, including genetic and environmental
influences, growing period and maturity stage at harvest (Naczk and Shahidi, 2006,
Singh et al., 2007). Antioxidants are not only phenolic based and other compounds such
as phytic acid, selenium, tocopherol, etc can contribute to the antioxidant power of plant
tissues {Alothman et al., 2009). In both cases, an Increase of total phenclic content and
total antioxidant activity was registered after 4 days at 5°C. The wound-induced
phenomenon in the phenolic metabolism could explain this behavior. However,
enzymatic activities such as PAL activity should be tested to corroborate the hypothesis.
Then, the values remained quite constant during the shelf life. These results agree with
our previous findings on fresh-cut Mizuna baby leaves, a different cultivar of Brassica
rapa, where phenolic content was kept throughout the shelf life after minimal
processing (Tomas-Callejas et al., 2011b). No significant changes on total chlorophyll
content were registered during the shelf life which is directly related to the results of
colour parameters where no significant changes in L*, C* and Hue angle were found.
Colour changes of fresh-cut leafy vegetables during storage can be affected by storage
under light or dark conditions {Ferrante et al., 2004,

Gas partial pressures within packages after 8 days at 3°C were around 5 kPa O:
and 15 kPa C(3, for NaCl3 and control treatment. (O levels close to the theoretical limit
of anaerobic respiration were registered for the passive MAP subjected to UV-C light.
This behaviour 1s due to the induced stress caused by UV-C light which accelerates
respiratory activity, as previcusly reported for fresh-cut lettuce and baby spinach
{Allende and Artés, 2003, Escalona et al., 2010). The same trend was observed with the
(y-enriched MAP and the combination of Os-enriched MAP+UY-C, where the
Irradiated samples produced higher CO; levels during the shelf-life.
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In summary, UV-C pretreatment alone or combined with superatmospheric
oxygen packaging showed a better effect for controlling TAM and psychrophilic growth
than the remaining treatments tested. All assayed treatments did not affect the
nutritional profile and its main quality attributes were kept during the chilling storage.
The shelf life at 5"C was established in 9-1{0 days for all treatments. These innovative
sustainable treatments can be useful tools for the industry for keeping quality and safety
of the fresh-cut Tatsol baby leaves and very probably for others leafy vegetables while
minimizing water consumption and wastewater discharge rates. Sclentific data about the
effects of inmovative MAP on overall quality of fresh-cut baby leaves 1s scarce and
relatively unclear. In this way, the current experiments improve the lack of information
regarding the effect of high O; active MAP combined with UV-C pre-treatment on
overall quality parameters of fresh-cut Tatsol baby leaves.

In agreement with Leistner {2002) and the principles of the hurdle technology,
an adequate management of the combination of preservation techniques can have
additive or even synergistic antimicrobial effects minimizing their impact on sensory
and nutritive properties. Therefore, further studies in different conditions should be
performed to support this claim.
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Table 1. Colour parameters L* and C* changes for fresh-cut Tatsol subjected to several
treatments and MAP stored up to 11 days at 5°C.

Colour parameters Storage time at 5°C

and treatments Initial Day 4 Day6 Day8§ Dayll
L:k

Control 3821 39,{; 3654 37.3% 3-8
NaClO 382} 38.9/ 3700 3715% 3757
0, -enriched MAP 3828 38.8° 37.5%  37.1% 3677
uv-C 382 39.0¢ 3779 37134 31.7°
UV-C + Oz-enriched MAP 3821, 306! 3691, 3687, 3617
C:k

Control 203 % 1872 2164 20.1% 2207
NaCIO 203, 1794 2154 21.8° 2367
0,-enriched MAP 2037, 1817 2144 2154 209°
Uv-C 2037, 1774 2200 210 224%
UV-C + Oy-enriched MAP 2037, 1747 20,11, 2030, 217¢

Different numbers among each row denotes siginificant difference (p < 0.03).
Different letter within each column denotes significant difference (p <0035).
Walues are mean of 30 measures.
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Table 2. Total chlorophyll content, total polyphenols and total antioxidant activity
changes in fresh-cut Tatsol baby leaves MAP stored up to 11 days at 5°C.

Nutritional quality parameters Storage time at 5°C

and treatments Initial Day 4 Day 6 Day§ Dayll
Toral chiorophyll content {mg Chl/kg fw)

Control 2301 5614 5724 583%  657°
NaClO 720! 5834  564% 5397 6657
0, -enriched MAP 7207 7044 649° 595% @08
uv-C 7207 697 6347 6128 562
UV-C + Os-enriched MAP 7207 6424 6174 5267 583 %

Toral polvphenols conrent (mg ChAE/ kg fw)

Control 2255 283, 2507 3260 316,
NaClO 205° 355¢ 2847, 369 3460
0;-enriched MAP o252 312 2245% 3510 3080,
uv-C a3s5s  350f  219%% 339/, 3017,
UV-C + O,-enriched MAP spsas 3317 2177 2950, 285,

Toral antioxidant activity {mg AEAC/kg fw)

Control 637 ﬁz SDD:" 633 fq.z 626 fq.z 554;
NaClO 6375 884" 5667 6675 666
O;-enriched MAP 6374 898 5825 @765 a8%8%
Uv-C 637 4 868 731, 6927, 6657
UV-C + O;-enriched MAP 637 g 846 ft 756 fq.z 550; 593;

Different numbers among each row denotes significant difference (p < 0.03).
Different letter within each column denotes significant difference (p < 003).
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7.1 INTRODUCTION

In 2010, an intemational group, led by the United Fresh Produce Assoclation,
with representation from all sectors of the fresh tomato supply chain released the Food
Safety Proprams and Auditing Provwoco! for the Fresh Tomaro Supply Chain {Tomato
Audit Protocol) {United Fresh, 2010). This more prescriptive commodity-specific
standard and audit protocol was preceded by the 115, Food and Drug Administration
“Guide to Minimize Microbial Food Safety Hazards of Fresh-cut Fruits and Vegetables”
{FDA, 2008) and the “Commodity Specific Food Safety Guidelines for the Fresh
Tomate Supply Chain”  (United Fresh, 2008). These programs provide
recommendations for food safety practices that are intended to minimize the
microbiological hazards associated with fresh and fresh-cut tomato products.

Tomatees are frequently handled in packinghouses typically employing systems
of re-circulated water, such as dump tanks and flume systems for unloading tomatoes
from harvest bins or larger gondolas. The water used in these systems can become a
point of cross contamination for spollage organisms and plant pathogens which may
lead to quality loss and decay, as well as human pathogens that may result in foodbome
outbreaks {Harris et al., 2003). Disinfection of process water aims to Inactivate or
destroy pathegenic and other microorganisms. In addition, disinfection aims to prevent
the transfer of these organisms from process water to produce and from one produce
item to another during postharvest handling, increasing the likelihood that the produce
1s microbiologicall y safe for human consumption (Suslow, 1997). Chlorination {1530 mg
/L, pH 6.5-7.5, 2 min) is a current approved methed for sanitization of dump tank and
flume water in packinghouses and currently under state regulation for tomatoes in
Florida {FDACS, 2006).

Sodium hypochlorite {NaCl() 1s a potent disinfectant with strong oxidizing
properties. However, disadvantages related to its use mclude the formation of
potentially hazardous disinfection-by-products, its strong pH dependence, and the
potential for gas emission that may affect worker health (Olmez and Kretzschmar,
2009}, NaCl() may partially oxidize food constituents to form secondary products such
as chloroform {CHCI5), haloacetic acids or other trihalomethanes that have known or
suspected carcinogenic or mutagenic potential effect, with proven toxicity te liver and
kidney tissues (Hrudey, 2009; Nieuwenhuijsen et al., 2000). Due to this, chlorine
dioxide {Cl0;) has been proposed as an emerging sanitizer altermative to chlorine for the
fresh and fresh-cut produce industry {Artés et al., 2009, Gomez-Lopez et al., 2009).
Cl0; used as a disinfectant has several advantages over chlorine, Including higher
oxldant capacity {Benarde et al., 1567), lower reactivity with organic matter {(Gordon
and Rosenblatt, 2005) and high effectiveness at low concentrations {Huang et al., 1997).
In addition, Cl3; and its main by-product, chlorite {Cl0;7), are classified as non-
carcinogenic products (A TSRD, 20045 EPA, 2000, IIARC, 1991).
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The effect of ClO; to inhibit several foodbome pathogens in  different
commodities has been previously reported. Concentrations of 4-5 mg/L of Cl0; were
eftective to reduce Salmonella spp, Escherichia cofi O153THT7 and Listeria
mongcytogenes noculated onto cabbage, camrot, lettuce, strawberry and melon
{Mahmoud et al., 2007; Mahmoud and Linton 2008; Sy et al., 2005).

In contrast with NaCl(3, Cl3Q; was found to be effective against £. cafi over a
broader pH range (3 - 8) (Huang et al., [597). While there are several studies related to
the antimicrobial effect of C10; on foodbome pathogens of concem within laboratory
scale studies, insufficient data are available to assess performance at an industrial scale.
In addition, few studies have been performed to determine the effect of pH, temperature
and suspended matter on the disinfection efficacy of Cl3; at both commercial and
laboratory scale for fresh produce. In addition to being scarce, the available information
1s not clear, nor consistent among research reports.

Besides the use of a chemical sanitizer during the washing-disinfection step, the
Tomato Audit Protocol 1s very specific that wash water temperature is a critical point
during tomato postharvest handling. Tomatoes are a warm-season crops and high pulp
temperatures can be reached during harvesting and transport to the packinghouse.
Intermalization of soft-rot bacteria into the stem scar 1s seen when tomatoes are
submerged in water that is cooler than the pulp temperature of the tomatoes {Bartz,
1981; Bartz, 1982). As the tomato fruit cools, a vacuum is created causing water, and
potentially pathogens suspended in the water, to be drawn into micro-wounds, pores, or
other natural openings of the tomatoes. The standards and audit criteria for fresh
tomatoes are that, in general, cold water immersion as a cooling technique shall not be
used and, if using a dump tank, maintain water temperature 3.53°C above the incoming
fruit pulp temperature to minimize the risk of intrusion of microorganisms into the
tomatoes to the degree possible {Bartz, 1988; Ibarra-Sanchez et al., 2004; Zhuang et al.,
1595). Therefore, water temperature relative to pulp temperature, disinfectant
treatments, and other water quality constituents are jointly critical considerations for
maintaining the safety and quality of the product.

The overall goal of this study was to evaluate the current operating standards for
use of ClO; in postharvest washing of fresh tomatoes and develop data to support
scientificall y-based audit criteria. The specific objectives were: {1) conduct on-site
assessment of C10; dose management and quantitative microbiclogical water quality In
commercial dump tank and flume systems, and {2} determine the comparative
correlative capacity of ORP with other physicochemical parameters including pH,
temperature and water turbidity to monitor, control and document water disinfection
status within different commercial tomato packing operations.
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7.2. MATERIALS AND METHODS
7.2.1. Tomato packing facilities

Cooperating tomate packinghouses in Florida {Facility A and B) and Califomnia
{Facility C}, United States of America, running with matched Cl(J; generation/mjection
systems for all water contact units were visited during their respective tomato
production seasons in 2010, A total of 4 site visits In each State were performed
randomly during the seasons. In general, the washing system of the three packinghouses
consisted of a dump tank and a flume system and their respective re-circulation system
tanks.

7.22, Water analysis

Water samples were taken from dump tank and flume system and their
respective re-circulation system tanks every 30 min during each selected processing day
fup to 6 hours per date). Water samples were taken to assess physicochemical
parameters and to determine microbiological content. All measurements were repeated
In triplicate.

7.2.2.1 Phvsicochemical parameters

Water samples of 530 mL were collected at each sample point to determine the
oxldation reduction potential {ORP) {mV), Cl(}; concentration {mg/L} and turbidity
{FAU) while pH, water temperature (°C), conductivity {5/cm) were directly measured at
a consistent location of each tank and respective recirculation systems. The
specifications of the instruments used in this study were as follows: Portable
pH/temperature meter {Russell RLO60OP, Therme Fisher Scientific Inc., Waltham, MA,
UsSA) for temperature and pH; ORP-meter {Thermo Fisher Scientific Inc., Waltham,
MA, USA) for ORP; portable colorimeters for turbidity (DR/850, Hach Company,
Loveland, C, USA) and C1(; residual {Pocket Colorimeter ™ II, Hach Company,
Loveland, CO, U5A). Each physicochemical parameter, sampling point, and time was
repeated three times.

£.2.2.2 Microbiolopical analysis

Standard enumeration methods were used to determine viable, culturable
mesophilic bacteria suspended in water. Two random samples of |00 mL of water were
collected from each sample point and 1mmediately neutralized using 0.6% sodium
thiosulphate {Naz5:0s) (IN) or 100 pl (Nas;S5:05) {(IN) in the FL and CA facilities
respectively. The amount of Na;5,05 used was previously tested in the laboratory and
was added In excess to ensure complete C10); neutralization. Samples were immediatel y
placed in refrigerated coolers and transported to respective and FL {CREC UF) and CA
{UC Davis) laboratories where they were analyzed within 14 h of collection. Tenfold
dilution series were prepared in 9 mL of sterile 0.1% buftered peptone water (BD
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Diagnostics, Sparks, MD, USA). Total aerobic mesophilic bacteria {TAM) and total
coliforms were enumerated from water samples. The following media and incubation
conditions were used: plate count agar {PCA) (BD Diagnostics, Sparks, MD, USA) for
TAM, incubated at 25°C for 48 h and Chrom-ECC agar {Chrom Agar, Paris, France) for
total coliforms and presumptive £ cofi, incubated at 37°C for 24 h. For trals 3 and 4
performed in CA, the population of total coliforms and £, coli was determined utilizing
the QuantiTray™ Colilert® System (Idexx Laboratories Inc., Westbrook, Maine, USA).
All microbial counts were reported as log colony forming units per 100 mL of sample
{log CFU/100 mL).

7.2.3. Tomato analysis

Tomato samples were collected every 30 min during each selected processing
day {3 — 6 h approximately) at each tomato facility. The sampling points were from the
top and bottom of the field transport gondola {before washing) and at the end of the
water contact before grading or worker contact { after spray brush bed washing).

£.2.3.1. Temperature

Five tomatoes were collected from each sampling peint to determine on-site
pulp temperature {"C) of the fruit using a portable, calibrated temperature probe. The
probe was calibrated in ice-water slurry before each sampling date. The temperature
was measured for each tomato at the stem scar region (approx. 1 cm deep).

7.2.3.2 Microbiolopical analysis

Two randomly collected samples of 5 tomatoes each were collected In sterile
bags at each sampling point and immediately placed in refrigerated coolers, transported
to respective CA and FL laboratories, stored at 2.5°C, and processed within 14 h for
microbiological anal ysis. Tomatoes were removed from storage and a 100 mL of sterile
potassium phosphate buffer (3.9 mM KH;POg 6.1 mM K;HPO,) supplemented with
0.05% of Tween20 (Fisher, Fair Lawn, NI, USA) were added. Tomatoes were
vigorously rubbed by hand for 1 min to remove the attached bacteria from the tomato
surface. Tenfold dilution series were prepared in 2 mL of sterile 0.1 % buffered peptone
water {BD Diagnostics, Sparks, MD, USA). TAM bacteria and total coliforms were
recovered from the tomato samples. The following media and incubation conditions
were used: PCA for TAM, incubated at 29°C for 48 h and Chrom-ECC agar for total
coliforms and presumptive E cofi, incubated at 37°C for 24 h. All microbial counts
were reported as log CFU/fruit.
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7.2.4. Efficacy of the washing system on inoculated tomatoes
7.2.4.1. Bacterial strain and growth conditions

A Pseudomonas fluorescens {TVS074) strain, which is an antibiotic-resistant
derivative strain to rifampicin (80 mg/L), was 1solated via spontanecus mutation and
used to facilitate detection and minimize interference with other bacteria during
recovery. T¥5074 is an EPA biological control formulation isolate registered by T.
Suslow In 1994, after required EPA toxicological and non-target organism studies, and
approved for commercial use on all fresh produce categories with no residue tolerance
restrictions. P fluorescens TV 5074 was grown ovemnight on King’s Medium B plates
{0.15% MgS504 —Fisher, Fair Lawn NJ-, 1% Glycerol — Fisher, Fair Lawn NI-, 2%
K:HPOy —EMD, Japan-, 2% Proteose peptone —BD Sparks, MD-, [5% Agar —BD
Sparks, MD, USA) supplemented with 8) mg/L. of rifampicin at 30°C. After incubation,
cells were detached from the plates and re-suspended in Butterfield’s buffer {Whatman
Inc., Piscataway, NJ, USA). The cell suspension was washed twice by centrifugation at
4,000 vpm for 10 min and suspension in Butterfield’s phosphate buffer. The final cell
pellet was suspended in Butterfield’s phosphate buffer and culture was adjusted to
achieve a concentration of approximately log 2 CFU/mL. The final concentration was

confirmed by plating on King’s B plates supplemented with 80 mg/L of rifampicin.

22,42, Tomato inoculation

A total of 4 sets of 10 tomatoes were inoculated at room temperature by spot
mmoculation. The noculated area was delimitated on the tomato surface. A total of 20
drops of 5 uL of inoculum (10° CFU/mL) were placed onto the surface. Inoculum was
allowed to dry overnight at room temperature prior to processing. Inoculated tomatoes
had an average concentration of log 8 CFL/fruit after inoculation.

7.2.4.3. Tomaro processing

Each set of tomatoes was marked with a different color tape in order to
differentiate them from the non-inoculated tomatoes and to facilitate the sample
collection. Inoculated tomatoes were transported to Facility C and introduced to the
systemn during standard washing operations and mixed with tomatoes from the field into
the dump tank. Each set of inoculated fruit was introduced at different processing times
with different water quality conditions, which were previously recorded. The tomatoes
were collected after the final water contact and before grading and worker contact.
Tomatoes were placed in sterile bags and stored 1n chilled coolers, transported to the
laboratory and stored at 2.5°C. Tomatoes were analyzed within 14 h after collection for
microbiological analysis. To determine the concentration of P. flugrescens TVS 074 on
tomato surface an Inoculated fruit not subjected to the commercial dump and wash
system {n=10) was used as an intemal control for survival. This set of tomatoes was
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stored and transported under the same conditions as the tomatoes that were processed at
the facility. This assessment was only performed in Facility C.

7244 Bacterial enumeration

Tomatoes were individually placed in sterile bags {Whirl-Pak, Nasco, Modesto,
Califormia, USA) containing 30 mL of sterile potassium phosphate buffer (3.5 mM
KH;POy; 6.1 mM K HPOy) supplemented with 0.05% of Tween20 {Fisher, Fair Lawn
NJ, USA) and vigorously rubbed by hand. For F. fluorescens recovery, King’s Medium
B plates supplemented with 80 pg/l. of rifampicin were used and were incubated at
30°C for 24 h. All microbial counts were reported as log CFU/fruit.

7.2.5. Contribution of washing water to the final tomato microbial load
7.2.5.1. Tomaro surface sterifization and processing.

A total of 4 sets of 10 tomatoes each were submerged in a silver nitrate {AgNOs)
{0.1%) solution for | min at room temperature and rubbed and dried with sterile paper
towels and ethanol (/0% v/v) by hand for surface sterilization. Tomatoes were
immediatel ¥ introduced into the dump tank and collected, transported, and analyzed as
previously described. This assessment was performed only in Facility C.

7252 Bacterial enumeration

Populations of TAM and total coliforms were recovered from the tomato
samples using the same methods previously described. As an intemal control, surface
sterilized fruit not subjected to the dump and flume wash system were used.

7.2.6. Statistical analysis

To establish temporal, water quality, and treatment differences between dump
and flume tanks for all physicochemical parameters and bacterial populations, statistical
analysis were performed using the MIX procedure, function of Statistical Analysis
System (S5AS Institute v. 5.2, Cary, NC, USA), mean separation was carried with
Tukey’s pair comparison. To determine differences in bacterial population between
tomatoes collected from top and bottom of the harvest gondela a similar analysis was
performed. When no significant changes were established during the time, all time
points were averaged and comparison between dump and flume tank was carried out
with a t-test paired comparison or one-way ANOVA to determine differences among
facilities by using JMP ® {5AS Institute v.8). Statistical difference was established if p-
values were smaller than $.05. A comrelation matrix among all physicochemical
parameters and bacterial population was constructed using the CORR procedure,
function of 5AS which provided a value of Pearson correlation {R) and the p-value of
the correlation. All data was evaluated for normality and homogeneity of varlance
using the UNIVARIATE procedure in SAS.
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7.3. RESULTS
7.3.1. Water physicochemical conditions

Physicochemical parameters including pH, ORP, turbidity, conductivity and
temperature in water utilized to wash tomatoes at three different facilities were assessed.
For all trials and facilities no significant difference {p>0.03) was found between fruit
contact tanks and their recirculation tanks, so values were averaged having a total of
n=H cbservations for both dump and flume tanks.

During each trial, physicochemical parameters during a regular processing day
{up to 330 min} were monitored. Overall for all trials, ORP values were significantly
higher in flume than in dump tanks (p<0.03)}, with the exception of Facility A during
Tral 2 (Table 1}). During the pericd of sampling on a given date, ORP values tended to
remain constant for Facilities B and C, however for Facility A the ORP values of the
flume tended to increase during the time course of daily operations {supplementary
Table | }. For Facilities A and C, the dump tank ORP values were consistently measured
at values below 600 mV, however in flume tanks the ORP values =600 mV were
achieved over time. In contrast, Facility B maintained ORP values =600 m¥ in both
tanks {Table 1). For Facility A during Trial 2 and Facility C during Tmals | and 2, ORP
values remained below the target values in both tanks {Table 1).

Conductivity and turbidity were the only parameters that showed a significant
bivariate correlation {p<{0.05) during the timeframe of each site visit. Both parameters
increased during the sampling period (Table | and supplementary Tables 2 and 3) and
were significantly larger (p<0.03) In dump tanks than in flume, with the exception of
Facility B where both parameters were not significantly different between dump and
flume tanks {Table |). When comparing each of the trials, different conditions for each
daily operation were recorded as conductivity and turbidity were significantly different
between location and among trials {Table 1 ).

Turbidity values in flume tanks rarely exceeded values greater than 43 FAL.L
Following daily cleaning and complete fresh water addition at start-up, water turbidity
was directly related to the incoming fruit load and condition which can carry varying
amounts of soil and non-product organic matter. Several trials experienced accumulated
turbidity values in the dump tank exceeding 300 FAU {Trials 2 and 4, Facility C), far
greater levels as compared to the remaining trials (supplementary Table 3). In general,
turbidity increased of the course of daily operations with occasional large spikes due to
Incoming loads {Table | ). For example, a change in turbidity from 264 to 320 FAU after
180 min {Tral 2, facility C) were observed in a tank of greater than 530 kL. In the same
way, turbidity values from 316 to 594 FAU after 210 min were documented in Facility
C during the fourth trial. Reductions in FAU values were periodically observed due to
the periodic addition of partial clean water exchanges {approx. 30% tum-over) to the
system by the facility operational staff. Although both conductivity and turbidity values
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increased during sampling, ORP remained quite constant {Table 1 and supplementary
Table 1).

Water temperature and pH were largely invariant during trials and did not have
significant correlation with the time course of a daily event. Consequently thelr values
for the entire trial at each location were averaged. FL facilities had no significant
difference in pH and temperature between dump tank and flume system {Table 2). In
contrast, Facility C had significantly higher pH and lower temperature in the dump tank
than in the flume system {Table 2).

For all trials and locations, Pearson correlation among the different parameters,
showed that ORP was negativel y correlated with turbidity and positively comrelated with
temperature {Table 3). In contrast pH was not correlated (p>0.03) with ORP while
conductivity was negativel v correlated {Table 3).

To minimize water infiltration of fruit during packing, incoming tomatoes and
processing water temperature should have a negative differential of at least 3°%; fruit
pulp temperature being cooler than the water {Bartz, 1981, Ibarra-Sanchez et al., 2004,
Zhuang et al., 1995). Water and incoming fruit temperature, as well as its temperature
differential, were monitored throughout the site survey intervals for all trials. (Fig. 1 and
2). For Facilities A and B, temperature differentials less than 5.5C were found in Trial
A2 and B2Z2. Particularly in Facility A during the second trial, the temperature
differential was less than the target point for most part of the dally operations. For
Facility C, there was a time period during trial | and 2 where this industry standard was
not met.

7.32, Water microbiological quality

Population of TAM and total coliforms In water at each location during the
operational monitoring time period were determined. For FL Facilities A and B,
populations of TAM were not significantly different between dump and flume tanks
{p=0.05) (Table 4A). In contrast, the population of TAM was always significantly lower
in flume than in the dump tank system in the CA facility. Comparison among trials
within each facility showed that the populations of TAM were similar within each
location and a significant difference was established among the three tomate facilities
{Table 4A). The general trend showed that population of TAM remained constant
during the timeframe of a daily event {Table 4A). Pearson comrelation analysis showed
that ORP, pH, and temperature were negativel y correlated with the population of TAM,
while turbidity had a positive correlation {Table 3).

Populations of total coliforms were significantly greater in the dump tank than in
the flume system {p<0.05) for all trials {Table 4B). Comparison among trials showed
that population of total coliforms was similar in the dump tank for all tomate facilities.
In contrast, more differences in population size were observed among trials in the flume
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system (Table 4B). As observed with TAM, the population of total celiforms remained
mostly constant during the each survey period (Table 4B). Additionally, a significant
and positive correlation was established between total coliforms and turbidity, but a
significant negative correlation occurred between the remaining physicochemical
parameters monitored, with the exception of pH {Table 3). Detection of £, cofi in dump
tank was mostly negative for all trials in Florida and the first two trials in CA, although
in the dump tank characteristic colonies on Chrom-ECC were sporadically detected. For
Facility C, when detection method was changed to the QuantiTray™ Colilert® System
for trials 3 and 4, to improve the sensitivity, £ cofi was detected in the dump tank after
60 min of the first introduction of a tomato load. However, this bacterium was not
detected in the flume tank at any sampling point {data not shown).

7.3.3. Washing effectiveness of dump tank and flume systems on tomato surface
microbial populations

Tomato samples were collected from the top and bottom of the gondolas or bulk
harvest bin for each trial during each operational day. No significant differences
between the microbial populations from top and bottom of the collected tomatoes or
between the different tomato lots arriving at the dump tank were found. Thus, these
values were averaged by trial. Total microbial population and total coliforms did not
change during the time of sampling intervals, and values were also averaged by trial.

In general, populations of TAM and total coliforms on tomatoes were not
significantly different between tomatoes before and after washing (p=0.05). Microbial
populations were greater after washing in 3 of the 8 trials for TAM and 6 of the 7 trials
for total coliforms {Table A and B). Both groups of microbial populations tended to be
greater In tomatoes from Califormia (bush production) than from Florida (pole
production).

To study the efficiency of the process In reducing the microbial load of
challenge-inoculated tomatoes, P. fluorescens TVS 074 was applied to clean fruit at
approx. log & CFU/fruit. During a regular operational shift, inoculated and marked
tomatoes were Introduced inte the washing system with bulk, amiving frult and
collected at the end of the washing unit. Populations of P. fluoresecens TVS 074 was
reduced by approximately 4-log units (Table 6). A set of tests were conducted to
determine whether microbial loads would be acquired during washing. Three trials of
surface sterilized tomatoes were processed during a regular packing shift. Populations of
TAM increased from undetectable levels to approximately 3 log CFU/fruit after passing
through the washing system. No significant difference was found among the three trials
despite substantial wvariation n dump tank ORP values, and more uniform and
seemingly compliant ORP levels in flume tanks (Table 7). Populations of TAM were
below the limit of detection for surface sterilized tomatoes that were utilized as non-
wash system contact control.
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7.4. DISCUSSION

The implementation of practices that can minimize the risk of cross
contamination with foodbome pathogens, especially whenever water contact is
Involved, 1s essential for a successful food safety program. Disinfection of water
represents a vital management step to minimize transmission of pathogens within and
between lots. Cross-contamination with plant pathogens has long been a concem for the
fresh produce handling industry, including tomatoes, but In recent years Salmaonelia
outbreaks assoclated with consumption of raw tomatoes have emphasized the
Importance to minimize risk to consumers (Bidol 2007, Greene 2005). In tomato
packinghouses, large volumes of water during postharvest washing and handling are
utilized. Water recirculation 1s a common practice In the industry due to economic
considerations and wastewater discharge regulations, and thus effective re-conditioning
by filtration and disinfection strategies are essential.

The use of Cli}; is currently accepted within the guidelines for tomato good
agricultural practices for postharvest water disinfection {(FDACS, 2006). The FDA
allows the use of ClO; as an antimicroblal agent in water used to wash fresh fruit and
vegetables in a residual amount less than 3 mg/L. Also, this treatment must to be
followed by a potable water rinse {CFR, 2007).

In this study, water treated with Cl(}; increases ORPF, which has been established
as a primary element to standardizing water disinfection monitoring, dose management,
and documentation. ORP has been demonstrated to be a potentially useful measurement
of the status of treated water to inactivate microorganisms, as well as an 1mportant
component of a sound postharvest quality and safety program {Suslow, 2004). In this
study ORP values were significantly {p<{.03) greater and more consistently maintained
in the flume system than in dump tank for all tomate facilities {Table 1 ). ORP values of
6530 to 700 mV are effective in Inactivating spoilage bacteria and foodbome pathogens
{£. coli and Salmeonella spp.) within a few seconds, and spoilage yeast and fungi within
a few minutes {Liao et al., 2007, Okull et al., 2006, Suslow 2001, 2004} in clean water
systems. In general, these values were not achleved in the dump tank for all the facilities
evaluated. However, adequate ORP values were seen in flume tanks except for Facility
A (Table 1). ORP values were near 600 mV at the beginning of the operation in
Facility C and throughout trial 2 in Facility B, but after the first load of tomatoes in the
dump tank, values dropped to approximately 400 mV and remained constant during the
time peried of sampling evaluations {supplementary Table 1). This condition may
represent a risk for cross contamination of produce if water disinfection efficiency
cannot be reached in dump tank.

Turbidity and conductivity increased over time, most notably for turbidity levels
{Table 1) due to incoming soll and organic matter associated with tomato harvests.
Contrary to ORP behavior, turbidity was significantly greater in the dump tank than in
flume water except for Facility B trial 2 (Table 1}. This is supported by significant
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Pearson comrelation values {p<(.03) between ORP and turbidity. Similarly, populations
of TAM and total coliforms were significantly less in the flume than in dump water
{Table 4) and their populations were negatively correlated (p<0.03) with ORP but
positively correlated with turbidity (Table 3). Conductivity was significantly greater in
the dump tank thank in flume water for Facility C and Facility B trial 2.

The efficacy of ClO; for disinfection has been demonstrated In studies using
regular tap water where the presence of organic matter has not been considered {Pac at
al., 2007). Studies of disinfection efficiency of Cl0; in wastewater have demonstrated
that suspended solids and organic load have unfavorable effects in disinfection
efficiency, mostly related with the ability of bacteria to attach to or derive protection
from suspended organic matter {Ayyildiz et al., 2009, Narkis et al., 1994). In this study,
the detection of £ cofi in dump tanks but not in flume was observed. High values of
turbidity were present in the dump tank, which presumably resulted in the inability of
dump tank system to effectively inactivate £ cofi cells In short retention times.
Although ORP is considered as a primary indicator of oxidative disinfection for the
Inactivation of food-related pathogens at laboratory scale (Kim et al., 2000), our results
suggest that reliance on monitoring ORP alone seems to be Insufficient to predict
microbial water quality within commercial tomato operations using Cl0O;. Other
physicochemical parameters should be taken inte account to optimize microbial
controls, particularly in the dump tank management.

Parameters such as pH and temperature remained mostly constant throughout
operation, particularly in Facility C, and significant differences between dump tank and
flume water for these conditions were found {Table 2). However both parameters were
not significantly different {p>0.05) In Facilities A and B. Overall, pH was not correlated
with ORP but it was negatively correlated with turbidity and population of TAM (Table
3). It 1s being suggested that oxidizing power of Cl0O:; is not demonstrably pH-
dependent within typical operating ranges, primarily because it does not hydrolyze in
water to form hypochlorous acid {Beuchat, 1998). Additional studies demonstrated that
bacteria like E. cali may be killed effectively with liquid C10; in a pH-range from 3 to ¥
in water {Huang et al., 1957).

Besides water disinfection treatment, water temperature can also Impact the
microbial safety and quality of tomatoes. Standard recommendations based on previous
studies call for tomato dump tanks to be maintained at a temperature at leadt 5.5
above than incoming fruit to prevent water infiltration and potential contamination with
pathogens (Bartz, 1981, 1982, 15988, Ibarra-5anchez et al., 2004; Zhuang et al,, 1995).
In these survey studies, water remained at a consistent, slightly elevated temperature,
relative to ambilent conditions, during the washing operation in all trials. However,
interest was raised whether the measured differential between water and tomate pulp
temperature met specifications and current Best Practice recommendations to limit
water uptake by the fruit. Temperature differential varied among trials, but during time

points of a daily shift was found to be less than the audit criteria of 3G which may
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poses a risk to safety and quality. Variations among trials could be attributed to changes
In environmental temperature during the day and harvesting conditions for each
location. This parameter 1s considered a difficult focal point to control by the industry,
particularly for different environmental and product conditions that can affect iIncoming
product temperature. Thus, special attention in maintaining the temperature differential
between water and tomato above 3.5°C must be taken into account to ensure food safety
specifications without altering sensory attributes of the product. Overall results among
trials varied for all parameters measured in water, presumably due to environmental and
Incoming fruit conditions as well as variances in daily operational management.

The efficiency of the washing system to reduce microbial load of the product
acquired in the field is also an expected criteria for management focus. In this study
populations of TAM and coliforms were not significantly different {p=0.03) or were
significantly greater {p<0.03) between unwashed and washed tomatoes (Table 53). A
previous study in a tomato facility at Charleston {South Carolina, USA) showed that
total plate counts and Erterabarteriaceae counts on tomatoes were higher after washing
with chlorine {30 — 140 mg/L) compared to unwashed tomatoes {Senter et al., 1985).
Effectiveness of Cl(); between 3 to 20 mg/l towards 5 emerica and E. carotovara has
been demonstrated in water although the sanitizing effects were reduced when tested on
Inoculated tomatoes, particularly 1f the Inoculum suspension was allowed to
substantially dry onto the tomato surface (Pao et al, 2007). It 1s likely the ClO;
efficiency 1s reduced towards strongly attached microorganisms which may form
protective aggregates over time {Iturriaga et al., 2007). In addition to washing operation
through immersion in disinfected water, physical removal such as a spray brush-bed
could improve microbial load reduction on tomato surfaces. The combination of
physical removal with disinfected roller brushers and Cl0; disinfected water immersion
has been demonstrated to result in significantly greater Safmonel{a reduction on tomato
surfaces than water immersion alone {Pao, 2009). Additional trials in Facility C showed
that passage through the commercial washing operation achieved up toa 4 log reduction
CFU/fruit of inoculated P. fluorescens. In contrast, surface sterilized tomatoes acquired
approximately 4 log CFW/fruit of TAM, but not coliforms, during passage with
Incoming fruit loads through these washing operations.

The antimicrobial efficiency of Cl; In several commodities has been
successfully demonstrated through laboratory scale studies {Gomez-Lopez et al., 2009).
However, the findings of this study indicate that Cl3; can be an effective sanitizer for
flume and spray-wash systems but current operational limitations greatly restrict
performance in dump tank management. Under current conditions, the application of
Cl03; alone is unlikely to allow the fresh tomato industry to meet microbiological
quality goals for dump tank management over typical commercial conditions. These
findings suggest that water disinfection with C1(; should only be considered as part of
an integrated strategy that successfully prevent contamination of the product by human
or plant pathogens.
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Figure 1. Tomato and dump water temperature differential record at the tomato Facility
A {trials | and 2) and Facility B {trials | and 2) in Florida. Top and bottom refer to the
sampling points on tomato gondola carrying incoming fruit. Temperature differential
was calculated between incoming tomato and water temperatures. Horizontal solid line
represents the minimum safe temperature differential {5.5°C) according to the Tomato
Audit Protocol.
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Figure 2. Tomato and dump water temperature differential record of the trials 1, 2 and 3
at the California tomato Facility C. Top and bottom refer to the sampling points on
tomato gondela carrying incoming fruit. Temperature differential was calculated

between incoming tomato and water temperatures. Horizontal solid line represents the
minimum safe temperature differential {3.5°C) according to the Tomato Audit Protocol.
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Table 1. ORP, turbidity and conductivity values in the tomato dump tank and flume system for facility and each operation day.

Facility ORP (mV)* Conductivity (S/em)” Turbidity (FAU)"
Florida Trial Dump tank Flume Dump tank Flume Dump tank  Flume system
system system
A 1 42741067 530+110%! 1025432241 1240+1 6097 2.33-172%7  1.66-40.0%°
2 465+94.6 466+123¢! 764+129 %! 1000+107 92 450 - 131" 3.00-45.0%°
b2
B 1 537+147°% 6374670 1180494, 1 <! 12164177 5! 200-57.0 2.33-53.3bc!
cd 1
2 594:893%°  630+59.9% 1476289 %% 12344303 * 11.0-201%""  4.17-197%
California
C 1 4373377 488+83.0™ 15124400 8064219 158 - 169"  9.00-320"%
2 430490.2%% 51841178 1311+206¢] 880+137%2 3.50 - 383¢"  2.00-452¢°
3 431+146%% 669+12.5%] 13464200 be? 1187499382 0.16-3055  p66-42.302
4 30249974 650+54.3 *! 1147+166¢] 14764292 5! 0.50 - 3169 0.0- 11082

Zvalues represent the mean and standard deviation (n=3) for each trial during each operation day.
" Walues represent the range of turbidity from the beginning to the end of the operation time.

Different letters within each column denote significant difference among trials for all tomato facilities (p<0.03).
Different numbers between each row denote significant difference between dump tank and flume system (p<0.03).
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Table 2. Water temperature and pH in the tomato dump tank and flume system for each facility and operation day.

Chaprer VI

Facility pH T(°C)
Florida Trial Dump tank Flume system Dump tank Flume system
A 1 7.65+0.14" 77740137 34 4+.94° 36.140.75°¢
2 7.660.17% 7.65+0.1 9% 34.9+1 42°¢! 35.740.61%
B l 7.36+0.11%! 7.4140.15%" 36,840,278 36.9+0.32°¢!
2 71140274 7.14+0.25%! 37.242.64%! 37.342.59¢!
California
C l 7.3240,19%° 7.83+0.16"" 34,242 45 42.3+1.76
2 7.2420 40747 7.90+0.35" 34.643.44%° 43 843.06%
3 7.9440.41%4 8.21 +0.45%] 33.94+4.89% 42, 144,13
4 8.09+0.25*" 8.12+0.39% 35.1%3.33%<2 44.3+1.96*

Different letters within each column denote significant difference among trials for all tomato facilities (p<0.03].

Different numbers within each row denote significant difference between dump tank and flume system (p<0.03]).
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Table 3. Matrix of Pearson correlation values among different physicochemical water parameters and microbial populations

Variahles pH ORP Turbidity Conductivity Temperature TAM Coliforms
pH 1 0.011 -0.305* -0.483* 0.431* -0.165* -0.075
ORP l -0.405% 0.037 0.372% -0.308* -0.335%
Turbidity 1 0.416% -0.435% 0.270* 0.166%
Conductivity 1 -0.054 0.032 -0.215%
Temperature 1 -0.531% -0.446%
TAM l 0.624*
Coliforms !

¥ Denotes statistical significance of the correlation value (p<0.03)
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Table 4. Comparison of bacterial population of total aerobic mesophiles {A) and total
coliforms {B) between tomato dump and {lume tank water.

Table 44
Facility location  Trial Dump Flume p-value®
Florida log CFU/mL*

A 1 4,01+0.365¢ 0.64+3.50° 0.0318
2 3.4440.98 ¢ 0.91+3.43° 0.8519

B 1 3,824}, 58 2b¢ [.214334 %8 0.0052
2 3.3940.79¢ 0.70+1.64 28 0.0579

California log CFU/mL

C 1 4.74+1.122 2.2240.74" <0.0001
2 4.68+1.35° 07%+].12° <0.0001
3 4.53+1.30%8 24442 86¢ <0.0001
4 ND ND

Table 4B
Facility location Trial Dump Flume p-value®
Florida log CFU/100 mL*

A 1 4.76+1.24 " 3.50+2.28 ° 0.0009
2 3.6342.18 5 3.43+1.97° 0.3418

B 1 5 .00+0.69 ** 3.3442.53° 0.0079
2 42442 80 2P 1 644229 b 0.0004

California log CFU/1({0 mL

C 1 2.8542.07°¢ 1.11+1.84%4 <0.0001
2 4,98+1.63°2 01740714 <0.0001
3 2.69+1.31¢ 1.3541.51°¢ <0.0001
4 5.12+0.69° 278%+1.03%" <0.0001

Z Values represent the mean and standard deviation.

"P-value of the t-test comparisan between bacterial populatians af dump and Mume mnks for each trial.
Different letier within each column denates significant dilferernce amang trials for all tomato Nacilities.

[ND) Mot determined for that tral.
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Table 5. Comparison of bacterial population of total aerobic mesophiles {A) and total

coliforms (B) on tomato surfaces between incoming tomatoes in the dump tank and

tomatoes exiting the flume system.

Tahble 5A
Facility location  Trial Before washing After washing p-value®
Florida log CFU/fruit®
A 1 4.98 £1.03°¢ 4.67 +0.70° 0.922
2 4.06 + 1.05%¢ 438 +0.32" 0.032
B 1 4.62 + 0.65° 4.39 +0.68" 0.836
2 4.85 + 0.55°¢ 4.60 + 0.85" 0.902
California log CFU/fruit
C 1 5.18 +0.74%¢ 6.16+ 0.45° <0.0001
2 5.25 +0.83" 6.13 + 0.55° <0.0001
3 6.53 +0.97° 550+ 1.21° 0.599
4 ND ND
Table 5B
Facility location  Trial Before washing After washing p-value®
Florida log CFU/fruit®
A I 3,77 £ 1.11°F 3.35 + 0.75° 0.936
2 318 + 1.128¢ 3.41 +0.62° 0.148
B 1 3.12 + 1.22°¢ 3.17 + 0.54° 0427
2 3.02 + 1.34%¢ 3.39+ 1.01° 0.131
California log CFU/fruit
C I 2.70 +1.36° 4.85 + 0.75*° <0.0001
2 3.80 + 1.38°%" 5.31 + 0.65° <0.0001
3 4.30 + 1.59° 444 +1.43° 0.358
4 ND ND

? Values represent the mean and standard deviatian.

" P-value aof the t-test comparisan between bacterial populations of incoming unwashed tomatoes and after washing

for each trial.

Different letier within each column denaotes significant difference amaong trials for all wmato Macilities.
[(MD) Mot deermined for that tial.
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Table 6. Reduction of P. fluorescens TVS 074 populations on tomato after processing
through dump and flume tanks at tomato facilities.

Dump Flume
Trial ORP (mV) Alter washing log CFU/fruit®  log reduction”
1 354 725 3.63+1.36 4.77
2 410 728 4.8140.64 3.55
3 410 725 4.07+0.54 4.33
4 711 709 4024117 4.38

* values represent mean and standard deviation (n=10 tomatoes) after washing.

" ¥alue was cakulated considering the average populatian ol P. fluererences (PFTVS (74} an tomata sudaces that
were not subjected W any washing treatment [—kbog 8 CFUAmt)

Average temperature for three trials was 3204128 °C and 45.220.53 °C for dump and flume tanks respectivaly.
Average turbidity for three trials was 166636 FAU and 21.327 4 FAU for dump and Mume tanks respec ively.

Table 7. Water contribution to the population of total aerobic mesophiles on surface
ster1lized tomatoes after processed in tomato dump and flume tanks.

DUMP TANK FLUME Population of TAM?Z
Trial ORFP (mV) log CFU/fruit
1 470 202 3.84+0.36
2 825 TRY 36152
3 e 790 2.84+0.21

? values represent mean and standard deviation (n=10 tomatoes)

Average temperature for three trials was 28.2+£12.5 °C and 40.620.37 °C for dump and flume tanks respectivaly.
Average turbidity for three trials was 3253397 FAU and 55049 64 FAU for dump and Mume tanks respectively.
Total coliforms were not detected on tomatoes [or any of the three trials (detection hmit bog 2 CRUY froit)
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SUPLEMENTARY MATERIAL

Supplementary table 1. Comparison of oxidation reduction potential in water between dump tank and flume system

Chaprer VI

OUMEF TANK
Facility location Florida Cakifornia
B C
TRIALY 1 2 2 1 2 3 4
time ORP (mV¥} ORP (mY}

L] 272433 3 302431 .8 407157 S ] 4274205 630130 6RO 7 54849
M 487272 6 411434 4 3714105 Bi5+1.53 JEIEIT 6 3404320 T02E7 11 249+20 ]
o J5a7 .23 Fo424 § 341+3.21 504+15.8 433+18.8 34N B B4235 9 J834]16.2
o0 JlARED AEE 1 O B272 £ B702.31] A4354+31.8 370ED 5 JOOLIR O 1954503
120 332178 A4%7+] 16 BEEHD. 5T 573183 4524251 373+33.5 335239 28413 8
150 44045 A5 454495 4 B73H0.00 BEE] .00 AEA418.7 JE0+314 JEEE20 B 2124112
180 430477 4 518435 B304] 00 6524115 41047 .03 4204251 344411 3 2B24+11 5%
210 438+16 .4 BI041E 5 NO B35+2.52 4354157 4344121 B4 4 2004146
240 4511 .51 4284383 MO B54+1 .00 457119 4384598 353141 3154195
27 47242 0F FBEEL S MO 627153 A34+13.6 447143 3524108 O
i) 448413 6 4004-135 MO 561208 457+11.5 45354570 3414431 ] Bl
M) 44448 57 5052148 MO 5554208 453+16.7 4524516 37048 .47 ND

FLUME SYSTEM
B C
TRIALY 1 2 1 2 1 2 k] 4
time ORP (mV¥} ORP (mY}

L] 470443 .0 OSR]I E 333205 621367 458+21.1 BE8+E.95 BE5E23 7 58235
M 520418 .6 5604142 5624031 £0245 30 50044 51 B04.11.1 £3745 .67 SEE5 5
o 39340 §] 502444 3 BI7+354 611068 B02+3.67 548+29.] BE3+2 8] BAD+E25 3
L1 33341 64 5184102 B45 444 5 B21+1.17 BlE43.62 3214836 BE7E] OB B22+13 0
120 BEI1S2.2 313523 BT 50 B3E0+] 16 356403 355427 B5845.78 B74+1.33
150 A0et2 oo JERLSED BEELT. 14 £35+11.9 42565 3F7LE3.0 B3] .52 £06+1.21
180 300434 f 404150 BEEE? £6 5044441 302100 4444102 £30] .17 895117
210 450417 93 404172 MO £48+1.87 4554+13.8 548+35.1 EE5HD .55 6974057
240 B0 95 45094159 MO BE3+3 68 457+16.2 548+57.6 B704] 51 BEEHDA3
27 B34+10.25 400491 .8 MO 6244154 47100 587226 BETHD 52 NO
kLI B21x11.6 310111 MO SE043.45 A425+11.7 B0A+15.6 £73].05 O
M) B 164686 318134 MO 5544281 A38+15.1 593266 £7743.33 MO

Data represents mean + standard deviation foreach tie point and tomato facility
[N} Mot determi ned for that time point
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Supplementary table 2. Comparison of conductivity in water between dump tank and flume system
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OUME TANE
Farility location Flotida Cahifornia
B C
TRIALY 1 2 1 2 1 2 3 4
time Condoctivity [Sicm) Conduoctivity [5/cm}
L] BO1AD £ P L 10534708 10934523 gg3x16.3 922117 o7 1B 2lex]2.]
M BOE2S B TR0+ .00 108642 08 11144252 DI0L10D 101244 08 117247 .52 D33+163
o)) 72443 .82 £4541.53 1128+2.88 1211252 10838.17 1113+12.1 11834837 10154152
o0 715744 B28H0.57 117043 6] 12344200 1173206 11954547 1182+7.53 1033+13 .6
120 842434 .7 B35%].73 123047 521 13434£.11 1315547 1268+7.52 120345168 1217£15.06
150 85540 .43 92440 00 1271473 1388+11.02 1607+13 .66 1335547 133741366 1217416
180 Bog+]15 3 BEd -+ 00 1322+155 1468+4.93 1667+30.7 1370200 13704634 13524117
210 12624325 EE]1HD.57 MO 133643.05 17 E0H0.O0 1438+18.4 142343 .18 1393686
240 147945 O 831141 MO 16974655 1812424 83 14604000 149047 9 11434163
270 15307177 9554111 MO 17814513 1802+14.7 15004000 1534345 .16 NO
kLI 1313+£13.3 £74433 .2 MO 12184115 1985123 15304532 162040 .00 ] Bl
M 12482732 £464+57 5 MO MO 2032278 153724408 164745 16 NOD
FLUME S¥YSTEM
B C
TRIALY 1 2 1 2 1 2 3 4

time Condoctivity (Sicm) Conduoctivity (5/cm}

L] 59447 33 10214057 10994137 10DE+F.93 OO0 D 02244 08 DEOHD 00 oo+, 17
30 BO043 57 9122000 10857 .82 111944.14 10224248 D545 47 104040 .00 000141
) B14x] 57 727238 57 111947 28 11764845 1090200 05743 93 104545 47 105718 .6
o0 &3]3 .88 7123057 1183123 1236.07 1173234 o084 .0 1804545 48 109 £16.0
120 BESEI0.S DEEHD. 58 1237+£14.] 13274200 1203183 189544836 107241 .08 12204209
150 B35 .15 11433000 12924137 1386116 1310155 109745168 11724117 1125487
180 BOC42 2R TR2HD.57 13344134 1483+8.03 1310141 11234518 12284408 14324231
210 1164538 4840 57 MO 134347 93 1322+133 11654547 129244 08 15347422 5
240 1200206 BES 4] .00 NO 16894+14 5 1348+17.2 1182+4.08 1348+19.4 1713486 6
270 DETXIC.S 901+] .53 MO 179EE13.3 1382147 12004552 140548 .37 NO
M) D528 .4 TEEHD. 58 MO 1B27E5.65 140046 33 121748.17 148341211 O
AM) B2EHT 6.7 TR4HD. 58 MO N 1437+15.1 1222408 150545 .47 NO

Data represents mean +standard deviation for each time point and tomato Tacility
[MDO} Mot determined for that time point
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Supplementary table 3. Comparison of turbidity in water between dump tank and flume system

Chaprer VI

OUME TANE
Farility location Flotida Cahifornia
B C
TRIALY I 2 I 2 I 2 3 4
time Turbidity (FA LY Tur bidity [F 4 L}
1} 2.33+2.33 4.504].22 2004100 11.042.00 15.8+10.2 3.5+1.38 0. 182041 0.501.23
M 2334208 22.8+1.83 12.342.88 13.0+1.00 46,247 78 44 542 7 21,544 85 3454288
o 48,742 66 32.041 67 17.0+1.73 25.642.32 72.744.82 83.2+3.19 4433418 224121
o) 7734564 43 BF.£2 41.3+2 .08 37.7+3.09 07 34806 108+2.23 BE.6x1.12 303423
120 80.542.43 537437 50.7+1.53 5464322 118+7.31 1764573 780606 53942 50
150 85.8+3.31 50 845 48 53.042.00 50740 57 13948 80 2584631 78.3+4.13 B35+28 8
180 117+11 % 72 06600 570361 £4.041.00 143+154 320053 10747 78 6618 67
210 1142512 0].3+1.5] MO T6.7+2.31 1424718 2644398 1630 39 5044112
240 128+10.2 10143.19 NO 8374493 14846.12 283+1.73 2274800 Jlg+lE 6
270 13648 9] 10842 38 NO 128+2.38 15348 .66 354+12.3 26845 13 D
M) 14848534 116+3.78 WO 1654303 1802 56 3324891 2624319 D
A0 172+13 .8 13145.09 MO 2014655 1659+9 3] 333+13.8 30946581 ™o
FLUME SYSTEM
B C
TRIALY 1 2 1 2 1 2 3 4

timse Turbidity (FA L} Tur bidity (F 4L}

1} 1 66103 3.00+1.4] 2.33+2.25 4. 174160 o005 95 2,001 B 066121 0.00
M 20042 28 £.83+3.54 683194 11.241.17 10.743.33 45002 BE B.002 28 0.00
6 0174343 B.50+] B4 10.742.25 22.243.31 14.045 7 83342 5 8.3342.25 22 84075
90 15.3+3.01 B.67x1.2] 33.7+1.75 22.242 53 14.02.175 14.541.38 80042 0 50.5+2.31
120 14.3+1.75 16,541 76 490141 4974378 19.340.95 23.2+:2 84 7.17%172 7355404
150 17.3+1 .88 19 822 04 5102167 57.8+2 86 23.0u0. 28 31.7+1.63 8.66+1.03 317243.09
180 23.242.40 21.2+2.32 53.3+3.27 £6.8+3.97 22.242.83 30 54394 11,241 60 95.7+3.00
210 28.3+1.21 30.5+1.22 MO 74.8+3.13 27.845.25 35.2+4 66 1804155 92 844 57
240 3204318 30.8+1 60 MO 88.544 .42 30,242 48 387103 2934326 11047 £3
270 34.2+2.31 33.7+£1.73 MO 12743801 20.541.03 44 05 B 32.3+2.42 ™D
M) 36.241.47 40,81 9 NO 16342 4 33.7459.68 435.1745.88 33.044.05 ™D
30 40 01 57 435 02 76 WO 1974472 32.021.53 45.17+1.33 42 34234 D

Data represents mean +standard deviation for each time point and tomato Tacility
[MDO} Mot determined for that time point
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8.1. INTRODUCTION

Consumption of raw fresh tomatoes has been frequently associated with
outbreaks of human salmonellosis over the past four decades (FDACS, 2006). Diverse
Salmonella enterica serotypes have been implicated In multiple cases of illness and
outbreaks, including several large multi-state episodes with hundreds of clinical cases,
including Newport, Typhimurium, Javiana, Anatum, Thompson and Muenchen {CDC
2005, 2007). In order to minimize the microbiological hazards associated with whole
fresh and fresh-cut tomato products the United Fresh Produce Association {United
Fresh} in collaboration with the North American Tomato Trade Work Group published
the ‘Commedity Specific Food Safety Guidelines for the Fresh Tomato Supply Chain’
{United Fresh, 2008). Most recently, in 2010, United Fresh posted the collaborative
eftort to develop Food Safery Programs and Auditing Protoco! for the Fresh Tomato
Suppily Chain (Tomato Audit Protocol) which includes standards for postharvest water
guality management and minimum process control criterla for antimicrobial dose
{United Fresh, 2010).

Washing fresh produce with clean water can reduce potential contamination
associated with the crop and non-food materials {e.g. soil, leaf trash, and other forelgn
materials) often co-accumulated in harvest containers. However wash and product
handling water, such as in dump tanks and flumes, may also be a source of
contamination or a major point of cross-contamination. Due to regional water shortage,
Increasing cost of assuring potable water quality for food contact, and regulated waste
water treatments and handling, reconditioning and reuse of postharvest water is a
common practice and recommended by the United States Department of Agriculture
{USDA, 1599). Large volumes of re-circulated water are commonly used In
packinghouses for tomato postharvest handling operations. The re-circulated water
systems, Including dump tanks, flumes, and re-packing systems often lead to
accumulation of organic matter and can potentially become a wehicle of cross-
contamination for incoming fresh product {Ongeng et af., 2006). In particular, the wash
water can easily become laden with pathogens from contaminated raw tomatoes and
spread throughout the supply chain. Dump tank and flume water have recelved
particular attention 1s as a potential source of enteric pathogen contamination or Cross
contamination during processing operations (FDACS, 2006). Left untreated, water
intended to clean produce functions for a brief peried early in a shift but contaminates
produce later in the daily operation {Brackett, 1592). Moreover, for the specific case of
the tomato postharvest handling, an inadequate washing management program may
result in the infiltration of water to the iInterior of fruit and cause microorganism
internalization { Bartz, 1982).

The addition of antimicrobial agents to recycled water can inactivate bacterial
cells and fungal conidia or spores in water, helping minimize cross-contamination. As
fresh market tomatoes are commonly consumed raw, disinfection in the washing and
packing phase constitute an available and practical means of risk reduction.
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Chlorination 1s the most commonly sanitizing technigue used to minimize the
microbiological hazards assoclated in the fresh plant produce industry {Artés et al.,
20093, However, some problems have long been recognized related to its use, such as
potentially hazardous disinfection-by-products formation, its strong pH dependence for
rapid antimicrobial action, and the potential for gas emission that may affect workers
comfort and safety {Olmez and Kretzschmar, 2009). Other approved postharvest water
sanitizers include peroxiacetic acid, agueous Cl(}; and ozone. Due to the above
mentioned 1ssues, efforts to 1dentify and evaluate altemative sanitizing agents to
chlorine has become of increasing concern and priority for various industry sectors. The
.5, Food and Drug Administration {FDA) approved formulations of ClO; as an
antimicrobial agent in water used to wash fresh fruit and vegetables in a residual amount
less than 3 mg/L. Also, this treatment must to be followed by a potable water rinse
{CFR, 2007). Based on its molecular welght and its ability to accept electrons, C13; has
approximately 263% available chlorine, which 1s more than 2.5 times the oxidizing
capacity of hypochlorous acid (Hass, 1990, Suslow, 2004).

The use of Cl0O; as a water treatment alde for minimally processed produce has
been recently reviewed (Gomez-Lopez er af., 2009). However, there 1s limited research
avallable about its antimicrobial effect on plant processing water and the level of
restriction of cross contamination potential. Beuchat er af. {2001) suggested a standard
approach to test and contrast the effectiveness of antimicrobials i killing
microorganisms during postharvest management of raw fruit and vegetables. In order to
develop a standard methodelogy several factors including type of produce, type of
pathogen, iInoculum type and size, and conditions for storing produce between the time
of application of inoculum and treatment with disinfectant were posed. A limitation to
adoption within commercial systems revelves around the fact that most research related
to the evaluation of the antimicrobial effectiveness in reduction of pathogens during
washing are conducted solely under laboratory scale studies, that used clean tap water or
other optimal water constituent conditions, that do not anticipate the full range of
industrial scenarios. In particular, the bactericidal effect of Cl0; towards human
pathogens has been studied in model systems that only partially mimic typical
commercial system conditions with variations of temperature and levels of organic
matter that could affect efficiency of a given disinfectant {(Junli et af, 1997). When
evaluating a sanitizer, water quality parameters such as pH, temperature, turbidity,
conductivity, organic matter content should be considered, In order to avoid the
generation of data under unrealistic conditions with limited capacity to translate into
practical applications {1l er af., 2009). Presence of organic loads in water can provide
protection to bacteria through stabilization of the cell membranes and restricting access
of a sanitizing agent to key cellular components for inactivation (Virto er af., 2005).
Microorganisms attached or embedded in particles have been shown to demonstrate an
apparent increased resistance to Inactivation by chlorine compared to non-attached
microorganisms {LeChevallier et af., 1984, Dietrich ez af., 2003; Bohrerova and Linden,
20061, Cross contamination with £ cofi between inoculated and non inoculated fresh-
cut escarole washed with different water quality was impacted by microbial and organic
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load present in re-circulation water {Allende et af., 2008). During produce washing, it
has been demonstrated that once cross-contamination occurs, further washing with
disinfectant scolutions, including ClO;, were ineffective in complete control of the
attached contamination {Lopez-Galvez er al., 2010, Nou er al., 2011}

Previous assessment at different tomato packinghouses in Califomia, by the
research lead, documented fluctuations in physicochemical water conditions including
temperature, turbidity, conductivity and pH during multiple daily operational surveys.
Turbidity can vary from 0 to 300 FAU, or greater, and from 0 to 50 FAU for dump tank
and flume systems, respectively, during a regular processing day. Moreover, processing
water temperature in dump tank and flume can reach 40°C, or higher, to avoid water
Infiltration into tomatoes {Unpublished results).

The objectives of the current work were to (1) evaluate the effect of ClO;
concentration, water temperature and turbidity on the system control-point ORP levels
and {2} assay the effect of Cl3; on the survival of several §. enterica serotypes In fresh
tomato processing water under different temperatures and water quality conditions.

8.2. MATERIALS AND METHODS
8.2.1. Synthetic water preparation

Synthetic tomato processing water was designed to reproduce a consensus
processed water composition based on previous water assessment at tomato packing
houses {Unpublished results). To simulate the background oxidative demand of
processing water, tomato plants with adhering soil were taken from University of
Califomia {Davis, CA) research farm and submerged in water. Dilutions were prepared
an adjusted to create the following turbidity values: {, 22, 43 and 160 FAU. Synthetic
water was autoclaved to minimize interference with other bacteria and to facilitate
enumeration of inoculated Safmonella.

§.2.2. Bacterial strains and growth conditions

Seven S emterica serotypes Including Poona (PTVS026), Garminara
{(PTVS041), Michigan (PTVS5042), Enteriditis (PTVS344), Agona (PTVS043),
Montevideo (PTVS045) and Newport (PTVS5077) were used. An antibiotic-resistant
derivative strain to rifampicin {80 mg/L} was 1solated for each 1solate via spontaneous
mutation and used to minimize interference with other bactenia and to facilitate the
detection and recovery for each serotype. S. enterica was grown ovemnight in 8 mL of
tryptic soy broth {BD Diagnostics, Sparks, MD, USA) supplemented with 83 mg/L. of
rifampicin at 37°C. After incubation, cultures were centrifuged at 4,000 rpm for 10 min.
The pellet was re-suspended and washed twice with Butterfield’s phosphate buffer
{Whatman Inc., Piscataway, NJ, US5A). The final cell pellet was suspended In
Butterfield’s phosphate buffer to make an initial cell density of approximately 10°
CFU/mL. The final concentration was confirmed by plating on Tryptic 5oy Agar (TSA)
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{BD Diagnostics, Sparks, MD, USA) supplemented with 80 mg/L of rifampicin {TSA-
rif}.

8.2.3. Experiment design, detection and recovery of Salmonella enterica

A factorial combination of the following conditions was evaluated: water
turbidity (0, 22, 43 and 160 FAU), water temperature (10, 25 and 40°C), and Cl0O;
concentration {1, 3 and 5 mg/L). For each condition, 8. enterica sv. Newport cells were
added to 100 mL of synthetic water to achieve a fial concentration of 10" CFU/mL.
After homogenous distribution of the inoculum, Cl10; was added to reach 1, 3 or 3 mg/L
with continuous sturing. Immediately, an aliquot of | mL of sample was taken and
dispensed in a tube containing 8 mL of Dey/Engley (DE) neutralizing broth (BD
Diagnostics, Sparks, MD, USA) supplemented with 8 mg/L of rifampicin to Inactivate
residual Cl(}; at the end of treatment contact times; 5, 10, 15, 30,45, 60, 75, 90 and 120
s. Tenfold dilutions were prepared in 9 mL of sterile 0.1 % buffered peptone water {(BD
Diagnostics, Sparks, MD, USA). Samples were plated on TSA-r1f and incubated at 37°C
for 24 h to determine the log reduction of & emterica sv. Newport for each treatment
interval. Additionally, tubes were incubated at 37°C for 24 h to establish an enrichment-
based presence/absence test for samples anticipated to be below the limit of detection
for direct enumeration. Enrichment allowed a qualitative determination of the contact
time needed for complete inactivation of 5. enterica sv. Newport. These experiments
were compared to a standard disinfection using NaClO at 3 concentration levels {3, 25
and 30 mg/L; pH = 7) at 25°C. For the remaining serotypes, an enrichment-based
qualitative test, as described above, was used. All the turbidity and Cl(3; conditions
were tested at 25°C. All anal yses were made In triplicate.

8.2.4. Physicochemical analysis

Changes in the ORP {(mV), pH, and residual Cl3; concentration {mg/L) were
monitored In a separate test without pathogen inoculation, for biosafety considerations,
and using the same factorial experimental design {water temperature = 1, 25 and 40°C;
Turbidity: 0, 22, 43 and 160 FAU). The ORP, pH and residual C10O; concentration were
measured In a system containing {3 mL of synthetic water and after the addition of
Cl0; for 2 min as described above. All physicochemical parameters were determined
using standard protocols. Specifications of the instruments used are listed below:
portable pH/temperature meter {Russell RLO60P, Therme Fisher Scientific Inc.,
Waltham, MA, USA) for temperature and pH; ORP-meter {Thermo Fisher Scientific
Inc., Waltham, MA, USA) for ORP, portable colorimeters for turbidity {DR/850, Hach
Company, Loveland, CO, USA) and Cl0; residual {Pocket Colorimeter™ II, Hach
Company, Loveland, CO, USA). The samples regarding 160 FAU water were pre-
filtered by using a 0.45 pm filter before measuring the ClO; residual to aveid
Interference from suspended solids and the Cl0; colorimeter. All analyses were made in
triplicate.
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8.2.5. Statistical design

The experiment was based on a 3x3x3 factorial design: turbidity with three
levels: 0, 22, 43 and 160 FAU, x temperature with three levelsld, 25 and 40°C and
Cl0; concentration with three levels 1, 3 and 5 mg/L. The resulting data was analyzed
using Statistical Analyses System (SAS) 9.2, {8AS Institute, Cary, NC, USA), with
analysis of varlance {ANOVA). A correlation matrix among all physicochemical
parameters and bacterial population was constructed using CORRELATION procedure
function of SAS which provided a value of Pearson comrelation (R} and the p-value of
the comrelation. For all comparisons, a significant difference was established when
p<0.053. All data was previously evaluated for normality and homogeneity of variance
using the UNIVARIATE procedure function of SAS.

8.3. RESULTS

8.3.1 Effect of temperature and turbidity on Salmonelia enterica survival in water
treated with different CI0, concentrations

Water temperature had a pronounced effect on the efficiency of ClO: to
Inactivate 5. emterica sv. Newport. An Increase In water temperature led to greater log
reduction of the pathogen at all Cl0; concentrations tested (Fig. 1). Under water
conditions of 25 and 40°C, an approximately 7-log reduction was achieved within 30 s
when Cl0); concentration was 3 or 5 mg/L. {(Fig. 1A and B). However at a water
temperature of 10°C, or lower, for a Cl0O; concentration of 1 mg/L, the reduction of
Safmonella viability was approximately 4-log {Fig. |C)}. In contrast to the temperature
effect, increases in water turbidity decreased the log reduction of & emterica (Fig. 2).
This tendency was more evident for | and 3 mg/L C10; {(Fig. 2 B and C), however when
the Cl(}; concentration was 5 mg/L, the log reduction was not significantly different
regardless of turbidity conditions within the test system. Statistical analysis of the main
effects on the population of 5 enrerica showed a significant effect of the three
parameters: temperature, turbidity and Cl(}; concentration {Table 1). Additionally,
significant interactions between turbidity and both, temperature and Cl(}; concentration
were found but such interactions were not apparent between Cl(J; concentration and

temperature {Table 1).

8.32 Effect of temperature and turbidity on the contact time needed for
inactivation of Salmonellns enterica in water treated with different Cl0;
concentrations

During each disinfection performance assessment experiment, temporal sample
aliquots were further enriched to determine total inactivation of 5. emterica within a 2
min period {Table 2). As In the enumerative survival experiments, contact times for
Inactivation were of shorter pericdicity at higher temperature and Cl(); concentration
but were extended as higher values of water turbidity were introduced {Table 2). For
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water turbidity of 160 FAU, 1 and 3 mg/L ClO; were not effective In Inactivating 5.
enterica sv. Newport regardless of the water temperature. A 5 mg Cl(}; /L. concentration
was sufficient to Inactivate 5. emrerica n water {160 FAL) at 25 and 40°C after 75 and
120 s, respectively. For water temperature of 10°C, Cl0; levels of | and 3 mg/L were
unable to completel y inactivate freely suspended Salmonella cells (Table 2).

Comparisons between Cl0; and NaCl3, for thelr ability to inactivate §. enterica
cells were determined. For NaCld, lesser contact times were needed to inactivate
approximately 7-log CFU/mL of Salmonellaz in a range of 5 to 30 mg/L at 25°C. When
Cl0; was utilized {Table 3), 5. enrerica populations dropped within the first 3 s to a
recoverable population below the limit of detection, except when water turbidity
increased to 160 FAU (data not shown).

8.3.3 Comparison of the susceptibility of different Salmonella enterica strains to
CI0; under different conditions of water temperature and turbidity

In general, heterogeneous nactivation times for the different serotypes regarding
turbidity and Cl0O; concentration were observed {Table 4). A Cl0O; dose of | mg/L was
not able to nactive any strain within 120 s regardless of the water turbidity. A Cl,
concentration of 3 mg/l. effectively inactivated the serotypes Newport, Gaminara,
Poona and Enteriditis after 30, 60, 75 and 120 s, respectively, for a turbidity value of 43
FAU but it was unable to inactivate 5. Montevideo and Michigan serotypes. However, 3
mg/L Cl0; was not able to inactivate any Safmonella serotype at 160 FAU. Differences
among Salmonella serotypes, turbidity and ClO; concentrations on the inactivation time
were found. All serotypes were Inactivated in timeframes less than 120 s by using 5
mg/L Cl0; at the 43 FAU condition. However, at 160 FAU, only the Newport serotype
was Inmactivated within 120 s. Consequently Salmonellia serotypes could be ranked
according to thelr resistance to the Cl0O; doses tested as follows: Newport < Gaminara <
Poona < Enteriditis < Agona < Montevideo < Michigan, in order of increasing tolerance
of the oxidative disinfectant conditions employed in this study.

8.34 Effect of water turbidity, temperature and CI(; concentration on the
oxidation reduction potential

Water temperature and turbidity in the model system affected ORP values. Cl0;
concentrations of 3 and 3 mg/L were sufficient to maintain ORP values greater than 630
mV when water turbidity was adjusted at 22 and 43 FAU (Fig. 3A and B). However,
when water turbidity was 160 FAU, ORP values tended to decrease steadily throughout
the experimental period time and failed to exceed 500 mV. When | mg/L ClO; was
used at 22 FAU water turbidity, ORP values greater than 630 mV were achieved.
Nevertheless, for water adjusted to 43 or 160 FAU, ORP tended to decrease or failed to
achieve an oxidative status greater than 300 mV (Fig. 3C).
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Under conditions held at 3 mg/L ClO; and 160 FAU turbidity, ORP was
observed to achieve values greater than 630 mV within 1 s. However, ORP tended to
decrease when the water temperature was 25 or 40°C, but remained relatively constant
when temperature was held at 10°C {data not shown). For | and 3 mg/L Cl3; ORP
values were not significantly different whichever water temperature was tested,
reaching values lower than 600 mV (data not shown). For water turbidity of 22 and 43
FAU, ORP values in excess of 650 mY were reached regardless temperature conditions
fdata not shown).

Residual Cl; concentrations were monitored after addition during 2 min. For
the three Cl0; concentrations assayed, after 5 s of their addition a lowering in the
residual C10 concentration was documented. Lower loses of Cl(:, were observed at
1{°C than at 40°C as well as at 22 FAU than at 160 FAU {Table 5).

From the statistical analysis on the effect of the main factors studied in the
model system, it was shown that ORP was significantly affected (p<0.05) by water
temperature, turbidity and Cl0O:; concentration {Table 1). Interactions among factors
were significant between turbidity and both, temperature and Cl0; concentration, but
not between temperature and Cl1(}; concentration {Table 1). Changes in pH and residual
Cl0; throughout time were monitored, but not significant effect associated to different
conditions of temperature, turbidity or Cl0; concentration was found {Table 1).

8.3.5 Relationship between water physicochemical parameters and inactivation of
Salmonella enterica.

Pearson comrelation (R} among all physicochemical parameters and the
Inactivation of 5. emterica was determined {Table 6). Population of S enterica in
disinfected water was negatively correlated (p<0.03) to contact time, temperature, ORP
and Cl0; concentration but positively correlated to turbidity (Tabkle 6). ORP was
positively correlated to contact time, Cl(}; concentration and pH, but negatively

correlated to water temperature and turbidity.
8.4. DISCUSSION

Water turbidity and temperature and Cl(J: concentration showed a significant
Interacting effect and were well correlated with the survival potential of §. enterica and
in the associated ORP of the simulated process water (Tables | and 6). Contact times of
30 s were sufficient to provide a ~7-log reduction of the pathogen in a range of 25 to
40°C, 3-3 mg/L Cl; and water turbidity of O to 40 FAU (Fig. 1 and 2) These water
guality conditions are often present in commercial flume tanks handling fresh market
tomatoes. However when 5. enterica cells were exposed to lower water temperature {10
*C), high values of water turbidity {160 FAU) or lower ClO; concentration {1 mg/L), the
survival and the contact time needed for inactivation significantly increased and
conditions were often Insufficient to eliminate the pathogen {Tables 2 and 4). These
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findings were correlated with the ORP, where higher values of turbidity limited the
ability of the water system to maintain values of ORP higher than 630 (Fig. 3}, which
are often specified for an adequate bactericidal effect in industry guidance standards
{United Fresh, 2008, 2010).

Although the interaction between ClO; and organic matter does not produce
toxic by-products, as occurs with NaCl3, Cl0; 1s able to oxidize a large fraction of
natural organic matter {Swietlik er al., 2004). Thus, it 1s likely that ox1dation of organic
matter diminish its ability to Increase and maintain the oxidation status of the processing
water {Fig. 3). The unfavorable influences of organic matter load in terms of chemical
oxygen demand {COD) for the disinfection efficacy of Cl0; in wastewater have been
reported. The inactivation of £ cofi In artificial wastewater decreased as the COD
increased at the same ClO; concentration {Ayyildiz er af., 2009). In addition, suspended
solids in solution have a protective role in limiting microorganism Inactivation by C10;
due to entrapment of the bacteria within organic matrix or through bacterial aggregation
In water, which enhances protection against diverse disinfectant reagents (Narkis et al.,
1595; Barbeau et af, 2003). Similar effects assoclated with organic lead in the
processing water have been reported for other water disinfection strategies such as
acidic electrolyzed water, where its bactericidal effect towards £ celi O137:H7, 5
enteriva sv. Typhimurium and Listeria monocytogernes and spoilage microorganisms
was reduced with an increase in water organic demand (Ongeng er al., 2006; Park er al.,
20093, It is recommended that chlorinated water should not reach turbidity values
greater than 300 FAU, after which, it should be replenished with clean water {Suslow,
2004). However this study Indicates that ineffectiveness of the disinfectant scolution
could also occur with lower levels of turbidity, and often dump tanks in fresh tomato
handling industry can surpass these values. Consequently the control of presence of
large amounts of organic matter and total suspended solids appears to be a key step In
an adequate washing management program with C10,.

Temperature 1s an important variable impacting the activity of oxidant-based
disinfectants {Barbeau er af., 2003). Elevated water temperatures and disinfectant doses
and contact times generally favor the Inactivation of microorganisms by Cl(O: {Barbeau
et al., 2005, Son et al., 2003). The effect of temperature in this study showed that an
Increase In temperature reduced the contact time needed for Salmonella inactivation
{Fig. 1). This effect was previcusly demonstrated for the inactivation of E. cofi in tap
water, In a range of 3 to 35°C, where reduction to levels below the limit of detection
varied from 35 to 7 s respectively (Benarde er af., 1967). In this study, at 10°C water
temperature, the ORP reached and maintained higher wvalues than when water
temperature was 23 or 40 °C, for conditions when Cl(; dose was set at 3mg/L (data not
shown). Additionally, lower Cl0; residual was achieved at |0°C compared to 40°C
{Table 3). The ORP often correlates well with the antimicrobial potential of the water
and, with certain dose range limitations, is directly correlated with the concentration of
the oxidant {Robbs er af., 19953 Previous studies showed that Cl3; residual in hot
water was lower than In cold water, presumptively related with faster solubilization of
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Cl0; {Zhang et af., 2008). Moreover, other studies suggest that in solution, Cl0; gas
guickly equilibrate in the vessel headspace. In the case of dump tanks and open flumes,
the alrspace 1s infinite and will presumably reduce the amount of Cl0O; to zero
{Mahovic, 2002) which can be exacerbated with an increase In temperature and
exposure to sunlight. It 1s likely that although low temperature could maintain higher
ORP values by preventing Cl0; losses, an increase in temperature can promote better
dissolution of C10}; In water, thus increasing its oxidative action favoring inactivation of
Salmonella cells. It 1s important to recognize that it 1s imperative to monitor C10; and
ORP levels, to ensure adequate disinfection, particularly in open systems as dump tanks
and open flumes for tomato washing.

Simulating commercial conditions for fresh tomato processing water were
considered 1n this study to establish the variability of the parameters evaluated. Flume
tanks, based on our experience in monitoring several operations, will rarely exceed
turbidity values higher than 40-30 FAU, and although temperature can affect residual
levels of Cl; in water, results indicate that the Cl0,; was effective in reducing
pathogens levels exceeding a 6-log parameter. In contrast, on-site surveillance at a
tomato packinghouse established that dump tanks can reach high turbidity levels during
daily operations and thus current permissible regulatory levels of Cl0; addition might
not be sufficient to successfully prevent cross contamination of plant and human
pathogens.

Efficiency of Cl3; to disinfect dump tanks and flume systems for tomato
processing water should be evaluated 1n a context that considers factors that can impair
its effectiveness. Therefore, iImplementation of any water disinfection strategy should
consider parameters of disinfectant concentration, water temperature, suspended solids
and organic load to ensure that produce washing can act as a point of control to
minimize risk of contamination with human and plant pathogens during production of
fresh horticultural produce.
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Figure 1. Effect of temperature on the survival of 5. enrerica by sanitizing with (A) 5
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Table 1. Analysis of variance of population of §. enterica, ORP, pH and Cl(, residual
as influenced by water temperature {1, turbidity (F} and Cl(; concentration {[C10,])"

df Population of ORP pH ClO,
SOI-EFC? OE Salmonella residual

variation Fvalue p-value F value p-value Fvalue p-value Fyaloe p-value
T 2 148 <0.0001 &1 0.0024 0.8 04241 07 053216

F 2 5.8 00006 2121 <0.0001 1.5 02281 1.2 03118
TxF 4 6.9 <0.0001 25 £0.0392 0.9 0.4734 o7 05987
[C104] 2 43.4 <(0.001 TR <0.0001 0.8 04591 2.1 Q12949
Tx[CIOs] 4 1.7 01488 02 09364 09 {0 4866 07 0.57497
FX[CIO:] 4 249 0.008 16.5 <0.0001 0.9 0443 0.8 £0.556
TxFx[CIO:] B8 1.1 03392 o7 < 6930 0.9 0.4883 0.8 Q6211

*Temperature {10, 23 and 40°C), Turbidity (22, 43 and 180 FAU), C10; concentration (1, 3 and 3 mg/L)
and initial population of §. enterica of ~ 7 log CFU/mL.

Table 2. Effect of C1(0, concentration, water temperature {T) and turbidity on the
contact time {s) needed for inactivation of 5. enrterica sv. Newport.

Turbidity 1 mg CIO/L 3 mg C10/L 5 mg Cl0/L
(FAU) T (°C) 10 25 40 10 25 40 10 25 40
0 ND &0 5 ND 14 <H ND 10 <H
22 »120° 90 45 =120 15 ) 45 5 <H
43 =120 =120 S0 =120 30 ) =120 3 <3
160 =120 =120 =120 =120 =120 =120 =120 120 75

* Contact time (s) needed for the inactivation of 5. enterica sv. Newport. Initial concentration was ~7 log
CFU/mL.
ND: Mot determined

238



Chaprer VI

Table 3. Effect of NaClO concentration (mg/L) and water turbidity {(FALU) on the
contact time needed (s} for inactivation of 5. errterica sv. Newport.

NaCIlO (mg/L)
Water turbidity (FAU) 3 25 50
0 5° <3 <5
43 120 15 <5
60 =120 Th 15

? Contact time (=) For all conditions plate coants were recorded. Except for 160 FAU and 5 mg/L NaCK2, all
treatments had counts lawer than the imit of detection (G4 log CRU/mL) alter 5 s of MaCH} addition

Table 4. Comparison of the contact time ({s) needed for inactivation of different 5.
enterica serovars under different water turbidity {(FAU) and C10; concentrations {mg/L)
at 25°C of water temperature.

58;3‘;?::"3 Newport Gaminara Poona Enteritidis Agona Montevideo Michigan
Turhidity
(FALD fFmg CIOWL
42 =120° =120 =120 =120 =120 =120 =120
160 =120 =120 =120 =120 =120 =120 =120
I mg CHOWL
42 30 &0 73 120 =120 =120 =120
1640 =120 =120 =120 =120 =120 =120 =120
5 mg CHOWL
42 3 30 Al 90 90 120 120
160 120 =120 =120 =120 =120 =120 =120

* Contact time (5). Initial concentration of 5. enterica culture was ~7 log CFU/mL
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Table 5. Effect of water turbidity {FAU) and water temperature {"C) on the residual
Cl0; concentration {mg/L) during time.

CIO; (mg/L)* 1 3 5
T ('C) 10 25 40 10 25 40 10 25 40
Warer turbidity 22 FAU
Time (s)
5 0677 0.66 055 33 257 224 461 359 354
15 0.6 0.64 0.5 314 245 212 439 377 340
60 073 060 051 291 225 181 432 362 33|
120 067 057 048 304 221 1.97 4.20  3.61 3.08
Water turbidity 43 FAU
Time (s)
5 0.37 1.0l .06 287  3.19 306 405 394 443
15 0.28 1.5 .03 211 324 304 387 3.9 4.65
60 020 1.00 053 1.6 3.00 279 362 377 357
120 019 05 088 201 28 228 366 340 333
Water turbidivy 160 FAU
Time (s)
5 049 043 043 1.2 L.13  1.35 1.8 1.93 0.6
60 050 046 036 .16 0.89  0.97 L76 1.0 021
120 050 032 039 .17 086 084 159 142 023

* Inigal C10, concentradion at time t=0s.
¥ Residual IO, concentration (mg/L).
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Table 6. Correlation matrix among physicochemical parameters and inactivation of S. enterica with C10,.

Chaprer VIH

Contact Water ' ae . Cl(;
time temperature Turbidity Cl03;  Salmonella population ORP pH residual
Contact time 2 0 0 0 0. 509%% 0.195%% 00612 -0.055
Water i 0 0 L0, 147 0.111% -0.0513 -0.07
temperature
Turbidity 1 0 0.064% L0609 %% 0.076 0478
Cl10, 1 L0.3] Rk D3O 0.021 0.095
Salmonella 1 0.603%%*  (.063 -0.058
population
ORP 1 0.112% 0.069
pH 1 -0.008
CI(: residual |

* ¥alues represent Pearson correlation (R).
(¥, #F F##) Denotes significance of the correlation ar p<0.05, 0.001, 00001 respectively
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Concliussions

The general conclusions of the current Doctoral Thesis are as follows:

1. High O; MAP showed a beneficial effect by lowering the natural microflora
srowth of FC Red Chard up to 7 days at 3°C compared to the NaCl(> disinfected
control under passive MAP. He-enriched MAP showed a beneficial effect in
retaining the total chlorophyll content throughout shelf life. Such results suggest
that He and O;-enriched MAPs are both efficient tools for keeping overall
guality of FC Red Chard better than a conventional NaClO disinfected passive
MAP.

2. Washing with EW seems to be a promising disinfection technigue that appears
to be as effective as NaCl} on FC Mizuna. Both AEW and NEW showed an
inhibitory effect on natural microflora growth compared to a control washing
with delonised water. EW treatments assayed did not affect the surface structure
of the Mizuna leaves after washing and maintained the quality attributes
throughout 11 days at 3°C. The effects of NEW and AEW on by-product
formation, as well as on processing equipments, should be further studied.

3. Low to moderate doses of ASC {100-300 mg/L) showed an initial antimicrobial
efficacy on epiphytic microflora and £ cofi that was as effective as NaClO
regardless of the contact time on FC Tatsol baby leaves. ASC treatment might
damage the superficial vegetable tissues and could promote microbiological
growth. Therefore, the effects of ASC on surface damage to the leaves, on
nutritional quality of Tatsol baby leaves and on the processing equipment should
be further investigated.

4. Selected levels of Cl0: and NaClO were unable to fully disinfect the applied
Salmonella and E. coli O157"H7 from inoculated Red Chard. While Cl0O;
substantially prevented £ cofi O157:H7 cross contamination, 1t was not
effective for the Salmonefla 1solate. Water from a centrifugation-dewatering step
represents a potential risk of cross-contamination to products as well as to
equipment used immediately prior to packaging. These results further suggest
that the centrifugation effluent water could be used as a potential sample point to
evaluate 1ot contamination and cross-contamination, in the processing chain, by
low levels of pathogens that are undetectable by conventional sampling
methods.

5. The fate of E cofi and E. cofi O157H7 during production, harvest, minimal
processing and storage-distribution of FC Mizuna, Tatsol and Red Chard baby
leaves are reported in the current Thesis. The ability low of levels of E. coli o
survive during preduction, after disinfection and chilling storage of has been
demonstrated. These findings provide useful data to further develop an adequate
science-based risk assessment during the production and minimal processing of
these crops.
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Concliussions

6. UV-C pretreatment alone or combined with superatmospheric O; packaging
successfully controlled TAM and psychrophilic bacteria growth on FC Tatsol.
These innovative sustainable treatments can be useful tools to the industry for
keeping quality and safety of the FC Tatsol baby leaves and while minimizing
water consumption and wastewater discharge rates. Scientific data about the
effects of innovative MAP on overall quality of FC baby leaves 15 scarce and
relatively unclear. In this way, the current experiments Improve the lack of
Information regarding the effect of high O; active MAP combined with UV-C
pre-treatment on overall quality parameters of FC Tatsol baby leaves.

7. Cl0O; efficacy i1s strongly affected by water quality. Passage through a
commercial tomato washing operation achieved up to a 3 log reduction
CFU/fruit of inoculated P. fluorescens. In contrast, surface sterilized tomatoes
acquired approximately 4 log CFU/fruit of TAM during passage with incoming
fruit loads through these washing operations. This study provides in-factory data
that supports the use of Cl(}; as an effective sanitizer for flume and spray-wash
system; however, current operational limitations greatly restrict performance in
dump tank management. Cl(}; alone 1s unlikely to allow the fresh tomate
Industry to meet microbiological quality goals for dump tank management over
typical commercial conditions.

8 Increases in water turbidity reduce ORP and increase the contact time required
to mmactivate § enrerica in synthetic processing water treated with ClO;. An
Increase In temperature and Cl0; concentration reduces the contact time and
achieves a 6 log reduction of S5 epterica within a 2 minutes time frame.
However, water composition strongly affects the ORP values, which can limit
total inactivation of 5. enterica. Generated data demonstrated the effect of water
quality and temperature to maintain an effective ORP towards Inactivation of 5.
grterica, which could impact the current definition of adequate water quality and

safety standards.

An effective sanitation program cannot solely rely on the application of a
sanitizer or a combination of disinfection treatments for keeping quality and safety of
fresh and FC vegetables. This requires that more effort be placed on the development of
a well integrated production, handling, processing and distribution system. Specific
attention should be directed on keeping appropriate chilling storage temperatures,
optimal packaging and distribution conditions throughout the entire commercial life. In
addition, GAP, GMP and HACCP programs should be implemented in order to
minimize the risk of contamination and to assure safety and overall quality of produce
for consumers.
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