Faculty of Geotechnical
Sciences and
Environmental
Management

— Cyprus

] [ University of
Technology

Doctoral Dissertation

Alternative ways of managing fresh produce and effects on
safety and quality

Panayiota Xylia

Limassol, December 2020






CYPRUS UNIVERSITY OF TECHNOLOGY

FACULTY OF GEOTECHNICAL SCIENCES AND ENVIRONMENTAL
MANAGEMENT

DEPARTMENT OF AGRICULTURAL SCIENCES, BIOTECHNOLOGY
AND FOOD SCIENCE

Doctoral Dissertation

Alternative ways of managing fresh produce and effects on safety and
quality

Panayiota Xylia

Limassol, December 2020



Approval Form

Doctoral Dissertation

Alternative ways of managing fresh produce and effects on safety and
guality
Presented by
Panayiota Xylia

Supervisor: Faculty of Geotechnical Sciences and Environmental Management, Nikolaos Tzortzakis,
Assistant Professor

Signature

Member of the committee: Haissam Jijakli, Professor

Signature

Member of the committee; Konstantinos Gkatzionis, Associate Professor

Signature

Cyprus University of Technology

Limassol, December 2020



Copyrights
Copyright ©2020, Panayiota Xylia

All rights reserved.

The approval of the dissertation by the Department of Agricultural Sciences, Biotechnology and Food
Science does not imply necessarily the approval by the Department of the views of the writer.



Dedicated to,

my family

Vi



ACKNOWLEDGMENTS

I would like to first acknowledge Cyprus University of Technology and especially the Department
of Agricultural Sciences, Biotechnology and Food Science for giving me the opportunity to work on
this thesis. I would also like to thank the members of my Advisory Committee, Asst. Prof. George
Botsaris (co-supervisor) and Prof. Panagiotis Skandamis for their kind insights and guidance on this

work.

I would also like to thank the Members of the Scientific Committee, Prof. Haissam Jijakli and Assoc.
Prof. Konstantinos Gkatzionis for spending their valuable time evaluating my research work and I hope

that the found my research fascinating as | did during these years.

I would like to thank my dear colleague and friend, Dr. Antonis Chrysargyris for being next to me
supporting and encouraging me. For motivating me to gain my strength in times of need and keeping
me “sane” during the “hard times”. Thank you for making enjoyable the time we spent in the Food
Science and Technology Lab for our non-ending work. It was (and still is) a pleasure working next to
you. Here, |1 would also like to thank Abigail Clark, Filio Athinodorou and Omiros Antoniou for their

precious assistance and for working next to me in Dr Tzortzakis group (my group) during their studies.

The joys of life could be found in small, simple everyday things. | feel privileged for having met,
through these years, people who are more than ‘just colleagues’. Andri Varnava, Smaragda Spanou,
Christodoulos Michael, Nicolas Markantonis. Thank you for the endless deep conversations, the rock
steady support and for making life in and out of the laboratory an adventure. Special thanks to everyone

else who have willingly shared their precious time during the process of this thesis.

I would not have been able to complete this thesis without my parents, sister and my dearest friends
Demi, Andri, Eleni and Panayiotis. Thank you for being by my side during all these years, patiently

supporting me and encouraging me to fulfil my dreams. | am grateful for having you in my life.

There are no words that can express the gratitude | feel for my supervisor, Dr. Nikolaos Tzortzakis.
He is a teacher and a true mentor. Without his continuous and coherent instructions and motivation this
thesis would not have reach its present form. It was (and still is) an honor working by your side. Thank
you for challenging me when | needed challenging, and supporting me when | needed supporting. Thank

you for believing in me, encouraging me all those years and allowing me to grow as a research scientist.

PANAYIOTA XYLIA

‘It adds to the joy of discovery to know that your

work may make a difference in people’s lives.’

Flossie Wong-Staal

Vil



Abstract

Vegetables are an important component of a balanced diet and dietary guidelines suggest the
increase consumption of vegetables as an important source of phytonutrients. However food poisoning
outbreaks have been linked with the consumption of these commaodities, since the risk of contamination
of fresh produce with foodborne pathogens throughout the food chain is high if sanitary and
precautionary measures are not taken. Moreover, there is a current trend towards the use of natural, eco-
friendly products for the preservation of fresh produce quality and safety, as alternatives to synthetic
compounds (i.e. chlorine) commonly used in the food industry. The purpose of this thesis was to
investigate i) the microbiological and physicochemical attributes of ready-to-eat salads as affected by
season, producer, type of salad and expiring date, ii) the effects of plant age, inoculum level and nutrient
solution pH of hydroponically grown lettuce inoculated with Salmonella Enteritidis and iii) the effects
of natural products on the quality and safety of ready-to-eat vegetables (minimally processed lettuce
and shredded carrot). Results indicate that season, type of vegetable and expiring date greatly affected
the microbial load and plant-tissue related parameters of ready-to-eat salads. More specific, higher
microbial load of samples was observed during spring. Interestingly Salmonella enterica was not found
in any of the tested samples, whilst 3.70% of samples were found to harbor Listeria monocytogenes. A
correlation of phenolics and antioxidants with the presence of Escherichia coli, Staphylococcus spp.,
Pseudomonas spp. and Bacillus cereus was reported. Furthermore, spoilage microorganisms (i.e.
Pseudomonas spp., yeasts and molds), CO- production and damage index were found in increased levels
at the end of products shelf-life (expiring date). Furthermore, during hydroponic cultivation of lettuce
(one of the main vegetables consumed and used for ready-to-eat salad preparations), plant age, greatly
affected the internalization of S. Enteritidis on plant tissues, whilst the presence of the bacterium
initiated plant defense mechanisms and damage index markers. Interestingly, the colonization and
internalization of S. Enteritidis in root was more frequent in younger plants compared to older plants at
higher pH values. It was evident that the presence of S. Enteritidis in nutrient solution, root rinse and
internally of roots increased plant defenses and damage index. Examining different natural products
(i.e. marjoram essential oil-EO and hydrosol, ascorbic acid-AA, and chitosan) but also their
combination in postharvest management, seem to be remarkable alternatives for the preservation of
minimally processed vegetables safety and quality. It is noteworthy, that the combination of marjoram
EO+AA application enhanced nutritional attributes (phenols, carotenoids) on both commodities
examined, while chitosan, EO, chitosan+EQO and chitosan+AA resulted to decreased Total viable count
(TVC) and yeast and molds counts on minimally processed lettuce. Further exploitation of different
products and optimized methods of application (i.e. EOs encapsulation) are important to be considered

for safer and more nutritive fresh products that will meet consumer’s demands and acceptability.
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