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Todzay, the use of novel bio-based matenals for food packaging 15 increasing exponentially. However, their
application could dramatically affect food stability, especially when dealing with long-hife low-moisture foods.
The higher sensitivity of novel packaging to moisture compared to that of conventional packaging matenals results
mn a less effective barmer against water uptake, ultimately compromising the stability, and thus the shelf life. of
low-moisture food. This Ph.D. project amns to develop nmltiresponse kinetic models for the shelf life prediction
of dry foods.

Sviluppo di multiresponse kinetic models per la previsione della stabilita e shelf life di
alimenti a basso valore di umidita

Al giommo d'ogzi 'utihzzo di nuovi matenali bio-based per I'mmballaggio di alimenfi sta aumentando
esponenzialmente. Tuttavia il loro mmpiego potrebbe influenzare sostanzialmente la stabiliti degh ahmenti,
soprattutto nel caso del prodott secchi e a lunga durabilita. La maggiore sensibilita di questi materiah al vapore

acqueo nispetto ai matenali convenzionali defermina una munor efficacia in termimi di bamera contro
l'asmbxmentodxacquz, compromettendo cosi la stabilita, e pertanto la durabilita, degli almmenti secchi. Questo
progetto di dottorato s1 prefizge 1'obiettivo di sviluppare del multiresponse kinetic models per 1a previzione della
shelf lifs degh alimenti secchi.
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1. State-of-the-art

Dry food stability and. hence, shelf life mostly depends on water uptzke during storage. Water may be responsible
for undesired phy=ical changes or tngger chemical reactions whose extent depends on the dynamic change in
moisture content and, thus, in water activity. For this reason, theze foodstuffs are usually protected by employing
high water bamier packaging matenals such as petroleum-derived polymers. Their bamier properties agamnst water
vapor guarantee a neglizible water uptzke during storage. Despite their worldwide extensive application mn food
packaging, themr use brings about severe environmental impacts, due to poor biodegradability, micro-plastic
pollution, and leaching of chemical compounds (e.g.. plasticizers) in oceans and lands. To overcome these issues,
several compostable and biodegradable packaging solutions have been developed. Even though this new class of
bio-based polymers (or biopolymers) represents a promising altemative to conventional ones, their application 1s
criical due to their moisture sensitivity. The transition from conventional to bio-based packaging matenials is thus
expected to be responsible for modifications of food stability, binging about the need for a careful re-assessment
of product shelf life. To date, moisture uptake In packaged dried foods has been evaluated based on a canonic
modeling approach which ainx to estimate the time needed to reach a “enitical moisture content™, comresponding
to food water monolayer (Labuza, 1980). This approach, introduced by Heiss (1958)bbasedonthe following two
hypotheses: (1) food water content and water activity affect the rate of quality decay and the relevant kinetic model:
(11) the water vapor permeability of packaging matenal does not depend on the partial pressure gradient between
the relative humidity inside and outside the film However, until now this last assumption has been demonstrated
only for conventional polymers. By contrast, based on the few data available i the literature, biopolymers exhibit
a hunudity-dependent behavior, whose effect on food quality and stability 15 still unknown and difficult to predict
based on conventional kinetic models (Lee and Robertson, 2021). The development of mathematical models,
taking into account the humidity-dependence of the packaging matenals, 15 thus required to predict both the
performances of biopolymeric matenals during storage and the stability and shelf life of food. Based on these
considerations, this Ph D. project ainx to develop multiresponse kinetic models (Bahmid et al., 2021) accounting
for the conjoint behavior of biopolymer and dry food under different environmental conditions (e.g., temperature
and relative humudity). These models will be able to simmlate the shelf-life evolution of dried foods while
considenng dynamic changes i food properties (e.g. water activity, glass transition temperature, micro-structure),
packaging characteristics (e.g., water vapor permeability, film thickness, head-space vohume), and different
emvironmental conditions (e.g., temperature and relative humudity). For this purpoze, different food matnices and
different bio-based packaging matenals will be considered, and. dependinz on food features, different quality
decay reactions will be monitored.
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2. Ph.D. Thesis Objectives and Milestones

During the first year, the evaluation of physical and physicochemical properties (e.g., ., T,) of different dry food
matrices (i.e., potato chips, comn flakes, whey protein isolate powder, instant and ground coffee) were assessed.
Indicators suitable to monitor food quality decay and relevant acceptability limits were also 1dentified. Considenng
the next 24 months, accoa’dingto the Ph D. thesis project, the following activities will be pursued (Table 1):

AQ) Literature review;

Al) Permeability assessment of conventional and bio-based matenials as a function of different parameters (e.z.,
temperature, relative bhunudity) to investigate their behavior in the whole emvironmental conditions range;

A2) Kinetic data collection relevant to quality decay rates of the chosen food matrices under different conditions
(e.g., temperature, relative hunudity);

A3) Based on Al and A2, different multiresponse kinetic models accounting for the conjoint behavior of
packaging matenals and food matrices under different environmental conditions will be developed and validated;
A4) Mobility period;

AS) Papers and thesis writing.

Table 1. GANTT Diagram for this PhD thesis project

Months 1 1415(16(17|181 2021222324'
Activity
A0) |Literature review
Al) |Permeability assessment
1) Permeance evaluation of
petroleum-based materials at
different temmperanres
2) Permeance evaluation of bio-
based materials under different
2
5 nese dae coecror
1) Kinetic modeling and stability
assessment
2) Modeling the dependence of the
environmental variables oa
quality decay rates
A3) I Multiresponse kanetic model
development and validation
Ad) [Mobility period
AS) |Papers writing and thesis
development
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Miniposter PhD Student Title of the contribution Page
location Institution
137 Elena Gramiccia Morphological and genetic characterization of Phaseolus 95
University of Tuscia wulgaris and P. coccineus landraces grown in the Aniene’s
Valley and evaluation of agronomic and nutritional
performances of Helianhtus tuberosus accessions of different
geographical origin cultivated in marginal environments
138 Ignazio Maria Gugino Analysis and characterization of Sicilian cereals landraces to 97
University of Palermo destined at malting and brewing industry
139 Giuseppe laniri Use of wild edible plants as environmental indicators and as 99
University of Molise ingredients for the creation of new functional and enriched
products
140 Merima Jasarevic Plant health monitoring of crops of high territorial relevance, 101
University of Tuscia identification with advanced diagnostic tools and design of
sustainable prevention systems
141 Karen Lacey Development of methods and technologies for the specific 103
University of Parma inhibition of enzymes relevant for low colour stability of fruit
juices and nectars
12 Carmen Laezza Cell cultures of Mediterranean plant species involved in the 105
University of Napoli Federico Il production of novel food
143 Umberto Lanza Food and food bioactives fighting chronic inflammation 107
University of Udine
144 Celeste Lazzarini Production and analytical characterization of new and 109
University of Bologna traditional foods: focus on sustainability
145 Micaela Lembo “Green" Technologies in the supply chain of agri-food 111
University of Tuscia company
146 Alessia Lena Application of an eco-sustainable technology: use of direct 113
University of Udine and photodynamic UV light for the microbial
decontamination on food industries
147 Leandra Leto Bioactive compounds from hop leaves: a green opportunity 115
University of Parma
148 Caterina Li Citra Application of innovative, non-thermal technology and edible 117
University of Palermo coating to extend the sheiflife of fresh cut fruits
149 Francesco Limongelli Apulian Salicornia: from medicinal plant to innovative 119
University of Bari nutraceutical supplement
150 Rosangela Limongelli Use of meta-omics approaches for characterization of 121
University of Bari microbiota isolated from different ecological niches
151 Eleonora Loffredi Advanced emulsions as bioactive compound carriers for 123
University of Milano functional food design: technological and nutritional aspects
152 Marco Lopriore Development of multiresponse kinetic models for the 125
University of Udine prediction of stability and sheif life of dry foods
153 Fahimeh Masoumi Fruit waste reduction through post-harvest early damage 127
Free University of Bozen-Bolzano detection using 3D imaging methods
154 Sofia Massaro Development of extracts and fermented officinal plants for 129
University of Padova food use endowed with sensory, antimicrobial and
nutraceutical properties
155 Federica Mastrolonardo Insight into in-vitro digestibility of leavened baked goods 131
Free University of Bozen-Bolzano
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