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About this project

Across the food supply chain, the use of some
technologies and processes can directly result
in food waste generation, including during
harvesting and processing, in customising
portion sizes, through product and date
labelling, shelf-life extension and product
packaging. For food producers often the

type of packaging and processing machinery
available dictates how effectively resources
are used and the volumes of food waste
produced. EQuipment manufacturers may
not be aware of the critical role they play in

reducing food waste.

Understanding how the Australian packaging
and processing machinery sector can
promote these technologies and services to
the food industry to realise new opportunities
to reduce and/or transform food waste is

the challenge being addressed. The aim

of this project is to consolidate the ways

that Australian packaging and processing
machinery can reduce and/or transform

food waste and to provide equipment
manufacturers with improved knowledge and
understanding of the food waste challenges.
In isolation, a single initiative will not

address the issue at scale, however driving
collaboration across the APPMA with the
various packaging providers and processing

companies can achieve this.

About the APPMA

The Australian Packaging and Processing
Machinery Association (APPMA) was
established in 1983 to promote, integrate
and foster participation and development
at all levels of the packaging and processing
machinery industry in Australia. Within the
APPMA membership there is a diverse range

of technology and service providers.

The Project Partners:

P RMIT

APPMA
UNIVERSITY A\ 4

Australian Packaging and Processing
Machinery Association Limited

Executive summary

This report presents a global baseline
literature review across academic and
industry publications for the APPMA
(Australian Packaging and Processing
Machinery Association) and provides a
landscape study of relevant technologies
and their (potential) impact on food waste
and loss. The existing literature strongly
recommends a strategic approach that
incorporates various aspects of the food
supply chain, as well as considering
investment costs, sustainability impact, and
industry demand in the supply chain, rather
than a piecemeal approach that implements
a single technology at any given point in the

supply chain.

This whole system approach is used by nearly
a third of the papers reviewed. A quarter

of the papers explore packaging solutions;
nearly a quarter explore processing and
manufacturing solutions; and roughly a

tenth explores solutions related to transport,
distribution and logistics. Other parts of the
food system — including on-farm, packing,
retail, consumer and waste management —
are the focus of between 2 and 6 per cent

of the papers each. Much of the literature
describes technologies throughout the
supply chain that focus on the reduction
and/or monitoring of microbial activity for
extension of shelf life for the food product. An
emerging trend in the literature was Industry
4.0 technologies, which are used across

the food supply chain, and include digital
transformation technologies such as neural
networks, blockchain, Internet of Things,

sensors and RFID, and robotics.

The existing literature strongly
recommends a strategic
approach that incorporates
various aspects of the food
supply chain, as well as
considering investment costs,

sustainability impact, and
industry demand in the supply
chain, rather than a piecemeal
approach that implements a
single technology at any given
point in the supply chain.

Executive Summary
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Food waste and loss is a complex and
growing problem that occurs across all
parts of local and global food supply chains,
including consumption, packaging and
processing equipment and machinery - and
a broad range of other technologies - play a
direct and indirect role in addressing food
waste issues. In addition, the packaging and
processing industry has unique innovation
capabilities that provide opportunities

to further tackle the food waste problem
and contribute to sustainable food waste
reduction and a thriving industry.

This report presents the first deliverable of the
research project - a baseline literature review
across academic and industry publications
from the Australian Packaging and Processing
Machinery Association (APPMA) and provides
a landscape study of relevant technologies (as
represented by APPMA members) and their

potential impact on food waste and loss.

The packaging
and processing
industry has
unigue innovation
capabilities

that provide
opportunities

to further tackle
the food waste
problem and
contribute to
sustainable food
waste reduction
and a thriving
industry.

The APPMA was established in 1983 to
promote, integrate, and foster participation
and development at all levels of the
packaging and processing machinery
industry in Australia. The larger project is
funded by the Fight Food Waste Cooperative
Research Centre in partnership with APPMA
and RMIT University.

This document provides a summary of key
machinery and technologies relevant to the
food supply chain found in the literature,
spanning both established and emerging
equipment and machinery. All the articles in
the review have a link to food waste or loss in
terms of their topic. In addition, the review
illustrates some overarching strategies and
management considerations to maximise
the effective deployment of machinery

and equipment in relation to food loss and
waste. Specific case studies also demonstrate
that piecemeal implementation of single
technologies often fails to deliver sustainable

benefits in the chain as a whole. By contrast,

implementing a range of complementary
technologies, such as data collection
technologies, modelling and analytics,
machinery and robotics, management and
coordination tools, impact assessment, and
efficiency or cost/benefit analytics, appears
to have much potential; although the true
impact was rarely measured in the literature.
Finally, some articles in the review show

a clear need to manage investment costs,
sustainability impact, and industry demand
in the supply chain simultaneously.

The following sections are structured in
three parts:

« Processing and packaging machinery
and technologies in relation to the food
supply chain;

« Industry 4.0 technologies used to integrate
and improve the food supply chain;

« The potential impact of these technologies
on food waste and loss.

| Section O1

Introduction
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The technologies are listed below

according to their stage in the supply

chain: most importantly, processing,
packaging, distribution and transport, waste
management, and industry 4.0 technological

innovation.

| Fight Food Waste CRC

The global literature search

A series of keyword combinations were
used to search academic databases for
both academic literature and grey literature
(industry reports) regarding existing research
about packaging, machinery, and other
technologies that have an impact on food
loss and waste (FLW), and that are currently
used or being developed for use in the

food supply chain. All searches included
the keywords ‘food loss’ or ‘food waste’. The
keyword combinations included variations
on ‘automation’, ‘food packaging’, ‘handling
machinery’, ‘processing’ or ‘production’,

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

FIGURE1

‘placement machinery’, ‘innovation’, ‘research
and development equipment’, ‘shelf life
extension’, ‘technology trade-offs’, and ‘vision
systems’. These keywords were informed

by an analysis that mapped the focus of
organisations in the APPMA’s membership
base, included in the appendix (Section 5.1).
A full list of the keyword combinations is
included in the appendix (Section 5.2). A total

of 348 relevant results were identified.

Figure 1 below shows the spread of papers
across different parts of the food supply
chain. This shows that the literature is focused
largely on a whole food system approach,

but that packaging and processing and
manufacturing technologies are also a strong
focus. Each stage of the supply chain (with

some overlapping stages) is described below.

Percentage of papers that address different
parts of the food supply chain

B whole food system (25.37%)
. Packaging (23.21%)
B rarm/harvest (5.74%)
[ | Processing & Manufacturing (20.29%)
B Packing (5.02%)
M cold Chain (216%)
Storage (1.66%)
[ | Transport, distribution & logistics (10.06%)
B Retail (4.08%)
. Consumer (2.41%)
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2.1

Processing

It has been estimated that up to 39% of the
food losses in the European Union occur in
food manufacturing . Overproduction is a key
reason for this, with companies including
farms producing 30-50% extra to compensate
for unexpected losses. Mechanical damage
during transit, blackouts, human error,
equipment defects, experimental losses,
cleaning losses, hazardous contamination,
and process-related by-products also play

a role. Key technologies for food loss and
waste management in processing include
high pressure processing, pulsed electric
field, ultrasound, thermal processing,

ohmic heating, and pasteurisation. Each is
summarised below.

2.1.1. High pressure processing

High pressure processing involves the
application of very high pressures to food in
order to destroy microbial activity. It is often
used in processing food like fruit juice, where
harmful, spoilage-causing microorganisms
can be killed by being pressurised at 400MPa

at 20 degrees for just a matter of minutes.

The technology is over a hundred years old,
though it is currently finding application

in many new fields, such as a method for
milk pasteurisation. The technology is used
as a method of preservation by reducing
microbial activity, dramatically improving
the shelf life of raw and processed products
with minimal adverse effects on their sensory
quality. It decreases food loss and wastage

due to microbial, chemical, or enzymatic

| Section 02

spoilage. Adoption of this technology is
limited by high investment costs, the need
for a better understanding of process
parameters, and challenging regulatory

requirements.

2.1.2. Pulsed electric field

This technologiy involves the application

of electric pulses to food in order to reduce
microbial activity, extending preservation

of produce. The first commercial example

of this technology is from 2005 and it is
being adopted slowly, with many companies
preferring high pressure processing
methods for achieving similar outcomes.
This technology can produce a hon-uniform
distribution of the electric pulse which leads
to an uneven result in processing, though it is

possible to work around this problem.

Literature Review

2.1.3. Ultrasound

Ultrasonic waves are applied to a food as

a non-thermal treatment. Ultrasound is

an emerging technology that results in
microbial inactivation, thereby extending
shelf life. This technology has been effective
on liquids such as fruit juice, but less so on
solid food. Applications of ultrasound as a
singular means of food preservation are not
seen yet commercially feasible but have
been shown to be effective when combined
with other processes, such as emulsification,
homogenisation, extraction, crystallisation,
dewatering, degassing, and defoaming.

15
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2.1.4. Thermal processing

This includes technologies such as
radiofrequency heating, infrared heating,
sous-vide processing, hot water treatment,
and hot air treatment. These methods treat
microbial issues such as pests, fungus,
moulds, and other harmful pathogens,

thereby extending shelf life.

2.1.5. Microwave heating

Microwave technologies are established,
however there are newer emerging
applications of the technology, such as
drying broccoli stems for preservation and

for alternative use. Heating time through
these methods is greatly reduced, minimising
the microwave’s impact on food quality
compared with other heating technologies.
However, non-uniform heating remains a

problem with microwave technology.

2.1.6. Ohmic heating

Ohmic heating uses electric currents to heat
foods, extending shelf life by destroying
microbial activity. It is an old technology
that has only recently emerged in the food
sector. Ohmic heating is very energy efficient
compared to alternative preservation

processes.

2.1.7. Pasteurisation

Pasteurisation involves heating food to a
high temperature in order to kill off harmful
microbial activity. It is used extensively in
dairy processing, and is beneficial for food

safety and extending shelf life.

2.2

Packaging

Packaging helps manage food loss and waste
directly through the protection, preservation,
and containment of produce and

processed foods, but also indirectly through
communication, information, traceability, and
convenience for the consumer. Innovation

in packaging technology has focussed on

two areas: improving the longevity of the
contained produce by reducing damage to
the food and extending shelf life, and the
environmental sustainability of the packaging
itself via the reduction of secondary
packaging, material selection, and energy

and end-of-life waste.

Key innovations in packaging technology fall
into three broad categories: ‘smart’ active
packaging, ‘smart’ intelligent packaging, and
novel food packaging. Each is summarised

below.

2.21. ‘Smart’ active packaging

Active packaging technologies decrease
spoilage of produce as a means of extending
shelf life. They include: scavenging and
absorbents, active emitters, antimicrobial
agents from both synthetic sources and
antimicrobial compounds of natural origin,
antioxidant agents from both synthetic

and natural sources, regulation functions,

humidity absorbers, and ethelyne absorbers.

| Section 02

2.2.2. ‘Smart’ intelligent packaging
Intelligent packaging technologies promote
the tracking and communication of food
quality throughout the supply chain and
include biosensors, indictors, radio frequency
identification, freshness indicators, leak
indicators, time temperature integrators
(TTls), and barcodes. See section 2.3.1 for
further detail.

Both types of ‘smart’ packaging technologies
have been successfully employed for fresh
fruit and vegetables and meat. ‘Smart’
packaging is both an established and
emerging innovation in the food supply chain,
with substantial opportunity for integration
with other technologies.

Literature Review

2.2.3. Novel food packaging

Novel food packaging is an umbrella term

used to describe a variety of emerging
packaging technologies that use novel
materials. These include edible films and
coatings which form a thin layer of material
coating on food to extend its shelf life,
vacuum skin packaging where a plastic film
is thermoformed to the exact shape of the
food to inhibit microbiological deterioration,
and nanotechnology, which uses nano-
sized materials to provide antimicrobial
barriers and/or physiochemical reactions.
Nanotechnology is also being developed as a
way of detecting and identifying foodborne
pathogens in real time. Novel food packaging
that makes use of by-products from the food
supply chain would further address food loss
and waste; for example, the use of animal-
based gelatine to create absorbent pads for

meat packaging.

17
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Novel food packaging is a relatively recent
development and is not yet widely adopted
in the food supply chain, but shows
significant promise as practices develop. Its
innovative nature presents some risks and
concerns regarding potential regulatory
and environmental concerns. However,
antimicrobial and antioxidant packaging
from natural-derived sources may be

2.3

incomptible with biological novel packaging
materials, decreasing their stability, which
may prohibit European Food Safety Authority
(EFSA) approval. These novel materials

also often pose high up-front costs in their
current form, caused by the novel machinery

modifications required to manufacture them.

Distribution and transport

Development of technology in this logistics
area through data collection and analysis
allows for substantial improvements to the
life span of produce and practical solutions
for efficient and effective extension of shelf
life. Key technologies for food loss and waste
management in distribution and transport
include sensor technology, modelling and
prediction, and cooling technologies. Each is

summarised below.

2.3.1. Sensor technology

Sensors for example in the cold chain allow
for a better understanding of temperature
fluctuations in the vehicles and storage
spaces, as well as different perishables
needing different temperature to remain

cool. Key sensors identified are:

« Radio frequency identification (RFID) -
provides fine-grained data and allows
high-volume scanning. This technology
can be expensive to implement on a large
scale and have limited range and sensing
capacities. RFID tags can be active, passive,
or semi-passive. There has been wide-scale
commercial adoption of RFID tags. This is

further explained below.

« Time-temperature integrators (TTls) -
inexpensive smart labels currently used
widely to visualise the time-temperature
history in the cold chain. This technology
is believed to underestimate remaining
shelf life, as TTI response is not always
representative of food quality changes.

+ Wireless sensor network (WSN) - uses the
2.4GHz microwave band, which is widely
adopted, but has issues with transmission
through water and high humidity
environments. Commonly implemented
in conjunctions with other sensors such
as RFIDs to measure, record, and monitor
product temperatures in cold chains.

« Bluetooth low energy (BLE) - sensor type
commonly used in telecommunication,
used to communicate data to enable the
monitoring and control of cold chains.

« Thermal imaging - can capture a number
of data points and be used as an estimate
for temperature calculations, potentially
reducing the need for or number of
sensors required. Can complement other
existing technologies and achieve full

thermal supervision of the product.

2.3.2. Modelling and prediction
Intelligent processing of sensor data allows
for far more effective management processes
and automated/dynamic changes to

practices as required.

« Real time temperature monitoring
systems - checks, measures, and reports
the actual temperature in real time to
help business operators make decisions,
take corrective action, and evaluate their
operations.

« Artificial neural network (ANN) - machine
learning processes used for system
classification and estimation. Assumes
a nonlinear relationship between the
desired temperature (inside a pallet) and
the temperature source (air temperature in
the container) to better model and adjust

cooling processes.

' .H-
e T
N

Distributed predictive control technology
- an alternative for the development of
distributed controllers and large-scale
systems. Used to partition the process
model of a cold chain in such a way

that one can obtain subprocesses that
represent its dynamics locally, while
simultaneously observing the interaction
between the other state variables and
outputs with each subsystem obtained.
Internet-of-things (loT) - connecting
sensing devices to facilitate the
aggregation and analysis of data, often

in real time. Provides live data that can
inform decision making and be responsive
to temperature events.

Computational fluid dynamics (CFD)

- the simulation of air flow dynamics

in a specific environment, allowing for
modelling and testing of more efficient
ways to cool produce.

Big data modelling - large scale data
measurements of the cold chain to better
predict shelf life of products in real world
situations (e.g. the EU FRISBEE Cold
Chain Database).

| Section 02

Literature Review
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2.3.3. Cooling technologies

Cooling the environment during transport

is an important mechanism to reduce food
waste and loss. These involve specific practical
measures to improve the effectiveness of
food preservation. The data collection and
modelling processes described above enable

better coordination of these efforts.

- Pallet covers - to retain cold air and
attenuate temperature and humidity
changes.

« Pre-cooling - to remove residual heat from
produce before preservation.

« Freezing technologies - including high-
pressure freezing, dehydrofreezing, and
use of antifreeze to increase the quality of
frozen food, especially where combined
with other processes like ultrasound,
magnetic resonance, electrostatic,

microwave, and radio frequency.

Superchilling - chilling just below freezing
point, maximising preservation without
damaging produce

Unit temperature reduction - lowering the
temperature of refrigeration units overall
can help reduce food waste with minimal
product damage.

Controlled atmosphere storage -
manages the gaseous atmosphere in

a store and reduces food deterioration
because of negative impact on growth of
microorganisms.

Zero energy cool chambers (ZECC) - on-
farm, low-cost storage cooling technology
based on direct evaporative cooling. Does
not require electricity or power to operate
and is constructed from easily available
and cheap materials such as bricks, sand,

and bamboo.

2.4

Waste management

Waste management can be positioned across
the supply chain. In the literature studied,
waste management comes up occasionally.
Waste management often addresses food
loss and waste by seeking to make productive
use of products that would otherwise be
disposed. It is often the least efficient method
of food loss and waste management, but it is
extremely important in minimising negative
environmental and financial impacts. Waste
management technologies seem to fall into

three categories: digestion, reduction, and

energy generation. Each is summarised below.

2.4.1. Digestion

« Anaerobic digestion - organic waste is
broken down by micro-organisms in
the absence of air. Emitted gasses are
captured and made usable. The methane-
rich biogas produced can be burnt or
stored in gasometers, or converted directly
to electricity, hydrogen, heating, and
vehicle fuel.

« Aerobic digestion - food waste is broken
down by bacteria in the presence of
oxygen, producing nutrient-neutral grey
water, disposed of through the sewage
system. Can be applied at the small- to
medium-sized establishment level.

«  Thermal hydrolysis - a two-stage process
involving high-pressure boiling of waste
followed by rapid decompression.

The waste sludge is then digested
anaerobically by bacteria, producing high
yields of biogas.

« Compost - food waste is aerobically broken

down by bacteria, producing a nutrient

rich organic solid that can be composted
to produce fertilizer. Applicable for small

to medium size businesses.

2.4.2, Reduction

« Food waste pulpers and shredders -
mechanical blades grind or shred waste
with water to create a pulp, which is then
pressed to remove water content. Volume/
weight reductions are in the vicinity of
80-90%, depending on composition of
feedstock.

« Food waste dehydration - heat and
agitation are applied to waste to evaporate
moisture. The dried pulp is then removed
and disposed of via landfill, as feedstock
for composting, or as an ingredient in

animal feed and soil fertilisers.

2.4.3. Energy generation

+ Incineration - combustion and capture of
heat to generate electricity and heat via
steam boilers.

« Pyrolysis - the thermo-chemical
decomposition of organic material in the
absence of oxygen. Produces flammable
syngas, crude oils, and high carbon
content ‘char’, which serves as solid fuel.

« Gasification - the conversion of organic
wastes into CO, H_, and CO, at high
temperatures with insufficient oxygen
for combustion. Generates hydrogen-rich
syngas, liquid bio-oil, and biochar, a stable
form of solid carbon.

« Fermentation - yeasts and bacteria convert
organic molecules into acids, solvents, or
alcohol-based fuels. The most common

commercial systems convert the sugars

| Section 02

Literature Review
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in corn to produce ethanol, which is then
blended with gasoline to create fuel.

« Transesterification - acid or base-catalysed
reaction of oils and an alcohol into a
mono-alkyl ester, commonly known as
biodiesel.

« Bioelectrochemical - systems including
microbial fuel cells and microbial
electrolysis cells, which use bacteria to

2.5

convert organic and inorganic matter
and directly produce electrical current or
hydrogen.

« Hydrothermal liquefaction - uses
depolymerisation under conditions of
moderate temperature and high pressure
to convert wet biomass into a high energy

density bio-oil product.

Industry 4.0/digital transformation

The term ‘Industry 4.0’ represents the

fourth Industrial Revolution. It refers to a

set of principles widely adopted across the
food supply chain. Integration of Industry
4.0 technologies into agriculture and food
production allows producers to be far

more efficient with resources and provides
producers with more detailed insights into
their processes through big data sets. Each
relevant Industry 4.0 technology is described

below.

2.5.1. Neural networks

This is a self-improving recognition system,
able to learn and recognise data trends and
produce meaningful outputs. To date, this
technology has been successfully deployed
to grade rice, bananas, and packaging. This
technology contributes to the concept

of a “self-thinking supply chain”, and

links with other technologies to create a
digitally-based solution for supply chain
management. It improves supply chain
efficiency by intelligently adapting to needs
and conditions. This in turn contributes to
efficiencies that assist with food loss and

waste prevention, primarily through food

grading, where neural networks can replace
human inspection as a means of assessing
food quality and predicting shelf life. Artificial

intelligence is increasingly used.

2.5.2. Blockchain

A digital transaction ledger, blockchain

is maintained by a network of computers
that do not rely on a trusted third party,
preventing fraud and tampering. Blockchain
is particularly valuable for traceability within
supply chain management, food security,
and data integrity, because it can accurately
capture output quality. This technology has
been successfully deployed in a number of
manufacturers, including Walmart in 2016
in collaboration with IBM . As businesses
seek to adopt new Industry 4.0 technologies,
Blockchain will help build trust in
transactions of information by making them
more visible, transparent, and trustworthy.
This information could provide data to
achieve more accurate date labelling as well,
help consumers gain more insight into the
supply chain, and help to identify hotspots of

food loss and waste.

2.5.3. Internet of Things

This is a term referring to a network of
interconnected physical devices over the
internet. To date, this technology has

been successfully deployed to increase in
productivity in sorting and packing potatoes.
This technology can provide real time data
on food waste, eliminating the need for
manual data entry, automating processes,
and improving efficiency and accuracy of
food systems. It reduces food loss and waste
by developing a trusted consumer perception
on food quality, networking sensors that can
detect food spoilage throughout the supply
chain, and providing producers with more
accurate consumer information regarding
date of food spoilage, enabling them to
avoid food loss and waste as produce ages.
See section 2.3.1 for further detail on sensor

technology.

2.5.4. Sensors and RFID

These are physical devices that sense some
physical property (chemical, temperature,
humidity) of food to provide data about

it's condition. RFIDs enable the connection
of sensors in the agricultural supply chain,
which can help traceability along the

food supply chain. By providing real-time
information on the condition of a food
product throughout the supply chain at
various points, sensors identify opportunities
for improvement. This technology has been
deployed with particular success in predicting
perishability of tomatoes. Sensor types
include humidity, light, temperature, oxygen,
chemical, gas, weight, pressure, motion

and vibration, ph levels, location, radiation,
freshness, integrity, biosensors, and TTls. The
adoption RFID technology is currently very
low within agriculture, partly due to high
cost of implementation. See section 2.3.1 for

further detail on sensor technology.

2.5.5. Robotics

Robotics are used to automate processes
along the food supply chain to improve
efficiency and effectiveness. The literature
currently focusses on the use of robots for
food waste processing, and there is a gap
regarding the used of robots throughout
the production process. Asia and Australia
are uptaking this technology the fastest,
with Europe and America accelerating.
Current relevant uses for robotics include
nuclear magnetic resonance to detect the
oil to water ratio and internal browning,
near-infrared spectroscopy to detect sugars
and acid content, hyperspectral imaging to
detect contaminants, and computer vision to
classify foods. Robots are predicted to make
a positive impact on the automation of fresh
produce production by replacing human
labour with faster, more efficient machinery,
with minimal downtime. However,
automation practices using robotics in food
processing has lagged behind robotics in
other industries.

| Section 02
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The literature shows that there are clear
links between the identified processing

and packaging technologies and related
machinery, and food waste or loss reduction.
While these technologies may be effective in
addressing specific problems or leveraging

| Fight Food Waste CRC

specific opportunities for process efficiency
and food loss and waste management,

the overarching theme that emerges is

that a whole-of-system approach to the
integration of these technologies will provide
substantially greater rewards than piecemeal

implementations.

Several common themes emerged during

this literature review:

« The link between food waste reduction
and the quantification of savings or
impact was weak in the literature,
and was largely inferred rather than
quantified. As such, there seems to be
a lack of monitoring and evaluation of
implemented technologies in relation to

food waste and loss, resulting in a lack

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

of data and insights into sustainability

_ benefits and benchmark data .

26

The distribution of identified technologies
is uneven throughout the food supply
chain. For example, sensor technology

is featured more frequently in relation

to transport and distribution stages,
rather than the retail or wholesale stages,
whereas Industry 4.0 technologies feature
predominately in the processing stage.
Apart from the need to take an integrated
approach on technologies, there are also
opportunities to apply these technologies
more widely across the supply chain,
which would enable data sharing and
coordination and learning.

Several technologies were noted to have
been widely adopted by other industries
while the food industry lagged behind

in adoption. For example, robotics and
automation are not yet widely employed
by the food supply chain. Or, in other
words, limited attention is paid to food
supply robotics, which may also relate to
still lower levels of automation on farms
compared to other industries.

With proper analysis of the causes for

this slow uptake, and adjustment for

any specific needs of the industry, these
technologies may provide substantial
benefit. Using ‘lead user’ industries that
have already adopted them could provide
case studies and implementation and

management templates.

v
t

Technologies that have been taken up

by the food supply chain demonstrate
significant connectivity. For example,
early stages of the supply chain employ
technologies to reduce or destroy
microbial, chemical, or enzymatic spoilage
activity, and are followed by food quality
tracking and cold chain monitoring
technologies in the transport stage: two
separate mechanisms serving the same
objective. Better sharing of data between
these systems will potentially allow for
improved coordination and learning.
This also serves to illustrate how new
technologies may be successfully taken
up. Blockchain studies are also growing
in this area, but research mostly shows
the potential impacts, rather than
measured impacts.

The use of identified technologies to
empower and educate the consumer (i.e.
smart labelling technology) and using
mobile phones to get product information
are rarely discussed in the literature,
despite consumer practice being a major
source of food loss and waste in the supply
chain. This may illustrate a gap in the
supply chain that could be filled with
existing technologies. The fridge in the
household is often still a very basic piece
of machinery.

Given the search term procedure,

limited studies appear to be situated

on farm, in the pack shed, and in retail.
There seems to be growing attention

for robotics in retail given the growth of
online grocery shopping. This does not
preclude the importance of these stages
of the food supply chain, but illustrates
the opportunity for member-based
organisations like APPMA to connect with
similar organisations in these sectors.
This opens up opportunities for a whole-
of-supply-chain approach to reducing

food waste.

Several key insights from the review of
technologies are identified from this

literature review:

« A awhole-of-supply-chain approach, that
places specific technologies within the

| Section 03

broader context of their use and seeks

to integrate them with other process
improvements, will ensure the technology
works successfully and does not conflict
with other stages of the process, including
factors such as incompatibility or bottle-
necking.

« There is limited research that provides
evidence that economic goals and
sustainability goals are connected in the
studies in the sample. Most literature
identifies the potential for sustainability
impact only.

«  The implementation process regarding
packaging and processing technologies is
recoghised as important. Proper planning
and feasibility analyses of technology
upgrades will enable a strategic,

harmonious, and cost-efficient approach

Conclusions and
Recommendations

to technology implementation, in contrast
to acting based on the novelty or value e
posed by one improvement.
« Communication between stakeholders
throughout the supply chain further
enhances the benefits supplied by
a strategic approach, ensuring that
implemented technologies are adopted

and managed towards target outcomes.

These insights are presented in a summary

in Figure 2. The summary shows that the
Processing and Packaging technologies and
machinery have a strength in the middle

of the supply chain, which offers a range of
opportunities for collaboration and expansion
up- and downstream. To create a more
circular system, more attention needs to be

given to measure waste and loss impact.
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FIGURE 2

Summary of machinery and technologies
across the food supply chain and how they

tackle food loss and waste

On Farm

Pack Shed

Processing

Packaging

« High pressure
processing

= Pulsed electric field

» Ultrasound

« Thermal processing

» Ohmic heating

« Pasteurization

»Smart active
packaging

«Smart intelligent
packaging

= Noval food

packaging

Distribution & Retail

Transport

« Reduce/Destroy
Microbial Activity

* Preservation
method

« Extends shelf life

« Decrease spoilage
of food

« Reduces product
damage

« Extends shelf life

« Promoted tracking/
communicate

food quality

» Sensory
technologies

» Modelling and
prediction

« Cooling

technologies

» Monitor temperature
fluctuations in cold chain

« Air flow dynamics — model/
adjust cooling

« Improve effectiveness of
food preservation (e.g.,
temp/humidity, remove
residual heat, increase food
quality, manage gaseous
atmospheres, reduce

growth of microorganisms)

Industry 4.0 / Digital Transformation: integration across the supply chain

« Neural networks: food grading, food

quality, predict shelf life

« Blockchain: traceability, date labelling,

hotspot food loss and waste

« |oT: automate processes, improve

efficiency and accuracy, detect

food spoilage

« Sensors/RFIDs: physical (chemical,
temperature, humidity) properties, real
time information

» Robotics: automate processes to improve

efficiency and effectiveness

Optimise and integrate the supply chain towards reducing food waste

Waste

Management

Consumption

« Digestion
« Mass reduction

« Energy generation

| Section 03

Conclusions and
Recommendations

29



Acknowledgements

This research project is funded by the Fight Food Waste
Cooperative Research Centre in partnership with the
Australian Packaging and Processing Machinery Association
(APPMA) and RMIT University. The project is a one-year study Y b
to further understand the opportunities for packaging and

processing machinery to tackle food waste project.

%
[

wa

The Fight Food Waste Cooperative Research Centre activities
are funded by the Australian Government's Cooperative
Research Centre Program. The CRC Program supports
industry-led collaborations between industry, researchers
and the community. Find out more about the

Fight Food Waste CRC here.

Opportunities for packaging™

and processing machinery a
technologies to tackle food



www.fightfoodwastecrc.com.au

| Fight Food Waste CRC

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

32

Appendix

5.1

APPMA Members’ focus of organisation map
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5.2

List of search term combinations

All search term combinations listed below

were used with “food loss OR food waste” as

the primary search term.

Secondary -

Search Terms

Tertiary -

Search Terms

Further -
Search Terms

food packaging machinery sealing

handling machine/s/ry

processing OR production machine/ry/s blending waste reduction
processing OR production machine/ry/s extrusion waste reduction
processing OR production machine/ry/s granulator

processing OR production

machine/ry/s

homogenisers OR

homogenizers

processing OR production

machine/ry/s

pasteuriser OR
pasteurizer

processing OR production

machine/ry/s

pneumatics

processing OR production

machine/ry/s

sterilisation OR

sterilization

waste reduction

Secondary - Tertiary - Further -
Search Terms Search Terms Search Terms
automation checkweigher

automation handling conveyors
automation handling counting
automation handling distribution waste reduction
automation handling pick and place
automation handling sorting
automation quality control detection
automation quality control sensors
automation robotics collaborative
automation robotics palleti/sing/zing
automation robotics pick and place
automation robotics sensors
automation vision system/s inspection/s

collaborative strategy/ies

processing OR production machinery cooking waste reduction
processing OR production machinery electronics waste reduction
processing OR production machinery filling waste reduction
pack/aging innovation/s

packaging labelling printing

pack/aging machine/s/ry

packaging machinery box erector

packaging machinery cartoning

packaging machinery sealing

process/ing innovation

process/ing machine/s/ry

R&D equipment

shelf life extension

machine/s/ry

tech/nology trade-offs

food processing OR food temperature

production management

food processing OR food sterilisation

production

food process/ing technology

food packaging labelling application waste reduction
food packaging labelling date/s waste reduction
food packaging machine/ry/s capping

food packaging machine/ry/s FFS

food packaging machine/ry/s films waste reduction
food packaging machine/ry/s filling

food packaging machinery packing waste reduction
food packaging machine/ry/s wrapping

vision system/s

| Section 05

Appendix

35



| Fight Food Waste CRC

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

36

53

Consolidated list of literature

Abdullah, N., O. Alwesabi & R. Abdullah (2018). loT-
Based Smart Waste Management System in a
Smart City. Recent Trends in Data Science and

Angelova, K. & |. Petrachkova (2015). Cold
chain management in the food industry of
Sweden: Enhanced utilization of temperature

Soft Computing. IRICT 2018. F. Saeed, N. Gazem,
F. Mohammed and A. Busalim, Springer. 843:
364-371.

Adenso-Diaz, B. & C. Mena (2014). Food Industry
Waste Management. Sustainable Food
Processing. B. K. Tiwari, T. Norto and N. M.
Holden. Oxford, Wiley Blackwell: 435-462.

Adeyeye, S. (2019). “Food packaging and
nanotechnology: safeguarding consumer health
and safety.” Nutrition & Food Science 49(6):
1164-1179.

Adler, S et. al (2014). Utilisation of co-streams
in the Norwegian food processing industry.
Bioforsk Report, Bioforsk-Norwegian Institute
for Agricultural and Environmental Research. 9
(82).

Adley, C. (2014). “Past, present and future of sensors
in food production.” Foods 3(3): 491-510.

Afzaal, M et. al (2015). “Antimicrobial Packaging,
a Step towards Safe Food: A Review.” Global
Journal of Science Frontier Research: E

Interdisciplinary 15(2): 39-47.

Agarwal, S. (2018). Blockchain technology in supply

chain and logistics. Master of Science and
Engineering and Management, Massachusetts
Institute of Technology.

Agrillo, B et. al (2019). “Functionalized polymeric
materials with bio-derived antimicrobial
peptides for ‘Active’ packaging.” International
Journal of Molecular Sciences 20(3): 601.

Ahmed, M., M. Zourob & E. Tamiya (eds) (2017).
Food Chemistry, Function and Analysis: Food
Biosensors. Cambridge, UK, Royal Society of
Chemistry.

Ananda, A et. al (2017). “A relook at food packaging
for cost effective by incorporation of novel
technologies.” Journal of Packaging Technology

and Research 1: 67-85.

monitoring solutions. Master’s Thesis in
Business Administration Masters, Jonképing
University.

Annese, V. & D. De Venuto (2015). On-line shelf-
life prediction in perishable goods chain
through the integration of WSN technology
with a 1st order kinetic model. 2015 IEEE 15th
International Conference on Environment and
Electrical Engineering (EEEIC). Rome, IEEE: 605-
610.

Arcese, G et. al (2015). “Evidence and experience of
open sustainability innovation practices in the
food sector.” Sustainability 7(7). 8067-8090.

Ariyarathna, |., R. Rajakaruna & D. Karunaratne
(2017). “The rise of inorganic nanomaterial
implementation in food applications.” Food
Control 77(251-259).

Aung, M. &Y. Chang (2014). “Traceability in a food
supply chain: Safety and quality perspectives.”
Food Control 39: 172-184.

Awalgaonkar, G. (2018). Development of
Active Packaging Trays With Ethylene
RemovingCapacity. Master of Science, Michigan
State University.

Badia-Melis, R et. al (2016). “Artificial neural
networks and thermal image for temperature
prediction in apples.” Food and Bioprocess
Technology 9(7): 1089-1099.

Badia-Melis, R et. al (2018). “New trends in cold
chain monitoring applications - A review.” Food
Control 86(April): 170-182.

Bahrami, A et. al (2020). “Antimicrobial-loaded
nanocarriers for food packaging applications.”
Advances in Colloid and Interface Science
278(April): 102140.

Bar, E. (2015). “A case study of obstacles and
enablers for green innovation within the fish
processing equipment industry.” Journal of
Cleaner Production 90(1): 234-243.

Barba, F et. al (2016). Implementation of Emerging
Technologies. Innovation strategies in the Food
Industry. C. Galankis. Amsterdam, Academic
Press: 117-148.

Barba, F et. al (2019). Green Extraction and
Valorization of By-Products from Food
Processing. Boca Raton, FL, CRC Press.

Becerril, R., C. Nern & F. Silva (2020). “Encapsulation
Systems for Antimicrobial Food Packaging
Components: An Update.” Molecules 25(5):
1134.

Beitzen-Heinekea, E. F.,, N. Balta-Ozkanb & H.
Reefke (2017). “The prospects of zero-packaging
grocery stores to improve the social and
environmental impacts of the food supply
chain.” Journal of Cleaner Production 140: 1528-
1541.

Belluco, S et. al (2018). “State of art of
nanotechnology applications in the meat chain:

Breetz, C. (2014). Product packaging as tool to
demand a price premium: Does packaging
enhance consumers ‘value perception to justify
a price premium. Hamburg, Anchor Academic
Publishing.

Campos, Y. & J. Villa (2018). Technologies applied in
the monitoring and control of the temperature
in the Cold Chain. 2018 IEEE 2nd Colombian
Conference on Robotics and Automation
(CCRA). Barranquilla: 1-6.

Canali, M et. al (2014). Drivers of current food waste
generation, threats of future increase and
opportunities for reduction. FUSIONS EU. M.
Canali. Italy, University of Bologna.

Canali, M et. al (2017). “Food Waste Drivers
in Europe, from Identification to Possible
Interventions.” Sustainability 9(1): 37.

Calatayud, A., 3. Mangan & M. Christopher (2018).
“The self-thinking supply chain.” Supply Chain

A qualitative synthesis.” Critical Reviews in Food
Science and Nutrition 58(7): 1084-1096.

Ben-Daya, M., E. Hassini & Z. Bahroun (2019).
“Internet of things and supply chain
management: a literature review.” International
Journal of Production Research 57(15-16):
4719-4742.

Bibi, F et. al (2017). “A review: RFID technology
having sensing aptitudes for food industry and
their contribution to tracking and monitoring
of food products.” Trends in Food Science &
Technology 62: 91-103.

Bleoanca, I. & M. Turtoi (2017). Innovative Fish
Packaging Solutions. Trends in Fish Processing
Technologies. D. Borda, A. Nicolau and P.
Raspor. Boca Raton, CRC Press: 30.

Bonou, A. & M. Birkved (2016). LCA of pork products
& evaluation of alternative super-chilling
techniques, Technical University of Denmark:
63.

Bouzembrak, Y et. al (2019). “Internet of Things in
food safety: Literature review and a bibliometric
analysis.” Trends in Food Science & Technology
94: 54-64.

Management 24(1): 22-38.

Carballo, D et. al (2019). Changes in volatile
compounds in a fresh lamb sausage
refrigerated stored under anaerobic modified
atmosphere. 2nd Food Chemistry Conference.
Sevilla, Espaina, Real Sociedad Espanola de
Quimica

Carlson, K., M. Misra & S. Mohanty (2018).
“Developments in micro-and nanotechnology
for foodborne pathogen detection.” Foodborne
Pathogens and Disease 15(1): 16-25.

Castelein, B., H. Geerlings & R. van Duin (2020). “The

reefer container market and academic research:

A review study.” Journal of Cleaner Production
256: 1-15.

Castell-Perez, E et. al (2017). “Food processing and
waste within the nexus framework.” Current
Sustainable/Renewable Energy Reports 4:
99-108.

Cerquiera, M et. al (2018). Nanomaterials for Food
Packaging: Materials, Processing Technologies,
and Safety Issues. Amsterdam, Elselvier.

| Section 05

Appendix

37



| Fight Food Waste CRC

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

38

Chen, S et. al (2020). “The role of smart packaging
system in food supply chain.” Journal of Food
Science 85(1): 517-525.

Ciuta, S., D. Tsiamis & M. Castaldi (2017).
Gasification of waste materials: Technologies
for generating energy, gas, and chemicals from
Municipal Solid Waste, biomass, honrecycled
plastics, sludges and wet solid wastes. London,
Academic Press.

Contreras, C et. al (2017). Antimicrobial active
packaging. Biopackaging. M. Masuelli. Boca
Raton, CRC Press: chapter 3.

Cook, P. R. M. (2014). An Analysis of New and
Emerging Food Waste Recycling Technologies
and Opportunities for Application. New York,
Great Forest Sustainability Solutions: 18.

Cotrim, S et. al (2018). “Implementation of cleaner
production along with quality management
tools.” International Journal of Technology
Management & Sustainable Development 17(1):
65-85.

Cruz-Romero, M. & J. Kerry (2017). Packaging
systems and materials used for meat products
with particular emphasis on the use of oxygen
scavenging systems. Emerging Technologies
in Meat Processing: Production, Processing
and Technology. E. Cummins and J. Lyng. West
Sussex, UK, John Wiley & Sons Ltd: 231-263.

Cushen, M. & E. Cummins (2017). Smart packaging
solutions encompassing nanotechnology.
Emerging Technologies in Meat Processing:
Production, Processing and Technology.
Chichester, Wiley Blackwell: 265-284.

Davcev, D et. al (2018). Blockchain-based
Distributed Cloud/Fog Platform for loT Supply
Chain Management. Proc. of the Eighth
International Conference On Advances
in Computing, Electronics and Electrical
Technology - CEET 2018, Institute of Research
Engineers and Doctors.

Dalmoro, V et. al (2017). Encapsulation of sensors
for intelligent packaging. Food Packaging. A.
Mihai Grumezescu. Amsterdam, Academic
Press: 111-145.

Daniyan, | et. al (2018). Development and
Optimization of a Smart Digester for the
Production of Biogas from Food Waste.
International Conference on Industrial
Engineering and Operations Management,
Pretoria / Johannesburg, South Arica, IEOM
Society International.

Davies, F. & B. Garrett (2018). “Technology for
Sustainable Urban Food Ecosystems in the
Developing World: Strengthening the Nexus
of Food-Water-Energy-Nutrition.” Frontiers in
Sustainable Food Systems 2: 84.

de la Cabaa, K et. al (2019). “From seafood waste
to active seafood packaging: An emerging

opportunity of the circular economy.” Journal of

Cleaner Production 208: 86-98.

Dhamodharan, M. (2019). Performance of frozen
meal packaging system in the cold supply
chain. Erasmus Mundus Masters Food
Innovation and Product Design, Lund University.

Dohlen, S., A. Albrecht & J. Kreyenschmidt
(2019). Sustainable packaging solutions to
improve resource efficiency in supply chains
of perishable products. Living Handbook
of Perishable Food Supply Chains. J.
Kreyenschmidt and S. Dohlen. Online, Pulisso.

Egelyng, H et. al (2018). “Cascading Norwegian co-
streams for bioeconomic transition.” Journal of
Cleaner Production 172: 3864-3873.

Eilertsen, A., M. Aursand & A. Carvajal (2017).
Project Cycle 2013-2017: Total utilization of raw
materials in the supply chain for food with a
bio-economical perspective. Norway, Research
Council of Norway.

Elavarasi, G., G. Murugaboopathi & S. Kathirvel
(2019). Fresh Fruit Supply Chain Sensing and
Transaction Using loT. 2019 IEEE International
Conference on Intelligent Techniques in
Control, Optimization and Signal Processing
(INCOS) Conference Proceedings. Tamilnadu,
India, IEEE: 1-4.

Eriksson, M,, I. Strid & P.-A. Hansson (2016). “Food
waste reduction in supermarkets - Net costs
and benefits of reduced storage temperature.”
Resources, Conservation and Recycling 107:
73-81.

Evans, P et. al (2016). Renewable Energy
Production from DoD Installation Solid Wastes
by Anaerobic Digestion. Environmental Security

Technology Certification Program, Department
of Defense Environmental Security Technology
Certification Program: 112.

Gao, T et. al (2020). “Modelling, responses and
applications of time-temperature indicators
(TTIs) in monitoring fresh food quality.” Trends
in Food Science & Technology 99: 311-322.

Garcia-Garcia, G et. al (2017). “A methodology for
sustainable management of food waste.” Waste

Heising, J. & M. Dekker (2014). Intelligent packaging
for monitoring food quality: A case study on

Biomass Valor 8: 2209-2227.

Gavara, R. (2015). Practical Guide to Antimicrobial
Active Packaging. Shawbury, Shrewsbury,
Shropshire, UK, Smithers Pira Technology Ltd.

Geldenhuys, N. (2016). “Moving forward with
flexible packaging: packaging.” Food
Manufacturing Africa 4(1): 26-27.

Gogou, E et. al (2015). “Cold chain database
development and application as a tool
for the cold chain management and food
quality evaluation.” International Journal of
Refrigeration 52: 109-121.

Gokoglu, N. (2019). “Innovations in Seafood
Packaging Technologies: A Review.” Food
Reviews International 36(4): 340-366.

Goéransson, M., F. Nilsson & A. Jevinger (2018).
“Temperature performance and food shelf-life
accuracy in cold food supply chains - Insights
from multiple field studies.” Food Control 86:
332-341.

Gregor-Svetec, D. (2018). Intelligent Packaging.
Nanomaterials for Food Packaging: Materials,
Processing Technologies, and Safety Issues. M.
Cerquiera, J. Lagaron, L. Castro and A. Vicente.
Amsterdam, Elsevier: 203-247.

Hall-Phillips, A. & P. Shah (2017). “Unclarity
confusion and expiration date labels in the

United States: A consumer perspective.” Journal
of Retailing and Consumer Services 35: 118-126.

Hamed, O. (2018). Fabrication of zinc oxide
nanoparticles and films by banana peel
extract food waste and investigation on their
antioxidant and antibacterial activities. Master
of Science, The American University in Cairo.

Hang, L., I. Ullah & D. Kim (2020). “A secure fish farm
platform based on blockchain for agriculture
data integrity.” Computers and Electronics in
Agriculture 170(March): 105251.

Hannona, J et. al (2015). “Advances and challenges
for the use of engineered nanoparticles in food
contact materials.” Trends in Food Science
43(1): 43-62.

He, Y et. al (2018). “Quality and Operations
Management in Food Supply Chains: A
Literature Review.” Journal of Food Quality
2018: 14.

fresh fish. PhD, Wageningen University.

Helander, H. (2018). Production and Feasibility
of Biogas: Case Company: Osuuskauppa KPO.
Thesis, Vaasan Ammattikorkeakoulu University
of Applied Sciences.

| Section 05

Herbon, A, E. Levner & T. Cheng (2014). “Perishable
inventory management with dynamic pricing
using time-temperature indicators linked to
automatic detecting devices.” International
Journal of Production Economics 147(Part C):
605-613.

Holck, A et. al (2014). “Prolonged shelf life and
reduced drip loss of chicken filets by the use
of carbon dioxide emitters and modified
atmosphere packaging.” Journal of Food
Protection 77(7): 1133-1141.

Hsiaoa, H., H. Kanga & K. Shangb (2019). Cold chain
capability for food cold chain management:
Concept and application. 24th International
Symposium on Logistics. Wirzburg, Germany:
454-465.

Huang, 3., X. Li & W. Zhou (2015). “Safety
assessment of nanocomposite for food
packaging application.” Trends in Food Science
& Technology 45(2): 187-199.

Appendix

Idrissi, | et. al (2015). “Implementation of Lean
Manufacturing in Fish Canning Company: A
Case Study of a Canned Sardines Production
Company in Morocco.” International Journal of

Lean Thinking 6(2): 13.

Irani, Z et. al (2018). “Managing food security
through food waste and loss: Small data to big
data.” Computers and Operations Research 98:
367-383.

Jagtap, S. & S. Rahimifard (2019). “The digitisation
of food manufacturing to reduce waste -
Case study of a ready meal factory.” Waste
Management 87: 387-397.

Jagtap, S. & S. Rahimifard (2019). Unlocking the
potential of the Internet of Things to improve
resource efficiency in food supply chains.
Innovative Approaches and Applications for
Sustainable/Rural Development, Crete, Greece,
Springer Earth System Sciences.

Jambrak, A et. al (2019). “Impact of Novel
Nonthermal Processing on Food Quality:
Sustainability, Modelling, and Negative
Aspects.” Journal of Food Quality (Special Issue).

39



| Fight Food Waste CRC

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

40

Jedermann, R et. al (2014). “Reducing food losses
by intelligent food logistics.” Philosophical
Transactions of the Royal Society 372:
20130302.

Jevinger, A., M. Géransson & K. Bath (2014). A field
test study on a dynamic shelf life service for
perishables. 26th Conference of the Nordic
Logistics Research Network: NOFOMA 2014.
Copenhagen, Malmo University.

Joardder, M., S. Mandal & M. Masud (2018).
“Proposal of a solar storage system for
plant-based food materials in Bangladesh.”
International Journal of Ambient Energy 41(14):
1664-1680.

Joubert, L. (2019). An investigation to evaluate the

Kurek, M et. al (2018). “Development and evaluation
of a novel antioxidant and pH indicator
film based on chitosan and food waste
sources of antioxidants.” Food Hydrocolloids
84(November): 238-246.

Kuswandi, B. (2017). Freshness sensors for food
packaging. Reference Module in Food Science.
Online, Elselvier.

Kuswandi, B. & J. Jumina (2020). Active and
intelligent packaging, safety, and quality
controls. Fresh-Cut Fruits and Vegetables. M.
Wasim Siddiqui. Amsterdam, Academic Press:
243-294.,

Kutz, M. (2019). Handbook of Farm, Dairy and Food
Machinery Engineering. London, Academic

impact of quality-controlled logistics on food
waste and food quality with the assistance
of Internet of Things. Master of Engineering,
Stellenbosch University.

Jung, S. & C. Tonello-Samson (2018). High
hydrostatic pressure food processing: potential
and limitations. Alternatives to Conventional
Food Processing. A. Proctor. UK, The Royal
Society of Chemistry: 251-315.

Kaczmarek, M., S. Avery & I. Singleton (2019).
Microbes associated with fresh produce:
Sources, types and methods to reduce spoilage
and contamination. Advances in Applied
Microbiology. Cambridge, Academic Press: 29-
82.

Kalpana, S et. al (2019). “Intelligent packaging:
Trends and applications in food systems.”
Trends in Food Science and Technology
93(November): 145-157.

Kamilaris, A., A. Fonts & F. Prenafeta-Boldf
(2019). “The rise of blockchain technology in
agriculture and food supply chains.” Trends in
Food Science & Technology 91: 640-652.

Kiryukhin, M et. al (2018). “A membrane film sensor
with encapsulated fluorescent dyes towards
express freshness monitoring of packaged
food.” Talanta 182(May): 187-192.

Kouhizadeh, M., Q. Zhu & J. Sarkis (2019).
“Blockchain and the circular economy: potential
tensions and critical reflections from practice.”
Production Planning & Control 31(11-12): 950-
966.

Kumari, L et. al (2015). “Application of RFID in
agri-food sector.” Trends in Food Science &
Technology 43: 144-161.

Press.

Leib, E et. al (2016). Consumer perceptions of date
labels: National survey. safety. 23: 19.

Lezoche, M et. al (2020). “Agri-food 4.0: a survey
of the supply chains and technologies for the
future agriculture.” Computers in Industry 117:
103187.

Licciardello, F. (2017). “Packaging, blessing in
disguise. Review on its diverse contribution to
food sustainability.” Trends in Food Science &
Technology 65(July): 32-39.

Limbo, S. & A. Khaneghah (2015). Active packaging
of foods and its combination with electron
beam processing. Electron Beam Pasteurization

and Complementary Food Processing
Technologies. S. D. Pillai and S. Shayanfar. UK,
Woodhead Publishing: 195-217.

Lipinska, M., M. Tomaszewska & D. Kotozyn-
Krajewska (2019). “Identifying Factors
Associated with Food Losses during
Transportation: Potentials for Social Purposes.”
Sustainability 11(7): 2046.

Léopez-Gémez, A et. al (2015). “Radiofrequency
Identification and Surface Acoustic Wave
Technologies for Developing the Food
Intelligent Packaging Concept.” Food
Engineering Reviews 7(1): 11-32.

Lépez-Pedrouso, M et. al (2019). Green technologies
for food processing: Principal considerations.
Innovative thermal and non-thermal
processing, bioaccessibility and bioavailability
of nutrients and bioactive compounds. F. Barba,
J. Saraiv, G. Cravotto and J. Lorenzo. Duxford,
Woodhead Publishing: 55-104.

Lu, S. Y. Gu & R. Predko (2015). How to Assess
Risks in Weak Links in Cold Chain Distribution
Process? Masters, Linnaeus University.

Lu, M. & N. Wang (2017). Spoilage of milk and dairy
products. The Microbiological Quality of Food.
A. Bevilacqua, M. R. Corbo and M. Sinigaglia.
Amsterdam, Woodhead Publishing: 151-178.

Luki¢, R. & D. Kljenak (2014). “Retail food waste
management.” Management Research and
Practice 6(4): 23-39.

Lurie, S. (2018). Heat Treatments for Enhancing
Storability of Fruits and Vegetables. Emerging
Postharvest Treatment of Fruits and Vegetables.
K. Barman, S. Sharma and M. Wasim Siddiqui.
Oakville, Apple Academic Press.

Madsen, P et. al (2016). Food waste and date
labelling: Issues affecting the durability. norden.
Denmark, Nordic Council of Ministers.

Manzocco, L et. al (2016). “Technological and
consumer strategies to tackle food wasting.”
Food Engineering Reviews 8: 457-467.

Marcos, B., C. Bueno-Ferrer & A. Fernndez (2016).
Innovations in packaging of fermented
food products. Novel Food Fermentation
Technologies. K. Shikha Ojha and B. K. Tiwari.
Switzerland, Springer: 311-333.

Martindale, W., T. Finnigan & L. Needham (2014).
Current concepts and applied research in
sustainable food processing. Sustainable Food
Processing. Chichester, UK, John Wiley & Sons:
9-38.

Meghwal, M. & M. Goyal (2017). Developing
Technologies in Food Science: Status,
Applications, and Challenges. Oakville, Canada,
Apple Academic Press.

Mercier, S et. al (2017). “Time-Temperature
management along the food cold chain: A
review of recent developments.” Comprehensive
Reviews in Food Science and Food Safety 16:
647-667.

Mercier, S. & I. Uysal (2018). “Neural network models
for predicting perishable food temperatures
along the supply chain.” Biosystems
Engineering 171: 91-100.

Miranda, J et. al (2019). “Sensing, smart and
sustainable technologies for Agri-Food 4.0.”
Computers in Industry 108(June): 21-36.

Muthukumarappan, K., C. Marella & V. Sunkesula
(2019). Food Freezing Technology. Handbook of
Farm, Dairy and Food Machinery Engineering.
M. Kutz. London; San Diego; Cambridge; Oxford,
Academic Press: 389-415.

Nastasijevié, I, B. Laki¢evi¢ & Z. Petrovi¢ (2017).
Cold chain management in meat storage,
distribution and retail: A review. 59th
International Meat Industry Conference
MEATCON2017, Zlatibor, Serbia, IOP Publishing.

| Section 05

Nayik, G. & K. Muzaffar (2014). “Developments in
packaging of fresh fruits-shelf life perspective: A
review.” American Journal of Food Science and
Nutrition Research 1(5): 34-39.

Ndraha, N et. al (2018). “Time-temperature abuse
in the food cold chain: Review of issues,
challenges, and recommendations.” Food
Control 89((July)): 12-21.

Neetoo, H. & H. Chen (2014). Alternative food
processing technologies. Food Processing:
Principles and Applications. S. Clark, S. Jung
and B. Lamsal. Chichester, Wiley Blackwell: 137-
1609.

Neff, R et. al (2019). “Misunderstood food date
labels and reported food discards: A survey of
US consumer attitudes and behaviors.” Waste
Management 86(March): 123-132.

Appendix

Noor Hasnhan, N. & Y. Yusoff (2018). Short review:
Application Areas of Industry 4.0 Technologies
in Food Processing Sector. 2018 IEEE Student
Conference on Research and Development
(SCOReD). Selangor, Malaysia, IEEE: 1-6.

Nura, A. (2018). “Advances in food packaging
technology-a review.” Journal of Postharvest
Technology 6(4): 55-64.

Otoni, C. G et. al (2016). “Trends in antimicrobial
food packaging systems: Emitting sachets and
absorbent pads.” Food Research International
83(May): 60-73.

Pal, A. & K. Kant (2020). “Smart sensing,
communication, and control in perishable food
supply chain.” ACM Transactions on Sensor
Networks (TOSN) 16(1): Article 12.

Paliyath, G et. al (2019). Postharvest Biology and
Nanotechnology. Chichester, UK, John Wiley &
Sons, Inc.

41



| Fight Food Waste CRC

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

42

Patsea, E. (2018). Packaging Design for Cheddar
Cheese based on marketing, logistics &
environmental criteria. Master of Science in
Strategic Product Design, International Hellenic
University.

Pauer, E et. al (2019). “Assessing the Environmental
Sustainability of Food Packaging: An Extended
Life Cycle Assessment including Packaging-
Related Food Losses and Waste and Circularity.”
Sustainability 11(3): 925.

Pongener, A. & B. Mahajan (2017). Advances in
packaging of fresh fruits and vegetables.
Postharvest Management of Horticultural
Crops: Practices for Quality Preservation. M.
W. Siddiqui and A. Ali. Oakville, Canada, Apple
Academic Press, Inc.: 232-263.

Poyatos-Racioneroa, E et. al (2018). “Recent
advances on intelligent packaging as tools
to reduce food waste.” Journal of Cleaner
Production 172: 3398-3409.

Pullen, T. (2015). Anaerobic Digestion-Making
Biogas-Making Energy: The Earthscan Expert
Guide. Oxon; New York, Routledge.

Raak, N et. al (2017). “Processing-and product-
related causes for food waste and implications
for the food supply chain.” Waste Management
61(March): 461-472.

Radusin, T et. al (2019). “Preparation,
characterization and antimicrobial properties of
electrospun polylactide films containing Allium
ursinum L. extract.” Food Packaging and Shelf
Life 21: 100357.

Ramirez, C. & K. Peters (2018). Extraction
Techniques for Food Processing. UK, Ed Tech
Press.

Ramrez-Faz, J et. al (2020). “Monitoring of
Temperature in Retail Refrigerated Cabinets
Applying loT Over Open-Source Hardware and
Software.” Sensors 20(3): 846.

Realini, C. & B. Marcos (2014). “Active and intelligent
packaging systems for a modern society.” Meat
Science 98(3): 404-419.

Rolnick, D et. al (2019). Tackling Climate Change
with Machine Learning, arXiv. URL: https://arxiv.
org/abs/1906.05433

Roos, Y et. al (2015). “Food engineering at multiple
scales: case studies, challenges and the future
European perspective.” Food Engineering
Reviews 8:91-115.

Rossaint, S. & J. Kreyenschmidt (2015). “Intelligent
label - a new way to support food waste
reduction.” Proceedings of the Institution
of Civil Engineers - Waste and Resource
Management 168(2): 63-71.

Saeed, F et. al (2019). Use of Natural Antimicrobial
Agents: A Safe Preservation Approach. Active
Antimicrobial Food Packaging. I. Var and S.
Uzunlu. London, IntechOpen Ltd: 7-24.

Safferman, S et. al (2017). “Resources from
Wastes: Benefits and Complexity.” Journal of
Environmental Engineering 143(11): 03117005.

Salim, N et. al (2016). “Application and the Techno-
Economical Aspects of Integrated Microwave
Drying Systems for Development of Dehydrated
Food Products.” Japan Journal of Food
Engineering 17(4): 139-146.

Samsudin, H. & N. Hani (2017). Use of Starch in
Food Packaging. Starch-Based Materials in Food

Packaging: Processing, Characterization and
Applications. M. Villar, S. Barbosa, M. Garcia, L.
Castillo and O. Lépez. London, Academic Press:
229-256.

Sarc, R et. al (2019). “Digitalisation and intelligent
robotics in value chain of circular economy
oriented waste management - A review.” Waste
Management 95: 496-492.

Sarghini, F,, F. Erdogdu & R. Accorsi (2019).
Designing advanced food packaging systems
and technologies through modelling and
virtualization. Sustainable Food Supply
Chains: Planning, Design, and Control through
Interdisciplinary Methodologies. R. Accorsi and
R. Manzini. London, Academic Press.

Saxena, A. (2016). Developing Technologies in Food

Science: Status, Applications, and Challenges.
Master of Science (MS) Thesis, Purdue University.

Schmidt, C. & S. Wagner (2019). “Blockchain and
supply chain relations: A transaction cost theory
perspective.” Journal of Purchasing and Supply
Management 25(4): 100552.

Schmidt Rivera, X et. al (2019). “Aiding the design
of innovative and sustainable food packaging:
integrating techno-environmental and circular
economy criteria.” Energy Procedia 161: 190-
197.

Schumann, B. & M. Schmid (2018). “Packaging
concepts for fresh and processed meat -
Recent progresses.” Innovative Food Science &
Emerging Technologies 47: 88-100.

Scognamiglio, V et. al (2016). Application of
biosensors for food analysis. Food Safety:
Innovative Analytical Tools for Safety
Assessment. U. G. Spizzirri and G. Cirillo. Beverly,
Scrivener Publishing: 395-434.

Selamawit, G. (2018). Development of Integrated
Lean Six Sigma-Baldrige Framework for
Manufacturing Waste Minimization:(A Case of
NAS Foods Plc.) Thesis, Addis Ababa University.

Shah, S. & A. Ververi (2018). Evaluation of Internet
of Things (IoT) and its Impacts on Global Supply
Chains. 2018 IEEE International Conference
on Technology Management, Operations and
Decisions (ICTMOD), IEEE.

Shirmohammadi, M. (2014). Process modelling
and simulation of tissue damage during
mechanical peeling of pumpkin as a tough
skinned vegetable. Doctor of Philosophy Thesis,
Queensland University of Technology.

Silberbauer, A. & M. Schmid (2017). “Packaging
concepts for ready-to-eat food: recent progress.
Journal of Packaging Technology and Research
1:113-126.

»

Simms, CV et. al (2020). “Barriers to the adoption
of waste-reducing eco-innovations in the
packaged food sector: A study in the UK and
the Netherlands.” Journal of Cleaner Production
244:118792.

Singh, S., K. Gaikwad &Y. Lee (2018). “Anthocyanin
- A natural dye for smart food packaging
systems.” Korean Journal of Packaging Science
& Technology 24(3): 167-180.

Siracusa, V. & N. Lotti (2019). Intelligent packaging
to improve shelf life. Food Quality and Shelf Life.
C. Galanakis. London, Academic Press: 261-264.

Skinner, G. (2015). Smart labelling of foods and
beverages. Advances in Food and Beverage
Labelling: Information and Regulations. P.
Berryman. Cambridge, Woodhead Publishing:
191-205.

Stergiou, F. (2018). “Effective management and
control of the cold chain by application of
time temperature indicators (TTls) in food
packaging.” Journal of Food and Clinical
Nutrition 1(1): 12-15.

Sundmaeker, H et. al (2016). Internet of food and
farm 2020. Digitising the Industry: Internet
of Things Connecting the Physical, Digital
and VirtualWorlds. O. Vermesan and P. Friess.
Denmark, River Publishers. 49: 129-151.

Taoukis, P. & T. Tsironi (2016). Smart packaging for
monitoring and managing food and beverage
shelf life. The Stability and Shelf Life of Food.
P. Subramaniam. Amserdam, Woodhead
Publishing: 141-168.

Taoukis, P et. al (2016). Food cold chain
management and optimization. Emerging and
Traditional Technologies for Safe, Healthy and
Quality Food. V. Nedovi¢, P. Raspor, J. Levi¢, V. T.
Saponjac and G. V. Barbosa-Canovas, Springer:
285-3009.

Thompson, B et. al (2018). “The effect of date labels
on willingness to consume dairy products:
Implications for food waste reduction.” Waste
Management 78: 124-134.

Thor, N. (2017). Using Computer Vision Technigues
to Build a Predictive Model of Fruit Shelf-life.
Master of Science in Industrial Engineering
Thesis, California Polytechnic State University.

Thota, M et. al (2020). Multi-Source Deep Domain
Adaptation for Quality Control in Retail Food
Packaging. arXiv preprint. Online, arXiv.

Tichoniuk, M. (2019). The Potential of Intelligent
Packaging in the Reduction of Food
Waste. Commodity science and research
- Management and quality science in the
face of sustainable development challenges.
R. Salerno-Kochan. Radom, Poland, Sie¢
Badawcza tukasiewicz - Instytut Technologii
Eksploatacji: 121-130.

Tiwari, B. K., T. Norto & N. M. Holden (2014).
Sustainable Food Processing. Oxford, Wiley
Blackwell.

Tiwary, A et. al (2015). “Emerging perspectives on
environmental burden minimisation initiatives
from anaerobic digestion technologies for
community scale biomass valorisation.”
Renewable and Sustainable Energy Reviews 42:
883-901.

Tolesa, G. N. (2018). Modelling of Micro-
environment Inside Evaporatively and Coolbot
Cooled Stores Using Computational Fluid
Dynamics Models and Changes in Quality
of Stored Tomatoes. Doctor of Philosophy in
Agricultural Engineering Thesis, University of
KwaZulu-Natal.

Toma, L., M. Font & B. Thompson (2017). “Impact of
consumers’ understanding of date labelling on
food waste behaviour.” Operational Research
International Journal 20: 543-560.

| Section 05

Appendix

43


https://arxiv.org/abs/1906.05433
https://arxiv.org/abs/1906.05433

| Fight Food Waste CRC

Opportunities for packaging
and processing machinery and
technologies to tackle food waste

44

Trabold, T. A. & C. W. Babbitt, Eds. (2018).
Sustainable Food Waste-to-Energy Systems.
London; San Diego; Cambridge; Oxford,
Academic Press.

Tsang, Y et. al (2019). “Production of bioplastic
through food waste valorization.” Environment
International 127: 625-644.

Tsironi, T. & P. Taoukis (2018). “Current practice
and innovations in fish packaging.” Journal of
Aquatic Food Product Technology 27(10): 1024-
1047.

Turatti, A. (2016). Process Design and Equipment
for Fresh-Cut Fruit and Vegetable Industry.
Fresh-Cut Fruits and Vegetables: Technology,
Physiology and Safety. S. Pareek. Boca Raton,
CRC Press: 139-190.

Van Boxstael, S et. al (2014). “Understanding and
attitude regarding the shelf life labels and
dates on pre-packed food products by Belgian
consumers.” Food Control 37: 85-92.

Van Rooyen, L et. al (2018). “The effect of
temperature during retail display on the colour
stability of CO pretreated vacuum packaged
beef steaks.” Meat Science 145: 16-22.

Vanderroost, M. et. al (2017). “The digitization of a
food package’s life cycle: Existing and emerging
computer systems in the pre-logistics phase.”
Computers in Industry 87: 1-14.

Vanderroost, M et. al (2014). “Intelligent food

packaging: The next generation.” Trends in Food

Science & Technology 39: 47-62.

Verma, Met. al (2019). “A systems approach to food
loss and solutions: understanding practices,

causes, and indicators.” Sustainability 11(3): 579.

Vermeulen, A, F. Devlieghere & P. Ragaert (2018).
Optimal packaging design and innovative
packaging technologies for minimally
processed fresh produce. Quantitative Methods

for Food Safety and Quality in the Vegetable
Industry. F. Pérez-Rodriguez, P. Skandamis and
V. Valdramidis. Cham, Switzerland, Springer.

Walz, E., V. Graf & R. Greiner (2017). Potential
Economic Impact of Engineered Nanomaterials
in Agriculture and the Food Sector.
Nanotechnology in Agriculture and Food
Science. M. Axelos and M. Van de Voorde.
Weinheim, Germany, Wiley-VCH: 363-376.

Wang, P et. al (2019). “Metal-Organic Frameworks
for Food Safety.” Chemical Reviews 119: 1063-
10690.

Wang, L., Z. Wu & C. Cao (2019). “Technologies
and Fabrication of Intelligent Packaging for
Perishable Products.” Applied Sciences 9: 4858.

Wang, J et. al (2018). “Smart storage technologies
applied to fresh foods: A review.” Critical
Reviews in Food Science and Nutrition 58(16):
2689-2699.

Werner, B., J. Koontz & J. Goddard (2017). “Hurdles
to commercial translation of next generation
active food packaging technologies.” Current
Opinion in Food Science 16: 40-48.

Westerbrand Martinez, D. (2018). Nanosilver-
enabled Food Storage Containers: A case study
in sustainability. Master of Science in Civil
and Environmental Engineering, University of
Wisconsin-Madison.

Wilson, N et. al (2017). “Food waste: The role of date
labels, package size, and product category.”
Food Quality and Preference 55: 35-44.

Wilson, N., R. Miao and C. Weis (2018). “Seeing is
not believing: Perceptions of date labels over
food and attributes.” Journal of Food Products
Marketing 24(5): 611-631.

Wyrwa, J. & A. Barska (2017). “Innovations in the
food packaging market: Active packaging.”
European Food Research and Technology 243:
1681-1692.

Wyser, Y et. al (2016). “Outlook and challenges
of nanotechnologies for food packaging.”
Packaging Technology and Science 29: 615-648.

Yakavenka, V., D. Vlachos & D. Bechtsis (2018).
“Blockchain impact on food supply chains.”
MIBES Transactions 12(1): 221-228.

Yildirim, S. et. al (2018). “Active packaging
applications for food.” Comprehensive Reviews
in Food Science and Food Safety 17: 165-199.

Zareiforoush, H. et. al (2015). “A hybrid intelligent
approach based on computer vision and fuzzy
logic for quality measurement of milled rice.”
Measurement 66: 26-34.

Zeinstra, G., S. van der Haar & G. van Bergen
(2020). Drivers, barriers and interventions
for food waste behaviour change: a food
system approach. Wageningen, Netherlands,
Wageningen Food & Biobased Research.

Zhang, B. et. al (2019). “Assessment of carbon
footprint of nano-packaging considering
potential food waste reduction due to shelf life
extension.” Resources, Conservation & Recycling

149: 322-331.

Zhaoa, X. et. al (2019). “Consolidated cold and
modified atmosphere package system for fresh
strawberry supply chains.” LWT - Food Science
and Technology 109: 207-215.

Zheng, C., B. Peng & G. Wei (2020). “Operational
risk modelling for cold chain logistics system:
a Bayesian network approach.” Kybernetes
(ahead-of-print).

| Section 05

Appendix

45



fightfoodwastecrc.com.au

FIGHT FOOD WASTE

Cooperative Research Centre

ustralian Government

epartment of Industry, Science,

REDUCE - TRANSFORM - ENGAGE Energy and Resources

Business APPMA
\ 4

Cooperative Research
Centres Program

Australian Packaging and Processing
Machinery Association Limited

B RMIT

UNIVERSITY



