“Funded by the Erasmus+ Program of the European Union. However, European Commission and Turkish National Agency
cannot be held responsible for any use which may be made of the information contained therein”

Packaging Opportunities Training Material

“Best Innovative Approach to Minimize Post Harvest Losses within Food Chain for VET”
[POSTHARVEST]
2017-1-TR01-KA202-045709
2018

12.4. The effects of packaging on postharvest behaviour of fruits and vegetables.
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Course content

Outcomes

12.4.1. Packaging to reduce food losses



12.4.2. Types of packaging and packaging 
materials
12.4.3. Packaging Systems for Fresh Fruits and 

Vegetables

12.4.4. Packaging techniques for certain fruits



Understand the role of 
packaging to reduce food

losses
Learn packaging types at
various stages of food chain
(transport/consumer) and the
types of packaging materials
Learn
various
types
of
packaging systems and their
roles to protect the fresh fruits
and vegetables
Understand the effects of
various packaging systems on
the characteristics of fig,
grape, cherry and tomato.

Methods of
instruction
Interactive
lectures
Field trip

Field trip: Nearest packing house
Objective: to see the facilities of a packing house
to see the types of packing systems and packaging materials

Packaging to reduce food losses
•

Fresh fruit and vegetables are living products.

•

•

These products need oxygen to live.

•

This is because their metabolism remains active even
after harvesting.

•

The two most important processes in this are
respiration and transpiration.

In the case of respiration or breathing,
• the plants absorb oxygen and
• give off carbon dioxide, water and heat.
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O2

Heat
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•

In the case of transpiration, which also takes place during the growth process as
well as after harvesting, they only absorb oxygen.

•

The consequences are
• ripening,
• fermentation,
• discoloration and then
• finally spoilage due to decay of the cellular structure,
• the growth of mould and other undesirable microorganisms.

•

Many fruits and vegetables basically respire more quickly and can therefore spoil
more rapidly.

•

Others respire more slowly and can therefore be kept longer by themselves.

•

The frequency of respiration is however different and also depends on the
• season,
• environmental temperature,
• region or
• time of harvesting.

FOOD WASTE
1.3 billion tons/year

In the case of fruit and
vegetables, it is as much as
50 % of the cultivated crops

Losses in food supply chains of fresh
fruits and vegetables occur during
• harvesting,
• post-harvest handling and storage,
• processing stages,

• Distribution
• consumption

Reduction in these postharvest losses plays an important role in sustainably
feeding the world’s population in the future

Minimization of fresh fruits and vegetables losses is a critical issue
Improvements in postharvest technologies such as packaging systems are vital
• to minimize postharvest losses and
• to improve quality characteristics of fresh produce

Packaging solutions for minimizing food waste during post-harvest
Possible reasons for fresh fruits and vegetables losses

Potential packaging solutions

Bruising due to compression of overfilled packages




The use of shallow and smooth surface containers
Decrease in weight of the produce in container

Vibration injury during transportation (roller bruising)




Optimizing transport packaging for shipping
The use of restrainers, individual wrapping and cushioning

Impact injury



The use of rigid containers with cushioning of each product

Puncturing injury




The use of rigid containers with proper grips
The use of smooth containers and handling equipment

Water loss or wilting



The use of advanced packaging techniques such as MAP and active
packaging

Microbial growth



Combined treatment of MAP and irradiation

Inadequate ventilation



The use of packaging materials allowed respiration

Consumer behavior (excessive purchase)



Introducing smaller consumer packaging in the markets

Characteristics of a good package for fruits and vegetables
• It should occupy less space when empty. It will facilitate cost-effective
transportation of empty boxes and convenience in storage while not in
use, e.g. collapsible plastic crates and corrugated fibre board boxes.

• It should be easy to assemble, fill and close either by hand or by use of
a simple machine. Semi-skilled labour can also fill and close
comfortably.
• It must provide adequate ventilation and overall protection for contents
during transportation, storage and marketing.
• Its capacity and size should be designed according to the market
demands.

• It should have the proper dimensions and design which are suitable for
transport systems to prevent any vibration damage.

• It should be environment friendly,
reusable and biologically inactive.

• It should have sufficient strength in order
to protect the contents against physical injury
(impact, abrasion and vibrations) during
entire distribution chain.

• It should not damage while doing special treatments like precooling,
fumigation etc.
• It should be resistant to moisture and free from any sort of smell.
• It should have attractive shape, size and color and should have consumer
appeal.
• It should provide information desired by consumers

• It must be cost-effective in relation to the market value of the commodity and
the cost of packaging material.

Type of packaging materials
Choosing the packaging material depends on factors such as
• nature of the fresh product,
• bio-degradability,
• recyclability,
• shelf-life and
• sales appeal
Sacks
Sacks made from fibres are generally used to bring
the produce from the field. Commonly used fibres
are jute, cotton, plastic (e.g. polypropylene).

Wooden crates and boxes
Wooden crates and boxes are generally made from
poplar tree. Wooden containers were traditionally used
for the bulk transportation of fruit and vegetables to
marketplace.

Pallet boxes

There are many different size of pallet boxes, depending on the produce. The
standard size of a pallet is usually 1 × 1.2 m and about 0.5 m high. Capacity of
a pallet is about 500 kg. Pallets are generally made of wood and plastic.

Fibreboard boxes

Laminated or more commonly corrugated fibreboards are used for making
this kind of boxes. They are highly preferred in packaging due to the ease and
economics of manufacturing.

Plastic containers

They are usually made from high density polyethylene or polypropylene by
injection moulding. Plastic containers are more expensive than wooden crates
or carton boxes as they are stronger and more durable.

Flexible Plastic Films
Plastics may be made as flexible films to meet varied
marketplace demands. Plastic films can be made with
different polymers (polyvinyl chloride, polyethylene,
polypropylene and cellulose and polyester) with unique
properties such as mechanical, heat sealable and
barrier properties.

Shrink-film wraps
One of the newest packaging methods of fruit and
vegetables is the use of heat-shrinking films.
Shrink-film wraps are materials made up of
polymer
plastic
films(Linear
low-density
polyethylene or low density polyethylene) using
the molecular orientation method.

Packaging Systems for Fresh Fruits and Vegetables

Flow Pack Packaging Systems
Full automatic flow pack systems can
work with different packaging materials
(film) and have horizontal or vertical
operation options at different speeds
and capacities. In flow pack system the
result is a flexible package.

Example of horizontal flow packed
machinery

Examples of packed
products

Thermoforming packaging of fruits and vegetables
Thermoforming is a plastic molding process in
which a thermoformable material (a sheet
of Polystyrene (HIPs), Polypropylene or similar
plastic sheet or film) is heated and the sheet is
then pulled down over a solid mold to obtain
the desired shape
Thermoformed packages
examples
Examples of packed products
Tray-sealing packaging of Fruits and vegetables
In tray-sealing system after the
product is filled into the trays, the
rigid trays are transported in a closed
chamber in which air extraction and
gas flushing is done. They are
generally used in MAP and vacuum
packaging of fresh fruits and
vegetables.

Stretch Film Wrapping of Fruits and vegetables
Stretch films are stretchable plastic films that can be wrapped around the
fruits and vegetables which are hold in a preformed or foam trays. A
stretchable film must stretch, retain its elasticity, and cling to the
packages and itself when wrapped in layers. It forms a compact, durable,
flexible, moisture-proof covering.

Advanced packaging systems
Appropriate packaging materials and advanced packaging systems need
to be developed to reduce post-harvest losses and increase the shelf life
of fresh fruit vegetables. Actually there are various advanced packaging
systems available for the fresh fruits and vegetables packaging.

• Modified atmosphere packaging (MAP),
• Active packaging
• Smart (intelligent) packaging
• Biodegredable packaging

Modified atmosphere packaging (MAP)
MAP is a packaging concept based on modified the normal composition of air
surrounding the product in the package. Shelf life of fresh fruits and
vegetables is prolonged with the help of MAP by controlling levels of oxygen
and carbon dioxide within the packaged products. It slows the spoilage of
fresh fruits and vegetables

Mechanism of MAP for fresh produces (source: Belay et al. 2016)

MAP should be carefully designed in order to prolong the shelf life of fresh
fruits and vegetables otherwise it can be ineffective or even causes adverse
effects on the shelf life. For instance, it is advisable to keep MAP-applied
products at low temperatures (usually from (-1) to (+7) oC).

Factors affected design of MAP (source: Arvanitoyannis, 2012)

The benefits of MAP can be summarized as follows:
• Preserving nutritional quality, phytochemical compounds, attractive
color and sensory characteristics of packaged products.
• Improving moisture retention (minimize water loss).

• Protecting from chilling injury, decay and microbial spoilage,
delaying enzymatic browning reactions.
• Providing centralized packaging and portion control
• Reducing respiration rate and ethylene production.
• Isolating the product from the external environment and thus
reducing exposure to pathogens and contaminants
• Little or no need for chemical preservatives

In the MAP technique, the modification of the ambient atmosphere is
performed in two ways,
passive and active.
In passive MAP, respiration rate of fresh produce and permeability of the
packaging material are the most important parameters. The desired
atmosphere develops naturally as a result respiration of fresh produce and
the diffusion of gases through the film.
In case of active MAP, the gases in the package are replaced with a desired
mixture of gases. Suitable gas composition inside package depends on type
of fruit and vegetables. However, gas composition ranging from 2-5% O2
and 3–8% CO2 are generally recommended for MAP treatment of fruits and
vegetables.

Examples of MAP products

Plastic film bags used in MAP of fresh fruits and vegetables are generally
made from by-products in mineral oil refining industry. Flexible plastic
packaging materials comprise nearly 90% of the materials used in MAP.
These materials provide suitable permeability to gases and water vapor
and the strength needed for MAP.

The most common polymers used in MAP application are;
• polyamide (PA)
• polyethylene (PE)
• low density polyethylene (LDPE)
• linear low density polyethylene (LLDPE)
• polyethylene terephthalate (PET)
• polypropylene (PP, oriented polipropilen (OPP))
• polyester (PES)
• polystyrene (PS)
• polyvinylchloride (PVC)
• ethylene vinyl alcohol (EVOH)

The shelf life of the packaged products can be extended by 50–200% by
using well-designed MAP.

Fresh produce

Shelf-life in MAP
30-40 days

Shelf-life in natural
atmosphere
7-14 days

28 days

Less than 14 days

7 days

4 days

60 days

30 days

Cherry

Reference
Padilla-Zakour et
al., 2007
Alturki, 2013

Fig
Grape
Tomato

Deshpande and
Shukla, 2006
Batu and
Thompson, 1998

Shelf life of certain fresh produce in MAP vs. natural atmosphere

Active packaging

It refers to the incorporation of certain additives into packaging film or
within packaging containers with the aim of maintaining and extending
product shelf life.
Extra features are added to the packaging material used as a barrier in
protecting the product from external factors. It is very efficient technique
for fresh fruits and vegetables packaging due to providing better packing
characteristics.

Inactive PET packaging (A) and antimicrobial PET packaging (B) of peaches
(source: http://artibal.com/active-packaging/)

Active packaging systems are divided into two groups based on working
principles; absorb (scavengers) or release (emitters). Edible coatings are also
considered as an active packaging system.
Examples to active packaging systems used for fruits and vegetables
Active packaging
system
Edible Coatings

Description

Potential impact on losses

Based on a range of proteins, lipids,
polysaccharides and their composites

Ethylene Absorbers

Chemical reagents that can absorb
ethylene
Usage form: polymer films or sachets

They create physical barriers on the
produce surface (rather than external
packaging) thereby providing protection
against moisture loss and reducing
decay.
They delay ripening of fruits and
vegetables and thereby extending the
shelf life of fresh fruit and vegetable.

Ethanol Emitters

Substances which emit ethanol vapor
Usage form: Sachet

Oxygen Absorbers

Substances that remove oxygen from a
closed package.
Usage form: Sachet, cap, label or film

They prevent microbial growth due to
water activity reduction and
antimicrobial effect of ethanol and
provide longer shelf life.
Oxygen accelerates degradation of food
by causing off-flavor, color change,
nutrient loss and microbial growth
(bacteria and fungi). Removing oxygen
slows the degradation process and
extends the shelf life of the fresh
produce.

(Continued)
Active packaging
system

Description

Potential impact on losses

Humidity Absorbers
(Regulators)

Substances that can control excess
moisture in packed fruits or vegetables
Usage form: Sachet or film

Carbon Dioxide
Absorbers

Substances that absorb excess carbon
dioxide produced during storage
Usage form: Sachet

Carbon Dioxide
Emitters

Substances that release carbon dioxide
within packed fresh fruits and vegetables
Usage form: Pad

They control ripening of fruits and
vegetables and decrease microbial
growth.

Flavor/Odor
Scavengers

Bioactive compounds that absorb
unpleasant odors
Usage form: Film and sachet
The use of antimicrobial agents such as
silver zeolite, organic acids and their salts

They reduce bitterness in the fruits and
thus improve flavor.

Antimicrobial Agents

They create the conditions that are less
favorable for microorganisms growth,
reducing water activity on surface of
fresh produce.
Excess carbon dioxide can cause swelling
of packaging or even packaging
explosion. Removal of excess carbon
dioxide prevents fresh product damage.

They reduce microbial growth in fruit and
vegetables and extend product shelf life.

Smart (Intelligent) Packaging
Smart packaging, also known as intelligent packaging can be defined as a
packaging system contain indicators used for monitoring movement,
condition and quality of packaged fresh produce along the supply chain. It
provides better control of quality and safety of fresh produce. Moreover, this
packaging concept has a communicative function, so as to assist consumers
in making purchasing decisions.

Biodegradable packaging
The use of natural biodegradable products as an alternative to synthetic
chemicals has shown remarkable improvements in terms of maintaining
quality of fresh fruits and vegetables and extending their shelf life.

Biodegradable packaging is referred to packaging materials that can
decompose into natural elements by the action of living organisms after
disposal. They are generally produced from biological renewable raw
materials. Films with variable moisture permeability and CO2-O2 selectivity
can be produced using biological renewable raw materials.

Example of biodegradable packaging applications for fresh tomato
(source: http://www.bio-lutions.com/about)

The biodegradable polymers that have found commonly application in
fruits and vegetables packaging are
• starch,
• cellulose,
• protein,
• chitosan,
• polycaprolactone (PCL),
• poly(lactic acid) (PLA) and
• polyhydroxybutyrate (PHB) (Siddiqui et al., 2018).

The combination of biodegradable packaging materials and advanced
packaging systems (e.g. MAP, active packaging) both extends the shelf life
of fruits and vegetables and also reduces potential packaging waste.
Therefore, this combination can be considered an ideal packaging system
for fresh fruits and vegetables.

Conclusions and Recommendations
Training material prepared served the information regarding to the postharvest losses of
fruits and vegetables and also the importance of packaging systems to minimize the losses
during postharvest stages. In this respect, it can be concluded with the following
recommendations that;
•
•

Fresh fruits and vegetables have the highest loss ratio of any food products.
The main reasons of the fresh produce losses are

• harsh handling,
• improper packaging,
• mode of transportation,
• lack of cold chain and
• unhygienic storage conditions.

•

Packaging plays an important role in reducing post-harvest losses.

Conclusions and Recommendations Continued

• The use of proper packaging materials protects the produce from mechanical
damages.
• Rigid containers should be preferred over traditional packaging materials that are
unable to provide adequate protection for fresh produces.
• The number of modern packhouse should be increased.
• Advanced packaging systems should be utilized to extend short shelf life of fresh
fruit and vegetables and in order to maintain marketable quality for a long period.
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