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ABSTRACT 

Fruit and Vegetables undergo both contact and impact stress due to material handling as well as through 

improper packaging in transport. Furthermore, produce display systems can cause additional damage 

through poor respiration leading to; low heat dissipation, lack of oxygen or air flow, and an increase in 

carbon dioxide around fruit and in the case of fruits such as bananas, ethylene gas collecting around 

produce. These factors collectively influence an increase in decay and fermentation which subsequently 

results in enzymatic browning and poor taste quality. The purpose of this study is to monitor shelf life in 

relation to fruit color and texture in two standardized produce containers compared to a new airwave 

design.  

THEORETICAL BACKGROUND 

Enzymatic browning affects the color, flavor, and 

nutritional value of foods, causing huge 

economic loss when not sold to consumers on 

time.  

It is estimated that more than 50% of produce is 

lost as a result of enzymatic browning.  
(Kaanane, A.; Labuza, T. P. (1989-01-01). "The Maillard reaction in foods". Progress in 

Clinical and Biological Research. 304: 301–327. ISSN 0361-7742. PMID 2675033.) 

 

The increase in human population and 

consequential depletion in our natural resources 

has prompted many biochemists and food 

engineers alike to find new and improved 

techniques to preserve food longer, by using 

methods to inhibit the browning reaction, and 

increase the shelf life of all foods.  

The control of browning is one of the most 

important issues in the food industry, as color is 

a significant attribute of food which influences 

consumer decision and brown foods (especially 

fruits) are perceived as spoiled.  

Several methods can be applied to avoid 

enzymatic browning, based on inactivating the 

enzyme (heat) or by removing essential 

components (most often oxygen) from the 

product. 

Various historical techniques have been used to 

minimize the impact of enzymatic browning and 

to preserve the life of produce in general.  

It is important to note that all industry 

marketed  methodologies are performed in a 

pre-produce display environment. There are 

presently no new technologies available for 

post-produce display with the exception of the 

new airwave technology design. 

Examples of previous methodologies are as 

follows;  

1. Blanching is a short heat treatment to 

destroy or inactivate enzymes before 

freezing of products (mainly vegetables);  

2. Refrigeration and chilling are used to 

prevent spoilage of vegetables and fruits 

during distribution and retailing;  

3. Like refrigeration, freezing inhibits, but 

does not inactivate the enzyme. After 

thawing, the enzyme activity will 

resume;  

4. Lowering of the pH to 4.0 through the 

addition of citric, ascorbic or other acids 

inhibits the enzyme activity; 

Dehydration is caused by the removing 

water molecules from the product. The 

PPO enzyme (polyphenol oxidase) needs 
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sufficient water to be active. By drying 

the enzyme is inhibited, but not 

destroyed. To avoid flavour and quality 

loss, dehydration should not involve 

heat;  

5. Irradiation, or as it is sometimes called 

"cold pasteurization", is a process in 

which food is submitted to ionized 

radiation in order to kill bacteria and 

reduce the enzyme activity;  

6. High pressure treatment also called High 

Pressure Processing (HPP) is a technique 

of food processing where food is 

subjected to elevated pressures (500-

700 atmosphere) to achieve microbial 

and enzyme inactivation. High pressure 

processing causes minimal changes in 

foods. Compared to thermal processing, 

HPP results in foods with fresher taste, 

and better appearance, texture and 

nutrition. High pressure processing 

without heat eliminates thermally 

induced cooked off-flavours;  

7. Addition of inhibitors acting directly on 

the enzyme, removing the substrate like 

oxygen or phenolic compounds or 

changing the product composition;  

8. Ultrafiltration is a membrane separation 

process, driven by a pressure gradient. 

The membrane separates liquid 

components according to their size and 

structure. In the food industry this 

technique is for example applied to 

white wine and fruit juices. 

Ultrafiltration is able to remove larger 

molecules like polyphenol oxidase,        

but not lower-molecular-weight 

components like polyphenols;  

9. Ultra sonication is an advanced method 

to inactivate enzymes. Ultrasonic sound 

waves are able to destroy large 

molecules by liberating highly reactive 

radicals from water. It is not yet applied 

on a large scale;  

10. Supercritical carbon dioxide (fluid 

carbon dioxide at high pressure) 

treatment is mostly applied to destroy 

micro-organisms but can also be applied 

for enzyme inactivation, especially for 

inactivation of PPO in shrimps, lobsters 

and potatoes. Inactivation of the 

enzyme is a result of a decrease in pH 

caused by production of carbonic acid 

from carbon dioxide. 

Fresh fruits and vegetables and similar produce 

are live and as with all living products respire, 

i.e. the process by which oxygen from the air 

combines with the organic material of the 

produce to form, ultimately, water and carbon 

dioxide. The by-product of this chemical 

reaction being energy released as heat. 

The industry present post produce display 

devices have air ventilation but are constructed 

of wood or hard plastic resulting in high impact 

severity and contact stress. Furthermore, due to 

the flat construction of these devices, when 

these produce carry crates are placed on 

standard fixed shelving they lose their ability to 

maintain appropriate air flow.  

Respiration and Transpiration 

Evaporation which occurs at the product surface 

is an endothermic process which will cool the 

surface, thus lowering the vapor pressure at the 

surface and reducing transpiration. Respiration 

within the fruit or vegetable, on the other hand, 

tends to increase the product's temperature, 

thus raising the vapor pressure at the surface 

and increasing transpiration. 

Respiration 

Fresh fruits and vegetables and similar produce 

are live and as with all living products respire, i.e. 

the process by which oxygen from the air 

combines with the organic material of the 

produce to form, ultimately, water and carbon 

dioxide. The by-product of this chemical reaction 

being energy released as heat.  

The rate at which fruits and vegetables produce 

heat varies, some have high rates of respiration 

and they require more refrigeration to maintain 

an optimum carriage temperature than those 
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which respire more slowly. The rates of 

respiration are determined by temperature and 

as before noted for every 10C rise in 

temperature the rates may be doubled or in 

some instances tripled. Oxygen from the air 

breaks down carbohydrates in the plant into 

carbon dioxide and water. This reaction 

produces energy in the form of heat. Respiration 

is a basic reaction of all plant material, both in 

the field and after harvest. It is a continuing 

process in the growing plant as long as the leaves 

continue to make carbohydrates, and cannot be 

stopped without damage to the growing plant or 

harvested produce. 

Fresh produce cannot replace carbohydrates or 

water after harvest. Respiration uses stored 

starch or sugar and will stop when reserves of 

these are exhausted; ageing follows and the 

produce dies and decays. 

Effect of air supply on respiration 

Respiration depends on a good air supply. Air 

contains about 20 percent of the oxygen 

essential to normal plant respiration, during 

which starch and sugars are converted to carbon 

dioxide and water vapour. When the air supply is 

restricted and the amount of available oxygen in 

the environment falls to about 2 percent or less, 

fermentation begins and respiration ends. 

Fermentation breaks down sugars to alcohol and 

carbon dioxide, and the alcohol produced causes 

unpleasant flavours in produce and promotes 

premature ageing. 

The effect of carbon dioxide on respiration 

Poor ventilation of produce caused by restricted 

air supply leads also to the accumulation of 

carbon dioxide around the produce. When the 

concentration of this gas rises to between I and 

5 percent in the atmosphere, it will quickly ruin 

produce by causing bad flavours, internal 

breakdown, failure of fruit to ripen and other 

abnormal physiological conditions. Thus, the 

proper ventilation of produce is essential. 

 

Transpiration, or the loss of water 

Most fresh produce contains from 65 to 95 

percent water when harvested. Within growing 

plants there is a constant flow of water. Liquid 

water is absorbed from the soil by the roots, then 

passed up through the stems and finally is lost 

from the aerial parts, especially leaves, as water 

vapour. 

Photosynthesis and respiration 

The passage of water through the plants is called 

the transpiration stream. It maintains the high-

water content of the plant, and the pressure 

inside the plant helps to support it. A lack of 

water will cause plants to wilt and eventually die. 

The surfaces of all plant parts are covered by a 

waxy or corky layer of skin or bark limiting water 

loss. Natural water loss from the plant occurs 

only through tiny pores, which are most 

numerous on the leaves. The pores on the plant 

surfaces can open or close with changing 

atmospheric conditions to give a controlled rate 

of loss of water and to keep the growing parts in 

a firm condition. 

Fresh produce continues to lose water after 

harvest, but unlike the growing plant it can no 

longer replace lost water from the soil and so 

must replenish its water content remaining at 

harvest. This loss of water from fresh produce 

after harvest is a serious problem, causing 

shrinkage and loss of weight.  

When the harvested produce loses 5 or 10 

percent of its fresh weight, it begins to wilt and 

soon becomes unusable. To extend the usable 

life of produce, its rate of water loss must be as 

low as possible. 

The effect of moisture content in the air on 

water loss 

Air spaces are present inside of all plants 

allowing water and gases can pass in and out to 

all their parts. The air in these spaces contains 

water vapour, a combination of water from the 

transpiration stream and water produced by 

respiration.  
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Water vapour inside the plant develops pressure 

causing it to pass out through the pores of the 

plant surface. The rate at which water is lost 

from plant parts depends on the difference 

between the water vapour pressure inside the 

plant and the pressure of water vapour in the air.  

To keep water loss from fresh produce as low as 

possible, it must be kept in a moist atmosphere. 

The effect of air movement on water loss 

The faster the surrounding air moves over fresh 

produce the faster water is lost. Air movement 

through produce is essential to remove the heat 

of respiration, but the rate of movement must be 

kept as low as possible. Well-designed packaging 

materials and suitable stacking patterns for 

crates and boxes can contribute to controlled air 

flow through produce. 

The Influence of the type of produce on water 

loss 

The rate at which water is lost varies with the 

type of produce. Leafy green vegetables, 

especially spinach, lose water quickly because 

they have a thin waxy skin with many pores. 

Others, such as potatoes, which have a thick 

corky skin with few pores, have a much lower 

rate of water loss. 

The significant factor in water loss is the ratio of 

the surface area of the type of plant part to its 

volume. The greater the surface area in relation 

to the volume the more rapid will be the loss of 

water. 

Ripening of fruits 

Fleshy fruits undergo a natural stage of 

development known as ripening. This occurs 

when the fruit has ceased growing and is said to 

be mature. Ripeness is followed by ageing (often 

called senescence) and breakdown of the fruit. 

The fruit referred to here includes those used as 

vegetables or salads, such as sweet pepper, 

tomato, breadfruit and avocado. 

There are two characteristic types of fruit 

ripening that show different patterns of 

respiration: 

1) Non-climacteric fruit ripening: 

Refers to those fruits which ripen only while still 

attached to the parent plant. Their eating quality 

suffers if they are harvested before they are fully 

ripe because their sugar and acid content does 

not increase further. Respiration rate slows 

gradually during growth and after harvest. 

Maturation and ripening are a gradual process. 

Some examples include: cherry, cucumber, 

grape, lemon, pineapple. 

2) Climacteric fruit ripening: 

Refers to fruits that can be harvested when 

mature but before ripening has begun. These 

fruits may be ripened naturally or artificially. The 

start of ripening is accompanied by a rapid rise in 

respiration rate, called the respiratory 

climacteric. After the climacteric, the respiration 

slows down as the fruit ripens and develops good 

eating quality. Examples are: apple, banana, 

melon, papaya, tomato. 

In commercial fruit production and marketing, 

artificial ripening is used to control the rate of 

ripening, thus enabling transport and 

distribution to be carefully planned. 

The effect of ethylene on post-harvest fresh 

produce  

Ethylene gas is produced in most plant tissues 

and is known to be an important factor in 

starting off the ripening of fruits. Ethylene is 

important in fresh produce marketing because: 

it can be used commercially for the artificial 

ripening of the climacteric fruits. This has made 

it possible for tropical fruits such as mangoes and 

bananas to be harvested green and shipped to 

distant markets, where they are ripened under 

controlled conditions, however, natural ethylene 

production by fruits can cause problems in 

storage facilities. Flowers, in particular, are easily 

damaged by faint traces of the gas.  
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Ethylene causes the loss of the green colour in 

plants, so lettuce and other vegetables marketed 

in the mature green but unripe state will be 

damaged if put into storage with ripening fruit; 

ethylene production is increased when fruits are 

injured or attacked by moulds and bacteria 

causing decay.  

This can start the ripening process and result in 

early ripening of climacteric fruit during 

transport.  

Specifically, for bananas, by promoting the free 

movement of air around them serves to 

dissipate the ethylene gas that bananas 

produce as they ripen. Ethylene gas speeds up 

ripening and therefore increased airflow 

provides increased shelf life. 

Post-harvest damage to fresh produce 

Physical damage to fresh produce can come from 

a variety of causes, the most common being: 

Mechanical injury.  

The high moisture content and soft texture of 

fruit and vegetables make them susceptible to 

mechanical injury, which can occur at any stage 

from production to retail marketing because of: 

 Poor harvesting practices; 

 Unsuitable field or marketing containers 

and crates, which may have splintered 

wood, sharp edges, poor nailing or 

stapling; 

 Over packing or under packing of field or 

marketing containers; 

 Careless handling, such as dropping or 

throwing or walking on produce and 

packed containers during the process of 

grading, transport or marketing. 

Injuries caused can take many forms: 

 splitting of fruits or roots and tubers 

from the impact when they are dropped; 

 internal bruising, not visible externally, 

caused by impact; 

 superficial grazing or scratches affecting 

the skins and outer layer of cells; 

 crushing of leafy vegetables and other 

soft produce. 

Injuries cutting through or scraping away the 

outer skin of produce will: 

 provide entry points for moulds and 

bacteria results in decay; 

 increase water loss through the 

damaged area; 

 cause an increase in respiration rate and 

subsequently an increase in heat 

production. 

Bruising injuries, which leave the skin intact and 

may not be visible externally cause: 

 an increased respiration rate and 

increased heat production; 

 internal discoloration due to damaged 

tissues; 

 off-flavours due to abnormal 

physiological reactions in damaged 

parts. 

Injuries from temperature effects 

All fresh produce is subject to damage when 

exposed to extremes of temperature. 

Commodities vary considerably in their 

temperature tolerance.  

Their levels of tolerance to low temperatures are 

of great importance where cool storage is 

concerned: 

Freezing injury 

All produce is subject to freezing at 

temperatures between 0 and -2 degrees Celsius. 

Frozen produce has a water-soaked or glassy 

appearance.  

Although a few commodities are tolerant of 

slight freezing, it is advisable to avoid such 

temperatures because subsequent storage life is 

short. Produce which has recovered from 

freezing is highly susceptible to decay. 
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Chilling injury 

Some types of fresh produce are susceptible to 

injury at low but non-freezing temperatures. 

Diseases and pests 

Diseases caused by fungi and bacteria commonly 

result in losses of fresh produce. Virus diseases, 

which can cause severe losses in growing crops, 

are not a serious post-harvest problem. Insect 

pests that are mainly responsible for wastage in 

cereals and grain legumes are rarely a cause of 

post-harvest loss in fresh produce.  

Losses from post-harvest disease in fresh 

produce fall into two main categories; 

Loss in quantity, the more serious category, 

occurs where deep penetration of decay makes 

the infected produce unusable. This is often the 

result of infection of the produce in the field 

before harvest. 

Loss in quality occurs when the disease affects 

only the surface of produce. It may cause skin 

blemishes that can lower the value of a 

commercial crop. In crops grown for local 

consumption, the result is less serious since the 

affected skin can often be removed and the 

undamaged interior can be used. 

PACKAGING AND CONTAINER DESIGN 

CONSIDERATIONS 

Vertical Airflow 

Ventilation for the device needed to take into 

account the proven characteristic of vertical 

airflow as well as horizontal venting with a 

controlled air chamber to provide consistent 

stable air movement characteristics. The 

following studies reflect the existing research in 

this area. 

Comparison between vertical and horizontal air 

flow for fruit and vegetable precooling 

I. EDEOGU, J. FEDDES and J. LEONARD. Agricultural, Food 

and Nutritional Sciences, University of Alberta. Edmonton. 

AB, Canada T6G 2P6. Received 5 Feb1996;17 Feb1997. 

Studies have shown that the stored heat (field 

heat) in fruits and vegetables at harvest is high 

and if not removed increases the rate of 

deterioration of these products (Salunkhe et at. 

1991; Kays 1991; Schofer et al. 1992). Field heat in fresh 

produce is removed by cooling, also referred to 

as precooling. Rohrbach et al. (1984) reported that 

37 to 46% less decay could occur in blueberries if 

the field heat is removed by precooling to 2°C. In 

this experiment, vertically-directed forced-air 

cooling the bottom of each box was replaced 

with a plastic-coated wire grate of mesh size 25 

mm x 50 mm and lined with foam weather 

stripping (19 mm wide) to provide an air seal 

between the boxes when stacked.  

The rate of cooling under the VFC treatment 

was generally higher compared to the rate of 

cooling under the HFC treatment. 

 

Optimizing Flat Design for Forced-air Cooling of 

Blueberries Packaged in Plastic Clamshells  
Jerry C. Leyte and Charles F. Forney 

Rapid removal of field heat from fresh highbush 

blueberries following harvest is critical to 

maintain quality and extend storage life. 

Blueberries store best at 32 °F (0 °C) and 

therefore need to be cooled to this temperature 

as quickly as possible following harvest 
(Hardenburg et al., 1986).  

Delays in cooling result in decreased fruit quality 

and increased decay (Hudson and Tietjen, 1981). 

Differences in cooling rates were as great as 65% 

(80min) when comparing 6-oz and 1-pt 

clamshells in flats with closed tops and between 

side vents placed in the front of the pallet where 

the cold air entered. 

Contact Stress 

Contact stress refers to the surface area exposed 

to contact pressure during display and storage. 

Although foam may be a positive influence for 

impact related damage, it is a negative when it 

comes to contact stress.  

Foam by definition, contours to the shape of the 

produce, therefore increasing the overall 
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pressure on the produce skin, reducing airflow 

and trapping carbon dioxide and / or ethylene 

around the produce where it cannot escape. 

Ideally, the minimal amount of surface area in 

contact with the packaging or the other fruit, 

provides maximal product life expectancy and 

flavor retention. 

Impact Severity 

The tissue of the apple is made up of millions of 

tiny cells; each cell is contained by a cell wall. If 

you break these cell walls by dropping the apple 

or by biting into it, everything inside the cells will 

spill out. This includes iron-rich chemicals called 

phenols, enzymes called polyphenol oxidase, 

and oxygen. When these mix together they 

undergo an oxidation reaction. In this reaction 

the iron reacts with oxygen. The bruise on the 

apple gets its brown colour from pigments called 

melanins which are produced by the reaction. 

The general principles involved in reducing 

bruising are; reducing the number and severity 

of impacts by adding cushioning, reducing 

effective drop heights, eliminating unnecessary 

drops, and very slightly dehydrating the fruit to 

improve its bruise threshold. 

Energy (E) involved in fruit impact depends on:  

 The mass of the individual fruit (m) 

 How far it falls (h) 

 Earth's gravity (g) 

 

The relationship is E = m*h*g. If the impact 
energy absorbed by an apple stresses its tissue 
beyond its bruise threshold, a bruise will result 
(more about bruise thresholds below). 
Cushioning reduces impact severity by absorbing 
some of the impact energy, thus reducing the 
amount that dissipates in the fruit.  
 
The cushion also spreads the remaining impact 
force over a greater area of the fruit, further 
reducing tissue stress (force per unit area) and 
the likelihood of bruising. Thus, cushioning 
reduces the effective severity of an impact two 
ways: by absorbing energy and by spreading the 
load. 

Fruit Impact Sensitivity 
 
The impact sensitivity of fruits and vegetables 
has two components: 
 

1) Bruise threshold is the drop height at 
which bruising begins to occur, i.e., 
when the tissue strength is first 
exceeded. Its inverse is the percent of 
individual fruit bruised at a given drop 
height. 

2) Bruise resistance is the amount of 
energy absorbed in bruising a specimen 
divided by the resulting bruise volume. 
Its inverse is approximately the bruise 
size resulting from a given bruising drop 
height for a given size fruit. 

 
To reduce Impact Severity, foam absorbers are 
used to cushion the impact of standard drops. 

Positive Air Movement Around Produce 

Aside from airflow to and from the produce, we 
need to be considerate of the requirement to 
remove carbon dioxide and/or ethylene from 
the surface area of the produce to eliminate 
accelerated decay and flavor change. 
 
The produce needs to be able to breath and to 
dispose of unwanted gases. 

 
Foam    

High-Density Cross-linked Polyethylene (XLPE) is 

considered the gold standard in “food foam”: 

High-density cross-linked polyethylene, or XLPE, 

is a thermoset resin that is specifically designed 

for critical applications like chemical storage. 

During the XLPE manufacturing process, a 

catalyst (peroxide) is built into the resin, which 

creates a free radical. The free radical generates 

the crosslinking of the polymer chain, so the tank 

essentially becomes one giant molecule. The 

result   is a resin that is specifically designed for 

critical chemical applications. 

Cross-linked polyethylene (XLPE) is high-density 

polyethylene that is manufactured by adding a 

catalyst to the thermoplastic resin which turns it 
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into a thermoset. The catalyst causes a covalent 

bond that links the molecules together. Picture a 

chain linked fence where the metal is actually 

linked together. The result is a plastic that 

possesses impact, tensile strength and 

resistance to fracture enhancement that makes 

cross-linked polyethylene an excellent choice 

when integrity is of utmost importance. It offers 

20 times the environmental stress crack 

resistance of high-density linear polyethylene, 

has 10 time the molecular weight and 5 times the 

impact and tensile strength. 

The anti-bacterial quality of the foam means 

spoilage isn’t accelerated by the bacteria left 

behind when over-ripened fruit are removed and 

replaced with fresh produce. That’s a common 

problem in most stores as stockpersons usually 

don’t take the time to clean the plastic surfaces 

after removing spoiled items. Studies on foam 

use have shown it to reduce spoilage by nearly 

10 percent when used properly in produce areas. 

It has a direct positive effect on impact severity 

and when used in the airwave design, it also has 

a positive effect on contact stress. 

Use of Plastics 

Plastic Reusable Plastic Containers (RPCs) are 

durable and high-quality containers. RPCs have 

become common in the agri-food industry. RPCs 

are ideal for handling fresh horticultural produce 

and other food since they were specifically 

designed for maintaining the quality of the 

produce instead of fabrication ease. RPCs have 

the potential to replace single-use containers for 

the handling of fresh horticultural produce and 

are effective in reducing both waste and costs. 

They are also capable of retaining their strength 

after wetting and include wall openings that 

facilitate chilling fluid circulation, such as air and 

water while retaining ice inside the container 

during liquid ice cooling. Due to RPC’s versatility, 

its design had to take into account multiple uses 

with a variety of produce and postharvest 

procedures. The design of any new RPC should 

take these factors into account and certain 

compromises must be made to accommodate 

the different precooling methods. For instance, 

the open area must be large enough not to 

restrict the airflow during forced-air cooling but 

sufficiently narrow to minimize loss of ice 

particles in a liquid-ice process. Furthermore, the 

openings must be well distributed on the 

package walls and bottom to facilitate uniform 

cooling.  

Plastics ensure cleanliness, flexibility,  

strength and long-term durability. 

 

UTILIZATION OF NEW DESIGN IN AIR FLOW MANAGEMENT 

The above noted considerations in design were incorporated into the Airwave Patent Pending 

Technologies to ensure; appropriate respiration of the produce; minimal buildup of carbon dioxide around 

produce; increased air movement to reduce ethylene content and positive air flow to maximize heat 

dissipation from the fruit.  

Each of these parameters directly influences decay rates, shelf life and fermentation – directly influencing 

the flavor of the produce.  

The design incorporated a proprietary sine wave / convex-concave construction of air management with 

venting on the concave area and foam ridge rails on the convex side of the curve for reduction in impact 

severity and reduction in contact stress. 

The case study utilized industry standardized packaging to ensure an appropriate representation of the 

fruit and produce management systems currently available in the market today.  
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Existing Industry Standards for produce display are constructed from either ABS plastic or wood. 

The trays may or may not be fitted with a foam insert to assist in reducing impact stress. For the 

purpose of this study a sampling of both the ABS and ABS with foam insert were used in 

conjunction with the airwave technology. 

Tray type:   Impact Severity  Contact Stress  Air Ventilation  

ABS Plastic    Poor   Poor   Poor  

ABS Plastic with Foam  Good   Poor   Poor 

Airwave Container   Good   Good   Good 

 

 

 

 

 

   

Controlled Air Flow 

Foam Cushions reduce Impact Severity 

Air Chamber 

Air Vents on all sides 

Fruit able to breath and 

expel Carbon Dioxide. 

Notice minimal areas of 

Contact Stress 

Excellent Heat Dissipation 
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CONTROLLED CASE STUDY 

The following case study was performed in an air controlled environment where all associated products 

were at the same height, under the same environmental conditions, with the same level of controlled 

airflow and temperature. The identical evaluators were involved to ensure inter and intra rater reliability. 

Display Rack Dimensions:   Sealed Temperature & Air Controlled Room:  

 

 

 

 

 

 

 

 

 

   

 

 

24”

36 

5” 

36”

36 

Industrial fan 

at controlled 

speed and 

oscillation 

Ventilation Filters 

Produce Display Rack 

Indirect Lighting 

Sealed Door 

Air Controlled Environment 

7’ 

Configuration: 

Contact Stress with 

fruit touching each 

other is notably 

greater in the ABS 

and ABS with Foam 

packaging 

Substantially less 

contact stress is 

noted with the 

airwave due to the 

foam ridge separator 

design 
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Containers used are as follows;  

 

 

 

 

 

 

 

 

 

Produce Selection:  

The produce selected was from the same “batch” and split evenly amongst each station tested. 

____________________________________________________________________________ 

 

Time of trial: 

Initial Phase - A twenty four-day period.  

Data Collection:  

Tested every two days for a total of twelve progress evaluations including a full core slice. During this time 

period the external bruising and discoloration were documented through digital imagery. 

Summary of findings: 
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16” 

ABS Plastic 

 Container 

Airwave 

Container 

ABS Plastic 

Container with 

Foam Insert 

17” 17” 

15” 

17” 

15”     
All containers 

set at a depth 

of 5” 

DAY TWENTYFOUR 

ABS PLASTIC TRAY 
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OVERALL CONCLUSION: 

The Airwave design produced less contact stress, low impact severity and the shelf life of the fruit was 

significantly enhanced – noticeable degradation in both other trays started at the seven day mark.  

Although a relatively subjective measure, taste was measured up to the point of bruising with the foam 

filled and ABS tray and at the seven day mark the flavor had been noted as being “off”. The texture of 

the flesh of the fruit was soft and the skin had begun to discolor. The Airwave fruit was tasted right to 

the 24 day mark and the fruit maintained it’s flesh density and relative taste with the skin notably 

firmer. 

 

 

 

 

FOAM TRAY 

AIRWAVE TRAY 
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