Extended Shelf Life for Produce
by Bryan Cecchi, John Garrett, B.V. Rajmane, Ph.D.

While there has been significant research on the use of
ozone for extending the shelf life of a variety of
foodstuffs, the purpose of Biozone Scientific's research
is to define more closely the parameters necessary to
maximize the reduction of spoilage, and to apply them to
common, everyday food processing and storage
applications. Specifically, laboratory testing was
performed to quantify the life extension of produce in
cold storage, combining variant ozone levels and
ultraviolet light. Testing protocol was written by Dr.
B.V. Rajmane and followed Good Laboratory
Procedures in Biozone Scientific’s Analytical Testing
Laboratory.
MATERIALS AND METHODS
Produce products were stored in 4matching coolers. A
Biozone Scientific 100FS model UV/ozone unit was
placed inside each cooler. The ozone generation rate
was adjusted to maintain a relatively constant,
predetermined ozone level over the duration of the
testing (see graph 1). A recently calibrated INUSA2000-1 gaseous ozone analyzer measured ozone levels.
A monitoring probe was installed in each cooler and
connected to the analyzer with ozone levels sampled
every 13 seconds. Results were fed directly from the
monitor to a Dell computer via serial port download
using Windows Hyperterminal and importing the data
into Excel. In addition, temperature conditions were
monitored in each cooler with professional-grade
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One strategy to reduce various spoilage organisms, such
as bacteria and mold, as well as the losses from
accelerated ripening is through the introduction of gas
phase ozone. Hundreds of scientific papers have been
published proving ozone kills spoilage organisms and
neutralizes the off-gasses that accelerate ripening and
spoilage. The FDA has approved the use of ozone for all
food storage and preparation, and the USDA has
acknowledged ozone's role for improved food
production.

refrigerator thermometers to ensure proper and
homogeneous storage conditions in each cooler of 42F.
See Figure 1 below. The ozone levels selected for
testing were based on previously published research, as
well as previously conducted in-house testing.
Cooler “C” control, no ozone
Cooler #1 - 0.6 ppm
Cooler #2 1.0 ppm
Cooler #3 2.0 ppm
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INTRODUCTION
The preservation of food quality and reduction of
spoilage organisms are of paramount importance to the
food industry. Economic benefits through extended
shelf life can be meaningful at every step along the food
process. Figures as high as 30% or more have been used
to assess the amount of produce lost to microbial activity
between the time of harvest and consumption. Losses
occur at every step of handling, including transient time,
processing, and storage. The USDA says the effective
extension of produce requires an understanding that
spoilage can be reduced at numerous points along the
food chain. Therefore, it is important to apply risk
reduction strategies at each step and process.

13 second intervals
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The produce selected for testing was purchased at a local
produce stand, and all five of the following produce
items were consistent in freshness and appearance.
Strawberries
Raspberries
Blueberries
Asparagus
White grapes
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The produce was inspected each day for mold, color,
ripeness and firmness. All coolers were opened for the
same time intervals each day, and to assume “real
world” commercial applications, many days the doors
were opened numerous times.

Indications as to produce quality and freshness are
displayed in the color and firmness of the product.
Dramatic improvements in the color retention of all
produce stored in ozone environments were observed.
Asparagus color remained good throughout. Strawberries
held their color 5 days longer than the control group while
raspberry color remained 3 days longer and blueberries 3
to 9 days longer. Asparagus firmness lasted as long as 17
days longer depending on the ozone level. The color and
firmness of white grapes lasted 7 days longer at the 2.0ppm
level.
CONCLUSIONS
The results presented here demonstrate that a high degree
of improved shelf life of produce products can be achieved
with airborne ozone. The shelf life improvements in this
study compare well with the best
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Delaying the formation of mold on produce was easily
accomplished in an ozone environment. Strawberries in the
control cooler began forming mold after 2 days (this was on
a bruised section), but no mold ever formed (even on
bruised berries) in any of the coolers containing ozone for
the duration of the 15-day test (see figures II & III). Highly
sensitive raspberries experienced mold growth on the 3rd
day in the control cooler but showed no mold growth until
the 5th day in the 0.6 ppm cooler with no mold growth for
the duration of the test at the higher ozone levels of 1.0
ppm and 2.0 ppm. Blueberries, white grapes and asparagus
showed no mold growth in the control or ozonated coolers.
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RESULTS
The results of produce exposure to variant ozone levels in a
refrigerated environment compare well to results from other
investigators and further support ozone's effectiveness in
extending produce shelf life. In addition, testing variant
levels simultaneously provided indications of optimum
ozone levels for maximum effectiveness (see Graph II, III,
IV,, and Table I).
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results obtained in numerous studies on the effects of
ozone in prolonging the life of foodstuffs through
inactivation of spoilage organisms and reduction of
produce-generated gases that enhance ripening. The use
of ozone for inactivation of spoilage organisms to extend
the useful life of produce also strongly parallels other
studies performed on the reduction of pathogenic and
non-pathogenic organisms with ozone. The results
would suggest that worthwhile product life extension
could easily be accomplished by introducing appropriate
amounts of ozone into refrigerated environments.
While this research examined the results of three levels

of ozone, precise ozone levels necessary for optimum
results have not been determined. However, if exact
levels were established, their practicality would be
suspect in actual application due to the nature of produce
processing and storage. As a result, an optimum or
preferred ozone range could be determined that would
achieve desirable results for each produce product or for
a “mix” of stored produce. This research indicates the
following levels were most effective for achieving
overall improved quality (mold, color, firmness):
Strawberries
1.0 ppm
Raspberries
1.0 ppm
Blueberries
1.0 ppm
Asparagus
0.6 ppm
White Grapes
2.0 ppm
A recommendation as to a level for storing a mixture of
produce in an environment that would indicate
significant improvements in shelf life would be 1 &
2ppm. It should be noted that previous studies have
indicated life extension benefits from levels as low as .3
-.5 ppm, and such levels, while perhaps not optimal,
should be considered when integrating storage with
worker exposure times. In addition, this study did not
directly determine the microbial reduction benefits of the
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Bruised Strawberries After Just 2 Days

Mold is already forming in untreated cooler

No Mold Ever Formed On Any Strawberry in an Ozone
Containing Cooler Throughout the Test Period

Figure II

Results After 15 Day Test Duration
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Table 1
use of ultraviolet light as the ozone generation source. In
spite of this unknown, the results, as well as previous
studies on the subject, would indicate that ultraviolet
light would encourage the reduction of organic
contaminants and further enhance an environment for
extended product shelf life.
The results presented here continue to support the
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benefits of ozone in cold storage and the obvious
economic benefits to everyday food storage and
processing applications. Additionally, the tests confirm
the effectiveness of Biozone Scientific's products to
substantially extend the shelf life of the tested produce.
ADDITIONAL BENEFITS
While the primary purpose of this research was
investigation of shelf life extension, tests were also
conducted to ascertain the reduction of odors, and, in
particular, odor contamination between products. It is
well documented that ozone neutralizes most odors. The
application of gas phase ozone into refrigerated
containers substantially reduced foodstuff odors.
Specifically, it eliminated “cross-odor” contamination,
i.e., the absorption of one product's odor by another
product. For example, strawberries stored next to onions
did not absorb the onion smell (or taste) as they did in
the control cooler (no ozone).

CASE STUDY - APPLICATION OF RESEARCH
RESULTS
A commercial retailer of produce was selected as a
test site to demonstrate the effectiveness of ozone in
prolonging shelf life in a real world environment.
A Biozone Scientific ozone/UV unit was placed in
his 713 cubic ft. Cooler.
During a 30-day test, the owner compared shelf life
with previous experiences. His records verified a
reduction in product waste of 66%. Examples from
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