Safe Leafy Greens
Before & After Bagging

KEITH WELLER (K8313-1)

Scientists at the ARS Produce Quality and Safety Laboratory in Beltsville, Maryland, are
focusing on ways to keep packaged fresh-cut lettuce and leafy greens safe.
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arried health-conscious
eaters love the conve-
nience of purchasing fresh,
bagged salads. Today, sales
of fresh-cut lettuce and
leafy greens have reached
$3 billion annually, according to industry
experts, and the demand is increasing.

But these increased demands also
come with new food safety challenges,
affirmed by the recent outbreaks of E.
coli O157:H7-related illnesses traced to
bagged fresh produce.

For example, cutting fresh produce dur-
ing harvesting removes natural protective
barriers, exposing cut surfaces to potential
contaminants. Plant operators use cleaning
treatments to wash surfaces and reduce
cross-contamination from environmental
pathogens that may be introduced before
processing.

At the ARS Produce Quality and
Safety Laboratory (PQSL) in Beltsville,
Maryland, several researchers are focusing
on ways to keep leafy greens safe at
processing facilities and at home. Their
studies range in focus from washing
product before bagging to effective storage
conditions after bagging.

Sanitizing Before Bagging

PQSL food technologist Yaguang Luo
recently studied various wash waters and
sanitizers that enhance the microbial safe-
ty of lettuce and leafy greens. Washing/
sanitizing is a step taken by the produce in-
dustry. It is an important intervention used
for reducing contamination on product
surfaces to increase the safety and quality
of precut produce before bagging.

Luo simulated washing techniques to
learn more about how industry practices
affect safety and quality of precut let-
tuce. “This study evaluated the effect of
wash-water reuse on water quality and the
subsequent effects on microbial growth
and product quality,” says Luo.

For the study, romaine lettuce leaves
were sliced and then rinsed in either fresh
wash water or various types of reused
wash waters. The washed leaves were then
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dried, placed into bags made from special
oxygen-permeable films, and stored at 5°C
(about 41°F).

Microbial growth and product quality
were monitored at 0, 4, 8, 11, and 14 days
of storage. The results showed that at the
end of storage time, unwashed control
leaves and leaves washed with water that
had been reused many times had higher
bacterial populations than those washed
with clean water.

Washing a small amount of lettuce
thoroughly in a large amount of clean
water resulted in the least off-odor
development.

Luo also found that when water was
reused during the washing process, or-
ganic matter rapidly accumulated within
that wash water and then compromised
the efficiency of any sanitizers that had
been applied.

The study demonstrated the direct effect
of wash-water quality on the final quality
of the product.

“This new information gives produce
packers new tools in designing wash
systems and managing wash operations
for enhancing food safety and quality,”
she says. The study was published in
HortScience.

Which Treatments To Use

Various new treatments are also be-
ing developed and tested to evaluate
their effectiveness during industrial-scale
washing of produce. Luo has been work-
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ing with the industry to formulate a new
sanitizer that works better than chlorine
as a wash-solution ingredient. She and
her collaborator at the University of Il-
linois specifically tested combining the
use of several different sanitizers with
ultrasound as a means to enhance removal
of contaminants before bagging.

The study showed that combining
the new wash-solution treatment with
ultrasound treatment could reduce bacterial
contamination by up to 4.5 logs—meaning
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Food technologist Yaguang Luo is studying
various wash waters and sanitizers to
enhance the microbial safety of spinach
(shown here), lettuce, and other leafy greens.

New equipment called “GrowthCurves
USA?” allows researchers to monitor
pathogen growth in individual wash-water
samples—including reused wash water—in
real time. Microbiologist Arvind Bhagwat,
of the ARS Produce Quality and Safety
Laboratory, and graduate student Liu Liu
are using the equipment to help industry
improve sanitizer efficiency.

the bacteria decreased from about 300,000
colony-forming units to less than 10.
Therefore, “the combination of a selected
sanitizer with ultrasound can potentially
be used to enhance microbial safety of
leafy green produce before the bagging
process,” Luo says.

Safety After Bagging

While sealing fresh-cut lettuce and leafy
greens in clear package wrappers, called
“films,” provides some protection, research
is needed to understand the environment
inside the bags and how it affects bacterial
growth and product quality.

An important part of maintaining safety,
freshness, and shelf life of bagged lettuce
and leafy greens is finding the right
balance of gases inside the wrappers. This
technology, called “modified atmosphere
packaging,” or MAP, allows fresh-cut
produce to respire slowly during storage.

Hundreds of manufactured films each
have their own unique oxygen-transmis-
sion rate, which allows cut produce to
continue “breathing” throughout storage
and distribution periods. Luo has also been
identifying package films that comple-
ment the characteristics of individual plant
foods within.

In addition to the gas permeability of
different film packages and the effect
that those rates have on the quality of the
produce within, many other factors con-
tribute to the atmosphere inside bagged
leafy greens.
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Bacterial Adaptability in the Bag

PQSL microbiologist Arvind Bhagwat has
been investigating whether there are differ-
ences in bacterial growth levels between cut
lettuce bagged in certain types of sealed modi-
fied atmospheres and lettuce leaves bagged in
regular air.

To keep plant tissue respiring at minimal
levels—and thereby extend the time that
bagged salad appears fresh—manufacturers
have adopted a type of MAP that involves
excessively low oxygen. To maintain function-
ality and a fresh appearance of the produce,
other safe and acceptable gases are used in
place of oxygen.

Bhagwat started with the premise that, on
your everyday head of uncut lettuce, bacteria
are starving for nutrients. In their desperation
to survive and grow, these bacteria try to adapt
to the changing environment. Bhagwat studied
the survival skills of bacteria that had been ap-
plied to lettuce leaves and then sealed inside
package films. He wanted to know whether the lack of oxygen
would make a bacterium’s pursuit for survival in the human gut
more difficult.

Surprisingly, he found that in response to the challenge of
being air-starved, combined with the added nutrients provided
by the cut leaves, the bacteria actually became hardier, better
surviving a challenge with synthetic gastric juice.

“Luckily, we found this phenomenon only took place when
salad bags were left at what we call ‘abusive temperatures,’” says
Bhagwat. “That is when bagged fresh-cut salad is left at room
temperature or unrefrigerated for an extended period.”
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Finding the Right Temperature

Since success with MAP is influenced by refrigeration,
Bhagwat also tested different temperatures. In a study, bacteria
were applied to fresh-cut lettuce and stored under different MAP
conditions for 8 days.

Low-oxygen conditions were defined as between 0.5 percent
and 1 percent oxygen in a sealed package. Regular-oxygen condi-
tions were defined as 20 percent oxygen in a sealed package.

When stored under extremely low-oxygen conditions and at
temperatures of 15°C (about 59°F) or above, bacteria became
more resistant to synthetic gastric juice. In comparison, no
resistance was induced among bacteria stored under extremely
low-oxygen conditions and at temperatures of 10°C (about 50°F)
or below.

In addition, regular levels of atmospheric oxygen did not
induce resistance in the bacteria, even if the salad sample was
left at abusive temperatures.
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Arvind Bhagwat withdraws a

gas sample from bagged lettuce
stored under modified atmosphere
packaging in a film that restricts
oxygen transmission.

“The findings underscore a danger involved
in abusive storage temperatures, especially
when MAP is used to extend the shelf life of
fresh produce,” says Bhagwat. Abusive tem-
peratures provide an opportunity for pathogens
to grow and acquire resistance. Increased
resistance gives them the ability to breach the
human gastric barrier and cause disease.

“The findings also highlight the importance
of responsible use of MAP,” says Bhagwat.
“Proper storage temperature is important to
minimizing bacterial adaptability.”

The study was published in the April 2008
issue of the Journal of Food Science. It shows
how important it is to store ready-to-eat salads
at cold temperatures.

New information is needed to help ensure
the safety of fresh-cut produce. The findings
from these studies are leading to new interven-
tion strategies aimed at ensuring that bacterial
pathogens do not grow on produce before
or after the bagging process.—By Rosalie
Marion Bliss, ARS.

This research is part of Food Safety (#108), an ARS national
program described on the World Wide Web at www.nps.ars.
usda.gov.

Yaguang Luo and Arvind Bhagwat are with the USDA-ARS
Produce Quality and Safety Laboratory, 10300 Baltimore Ave.,
Beltsville, MD 20705-2350; phone (301) 504-6186 [Luo], (301)
504-5106 [Bhagwat], fax (301) 504-5107, e-mail yaguang.luo @
ars.usda.gov, arvind.bhagwat@ars.usda.gov. %
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Yaguang Luo and plant pathologist James McEvoy collect a sample
of fresh-cut cilantro from a produce washer. Sanitizing treatments
are being developed and tested for their effectiveness during
industrial-scale washing.
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