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If you’re a fan of classic Caesar 
salad or old-fashioned eggnog, you 
probably know that these foods contain 
raw eggs. For that matter, so do Béarnaise 
sauce, hollandaise sauce, conventionally 

United States has a high risk of being 
contaminated with Salmonella bacteria. 
Not all kinds of Salmonella are harmful 
to us, but some are, notably S. enteritidis, 
which has been associated with eating 
raw or undercooked eggs. This and other 
pathogenic Salmonella strains can cause 
diarrhea, stomach cramps, fever, and—in 
some instances—death.

Those most vulnerable to salmonellosis, 
as the disease caused by this microbe is 
known, are infants, preschoolers, pregnant 
women, the elderly, and anyone who has 
a compromised immune system.

Finding a Better Way To Kill  
the Bacteria

Properly cooking chicken eggs—such as 
by hard-boiling them—kills Salmonella.

So does pasteurizing them. Right now, a 
hot-water-immersion process is apparently 
the only technique used commercially in 
this country to pasteurize fresh “shell” eggs 
(eggs that are sold in-the-shell, instead of 
as a liquid product, for example). Many 
supermarkets offer these eggs as a specialty 
item in their dairy case.

But the hour-long immersion process 
may change qualities of these raw eggs, 
perhaps making them less satisfactory 
to discerning home cooks and restaurant 
chefs alike. Studies led by Agricultural 
Research Service chemical engineer Dave 
Geveke have resulted in a better, faster 
way to pasteurize raw shell eggs without 
ruining their taste, texture, color, or other 
important characteristics.

Geveke’s tests with some 4,000 fresh 
shell eggs indicate that heating them with 
the energy from radio waves, or what’s 
known as radiofrequency (RF) heating, fol-
lowed by a comparatively brief hot-water 
bath, can kill harmful microbes without 
lessening the quality of the treated eggs.

New Technique Uses Radio Waves to Zap Salmonella

Agricultural Research 
Service and Princeton 
University scientists have 
developed a better, faster 
way to pasteurize eggs.

made mayonnaise, some homemade ice 
cream, and, of course, eggs served sunny-
side up or soft-boiled.

Problem is, about one out of every 
20,000 chicken eggs produced in the 
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Two-Phase Process
Here’s how his technique works: Each 

raw egg is positioned between two elec-
trodes that send radio waves back and forth 
through it. Meantime, the egg is slowly 
rotated, and its shell is cooled by spraying 
it with water—to offset some of the heat 
created by the radio waves.

Unlike conventional heating, RF heating 
warms the egg from the inside out. That’s 
critical to the success of the process. It 
means that the dense, heat-tolerant yolk, 
at the center of the egg, receives more 
heat than the delicate, heat-sensitive white 
(albumen).

The hot-water bath comes next. The 
warmth of the bath helps the yolk retain 
heat, to complete the pasteurization. The 
heat from the water also pasteurizes the 
white, without overprocessing it.

From start to finish, the treatment takes 
around 20 minutes, making it about three 
times faster than the hot-water-immersion 
technique. And in tests using a research 
strain of Salmonella, Geveke showed that 
the RF-based process killed 99.999 percent 
of the Salmonella cells.

Inoculating the Eggs
Before the treatment, Geveke’s team 

artificially infected the eggs by poking a 
small hole in the top of each, injecting the 
Salmonella into the egg via a glass syringe, 
then sealing the hole with a droplet of 
quick-setting epoxy glue. In nature, a hen’s 
eggs can become contaminated with Sal-
monella if her ovaries are infected with it.

The idea of using RF heating to kill 
pathogens in foods isn’t new. But using 
RF heating to kill pathogens in eggs is 
novel. And Geveke and his colleagues are 
evidently the first to pair RF heating with a 
hot-water bath to pasteurize raw shell eggs.

The new process is safe and effective 
and is expected to be cost-efficient, Geveke 
notes. Another plus: RF heating is already 
a familiar technology in the food industry: 
It’s used in cooking, baking, and defrosting, 
among other chores.

Right now, the research is at the pro-
totype stage. Christopher Brunkhorst of 
the Princeton Plasma Physics Laboratory 
in Plainsboro, New Jersey, teamed with 
ARS chemical engineering technician 
Andy Bigley and Geveke to build the 

compact prototype that has been used in 
their Wyndmoor, Pennsylvania, laboratory 
for the past 2 years. Geveke, Brunkhorst, 
and Bigley have applied for a patent for the 
research. What’s more, several companies 
that process eggs have already expressed 
an interest in the technology.

A provision of the U.S. Food and Drug 
Administration’s Food Code may contrib-
ute to growth of the raw-pasteurized-egg 
market. Already adopted by some states, 
the code specifies use of raw pasteurized 
eggs, or other pasteurized egg product, in 
place of unpasteurized eggs when foods 
such as Caesar salad are served to at-risk 
populations or to people who receive meals 
through “custodial care-giving environ-
ments” such as nursing homes, hospitals, 
or eldercare centers.

Though the specialty market is an obvi-
ous application of the RF-heating process, 
it could of course be used to pasteurize all 
of the more than 221 million fresh shell 
eggs produced in the United States every 
day. This would undoubtedly add to proces-
sors’ costs, but might be a convenience for 
shoppers and would add an extra margin 
of safety to all fresh shell eggs—not just 
the specialty product, Geveke points out.

Commercial use of the RF-based method 
is at least a year or so away. Geveke expects 
to begin pilot-scale tests this year. After 
that, regulatory approval would be needed. 

Those of us who remember being able 
to lick leftover cake batter off of the 
mixing spoon—without having to worry 
about Salmonella—can hardly wait.—By 
Marcia Wood, ARS.

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

David J. Geveke is in the Food Safety 
and Intervention Technologies Research 
Unit, USDA-ARS Eastern Regional 
Research Center, 600 E. Mermaid Lane, 
Wyndmoor, PA 19038-8598; (215) 233-
6507, david.geveke@ars.usda.gov.*

Chemical engineering technician Andy Bigley 
positions an egg as chemical engineer Dave 
Geveke prepares to inject it with Salmonella. 
Their research has produced a technique for 
killing Salmonella without affecting egg quality.


