
microwave process on mac and cheese, it’s going to 
be very bright yellow. It has a pleasant cheese aroma. 
So it’s a big difference.”

NEW TECHNOLOGY
Microwave sterilization is new in the United States. 

“Over the last 10 years, this technology has really 
advanced in terms of food sterilization. Prior to that, 
there really has been no change in the way low-acid 
foods are processed,” said Lauren Oleksyk, team leader 
of the Food Processing, Engineering and Technology 
Team at the Combat Feeding Directorate.

“It tastes like it was freshly prepared, but it is not,” 
said Oleksyk of microwave-sterilized foods. “It’s fully 
sterilized, and it’s shelf stable.” 

Bringing microwave sterilization to Natick has been 
a challenging task for Yang. It began 20 years ago when 
he discovered a company in Belgium using the tech-
nology. “I saw that, and my antenna shot up,” Yang 
recalled. “I got everybody here (at Natick) excited. It’s 
a good product, but I ran into a stone wall.”

Entering the United States was not in the company’s 
plans, but Yang discovered that Washington State Uni-
versity was studying the technology and that led to 
beginning a partnership involving higher education, 
some corporate partners and Natick.

Industry members in the consortium include Food 
Chain Safety, Hormel, Nestlé, Rexam, Bush Brothers, 
General Mills, PrintPack, Ocean Beauty Seafoods, Pep-
siCo Frito-Lay, Del Monte, and current ration vendors 
AmeriQual and Wornick Foods.

Groundwork on forming the consortium goes back 

Can the same scientific principles that heat and 
cook meals in microwave ovens also success-

fully curb the growth of microbes and be employed 
as a better option for preserving foods for soldiers on 
the battlefield?

Research underway at the Natick Soldier Research, 
Development and Engineering Center’s Department 
of Defense Combat Feeding Directorate indicates that 
microwave technology is effective and less detrimental 
to quality, taste and nutritional value compared with 
conventional retort thermo-sterilization.

The technology involves large processors performing 
microwave sterilization of foods that can be included 
in meals, ready to eat (MREs). Making foods safe and 
shelf stable with retort sterilization can take three 
hours compared with only about eight minutes for 
the microwave process.

Food retains more flavor, texture and nutrients with 
microwave sterilization because the shorter processing 
time results in less exposure to damaging heat and 
pressure. “Why the food tastes bad is it’s been in the 
retort for so long,” said Tom Yang, Combat Feeding 
Directorate project officer for microwave sterilization 
(MWS). “We are destroying not only the quality but 
also the nutrients — everything.” 

As a result, macaroni and cheese, Mexican macaroni 
and other entrées that have been dropped from the 
MREs may return to the menu. “Microwave steriliza-
tion can really revive these kind of dishes. If you retort 
macaroni and cheese, the detrimental effects of the 
retort process result in a product that is like a lump — 
a rubbery, tasteless lump,” Yang said. “If you use the 
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said. “Most MRE entrées contain meat. It is a big source 
of protein in rations.”

Since health hazards can occur when food is inad-
equately processed, Oleksyk explained, “microwave 
sterilization is subject to the Code of Federal Regula-
tions established by the FDA for low-acid and acidi-
fied canned foods. Getting new microwave products 
approved by FDA/USDA is a huge hurdle that we’ve 
overcome through the consortium effort.”

FDA/USDA approval is required before microwave 
sterilization items can be produced and sold commer-
cially. Currently, FDA/USDA approval is required for 

each new meat-containing food item. Once major food 
categories obtain approval, the consortium believes 
that FDA approval process will be streamlined and 
expedited for food categories vs. individual products.

HIGH QUALITY 
Microwave sterilization has been used in Europe and 

Asia for years, and is on the way to being commercial-
ized in the U.S. in 2013. It is unlikely to replace retort 
systems or other processes that are used to produce 
products like soups at low cost; however, pasta and 
many other heat-sensitive ration items favored by 
warfighters do not process well by retorting because 
of the long exposure to heat. Microwave sterilization 
can treat these items with higher quality.

It uses volumetric heat to rapidly sterilize packaged 
foods in less than 15 minutes, which better retains a 
food’s sensory quality (appearance, flavor, color and 
texture) and nutrients.

“The key to maintaining the quality of shelf-stable 
low-acid foods is the processing time and temperature, 

to 2001 when the Department of Defense Dual Use 
Science & Technology (DUST) was sponsored by the 
Department of the Army and managed by Natick. 
DUST aimed to build the industrial base for producing 
military items, and relied on both Natick funds plus 
co-investment by consortium partners.

The DUST program enabled Natick to fund three 
consortium efforts: Microwave Sterilization Consortium 
1, led by Washington State University; High Pressure 
Processing of Low-Acid Foods Consortium 1, led by 
Avure Technologies and the Institute for Food Safety 
and Health (IFSH); and and Pulsed Electric Field Pro-
cessing, led by Ohio State.

Natick’s role in these consortia was to help fund 
the effort and equipment but also to provide R&D 
expertise, sensory science, microbiology test support 
and data from field testing with military users.

Consortium 1 aimed to ad-
vance the technology enough to 
seek Food and Drug Administra-
tion (FDA) approval for at least one 
item, not to commercialize the Mi-
crowave Sterilization process, and 
that was accomplished in 2009. 
Commercialization is the goal of 
the follow-on Consortium 2. These 
efforts will result in the building 
and installation of the first con-
tinuous microwave sterilization 
processor, which will be located in 
one of the ration vendor’s plants.

The partnership began seeing 
results in 2009 when the FDA granted regulatory ap-
proval for mashed potatoes processed with microwave 
sterilization.

“That was our very first trial product,” Oleksyk said. 
“Potatoes were a fairly simple product to start with.”

Next, in 2010, the consortium tackled a more chal-
lenging, complex meal: salmon with Alfredo sauce. 
“We’re thinking this is one way we can better process 
seafood,” Oleksyk said. “Seafood is very limited in ra-
tions because it’s hard to process, but it can also be a 
great source of healthy Omega-3 acids.”

When FDA approval for salmon and Alfredo sauce 
followed in December 2010, the consortium set its 
sights on applying the process to a meat dish. Regula-
tions for meat dishes also require approval from the 
U.S. Department of Agriculture.

That hurdle was cleared in April 2012 with chicken 
and dumplings, opening the door to microwave ster-
ilization of all meat-based items in the future. “That 
approval opens the door for all kinds of casserole-type 
and whole-muscle foods containing meat,” Oleksyk 
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University, Food Chain Safety and many food and pack-
aging companies (including Ameriqual and Wornick).

For the food industry, the choice between micro-
wave and retort processing systems is a bottom-line 
decision that depends on customer needs, cost (capital 
investment and production throughput) and available 
packaging.

“Initial cost estimates suggest MWS will offer savings 
over the retort process due to faster throughput, less 
water usage, etc. However, until the first continuous 
Microwave Sterilization unit is up and running (fall 

2012) there are no exact numbers yet 
in terms of unit cost savings,” Oleksyk 
said.

Military application of microwave-
sterilization technology for rations is 

making progress toward gradu-
ally replacing certain retorted 
entrées, and Oleksyk expects 
the first foods could be ap-
proved for ration menus as 
early as next year. Approved 
foods are going through in-
house sensory panels and stor-
age studies at Natick and soon 

will undergo field-testing 
with soldiers.

“It’s going to bring 
great quality food to the 
warfighters,” Oleksyk said. 
“The main challenge for us 
right now is the package.”

Foil contributes to long 
ration shelf life, but it can-
not be used with micro-
waves, she said, adding: 
“So we are examining 
pouches that don’t have 
foil but still provide the 
barrier and protection our 
rations require.”

Another advantage is 
microwave sterilization is expected to save money 
compared with retort thermo-sterilization. “Our in-
dustry partners are analyzing the cost savings now,” 
Oleksyk said. “They do think there will be a cost savings 
in the throughput, because you have an eight-minute 
microwave process versus an hour-plus retort process.”

For Natick, the goal remains being able to give sol-
diers foods that they like and are better for them. “We 
still have a ways to go,” said Yang. “But at this mo-
ment, those milestones we have achieved give us a lot 
of confidence that we are on the right track.” —GFS

and it is here that the MWS process has significant 
benefit over retort system due to the short thermal 
exposure,” Oleksyk said.

Retort sterilization involves subjecting hermeti-
cally sealed containers (cans or pouches) of food to 
high temperature in a pressurized chamber from 60 
minutes to hours, depending on the size of the load. 
Achieving commercial sterility at the coldest spot(s) 
in the containers via heat conduction and convec-
tion in retort is the barrier to maintaining high food 
quality and nutrition.

“The products we 
are mostly targeting for 
microwave sterilization 
are ‘low-acid foods’ (i.e., 
fish, meat/pasta casse-
role-type products) and 
some acidified foods 
as well,” Oleksyk said. 
“The lower a food’s acid 
content, the more op-
portunity for microbial 
growth and spoilage. 
Harmful bacteria, and 
especially deadly spores 
in low-acid food, need 
high heat to inactivate.”

She explained the 
basic rule of thumb is that “acid” 
foods have a pH equal to or less 
than 4.6. “Low-acid” foods have a 
pH greater than 4.6 and a water ac-
tivity greater than 0.85. And then 
there are “acidified” foods, which 
are naturally low acid, but acids are 
added to bring the pH to 4.6 or less 
(an example of these might be pick-
led foods).

MILITARY APPLICATION
While the university and industry 

partners have the goal of commer-
cializing microwave-sterilization technology, Oleksyk 
thinks it will take longer to find its way into the mil-
itary. “The commercial market does not have the 
three-year shelf life constraint that military rations 
have,” she said.

The target date for industrial product development 
using microwave sterilization is fall 2012, and scale-up 
production is expected by January to March 2013. The 
commercialization of this technology was made pos-
sible by the joint effort of the Microwave Sterilization 
Consortia that comprise Natick, Washington State 

Left: the retort 
process results in 
a product that 
is considerably 
more rubbery 
and tasteless.

Below: Food 
retains more 

flavor, texture 
and nutrients 

with microwave 
sterilization.
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