
Many factors influence the shelf life of food, and 
all need to be controlled to ensure stability. These 
include: chemical, such as pH and lipid oxidation; 
physical, including moisture content, water activ-
ity and light; microbiological; time; temperature; 
environment; ingredients (adding preservatives); 
processing (baking, fermenting, freezing, drying, 
sterilization); and packaging to prevent moisture 
and oxygen permeation.

To achieve a shelf-stable pizza (SSP) MRE, Stepien 
said Natick relied on hurdle technology, which uses 
a series of barriers to inhibit growth of organisms; 
e.g. bacteria, yeast and mold.

Tomato sauce and other foods that are naturally 
acidic were barriers chosen to control pH of the 
pizza MRE, with other options including fermented 
pepperoni and dough or incorporating food-grade 
acids, such as adding lactic acid to the “osmoroni” 
to decrease the pH.

Since oxygen drives the growth of many bacteria, 
yeast and mold, and chemical reactions, Natick pack-
aged the pizza MRE in a high-barrier, tri-laminate 
pouch. The pouch has a foil barrier that prevents the 
transmission of oxygen and moisture. Also incorporated 
into the package are oxygen-scavenging sachets, or 
small bags or pads, to absorb residual oxygen.

“For shelf-stable pizza, the barriers include ma-
nipulating and/or controlling water activity (aw), pH 
(acidity) and oxygen content,” he said. “However, 
due to recent scientific developments within Combat 
Feeding to advance and apply hurdle technologies, 
those technical challenges have been mitigated, 
and a pizza has been developed to meet military 

Warfighters could soon bite into any of four 
shelf-stable pizza Meal, Ready to Eat (MRE) 
varieties as the popular entrée is on course to 

join the Joint Services Operational Rations menu in 
2017 and satisfy steady requests from service mem-
bers for the option.

Field tested in September 2014 with soldiers at 
Fort Carson, Colo., the pizza MRE received positive 
feedback, which cleared the way for it to be recom-
mended to the Joint Services Operational Rations 
Forum (JSORF) for inclusion in the 2017 menu.

Natick developed four varieties of pepperoni pizza 
MREs to date that, if approved, will be added to the 
menu: diced; sliced; turkey; and osmoroni. Osmoroni 
is a type of pepperoni that is manufactured with an 
osmotic dehydration process, which allows healthy or 
low-sodium alternatives to conventional pepperoni.

A fifth shelf-stable pizza flavor may soon be added 
as Natick is working to develop a barbecue chicken 
pizza MRE.

“Warfighter recommendations drove the devel-
opment of the MRE pizza,” said Mike Stepien, a 
program-marketing analyst at the Combat Feeding 
Directorate, U.S. Army Natick Soldier Systems Center 
in Natick, Mass. “Throughout the years, feedback has 
demonstrated our military desires the inclusion of 
pizza into the ration.”

TECHNICAL CHALLENGES
Development of the pizza MRE presented numerous 

technical challenges that were overcome through a 
great deal of collaboration within the Combat Feeding 
Directorate (CFD), and a few scientific advancements.

Pizza
Delivery

Natick Solves 
Technical Challenges 
to Shelf Stability for 
Pizza MREs

Soldiers at Fort Carson, Colo., meet with Jeannette Kennedy, left, and 
Wendy Johnson, right, from the Natick Soldier Research, Development 
and Engineering Center at Natick, Mass., to provide their input about 
items in combat rations and to try out new prototype menu items. 

(PHOTO COURTESY: DAVID KAMM, U.S. ARMY)

Developing a pizza MRE involved 
solving numerous technical chal-
lenges. (PHOTO COURTESY: THE COMBAT FEED-
ING DIRECTORATE, U.S. ARMY NATICK SOLDIER 

SYSTEMS CENTER IN NATICK, MASS.
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ration requirements for shelf life 
and stability.”

Water activity measures the free 
water available for organisms to 
grow or for chemical reactions to 
take place. As a factor contributing 
to the shelf life of the pizza MRE, 
Natick incorporates various humec-
tants, or water-binding ingredients, 
such as salt, sugars, honey, rice syrup and glycerol, 
into the pizza MRE sauce and dough formulation.

Since each component of the shelf-stable pizza has 
its own water activity and moisture content, Natick 
had to control each separately. Differences can cause 
water to move, or migrate, between the crust, sauce, 
cheese and pepperoni, and compromise shelf life.

“For example, if too much water moves from the 
sauce to the crust the crust can become too soggy,” 
Stepien said. “Because unwanted migration can re-
sult in undesirable microbial, chemical flavor, and 
texture changes, trials conducted focused on the 
controlling moisture migration.”

OSMORONI
A key technical advancement to control water 

activity in the pizza MRE is osmoroni, a beef pep-
peroni alternative. Osmoroni is produced using osmo 
technology, which Stepien describes as a novel meat-
drying process that achieves a compatible water ac-
tivity measure.

“This novel product is particularly suitable for 
[shelf-stable pizza] because of its inherently low water-
activity and superior appearance, taste and texture,” 
he said. “Osmoroni is a high-quality pepperoni al-
ternative conceptualized, developed, produced and 
used for the development of an SSP variety.”

Osmo technology is a system for extracting ex-
cess moisture from meat, seafood and vegetable 

products. Meat, seafood and/or vegetable paste 
are sheeted into jerky or pepperoni-type 

items that are immersed into an os-
motic solution that removes excess 

moisture by osmosis to obtain 
a water activity in the inter-
mediate range, and rendering 
a light-weight, high-quality, 
shelf-stable result.

“The osmo technology never 
uses extremely high temperature; 

hence, the quality and nutrients are well preserved,” 
Stepien said.  “Furthermore, the system can be used 
to incorporate supplemental nutrients and quality 
enhancers, such as canola protein for meat succulence, 
to produce a meat roll-up that can be consumed as 
a savory snack or used as a filling for a shelf-stable 
sandwich or as an MRE pizza topping.”

Stepien expects this advantage will be especially 
valuable to achieve the increased battlefield mobil-
ity anticipated of future warfighters. “In such an 
environment,” he said, “the warfighter requires im-
proved nutrition/energy and quality protein sources 
in ration components that are easy to carry, retrieve 
and eat on the move.”

Another ingredient contributing to successfully 
controlling water activity in the pizza MRE is a com-
mercially available shelf-stable cheese. The cheese 
has a manipulated water activity, and Natick further 
controls it by varying the baking time and temperature.

Natick discovered the shelf-stable cheese used was 
prone to browning when baked at the very high 
temperatures and baking time typical for pizza. To 
prevent this, Natick conducted trials to optimize 
baking times and temperatures.

With these steps, Natick achieves a water activity 
measure of 0.86 to 0.88 and a pH above 4.5 in the 
pizza MRE, placing it on the threshold of acceptable 
limits set by regulatory agencies.

Still, Natick successfully satisfies the microbial 
growth requirements because of the technology hurdle 
barriers it set up in the pizza MRE to control pH, 

Natick Solves 
Technical Challenges 
to Shelf Stability for 
Pizza MREs

When introduced in 2008, the First Strike Ration included 
items such as the First Strike! Bar, beef jerky, nut and fruit 
mix, caffeinated gum, applesauce, tortillas, honey BBQ beef 
pocket sandwiches and filled French toast pockets. The ration 
provides soldiers with three meals a day, is about the size 
of a single MRE, and contains only items that can be easily 
eaten with the hands. It is designed for soldiers on the move. 

(PHOTO COURTESY: JUAN R. MELAFANDEZ JR., USA)

Preceding the pizza MRE was this pepperoni 
sandwich, from Bridgford Foods, which was 

included in the First Strike Ration. 
(PHOTO COURTESY: ALEX DIXON, USA)

GOVERNMENT FOOD SERVICE • MARCH 2015



highest in the demonstration became the choices 
that were selected for field-testing at Fort Carson 
and then submitted for approval by JSORF.

All of the pizza MRE rations delivered to Fort Car-
son were consumed in the field to ensure a realistic 
environment simulating the conditions in which they 
will be eaten by soldiers. Following eating, soldiers 
complete surveys, rating different aspects of the ra-
tions, in order to compile a comprehensive set of 
data to support future recommendations to JSORF 
and lessons learned for product developers.

Menu-specific questionnaires include a list of every 
food item available for testing that day, including 
acceptability (like/dislike) rating scales and multiple-
choice questions with areas for written input, as well.

“Primary focus areas for survey data collection 
include which foods are eaten, and how much and 
how well each item is liked,” Stepien said. “Addi-
tional areas of interest may include nutritional in-
take, overall meal acceptability, variety, portion size, 
functionality, and ease of consumption.”

Any items created under the Combat Feeding Di-
rectorate and approved by JSORF get a set of specifi-
cations written that ensure commercial production 
by industry partners follows the same high-quality 
standards established during development.

Food scientists within the Combat Feeding Direc-
torate at Natick developed the recipe and processes 
used to successfully produce the shelf-stable pizza 
in the laboratory/pilot plant. Natick next completed 
several small-scale commercial production tests with 
industry to ensure the pizza can be commercially 
manufactured, and more trials are underway.

Finally, Natick will focus on large-scale produc-
tion of the pizza MRE with multiple vendor partners.

When completed, the pizza MRE will meet the 
same nutritional requirements set in Army Regula-
tion 40-25 for all meals, ready to eat. Since opera-
tional rations for the military require preposition 
and provision, the unique shelf-life requirements 
for the MRE and pizza are 36 months at 80 degrees 
Fahrenheit/27 degrees Celsius.

—GFS

oxygen content and water 
activity.

“To ensure the SSP is safe,” 
he said, “a microbial chal-
lenge study was conducted 
using Staphylococcus aureus (pathogenic bacteria 
that is a threat to foods that have an aw above 0.86). 
Because of the hurdle technology used, no growth 
of this organism is expected.”

LAMINATE LAYERS
Natick is also considering taking an additional 

safeguard against moisture migration by incorporating 
a new technical innovation called laminate layers in 
the pizza MREs, as well as other multi-component/
ingredient items. “Laminate layers are edible films 
that are still in the early phases of development, 
but show promise in preventing migration between 
pizza components,” he said.

Besides preventing displeasing physical and chemical 
changes within the food system that adversely affect 
its safety and shelf life, Stepien said laminate layers 
can be flavored, providing increased pizza varieties.

DELIVERING THE PIZZA MRE
The pizza MRE is the latest creation at Natick 

under the Next Generation Combat Bakery (NGCB), 
a research and development project based on a Joint 
Statement of Need (JSN) from joint technical staff 
members of the Combat Feeding Research, Engineer-
ing Board (CFREB).

Under this project, food technologists in the Com-
bat Feeding Directorate’s Food Processing, Engineering 
and Technology Team are tasked with developing 
baked goods for both individual and group ration 
applications to address menu gaps, expand menu 
options for baked goods or resolve stability problems 
with existing ration baked goods.

“Developing baked goods that maintain high ac-
ceptance over a three-year shelf life is no easy task,” 
Stepien said. “However, CFD food technologists were 
able to develop a family of innovative shelf-stable 
bakery ration components, as well as improve existing 
shelf-stable bakery ration components, by exploit-
ing intermediate moisture and hurdle technologies.”

Other items being developed/improved under the 
NGCB effort in addition to the shelf-stable pizza 
MRE include biscuits, pita bread, brownies and fo-
caccia bread.

Any items created under the Combat Feeding Di-
rectorate undergo field tests in which soldiers are 
presented with numerous control and test ration 
components. In 2014, one of the test items was the 
shelf-stable pizza.

Natick initially showed all the different pizza MRE 
varieties to warfighters during a technology dem-
onstration at Fort Devens, Mass. All flavors scored 
well, but the diced pepperoni flavors that rated the 

MRE’s are self-contained, individual field rations 
in lightweight packaging, and are hot or cold. 
Inside each MRE bag is an entrée and a variety of 
other food and drink items. This meal was beef 
roast with vegetables. (PHOTO COURTESY: DEE CRAWFORD, VI 

SPECIALIST, TSC WISBADEN, RTSD-WEST, TSAE, JMTC, U.S. ARMY)
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