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(54) Title: A MICROWAVE RETORT SYSTEM, A PROCESS FOR HEATING FOOD PRODUCTS USING A MICROWAVE 
RETORT SYSTEM, AND FOOD PRODUCTS FORMULATED FOR MICROWAVE RETORT

(57) Abstract: Provided herein are a microwave retort system and a process for heating food products using a microwave retort sys - 
tem, such as to pasteurization and/or sterilization temperatures. Food product formulated for treatment in microwave retort processes 
are also provided. In one aspect, the microwave retort system includes a microwave zone having one or more microwave temperature 
sections in which a liquid medium is maintained at a temperature below sterilization temperatures during the microwaving process. 
The processes and systems described herein heat the products to pasteurization or sterilization temperatures while preventing the 
products, including outer surfaces, reaching a temperature greater than 135F. The microwave retort processes and systems advant­
ageously provide products with the taste and organoleptic properties equivalent to or nearly equivalent to an otherwise identical 
freshly prepared product and significantly better than otherwise identical food products that have undergone a conventional immer­
sion or saturated steam retort process.
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9 A MICROWAVE RETORT SYSTEM, A PROCESS FOR HEATING FOOD PRODUCTS 
USING A MICROWAVE RETORT SYSTEM, AND FOOD PRODUCTS FORMULATED 

FOR MICROWAVE RETORT

Field

[0001] The present application relates to a microwave retort system, a process for heating 

food products using a microwave retort system, such as to sterilization temperatures, and food 

products formulated for microwave retort.
Background

[0002] Any discussion of the prior art throughout the specification should in no way

be considered as an admission that such prior art is widely known or forms part of common 
general knowledge in the field.

[0002A] Thermal retort processes have long been used to provide commercial

pasteurization and sterilization to improve the microbial safety of refrigerated or shelf-stable 

food products. In retort processes, the products are heated to temperatures effective to 

inactivate microorganisms, including spoilage or pathogenic microorganisms, which may be 

present in the food. Conventional thermal retort processes generally require high temperature 

treatment for upwards of 40 minutes including heating, holding, and cooling stages. The most 

common retort sterilization processes include water immersion and saturated steam processes. 

In saturated steam processes, a retort vessel containing packaged products (e.g., in pouches, 

containers, or cans) is filled with steam for about 30 to about 120 minutes. In water immersion 

processes, the food products are immersed in hot water under pressure in a retort vessel.

[0003] While acceptable sterilization may be achieved by these processes, thermal

treatment for these lengths of time can result in a number of detrimental effects to the food 
product, including changes in color, aroma, or texture, denaturation or coagulation of protein, 

and degradation of vitamins and other nutrients. In conventional retort processes, the geometric 

center of the food product is typically the coldest part of the product and takes the longest to 

heat to sterilization temperatures. This can result in uneven heating of the product, whereby 

certain portions, such as the outer surface or corners, are overcooked relative to the center of the 

product. Such uneven heating can result in undesirable changes to the food product as 

compared to a freshly prepared product that has not undergone thermal retort, as well as 

reduced consumer acceptance of the retorted products.

-1-
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[0004] There has been recent interest in retort processing using microwave energy, but it 

has not yet been utilized on a commercial scale. Like previous retort systems, microwave retort 

utilizes the production of heat to inactivate microorganism. Unlike the other retort processes, 

microwave retort results in food products having a coldest spot that is often not the geometric 

center of the product.

[0005] Microwave assisted thermal sterilization (MATS) is one known technology that 

provides for microwave sterilization of packaged foods. For example, MAT'S may use a 

frequency of 915 MHz. A conventional MATS system is described in U.S. Patent No. 7,119,313 

and includes a preheating section, microwave heating section, holding section, and cooling 

section arranged in series representing four sequential processing steps. Each section of the 

MATS system described in the '313 patent has a separate water circulation system that includes 

a pressurized tank and plate heat exchanger to control water flow at a predetermined 

temperature. A conveyor extends from the preheating section to the cooling section and 

conveys products through the different sections of the MATS equipment. During the 

sterilization process, packaged food products are immersed in a water solution in a pressurized 

vessel. Water is circulated through the cavities together with the food being processed.

Advantages of the MATS system as compared to conventional retorting systems include higher 

throughputs, lower operations costs, and increased ability to sterilize various non- 

homogeneous foods. While the MATS system is an improvement over previously available 

microwave retort systems, MATS technology is still in the beginning stages, and heretofore 

advances have not been made that allow7 for implementation on a large commercial scale. 

Although microwave energy may offer various advantages in thermal sterilization, one of the 

problems with using microwave energy for the thermal sterilization of food is the lack of 

uniformity of the electromagnetic field distribution. Another issue is that the MATS system still 

often results in the edges or outer surfaces of the food can be overheated due to the electric field 

parallel to the edge of the food. Such limitations may be one reason why microwave systems 

have not yet been widely used to sterilize foods on a large scale.

Summary

[0006] The present disclosure generally relates to a microwave retort system and a process 

for heating food products using a microwave retort system, such as to pasteurization and/or
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sterilization temperatures, as well as to food products formulated for treatment in microwave 

retort processes. In the systems and processes described herein, packaged food products are at 

least partially immersed in a liquid medium and treated with microwave energy to heat the 
products to pasteurization or sterilization temperatures and held at the pasteurization and/or 

sterilization temperatures for a time sufficient to pasteurize or sterilize the food products. In one 

aspect, the microwave retort processes and systems described herein heat the food products to 
pasteurization and or sterilization temperatures while preventing the food product, including 

outer surfaces, reaching a temperature higher than 135°F. In doing so, at least in some 

approaches, the microwave retort processes and systems described herein advantageously 

provide food products with the taste and organoleptic properties equivalent to or nearly 

equivalent to an otherwise identical freshly prepared product that has not undergone a retort 

process and significantly better than otherwise identical food products that have undergone a 

conventional immersion or saturated steam retort process.

[0007] Unless the context clearly requires otherwise, throughout the description and

the claims, the words 'comprise', 'comprising' and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say in the sense of "including 

but not limited to".

[0007A] In a particular aspect, the present invention provides a process for

pasteurizing or sterilizing a packaged food product using microwave energy, the method 

comprising preheating a packaged food product to a temperature of about 50°C to about 80°C; 

conveying the packaged food product to a microwave zone comprising a first microwave 

temperature section and a second microwave temperature section; in the first microwave 

temperature section, immersing the packaged food product in a liquid medium having a first 

temperature and applying microwave energy to the food product for a first period of time, the 

first temperature being at least about 20°C and less than a pasteurization temperature when 
pasteurizing the packaged food product or less than a sterilization temperature when sterilizing 

the packaged food product; conveying the packaged food product from the first microwave 

temperature section to the second microwave temperature section, wherein a liquid medium in 

the second microwave temperature section has a second temperature higher than the liquid 

medium of the first microwave temperature section but not exceeding the pasteurization
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temperature when pasteurizing the packaged food product or the sterilization temperature 

when sterilizing the packaged food product, and applying microwave energy to the food 

product for a second period of time; conveying the packaged food product having microwave 

energy applied for at least a first and second period of time to a holding zone which includes a 

liquid medium at a temperature of about 115°C to about 135°C; and conveying the packaged 

food product from the holding zone to a cooling zone.

[0007B] In one aspect, a process for pasteurizing or sterilizing a packaged food

product using microwave energy is provided. The method comprising preheating a packaged 

food product to a temperature of about 50°C to about 80°C; conveying the packaged food 

product to a microwave zone comprising a first temperature section and at least a second 

temperature section; in the first temperature section, immersing the packaged food product in a 

liquid medium having a temperature of about 20°C to about 110°C and applying microwave 

energy to the food product for a first period of time; conveying the packaged food product from 

the first microwave temperature section to a second microwave temperature section, wherein a 

liquid medium in the second temperature section has a higher temperature than the liquid 

medium of the first temperature section, and applying microwave energy to the food product 

for a second period of time; conveying the packaged food product having microwave energy 

applied for at least a first and second period of time to a holding zone which includes a liquid 

medium at a temperature of about 115°C to about 135°C; and conveying the packaged food 

product from the holding zone to a cooling zone.

[0008] In one approach, the process further comprises conveying the packaged food

product to a third temperature section and applying microwave energy to the food product for 

a third period of time, wherein a liquid medium in the second temperature section has a higher 

temperature than the liquid medium of the first temperature section.

[0009] In another approach, the process further comprises conveying the packaged

food product to a plurality of additional microwave temperature sections after the second 

temperature section. In one aspect, the plurality of additional microwave temperature sections 

includes 3 to 10 additional temperature sections. In some approaches, the microwave energy 

applied in the first temperature section has a higher intensity than the microwave energy 

applied in the second temperature section. In one aspect, the microwave energy applied in the

-4- (followed by page 4a)



20
15

31
76

64
 

01
 Ju

l 2
01

9

first temperature section has a higher intensity than the microwave energy applied in the 

second and third temperature sections.

[0010] The liquid medium of each of the first and second temperature sections may

have a temperature of about 20 to about 95°C, in another aspect about 20 to about 90°C, and in 

another aspect about 20 to about 85°C during application of the microwave energy. At least in 

some approaches, each process step is conducted to avoid any portion of the food product from 

reaching a temperature of greater than 135°C.

[0011] Exemplary food products that may be treated by the processes and systems

described herein include pasta, pasta and sauce, macaroni and cheese, meat, meat and sauce, 

meat with broth, rice dishes, egg dishes, omelets, skillet meals, potatoes (mashed, sliced, diced), 

soup, fruit, fish, and beverages. In one particular aspect, the packaged food product is macaroni 

and cheese. The food products treated by the processes and systems herein can be in a pouch, 
rigid container, or flexible container.

[0012] In another particular aspect, the present invention provides a microwave retort system 

comprising: a preheating zone configured to heat a liquid medium in the preheating zone to a 

temperature of about 50°C to about 85°C; a microwave zone including: at least one microwave 

source; at least two microwave applicators configured to direct microwave energy from the 

microwave source to a packaged food product positioned in the microwave zone; a first 

microwave temperature section in the microwave zone, the first microwave temperature section 

configured to immerse the packaged food product in a liquid medium within the first 

microwave temperature section, to apply microwave energy to the packaged food product 

when immersed, and to heat the liquid medium within the first microwave temperature section 

to a first temperature less than a pasteurization temperature when pasteurizing the packaged 

food product or less than a sterilization temperature when sterilizing the packaged food 

product; and a second microwave temperature section in the microwave zone downstream of 

the first microwave temperature section, the second microwave temperature section configured 

to immerse the packaged food product in a liquid medium within the second microwave 

temperature section, to apply microwave energy to the packaged food product when immersed, 

and to heat the liquid medium within the second microwave temperature section to a second 

temperature greater than the first temperature but not exceeding the pasteurization

-4a - (followed by page 4b)



20
15

31
76

64
 

01
 Ju

l 2
01

9

temperature when pasteurizing the packaged food product or the sterilization temperature 

when sterilizing the packaged food product; and a conveying device configured to move the 

packaged food product from the preheating zone to the microwave zone.

[0012A] In another aspect, a microwave retort system is provided including a

preheating zone configured to heat a liquid medium in the preheating zone to a temperature of 

about 50°C to about 85°C; a microwave zone including at least one microwave source; at least 

two microwave applicators configured to direct microwave energy from the microwave source 

to a packaged food product positioned in the microwave zone; at least two temperature sections 

in the microwave zone, each temperature section configured to heat a liquid medium in each 

temperature section; and a conveying device configured to move the packaged food product 

from the preheating zone to the microwave zone.

[FOLLOWED BY PAGE 5]

-4b-
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[0013] In one aspect, the microwave zone includes at least three temperature sections. In 

another aspect, the microwave zone includes a plurality of microwave temperature sections. In 

yet another aspect, the plurality of microwave temperature sections includes 3 to 10 additional 

temperature sections. In some approaches, the microwave retort system further comprises a 

hot/ cold water separator and a holding zone, wherein the hot/cold water separator is 

positioned between the microwave zone and the holding zone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram of a first exemplary microwave retort process.

[0015] FIG. 2 is a schematic of an exemplary microwave zone including a plurality of 

temperature sections.

[0016] FIG. 3 is a block diagram of a second exemplary microwave retort process.

[0017] FIG. 4 is a schematic of an exemplary microwave retort processing system.

[0018] FIG. 5 is a graph of the standard deviation of dielectric loss (£") at 915 MHz for

various cheese sauces.

[0019] FIG. 6 is a photograph of a macaroni and cheese product after undergoing a 

microwave retort process.

[0020] FIG. 7 is a photograph of a macaroni and cheese product after undergoing a 

microwave retort process, where the cheese sauce of the product includes added salt.

[0021] FIG. 8 is a photograph of a macaroni and cheese product after undergoing a 

microwave retort process, where the cheese sauce of the product includes added cream.

[0022] FIG. 9 is a graph of core temperature over time during microwave retort of a 

macaroni and cheese product.

[0023] FIG. '10 is a graph of core temperature over time during microwave retort of a 

macaroni and cheese product, where the cheese sauce includes added salt.

[0024] FIG. 11 is a graph of core temperature over time during microwave retort of a 

macaroni and cheese product, where the cheese sauce includes added cream. 

-5-
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[0025] FIG. 12 is a graph of the dielectric loss factor (£") of cheese sauces as a function of 

frequency at room temperature.

[0026] FIG. 13 includes a graph of the cumulative Foand the temperature of the cold spot of 

the reduced viscosity sample (n=2) after ten microwave passes in a microwave retort process.

[0027] FIG. 14 includes a graph of the cumulative Foand the temperature of the cold spot of 

the original (non-reduced) viscosity sample (n:::4) after ten microwave passes in a microwave 

retort process.

Detailed Description

[0028] The present disclosure generally relates to a microwave retort system, a process for 

heating food products using a microwave retort system, such as to pasteurization and/ or 

sterilization temperatures, and food products formulated for treatment in microwave retort 

processes. In the systems and processes described herein, packaged food products are at least 

partially immersed in a liquid medium and treated with microwave energy to heat the products 

to pasteurization or sterilization temperatures and held at the pasteurization and/or 

sterilization temperatures for a time sufficient to pasteurize or sterilize the food products. In one 

aspect, the microwave retort processes and systems described herein heat the food products to 

pasteurization and/or sterilization temperatures while preventing the food product, including 

outer surfaces of the food product from, from reaching a temperature higher than 135°F. In 

doing so, at least in some approaches, the microw’ave retort processes and systems described 

herein advantageously provide food products with the taste and organoleptic properties 

equivalent to or nearly equivalent to an otherwise identical freshly prepared product that has 

not undergone a retort process and significantly better than otherwise identical food products 

that have undergone a conventional immersion or saturated steam retort process.

[0029] In some approaches, the retort processes and systems described herein may be used 

in conjunction with the food formulations described herein. In other aspects, the retort 

processes and systems described herein may be used with other food formulations. Similarly, 

the food formulations described herein may be used with other microwave retort processes, 

although, at least in some approaches, carrying out the retort processes described herein with 

the food product formulations herein may provide high quality food products with significant 

- 6 -
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improvement in texture, flavor, and color over products produced by currently available 

microwave retort methods.

[0030] Microwave retort utilizes microwave energy to rapidly heat food products in sealed 

packages to temperatures effective to pasteurize or sterilize the products. The packages are 

typically completely submerged in water in a microwave chamber during microwave 

treatment. A rapid heating step is typically followed by a holding step and a rapid cooling step. 

These rapid heating and cooling steps allow food to be pasteurized and/or sterilized with less 

total thermal exposure than conventional steam or immersion retorting and can result in 

significantly improved product quality.

[0031] The design and operation of microwave retort systems can be greatly influenced by 

the properties of the food products processed therein. For example, the number of microwave 

application points, the power of the microwave generators, the intensity of the microwave 

energy delivered to the food products, the machine size, the speed of the belt or other 

conveying mechanism which controls the rate at which product passes through the system, and 

other factors of machine construction can all be modified independently or in combination to 

suit the properties of the food product or range of food products being retorted.

[0032] Also provided herein are food formulations that may be used with microwave 

retort pasteurization and/or sterilization processing conditions. In some approaches, the 

viscosity, dielectric properties, specific heat capacity, mass, and/or density of the product can 

be controlled to improve product quality obtained from a given microwave retort system or 

process. For example, varying the concentration of salt or other contribu tors to dielectric loss 

while also varying the types and/or concentrations of starches, hydrocolloids, or other 

controllers of product viscosity allows for the development of novel product formulations that 

are uniquely suited to provide significantly improved product quality for a particular 

microwave retort system configuration. Controlling other physical properties or characteristics 

of the food product may also be advantageous.

[0033] At least in some approaches, these formulation changes advantageously provide 

pasteurized and/or sterilized food products with desirable organoleptic, textural, and visual 

characteristics. Specifically, these various physical characteristics and properties of the food 

products to be treated, as well as their interaction with microwave intensi ty and other retort

- / -
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system variables, impact the product's ability to reach sterilizing temperatures at its coldest 

point without suffering browning, burning, or production of overcooked or off notes at its 

hottest point, such as portions of the product's outer surface. For this purpose, use of multi­

factorial experimental designs including, at minimum, dielectric properties and thermal 

properties is a uniquely efficient and novel approach.

[0034] At least in some approaches, the advantages described herein can be achieved by 

making structural and/ or processing changes to existing microwave retort equipment. For 

example, the apparatus of U.S. Patent No. 7,119,313, which is incorporated by reference herein 

in its entirety, and method of using that apparatus can be modified according to the processes 

described herein to achieve significantly improved product quality. Other existing equipment 

includes the "MATS B" production unit from 915 Labs LLC (Centennial, CO).

[0035] The microwave retort processes described herein generally involve conveying or 

otherwise moving a food product through discrete and typically pressurized chambers so as to 

provide a continuous or semi-continuous process. At least in some approaches, the discrete 

chambers are separated by one or more gates or doors which are opened and closed as the food 

product is conveyed from one chamber to the next. The gates are primarily a pressure lock to 

allow the products to move between chambers, which may be at different pressures and contain 

liquid medium at different temperatures, without a dramatic loss of pressure or liquid medium 

from a higher to a lower pressure chamber.

[0036] By one exemplary approach and as generally shown in FIG. 1, a microwave retort 

process 100 is provided by which a shelf-stable food product can be prepared by the successive 

treatment in a pre-heating zone, a microwave zone, a holding zone, and a cooling zone as 

explained in more detail below.

[0037] In step 101, a packaged food product is placed in a pre-heating zone where the food 

product is at least partially immersed in a liquid medium and the food product is heated to a 

desired temperature. In most approaches, the food product is completely immersed in the 

liquid medium. However, if differential pre-heating is desired, partial immersion of the food 

product in the liquid medium may be desired. Generally, the food products are provided in 

appropriate packaging, such as a jar, pouch, or flexible or rigid container. Preheating is used to 

equilibrate the temperature of the product to above room temperature but generally below 
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sterilization temperatures. This enables more efficient utilization of the microwave energy 

applied in the microwave zone. The liquid medium in the chamber may be heated by any 

means known in the art, such as, for example, by application of steam. In at least some 

approaches, the liquid medium is water, which helps to minimize dielectric loss to the liquid 

medium during application of microwave energy. Generally, the temperature of the liquid is 

selected so that the food product may be uniformly heated but not cooked in the pre-heating 

zone. For instance, when a product is cooked, complex physical and chemical changes begin to 

occur. Chemical changes that may occur include, for example, caramelization. Maillard 

reactions, protein denaturation, degradation of starch or other polysaccharides in the food, and 

generation of undesirable flavor compounds or colors. These and other changes may 

detrimentally affect certain attributes of the food, such as texture, flavor, color, or other 

organoleptic properties. Therefore, it is generally preferred that the temperature of the pre­

heating step is selected to avoid cooking of the food product.

[0038] In one approach, the liquid medium used in the pre-heating step may be at a 

temperature of about 50°C to about 85°C, and the pre-heating step may be carried out for a 

period of time effective to provide a uniform temperature in the food product of about 50 to 

about 80°C. The terms "uniformly heated" or "uniform temperature" mean that the coldest spot 

and the hottest spot of the product are within about 6°C of each other, in another aspect within 

about 4°C of each other, and in another aspect within about 3°C of each other. The coldest spot 

can be determined directly by placing multiple thermocouples or other temperature-measuring 

devices throughout a representative product. The coldest spot can also be estimated by 

computer modeling. In some products, the coldest spot may also be the geometric center of the 

product. The hottest spot may or may not be on the exterior surface of the product.

[0039] In some approaches, the temperature of the liquid in the pre-heating zone may 

depend on the type of food product being treated. For example, it is generally thought that 

dairy-containing products are more susceptible to thermal-mediated degradation or generation 

of off-flavor notes than certain other food products. Accordingly, at least in some approaches, it 

may be desirable that a dairy-containing food product be heated to a temperature at the lower 

end of the described range while there may be more flexibility in selecting a temperature 

throughout the described range for other food products.

-9-
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[0040] In step 103, the food product is conveyed to a microwave zone where the product is 

treated with microwave energy. The microwave zone may include one or more microwave 

temperature sections. Each microwave temperature section may include one or more 

microwave applicators that may be positioned above, beiow, and/or at another angle relative to 

the food product. At least in some approaches, greater uniformity of heating may be achieved 

with angled microwave application. In one aspect, the microwave applicators may be 

positioned to deliver microwave energy along the direction of travel in the microwave zone.

[0041] It was previously believed to be advantageous to preheat the liquid medium of the 

microwave chamber. For example, liquid medium temperatures of about 80°C to about 100°C 

were used for pasteurization treatments and temperatures of about 100°C to about 140°C for 

sterilization treatments. However, it has now been found that application of microwave energy 

to a product in a sterilizing water bath temperature of about to 121° to about 135°C can result in 

minimized microwave penetration into the product, which can result in significant microwave- 

induced product quality defects, including hotspots on the surface of the product. These are 

seen at varying intensity across different pouch and tray formats. As food product temperature 

rises, microwave energy absorptivity increases dramatically across most food products. Equally 

dramatic is the decrease in microwave energy penetration into the food. The combination of 

these factors can lead to runaway surface heating and scorching. Currently available microwave 

retort systems and processes can cause significant product quality defects across the entire 

range of process set points and product formulations tested. Currently available microwave 

retort equipment, such as from 915 Labs, can cause wide temperature variation across and 

between adjacent packages despite nominally identical treatment. For example, temperature 

variation between products can be measured by cold spot temperature probes.

[0042] It is presently believed that a significant percentage of product defects are caused by 

non-volumetric heating, which is a result, at least in part, of the dielectric properties changing 

as the temperature of the product increases during heating. The changing dielectric properties 

impact the penetration depth of the microwaves. When a food product is treated with 

microwave energy, the penetration depth of the microwave energy depends in part on the 

dielectric properties of the food product being microwaved. The dielectric loss E" is the ability 

of a substance to convert electromagnetic energy into heat at a given frequency and 
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temperature. Materials with high dielectric constants may not also have high dielectric loss E" 

values. Dielectric loss E" values are related to both frequency and temperature. Penetration 

depth is generally defined as the point where 37% (1/e) of the initially irradiated microwave 

power is still present, and is inversely proportional to dielectric loss E". Accordingly, food 

products with high dielectric loss E" values generally have low penetration depth values and 

the microwave energy may be significantly absorbed by the outer portion of the food product. 

Further, with increasing temperature, the penetration depth for many food products tends to 

further decrease.

[0043] It has been surprisingly found that these defects can be virtually eliminated or 

significantly reduced by utilizing processing conditions effective to provide a maximum 

product temperature of below 275°F (135°C) during microwave heating. Currently available 

microwave retort systems typically utilize a pressurized water bath to attenuate microwave 

energy at package corners and to prevent sterilization steam pressures from bursting 

individually sealed packages. Using about 50 to about 90 psi water overpressure can enable 

microwave-induced instantaneous maximum product temperatures to rise above 300°F (149°C). 

While these high temperatures may be thought to be beneficial from a microbial inactivation 

standpoint, these temperatures can cause significant product defects, including defects in flavor 

(e.g., burnt, scorched, and cooked notes), color (e.g., browning, yellowing, and pinking), and 

textural changes (e.g., rubbery, soft, and mushy textures).

[0044] Contrary to conventional wisdom, it was found that using liquid medium at lower 

temperatures in the microwave zone at least for a portion of the microwave treatment (in one 

aspect, the initial microwave treatment) could significantly improve the quality of the food 

product after retort. This can be applied in a particularly advantageous manner in a microwave 

zone having two or more temperature sections. In some approaches, a microwave zone with at 

least two microwave temperature sections may be used. In these approaches, each microwave 

temperature section may be configured to have a different temperature liquid medium and/or 

apply a different microwave intensity. For instance, a first microwave temperature section may 

have a lower liquid medium temperature as described above and a second microwave 

temperature section may have a higher liquid medium temperature.
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[0045] In one approach, a microwave temperature zone is provided whereby the 

temperature of the liquid medium can be controlled to a temperature significantly below 

sterilization temperatures. For instance, the temperature of the water in the microwave zone 

may be about 20°C to about 115°C, in another aspect about 20cC to about 110°C, in another 

aspect about 20°C to about 100°C, in another aspect about 20°C to about 95°C, in another aspect 

about 20°C to about 90°C, and in another aspect about 20°C to about 85°C. The lower end of the 

range may depend, at least in part, on the microwave intensity to be applied to the food product 

when the product is immersed in the liquid medium. For example, if higher intensity 

microwave energy is to be applied to the product, a relatively cooler temperature liquid 

medium may be particularly beneficial. For example, a liquid medium of a temperature of 

about 20°C to about 50°C, in another aspect about 20°C to about 45°C, in another aspect about 

20°C to about 40°C, and in yet another aspect about 20°C to about 35°C may be particularly 

suitable for those approaches.

[0046] Conversely, if microwave energy of less intensity is to be applied to the product for 

either a longer period of time, warmer liquid medium may be acceptable, such as about 65°C to 

about T15°C, in another aspect about 65°C to about 110°C, in another aspect about 65°C to about 

100°C, in another aspect about 65°C to about 100°C, in another aspect about 65°C to about 95°C, 

in another aspect about 65°C to about 90°C, and in another aspect about 65°C to about 85°C.

[0047] It was advantageously found that providing a liquid medium in the microwave 

temperature zone significantly below sterilization temperatures, as described above, enables the 

liquid medium to conduct heat av/ay from the surface of the food product during application of 

microwave energy. This provides several advantages. First, it was found that the lower 

temperature of the product surface enables the microwave energy to better penetrate the 

package and volumetrically heat the product. Second, by transmitting the microwave energy 

deeper into the product, much higher microwave-to-product temperature increase efficiency is 

achieved. Third, microwave-induced surface heat is more rapidly dissipated to the liquid 

medium, such that the overall effect is to reverse the cross-sectional product temperature profile 

from a cold core with an extremely hot surface to a sterilized core with a cooler surface. The use 

of the cooler liquid medium temperatures advantageously results in significantly reduced 

product surface overtreatment relative to the product cold spot. This provides significant 
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product benefits compared to products treated by currently available steam retort systems and 

microwave retort processes.

[0048] By one approach, a microwave zone with four individual temperature sections is 

depicted in FIG. 2. In one exemplary approach, the first temperature section that the food 

product encounters when conveyed through the microwave zone may be the coldest 

temperature section and the remaining three temperature sections may be at the same or higher 

temperature. For example, the temperature of the liquid medium in each section may be 

incrementally increased from one section to the next along; the direction of travel.

[0049] Further, as noted above, the microwave intensity applied in each section may also 

differ from one section to another. For instance, in Zone 1 of FIG. 2, when the liquid medium 

temperature is relatively low (e.g., about 20°C to about 70°C), higher intensity microwave 

energy may be applied to the product with deeper penetration of the energy to the product cold 

spot while heat from the surface of the product is dissipated to the cooler liquid medium. Then 

as the cold spot begins to heat up, the product can be conveyed to further microwave 

temperature sections in which the microwave intensity is decreased with respect to the previous 

section and the liquid medium temperature is higher with respect to the previous section. At 

the last temperature section, the cold spot of the food product should be at or near the desired 

pasteurization (e.g., about 60 to about 90°C) and/or sterilization temperature (e.g., about Γ15 to 

135°C).

[0050] Towards the end of the micro wave process, it becomes less important to transfer 

heat from the exterior surface of the food product to the liquid medium, and the temperature of 

the liquid medium can be increased to at or near pasteurization and/or sterilization 

temperatures. Therefore, the temperature of the Liquid medium in successive microwave 

temperature sections can be increased, as needed, so that both the cold spot of the product and 

the exterior surface both reach pasteurization and/or sterilization temperatures. For example, 

the liquid medium in the final microwave temperature section may be about 60°C to about 90°C 

for pasteurization or about 115°C to about 135°C for sterilization.

[0051] At least in some approaches, it has been found that utilizing a combination of 

reduced microwave power or intensity but increased number of microwave application points 

can result in approximately half of the finished product temperature variability of the currently 
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available processing equipment (e.g., higher microwave power and fewer application points) as 

measured by cold spot temperature probes.

[0052] While reduced microwave power or intensity and/ or increased number of 

microwave temperature sections can result in longer overall microwave treatment time, at least 

in some approaches the food product can be heated with greater efficiency in terms of the cold 

spot of the product being heated quickly per kW of energy applied to the product. By lowering 

process variability, less overall thermal treatment is needed to insure sterility. Thus, the overall 

benefit of microwave retort sterilization is increased versus standard retorting and significantly 

improved product quality can be obtained.

[0053] In some approaches, the product is held in the microwave zone (including all 

individual microwave temperature sections) for about 60 seconds to about 10 minutes. The 

length of time the product is held in the microwave zone may depend, at least in part, on the 

number of microwave application points, spacing of those applica tion points, and intensity of 

the microwave energy applied. At least in some approaches, the application points may be 

spaced closer together as the food product moves downstream though the plurality of 

microwave temperature sections. Advantageously, this may result in the microwave retort 

apparatus or system having a smaller machine footprint.

[0054] In general, reducing microwave power increases the microwave treatment time 

required to achieve pasteurization and/or sterilization temperatures. To avoid increasing 

treatment time, the number of microwave application points or "applicators" can be increased. 

In one approach, microwave energy? is provided from a microwave source, which supplies the 

energy to microwave waveguides. The microwave source can be any apparatus that produces 

electromagnetic radiation in the microwave frequency. For example, the microwave source may 

include a magnetron, klystron, electronic oscillator, and/or solid state source. The waveguides 

include a generally horn-shaped section, referred to as the "applicator," which is positioned to 

direct the microwave energy in a desired direction toward the food products. The terms 

"waveguides" and "applicators" are used herein with the meaning described in U.S. Patent No. 

7,119,313, which is incorporated herein by reference. The waveguides may further include a 

splitter, so that a single microwave source can feed microwaves to multiple applicators. This 

potentially increases efficiency by allowing the microwave source to operate at a high 
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percentage power output, while each individual application point delivers only a fraction of the 

total microwave energy to the food product.

[0055] In one aspect, the microwave power is about 5 kW to about 40 kW per microwave 

pass, in another aspect about 10 kW to about 20 kW per microwave pass under each applicator. 

The precise power level selected may depend, at least in part, on the number of passes being 

performed, the number of microwave applicators, the speed at which the product is conveyed 

through the microwave zone, the time between microwave application passes, and the 

temperature of the liquid medium in a particular temperature section. In one aspect, each pass 

may range between about 45 seconds to about 1 minute.

[0056] In some approaches, reduced microwave power may be used in combination with 

an increased number of application points. At least for certain food products, such as macaroni 

and cheese products, it has been found that the combination of lower intensity for longer time, 

in spaced increments, achieves the desired product sterility but with snore desirable product 

characteristics. For example, the retort system may include from about 4 to about 15 microwave 

application points, and in another aspect about 8 to about 12 microwave application points. At 

least in some approaches, the application points are in series as the product passes through the 

microwave zone. In one aspect, the microwave application points are at least about 12 inches 

apart.

[0057] Each of these aspects may be used alone or in combination. For example, in some 

food applications, it may be found that use of reduced power may be sufficient and that 

increasing the number of microwave application points is not needed.

[0058] After the microwave treatment, the food product is then conveyed in step 105 to the 

holding zone to achieve pasteurization and/or sterilization. Preferably, the food product is 

conveyed to the holding zone to hold the product at a temperature effective to achieve 

sterilization, which can be defined as an Fo of 6 to 8. As used herein, pasteurization refers to an 

at least 5 log reduction of the number of viable pathogenic microorganisms in the product, such 

as Listeria monocytogenes. In one aspect, the product is at least partially immersed, in preferred 

approaches completely immersed, in a liquid at a temperature of about 115°C to about 135°C, in 

another aspect about 120°C to about 131 °C in the holding zone.
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[0059] The food product can be held in the holding zone until suitable pasteurization 

and/or sterilization temperatures are reached for the appropriate amount of time. In some 

approaches, the product is held in the holding zone for about 3 to about 8 minutes. The 

temperature and time of residence selected in the holding zone may depend, at least in part, on 

the ability of the food product to withstand the temperature for a given period of time without 

adversely affecting the quality of the food product. Generally there is a preference for selecting 

a temperature towards the upper end of the range if the temperature does not adversely affect 

the quality of the resulting product.

[0060] In step 106, the food product is then conveyed to a cooling chamber where the food 

product is at least partially immersed, in some approaches completely immersed, in a liquid at a 

temperature of about 33°C to about 60°C, in another aspect about 35°C to about 45°C to cool the 

food product to below about 80°F.

[0061] By another exemplary approach and as generally shown in FIG. 3, the process 

shown in FIG. 1 may include additional steps, if desired. For example, in one approach, to 

increase the number of products that can be conveyed through the retort system, the products 

can be conveyed in a stacked configuration with a plurality of rows (e.g., about 5 to about 10 

rows) through many of the chambers of the system. However, at least in some approaches, it 

may be preferred that the food products not be in a stacked configuration during microwave 

treatment. Therefore, the process of FIG. 3 further includes step 202 where the food product is 

unstacked prior to being conveyed into the microwave zone. The process of FIG. 2 also includes 

step 204 where the food products are restacked into a stacked configuration after the product 

has exited the microwave zone. Tn some approaches, steps 204 and 205 may be carried out in the 

same or in separate chambers. The order of steps 204 and 205 may also be reversed, if desired.

[0062] Further testing will demonstrate the efficacy of the following approaches to increase 

the uniformity of heating the food product and/or increasing the rate of heat transfer to the 

center of the product:

- Vibrating and/or rotating the food products as they are conveyed through 

the unit to increase convective heat transfer within individual packages. In 

one aspect, the food products can be vibrated and/or rotated as they are 

conveyed through a stationary unit. In another aspect, the food products can 
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be vibrated and/or rotated by vibrating and/ or rotating one or more of the 

microwave chambers through which the food products are conveyed. The 

technical approach is to systemically connect all aspects of convection., 

conduction and radiation to create an efficient sterilization system;

- Offsetting microwave horn alignment of the plurality of microwave 

application zones to achieve better microwave field uniformity and product 

temperature uniformity as compared to conveying the food product straight 

through. For example, the horns may be offset and/or staggered to mi tigate 

hot/cold spots, as wrell as to move the cold spot away from the geometric 

center of the product, which is also the conduction cold spot. This may also 

improve consistency of heating within a carrier (from package to package) as 

well as within a package;

- Designing the carrier for the food product packages to influence and/or 

control the location of the cold spot during the microwaving process;

- Alternating the orientation of the horns (or tray direction) to achieve better 

microwave field uniformity and product temperature uniformity as 

compared to progressing straight through. For example, the conveyor could 

move the tray through a series of right turns to change orientation of the 

carrier/packages to the microwave field versus progressing straight through; 

and

■ Considering other conveyance designs, up and down sections, spirals, and 

right turns to achieve similar effects.

[0063] Other microwave retort parameters may also be varied to improve product quality 

after retort. For example, microwave intensity, retort belt-speed, and/or number of microwave 

applications can affect the quality of the food product and can be adjusted as needed to provide 

desired food product quality7.

[0064] By one exemplary approach, FIG. 4 includes a schema tic of a microwave retort 

sterilization system in accordance with the present disclosure. In one aspect, the microwave 

retort system comprises a plurality of individual chambers through which the food products are 
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conveyed. In some approaches, the microwave retort system can be provided in modular form 

for flexibility in design, maintenance, and modification. For example, the chambers may include 

ASME pressure vessels. In one approach, the chambers are cylindrical vessels except for the 

microwave chambers and hot/cold water separators.

[0065] A gate valve set 40'1 is provided at a first end of the system followed by a pre­

heating zone 402, which may include a hot/cold water separator. Here the product is immersed 

in a liquid medium and heated to a desired temperature in accordance with step 101 of FIG. 1. 

In one aspect, the liquid medium used in the pre-heating step may be at a temperature of about 

50cC to about 85°C, and the pre-heating step may be carried out for a period of time effective to 

provide a uniform temperature in the food product of about 50 to about 80°C.

[0066] Generally, for at least certain portions of the process, the food products are 

provided in a stacked orientation to maximize the number of products that can be treated by the 

retort system in a given time period. After the pre-heating step, stacked food products are 

conveyed to an unstacking zone 403, where the food products may be unstacked prior to being 

conveyed into the microwave zone 405. In some approaches, a single layer of food product 

packages may be desirable. In other approaches, particularly where thinner packages are used, 

food product packages may remain in stacks of two to three packages. Multiple rows of 

packages may also be conveyed through the system, such as two or more rows of packages 

moving through the machine. The food products are then conveyed to a speedup zone 304. In 

some approaches, the speedup zone comprises a conveyor that moves at a faster rate than the 

conveyor that moved the food products through the microwave zone. In some approaches, 

unstacking zone 403 and speedup zone 404 may be the same or separate chambers.

[0067] The food products then move to microwave zone 405. Microwave zone 405 may 

include one, two, or a plurality of individual microwave temperature sections. For example, 1 to 

about 10 microwave temperature sections may be used, although more temperature sections 

may be desirable for a particular application where, for example, incrementally increasing the 

temperature of the liquid medium may be desired. In one aspect, wrhen a plurality of 

microwave chambers is used, one or more of the plurality of chambers is configured to provide 

different microwave energy to the food products. In one approach, the microwave application 
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points or wave guides may be configured as described in U.S. Patent No. 7,119,313, which is 

incorporated by reference herein in its entirety.

[0068] After microwaving, the food products are next conveyed to hot/cold water 

separator 406 on the way to holding zone 408. The positioning of hot/cold water separator 406 

is unique to microwave retort systems. The separator 406 advantageously keeps the water of the 

microwave zone separate from the water of the holding zone 408, which may be at a much 

higher temperature than the water of the microwave zone. Such a hot/cold water separator 406 

enables the retort system to be utilized in a continuous or semi-continuous process. Here, at 

least in some approaches, the food products may be transferred from the liquid medium 

temperatures of the microwave zone 405 to the sterilization temperatures of holding zone 408. 

The food products will also pass through slowdown/upstack zone 407 where the food products 

can be provided in a stacked configuration prior to the holding zone 408. At holding zone 408, 

the food products will be maintained at sterilization temperatures for the amount of time 

necessary to achieve a Fo of 3 to 8, in another aspect of 4 to 8, as described above in reference to 

FIGS. 1 and 3.

[0069] The food products next pass to hot/cold water separator 409 before entering cooling 

zone 410, where the food products are cooled to about 80°C or less. At least in some approaches, 

zones 401 through 411 may include pressurized vessels. The food products then pass through 

gate valve set 411 where the pressure can be relieved before entering cooling zone 412 for 

further cooling at ambient pressure. The products may then exit the system for further 

processing or packaging.

[0070] By way of exampie, food products that may be treated by microwave retort in 

accordance with the present disclosure include shelf-stable meals, ready-to-heat meals, and 

ready-to-eat meals. Such meals may include, for example, pasta, pasta and sauce, macaroni and 

cheese, meat, meat and sauce, meat with broth, rice dishes, egg dishes, omelets, skillet meals, 

potatoes (e.g., mashed, sliced, and/ or diced), soup, fruit, fish, and beverages. Products may also 

include pet food products.

[0071] In addition to the processing conditions mentioned above, formulation 

considerations may also improve the quality of the products treated by these retort systems and 

processes. By one approach, it was found that controlling viscosi ty of the food product can 
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significantly improve the quality of the food product after microwave retort. In one aspect, the 

food product may be formulated to have a reduced viscosity. Generally, higher product 

viscosity reduces the rate of heat transfer by convection. To accommodate reduced heat transfer, 

lower microwave energy input may be required to avoid significantly degrading the quality of 

the product surface, such as by scorching. Therefore, determining an appropriate viscosity of 

the product which maximizes heat transfer while still providing desired organoleptic properties 

to the product can be particularly advantageous.

[0072] Ingredient selection can play an important role in viscosity management, 

particularly when formulating a product that will encounter the high temperatures of a 

microwave retort process. As is known in the art, certain ingredients increase the viscosity of a 

product, such as polysaccharide-based thickening agents, proteins, and gelling agents. 

However, many ingredients behave differently at high temperature. For example, certain 

starches or hydrocolloids may lose their thickening ability at high temperature while others, 

such as xanthan gum, have a stable viscosity at high temperature. Therefore, at least in some 

approaches, the food product formulation may include one or more ingredients which provide 

a desirably lower viscosity at high temperature during the heating process but a desirable 

higher viscosity at storage or consumption temperatures.

[0073] By another approach, controlling the dielectric properties of the food product can 

significantly improve the quality of food products produced by microwave retort. High 

dielectric loss results in reduced depth of penetration of microwave energy and in heating being 

concentrated at the surface of the food. High dielectric loss can result in surface browning 

and/or cooked or off flavor notes, even as the center of the product fails to achieve sterilization 

temperature. Dielectric loss can be reduced by, for example, reducing the salt concentration of 

the food product. However, if dielectric loss is reduced too far, the conversion of microwave 

energy into product heating may be reduced to the point where it is not useful for heating the 

food. Therefore, reduction of the dielectric loss can be managed to provide desired heating and 

quality characteristics in the final product.

[0074] By another approach, controlling the specific heat capacity of the food product can 

also contribute to improved equality after microwave retort. A low specific heat capacity can 

result in a higher temperature increase for a given amount of energy input. A low specific heat 
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capacity may require a reduced rate of microwave energy input to avoid degrading the quality 

of the product surface, such as by overcooking, scorching, or production of undesirable flavor 

notes at the product surface. In one aspect, the heat capacity of the product can be adjusted by 

inclusion of certain ingredients or adjusting the amounts of certain ingredients. For example, 

the specific heat capacity can be reduced by increasing the proportion of fat relative to water in 

the product.

[0075] Other properties or physical characteristics of the food product may also be 

adjusted to provide improved product quality after microwave retort by affecting the rate of 

heat transfer through the product and/or the rate of conversion of microwave energy into heat. 

These properties and characteristics include, for example, mass, density, thermal conductivity, 

and dimensions. For example, increasing the mass of the product typically will require more 

total heat input for a given temperature rise in the product. Increasing the mass will also 

magnify temperature differences between hot and cold spots during heating. Increasing thermal 

conductivity may improve uniformity of heating, while increasing product dimensions 

generally will make uniformity of heating worse.

[0076] Statistical experimental designs can be used to efficiently explore multi-factorial 

systems to identify factors having the greatest effect on the desired response (e.g., product 

quality) and to find optimum combinations of factors that maximize the desired response 

and/or find the best compromise between desired outcome and undesirable inputs. For 

example, optimal combinations of quality and processing cost, or quality and equipment capital 

cost can be identified. By one approach, a central composite design or other appropriate 

statistical design can be run to find a combination of dielectric properties, viscosity, and/or 

other physical properties or characteristics that give the best product on microwave retort 

systems, such as but not limited to the MATS-B or MATS-150 from 915 Labs or retort system 

disclosed in U.S. Patent No. 7,119,313.

[0077] Advantages and embodiments of the microwave retort processes and formulations 

described herein are further illustrated by the following examples; however, the particular 

conditions, processing schemes, materials, and amounts recited in these examples, as well as 

other conditions and details, should not be construed to unduly limit the compositions, systems, 

-21-



WO 2016/044571 PCT/US2015/050650

and processes described herein. All percentages in this application are by weight unless 

otherwise indicated.

Examples

[0078] Example 1

[0079] In one aspect., a Microwave Assisted Thermal Sterilization ("MATS") production 

unit from 915 Labs LLC may be used. In one approach, the following specifications may be 

used:

Table I: Retort Specifications

Product 8 oz. pouch/tray
Carrier Size 76 cm x 91 cm x 8 cm
Carrier Capacity 24 pouches/ trays (6x4)
Throughput ~150 pouches/min. (~6 carrier/min)
Vessel Rating 149°C, 6 bar
Opera ting Temp 125°C
Operating Pressure 3 bar
Machine Envelope 20m x 8m x 5m

[0080] Example 2

[0081] Suitable packaging for use in the microwave retort processes described herein 

includes, for example, the packaging from Printpack having the following characteristics:

Dimension: 6" x 7.25" (height) x 1.5" Gusset

Front/Back: Non-foil retort pouch

- Barrier coated PET film (48ga)/lnk/White Retort PET(92ga)/Retort Grade 

BON(0.6mil)/Retort PP Sealant(2.8mil), lower staining

- OTR: O.OScc/ (100irf*24hr) at 23°C/0% RH

- MVTR: 0.015g.Z(100in?*24hr) at 38°C/90% RH

- Thickness: 5.1 mil

Gusset: Non-foil retort pouch (3 ply clear)

■ Barrier coated PET Film (48ga)/Ink/Adhesive/Retort Grade
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- BON(0.6mil)/Adhesive/Retort PP SeaIant(3.0miI), lower staining

- OTR: 0.03cc/(100in2*24hr) at 23°C/0% RH

■ MVTR: 0.015g/(100in2*24hr) at 38°C/90% RH

- Thickness: 4.2mil

Recommended heat seal setting: 380°F, 40psi, 2s dwell time

[0082] Full vacuum, no gas flush was used. Heating from one side only (from top) using 

impulse sealer.

[0083] Trial Summary. Pouches were evaluated with different vacuum setting & dwell 

time to identify the optimum settings.

[0084] Vacuum setting were identified: pasta with sauce = 4., pasta only = 10. Target seal 

time was 3-4 seconds.

[0085] As the Multivac would not stop automatically at set time, stop watch was used to 

set at 4 sec.

[0086] No packaging failures (bursting/ tearing) were observed during the trial run. 

Carrier plate had 3 slots for 3 packages. Dimensions of the carrier plate: 7 3/6" (L) x 5 3/16" (W) 

x W' thick. Pouch should be designed to hold up to 60 psi, and temperature of up to 140°C 

using MMT's unit. For production unit, MATS 150 - up to 90 psi.

[0087 Example 3

[0088] Macaroni and cheese products (pasta in cheese sauce) were prepared using Barilla 

elbow pasta (made with semolina and durum wheat flour) and the cheese sauce formulas 

provided below.
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Table II: Cheese Sauces

Ingredients Sauce I 
(% by wt.)

Sauce I + Salt 
(% by wt.)

Sauce I + Cream 
(% by wt.)

Xanthan gum 0.2 0.2 0.2
Flour 1.25 1.25 1.25
Corn starch 1.25 1.25 1.25
Cream 5.0 5.0 11.6
Water 68.6 68.6 68.6
Milk 5.0 5.0 5.0
Kraft Singles slices 0.7 0.7 0.7
Salt - 1.0 -
Shredded sharp cheddar 
cheese

18.0 18.0 18.0

Total 100.0 101.0 106.6

[0089] The "Sauce I + Salt" sample was made by adding 1 percent salt (NaCl) to the "Sauce 

Γ" sample, and the "Sauce 1 + Cream" sample was made by adding 6.6 percent store-bought 

cream to the "Sauce I" sample. No formula adjustments were made to compensate for addition 

of the salt or cream (therefore, the percentages in Table II provide a total above 100%).

[0090] The sauces were combined with pasta according to the following formulations:

Macaroni and Cheese ProductsTable III:

Sauce Grams/ 
Pouch

Sauce/ 
Pasta

(g)

Cheese 
sauce 

(g/pouch)

Pasta pre- 
hvdrafion J

Water
(g)

Sauce I 298 213/85 178 50% 35
Sauce I + Salt 298 213/85 178 50% 35
Sauce I + Cream 298 213/85 178 50% 35

[0091] The pasta was partially cooked in water before mixing the partially cooked pasta 

with the cheese sauce.

[0092] The pasta and cheese sauces were run through the microwave retort machine using 

the retort process conditions shown in Table IV below. The same water temperature was used 

for each pass in the micro wave zone. The "MW Energy" column indicates the number of passes 

at each microwave power.
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Table IV: Retort Processing Conditions

Sample Starting 
Product 

(°c)P

Loading
Wafer 
Temp 

(°C)

Water
Temp in 

Microwave
Zone
(°Q

MW'
Off 

Cycles 
Before
MW

Passes

Overpressure | MW
(psi) | Energy

| (kW) and
i passes

Sauce I Product

25 28.6 J 97 0 50.8

30kW-2
25kW-2
20kW-3

Sauce I + Salt
Product

27 79 122.5 0

30 kW - 2
25kW-2
20kW-2

Sauce I + Cream
Product

26 - 0 35kW-3
25kW-2

#
Passes

Pause
Time 
After 
MW
Zone 
(sec)

MW Off
Cycles 

After MW
Passes

Cooling Water 
Temp 
(°C)

Reflected
Power Water 
to Reflected

Power
Product

Sauce I Product 7 30 7 30 7 -
Sauce I + Salt
Product 6 30 8 30.4
Sauce I + Cream
Product

5 I 60 5 31 12.5 to 1.6

[0093] The standard deviations of the dielectric constant (Ej and dielectric loss factor (E")

of the products were measured at 915 MHz and 2450 MHz. The results are presented in Tables 

V and VI below.

Table V: Standard deviation of dielectric constant (E) and dielectric loss factor (E j at
915 MHz

Sample
At 915 MHz

E Std Dev E' Std Dev
Penetration
Depth (m)

Sauce I 5.75E+01 3.431586 1.88E+01 1.14631 2.14E-02
Sauce I + Salt 6.35E+01 0.06577 5.39E+01 0.18388 8.29E-03
Sauce I + Cream 6.14E+01 0.568242 2.19E+01 0.176606 1.89E-02
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Table VI: Standard deviation of dielectric constant (£') and dielectric loss factor (£") at
2450 MHz

Sample
At 2450 MHz

E’ Std Dev E" | Std Dev
Penetration
Depth (m)

Sauce I 5.491HO1 3.374423 1.43E+01 | 0.873513 1.84E-03
Sauce I + Salt 6.011® 01 0.08633 2.82L+01 | 0.054793 1.70E-03
Sauce I + Cream 5.87E+01 0.537738 1.58E+01 0.225955 1.77E-03

[0094] The results for standard deviation of dielectric loss factor (£") results at 915 MHz are 

also presented in FIG. 5. There it can be seen that the dielectric loss of Sauce I changed 

significantly with the addition of 1% salt. Very little change in dielectric loss was seen with the 

addition of cream to Sauce 1.

[0095] Photographs of the three microwave retort products are provided in FIGS. 6-8. 

Generally, it was seen that having a higher salt content yields a higher loss factor, which 

decreases depth of penetration and can increase scorching on the surface of the food product. 

The macaroni and cheese product of FIG. 7 (Sauce 1 plus 1% salt) has a darker color than the 

other two products, and has some browning in the corners. Generally, the macaroni and cheese 

prod uct of FIG. 6 (Sauce I) has a more milky, creamy appearance.

[0096] The temperature of the cold spot of the product was also plotted over time during 

the microwave retort process. Those results are shown in FIG. 9 (Sauce I), FIG. 10 (Sauce I + 

Salt), and FIG. 11 (Sauce I + Cream), with the Y-axis being core temperature (in °C) and the X- 

axis being time (s). It can be seen that the core of Sauce 1 (FIG. 8) heated rapidly, indicating deep 

penetration of the microwave energy?. The core of the other products heated more slowly.

[0097] FIG. 12 is a graph of the dielectric loss factor (E") of cheese sauces as a function of 

frequency at room temperature. FIG. 12 demonstrates that the dielectric loss factors of each of 

the macaroni and cheese products do not change dramatically relative to each other throughout 

the frequency range.
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[0098 Example 4

[0099] Macaroni and cheese products were prepared. One set of products was diluted by 

approximately 25-35 percent with water and had lower viscosity than the non-diluted products.

[00100] The products were retorted using the process parameters shown below in Table VII. 

The chain speed of 1.7 in/sec was reduced from 3.3 in/sec and the 10 kW per microwave horn 

was reduced from 30 kW. The slower speed allowed for application of reduced microwave 

energy over a longer period of time.

Table VII: Microwave Retort Process Parameters

Number of Microwave Horns, with 10 kW Applied at Each 
Horn

Product

Water
Temp
Pre­
Heat 
(°C)

Pre­
Heating 

(min) 1 2 3 4 5 6 7 8 9 10
Macaroni 
and cheese 51.5 17 10 10 10 10 10 10 10 10 10 10
Reduced 
viscosity 
macaroni 
and cheese 50.4 17 10 10 10 10 10 10 10 10 10 10

Hold
Time

Product
Macaroni and 
cheese_______
Reduced 
viscosity 
macaroni and 
cheese

(min:sec)

6:10

6:10

Chain Speed Setpoint
(in/sec)

1.7

Pressure
(psi)

53

Min Fo

14.25

[00101] "Min Fo'" indicates the Fo reached for the coldest spot of the samples tested. As can 

be seen above, the reduced viscosity product resulted in a higher Min Fo value.

[00102] FIG. 13 includes a graph of the cumulative Fo and the temperature of the cold spot of 

the reduced viscosity sample (n=2; two pouches of product) after ten microwave passes. FIG. 14 
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includes a graph of the cumulative Fnand the temperature of the cold spot of the original (non­

reduced) viscosity sample (n=4; four pouches of product) after ten microwave passes. "Process 

IT" indicates the initial temperature of the process (e.g., the temperature of the pre-heating 

zone). The plotted lines beginning on the left side of the figures indicate the temperature of the 

cold spot, while the plotted lines beginning towards the center of the figures indicate the 

cumulative Fo.

[00103] Example 5

[00104] Macaroni and cheese products were prepared using egg white pasta. Pasta and 

sauce were included in relative amounts of 70 percent sauce and 30 percent blanched pasta. The 

cheese sauces were prepared according to the formulations in Table VIII below.

[00105] Table VIII: Cheese Sauces

Ingredients Sauce A 
(% by wt.)

Sauce B 
(% by wt.)

d.
(% by wt.)

Disodium phosphate 
duohvdrate

'1.5 '1.5 1.5

Cheese 35.2 30.0 30.0
Xanthan eum 0.15 0.200 0.08
Modified starch (Rezista) 1.35 '1.55 '1.25
Canola oil 1.0 1.0 1.0
Water 57.76 62.27 48.13
Cheese flavor 3.0 3.44 3.0
Coloring 0.04 0.04 0.04
Skim milk concentrate ■■ ■■ 15.0

Total 100.0 101.0 106.6

[00106] Sauce A included a higher amount of cheese than Sauce B. Sauce C differed from 

Sauces A and B by the inclusion of skim milk concentrate. Sauce C containing skim milk 

concentrate was perceived to have enhanced creaminess in blind team tastings.

[00107] As generally used herein, the articles "one," "a," "an," and "the" refer to "at least 

one" or "one or more," unless otherwise indicated. As generally used herein, the terms 

"including" and “having" mean “comprising." As generally used herein, the term "about" 

refers to an acceptable degree of error for the quantity measured, given the nature or precision 

of the measurement. Typical exemplary degrees of error may be within 20%, within 10%, or 

within 5% of a given value or range of values.
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[00108] AH numerical quantities stated herein are to be understood as being modified in ah 

instances by the term "about" unless otherwise indicated. The numerical quantities disclosed 

herein are approximate and each numerical value is intended to mean both the recited value 

and a functionally equivalent range surrounding that value. At the very least, and not as an 

attempt to limit the application of the doctrine of equi valents to the scope of the claims, each 

numerical value should at least be construed in light of the number of reported significant digits 

and by applying ordinary rounding techniques. Notwithstanding the approximations of 

numerical quantities stated herein, the numerical quantities described in specific examples of 

actual measured values are reported as precisely as possible.

[00109] AU numerical ranges stated herein include all sub-ranges subsumed therein. For 

example, ranges of "1 to 10" and "between 1 and 10" are intended to include all sub-ranges 

between and including the recited minimum value of 1 and the recited maximum value of 10.

[00110] All percentages and ratios are calculated by weight unless otherwise indicated. All 

percentages and ratios are calculated based on the total weight of the compound or composition 

unless otherwise indicated.

[00111] In the above description, certain details are set forth to provide a thorough 

understanding of various non-limiting embodiments of the compositions and methods 

described herein. One of ordinary skill in the art will understand that the non-limiting 

embodiments described herein may be practiced without these details. In other instances, well- 

known structures and methods associated with the compositions and methods maw not be 

showm or described in detail to avoid unnecessarily obscuring descriptions of the non-limiting 

embodiments described herein.

[00112] This disclosure describes various features, aspects, and advantages of various non­

limiting embodiments of apparatus, methods, and formulation. It is understood, however, that 

this disclosure embraces numerous alternative embodiments that maw be accomplished by 

combining any of the various features, aspects, and advantages of the various non-limiting 

embodiments described herein in any combination or sub-combination that one of ordinary 

skill in the art may find useful.
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[00113] While particular non-limiting embodiments of the present invention have been 

illustrated and described., it would be obvious to those skilled in the art that various other 

changes and modifications can be made without departing from the spirit and scope of the 

invention. It is therefore intended to cover in the appended claims ail such changes and 

modifications that are within the scope of this invention.
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Claims

The claims defining the invention are as follows:

1. A process for pasteurizing or sterilizing a packaged food product using 

microwave energy, the method comprising

preheating a packaged food product to a temperature of about 50°C to about 80°C;

conveying the packaged food product to a microwave zone comprising a first 

microwave temperature section and a second microwave temperature section;

in the first microwave temperature section, immersing the packaged food product in a 

liquid medium having a first temperature and applying microwave energy to the food product 

for a first period of time, the first temperature being at least about 20°C and less than a 

pasteurization temperature when pasteurizing the packaged food product or less than a 

sterilization temperature when sterilizing the packaged food product;

conveying the packaged food product from the first microwave temperature section to 

the second microwave temperature section, wherein a liquid medium in the second microwave 

temperature section has a second temperature higher than the liquid medium of the first 

microwave temperature section but not exceeding the pasteurization temperature when 
pasteurizing the packaged food product or the sterilization temperature when sterilizing the 

packaged food product, and applying microwave energy to the food product for a second 

period of time;

conveying the packaged food product having microwave energy applied for at least a 

first and second period of time to a holding zone which includes a liquid medium at a 

temperature of about 115°C to about 135°C; and

conveying the packaged food product from the holding zone to a cooling zone.

2. The process according to claim 1, wherein the process further comprises 

conveying the packaged food product to a third microwave temperature section and applying 

microwave energy to the food product for a third period of time, wherein:

the liquid medium in the second microwave temperature section is less than the 

pasteurization temperature when pasteurizing the packaged food product or the sterilization 

temperature when sterilizing the packaged food product, and
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a liquid medium in the third microwave temperature section has a higher temperature 

than the liquid medium of the second microwave temperature section.

3. The process according to claim 1 or claim 2, wherein the process further 

comprises conveying the packaged food product to a plurality of additional microwave 

temperature sections after the second microwave temperature section.

4. The process according to claim 3, wherein the plurality of additional microwave 

temperature sections includes 3 to 10 additional microwave temperature sections.

5. The process according to any one of claims 1 to 4, wherein the microwave energy 

applied in the first microwave temperature section has a higher intensity than the microwave 

energy applied in the second microwave temperature section.

6. The process according to any one of claims 2 to 5, wherein the microwave energy 

applied in the first microwave temperature section has a higher intensity than the microwave 

energy applied in the second and plurality of additional microwave temperature sections.

7. The process according to any one of claims 1 to 6, wherein the packaged food 

product comprises at least one of pasta, pasta and sauce, macaroni and cheese, meat, meat and 

sauce, meat with broth, rice dishes, egg dishes, omelets, skillet meals, potatoes (mashed, sliced, 

diced), soup, fruit, fish, and beverages.

8. The process according to any one of claims 1 to 7, wherein the packaged food 

product is macaroni and cheese.

9. The process according to any one of claims 1 to 8, wherein the packaged food 

product includes a pouch, rigid container, or flexible container.
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10. The process according to any one of claims 1 to 9, wherein the liquid medium of 

each of the first and second microwave temperature sections has a temperature of about 20 to 

about 95°C during application of the microwave energy.

11. The process according to any one of claims 1 to 10, wherein the liquid medium of 

each of the first and second microwave temperature sections has a temperature of about 20 to 

about 90°C during application of the microwave energy.

12. The process according to any one of claims 1 to 11, wherein the liquid medium of 

each of the first and second microwave temperature sections has a temperature of about 20 to 

about 85°C during application of the microwave energy.

13. The process according to any one of claims 1 to 12, wherein each process step is 

conducted to avoid any portion of the food product from reaching a temperature of greater than 

135°C.

14. A microwave retort system comprising:

a preheating zone configured to heat a liquid medium in the preheating zone to a 

temperature of about 50°C to about 85°C;

a microwave zone including:

at least one microwave source;

at least two microwave applicators configured to direct microwave energy from 

the microwave source to a packaged food product positioned in the microwave zone;

a first microwave temperature section in the microwave zone, the first 

microwave temperature section configured to immerse the packaged food product in a liquid 

medium within the first microwave temperature section, to apply microwave energy to the 

packaged food product when immersed, and to heat the liquid medium within the first 

microwave temperature section to a first temperature less than a pasteurization temperature 

when pasteurizing the packaged food product or less than a sterilization temperature when 

sterilizing the packaged food product; and
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a second microwave temperature section in the microwave zone downstream of 

the first microwave temperature section, the second microwave temperature section configured 

to immerse the packaged food product in a liquid medium within the second microwave 

temperature section, to apply microwave energy to the packaged food product when immersed, 

and to heat the liquid medium within the second microwave temperature section to a second 

temperature greater than the first temperature but not exceeding the pasteurization 

temperature when pasteurizing the packaged food product or the sterilization temperature 

when sterilizing the packaged food product; and

a conveying device configured to move the packaged food product from the preheating 

zone to the microwave zone.

15. The microwave retort system of claim 14, wherein the microwave zone includes 

at least three microwave temperature sections.

16. The microwave retort system of claim 14 or claim 15, wherein the microwave 

zone includes a plurality of microwave temperature sections.

17. The microwave retort system of claim 16, wherein the plurality of microwave 

temperature sections includes 3 to 10 additional temperature sections.

18. The microwave retort system of claim 14, further comprising a holding zone 

downstream of the microwave zone configured to maintain the packaged food product at a 
desired sterilization or pasteurization temperature.

19. The microwave retort system of claim 18, further comprising a hot/cold water 

separator between the microwave zone and the holding zone.
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Dielectric loss factor (€**) of benchtop cheese sauces 
as a function of frequency at room temperature
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