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High-Temperature, Short-Time Processing

P R O C E S S I N G

High-temperature, short-time processes,
as the name implies, use higher tempera-
tures and shorter times than conventional
thermal processes to achieve pasteuriza-
tion and sterilization of foods and bever-
ages. Because the products are exposed to
high temperatures for short times, there
is minimal degradation of the products.

In general, temperatures and times for
HTST range from 161ºF for 15 sec used
for pasteurization of milk to higher tem-
peratures for shorter times. Use of tem-
peratures above 280ºF is generally referred
to as ultra-high-temperature (UHT) pro-
cessing.

HTST processing has been used suc-
cessfully for many years. To find out what’s
new in this area, I spoke with various ther-
mal processing experts. Here’s what they
told me.

——
Kenneth R. Swartzel (phone 919-515-

2951), Head of the Dept. of Food Science
at North Carolina State University, Ra-
leigh, and Managing Director of the Cen-
ter for Advanced Processing and Packag-
ing Studies (CAPPS) there, said that al-
though alternative processes have been
developed over the years, thermally pro-
cessed food products maintain a clear
dominance in the marketplace, primarily
as a result of the wealth of theoretical and
empirical knowledge that has been devel-
oped regarding thermal inactivation of
pathogenic microorganisms and their
spores. Considerable efforts have been
devoted to capitalizing on the unique ki-
netic advantages of HTST processes. He
will be discussing advances in thermal
processing over the past 25 years, with an
eye to the future, in a presentation during
the IFT Annual Meeting in New Orleans
this month.

In any thermal process, there are heat-
ing, holding, and cooling steps. In deter-

mining the lethality of the process, the
heating and holding steps are the most
important. Swartzel said that efforts are
being made to get the heatup time shorter.
There are lots of different approaches, in-
cluding a variety of new innovative mi-
crowave techniques in the United States
and overseas. The real problem with us-
ing microwaves, he said, is that there have
been hot spots and cold spots, which af-
fect product quality, and innovations have
been quite expensive. However, efforts
have been made to minimize these effects.

Another approach is to use ohmic
heating. Nestlé Carnation’s Flash 18 sys-
tem—which uses a pressure chamber un-
der increased pressure, 18 psi above am-
bient, to process particulate-containing
foodservice products packaged in No. 10
cans—has replaced its traditional heater
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with ohmic heaters. This has shortened
the heating curve dramatically.

There are lots of innovations in asep-
tic processing, he said, but traditional
equipment is still being used, including
scraped-surface heat exchangers and tu-
bular heat exchangers. But tubular heat
exchangers have changed dramatically.
For example, helical heat exchangers pro-
vide a lot of turbulence, which improves
heat transfer. Dimpled tubular heat ex-
changers change the flow pattern and pro-
vide quicker, more uniform heating.

Steam injection and steam infusion
systems are also being used. They’re an old
technology, he said, but some innovative
injectors and infusers are being developed.

——
Josip Simunovic (919-513-3190), Se-

nior Researcher in the Dept. of Food Sci-
ence and Assistant Director of CAPPS at
NCSU, said he and his coworkers Tunc
Koray Palazoglu and Pablo Coronel are
using a flow-through cylindrical micro-
wave reactor manufactured by Industrial
Microwave Systems, Inc., Morrisville,
N.C., to develop processes for liquids such
as milk and very viscous food products
such as spaghetti sauces and salsa. These
processes also integrate novel methods for
single- and multiphase continuous ther-
mal process monitoring and evaluation
developed by CAPPS researchers. Low-
acid products containing particulates,
such as soups and stews are also being
considered. Advanced applications of
rapid continuous heating in the cylindri-
cal reactors are also being developed by
NCSU researchers Brian Farkas for dairy
products and Tyre Lanier for seafoods.

In the cylindrical reactor, microwaves
are focused in such a way as to provide
uniform exposure of product to energy
within the reactor cavity. The uniform
energy exposure region of the reactor is

High-capacity (60-kW) cylindrical micro-
wave heater with two consecutive in-line
reactors,  manufactured by Industrial
Microwave Systems and installed in the
CAPPS pilot plant at North Carolina State
University



66 FOODTECHNOLOGY JUNE 2001  •  VOL. 55, NO. 6

approx 1.5 in diameter and 6 in long. This
also allows for integration with existing
continuous processing lines. Simunovic
said that the basic philosophy behind this
effort is to practically eliminate the heat-
up time.

Using the cylindrical reactors, he said,
brings us very close to instantaneous heat-
ing, but in some cases the process must
be modified to extend the time allowed
for the product to reach the final process
temperature. For nonhomogeneous prod-
ucts, the rate of heating within a single
reactor may be too high for some of the
components, so they are considering us-
ing two or more consecutive reactors in
line and allowing for equalization time in
between. This allows the energy to be dis-
tributed more evenly and also targets de-
sired temperature ranges for each reactor.
As products are heated, physical and
chemical changes occur, such as lipid
melting, coagulation of proteins, gelling
of starches, and fluid exchange between
components of complex multiphase ma-
terials. We also want to target specific en-
ergy delivery to the process stages that can
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result in a change of dielectric properties,
he said.

Simunovic will discuss the results of
continuous microwave heating of fluids
at the IFT Annual Meeting. The 5-kW re-
actor used in his studies was installed at
CAPPS in April 2000, and a 60-kW con-
tinuous microwave heater consisting of
two consecutive reactors is being installed
there in a collaborative effort by IMS and
CAPPS and will be on line by the end of
this year.

Rapid cooling is the next great fron-
tier, Simunovic said. In a continuous ther-
mal multiphase process filing, the cool-
ing section of the heat–hold–cool curve
will get minimal lethality credit, so the
logical thing is to minimize the cooldown
time. More-efficient heat exchangers are
being developed, including helical heat
exchangers and corrugated-tube heat ex-
changers. Also in the future are other tech-
nologies such as magnetic cooling, which
is very expensive and used only in mili-
tary and some scientific applications, as
well as cryogenic and Peltier (electronic)
cooling. Depending on the throughput

and economics of the process, he said, all
are potential technologies for rapid cool-
ing.

——
Sudhir K. Sastry (phone 614-292-

3508), Professor in the Dept. of Food,
Agricultural and Biological Engineering
at Ohio State University, Columbus, and
Co-Director of CAPPS, said that HTST
processes have been used for many years
to sterilize low-acid foods and beverages.
An HTST process is typically considered
as 270–290ºF for the appropriate time re-
quired for sterility (a few seconds at
290ºF), depending on the F

o
 value desired.

Using high temperatures for short times
improves the quality of liquid foods. The
problem is to apply it to products that are
solid or contain large solid particles. Since
not all particles flow at the same rate,
enough heat must be provided to sterilize
the slowest-heating (i.e., fastest-moving)
particle. This means that the other par-
ticles get overprocessed—they get the high
temperature but not the short time—
thereby affecting the quality of the prod-
uct.

Visit us at FOOD EXPO® Booth 554

Circle 169 or IFT e•XPRESSDocument 5040
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Some recent technologies have been
getting better at it, Sastry said. One is mi-
crowaves. This technology is getting bet-
ter at delivering a uniform dose, but it’s
still problematic. It’s much easier to de-
liver a uniform dose of energy to a liquid
than to a product that contains liquids
and solids. A variety of microwave tech-
nologies are being looked at. Industrial
Microwaves Systems manufactures a cy-
lindrical microwave reactor that focuses
energy as the microwaves penetrate into
the product. If focused right, the energy
is concentrated. This compensates for the
loss of energy due to attenuation of the
wave as it penetrates the product.

Another technology being revived is
ohmic heating. Land O’Lakes used it in
the early 1990s but discontinued using it
in 1995. There have been a lot of develop-
ments in this technology since then, he
said. One is alternative power supplies.
Solid-state power supplies have improved
the technology to the point where one can
deliver various different frequencies of
ohmic heating at much lower cost than
typical radiofrequency methods.

Several equipment manufacturers are
involved in ohmic heating. At least two
companies in Europe are looking at lower-
cost ohmic heaters, and a group in Europe
is looking at use of ohmic heating for
whole-fruit processing, Sastry said. There
are also several developments in the
United States. The 5-kW ohmic unit that
had been used in the Land O’Lakes facil-
ity is now in Sastry’s Food Engineering
Laboratory at Ohio State University, and
a custom-designed 54-kW unit has also
been installed there. Both are available for
testing by food companies interested in
evaluating this technology for their prod-
ucts.

We can heat very rapidly with these
technologies, he said, but cooling has his-
torically been a problem, one that re-
searchers are seeking to remedy. Sastry
had a project with USDA’s National Re-
search Initiative, and one of the develop-
ments of the 54-kW facility will be a rapid
cooling system that will be fully set up by
this fall. Sastry is in the process of prepar-
ing a patent application for the system.

Another technology being developed

is pressure-assisted thermal processing.
The process starts at a high temperature
(90ºC), and pressurization takes the prod-
uct up to sterilization temperature. Then
decompression cools the product down to
the initial temperature, via adiabatic de-
compression. Although the process is not
well understood yet, he said, it appears
that two rapid compressions are better
than one. It is a batch process, whose eco-
nomics still have to be determined, he
added.

Research Associate Brian Heskitt operates the
ohmic pilot plant at Ohio State University. The
inclined objects are ohmic heaters

turn to page 70   c



70 FOODTECHNOLOGY JUNE 2001  •  VOL. 55, NO. 6

P R O C E S S I N GProducts Technologies&

An aseptic process for a low-acid prod-
uct containing particulates (potato soup)
was filed with the Food and Drug Admin-
istration in 1997 by Tetra Pak, as a result
of two workshops conducted in 1995–96
by CAPPS and the National Center for
Food Safety and Technology (see article
in the August 1997 issue of Food Technol-
ogy). Since then, Sastry said, no other such
processes have been filed. Aseptic process-
ing is being used for products containing
particulates in Europe, but to the best of
Sastry’s knowledge not in the United
States.

The standard equipment used for
HTST processes has been plate heat ex-
changers, steam injection, and steam in-
fusion, all of which are in commercial
operation. But other technologies are be-
ing developed because particulates can’t
be processed by steam injection or infu-
sion effectively, said Sastry, who will be
presenting a paper on electrothermal pro-
cessing at the IFT Annual Meeting.

——
Rakesh K. Singh, Professor of Food

Engineering at Purdue University (765-
494-8262) until June 30 and Head of the
Dept. of Food Science and Technology at
the University of Georgia (706-542-0994)
as of July 1, said that most advances in
HTST processing are in aseptic process-
ing of low-acid particulate foods. Euro-
peans are already doing it, but no U.S.
companies are, probably because compa-
nies don’t want to be the first to use it.

However, companies are using aseptic
HTST processing for high-acid foods, in-
cluding those containing particulates,
such as diced tomatoes, pineapples, straw-
berry fillings, etc., since high-acid pro-
cesses don’t need to go through FDA fil-
ing. As long as a company believes the
product will have commercial sterility in
the marketplace, it will produce it, he said.

The same types of equipment are used
for high-acid products as for low-acid
products. The only requirement for low-
acid products would be right kind of seal
to withstand the high temperature. But
that is already being done for
nonparticulate products, such as pud-
dings. It’s not an equipment problem.

Microwave heating and ohmic heating
are research-type approaches, Singh said.
Ohmic had lot of potential in 1989–91
and went through some testing, but he
doesn’t see anyone using it except a liquid
egg processor. Nobody is using it for par-
ticulates. Microwave and radiofrequency
both are laboratory or pilot scale. Micro-
waves use 915 and 2,450 MHz, whereas

RF frequencies are much lower, provid-
ing better heat penetration for larger par-
ticulates. Nobody is yet using large-scale
RF systems, he said.

A lot of new beverages processed by
HTST aseptic-type systems are in the
market.  The biggest use is not-from-con-
centrate orange juice, which is being pro-
cessed and then stored aseptically in mil-
lion-gallon tanks. Combined fruit juices
are also using the same HTST technology.
Baby food manufacturers are getting into
the same technology because of better
quality and better packaging. The pack-
aging will probably drive the market,
Singh said. Baby foods traditionally come
in clear glass jars through which the prod-
uct can be seen. Now newer plastics can
go through aseptic lines and remain clear,
resulting in a convenient, see-through
package.

With regard to equipment, some
manufacturers are making more efficient
heat exchangers. The tubes in tubular heat
exchangers used to be smooth, but now
they’re dimpled to provide better turbu-
lence and heat transfer. Also, channels are
being used to produce a helical-type chan-
nel flow, also improving heat transfer.
There are also improvements in plate heat
exchangers to handle higher pressures.
They used to work only with low-viscos-
ity liquids but now can handle very high
viscosities. Scraped-surface heat exchang-
ers are used for a very limited number of
products. They are not as efficient as plate
and tubular heat exchangers but are used
for very viscous products.

——
Bob Fox (757-220-3693), President of

Pressure Pack, Inc., Williamsburg, Va., has
taken another approach to HTST process-
ing. The Pressure Pack system, patented
by Fox and Joseph Marcy of Virginia Poly-
technic Institute & State University, com-
bines three primary processing meth-
ods—HTST processing, hot-filling, and
in-container sterilization—into one. A
food product is heated by conventional
HTST means, then pumped through the
sidewall of the pressure vessel and volu-
metrically filled into a container within
the pressurized vessel. The container is
then sealed and held long enough to
achieve the desired sterilization value, the
length of time depending on the fill tem-
perature. It is then transferred into an
overpressure cooler, where it is cooled to
below the flash point, then is transferred
to an ambient-pressure counterflow agi-
tated cooling system for final cooling.

It’s not a new process, Fox said. It’s the

same basic process that has been used
commercially for more than 30 years, the
Flash 18 process. The limitation of Flash
18 is that it involves personnel within the
pressure chamber, where the pressure is
18 psi above ambient. Fox’s system differs
in that the pressure vessel is too small to
accommodate people, so the vessel can be
designed to process and package foods at
added pressures greater than 18 psi and
temperatures above 255ºF. The system is
applicable to processing of such products
as nutraceutical beverages packed in thin-
walled aluminum cans. The hold time at
284ºF  is 15 sec, so there is minimal dam-
age to the product quality.

The energy requirements are virtually
the same as in aseptic processing, Fox said,
and a lot lower than for conventional re-
torting, and the product quality is virtu-
ally indistinguishable from that of asep-
tically processed products, for all types of
products tested.

The beauty of this process, he said, is
that it opens up the opportunity to pro-
cess very high-quality particulate prod-
ucts, with no limits on particulate size.

——
Rich Meyer (253-539-0266), President

of Washington Farms, Tacoma, Wash., will
discuss HTST thermal-assisted high-pres-
sure sterilization during the IFT Annual
Meeting. He said that in the quest for bet-
ter quality of shelf-stable, low-acid foods,
a number of emerging technologies have
been considered, including pulsed electri-
cal fields, irradiation, pulsed light, high
pressure, and oscillating magnetic fields.
Of these, only high pressure has proven
to be effective in eliminating all spores and
enzymes while retaining a quality level
equal to or better than that of freezing.

According to Meyer, an HTST process
is one that provides a 12-log kill of
Clostridium botulinum spores, e.g., 121ºC
for 6 min. With high pressure (690 MPa
or higher), sterility can be accomplished
with an end temperature of 100–105ºC at
each pulse peak, using two pulses (cycles).
In the batch process, product is placed into
the pressure chamber and heated uni-
formly to 90ºC at 690 MPa. Adiabatic
heating raises the end temperature to
119ºC. The chamber is pressurized, then
decompressed to ambient pressure, then
repressurized and decompressed again. He
said that it is necessary to pulse the sys-
tem because, although high pressure pro-
tects the product from heat degradation,
it also protects spores. If only one pulse is
used and the product is held under pres-
sure for even as long as 60 min, sterility is
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is happening to our packaged food in dis-
tribution, but also to speed, slow, stop, or
otherwise change the course to better re-
tain quality. The main challenge then will
be to better define quality, but then, we
have been pondering this problem for
years, haven’t we?  ●

P R O D U C T S  &
L I T E R A T U R E

Co-Extruded Plastic Container may
be used to protect contents in varying en-
vironmental conditions. The container in-
cludes an inflatable dunnage protection
device. The 55-gal plastic drum was spe-

cifically designed for the processed tomato
industry to protect its perishable prod-
ucts, reduce storage space, and lower to-
tal packaging costs. It uses a multi-layer,
co-extruded plastic technology to pro-
duce drums that can withstand a wide
range of temperatures and weather con-
ditions common in tomato-growing re-
gions. The tomato drum also features an
inflatable dunnage system that completely
fills the headspace between the lid and
tomato products packed in an aseptic bag.
This airbag replaces corrugated or foam
disks, and more effectively protects asep-
tic bags during transit from flex cracking,
which can permit oxygen penetration and
product spoilage. The co-extrusion design
is said to have durability characteristics
that allow the container to withstand the
pressure of its contents and also the weight
of at least three drums stacked on top of
it. The drums may be reused and are ta-
pered to allow empty drums to be nested
within each other. For more information,

contact Greif Bros. Corp., 425 Winter Rd.,
Delaware, OH 43015 (phone 740-549-
6000)—or circle 318.

Barrel-Shaped Retort Can comes with
a peelable foil membrane can end that al-
lows for easy opening for access. The
rolled under edges around the can top are
said to provide safe reaching inside the
can. The peelable aluminum foil mem-
brane is lacquered for protection of the
product, embossed for strength, and im-
printed for product promotion. The con-
tainer may be sealed immediately after hot
filling, creating a vacuum in the can. Ap-
plications include powders, liquids, or
food for hot fill or retort. For more infor-
mation, contact Packaging Technologies
& Inspection, LLC., 145 Main St.,
Tuchahoe, NY 10707 (phone 800-784-
3899 or 914-337-2005)—or circle 319.

Potato Packaging may be produced
with a variety of vertical/form/fill/seal
machines from Sandiacre Packaging Ma-
chinery. The V/F/F/S machines can pro-
duce block-bottom/gable-top clear poly
bags which are said to increase produc-
tion rates. The machines can fill up to 40
to 45 bags/min depending on bag size and
quantity of product being packaged. The
machines are said to offer a wide range of
bag styles to suit almost any product ap-
plication. For more information, contact
Sandiacre Packaging Machinery, 1175
Manheim Pike, Suite 200, Lancaster, PA
17601 (phone 717-239-5081; fax 717-
239-5084)—or circle 320.

Bottle Uncaser, the Model 156, is said
to offer processors who buy bottles or
containers in reshipper cases the ability to
unload a full range of glass or plastic con-
tainers, round or non-round. The three-
in-one machine functions as a flap
opener/positioner, unpacker, and bottle
single filer. In continuous, high-speed
motion, the unit opens the case flaps, un-
loads and single-files containers, and up-
rights the empty cases for conveying to
case packaging—at speeds to 50 cases/
min. The unit is said to be a good choice
for processors who run a variety of bottle
or container styles, as changeover is a rela-
tively simple task and requires no change
parts, unlike lift-out-style decasers. It is
designed to single file bottles with mini-
mum bottle-to-bottle contact, which of-
fers advantages whether running glass
bottles or plastic. For more information,
contact A-B-C Packaging Machine Corp.,
811 Live Oak St., Tarpon Springs, FL
34689 (phone 800-237-5975; fax 727-
938-1239)—or circle 321. ●
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not achieved. It’s the pulsing that kills, he
said, not the time at a certain temperature,
unlike conventional thermal processing.

——
For those of you who will be attend-

ing the 2001 IFT Annual Meeting in New
Orleans on June 23–27, Meyer’s presen-
tation (paper 6-6) will be on Sunday
morning, June 24; Simunovic’s (paper 13-
8) on Sunday morning; Swartzel’s (paper
52-2) on Monday afternoon); and Sastry’s
(paper 65-2) on Tuesday morning.  ●
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Pulse Combustion Spray Dryer is said
to offer advantages over conventional
spray dryers. It uses gas dynamic atomi-
zation, which instantly atomizes and dries
the feed material without mechanical
shear, resulting in higher-quality powders.
Different configurations are available to
optimize powder characteristics, such as
particle size, flowability, texture, and fla-
vor. For a copy of a 4-p brochure describ-
ing the technology, contact Pulse Com-
bustion Systems, 135 I St., Suite B, San
Raphael, CA 94901 (phone 415-457-6500,
fax 208-723-3727, www.pulsedry.com)—
or circle 322.

Electron-Beam Processing permits
bulk ingredient suppliers, processors, and
product manufacturers to safely and ef-
fectively reduce microbial content with-
out the use of chemical additives. The
treatment applies a controlled, high-en-
ergy electron beam that leaves no residue
and does not alter the appearance, taaste,
or chemical makeup of the product or
packaging. For more information, contact
E-Beam Services, Inc., 118 Melrich Rd.,
Cranbury, NJ 08512 (phone 877-413-
2326)—or circle 323.

Extrusion Cooking Systems in the
Platinum Series feature a medium-capac-
ity single-screw extruder that is designed
to expand with production demand. Two
models are available with capacities rang-
ing from 1.5 to 4.0 tons/hr. A typical sys-
tem includes a live-bottom feed bin, feeder
screw, conditioning cylinder, single-screw
cooking extruder, knife assembly, dual-pass
dryer/cooler, liquid conditioner/feed tank
assembly, and rotary drum applicator. For
more information, contact Extru-Tech,
Inc., 10920 Ambassador Dr., N.W., Suite
415, Kansas City, MO 64153 (phone 816-
880-0468, fax 816-880-9567, www.extru-
techinc.com)—or circle 324. ●


