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 ood is processed to meet targeted
sensory attributes and minimum

'r shelf life and to eliminate the risk
of discase transmission by the processed
product. Processors traditionally used
heat to meet these poals. Heat can reli-
ably inactivate spoilage and pathagenic
organisms and enzymes that contribute
to quality deterioration. Contrary to
these benefits, excessive thermal
processing nepatively impacts the nutri-
tional and sensorial qualities of food.
Alternatives to heat have been imple-
mented to overcome these drawbacks,
but these newer processes lag in effec-
tiveness against some spoilagc and
pathogenic agents, particularly bacterial
spores, in comparison to heat. In recent
decades, thermal and nonthermal treat-
ments are combined to produce food
that meets the processing goals just
described. The success of this approach
is well-exemplified by the emergence of
the “extended shelf life (ESL) food”
category. In this article, we will discuss
processes that make ESL products pos-
sible and address ways to make these
foods safe through the use of sclected
cemerging processing technologies, par-
ticularly high pressure. To simplify this
discussion, initially we will consider the
thermal approach te processing ESL
food. Additionally, special attention will
be given to high-moisture low-acid
foods, The following is a bricf account
of technologies that border ESL
processes  i.c., pastcurization and
sterilization,

Commercial Sterilization

Thermal sterilization involves heat-
treating food at temperatures greater
than 100°C, hence steam pressure is
applicd during this thermal treatment.
The temperature-time combination
should be sufficient to Inactivate the
most heat-resistant bacterial spores of
concern in the product. Because of their
high heat resistance, Clostridium botult-
num spores are considered the cause of
safcty concern in high-moisture low-
acid commercially sterilized food, hence
sterilization processes are designed to
climinatc thesc spores, The process
similarly climinates spores of other

pathogens likely found in products prior

to processing. Products that receive
commercial sterilization treatment are
microbiologically stable at normal stor-
age temperature and can have shelb life
up to three years, Harsh thermal pro-
cesses involved in sterilization degrade
heat-sensitive nutricnts and may damage
product quality.

Thermal Pasteurization

This technology involves application of
mild heat with considerable lethality to
vegetative cells of psychrotrophic and
mesophilic bacteria, whether these arc
spoilage or pathogenic species (Table 1).
The heat applicd is often between 55°C
and 80°C for a holding time that varies
with the applied temperature. Cells of
thermophilic bacteria may not be inacti-
vated by pasteurization, and the process
does not inactivate bacterial spores or
heat-resistant fungal spores. The pro-
cess parameters (temperature and time)
are selected based on the thermal
susceptibility of the cells of the most
heat-resistant pathogen of concern in
the treated product. Acid foods (pH <
4.6) can be pasteurized at relatively
mild thermal treatment; product acidity
sensitizes microorganisms to heat (Silva
and Gibbs 2010). Refrigeration of pas-

Fresherlzed Foods, maker of Who!ly Guacamole, bills
itsalf as the world's largest user of high pressure
processing

population would cventually spoil the
pasteurized product, thus terminating
its shelf life, If these puychrotrophic
spore-formers are pathogenic specics,
their germination and outgrowth in
pasteurization products would be a
potential hazard.

Tahle 1. Effect of Thermal Processes of High Maisture Low-Acid fands on Dif ferent Categories of
Bacterial Contaminants®
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Cells Spares
Pasteurization .
Intermediate ¥ *
(ESL Processes)
Commercial B .
Sterilization

Cells Spores Cells Spores
. - +f-
4 " " e

*(+): Members of the category are reduced to harmless levels; (-): Members of the category are not

affected. Source: Yousef 2016 (unpublished data).

teurized food is essential to prevent

the transformation of surviving sporcs
into vegetative cells that can spail the
product or render it unsafe for human
consumption, Considering that pasteur-
ization doesn't kill spores of psych-
rotrophic bacteria, the treatment may
activate these spores and increase their
propensity to germination, Trans-
formation of these spores into vegetative

cells that could multiply to high

Extended Shelf Life Foods

Although shelf life of a sterilized food
can be measured in years, itis only a
few days or wecks for pasteurized prod-
ucts. This short shelf life creates
inCOnV(.‘nicnccs to Pr()CCSSOTS Of Pa!tcur-
ized food. Pasteurized products should
be quickly distributed to their destina-
tion market and disposed of properly il
not sold by their short sell-by date, This

increases food waste and drives up costs

1216 s ift org

fachnology



for the manufacturer, Hence, the ESL
category has emerged as products
receiving processes that are intermedi-
ate between pasteurization and
sterilization, with shelf life expected to
be longer than that of the pasteurized
counterpart, An ESL thermal process
should be sufficient to climinate the
microorganisms responsible for the ter-
mination of the shelf life of pasteurized
products, i.c., spores of psychrotrophic
bacteria (Marth 1998). This may be
achicved at temperatures greater than
80°C and less than 100°C, ESL
processes that inactivate spores of
psychrotrophic bacteria would also
inactivate degradative enzymes that may
survive pasteurization. A typical ther-
mal ESL process involves heating food at
90°C for 10 minutes (FSA 2008, Silva
and Gibbs 2010). Considering that these
processes do not climinate other catego-
ries of bacterial spores, loods receiving
ESL processes should be held
relrigerated.

To reduce ESL process severity and
further increase product shelf life, food
processors often employ multiple hurdle
technologies (Silva and Gibbs 2010).
This includes the use of combinations of
heat and natural antimicrobial agents.
ESL processed low-acid foods may also
be packaged under a modified or
controlled-atmosphere gascous environ-
ment. Use of gases such as CO, and N,
to modily headspace atmosphere of
packaged foods can help to retard dete-
riorative reactions and extend the shelf
lite (Brody 2003). It is worth noting
that modified atmosphere packaging by
itsclf is not lethal to harmtul microor-
ganisma, In fact, modified atmosphere
may sclectively encourage growth off
anacrobic pathogens, Other hurdle
technologies may involve the use of
active and “intelligent” packaging
systems.

Although thermal processing is
cliective in inactivating harmful
pathogens and reducing lood spoilage
organisms, maintaining the cold chain is
critical for ensuring microbial safety
and shell lile of ESL low-acid foods.
Potential temperature abuse (deviation
from refrigeration temperature) during
storage, distribution, or at the retail

KINDER, GENTLER FOOD PROCESSING Il

The demand for clean label foods also drives the need for development and

validation of new generation processing and natural ingredient technologies.

stores may promote germination of sur-
viving spores. Production of botulinum
neurotoxin duce to the proliferation of
non-proteolytic C. botulinum is the main
concern for the safety of these in-pack
processed, extended shelflife refriger-
ated foods (Peck and Stringer 2005).
Psychrotrophic clostridia, including
non-proteolytic C. botulinum, have been
problematic in vacuum packaged beef,
pork, and lamb; pasteurized crabmeat;
and cooked turkey meat. While sodium
nitrite is used to control C. botulinum in
certain scafood and meat products,
increasing consumer demand for clean
label chemical preservative free food

Table 2. tnactivation of Non Protenlytic
Clostridium botulutum Type B Spores*
Internal Product Time for 6-D
Temperature (°C) Pracess (Min)

85 51.8
86 30
a7 270
88 19.2
89 13.9
90 10.0
91 9
92 6.3
93 5.0
94 4.0
95 32
9 25
97 2.0
98 1.6
99 1.3
100 10

*Adapted from U.S Food and Drug Administration’s
Fish and Fishery Products Hazards and Controls
Guidance, 4th ed. (FDA2011)

products necessitates its removal. The
demand for clean label foods also drives
the need for development and validation
of new generation processing and natu-
ral ingredient technologics.

The U.S. Foad and Drug Admini-
stration (F1DA) Fish and Fishery
Products Hazards and Controls

Guidance document identificd C. botuli-
num type E and non-proteolytic types B
and F as pathogens of concern for low-
acid ESL foods packaged in a reduced-
oxygen (c.g., vacuum packaged or mod-
ified atmosphere packaged)
environment and stored refrigerated
(FDA 2011). A process that deliversa
6-log reduction of non-proteolytic

C. botulinum spores has been generally
accepted by the FDA and European
regulators, as well as the scientific
community and food industry for ensur-
ing the safety of chilled foods with
extended shelf life (FDA 2011), Table 2
provides cxamples of 6-13 thermal
processes considering the most heat-
resistant non-proteolytic C. botulinum
spores (type B) as the target pathogen
(FDA 2011),

Emphasis an Minimal Processing and Clean
Label Products

Historically, consumer shopping deci-
sions [or food are primarily influenced
l)y taste, price, and convenience,
Thermal processing has been the tech-
nology of choice for preserving foods
over the last 200 years, Recently, con-
sumers have been placing emphasis on
health and wellness, safety, and cnvi-
ronmentally friendly processes. This led
to increased demand for minimally pro-
cessed foods, particularly natural and
organic foods (Anon. 2016). In addition
to quenching thirst, consumers seck
beverages that deliver healthy nutrients
and bioactive compounds. Health-
conscious consumers also pay close
attention to the ingredients in processed
foods. They often read the label state-
ment with the mindset of “can the
ingredients on the label be tound in my
own kitchen?” as means to decide
whether or not to purchase a product,
They tend to avoid products perecived
to contain artificial or chemical-sound-
ing ingredients, although such
ingredients may be scientifically proven
safe and functional, This led the food
industry to put more emphasis on clean
label oriented process and product
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ATechnology That's Right for the Times

{HPP}—which destrays pathogens with-

out affecting taste or nutrient content—is
proving to be a good fit for entrepreneurial
companies working to deliver fresh, healthful
products targeted to consumers who place a
premium on clean label benafits.

August Vaga, founder and CEO of Houston-
based MALK Organics, makar of clean label
vegan nut milks, opted for HPP because it
allowed her to produce frash refrigerated and
nutrient-rich almond and pecan milks without
using preservatives. Vage considered other
pasteurization options but found that they

N onthermal high pressure processing

didn’t deliver the fresh taste that HPP provided.

MALK {the name was chosen to convey
the concept of “milk alternative®) made its
retail debut late in 2014 and is currently sold in
Kroger supermarkets nationwide and in Whole
Foods Markets in the Southwest, Northeast,
and Rocky Mountain ragions. It is available in
12-ounce and 28-ounce bottles that retail for

$4.99 and $6.99, respactively.

For Austin Allen, the decision to use HPP
on his four-item line of refrigerated gazpacho
was driven primarily by the fact that, unlike
thermal pasteurization processes, HPP has
minimal effgct on product flavor and texture.

“For us, it really was about having a great-tast-

ing product, so that's why HPP was the only
choice,” says Allen, founder and CEO of Tio
Foods, New York, N.Y. As he prepared to
launch his line of organic gazpacho, which
mada its debut in 2015, Allen explored other
options, but quickly decided that HPP was the
way to go. “As | was starting the company, |
leamed about HPP. | tried other products—
[heat] pastaurized gazpachos, and they just
didn't taste the sama.”

A 4-ounce bottle of Tiogazpacho retails for
$6.99. Distribution is currently concentratad in
natural and spacialty grocery retailers in the
Northeast.

Could HPP be a market disruptor in the

Nomva Frult Puree
Phata courtesy of Nomva

baby food category, prompting a transition
from shelf-stabls jarred products to bettor-
tasting refrigerated offerings? A racent blog on
the wabsite of HPP equipment supplier

development. A variety of factors can
help the processor to achieve “clean
labels.” This includes absence or mini-
mal use of artificial additives, colors,
preservatives, flavoring agents, and
sweeteners, Currently, the clean label
market is cstimated at $62 billion in the
United States and $165 billion globally
(Nunes 2016). Processors often need to
identify answers to the following ques-
tions as they consider introducing novel
processing methods (West 2016):

1) Can the processed food maintain
natural fresh taste? Alternatively, can it
be formulated to maintain the “home-
prepared” appeal?

2) Can the product be formulated to
have cleaner labels without reducing
shelf life or clevating food safety risk?

3) Is it possible to reduce the food
waste as low ag possible during han-
dling, distribution, and at the retail
level?

Nonthermal Processing

With increascd consumer demand for
minimally processed loods, the food
industry is embracing the use of

2% fechnology 1216 wwwiftor

nonthermal lethal agents such as high
pressure, irradiation, pulsed electric
ficld, and ultraviolet (UV) treatment
(Zhang ctal. 2011). Among the non-
thermal technologics, food irradiation
has been one of the most extensively
studied food processing technologics
since the 1960s, yet it is still considered
arelatively “new” technology with lim-
ited market share, Commercial
application of jonizing radiation to foods
in the United State has grown slowly.
Consumers' lack of awareness of paten-
tial technology benefits has been a major
hurdle for widespread acceptance of
gamma radiation. Coordinated educa-
tion cfforts may help to increase
consumer awareness of the beneficial
aspects of such technologies (Eustice
and Bruhn 2013).

The National Advisory Committee
on Microbiological Criteria for Foods
(NACMCF) expanded the dehnition of
pasteurization to include both advanced
thermal (ohmic, microwave heating) as
well as nonthermal lethal (high pres-
sure, UV radiation, pulsed clectric
field) agents as a part of processes

leading to pastcurization (NACMCF
2006). Accordingly, pasteurization is
redefined as “any process, treatment, or
combination thercof, that is applicd to
food to reduce the most resistant
microorganism(s) of public health sig-
nificance to a level that is not likely to
present a public health risk under nor-
mal conditions of distribution and
storage.”

Markland ct al. (2013) particularly
recommended a high level of vigilance
of Bactllus cereus, B. weihenstephancnsis,
and C. botulinum typc E spores owing to
their inherent vesistance to processing
and the innate ability of their vegetative
cells to conduct metabolic activitics at
refrigeration temperatures. Although
nonthermal processing methads are
cHective in reducing non-spore-forming
bacterial populations, with the excep-
tion of gamma radiation, these methods
do not inactivate bacterial spores, Thus,
carcful attention must be paid to main-
tain a proper cold chain during
nonthermally pasteurized low-acid
product handling, storage, and
distribution,
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Hiperbaric makes the case for it, pointing to
HPP’s ability to preserve heat-sensitive micro-
nutrients, ansure food safety, and maintain
favorable organoleptic properties.

Makers of refrigerated organic baby foods
that employ HPP include Pure Spoon, Once
Upon a Farm, and Little Spoon, among othars.
Mass merchandiser Targetis currently testing
the use of refrigerated endcap display fixtures
in the baby food section, and Alyson Eberle
foundar of Austin, Texas—based Pure Spoon
considers that a major step forward for baby
food retailing. “We hava to educate

The mechanism of action of non-
thermal lethal agents on
microorganisms and enzymes may be
different from that of thermal process-
ing. Unlike thermal processing,
nonthermal methods have shown vari-
able efficacy against cnzymes. Hence,
both thermal and nonthermal lethal
agents are combined to achieve key food
processing objectives, including enzyme
inactivation. It is important to test the
effect of nonthermal lethal agents with
or without heat on a wide variety of
microorganisms, enzymes, and
nutrients.

High Pressure Processing

High pressure processing (HPP) is
cssentially a batch process, wherein the
prepackaged food is suspended within a
pressurc chamber containing water and
is subjected to pressure treatment for a
specific duration. Unlike heat, pressure
can be rapidly applied throughout the
sample volume, regardless of sample
sizc. Pressure treatment is effective
against vegetative bacteria, but bacterial
spores arc not inactivated, Thus, it is

PureSpoon Baby Food
Photocourtesy of Puse Sooon

consumars, but we also have to educate
stores” about the availability of refrigerated
products, she notas.

Some HPP users are doing their part to
spread the word about the technology. Hope
Hummus, Louisville, Colo., states on its wab-
sita, for axample, that “wa only usa cold
pressura with state-of-the-art HPP technology
to retain fresh, paak flavor, wonderful texture,
and important nutrition without artificial pre-

Tlo Gazpachs P10 courtesy ot TisFuok

keap our packs safe and preserve natural
nutrients by using high pressura processing.”
As MALK's Vaga points out, “It's sbout trans-
parancy and consumar education.”

HPP is a process that matches up well with
today'’s consumer expactations, says Lisa
Pitzer, marketing director for Avure
Tachnologies, Erlangar, Ky., a supplier of HPP
systams. “All HPP products are in the refrigar-
ated spacs, so they're in that segment—the

sarvativas.” And on its wabsite, Los
Angeles—basad Nomva, which produces

organic fruitand veggie purees, states, “we

important to storc pressure-trcatcd
products under refrigerated tempera-
ture conditions.

Typically, products are pressure-
treated at chilled or ambient
temperature conditions. The microbio-
logical shelf life and quality of foods can
be substantially extended by the use of
HPP (Balasubramaniam ct al. 2008).
With the commercial introduction of
pressure-treated guacamole by 1997,
high pressure processing has been
embraced by U.S. food processors to
pasteurize a variety of valuc-added
products, including scafood, meat,
salsa, salad, juices, and fruit and vegcta-
ble products (Farkas and Hoover 2000).

Though originally introduced as a
post-packaging pasteurization technol-
ogy, like heat, pressure can be used to
modify various food constituents,
including proteins and carbohydratcs.
This provides various product develop-
ment opportunities for food processors,
including creation of novel food tex-
tures, alteration of water binding
capacity and rheological characteristics,
and devclopment of pressurc-induced

outar perimeter {of the supermarket}—whare
consumers like to shop,” Pitzer notes.
—Mary Ellen Kuhn

gel structures. Pressure treatment at
chilled or moderate temperatures can
preserve bioactivity and various food
quality attributes such as flavor, color,
and nutritional properties
(Balasubramaniam ct al. 2008). This
enables the food processors to utilize
both heat and pressure to create novel
food products with consumer-desired
quality attributes and extended shelf
life.

Like thermal processing, various
formulation and preprocessing steps can
play a role in deciding final sensorial
characteristics and shelf life of pressure-
treated foods. For example, pressure
treatment is often uscd as post-lethality
treatment in deli meats, wherein the
scaled package of precooked meat is
pressure treated. The meat may be for-
mulated with natural antimicrobial
agents. Such a hurdle approach reduces
or climinates pathogen levels resulting
from post-lethality contamination.
Similarly, pasta products may be cooked
prior to pressurc pasteurization treat-
ment to improvc consumer scnsorial
cxperience. On the other hand, freshly

andtechnalogy
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extracted raw fruit juice or a
formulated tomato salsa product
may be pressure processed to
ensure its microbiological safety
without compromising fresh-
like quality attributes. Duc to
their high acid content, pressure
pasteurized acidic products are
microbiologically stable.
However, such products are
often distributed under refrig-
crated conditions to preserve
product quality during
extended shell-life.

Processing Combination to

Achleve ESL

Rescarchers have been evaluat-
ing the efficacy of pressure-
thermal combinations for pro-
duction of ESL products. Legan
ct al. (2008) reported that the
]()g rcducliﬁns ﬂf n()n-PrOlCO-
lytic C. botulinum spores
subjected to the combined high
pressure and heat treatments
were much greater than those
subjected to the thermal treat-
ment only. Daryaei et al, (2013)
reported that a 600-MPa-
thermal (60"C  85°C) treat-
ment inactivated B. cereus spores
suspended in cooked rice by

2.2 3.4 log during the 30-s
pressurc come-up time and to
below the detection limit (> 7
logs) after 4- to 8-min pressure-
halding times. In contrast, a
180-min trcatment time was
required 1o inactivate B. cereus

spores to an undetectable level
at atmospheric pressure (0.1
MPa) and 85"C. More recently,
Skinner ct al. (2014) screencd
multiple strains of non-protco-
lytic C. botulinum spores
suspended in buffer (pH 7) for
resistance to combined pressure
(600, 650, and 700 MPa) and
thermal (80°C) treatment
(Table 3). The rescarchers iden-
tificd the most resistant strains
of the non-proteolytic C. boruli-
num spores to the combined
pressure and thermal treatment
and proposed using these strains
for validation studies for ESL
foods.,

Pressure-thermal processes
for production of extended shell-
life loods can provide a variety
of benefits beyond tood salety
and shelf-life extension. For
example, it has been reported
that pressure treatment of foods
may provide desirable sensory
attributes at lower salt, poly-
phasphates, or emulsifier levels
(Rodrigues ctal. 2015,
Martinez-Monteagudo et al,
2017). Reduced thermal expo-
sure during ESL trcatment can
help to preserve heat-sensitive
bioactive compounds. In com-
parison to thermal treatment
(75"C 105"C, 0.1 MPa),
combined pressure-thermal
treatment (75°C  105°C, 600
MPa}, reduced the formation of
luran in liquid juices. More

D-vaiue {men) at process temperature 6 BOC and gressuce

Tuble 3. 0 Values of Spores of Selected Non Proteolytic Clostridium Botulinum Strains
in N (2 Acetamido) 2 Aminoethanesulfonic Aced Buffer*.

{MPa) of

Comaman [0 [ [ ]
1.6

Ham-B 5.9 13

KAPS-B A 34 1.8
KAP 16-B 6.2 21 13
17-8 35 2.5 13
202-F 2.9 2.3 1.2
610-F 8.9 43 1.8

*Table extracted from Skinner et al. 2014



HPP-processed offerings VEGETARIAN for new generation consumers. However, this move should be
such as these from PDWEH snl“n accompanied with systematic studies addressing potential
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available for v ;‘ s

national 1 Concluding Remarks

:f:glgt;;’l:; ;:;: [ Although there is no regulatory definition of ESL, the
ranging from ESL term applies to food developed by various

40-70 days. technological solutions for enhancing its shelf life under
Company founder refrigerated storage without compromising

;:’z;jlﬁrﬁ:)le:{etd B microbiological safety of the processed product. ESL

high pressure products cnable food processors to manufacture

processing wholesome, nutritious foods with consumer-desived quality
technology in 2010. attributes. Thermal processing has been the technology of

Photo courtesy of CedarLare

g \ 1 g choice for ESL foods. In addition to heat, food scientists and
alural Foods —

engineers have a variety of nonthermal lethal agents (including high

I = —_ pressure, clectric field, cold plasma, UV, gascs, and natural
Tu RKEY 8L S PIN ACY antimicrobials) in their tool box for processes designed to produce
GN A clean label ESL foods. Such treatments also help to reduce thermal
. L I S \ impaet on heat-sensitive nutrients and food quality. Among these
e o TN | quality g
¢ Reicetta Chaase lethal agents, high pressure—based processing is ltading the way in

With Fat Frea

USE BY 1W/Re many food applications, including the opportunity to formulate
- novel food structures. To fully utilize the potential of nonthermal
and thermal agents, cfforts must be made to investigate the

systematic process design and development studics are necessary to
understand the synergistic, additive, or antagonistic effects of pres-
surc and heat on microorganisms, food quality attributes, and
nutrients.

Where the ESL Technology Is Headed

Currently in the United States, there are no standard definitions or
regulatory requirements for ESL foods, including those produced by
combined pressure-thermal treatment; no such product exists com-
mercially in the United States. However, it is encouraging that
well-studied treatment combinations can reccive regulatory
approval. For example, the FDA had no objections to two industrial
petitions for producing shelf-stable low-acid foods by pressure-
assisted thermal processing (IFSH 2015, Stewart et al. 2016). The
recently implemented FDA Food Safety Modernization Act (RSMA)
regulations require that processors employ risk-based procedures,
practices, and processes to significantly minimize or prevent all
known or reasonably foreseeable food safety hazards that require a
preventive control. Selection of the target pathogen of concern is
critical to process validation and verification for ensuring the micro-
biological safety of foods (Federal Register 2015). Considering these
developments, current status of knowledge, and the market need, it
is possible to produce successfully safe and wholesome ESL products

1216 - wwwiorg  foodtechnology
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mechanism(x) and kinetics of
destruction of micro-
organisms, enzymes, and
nutrients by combinations of
these agents, Such knowledge,
coupled with multidisciplinary
integration of advances in
science, engincering, biology,
chemistry, and nutrition can
accelerate the introduction of
various clean label, micro-

This article Is based on the Institute of
Food Technologists Nonthermal Processing
Division webcast titled “Extended Shelf-Life
Foods  Ensuring Food Safety Through High
Pressure  Based Technelogical Solutions” held
Feb. 25, 2016. The authors thank Dr. Greg
West, The Ohio State University for the help-

_ful discussion. References to commercial

products or trade names are made with the
d ding that no end or discrim-
ination by The Ohio Statc University and
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(yousef. 1@osu.edw). Juson Wan, PhD, a professional member of
IFT, is associate director at the Institute for Food Safety and
Health (IF5H) and professor and assoctate chair of food science
and autnition, llinois Institute of Technology, Bedford Park, Ill.
(jwanl@iit.edu). Ash Hesain, PhD, a professional member of IFT, is
chief technical officer, Cedartane Natural Foods, Carson, Calif,

biologically safe, and nutritious
ESL foods, FT
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