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Nonthermal processing technologies are food preservation methods
designed to eliminate pathogenic and food spoilage microorganisms
at low temperatures, when compared with commonly used thermal
processes that use more heat (Min et al., 2005). Interests in non-
thermal processing technologies have grown in food industry and
academic laboratories due to the benefits associated with them.
These include minimal impact on nutritional compositions, fresh-
ness and flavors, and the extension of shelf life, while diminishing
the risk of pathogenic and food spoilage microorganisms. These
technologies deliver convenience and efficiency of energy/water uti-
lization when compared with conventional thermal treatments.
Currently, some nonthermal processing treatments are commer-
cially available, but others are still in the developmental stages for
industrial applications.

Food products to be processed by nonthermal treatments are
required to have specific characteristics when compared to similar
foods that are thermally processed. Specific packaging materials and
systems are required for nonthermally treated foods in order to
achieve and maintain the safety and quality attributes of the products.
Packaging materials selected for exposure to nonthermal processing
must have good resilience and gas barrier properties in order to tol-
erate the physical and mechanical stresses of the process environment.
Examples of nonthermal processing and preservation methods include
technologies such as high pressure processing (HPP), pulsed electric
fields (PEF), irradiation, light treatments, microwave sterilization, and
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active and modified atmosphere packaging. This book discusses pack-
aging implications for these nonthermal processing techniques, mild
food preservation methods and other hurdle technologies.

NONTHERMAL PROCESSING

Conventional thermal methods for food processing applications are
stove-top cooking, blanching, pasteurization and retorting. These
are designed to inactivate microorganisms, enzymes, and other
chemical reactions, as well as achieve the expected shelf life and
food safety. Chemical and physical changes taking place in foods
during conventional heat treatments have been well documented in
the published literature. Numerous practical applications of thermal
treatments in a wide range of foods have been used from early ages
to current times. Additionally, natural interactions and chemical
reactions occurring in thermally processed foods and packaging
materials are well known. However, in order to better understand
and identify the physical, chemical and mechanical interactions
taking place within foods and packaging materials exposed to non-
thermal treatments, more studies are needed. These will provide
data that can be used by engineers and food scientists as they seek to
optimize these nonthermal technologies.

Prior to writing this book, the authors reviewed information about
nonthermal processing techniques such as HPP, irradiation and PEF,
that were reported in the FSTA-Food Science Technology Abstract
database (https://www.ifis.org/fsta). As seen in Figure 1.1, the numbers
of nonthermal processing publications have continuously increased
from 2001 to 2016, especially in topics relating to HPP and irradiation.
Recent studies on HPP, irradiation, and PEF technologies have exten-
sively focused on improving the functionality, safety and fresh tasting
qualities of a wide range of foods in response to consumers’ demands.
These publication trends also reported on recent developments and
improvements to these technologies. As a result, various foods and
beverages are now commercially treated by HPP and irradiation, and
are in retail trade in various markets around the world.

High pressure processing is a nonthermal preservation technique
that uses high pressured water or another appropriate liquid to
transfer the pressure to a food product, either by itself or in its
primary package. Microorganisms and enzymes are inactivated by
this high pressure treatment, and this helps to maintain the safety
and shelf stability of the food. The high pressure process is
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Figure 1.1 Increasing of HPP, irradiation, and pulsed electric field researches

from 2001 to 2016 (https://www.ifis.org/fsta).

considered nonthermal due to its ability to inactivate pathogenic and
food spoilage microorganisms without causing significant changes
to the fresh-like qualities, sensory attributes or nutrients of the food.
This is done without the use of heat normally generated by conven-
tional thermal treatments such as retort processing, for example.
Recent trends have shown that a growing consumer interest in HPP
is due to its ability to extend the shelf life of food products without
the addition of chemical preservatives. Thus, HPP provides benefits
to food companies by helping them to meet the requirements for
“clean label claims” for their packaged food products. The clean
label claim is a recent trend driven by consumers and it relates to
their concerns about too much synthetic chemicals being in pro-
cessed foods.

Two types of irradiation techniques are currently used in food
processing. These include ionizing and nonionizing radiations.
Ionizing radiation works by using high energy to remove elec-
trons from atoms and it produces ionization as a result. Examples
of these include x-rays, alpha and beta particles, and gamma rays.
Ionization can be initiated by radioactive elements such as
uranium, radium, tritium, carbon-14, and polonium, or by high
voltage generators that produce x-rays. Currently, beta particles
and gamma rays obtained from cobalt-60 and cesium-137 are
used for industrial food irradiation applications. Ionization radia-
tion is utilized to inactivate detrimental microorganisms and reduce
the rate of spoilage in selected foods. Conversely, nonionizing
radiation has a much lower energy level than ionizing radiation.



4  Packaging for nonthermal processing of food

However, nonionizing radiation that is used to treat food, causes
atoms within the molecules to vibrate. This vibration produces
heat which raises the temperature of the food. Microwave and
infrared heating are examples of these. Food irradiation is asso-
ciated with nonthermal processing due to its ability to inactivate
microorganisms, kill insects, and other types of infestation, by
using significantly lower temperatures when compared with con-
ventional heat treatments.

Pulsed electric field is a processing technique which uses a
high voltage pulse to treat a substrate positioned between two
electrodes. Only pumpable liquid or semi-liquid foods which can
flow between the two electrodes can be treated by this technique.
During the treatment, harmful microorganisms can be inactivated
by the application of micro to millisecond pulses of high voltages
to the product that is pumped in the gap between the electrodes. In
batch applications, a static treatment can be employed by exposure
of the product to the pulsed electric field in a chamber designed
with two electrodes. The PEF treatment, due to its extremely short
processing time and insignificant increase in temperature, sus-
tains freshness, sensory and nutritional qualities much better than
commonly used industrial conventional heat processes such as
retorting or microwave cooking.

In general, due to its relatively mild preservation methodology,
nonthermally processed foods provide better nutritional and
organoleptic characteristics when compared with similar conven-
tionally heated products. Nonthermal processing techniques
are also capable of producing safe and extended shelf life foods
by inactivating enzymes, and killing pathogenic and spoilage
microorganisms.

FACTORS TO BE CONSIDERED DURING
NONTHERMAL PROCESSING

Bacilllus stearothermophilus is currently used as a microorganism
indicator to estimate standard thermal treatment parameters. Other
spore forming microorganisms are also used to validate other suit-
able thermal processes and food applications with extreme pH,
water activity, and/or solute concentrations. To assist with these val-
idation studies, food engineers have developed and used standard-
ized data tables showing the values for D (time) and Z (temperature)



Packaging for nonthermal processing of food: Introduction 5

for the reduction of standard microorganisms. The effectiveness of the
thermal treatment on the organisms is determined by the F-value.
However, the resistances of standard microorganisms to nonthermal
treatments are different when compared with their responses to con-
ventional thermal techniques. This makes the validation of nonthermal
techniques a more challenging feat. Hence this is the reason why more
research on nonthermal techniques is needed. In some cases, non-
thermal processing can be a replacement for conventional heat treat-
ments, at least, partially, by combining the nonthermal process with
heat and or chemical treatments, and other hurdle technologies,
depending on nature of the food. However, a better understanding of
the effects of nonthermal techniques on chemical and physical
changes and of microbiological inactivation in processed products is
still needed in order to bridge the gaps between research achievements
and industrial applications. Table 1.1 summarizes the process consid-
erations, benefits, and shortcomings of nonthermal processing
methods relevant to food products (Neetoo and Chen, 2014).

PACKAGING FOR NONTHERMAL
PROCESSING

The main goal of food packaging is the storage, preservation and
protection of the product for an extended period of time. The
objective is to ensure the quality and safety of the product for con-
venient consumption when desired by the consumer. Besides
these primary functions, other required functions are the effective
marketing and distribution of the product, in addition to consumer
matters such as obtaining information about the commodity, effi-
cient and convenient handling, dispensing, and sales promotion. The
significance of these packaging functions can shift from one aspect
to another according to the needs of society and the lifestyle of con-
sumers, plus the emergence of new technologies.

For nonthermally treated foods, the nature of the packaging and
its design should be carefully selected in order to ensure the success
of the specific technology. In addition to these, consideration must
be given to the process parameters and mechanisms, the microbial
growth kinetics, and the mechanical and physical properties of the
packaging materials and systems. Food products treated by HPP are
usually prepackaged within individual flexible or semi-rigid packaging



poojoas so yons
soljipowwod an|PA-yBIH
$90NDG

so|qojaBaA pup sposyy
sBuisselp pojog
sjuswipuo?)
salyjoows

spnBoy
sjonpoud jiniy

UODAIODUI
au10ds 1oy paiinbaui sainssauid
pup sainjpiedway pajoAs|]
SPOO} PIOD-MO]

10} papaau uoypiabliey

spooy Alp 1o a|qoHNs JON|
soonds JID

UiM spooy 1o} a|qoiins JON|
a|qissod

Ajijonb Aiosuss ur seBubyn
uolpAlPDUI [DIgosolw Bulinp
,Buljipy, jo uouswouayy
aAlIqIyoid-sod si juswdinby

auo|o dHH 40 A4IoIX0} O 92USpIAG ON|

|oeddb Jswnsuod eAlIsOy
soAlpAIsald |oolwayp o

uolpulwld 1o uoloNpal 1o} |PIUSIOH

a|qssod

Dc_wwwuoha v__DQ _UCU J8uIbjuod-u|

ainjosadwsay ybiy yim

paulquod usym saJods sjpului|@ un)

Spooy

w‘_Em_OE.r_m_r_ ul me_ _U,_D._.XQ_. __OE_C_E

spunodwoo juswbid

PUD SjuSLINU JOAD|} UO JOBY [DWIUIY

sponpoud ,|arou, o uolonpold

ul

O_Q_wwOQ mO@CULU _ULD._.XQ. m_QD\:wwﬁ_

npoud Jo 8y §joys spusxg
Ajeyos onpoud seoubyuy

spio Buisseooly
AyaBayul

[ousipw Buiboyony
9Z1s [95SIA
uolisodwod onpouy
swsiupBio jobiny

jo @bp |po1BojoisAyy
AJIAIDD JOJOAA
Aip1op jonpouy

_®>®_ alnssalyd

ainjoiadway juswypal]
awy Buisseoouy

ainsseid

onpysolpAy ybiy

suoyndiddo
jo sajdwpxgy

sBuiwodjioys

sjyauag

SuUoRI3PISUOD
ssad0id

$5920.d

oojes woyy pajuiidal) spoyew Buisseooid |pwsyjuou saypuIs)p jo Bulwodiioys pup ‘spyeuaq

(£¥1-G¥ | "dd 'y 0T ‘ueyD pup

‘uoypiepisuod sseooud Jo Jsi

L°L 99pL



(panunyuop)

SPOOJ SAlISUSSDSH
sdnog

B6s pinbi| sjoyan
AW

saoinl yiniy

{|noyyip sseooud jo dn Buipog
so|qqnq UIbjuod

1oy} Jonpoud oy s|qoyIns JON
AJIALRNPUOD |DOLIfOS[

MO UiIM SPOOJ Of PajoLIisay
jusidiye ABisus Ajualind JoN
1200 p|nod

suoljoDal dIA[01j08|e 9SIGAPY
selods pup sswAzue

isuIbBp sAldeye ss97
a|qussod

UOIJDUIWD}UODD] $53001djsOy
spoo}

pinbi-uou Joj a|qpiINS JON|

s|olqoIDIWIUD
jo @oussal
AJIALPNPUOD jonpoly
Aip1op jonpouy
swsiupBio

jo @bp |po1Bojoishyy
poo| [pIqoIdIW

sa10ads [pIqoIOIY

ainjpiadws)
A4101X0} JO 9oUBpIAS ON| awly Juswijpal]
spunodwoo juswbid
10 JOADJ} ‘sjuaLinu uo oduw [jowiulyy yipim as|ng
spooy s|qrdwnd .o} 8|qpiIng uBisep sepoijo9|]
awy Buisseooid poys AjeAnp|ay uBisep Jequipy)

plIBjoDq dAlDIeBaA jsuIDBD 8oy Alisusjul payy o11409)3

prey

U_tuw_w _Umm_Dm



seboyond pooy
s9s99YD)
poojpag

sjpayy

pays!|qoise

aq o} yuswdinbe jo Ajjiqoijey
soqoolw

SWOS Ul 92UDJsISal 3|qIsSO4
poo| [DIgoJoIW

ybiy yim Aopoiye peonpay
sjoaye

[P2IWBYD 9SISAPD B|qIsSOy4
sebBosop yBiy 4o spayje

{SO0 wnipsyy

Buisseooud ebBoyondjsod 1oy s|qpuswy
spooy

so|piny Jayjo
Yim uoypuiquiod

yiBus| yipd uoypipoy
8|iyoid moyy onpoly
az|s /adoys npoly

921n0s Jo
juswebupb.b |02ISAY4

sonpoud yseiy AJosuas 95JoAPD 9]qISsOy ainysiow-mo| pup-ybiy 1o} 8|qoINg yiBusjeAppp

0zZld salods ysuipBp sAldeyaU| indur ABisus mo Jamoyg

100081

jo uoypinByuod

soy0) Jamod uoypipusd mo| spH SPOOJ UO $}039)40 [DIB}D||0D [DWIUI RINIETITCEYS)
s90D4INs Xo|dwod Yim onpoud b1 AN pesind
poa.g 8|qissod yosye Buimopnpyg awy Buisseooud poyg jo Aaissiwsuni)  /4yBi) ysjo1apniyn
suoyndiddo sBuiwodjioys syyouag SUOI}P.ISPISUOd ssadoud

jo sajdwpxgy ssadoid
(penuyuod) L°1L 9|qPL



(panunuop)

juo|d jo dn Buoos

yim swajqoud [oyusjod
onpoud ul Jib pup spijos Aq
patoeyp uoypysuad jo yideq
J9oupd

upjs pup suIng 9SNDd ULY)

soke o} BuiBowop oq uo)
seBupbyo |oinixa}
8|gpJisepun 82npul UpD
Ajijonb jonpoud

abowop pjnod sjpoippI 9814

dn Buypos yyum sebusjipyd

paipay si oyt pooy Auy

UMO S}I UO Jod)yd SJHI| SPH

suoypiado
11UN JBYJO YiIM pauIquIod aq upD
AjiAlOD BWAZuUS Uo o8y

suoydo juswdinbae |piereg

jusidiye ABisuy

a.njxa} puo

21NjoN1s POOJ JO UOKHDIHIPOW 8|qISSOy
jupjd Buissedoud

Buysixe 1o} paiinbai uonojdopo s

Buisseooid
SNONULUOD PUD Y4 O} d|qPUBWY

sowly ssedoid paonpay

saiods pup s||90 aAlpjebaA

isuinBo aAldays W pPUp g

s|jeo

aApjaBaA JsulbBo sAlaye punosoyn

ainjoiadway juswypal]
uolyisodwod onpoid
pooj Jo awn|op
sa10ads |[pIqoIDIY
awlj ainsodx]

SOADM U_EOmUL._._D

Jo epnyidwy

TCDOwU‘:_D



r_w_* TCO Jieciny

sjouejow BuiBoyony
soo1ds pup squey

susBoyyod jo yimoibino
jussaud

3¢ P|NOD SUIXO} [DIGOIDIV
SUDJNW JuDjsIsal
-uoypipo jo juswdojers(

SN|DA |DUOHLIINU JO S5O
uolppIXo

o} anp 10AD}} Jo sebupy)
20Up}deddD JBWNSUOD 100

uoyoiado snopiozoy

suoyool|ddp esieAlq

spooy

aunjsiow-yBiy puo-mo| Ioj s|qoyING
Ajijenb jonpoud uo sy

[PWIUIW SDY SSOP WINIPSW PUD MO

dn pe|oos aq uo)

s}s00 Bulpiado mo7

paipaly

8¢ Upd spoo} UsZoy pup paboydny
(uoniqiyur ynouds “6-8) suoyooijddo
[p21Bojoiqololwuou 1oj 3|qoyING
Buisseooud ebBoyondjsod oy s|qpiing
(seBoxjond

puD PO0J) UoUDLZI|LIBIS 10} B|LIING
Jomod uoypueued ybiy

se|pny Jayjo
Yiim uoypuiquio)

921 9|211D4
$S9UYDIY} POO4

pooj Jo ajojg
uonisodwod jonpouy
sa10ads |pIqoIOIY

_UCO_ _U_O_O;_U_E

usBAxo Buljibasly

Buizeai]
AJIAIDD JOJOAA

UOHDIPDI WO} $YSII POZI|DI0] uooIpD!
sonpoud ysaiy 4502 [ppdoo ybBiY asn jo Auoysiy Buoy 950p paglosqy Buiziuoj
suoyndiddo sBulwodjioys syyouag SUOI}PISPISUOd ssad’oid
jo sajdwpxgy ssad0.d

(penuyuo)) L°L 9|qLL



Packaging for nonthermal processing of food: Introduction 11

materials, or could be packaged in bulk after the treatment. The pre-
packaged processing method is essential during batch HPP treat-
ments. In this process, the packaging and the material, of which it is
made, will be exposed to the same HPP as the food, and must be
designed with the ability to survive the pressure treatment. This
means that the package must be designed to survive the water-
mediated high hydrostatic pressures which typically range from
30-600 MPa, but could be as high as 800 MPa. Since the application
of pressure will result in volume changes according to the laws of
physics, the reversible response of the whole package to the com-
pression/decompression process during HPP is crucial to the suc-
cessful commercialization of this non-thermal processing technology.
Plastics are the best choice of material for HPP food packaging
because they are flexible and most have excellent water-resistant
properties.

The microbicidal purpose of radiating food will be lost if the
safety and the shelf life of the treated product is not maintained after
the irradiation process. This is facilitated by packaging the food
prior to the irradiation process. This ensures that the food remains
sterile during transportation, storage and handling prior to consump-
tion. Irradiation applied to prepackaged foods will also expose the
packaging material to the radiation treatment. This means that the
selection of the packaging material must be of such that minimal
changes to the molecular structure are caused by the irradiation.
Severe changes to the chemical or morphological composition of the
material could accelerate an unsafe release of chemical additives
from the package to the food. As a result, the United States Food
and Drug Administration (FDA) has published a list of approved
packaging materials, additives and the irradiation doses for food
processing operations.

Since PEF treated products are not prepackaged before exposure
to the electric field, the packaging material does not come in contact
with the electrical energy. However, at the end of the PEF process,
the product must be aseptically packaged for extended shelf life. To
accomplish this, the packaging material must be sterilized by dry
heat, steam, ultra violet light, chemicals, and/or a combination of
these methods. Not only must the material survive these sterilization
methods, any residual sterilant must be removed from the package
prior to filling it with the PEF treated food. The packaging material
must also be compatible with the product and not allow the migra-
tion of undesirable substances, odors, and flavors to the foods, in
addition to maintaining its safety and quality.
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CONSUMER PREFERENCE OF PACKAGING
DESIGN AND REGULATION
OF NONTHERMAL PROCESSING

An aesthetically appealing package influences consumers’ purchasing
decisions, and it serves as a strategic marketing tool. A good compre-
hension of consumer preferences for package design is important for
the marketing success of the product. However, package design must
not compromise the proper material selection because this could
impact the safety and quality of the nonthermal product. Nonthermal
processing operations, packaging methods, and materials in contact
with the food must be used in accordance with permitted govern-
mental regulations. As an example, the Radura logo is required on the
labels of most irradiated packaged foods. Also, a list of packaging
materials and the dosages approved for food irritation in the United
States are shown in Table 1.2 (FDA, 2015).

Table 1.2 Packaging materials and adjuvants approved for irradiation by
the U.S. Food and Drug Administration (FDA).

Maximum Radiation Types of Packaging Materials and

Dose (kGy) Adjuvants Approved for Irradiation
0.5 Kraft paper to contain only flour

7.2 Polystyrene foam tray

10 Nitrocellulose-coated cellophane;

Glassine paper;
Wax-coated paperboard;
Polyolefin film;®
Polystyrene film;®

Rubber hydrochloride film;®

Vinylidene chloride-vinyl chloride copolymer film;®
Vinylidene chloride copolymer-coated cellophane;
Nylon 11;
Optional adjuvants for polyolefin films plus
optional vinylidene chloride copolymer coating;
PET film plus optional adjuvants, vinylidene
chloride copolymer and polyethylene coatings

30 Ethylene-vinyl acetate copolymers

60 Vegetable parchments;
Polyethylene film;®
Polyethylene terephthalate film;®
Nylon 6 film;®
Vinyl chloride-vinyl acetate copolymer film;®

@Plus limited optional adjuvants
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In summary, the packaging of a nonthermally processed food is
subject to a combination of the nature of the corresponding non-
thermal technology, the response of the packaging material to the
nonthermal process, regulatory guidelines, consumer acceptance,
and the economic analysis of the nonthermal method for the specific
food product. Therefore, business studies relating to nonthermal
processing and packaging methods should be both technical and
socio-economical.
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