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1

Introduction

One of the major advances in human history was the ability to preserve food. It
was the prerequisite to man settling down in one place, instead of moving from
place to place in the never ending hunt for fresh food. The earliest preservation
technologies developed were drying, smoking, chilling and heating. Later on the
art of controlling these technologies was developed. The work of Pasteur in the
nineteenth century then made it possible to understand the real mode of
operation of preservation techniques such as heating, chilling and freezing,
providing the basis for more systematic monitoring and control.

The use of various compounds such as salt and spices to preserve foods was
also used in ancient times. Unfortunately, the gradual use of a wider range of
chemicals for preservation such as boron or cumarine sometimes led to misuse.
Consumers have developed some suspicion of the use of chemical additives,
sometimes with good reason in such cases as antibiotics and materials such as
hexamethyltetramine (which during processing and storage develops into
formaldehyde).

Consumers have fewer reservations about physical treatments, although one
of the oldest technologies, smoking, is now suspected of being carcinogenic.
Another more recent physical treatment which is also much under debate is
irradiation. Many studies have shown it to be safe and it has been approved for
use in food processing in several countries, e.g., the USA, because it has proved
to be the best way to kill Salmonella and other pathogenic bacteria. However,
irradiation of foods is not used in practice in most countries in Europe because
of continuing consumer concerns about the safety of the technology.

Recent debate about preservation techniques has focused on ways of
preserving foods in a way that is both safe but also preserves the intrinsic
nutritional and sensory qualities present in raw and fresh food by minimising the



2 Food preservation techniques

amount and severity of subsequent processing operations. This is why minimally
processed foods have gained such great popularity, although they raise new
safety risks. As an example, they often rely on an effective cold chain during
storage and distribution to prevent microbial growth. This book describes both
established and new preservation methods which embrace biotechnology and
physics. Both methods offer the possibility of preserving food safely with a
minimal impact on quality. The book describes the principles behind individual
preservation methods, the foods to which they can be applied, their impact on
food safety and quality, their strengths and limitations. It also shows how
individual techniques have been combined to achieve the twin goals of food
safety and quality. The book tries to describe a status quo of where we are in the
development of food preservation techniques at the beginning of a new
millennium, and some of the things we still need to do.
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atmosphere modifiers
atmospheric retort systems

ATP agreement

autolysins

automating monitoring and control systems

avirulence (Avr) genes

B
b(T)
Bacillus
cereus
subtilis
Bacillus thuringiensis (Bt) toxins
BacSim
bacterial load
bacterial resistance
bactericides
bacteriocins
Bactocatch system
bakery products
basil
batch sterilizers see retorts
batch systems
cookers
membrane filtration
PEF

ultrasound
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bath-type ultrasonic systems
beefburgers
Belehradec models
benzoic acid
biochemical differentiation
biochemical stress
biofilms
bioflavonoids
biotechnology
enhancing plant resistance
future trends
reducing spoilage in fruits
reducing spoilage in vegetables
Bollgard cotton
botulism
Bradyrhizobium japonicum
breads
broccoli
Brocothrix thermosphacta

broth dilution assays

Brunauer, Emmett and Teller (BET) formula

bulk processing
Burst Test
butter

C

caffeic acid

calibration curve

Campden and Chorleywood Food Research

Association (CCFRA)
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capacitors
carbon dioxide
MAP
permeabilities of edible coatings
carotenoids
carvacrol
Case History Series
casein micelles
catalase
cavitation, acoustic
cell lysis
cell membrane
damage
electropermeabilisation
phase transition
cell strategies for growth
cellular automaton (CA)
cellular processes
cellular structure
central composite design
cereals
antioxidants from
pH control of cereal products
cheese
antibacterial enzymes
pH control
chelating agents

chemical changes

chemical decontamination procedures
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chemical preservation

see also salting; smoking
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chemotactic signalling
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chemotaxis
chicken
chilling
chitin

chitinases
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chitosan

cilantro, oil of

(98]
[e]
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cinnamon
citric acid
cleaning
membrane filtration

ultrasound and surface cleaning
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climacteric fruits

Clostridium
botulinum [154] [192] [292] [293| [340]
stearothermophilus 192

clove

coat-protein-mediated resistance (CPMR) 251
coatings, edible see edible coatings
coaxial PEF continuous flow chambers 364| [365

()]
(9]
N

Codex Alimentarius

co-field PEF continuous flow chambers
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cold storage

see also freezing

]
[\e]

cold water washes
colonies

development in solid foods 476
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colonies (Continued)
factors affecting growth
growth distribution
morphology
colour
change in fruits
effects of high pressure
effects of PEF
combined techniques
antibacterial enzymes
antimicrobials
antioxidants
E. coli
problems in combining traditional techniques
traditional and new preservation techniques
heat treatment, water activity control and
pressure
high-intensity light
MAP
organic acids
PEF
pH control
ultrasound
water activity
come-up
commercial sterility
communication, intercellular
compatible solutes
competitive micro-organisms

concavity
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concentration
by membranes
polarization
conductance
conductivity

contact angle
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containers
filling
geometry 163[ [166
headspace control prior to sealing 170
heat seal integrity and retorting 171

—
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W

internal pressure

seals [165] [169] |171]
monitoring 558

variations in volume 168

see also packaging
continuous field approach |489| |496| |498|
continuous flow systems

cookers 156

high pressure technology

membrane filtration 277

PEF 364

ultrasound 329

control, process see process control
controlled atmosphere packaging (CAP) see
modified atmosphere packaging
controlled atmosphere storage (CAS) |339| |343| |349|

see also modified atmosphere packaging

cookers 154
cooling 159
plastic packaging and pressure considerations 166
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cooling (Continued)
ultrasound combined with

cosmetics

cost

cotton

Cravendale 'Purfiltre' milk

critical surface tension

crossflow filtration

cryogenic freezing

cryoprotectants

cryosectioning

Cryptosporidium

crystallization

cucumber mosaic virus (CMV)

culture products
CYTED Program

cytokinins

D

D values
dairy products

pH control

see also cheese; milk
dead-end filtration
decontamination processes
Defect Action Point (DAP)
defensins

degassing

dehydration see drying/dehydration

dehydrofreezing
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delicatessen salads

—
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S

desiccation see drying/dehydration

dew point hygrometers 143
diafiltration 264| 1268
dialysis 264
dielectric breakdown 364| 407
dielectric rupture theory 371
diffusion

coefficient

on a lattice
substrate diffusion and colony growth
diffusion cell

diffusivities of fruits

w ENIENIES
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dill seed 310
dilution assays
discrete approach |493| |497| |498|
disease resistance
display cabinets
dissociation constant
distribution
DLA-like (diffusion limited aggregation) colony
morphology 488
DNA 289
dosimetry
downward concavity 513
dried products |135| |344| |353|
dry infusion
drying/dehydration 126| (527
air drying 229
effect on cellular structures and constituents 183
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drying/dehydration (Continued)
freeze-drying
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low temperatures enhance resistance to

osmotic
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dual purpose systems
dudh churpi
Durand, Mr
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dynamic dispersion medium (DDM)

E
Eden colony morphology
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edible coatings
diffusivities of fruits
future trends
gas permeation properties
historical view

internal gas composition
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predicting

optimal thickness
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[\

problems associated with
selecting

wettability and coating effectiveness

BNl =] |w] o —_ | = —
S|EEEEEEEEEEEEEEE
O | || D] O] ] [N [] == ]]|SD] ]t N2 N k=1 I B

EDTA
€gg
electric field strength 378
electric hygrometers
electrochemical reactions

see also oxidation
electrodialysis
electromagnetic spectrum 285
electropermeabilisation (electroporation) 413
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empirical experimental design
emulsions
endoglucanase gene
endopeptidases
energy density input
Enterobacteriaceae
environmental conditions
colony growth
modeling food spoilage
enzymes
antibacterial see antibacterial enzymes
high pressure
measurement of enzyme synthesis and activity
PEF
ultrasound
see also under individual names
equilibrium, themodynamic
equipment
high-intensity light
high pressure
membrane filtration
PEF
source of microbial contamination
ultrasonic
Escherichia coli (E. coli)
beefburger
combining heat treatment, high pressure and
water activity
combining traditional and new preservation
techniques

future trends
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Escherichia coli (E. coli) (Continued)

heat resistance

NSRS
SIS
W || \O

pathogen growth conditions

problems in combining traditional preservation

techniques

essential oils

H H
Al
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Ethicap
ethylene [244] [249] [250|
biosynthetic pathway
ethylene oxide 327
European Union
FAIR CT98-4083 project 453| |455] [456] [459] [460]
461| 1470
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legislation
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eutectic temperature
existing publications

expansin
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experimental design
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exponential decay pulses
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extrinsic factors

F

F value 507| 1508

fat globules 405

feed and bleed system 273 (277

fermentation 528
control and predictive models
vegetables

fermented dairy products

Fermi's equation 387

fibre hygrometer 144
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Fick's laws of diffusion

filling

firmness, fruit

fish (and fish products)
MAP
natural antioxidants
pH control

fish oil

flat sheet membrane configurations

flavonoids
flavour

flexible pouches

Flow Pressure semi-continuous system

flow systems see continuous flow systems

flower vegetables

fluorescence ratio imaging

FMC

Food-borne illnesses

Food and Drug Administration (FDA)

food inoculation studies
Food MicroModel
food preservation

evolution

in a food processing context

methods

techniques and food safety

Food Safe Series

Food Spoilage Predictor (FSP)

fouling

Fourier-Transform Infra-Red (FTIR) spectroscopy
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fractal dimensions
fractionation
free radicals
freeze-drying
freezing
cryoprotectants
developments in freezer technology
developments in packaging
pre-treatments
use of pressure
freezing point depression
fresh produce
see also fish; fruits; meat; vegetables
freshness indicators
fruit juices
fruits
antioxidants from
edible coatings
MAP
methods for reducing spoilage
pH control
water activity control
functional genomics
fungal resistance
see also moulds; yeasts

furocoumarins

G
galactosidase
gallic acid

gamma rays
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[308] [409| [410]
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gases

diffusivities of fruits

internal gas composition 100
predicting
MAP
gas concentration indicators

permeabilities 347
gel cassette system
gel layer
Gelderse Rookwurst
gels
gene-for-gene model 254
general stress response |113| |134| |215| |535|
Generally Regarded As Safe (GRAS)
generic models 455
genetic engineering see biotechnology
genetic mutations 220
genome sequencing 534
genomics 540| [542
geometry, package 166
glass transitions
global stress response |113| |134| |215| |535|

glucanases
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gluconic acid
glucono-8-lactone (GdL)
glucose oxidase
glucosinolates
glutamyltranspeptidase
glutaraldehyde

glycine 6
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Gompertz curve

Good Manufacturing Practice (GMP)

grain legumes, antioxidants from
Gram-negative bacteria

Gram-positive bacteria

growth/no-growth interface

Growth Predictor

Guggenheim, Anderson and de Boer (GAB)

equation

H
Hagen-Poiseuille equation
Hazard Analysis Critical Control Point (HACCP)
dual purpose systems
and MAP
principles
headspace pressure
headspace volume
heat inactivation kinetics predictive models
microbial death and survival
simulating thermal processes
using models to improve food safety and quality
heat seal integrity
heat shocks
heat treatment
combined techniques
PEF
pressure and water activity
ultrasound and pressure
controlling kinetics of heating

cookers
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heat treatment (Continued)

effects of dehydration and pressure on microbial

thermotolerance 182
effects on different microorganisms 518
improved heat transfer with ultrasound 328
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\O
D
el
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inactivation of microorganisms
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S
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(98]
W

microbial heat stress resistance
modeling see heat inactivation kinetics predictive
models

retorts see retorts

temperature variation and microbial validity
heating curves
heavy metals
helicid
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hen egg white lysozyme
herbs
heterogeneous liquid-liquid reactions

heterogeneous particle-liquid reactions
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heterogeneou solid surface-liquid reactions

high hydrostatic pressure (HHP) see high pressure

treatment

H
oo
2]

high-intensity light

applications 296
future research needs 299
improving effectiveness 298

inactivation of pathogens and spoilage bacteria

microbial inactivation
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process and equipment

high moisture foods (HMF)
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[298] [389] [423]

[2]

high pressure treatment

W
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combined techniques

heat treatment and water activity
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ultrasound and heat
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commercial food products 430
enzymes
equipment 432
future trends 440
microorganisms
adaptation to stress
nutritional value and colour quality
principles and technologies
water-ice transition 438
high-protein foods 353
high temperature-short time (HTST) 529
hollow fibre membrane configurations 273 1275
hollow sphere model 100
homeostasis mechanisms |132| |134| |213| |219|
homogeneous liquid-phase reactions 307
hop extract 390
host-microbe interaction 533

hurdle technology see combined techniques

hydrolases

hydrolyzed lactoferrin (HLF) El

hydroperoxides

hydroxycinnamic acids

hygiene

hygrometers 144
hyperfiltration (reverse osmosis) |264| |265 | |272| |279|
hypersensitive response (HR) 255
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hypothiocyanite

hypothiocyanous acid
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Iberoamerican IMF project

I

ice crystallization
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see also freezing

ice polymorphs 439
ignitron
image analysis techniques
immersion
immersion chilling and freezing (ICF)
impedance
impingement freezing
in-container processing

heat treatment

high pressure
in vitro testing
individual based model (IBM) 499
inductors [361] [362] [363]
inhibition curves
insect pests

plant resistance
instant reversal pulses 364

Institute for Food Technologists
instrumentation, monitoring

Integrated Fly Management
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integrated process design concept
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intelligent (smart) packaging
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intercellular communication 489

This page has been reformatted by Knovel to provide easier navigation. ‘




587

Index terms Links
intermediate moisture foods (IMF) |135| |147| |344|
internal gas composition

measuring 100
predicting
interpeptide bridges
intrinsic factors [489] [490| [499] [501]
ion leakage 189
irradiation [217] |350] [526]
isopentenyl transferase (IPT)
ISO 9000 system
isothiocyanates
K
ketchups
Koch, R.
Kyoto Accord
L
lactate dehydrogenase
lactic acid 111
pH control for dairy products 114
salts of
lactic acid bacteria (LAB) [114] [296] [350] [469]
Lactobacillus plantarum [190] [192] [193]
lactoferricin B EI
lactoferrin
lactoperoxidase El 437
system (LPS) El
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lag phase
investigations
predictions
lard
lattice gas CA
leafy vegetables
legislation/regulation
antibacterial enzymes
natural antimicrobials
organic acids
legumes, grain
lethal heat
light intensity
see also high-intensity light
lipase
lipid oxidation
lipophilicity
lipoxygenase (LOX)
liquid whistle
liquids
PEF
ultrasound
heterogeneous liquid-liquid reactions
heterogeneous particle-liquid reactions
heterogeneous solid surface-liquid reactions
homogeneous liquid-phase reactions
Listeria monocytogenes
listeriosis
local growth limiting factor

logistic regression models
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luciferin/luciferase reaction

luminescence techniques

lux genes

lysozyme
effect in real food product trials
factors that improve efficiency of
non-enzymatic action

lysozyme conjugates

lytic enzymes

M

magnetic resonance imaging (MRI)
Maillard reaction
maize
malic acid
mangoes
manometers, vapour pressure
manosonication
manothermosonication (MTS)
marinated fish
markers
Martin Walter tubular insert
master temperature indicator (MTI)
mayonnaise
meat (and meat products)
combined techniques
MAP
microbial contamination

natural antioxidants

organic acids to control microbial contamination
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meat (and meat products) (Continued)
pathogenic and spoilage microorganisms
pH control
regulation and safety
Meidi-Ya
membrane, cell see cell membrane
membrane filtration
equipment
future trends
general principles
using membranes in food preservation
membrane inlet mass spectrometry (MIMS)
membranes
configurations and modules
metabolic exhaustion
metabolism
metabolites
measurement of increases in
spoilage indicators
metabolomics
micro-architectures
micro-electrodes
Micro-Facts
microfiltration (MF)
removal of microorganisms
separation of food components
Microgard

microorganisms

antibacterial enzymes see antibacterial enzymes

antimicrobials see antimicrobials; natural

antimicrobials
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microorganisms (Continued)
colonies see colonies
effect of pH

acid adaptation 113
acid inactivation 113
combined techniques 112

on cellular processes

on growth and survival
enhancing plant resistance to
enumeration of
factors affecting growth
food-borne disease

heat treatment see heat treatment
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high-intensity light
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pathogens
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Nel
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spoilage bacteria

high pressure and
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intelligent packaging
MAP
meat
contamination
initial bacterial load and reduction by organic
acids
maximum reduction achievable with organic
acids

organic acids to control contamination
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pathogenic and spoilage microorganisms
modeling growth in solid foods see solid foods
modeling

—
N

natural antimicrobials from microbial sources
PEF see pulsed electric fields
physiological condition 467
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microorganisms (Continued)

preservation techniques and food safety

NS I K9]
||
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removal by microfiltration

spoilage mechanisms 451
spoilage modeling see spoilage modeling
strain selection 454

stress adaptation see stress adaptation
ultrasound see ultrasound
water activity
see also under individual organisms
microprocessor-based control systems
microstreaming
microwave heating
milk

lactoperoxidase system

[
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microfiltration 280
sterilized and pasteurized
ultrasound and anti-oxidant activity

millericin B

minimal convex polyhedron 464

minimal processing

MAP and fruits and vegetables
minimum inhibitory concentration (MIC)
model food systems

modeling
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and combined techniques

food spoilage see spoilage modeling

freezing 233
growth kinetic models for E. coli 208
PEF microbial inactivation 386
predicting internal gas composition of fruits 100
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modeling (Continued)
solid foods see solid foods modeling
stress adaptation
thermal preservation see heat inactivation
kinetics predictive models
modified atmosphere packaging (MAP)
bakery products
fresh and minimally processed produce
future trends
gas concentration indicators
gases
meat products
packaging materials
quality assurance
use of MAP to preserve foods
moist infusion
momentary semi-logarithmic survival rate
monitoring
automating monitoring and control systems
during processing
during storage and distribution
future trends
HACCP and other systems
morphology, colony
motility
high-intensity light and loss of
mechanisms
modeling colony growth
moulds
moving boundary mechanism

multi-stage membrane filtration
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muscle foods

see also fish; meat; poultry
Mycobacterium tuberculosis
mycotoxins

myrosinase (MYR)
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N-acetylmuramoyl-L-alanine amidases
nanofiltration
natamycin (pimaricin)
natural antimicrobials
from animal sources
combined with other techniques for meat
evaluating effectiveness
future trends
key issues in using
and microbial resistance
from microbial sources
from plant sources
regulatory-approved
natural antioxidants
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combined techniques
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future trends
improving functionality
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neural networks

nisin
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nitrous acid
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nutritional value
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object oriented programming languages
ohmic heating
Ohm's law
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operating costs
optical density (OD) methods
optimal edible coating thickness
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mode of action
modes of application
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0SMmosis
osmotic dehydration
osmotic pressure
osmotic stress
ovalbumin
overpressure
oxidation
lipids
PEF
pigments
oxygen
MAP
permeabilities of edible coatings
profiles and microbial growth
oxygen indicators
oxygen radicals
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P

packaging
active
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developments and freezing
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particles
passive pH homeostasis
Pasteur, L.
pasteurization
milk
Pathogen Modeling Program
pathogen-derived resistance (PDR)
pathogenesis-related proteins (PRPs)
pathogens
combining traditional and new preservation
techniques
effect of pH
growth conditions
high-intensity light inactivation
meatborne
plant resistance
thermal destruction
see also microorganisms
papaya ring spot virus (PRSV)
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pectin
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peroxidase (POD) [322] [394] [396| [436]
personnel
pervaporation 264
pest resistance 252
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cellular processes 110
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plants
biotechnology see biotechnology
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dealing with variables during processing
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pressure shift freezing 438
pressure vessels
pressurized retort systems
pre-treatments

freezing

pre-heating
probe-type ultrasonic systems
process control

automating monitoring and control systems

and optimization using spoilage models 465
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thermal preservation see heat inactivation
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protons
protozoans
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psoralen
public health
pulse-forming networks (PFN) 3611 |363
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pulse shape 362| |381
pulse waveforms 362| |380
pulse width 380
pulsed broad-spectrum white light see high-
intensity light
pulsed electric fields (PEF) |360| |529| |537| |559|
applications

combined techniques
critical factors determining microbial
inactivation
microbial characteristics
microbial inactivation models

product parameters

W W [|W]]|W]||Ww W
~N||o||o||o| oo || —
RO W[N] (ol |

treatment parameters

[o%)
o
a
~
S
Q

dielectric breakdown
E. coli

electrochemical reactions

[\
—_
~

enzymes

mechanisms of microbial inactivation

SIS I ES
N I N L =
=l [ E=2 1 E | =]

principles and technology

strengths and weaknesses as a preservation

N
=
D

technology

(98]
N
[®))
w
~J
o0

treatment parameters

~
S
)

vitamins and other quality attributes

This page has been reformatted by Knovel to provide easier navigation.




602
Index terms

pulsed vacuum osmotic dehydration
PurePulse Technologies Inc.
purification

pustulan

Q
quality
change in fruits
monitoring systems
PEF and quality attributes of foods
sensory
using models to improve
quality assurance
quercetine

quinones
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rabbit meats

radicals, free
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reporter constructs

resistance factor

resistance (R) genes

resistors

resonating bar inserts

resonating tube reactors

retentate stream

retorts
atmospheric and pressurized systems
batch retort system suppliers
commercial sterility
dealing with variables during processing
future trends
heating and cooling cycles
process control and process records
strengths
using plastic packaging
weaknesses
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reverse osmosis (RO)

rinsing/washing

ripening
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rule based modeling

S

Saccharomyces cerevisiae
heat treatment
combined with high pressure and water
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safety
monitoring systems and
organic acids
preservation techniques and
using models to improve
sage
sakacin
salad dressings
salads, delicatessen
Salmonella
typhimurium
salting
SAM hydrolase
saturated salt solutions
saturated steam pressure
sauces

sausages

Seafood Spoilage Predictor (SSP)
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monitoring
sealing conditions
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shelf life
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shelf life (Continued)
extension and MAP
shelf-stable products (SSP)
sigma B
slaughtering process
smart (intelligent) packaging
smoking
sodium chloride
sodium pyrophosphate (SPP)
software environments
solid foods modelling
cell strategies for growth
colony dynamics
colony morphology
continuous field approach
discrete approach
evaluating types of model
factors affecting microbial growth
future trends
microbial growth distribution
PEF
selecting right kind of model
solid-state semiconductor switches
solids

ultrasound

heterogeneous particle-liquid reactions

heterogeneous solid surface-liquid reactions

see also solid foods modeling
solutes
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sorbic acid
sourdoughs
specific models
specific spoilage organisms (SSO)
spectrophotometers
spices
spin traps
spiral-wound membrane configurations
spoilage
mechanisms
in plants
methods for reducing
fruits
vegetables
spoilage indicators
spoilage microorganisms
high-intensity light inactivation
meat
see also microorganisms
spoilage modeling
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spraying
SQF 2000 (Safe Quality Food)
square root models
square wave pulses
stable acoustic cavitation
staining
Staphylococcus aureus
steam treatment
combined with organic acids for meat
modeling steam interruptions
sterilization
storage
stress adaptation
acid adaptation
biochemical stresses
heat stress resistance
heterogeneity in stress resistance at the
molecular level
physico-chemical stresses
predictive modeling
preservation process modeling
stress responses
general stress response
strict interpolation region
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submersible transducer
substrate
antibacterial efficacy of organic acids
diffusion and colony growth
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sucrose fatty acid esters (SFAE)
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temperature (Continued)
growth of E. coli
temperature variation and microbial validity
temperature variation and modeling food
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during transport and storage
tolerance for temperature control
see also heat treatment
temperature control packaging
temperature indicators (TIs)
temperature profiles
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thermal processing see heat treatment
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tomato pectin enzymes
tomatoes
toxicology
natural antimicrobials
organic acids
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traditional preservation techniques

combining with new preservation techniques

problems in combining
transcriptomics
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transport/distribution
transport theory
concentration polarization
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vegetative cells (Continued)
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water vapour permeabilities
watermelon mottle virus, 2 (WMV-2)
wax

weak acid preservatives
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