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Parameler Halogen lamp Quarlz wbe Ceramic element
Heated element Tungsten filament  Nichrome wire Fe-Cr-Al wire
Type of wave/itensity Short wave, Medivm wave, Medinm/long wave,
Ligh imtensity medium intensity  medium/low infensity
Operating tempemture ("Ch 22001600 980760 TOC-200
Colour of light Bright white Cherry red No visible light
Peak energy wavelength {jm) 1.15-1.6 23-28 32-6
Radiant heat (%) 72-86 40-60 20-50
Conveetive heat (%) 28-14 6040 80-50
Heai up/cool down time . ls 3bs Smin
Maximm intensity (KW ) TO-1800 15-120 1560

Adaptes from Jackson and Walch [ 1995
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Country/product

Role of HHP

conditions

Japan
Fruit-based products
(jams, sauces, purées,
yoghurts
Grapefruit juice,

Sugared fruits for ice
cream/sorbets
Raw pork ham

&
Jv

i

Fish sausages.
terrines and
“pudding”
Rice wine

Rice cake.

hypoallergenic

precooked rice
Europe

Fruit juices

e

Sliced processed ham

Squeezed orange
Jjuice

USA
Avocado paste
(guacamole, salsa)

Qysters

400 MPa, Pasteurisation, improved gelation, faster
10-30 min, sugar penetration, limited residual pectin
20°C methylesterase activity

200 MPa, Reduced bitterness

10-15 min, 5°C

50-200 MPa Faster sugar penetration and water removal
250 MPa, Faster maturation, (reduced from 2 weeks to

3 hours, 20°C 3 hours),
protease
shelf-life

Gelation, microbial reduction, improved gel
texture

ster tenderisation by endogenous
improved water retention and

400 MPa

- Yeast inactivated to stop fermentation
without heating

400-600 MPa, Microbial reduction. fresh taste/flavour,

10 min, 45 or enhanced rice porosity and salt extraction of

70°C allergenic proteins

400 MPa, room Inactivation of microflora (up to 10° CFU/g),
temperature partial inactivation of pectin methylesterase
400 MPa, few -

min, room

temperature

500 MPa, room Yeast and enzyme inactivation, retained
temperature natural taste

700 MPa, Microbial inactivation and polyphenol
10-15 min, oxidase inactivation

20°C

300-400 MPa,
10 min, room
temperature

Microbial inactivation, raw taste/flavour
retained, shape and size retained

(/‘)!)ULAS'

e —
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Micro-orgsmism Log Process conditions Media
reduction
3] Ficld Temp- MNo.of  Dumtion
ntensity crfure  pulses  of pulses
kYem 'y (C) {125} ;
Bocitlux subiifix 53 33Vt <35 30 2 Pea soup
spores ATCC 9372 4.3 He,
exponential
decay
Excherichio cofi 3 286 428 23 100 Milk
Escherichio cofi is 5.0V, <30 B 2 Skim milk
b SQUANS Wive
Excherichin cofi & 258 37 102 4 Liquid ceg
Listeria inrocua 26 50at35Hz, 1528 L4 2 Raw skim milk
exponential {0.2% wmilkint)
deeay
Listeria 3.0-40 308 1700Hz, 10-5¢ 400 1.5 Pastewrized whole
RORGCYIGZERes bipalar pulses milk (3.5%
milkfat), 2% milk
b (2% milkfui),
skim milk {0.2%;}
Preudomonas 27 504 40Hz, 1528 30 2 Raw ki milk
Ffuorescens exponential {0.2% milkfar)
decay
Sacchoromyees 4.0 12vem™t, 410 & 90 Apple juice
eerevisice exponental
decay
Salmaonclla dublin 3.0 15-40 10-50 - 12-127 Skim milk
Salmanella dubiin 3 36.7 63 40 100 Milk
Yersinia 60-7.0 7% 2-3 150200 500- MaC) solution
erternenditioa 1306 ns  pH =70
Maiural microflomm 3 33.6-357 4265 35 =100 Orange juice 32
Natwrsl microflors =3 6.7 45-50 3 20 Orange juice




17

A
(/’)i)d/ui‘ft
” ®

&
Jv

i

o

b 5l Cdlad spdos S5 bl (55 2 G pe
o i S 5 S Y

[ Process conditions Medin
. . reghustion
sepmes in mtiviry  Fiskd Temp- No.of  Duration
nlluml{ emure pulses of pulses
(kVem ) ("C) {pe5)

Alkshne a¥ 1822 2249 T D708 Raw milk. 2%
phosplatse miilk, non-fit ol
Lipase, glncose 7085 [3-67. - 30 2 Duffer solutions
oxuinse mstant
Aurylose, 3040 charge
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A
(Irradiation)cj')

Las s (5551 Sl 5 sLaxle
e slge 5 ublse s Sl anil Coanle

Regions Quantity in tons  Percentage, %
“Asia and Cleeania™ 183.30% a5
“America” 116400 29
“Africa, Ukraing and lsrael” 30035 22
“Eurape” 15.068 4

y Total 404804 100

Food items Quantity in tons  Percenfage, i

- "Spices and dry vegetables”  186.000 a5
“Garlie ane potatn” BH.0060 22

“Cirains ared fruits™ 82,006 24
“Seat and seafooe”™ 33.006 8
“Cuthers™ 17,006 4

Total 06006 106
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39

d’;”/‘p’u‘{y/"ﬂ‘;u

40




21

&
Jv

i

o

s

TV tube Scanned beam electron
accelerator

41

&
Jv

i

scan

horn direction

of scan

direction of
——CONYEYOr

e

-

scan
magnet

42




22

8%
(e

&
Jv

i

o

L J
Appiicsies Dhose ramze  Ecomples, of s
k3T
Lo dese dup 1o 1 ky):
Inhibition of sprowiing 005-0.2  Poiatoes, garlie, omions, root ginger, vam
Diisinfestasion (eg. arthropods) 0.1-0.5 Fuwvits, gratns, flours, cocoa beans, dry foods
(e fruils, meats, fishy
Lielay ripening 0.2-1.0  Fresh fruits and vegetables
Inactivation/comrol of parasites 0310  Pork meat, fresh fish
Medium dose {1-10 XGy):
Extension of shelf-life 1-3 Serawberries, fresh fish and meat at 0-4°C,
nuishrogmms
Drestruction of parasites 1-8 Meas
Contrel of moulds 2-5 Extended siorage of fresh Truit
Deestruction of pathogens and 2510 Spices, raw ar frozen pouliny, meat, shrimps
spoilage micre-organisms
High dose (=10 kGy:
Sterilisation of foeds 710 Herbs, spices, meat, poultry, seafoods
Decontamination of food additives 10-50 Emzyme preparations, natoral gums
Sterilisation of packaging maierials ~ 10-23 Wine corks 43
Sterilised hospital disis 3n-50 Ready meals

&
Jv

i

e

Microorganism

Dio* (kGy)

population (one logarithmic cycle reduction).

Pathogenic bacteria: & &
Aeromonas hydrophila 0.04-3.40
Bacilluy cereus (vegetative cell) 0.02-0.58 (/"‘)C‘)
B. cereus (spores) 1.25-4.00

——  Campylobacter jejuni 0.08-0.32 { i

Clostridium botulinum (spores) 0.41-3.20
C. perfringens (vegetative cell) 0.29-0.85

Escherichia coli 0.23-045
E. coli O157:H7 0.24-0.47
Listeria innocua 0.638
Listeria monocylogenes 0.25-0.77
L. monocytogenes (NADC 2045 Scott A) — 0.447
L. monocytogenes (NADC 3518) 0.372
Salmonella 0.37-0.80
8. typhinuerivm 0.371-0.697
Staphylococcus aureus 0.26-0.45
Yersinia enterocolitica 0.04-0.39
Vibrio 0.08-0.44
V. parahaemolyticus 0.03-0.04

Spoilage bacteria
Clostridium sporogenes 2.30-10.90
Micrococeus radiodurans 12.70-14.10
Moraxella phenylpyruvica 0.63-0.88
Pseudomonas putida 0.08-0.11
Sporolactobacillius inllinus (spores) 2.10-2.58
S. inulinus (vegetative cells) 0.35-0.53
Strepiococcis fuecalis 0.65-0.70

Viruses 2.02-8.10

Djp™ = radiation dose required to eliminate 90% of a microbial 44
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Comparison of vitamin contemts of heat sterilised and irradiated (58 kGy at 25°C)
chicken mest

Vitamin Viiamin concentration (mg'kg dry weighty®
Frozen Heat “-irradiated
eoniro] sterilised

Thismin HCL 231 1.53" 157"

Riboflavin 432 4.60 446

Pyridoxine 726 762 532

Nigotinie acid 2129 2139 1979

Paniothenic acid 240 Z18 235

Biotin 0.093 0.087 0.098

Folic acid .83 1.22 1.26

Vitmin & 2716 2340 2270

Vitamin D 375.1 3428 354.0

¥iismn K 1.2% 1.0l 0.81

Vitmmin Bz 0.008 0.016° 0.014%
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Application Dose range  Examples of foods Countries with conunercial
(kGy) processing ”
& &
Sterilisation 7-10 Herbs, spices Belgium, Canada, Croatia, (/”’)C‘)
Czech Republic, Denmark,
Finland, Israel, Korea (Rep.).
Mexico, South Africa, USA, —
Vietnam
Up to 50 Long-term ambient None
storage of meat
{outside peruutred
dose)
Stenlisation of 10-25 Wine corks Hungay
packaging materials
Destruction of 2.5-10 Spices, frozen poultry, Belgium, Canada, Croaha,
pathogens meat, sh Czech Republie, Demmnark,
Finland, France, Iran,
Netherlands, South Afnica,
Thailand, Vietnam
Control of moulds  2-5 Extended storage of  China, South Africa, USA
fresh fruit
Extension of chill ~ 2-5 Soft fruit, fresh fish  China. France. Netherlands,
life from 5 days and meat at 0—4°C South Africa, USA
to 1 month
Inactivation/control ~ 0.1-6 Pork -
of parasites
Disinfestation 0.1-2 Fruit, grain, flour. Argentina, Brazil, Chile,
cocoa beans, dry foods Clina
Inlubition of 0.1-0.2 Potatoes, garlic, onions Algena, Bangladesh, China,

sprouting

Cuba
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Application

Description

Anti-microbial Effects
Heat transfer

Mass transfer

Meat processing

Homogenization,
emulsification and
encapsu wtion

Fermentation
and aging

Crystallization

Cutting

Defoaming, defrothing,
and degassing

Cell disruption and
extraction

Enzyme activity and
protein denaturation

Polymerisation and
depolymerisation

Microbial destruction, microbial removal
from surfaces

Increase the rate of freezing, thawing,
and cooking

Increase the rate of mass transfer in drying
(solid. liquid. and osmaotic drying). brining,
membrane separation, dewatering, and
bed filtration

Meat tenderisation

Homogenise and emulsify milk,
mayonnaise

Increase rate of fermentation and aging
(e.g.. wine)

Control of nucleation and crystal growth

Cut fresh and frozen food products, including
composite or multilayer foods

Defoam carbonated drinks, beer and other
liquids during canning: defoam microbial
fermenters; remove dissolved g
from liquids

Enhance extraction of compounds (e.g., enzymes,
proteins, fruit juices. essential oils)

Enzyme ion; protein denaturation:
enhance enzyme activity

Polymerisation and depolymerisation
of polymers
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(a) longitudmal waves, (b) transverse (shear) waves
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Material Wave Type State Velocity (m/s)
Air Longitudinal Gas, 20°C 344
Aluminum Longitudinal — 6374
Transverse — 3111
Water Longitudinal 500
1498
3760
Transverse 2000
Orange juice [69] Longitudinal Liquid, 20°C 1540
Frozen, —20°C 3310
Beef (direction of Longitudinal Warm, 37°C
ultrasound signal either Perpendicular 1595
parallel or perpendicular to Parallel 1605
muscle fiber orientation) [101] Chilled, 0°C
Perpendicular 1525
Parallel 1531
Frozen, —9°C
Perpendicular 2870
Parallel 2930
Fat content of meat mixtures [8] Longitudinal 100% Lean meat 1543
50% Lean meat/50% fat 1584
100% Fat 1617
Olive oil [102] Longitudinal Liquid, 60°C 1490
Solid. —30°C 1990
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