Woodhead Publishing in Food Science and Technology

Minimal
processing

technologies in the

food industry

Edited by Thomas Ohlsson and Nils Bengtsson

_

WOODHEAD PUBLISHING LIMITED




Contents

BiSt of CORITIDUIONTS: 4usr’s s 015 Sinirnerm v 6155 20 56 dotonimaiin i in 0 5 8wt bincote B850 3 o

Foreword

T IOtrOdUCHION: s v s owvmmosms s snsss Swhlih avssvh o s i o5 ds ¥ T
T. Ohlsson, SIK (Swedish Institute for Food and Biotechnology),
Gothenburg and N. Bengtsson, Consultant, Molnlycke

1.1

RETETBHEER b i tensotucsio s g a0 45 bobratussres o w08 w0 s mwenarahls o8 s Bk e

2 Minimal processing of foods with thermal methods ............
T. Ohlsson, SIK (Swedish Institute for Food and Biotechnology),
Gothenburg and N. Bengtsson, Consultant, Molnlycke

2.1
22

23
2.4
2.5
2.6
2.7
2.8
29
2.10
2.11
2.12
2.13

Introduction: thermal methods and minimal processing ......
Minimal processing by thermal conduction, convection and

10 F {00 (NPT RN PSP S P10 Lumt RN (LTI oo C ST TRt 1
Heat processing in the package ..................cooiiiiii
Aseptic processing and semi-aseptic processing ..............
Sous-vide PIOCESSING |« .qsuswmrmsoiss 56 smmimesssiisssssammiss
Infigred heating ...:oqoomvn LRSS a8 el ims, e, e e
Electric volume heating methods for foods ..................
Electric resistance/ohmic heating  ......coiiuniveivninidonnnnss
High frequency or radio frequency heating ..................
Microwave BEATINE. . . . <+ v wemtonsetan s s s s wsssmomsim ol i b 10 LA 0 ven
Inductive electiical MEAting : icovowe s .o v s s 8 kb s o
FUtULSATENAS: oo s.e v vos bowat bl d sl 18 L Bl o s
References and further reading ........ PRy PUELL SR PR

12
13
14
16
19
23
28
29
29



vi  Contents

3 Minimal processing of foods with non-thermal methods .......
T. Ohlsson, SIK (Swedish Institute for Food and Biotechnology),
Gothenburg and N. Bengtsson, Consultant, Molnlycke

3.1 Introduetion . K. fmssdd L 00T Ml m el L T e
3.2 Jonising radiation ..............iiiiiii
33 High, pressute. proCEsSSINE : s s snmresmnsss o sssmssesss § 5 50
3.4 Methods based on pulsed discharge of a high energy
(G2 02 T3 110
3.5 Pulsed white light ....... ... ...
3.6 . Ultavielet UBht o iimusns rssesinmmense s s domun ol TLAN
8.7 Lasen light- i il vucmmhshhan rnbaaaatib i o s dnnaianhss v oe s s s
3.8 Pulsed electric field (PEF) or high electric field
pulses (HEFP) .....cuiiuvinsenimimmuaonsreneenamnesnessssnnes
3.9 QOscillating magnetic fields ...... oodhodbvsvesommuddanssvess
3.10  Other non-thermal antimicrobial treatments ..................
3L, UIPASOUNA. iovvvis v o s wmimiormiois o ne o s o s sompafbfossis o o o 5+ s s sisgmin gosconsin s o o
3.12  Pulse pOWETr SYSEM . ....vuitiieeiei i
3.13  Air ion bombardment ...
3.14 Plasma sterilisation at atmospheric pressure .................
B:1D . CONEIUSION. sismes s smit RAElE T fas s m e s s 8 Sk aa e
3.16  References and further reading ................cooooiiiin.L.
4 Modified atmosphere packaging .......................... ...

M. Sivertsvik, J.T. Rosnes and H. Bergslien, Institute of Fish
Processing and Preservation Technology (NORCONSERV), Stavanger

4.1 INOAUCHON «.vvnevoivmmpemmsmess sosummemenys s« SHABETHEST ¢ o
4.2:  MAP DHOCIDIES! 2% i « Taretadfiss s s 555+ somersins s 5 5 by wamionnm s s s
4.3 ' MAP gases. « st St o n i Sl S ohedl B s daitia,
44  Gagymixtures: . L ekl sot avabionl doiboeffl Al coniiiil
4.5 Packaging and packages=uriamas. d o aann e sans i Vb S ans el
4.6' | ‘MAP:of .non-respiting foods siurinam o mandeaah prkasiibogs
4.7 ' MAP of réspiringcfioads .. iemeards d atisassdos it s am.
4.8  The safety of MAP food products ..............cooiiiiiiin.
4.9 . The future of MAP ........ssdees. sdfoniainbedo . o doaboons
4.100 References and-/further TEAdING: i} vin sbu dudivaion ob o o 4% 0 aitoinvis
5 Active and intelligent packaging ..................... ...

E. Hurme, Thea Sipildinen-Malm and R. Ahvenainen, VIT
Biotechnology, Espoo and T. Nielsen, SIK (Swedish Institute for
Food and Biotechnology), Gothenburg

5.1
5.2
53
54
5.5

INtraAUCHION . .cnoimeii v 40 m s s mssmgosmamse s s PFES st 450 €5 i Il recn
DEFDTONS. ..o oomusonmins « smiore o aomim B BB ohiis sy hifiimrbos o2t o 5 lo b W viaee
Active packaging techniques .................oooiiiiiii
OZYEEn ADSOIDETS, (o s.6x < wloimmes oo o bue b Jatatesirns v & sabos
Carbon dioxide absorbers and emitters .......................

34

34
35
41

47
48
49
50

50
53
53
54
55
55
56
56
57

61

61
62
63
65
66
67
74
76
79
80

87

87
88
89
90
93



Contents  vii

16Y. . Ethyleneabsorbers saon . aafluisban v S uangais sl il 93
87111 . Moisture/water abserbers: wiuliamied Sl il o msares 94
581, . Ethanol EMittBIS. i . e ey oo so s eivassinsaianid s &4 4 o d Glocsacs 95
519! Active packaging Mateials . suuevos s d5 s summsnimnie o e s cumans 96
5.10 Oxygen-absorbing packaging materials ...................... 97
5.11 Packaging materials with antioxidants ....................... 98
5.12  Enzymatic packaging materials .............. ... 98
5.13  Antimicrobial agents in packaging materials ................. 98
5.14. - Flavour-scalping materialS ...:ssweiisebinssibabiods il 102
5.15  Temperature-sensitive films ............ ATERC DR A ELES HIC A 103
5.16  Temperature control packaging ...............ccoooiiiiin... 104
5.17 . Intelligent packaging techtiques : foosess s Il il Lo 105
518 . Time-temperature indiCators ........edsssikiseiaithasanis s 107
5.19 Oxygen and carbon dioxide indicators ....................... 108
5.20 Freshness and doneness indicators ........................... 110
5.21 Consumer and legislative iSSUes ..............cooviiiiiinnn.. 111
522 . Futurétrends Loraiadind ahins b s s il Snie s Seim s 115
528 [References: i umatuslseat Tl smmbeaibd o a bl bidn 115
6 Natural food preservatives ................cooviiiiiiiiiiiinnannn. 124

A. Meyer, K. Suhr and P. Nielsen, Technical University of Denmark,
Lyngby and F. Holm, FoodGroup Denmark, Aarhus

6.1 INEEOAUEHION. uur i ovs 6 misinisimoniin e 510p s ibisamibssnsencs S0 5 Y s x5 124
6.2, Antimicrobial Agents . ......spdbdratedodici vk, 125
6.3  Antimicrobial proteins and peptides ...................ooo..L. 128
6.4  Plant-derived antimicrobial agents ........................... 129
6.5  Activity of natural antimicrobials .................. ... 134
6.6  Natural food preservatives: mechanisms of action ........... 138
6:7 . Application in. food PrOdUCES «.......sesemdoibeysdaddiolivn. s 139
6.8  Natural antioxidants in food systems ......................... 141
6.9  Activity mechanisms of natural antioxidants ................. 143
6.10 Commercial natural antioxidants: sources and suppliers ..... 152
6.11 Natural compounds with dual protective functionality as
preservatives and antioxidants .............. .ol 158
6:12 . Conclusion and future trendss. .. 20 acm 00 N B i 160
6.13 References and further reading «iu b b i svl st 161
T8 The hundle CONCEPL. «vsssssonsommmunasossss s sammmmd L0 LI A0 175

H. Alakomi, E. Skyttd, I. Helander and R. Ahvenainen,
VTT Biotechnology, Espoo

71
72
7.3
7.4
7.5

IREOUCHON - &5 smssimmt vs s £ » s v ¢ 5o oS MMGE o TaRRGIL ..o 175
The behaviour of microorganisms ............................ 176
The range and application of hurdles ........................ 178
The use of hurdle technology in food processing ............ 182

Hurdle technology in practice: some examples ............... 183



viii  Contents

7.6 The development of new hurdles: some examples ...........
9.7 1/ be: future of-hurdle teehnolopy s ivmds adtn iaminins dddoy 5
8. HIREfETONEES. fitadbitvibe b SBAMA L ol Sy domipliane. -
8 Safety criteria for minimally processed foods ...................
P. Zeuthen, formerly Technical University of Denmark, Lyngby
8.1 IRITOAUGLION | o dlesy 5 v v ctbpleninbas ool LI s s
8.2 Safety problems with minimally processed foods ............
8.3 . Fresh!ftuit and degetables: . ...l dui gl ns it b,
8.4 Shiglf-life evaliation . ......e..ambib sl tammd b S50l .
8.5  Current legislative requirements: the EU .....................
816  Microbiological tisk assessmentiz. - sdblimatads svissvaiibnn.
8.7 Future 'developments . . ... ... s ol .
8.8 . References and furthérreading oot bt Lk il iahie ..
89  Acknowledgetient i |V s ieiul RIS L st it o

9 Minimal processing in practice: fresh fruits and vegetables ....
E. Laurila and R. Ahvenainen, VIT Biotechnology, Espoo

9.1 INErOAUEHION . 5vuimadods s bdbmemubs b o s s mnmmmmiamas s o5 o sorwasing
9.2 Quality changes in minimally processed fruits and
vegetables k. L dathh Sl sl s s R e s A
9.3  Ioproving iquality .. el gsebe el anhed . o sk
9,41  WRawmaterials | S M Sl 8 comnmain s van sy sestosbiatin il
9.5 Peeling, cutting and shredding: .- ... . aasim lalaivanid b
9:6 7 Cleaning, washing/dnd deying s S dilbon ikl L
9.7 Biowning inhibition: ....... siatwes Jodtunsbmane espbeiad D, .
9.8 Biocontrol iagents ..........eidusmiuate srondas bo. sl e
0.9 . Packaging.u:s Jusmass s camudsiomeonn, beed Jon vati
910 | Storage conditions . .somes s o «3ESlan aT 0% aihdiaiilic o s
9.11  Processing guidelines for particular vegetables ...............
9112, ., Future rends, . 4 ai@s bk et . o amebken o i st e
9113 = References .« o, i s reslirvlon ammas, aamaaiani' b o,
Appendix: Tables 9:5=9:0x v simen. vl s 4 Hom OB BLuT 3 4 o
10 Minimal processing in practice: seafood ........................

M. Gudmundsson and H. Hafsteinsson, Technological Institute of
Iceland (MATRA), Reykjavik

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8

Introduetion | ..o Al s s « 0 BRA SRS sadnbara s ashaan. 2
High pressure processing of seafood: introduction ...........
Impact on microbial growth ...
Ipact-on qUALILY. . «vcnsmwossrsessssmsmemnnssses dFubhuekioyisss
Effects: onenzymatic activitys. :: ss dsnessess bea sk s dudmmmmisesds o v
Effects on texture and microstructure ........................
Effects: on lipidsoxidation | .t .. .. dbuidoess d o0 iR bt 22 s s
Effects on appearance and ColOUD .. o ses s v ok v stidneiduiinbh e s



10.9

10.10
10.11
10.12
10.13
10.14
10.15
10.16

Contents  ix

Future trends of high pressure treatment ..................... 255
The use of high electric field pulses ..................... ... 255
Impact on microbial growth .......... ... ... ... .. 256
Effects on protein and enzymatic activity .................... 257
Effects on texture and microstructure ........................ 257
Future trends of PEF treatment .............................. 258
References ...... ..o 260
AcknowledSemMEnt .osswswisssssosmmsmpansesssssmmasenmassssss 266

11 Minimal processing in the future: integration across the
supply chain ... 267
R. Ahvenainen, VIT Biotechnology, Espoo

19 |
11.2
113
11.4
11.5
11.6
117
11.8

11.9
11.10

INTOAUCHION & v'5 & ¢ ¢ s s mmmmmess v 5 5 558 @EneEas 55§ § 53 AARRIGIEI 35355 267
Key issues in an integrated approach ........................ 269
Raw materials ......... ..o i 270
Mild and optimised PrOCESSES « .. wumumusss s essmmmims ssseses 271
Reduction of the number of processing stages ............... 273
Package optimisation .............c.coiiiiiiiiiiiiiii 273
Sustainable production ............ ..o 274
Examples of food products manufactured using an

integrated approach . sawwessssiissdamatossissisnbamneississ 274
FULULE tENAS. vt ve v cvmoismmon s s o s s soinimimcinian na s o s smaibiomiaas s s o o 276
References ..............ooooiiiii. p s o WO R T 281
................................................................ 282



