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MAJOR INNOVATIONS IN FOOD TECHNOLOGY (1950-2000) (1)

ENERGY-SAVING MULTIPLE EFPECTS EVAPORATORS

SPRAY-DRYVERS + FLUID BED INSTANTISER

CONTINUOUS AGITATED STERILISERS

HTST STERILISERS (INDIRECT HEAT OR STEAM INJECTION/INFUSION)

+ ASEPFTIC PACKAGING (alse fov lntarmadints pachs)

MICROWAVE HEATING, TBAWING, DRYING

mwormmrm {m«mmmm

tetrapack, vacumm pack, O; barrior, multilayors, mnit-compartmants, bag-in-does,

) Mumnﬂmwm

mmmmm (voy protuing)

HEAT-RESISTANT AMYLASKS (giveses Tyreps...)

& GLUCOSE ISOMERASE
ARTIFICIAL SWEETENERS {low cadoriy bevorages)

FERMENTATION ON HYDROCARBONS (siagle soll protala)




MAJOR INNOVATIONS IN FOOD TECHNOLOGY (1950-2000) (2)

CONTINUOUS MECHANICAL, N, & CO, FREEZERS  (complete frones meaks...)

ULTRAFILTRATION, MICROFILTRATION, REVERSE OSMOSIS
ON ORGANIC & CERAMIC MEMERANES  ({deiry appileations)

CONTINTKUS CHEESE-MAKING, YOGHURT, BREAD, BISCUIT, PASTA LINES...
CLEANING N MLACE
WATER JET CUTTING

FOOD IRRADIATION o

CONTROLLED ATMOSFHERES + SRELECTIVE FERMEABILITY FILMS
+ REFRIGERATION {Brwii & vagetables, frenk mant)

FLESH SEPARATORS + CRYOPROTECTANTS Crhad)
CONTINUOUS GRLATION & TEXTURISATION (roafoed nnnloguis)

IMPROVED YXASTS POR BAKING OR BREWING: LACTIC ACID STARTER

cnTunes
ENZYMATIC TRANS-ESTERIFICATION OF LIPIDS  (sposlal margarines)

| SUPERCRITICAL 00, EXTRACTION

MAJOR INNOVATIONS IN FOOD TECHNOLOGY (1950-2000) (3)

PFRODUCTION OF FOOD INGREIHENTS {preteln contantretes,

+ YACUUM PACKAGING + HEAT FASTREURISATION + CRILLED STORAGE
(vwne-vids, cosk-chill, RTY monis)
WASHING + NaOC) DISINFECTION + SLICING + MODIFIED ATMOSPEERES (CO,)
+ CHILLED STORAGE {minimn! procesing of freity & veguinhios)
ULTRA-CLEAN SLICING + MODIFIED ATMOSPFHERXS (COy)
{OR HEF PROCESSING) + CHILLED STORAGE
(procliced ham & cursd mosts)
MILD PASTEURISATION {OR HF PROCESSING) + CHILLID STORAGE
(high guaiity frall jnicss, et from csucentrates)

ACTIVE PACKAGING
NON CONTACT IMAGING METHODS

OPTICAL SORVING




PACKAGING BY TETRA-FAK : A BRIEF SURVEY (sfter A. BRODY, 3002)

1952: Totrabodral by Asapitie pocicaging in
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EXAMPLES OF !NNOVATIONS WITH LESSER IMPACT

 « Olmic or indnctive heating,

« HPenseisted trouting & thawing
* EP-hemegenisntion

'} + High voltnge peiood slocirie

Puckaglag for funcrional foud || Food Borvies Dogt, || Totra Recart : retert “tartoe”
! e Londen “ﬁmﬂ)ﬂwwm
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Z 3% OF THE POODS CONSUMED IN INDUSTRIAL COUNTRIES
UNDERGO TRANSFORMATION OR PRESERVATION PROCESSES

MAJOR POOD PROCESS INNOVATIONS
CAN BE CLASSIFIED AS FOLLOWS:

4% PHYSICAL TECHNIQUES (INCLUDING HEATING)
W% CHEMICAL PROCESSES
0% BHOTECHENOLOGY

$0% CONCERN A UNIT OPERATION OR A PRODUCTION LINE
50% ARE RELATED SPECIFICALLY TO A POOD COMMODITY
{OF WHICH FRUIT & VEGETABLES » 20%, MEAT & FISH » M%;
DAIRY w» 13%; CERRALS » 15%)

ONLY ABOUT 1/3 OF THRSE INNOVATIONS
LEAD TO CLEARLY DIFFERENT CONSUMER PRODUCTS

| "AMONG THE LESSER IMPACT INNOVATIONS LISTED:

13 PHYSICAL TECHNIQURE
3 CEEMICAL PROCEBERS
1 BMOTECHNOLOGY

e e 5 i 8 A

[aswnt ]

Radar, slectrienl
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MAIN CLASSES OF FOOD PRESERVATION PROCESSES
(after G.W. GOULD, 1995)
1. PREVENT OR RESTRICT THE ACCESS OF MICRO-ORGANIEMS TO FOODS

* HYGIENE OF RAW MATERIAL; CLEAN ROOMS
* SURFALE DECONTAMINATION o4 NaOCl, chctrolysed ackd waler, Inctic acld. .,
* YARIOUS PACKAGING SYSTEMS
* MICROFILTRATION, BACTOFUGATION

.- CHEMICAL AGENTS o.p. H.D. NaOCL
3. PREVENT OR SLOW DOWN THE GROWYH OF MICRD-ORGANISMY IN FOOD

2. INACTIVATE MICRO-ORGANISMS PRESENT IN THE FOOD

* HEAT PROCESSING (pastourisation, storilisstion, HTST + sstptic packeging, swers,
ikkrowave, TR & ohmic hesting)

* NON THERMAL (irvadistion, high pressure, pulsed electric fivkds, LV tight,

MMMMMW)

*

* LOW TEMPERATURE (froexing, refrigerstion)

* LOW Ay, (nir, froene, vacuwm or osmotic drying, + NaC), + segar...)

+ LOW pH (<4.5) (pickling; lactic, scotic or other formentstion)

* MODIFIED OR CONTROLLED ATMOSPEERES (CO,, N, vacuum)

.

* PRAESERVATIVES 0.g. sorbele, e
e aopmmian e



BCHEMATIC LAYOUT OF A COOK-CHILL, 80OUS.VIDE,
INDUSTRIAL PRODUCTION LINE OF READY TO EAT MEALS

KEEF HIGH QUALITY PREPARE MEAL AND BAUCE HERMETIC SEAL IN
INGREDIENTS AND MIX, IN CLEAN ROOM of FLEULE PACKS
N COLD STORACE AT LOW TEMPERATURE, UMDEK VACTADS
b
STORE AT $-°C COOL RAPIDLY m:mgm
FORA MAXIMUM 14| CRITICAL POINT < 10°C FROM COLD STORAGE)
or 2 DAY IN <2 BOURS UNDER PRECHE
TINTC COMDITIONS 1
CRITICAL POINT > WL,
P, > 1000 MIN AT WC
FOR CATERING: (OR BQUIVALENT)
HEAT 2 69°C " NOT CONBUMED
1N < | HOUR, @ DO NOT CHILL AGAIN
{DISCARD)

MAIN TRENDS IN FOOD PROCESS INNOVATION (1)

1. ENSANCE SAFETY (microblal & chemical)

USE EFFECTIVE PRESERVATION TECHNOLOGIES
REQUEST SHORT CHILLED STORAGR

INCREASE HYGIENE; HACCY; QUALITY INSURANCE; 180 STANDARDS
FROCESS CONTROL; ON-LINE SENSORS

CLEANING IN PLACE

MICROBIAL OR SHELF LIPE INDICATORS...

2. INCREASE FOOD QUALITY (fresher, mors natural)

REDUCK PROCESSING SEVERITY : avoid svarbeating, wse HTST & sow ways %0
daliver heat
USE NON THERMAL OR MINIMAL PROCRSSING; reduce salt, suger, acid,
preservatives or additives
USE COMRBINATION MROCESSES (HURDLES) 0 avoid extreme use of a single
technology, 8.5 cook-<lull, or refrigaration + modified simospberes;
naturally-ocsurting sntimicrobisle; sman paclaging
USE SENSORS o.g. sloctronic nose, Sme-terparwiirs inlograions

3. INCREASE CONVENIENCE (ready to est o 1o cook, complete meals, microwavable,

Inmtant, individual portions, long shoif-His, casy to ent, boll-in-bag, Hght flaxible
peciaging, informative inbelling...)




MAIN TRENDS IN FOOD PROCESS INNOVATION (2)

4 INCREASE WUCHVI‘!'Y, REDUCE PRODUCTION COST

Mam prodaction; mere sniferss o labour, snargy, wasios & pelintion
High capacity continuous production lines; silcenation; on line sensors;
data stornge & analysis; water saving: snevgy reoovery

5, FORMULATE & RESTRUCTURE POODS FROM INDUSTRIAL FOOD
INGREDIENTS WITH SPECIFIC FUNCTIONAL PROPERTIES

Mix, Mend, biad, shape, form, gol, smuletly, texturies

+ BETTER CONTROL OF SHAPE, TEXTURE, CONVENIENCE, COMPOSITION
(DBevours, pigmwnts, mitrients & blosctive sbsiences)
« ENGINEERED & IMITATION FOODS, PUNCTIONAL & TAILORED POODS

6. EXTEND NUTRITION TO IMPROVE HEALTH AND PREVENT DISEASES

« Seloct appropriaie phant cultivars & snimel species

+ Maiotain or increass nutrient oot and bicwvilability dering
proceasing & slorsge

* Portify with sutrionts and produce autritionalfy dalenosd foods

PRINCIPLES & AFPLICATIONS OF SELECTED FOOD PROCESSES (1)

PROCEAS BASIC PRINCIPLES MAIN APPLICATIONS
STEAM INFUSION  POOD FLUID JETS (0=2.54 mamLod-3 n) LESS OVERHEATING OF
UBT+ASEPTICP. [N STEAM CHAMBER (145-1%°C) MILK, CREAM, SAUCES,
LIGARDS POR << 1 BECOND, THEN COOLED BY 1CT CREAM MIX,

STEAM FLABM IN VACUUM CHAMEER,  INFANT PREPARATIONG,

cmm » ATBETWEENFLUID A STEAMLOC  PROCESE CHEESR
S e
omcmm mmmmmma mmnonw
HTST + ASKPTIC P, 58 Ry TO 35 ke AND LARGE SIIE
MOMT SOLIDS DIFOLE + JON CONDOCTIVETY SOLIDA~— RTE MEALS
+ LIQUIDS £[NaCH HEAT-SENBIYIVE FRUITS
CONTINUOUS DK FOR HIGE CONTENTS A VEGETARXS

. AVE o e — N ey —r

HEATING DR TO DIFOLE (H,0) OSCILLATION  FOR SOME OR CATERING.
oLLLY & JIONIC CONDUCTIVITY. MORRE FINAL DRYING.
MOIST 30LID8 PENETRATION AT 9135 THAN 3458 MEx. TEMPERING.
& LIGRADE. GROMETRIC & CHEMICAL PASTEURISATION OF
MONM METAL PACKS OK  HRTEROGENEITY CAUSES FRUIT PIECES OR




PRINCIPLES & APPLICATIONS OF SELECTED FOOD PROCESSES (2)

BENEFITS & LIMITATIONS OF SELECTED FOOD PROCESSES (1)
FROCESS MICRODIAL SENSORIAL SHELF-LIFE ADVIRIE ADDITIVES

FROCESS BARIC PRINCIFLYS MAIN APPLICATIONS
EXTRUSION THERMAL (198-220°C) & MECHAMICAL. STARCH GELATINIAATION,
ACOOKING FAST ROTATING SCREWS IN BARREL.  MRE-COONED INSTANT MIOX,

HIST 1-00% MOIBTURE;: SHORT ‘TIMR. FLAT BREAD, CEREALS.
SEMBIOLIDN SHEAR & PRESEURK (06 MP2) IN FOROUS EXPANDED SNACKE,
SPECIAL SCREW SEGMENTS & DIK.  TEXTURIAED VEG. PROTEING.

BIOPOLYMER CHANGES + EXPANSION FET & FIRH POODS...

0 5 s N JET——

QUALITY

UHT Sov . “ md ' _(M [ ]

+ souptic storlle  sxcollumt for Hqukis  menthy

paciaging (with umall particion)  20°C

OBMIC  sxcaliewtshsfor  sevarsl  oloctrolytie?  (sbectrode
BEATING storiie  Bentoomitive plevss  munths wantorisl 7)
+ aseptic p. oioguetseeilng) W°C

MICROWAVE hir j—

varioble -hmnln picil, puiong.
*~C . *

EXTRUSION good  someoverbenting. long st 2°C  bewwrning ’
COOKING tysine & vitumis besoss. If protected
devirable texture changes. /8,0 & O,

e e e




PRINCIPLES & APPLICATIONS OF SELECTED POOD PROCESSES (3)

PROCESS MAIN AFPLICATIONS

e b ————

HIGH INTENSITY ACOUSTIC WAVES I-IW :»-mm- IMPROVED MASS

CONTINUQUS ~ —* HIGN LOCAL TC, P & SHEAR GRADIENTS.  CELL BAEAKDOWN &
ll&’!ﬂ mw&mmv:mmcxr&mm m

PRINCIPLES & APPLICATIONS OF SELECTED FOOD PROCESSES (4)

BASIC PRINCIFLES MAIN APPLICATIONS

MICROFILTRATION m&mmm + WIGH MICROSIAL
GRAPHYTE o ALD, MEMBRANK REDUCTION OF
NON THERMAL WITH ACTIVE Zr ¢ TV OXIDE FILM SXKIM MILK AT ~ 40
snd 0.1 s L5 m PORRS. —ws EXTENDED
A HEAT & ACID RESINTANT. SHELY LIFE AT #°C,
CONTINGOUS TANGENTIAL FLOW (~ 1 BAR)  +SEPARATION OF “NATIVE®
MICELLES & SKRUM
. CONCENTRATES

IRRADIATION 1RAYS ORACCILERATED XLECTRONS

INACTIVATION OF INSECTS,
LIRCY PERIFHERAL ELECTRONS  PARASITES, MICROORGANIAMS

NON TEHERMAL “* MOLECULAR INOSATION,  (YEGETATIVE CELLS < 18 MGy}
EFFECTIVE ON MOIST, & BOME METADOLIC PLANT

SOLIDS. FROZLEN & DRY FOODE. PROCEASES (GERMINATION...)

ALL PACKE OX MINOR CHANGES IN -’sm&mormnm




PRINCIPLES & APPLICATIONS OF SELECTED POOD PROCESSES (%)

PROCESS BASIC PRINCIPLES MAIN APFLICATIONS

HIGH 199808 MPs, 3-30 MIN, 38 TO 110°C.  + MICRORIAL INACTIVATION

BENEFTTS & LIMITATIONS OF SELECTED FOOD FROCESSES (2}

NON TRERMAL WITH AV <46, UNIPORM —% BANITATION + LONGER
& HEAT THROUGHOUY POOD CHILLED SHILY LIFE.
SOLIDS IN ~~+ JAME TREATMENT TIME POR (FRUIT PIRCES,
FLEXIBLE PACKS DIFFERINT SAMPLE SIZES. PURKES, CURED MEATS...)
& LIQUIDS COMPRESSION ENEWGY. (HTET STERILIBATION)
BATCH & SEMY. CHANGES IN BIOFOLYMRRS. PROTEIN TEXTURISA
CONTINUOUS SMALL MOLECULES LEM AFFECTRD + HP-FREEZING & THAWING
HIGH VOLTAGE 16-08 ¥ /uum, e PULSES * PASTRURZSATION OF
RLECTROPORATION OF HOMOGENEOUS FLOWABLE
ELECTRIC FIELDS CRLL MEMBRANES: LOW CONDUCTIVITY FLUIDS:
NOM THERMAL = MICROSIAL FRUIT ANCES & PURKXS, WINE
INACTIVATION, MILX, LIQUID £GG, SAUCES
rume —e CHL *CELL & TISSUE EXTRACTION

QUALITY
IRRADIATION god  wcollest  shortée  swqymetic?  Lowchan
(K10 KGy) @ insect or parasits ng  klipidexidetion  sltermative
+ mib) howt MC  abesradicali?  prociss
G Teacivatin of

PULSED insctivation of  frwed-lie variable e dlocirelysis.
TLECTRIC vageistive cells. 4°C sucywatie, [ ]
FIELDS ae fusctivation longw exidations ?

10




BENEFITS & LIMITATIONS OF SELECTED FOOD PROCESSES (3)

mmmmmm ADDITIVES
& NUTIT. a0 REACTIONS
QUALITY

| COUNTRY OF ORIGIN OF APPLICANTS:

EUROPEAN PATENT OFFICE (2001)

EUROPEAN APPLICATIONS FILED + EURO-PCT APPLICATIONS ENTERING THE
REGIONAL PEASK IN 2081

CLASSES A21-A241 POODSTUTPS AND TOBACCO

CHDEFRGEITNL JrUS
13157 68 % SIS M43 (a2m)
M2 MG a8 el

ATBEDK ES MIGR IZ LU PT 8t OFTHER  TOTAL
T 1 47 14 2 813 0% 1,198

CONTROLLED firts  frmk®  shertts  metabolc, CO/NJO,

ATMOSTHERE g folr g mayssnthe + relative

+ refrigeration “°C Insbdicy

MINIMAL T traces NeOCY
PROCEABING  hir tresk o whert sxyemtic 0,

+ fulr A Quatic peid,

,..:&..._ lncteriecing)
CHILL W kept sneellont max 41 days ] ’

+ pows vide £¥C *C

REPRESENT LM% OF TOTAL PATENT APPLICATIONS (118,025 IN 2081).

A TOTAL OF 34,704 EUROPEAN PATENTS WERE DELIVERED IN 3081,
WITH AN AYERAGE OF 7.48 COUNTRIES DESIGNED PER PATENT.

11




SOME CARACTERISTICS OF THE FOOD INDUSTRY (2001)

INCOME  PERSONNEL NB OF UNTTR Rap
(BILLION € PERSONNEL.
I FRENCH m L 4,300 FIRMS
FOOD MRMS (x 10 PRRAONS)
NESTLE | 230000 468 PLANTS IN 4 COUNTRIES 2,50
UNILEVER » 000 S0 OPER.Co. INNCOUNTRIES  §,300

INTERNATIONAL FOOD PROCESS EXHIBIT (IPA, PARIS, Nov. 2002)
INNOVATION AWARDS (1)

(0SMOFOOD (ADIV) (™)

CONTINUQUS FREPARATION OF SEMI-DRIED FILMS FROM MINCED MEAT
—* RECONSTITUTED SLICED HAM...

COEX SKIN (SONJAL) ()

CONTINUOUS CO-EXTRUSION OF VEGETABLE (ALGINATE) CASING
FOR MEAT PRODUCTS

——+ ENCASING OF 308 TO 680 Iy SAUSAGE PZR HOUR

PRELER-CORER-CUTTER C8680 (KRONEN) (D)
ADJUSTABLE ROTATING KNIVES FOR FRUTT FROCESSING (600/ bour)
—=+ CHUNKS, SLICES OF VARIOUS SIZES & THICKNESS

HIGH FREQUENCY OHMIC HEATER (EMMEPIEMME) (1)
15 idix, 3 kV, INSULATING FIBER GLASS COLUMNS,
STAINLESS STEEL RING ELECTRODES (10 cm sectien), » + 600 kW
—*PASTEURISATION OF WHOLE PEACHES OR TOMATORS IN ~ | MIN

o ue corvesion, fast beating ;
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INTERNATIONAL FOOD PROCESS EXHIBIT (IPA, PARIS, Nov. 2002)]
~ INNOVATION AWARDS (2)

HYGIENIC PRESSING OF INCOMPLETELY FILLED PACKS
—= SEPARATR RECOYERY OF LIQUIDA AND OF PRESSED PACKS

CATALLIX (TMI EUROPE) (7}
IMMOBILISED LACTOPEROXIDASE (+ OSCNY) —+ ACTIVATED WATER
FOR SANTTATION OF CUT FRUIT AND VEGETARLES

CONCLUSIONS

-ommwu%mm INDUSTRY HAS SUCCESSFULLY
___ INVENTED OR ADAPTED A RANGE OF MAJOR PROCESS INNOVATIONS

WWWM INNOVATIONS ARK ALSO AVAILABLE

FLUOLASER SORTING TECHNOLOGY (BARCO MACHINE VISION) (VL)

ON LINE SORTING OF GREEN VEGETABLES: UFTO 14 T/ BOUR
Detects chioraphyll with high sccuracy. Eliminates forsign bodies

EWD 2003 SYSTELIA) (1)
EARLY WARNING DIAGNOSIS OF CKRRALS
_ACOUSTIC DRTECTION OF 2 30 INXBCTS {(LARVAE + ADULTS) PER

* FOOD FROCESSES ISSUED FROM PHYSICS PREDOMINATE

mmvamwmummammmm
MASS FRODUCTION OF POOD PRODUCTS

mmm mmmmamm
BAFETY, STABILITY, SENSORIAL QUALITY,

CONVENIENCE, PRODUCTIVITY,
mmmmmummmmmm

*J&Li. FROCESSES mv;mmmmnmmuwmn
SHOULD BE CAREFULLY CHECKED FOR CHEMICAL CHANGES IN FOOD
CONSTTITUENTS, PRESERVATION OF DEMONSTRATED & DERIRASLE
BIOACTIVE SUBSTANCES, & ABILITY T COMPLY WITH GMP

GENE DISC CYCLER (GENE SYSTEMS) 00
DNA ANALYSER BY FCR ~— FAST DETRCTION OF PATHOGENIC FLORA
DNA CHIP (5T <

" JE——
mnmamwmmmmwmmm

+ OTHER CHALLENGES POR NEW PROCESSES INCLUDE: R & D, TEACHING,
CONSUMER INFORMATION, ENVIRONMENTAL CONCERN, ADAPTATION

arammmmmmammawm

“—"“"—'z:‘..."‘..:?

LI
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