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frozen food products, can fail to generate the surface appearances expected for conventionally

cooked food. Finally, pre-packaged food products can have reduced nutritional content because

naturally present nutritional elements can be leached, lost, or degraded before consumption.

25 For these and other reasons, pre-packaged and frozen food products available in the prior
art can have diminished appeal and nutrition. It would be advantageous to endow such products
with improved appearances, aromas, tastes, and nutrition that might more closely simulate the
appearances, aromas, tastes, and nutrition of the original, conventionally cooked food.
Preferably, such improved food products would be reliably and economically manufactured by

30  making only minimal modifications to existing food manufacturing processes and apparatus.

It is known in the prior art to endow food products with visually-appealing decorations,
images, greetings and the like by, e.g., printing onto a edible sheet or web which is then disposed

on a food product such as a cake. See, e.g., US 6,329,530 B1 or US 6,652,897 B1. Edible inks
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The invention also provides for a method for applying a nutrition-enhancing agent during
food product manufacturing. This method preferably comprises 1) receiving a partially-
manufactured food product ready for application of one or more nutrition-enhancing agents, the

30  food product comprising one or more food items; 2) acquiring information concerning the
received food product; 3) activating a controlled-droplet-type dispensing head to propel droplets
of the nutrition-enhancing agent onto or into the food product, the droplets being propelled in
controlled numbers and sizes from nozzles in the dispensing head; 4) controlling the dispensing

head so that the nutrition-enhancing agent is applied to the food product in a selected pattern and
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25 The present invention further provides an apparatus for applying a nutrition-enhancing
agent during food product manufacturing. In a preferred embodiment, the apparatus of the
invention comprises: a) a transfer means for transferring food products comprising one or more
food items to and from the apparatus, food products transferred to the apparatus being ready for
application of the nutrition-enhancing agent, and food products transferred from the apparatus

30  further comprising the nutrition-enhancing agent; b) a controlled-droplet-type dispensing head in
fluid communication with a reservoir holding the nutrition-enhancing agent for propelling
droplets of the nutrition-enhancing agent onto or into the food product, the droplets being

propelled in controlled numbers and sizes from nozzles in the dispensing head; and ¢) a
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The invention also provides for a food product having enhanced organoleptic propertics,
which comprises a food item; and a nutrition-enhancing agent applied onto the exterior or into
the interior of the food item in an amount sufficient to achieve a selected enhanced nutritional

25  value. Preferably, the amount of nutrition-enhancing agent applied to achieve that selected
nutritional value is less than the amount of nutrition-enhancing agent needed to be
conventionally mixed or combined with the food item to achieve that selected nutritional value.
More preferably, the food product of the invention further comprises one or more additional
enhancing agents applied onto or into the food item, with the additional enhancing agents being

30  selected to provide an olfactory difference, or a visual difference, or both an olfactory and a

visual difference to the food item during or after microwave heating.

The invention further provides use of one or more food grade controlled-droplet
dispensing heads, ¢.g., an ink-jet-type printer head, for dispensing droplets of one or more

enhancing agents onto a food product to enhance the organoleptic properties of the food product,



product. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention may be
understood nore fully by reference to the follow ng 10detail ed description
of the prebenried7@abodi nent of the present invention, iPCugre@tiose2exanpl es
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Fig. 5 illustrates another preferred embodiment of the processes for applying food

enhancing agents; and

Fig. 6 illustrates another preferred embodiment of the processes for applying food

enhancing agents.
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DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides food products with improved or enhanced verisimilitude.
In other words, the improved or enhanced food products of this invention have appearances,
aromas, tastes, or nutrition, and the like, that are more akin to conventionally prepared from
25  expected ingredients (the “initial” food). The properties, namely, appearances, aromas, tastes, or
nutrition, and the like, are generally known in the arts as "organoleptic” properties. Accordingly
and alternatively stated, the present invention provides food products with enhanced organoleptic

properties.

This invention also provides processes and apparatus for manufacturing such improved or
30  enhanced food products, that, in preferred embodiments, can be readily integrated into existing
food manufacturing processes and apparatus. According to this invention, food products are

improved or enhanced by dispensing or applying onto or into the food products one or more food



WO 2011/ 117012PCT/ EP2011/ 051729 5enhanci ng agents in controll ed anounts and
in controlled patterns. The provi ded nanufacturing processes and appar at us
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appreci ate the presence of the enhancing agent. Such inspection m ght
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Howev e M ithj srhansed apRsaisned e PBas. daps ditialians or bis hikmcpgsteganis consympefor

per CePid Rl RRA wWIRADYG el AnEnLRAH REAVEdsdRM et RALKRIHIG Ml 191 Y O
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include special observation efforts the food product, ¢.g., observing the food product from angles

or in special lighting, or altering the food product, e.g., by cutting, tearing, wetting, or the like.

25 In most embodiments, enhancing agents that are casually observable by the consume are
less preferred. However, in certain preferred embodiments, enhancing agents may be perceptible
upon removal of the food product from its packaging but only to the extent of endowing the food
product prior to preparation with the enhanced appearances, aromas, tastes, nutrition, or the like,
that a consumer would expect for the actual food prior to preparation. But, during food-product

30  preparation, the perceived qualities of such enhancing agents are altered so as to endow the food
product subsequent to preparation with the enhanced appearances, aromas, tastes, nutrition, or
the like, that a consumer would expect for the actual food subsequent to preparation. For
example, agents enhancing nutrition content can enhance a food product both prior and

subsequent to preparation.



WO 2011/ 117012PCT/ EP2011/ 051729 5In nore detail, preferred enhanci ng agents
i nclude or are conpounded fromnaturally occurring ingredients, mxtures,
flavori ngsQ 2exinamps, essences, or the |ike. Enhanci ng &gempgoiazant7a® so
include artificially prepared (e.g., synthesized) conpounds or m xtures.
General l y, enhancing agents act to inprove appearance, aronma (or other
sensory qualities), or nutrition. Appearance-enhanci ng agents i ncl ude,

e.g., browning agents that, upon heating, assume a brown, 10 cooked
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pr ef er 3bldc 3Rl Icedafls (b SRENREC Rl SLEAK] Y onto or into the 20food product
during 00d I enlpreﬁérg i on. S0,” such di spensed nutrition-enhancing

agents remi,n _sec rel%gmﬁ the food ite d :&Qduct and not to be

romgd-cnnanc a t1’1I:[]S ar¢ agents ; u Oq:lﬁieia{l]n al'f anse a 17112 .aromas
degraded by ea?lng oreseer pr para?%o% S epé? #%IS MVENEIoN 1's not

|'i m t echitnic thp p@allasfeenyarionaly cbkkdfobd.i Althdughgesnt sgenlyif edithe, @hisbe @neonpass

use_of .ot her .agents that enhance foQd products. Preferred manufacturing

pr $s osdpectigh éoogid&grsa{hﬁx RgpSTaBp LT eRGA o8 @ﬁﬁﬁ&}nﬁ@%%‘é}mf dhe% or
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di spensing technol ogi es and "control | ed-dropl et™ di spensi ng apparatus (al so

r ef er r eetivecelanant fpr aghicviembigldr [tendpatigtolsh &1 mgirepasveRy, Mekibiese mgher cki ng t he

term"ink-] ) thig.J Qn is not limted to the
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preferr contr e technologies to be described, but can al so
be practice SN |ternative dis i ng.:t echnol 0gi €s: .e..Q. . . CONt
technol oo o RS RS EREER) AR SO BTrad d o SRR,
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di spensi ng technol ogi es_and apparatuys act b
P rema%n securely W?tg the food gtemg 1% a f%od product an% not to be degraded by heating or other
preparation steps. This invention is not limited to appearance, aroma, and nutrition agents, but

can also encompass use of other agents that enhance food products.

Preferred manufacturing processes and apparatus apply or dispense food enhancing
25  agents onto or into food products by, what are referred to herein as, "controlled-droplet"
dispensing technologies and "controlled-droplet” dispensing apparatus (also referred to simply as
"controlled-droplet dispensing heads" mimicking the term "ink-jet head"). However, this
invention is not limited to the preferred "controlled-droplet” technologies to be described, but
can also be practiced using alternative dispensing technologies, e.g., contact technologies in

30  which an enhancing agent is applied by contact with a sheet or web saturated with the agent.

In more detail, "controlled-droplet” dispensing technologics and apparatus act by
projecting generally large, but controlled, numbers of droplets in controlled spatial patterns onto
or into selected targets, e.g., a food product. To avoid disturbance by gravity, air currents, or the

like, droplets are commonly projected in jet-like streams from suitable distances with sufficient



projecting generally large, but controlled, nunbers of droplets in
controlled spatial patterns onto or into selected targets, e.g., a food
product. WO 2auai1@idi st ur bance by gravity, air currents, POT/EPR@ 1105K9
droplets are comonly projected in jet-like streans from suitabl e distances
with sufficient WD 2011/117012PCT/ EP2011/ 051729 5speeds and focus.

Dropl ets preferably have sizes in the range 25-100 pm (corresponding to

vol unes of 10 pl to 0.5 nl) at rates in the range 2-100 kHz. Accordingly,
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"ink-jet" technol ogies. However, desplte any use of the words "in or
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[i ke i art,of this |nve ti st ea tion,enc asses
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or greater) and on- demand dropl et technol ogi es avi ng, dropl et production
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naturahx}}yc}(thé)sneh)ybvndeﬂr asoni c energy) as a stream of agent issues from one
or a few small nozzles, are produced continuously, i.e., whether or not
appbyi ng or Cdirspendi-Bgwns rdll'ﬁbld%dailidalyﬂ&ﬁildbi‘dﬂoafroﬂéd?&oplaﬂdis@’nemgi rected by
defl ecti on nean tatic deflectjon ne f ap ng or
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but if applying or dispensing is not needed, dro
production rates 2-8 kHz or greater), and of the latter, the pr1nc1pal Varlants are dispensing by

piezoelectric means or by thermal means.

25 By way of brief background, in continuous droplet technologies, droplets are formed
naturally (also by ultrasonic energy) as a stream of agent issues from one or a few small nozzles,
are produced continuously, i.e., whether or not applying or dispensing is needed at a particular
time, and are directed by deflection means, e.g., electrostatic deflection means. If applying or
dispensing to the target is needed at the particular time, droplets are deflected by the deflection

30  means onto the target in selected patterns; but if applying or dispensing is not needed, droplets

are deflected away from the target and into a catchment for catching unused agent

On-demand droplet technologies produce droplets only when commanded, i.c., only at
those times when applying or dispensing is needed. Here, droplets are formed by impulsive

forces in an "ink-jet printing head", and are projected from many, independently controllable



are deflected anay fromthe target and into a catchnent for catching unused
agent On-demand dropl et technol ogi es produce droplets only when commanded,
i.e., onlwoapbithose times when applying or dispensing i $ChaEpdad/ostiey e,
droplets are fornmed by inmpul sive forces in an "ink-jet printing head", and
are projected frommany, independently controllable WO

2011/ 117012PCT/ EP2011/ 051729 5nozzl es available in the head. Target
patterns are forned by, one or nore of, independently controlling some or
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15properties simlar to current continuous and piezo technol ogies). These
particul ar Pedérmol Qm@i@annseofﬁh@imraw dpdpeassescs dithisfiorentior mpll}eotsdlwnse
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terms of piezo-based controll ed-dropl et |spen5|n8 t echnol ogi es i ch have
pri nt i nlierdwasidsnkancingegeys.) Ingonfrest.ghaigabequitioHed-fitoplepfechnologies are less

' ”depelﬁlf'eggﬁéa&’tie%&% BQAtlng?rL o a“t%’rz&ért%gaf n@ﬁ% %‘A Gl AlamRALE fé@ﬁmﬁéﬁs%h' |y by

contro I'vation rtarn ensi ng noz referably,

pi ezo (anrd tachnrsloglumrehodlnrﬁm&imlwvgerhmmnharﬁzn@‘agfems,chsgreatdiel;mdi hhndlsgithey are
constructed of food grade 25materials and configured to be cleanable so as
to2prevent bButdrdinglyo forgingsllty ahd sohb@nintiatiboihe following description is in terms

of piezo-based controlled-droplet dispensing technologies which have printing mechanisms
("heads'") comprising a plurality of independently-controllable nozzles, and which form patterns
primarily by controlled activation of certain of the dispensing nozzles. Preferably, piezo (and
continuous) dispensing heads are of food grade, that is they are constructed of food grade

25  materials and configured to be cleanable so as to prevent buildup of microbial contamination.

Food grade controlled-droplet dispensing heads, ¢.g., in the form of ink-jet-type printer
heads, are commercially available for printing recognizable patterns, such as images, text, logos
and the like onto food products using with edible inks and dyes. See, e.g., Domino Printing
Sciences, plc (Cambridge, UK). These heads can possibly be adapted for use in this invention, in

30  particular, for dispensing or applying food enhancing agents in food-like or cooking-like patterns
to food products. In such a case, enhancing agents are preferably compounded with edible
carrier liquids (e.g., emulsifiers, vegetable oils, and the like) to form compositions having

properties suitable to for use in commercial ink-jet type heads, such properties including ready



Food grade controll ed-droplet dispensing heads, e.g., in the form of
ink-jet-type printer heads, are commercially available for printing

recogni zawbeopative@ens, such as i mages, text, |ogos and wrhe/HP2kie/0612® food
products using with edible inks and dyes. See, e.g., Dom no Printing

Sci ences, plc (Canbridge, UK). These heads can possibly be adapted for use
inthis invention, in 30particular, for dispensing or applying food
enhancing agents in food-like or cooking-like patterns to food products. In
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liquids (e.g., enulsifiers, vegetdble oils, and the Itke) to form
conposifermoths ittended gathrapend scefortbui t abl e to for use in commercial ink-jet
type heads, such properties including ready 9 - WO
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be configured in control” arrangene known in the art.” For exanple, in a
f eed f or being revacssed endrccordivplyoeandgtcan tgnmedinniongolearfapgemantsokchomin in thanhi ch

20enhanci agents.are Lo he lied is received by .the.cqntrpl system
pri or 10" ROl Bt P drbuhmprtaiceay S ouliantiong iyt ONE ¢ he
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al ready-recei ved sensor data s used to control the dispensing head, e.g.,
by preé?@tnrﬂﬁl%féﬁe H%Bef\mérhéacl- Pnget g 429 RERIUSEPEYCHYAAIPEURBNGRHER t 0

deact i \g&&pbhen@&lkd M &dive@3&1s68datd R vied BRINPAGIK ALIANASHRIL ¢ gSBPSOr data
concerning a food product is received as that ' '
predicting when and where to activate selected nozzles and when to deactivate the activated
nozzles. In a feed-back arrangement, sensor data concerning a food product is received as that
25  product is being processed, and is used when received to control the ongoing activity of the
dispensing head. Control systems can also operate in a combined feed-forward and feed-back
arrangement, using already received sensor data to predict dispensing head control and using as-

processed sensor data to correct predictions in view of actual processing. (Less preferably, the

control systems can operate in an open-loop arrangement without sensor data.)

30 A wide range of sensors can be used to gather data for controlling food product
processing. For example, sensors can include light or mechanically sensitive electronic elements
that return information primarily about the presence of food products to be processed.
Optionally, such sensors can return approximate information about food product location and

orientation. In more preferred embodiments, image sensors, ¢.g., digital camera devices, collect
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recei ved sensor data to predict dispensing head control and using

as- processed sensor data to correct predictions in view of actual
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i nclude, e.g. appedrance-enhancing agents, arone-enhancing agents,
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d
are endbris LB GURgT M RgERoisH iR A TS U8 trseBRRlr ol ar i ¢ y
onl'y angpditabthnddyick &8 Sipheer didgFhicthéRMind further enhancing agents to food products

are encompassed within this invention. Headings are used herein for clarity only and without

any intended limitation.

30 Figs. 1A-D and 2 illustrate preferred embodiments of the enhanced food products of this
invention. For consistency and simplicity only, the preferred embodiments are described as
comprising one or more consumable "food items", ¢.g., breads, meats, vegetables, and so forth,
and one or more "packaging components", e.g., external packaging for in-store display or

optional internal packaging for food-item preparation.
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30Figs. 1A-D and 2 illustrate preferred enbodi nents of the enhanced food
products of this invention. For consistency and sinplicity only, the

pref erredworntbudiinant s are descri bed as conpri si ng one oPCEmEP0ICOAEITADI €
"food itenms", e.g., breads, neats, vegetables, and so forth, and one or
nore "packagi ng conponents", e.g., external packaging for in-store display
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change. t i t i i i . ch
T5ageni'Liary MRS R ELe, DBfngh P MARTTAED (BARMICHER Rig (Gl MR

Food i {(lelasitdv@ocamdscbdsio)), davend] eblorings, piyese ofliogang sthar @zend Whish imapeed apri or to

heating, and accordingly, the browning agents are at nost bare

por cepPIBITEY At e RS PRB A HBReH HE) P CERYTBRY L THOOMRCUndl. Food

i teps hderdgle 4Ro @MailaBR fFdng BihePfoBd iddréiBddt diplicsubsequent to being heated in
a mcrowave or conventional oven 18; and accordingly, the browning agents

20have acquiph&fliténs APKRI dkiBe & iR%thesé NS hik Glls@hied PHOWRIHAG RYSRE S have
been applied to food item 10 in a pattern of thin parallel stripes, so that

when heegoedingly oibe brsvadagcagents apgyp ezossbaely ipPrepptitha@dng pethapsowk exitioplya gril | .
The in I i.nel.ud S

7%, | AR Y S0 LILHOSS, G LB B/l ok SEIBEPLIBEERAY, |
and so btiagthbhatedBincwmnicngyagentenvhav@abewn [&p@id @doridimgfyodat tpowdiug bgdds | N a

nor.e uni f orm mapner t hat en heated, 25 food product 16 sinulates the
apﬁgar aﬁ‘éﬁ‘e%cawr%%%&efﬁ-ﬁgﬁc %Braghfl articlar, _Erm%?geaﬁhg&% e&&,apé'fedttﬂ qufkal_@? The
I nventijQfn h P@&dﬂﬂl 65thef Resllcl @Apés RdthalkRin HeB@d, 8@ piodbcthatdpfEanSas iRitWhai Ch t he
intensity of the browning varies in a controll ed nanner across the surface

of t he bpguepokeden ¢ arikhp phoimneritoalalsodnglydos other pastsansithaticar e prsdeceddy cooki ng.
Fig. 1C.ild.ustr : ; at 11t : 1tem Food
[t om 267 e 2y A RERA AR EXSTR o Pl APl bMBD k. FATERY, BRARALA™ e

| ayer s agémy hax dopl @plitdododd prod2d 1donh choveudfdramsagmar, lso kat pheadbeted, i N whi ch

case the filler uhgﬁbe | asagna nqaodl es. and t%e | ayer.s, | asagna sauce; or
heSt oothd el b BB E BB T UAPERE SRS oG P PEAr b0 Gb8 PE ng and
t he like. The invention includes other roasting, broiling, searing patterns in which the intensity of

the browning varies in a controlled manner across the surface of the food item to appropriately

simulate these further modes of cooking.

Fig. 1C illustrates an example of a nutritionally enhanced food item. Food item 20 is a
30  composite comprising layers 22 and filler 24 between the layers. For example, food item 20
could be a lasagna-like product, in which case the filler would be lasagna noodles and the layers
lasagna sauce; or the food item could be a cake, in which case the filler would be icing and the
layers the cake material. One or more nutrition-enhancing agents are preferably applied or
dispensed during preparation of these food items so as to be within the food item itself, and

35  thereby substantially certain to be present, when the food item is consumed, in the originally

-12 -



| ayers the cake material. One or nore nutrition-enhancing agents are
preferably applied or dispensed during preparation of these food itens so
as to be wothimiriie food itemitself, and 35t hereby subgCamp@hloyi7eert ai n
to be present, when the food itemis consunmed, in the originally WO

2011/ 117012PCT/ EP2011/ 051729 5applied or dispensed anmounts. For exanple,
nutrition-enhancing agents could be applied and di spensed between | ayers 22
and filler 24. The amounts of the nutritionally enhancing agents applied or
di spenseolid@rd dRpMst@hhssht. %&%&eﬁﬂe%@ﬁaﬁénhhee{@g en@rceﬁer@%mlédea\ﬁal s
consistent wth regulatory conpliance for any h clainms nade for the
food pdodersed botween kyon2eahdifiténid. dgenmouals ef tlnelnlutrkmwiy @hdncargagvii | abl e
from I il ga-6
cont aer%P lbe%lg!l? Fﬂspgr{esg% %r-r%,?:lga éll},(d t{}l geel\ectécf;lérg%‘? %gelglprei\era%@ 1%&%{1&5 qxggﬁgg

conponea@&nm@meﬂmMQwh@nﬁﬂp&&ﬂﬂhﬂahﬁmuMemﬁﬁhéﬁmwmﬁmuapphnﬁdna&ﬂQEMEgted
1D illustrates an

target |levels to individual tens Fig.

exanpl @2g¥s aih vl e B ARG e alfaggeof'r%?af&e}wum%weo FY &1chye fiadersdiodn 30 and
ouligr RARKAN 4 GRERONEMiREg and e@s%hﬂlé{%ttyni&?ds PREKRYINEhE PgIaRsRE 32
Active 15 packagi ng generallx refers to packaging wth a food item

suppor tpmgorsnisuehiclh wowlddmpars heplth bspefpis wher anlisd af seleeted g dershttot hat |
dur'nglﬁLQdQW%&%JQ tlng, interacts with the mcrowaves to convert
m crowave energy 1 nto heat energy thereby generating |ncreased

tenper at ur e% Il_% 1ﬁﬁstra{"es an tex ‘E or gcallrg gﬁaanc%cp%od {:0215.]1 tai%;)co HI,IS g flO(l? e

active packaéﬁng co erap s su "Shas been
for rrul aech()tamdroateegmagﬁg eernpcbrt&hezéatmﬁve mnéﬂWclaetgmgsqmlﬂﬁfoﬁerespeAuaiel y at 20
% r fenper enerated b he susce tor. Arona agents are known
ArEsARELA 3i rr‘? r% AR INEY qdd‘i‘?ﬁbﬁ‘up AT Alruchire sY iU 168ar

qual l t xoﬁshlﬁm? SorRporRhOHR, SRTHRAHR ARV E heARL NdeRlcRTEh S Ghlc@% aVWaUb dolRrt
associated with fruits, vegetabl es, breads, neats, dairy, sugar,

chocol atigrowaspensesy, infptcaipgricegy tbeeldy ginerfing egeqasﬁsil tempgthigresy Hess emewma- and so

forth. gﬁ%@@}ﬁ' el gﬁﬂe%ggpﬁ%% Ju‘x'zg ég‘%ﬁ%%% lféln?%(p?éf‘é’ﬁﬁ r“éé" ch are

suppl|e Ier, zer I g, roas or spice
ar onas S(licblﬁof)alﬂlhtﬂfas beal fochulgted & 1@1e,asermwpable harakariy thertnadphere evmddly abke

ar s). avail able from Red 2 illustrates consuner's use
_3@3 1&3@% HRRSHHE g%@ﬁgt@’nﬁlﬁﬁ%ﬂ’t‘? Bﬁa&a?}éi arﬁi‘no‘f“‘ﬁ Y888 B or to

heatln%umkﬁemy@ﬂ%ﬂﬂﬂ%nb?ﬁﬁﬁﬁ@oﬁ&gmﬁyﬁ%ﬁqﬂ@ﬁ?@gbﬁﬁoPQﬂH@R@H@§mﬁBQd&%§%ﬁb|eS

(or places on, or the like) food item 30 w i nner active packagi ng 32

O1e or arasas sensorRILl & Phassedirgd wifb s hagelablese Arcagp nicals, daryast@eue packagi ng
SO cflaﬁﬁat‘%]sésﬁéeg Pau? %11%\9/%?3?1%8\?%%%2@ 011E %In'ééséncg§ ah§ go fo@thaE r{%}{}gs}['%?mﬂé/ en

along w i active pdac tenperaturés generate
suscepmgﬂn$mpMHmnmmﬁoth@a@mbhmewmabhagmmgh@h@ﬁ@n@h@n&hbnmxa@eﬁ&xbm@reIease

t | | f 011/ 012PCT/ EP2011/ 051729 5Al th h i
P S CEeifisterognisar i oralpis b IS A W e ntalol Bk T god 049

smoke aromas) available from Red Arrow.

Fig. 2 illustrates a consumer's use (i.c., preparation) of aroma-enhanced food product 26.
In step 36 prior to heating, the consumer removes the outer packaging components and
assembles (or places on, or the like) food item 30 with inner active packaging 32. One or more
30  aroma-cnhancing agents have been applied to active packaging 32, so that in step 38, when the
food item is heated in a microwave oven along with the active packaging, the temperatures
generated by the susceptor portion of the active packaging cause the aroma agent to release

perceptible levels of aroma.
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packagi ng conponent, e.g., an active packing conponent, the invention is
not so limted. In other enbodi nents, the arona-enhanci ng agents can be
appl i ed owodnsipanaed ont o an edi bl e food product, ex., ehir@peo,/obed, fish,
pork, vegetable, fruit, bread, dough, or other food substance either in a
cooked I QF (individually quick frozen) state, a partially cooked state, or
an anbi ent or 10raw state. The invention is not limted to the
application or dispensing of a single enhancing agent onto a food product,
but 5i n furt%ﬁ%g&ﬂﬁh?ﬁé@Qmﬁﬁ@&ﬂb&ﬁﬂk§umﬂHﬁth&ﬁh%@@%ﬂ§h&gmﬁﬂﬁﬂ£%,Ca” be
applied to a single food product. For exanple, a browning agent can be

appl i edatkagmgicomgonans et aghvapaskag sgaenenaa thdiavenioh iiseebt 8o limated.vin

packagi . f item 0, r.15;. i er can be
bopl o Es oo diEm B b et fkas R T BLDr it Syl B APRIDE £ERT .
Fur t heprodactp edthitket ditet; didprposle vagdtatlglfaitaend, sloagh, ar sthegioed tyRence. g., two
or nore _nutritiaon or_arqma enhancjng agents. One_of ordinary skill wll
appr eciC4hE i aeetler 1QF HIEHBIRArFbEze ﬁ@tesﬁé?ﬁlé%fﬂq??a‘? MBSO EMPR t he
scope @fwthe invention. This invention also includes apparatus and
processes that apply or di spense enhanci ng 20 agents on food products by

means of [ oagls gieéifon i¢ABINHIAE il ABliekiof b BRASLRG NSRBI RincRiKATRYe.

food-grade, ink-jet print heads adapted, if necesSary, i spense

conbi nanioonood predactnbuign Emthanpicfegcd gaho dmenEnoldip lremhancofs agaueth caplpar at us
and processes_are cted to be incorporated as. additions or . nprovenments
ok AORATER 8 S Bl o Bal S b h BTN ACuR AR ek B M S o
pr oductsd b ashmupplticed beradpticd & sctivEpickaginy éstitenfoed ixdin. Witd)atvimd dndidrat i on,
fo product manufacturing progcesses, are described herein as a separate
nuiger DEFVIRGREcEls cap Eﬁ%l?pqlgﬂao 1 54 PR YL HoF s M@%E%M&@e%&e

descri p@ah@Sa frodWTRe! cAhprieRAIASIE aSHhs SHESLIIBtypal SO, thdf £ iRd nlifiti8s oPr OCESS
"stations") wth each sub-systemreceiving partially prepared food products

f r om a apmeadnbarcing decstss Qamot pelifany shik yilhepireciafe flather picbsembingtiens, anthd
tranSf?ﬁ&f&gﬂ%ﬂﬁo&gﬁg“%%ﬁgkgg%%éifﬁ%f#%sﬁ&§Xt sub-system The sub-system

thus, forma manufacturin 00d products being transferred

bet ween sta%%ons b transfFr devi%g§ chh as conve prs,.robot rms, and the
) .This 1nvetn 10 als? hnc udes a\llpé)a]i s and processes that ap\é r}’ Gor dispense enhancin
like. In this context, 'S Tnvention’ s apparatus processes ar

degor i hgehtasn food ppatuat &y sndansySbedrgrade, cdh@blicdrirophbt didpenesehaags(fbr om pri or
stations (if any) partially manufactured food products ready for

appl i c&%‘%ﬂe’cff’o%'ﬁﬁéﬁdplﬁ'&t ag%trheg(ffs aeapiet 1 ‘b‘??F?Ség”H’rgﬂ?eé‘f’f‘e 13i9R%Nnci ng
agent s coMEInZlehhdik7i1RB%]y. EP2011/ 051729 Saccording to this invention, and
whi ch transfers to subsequent stations (if any) the partially manufactured

food producispaliin{tnR IR0 H3PaBURRKE prodONEVAL exfcicd td BYfRb i SfAtddSsnot |1 m ted
to such food product nmanufacturing processes, and in alternative

enbodi pdditigns arhepepyparats ugo kmdviprperssesd pfocehisaliqadenscddor mamfipguraséd as a
ftez gﬁ‘:fcg prr%@c}[ﬁ? 1om %Jlf%ﬁleg m%%e%ﬁ sall:%p gon%griﬁgrgcie%p %Vitill\gul% llignig?lorlﬂ%(e)(];d’l Il)roidlli]ct
manufacturing processes are described herein as a separate number of process steps, and food
product manufacturing apparatus are described as a number of separate sub-systems (also
referred to as process "stations') with each sub-system receiving partially prepared food products
from a previous sub-system, performing at least one process step, and transferring the food
30  products to the next sub-system. The sub-system, thus, form a manufacturing "line", with food
products being transferred between stations by transfer devices such as conveyors, robot arms,
and the like. In this context, this invention's apparatus and processes are described as a separate

sub-system, or station, which receives from prior stations (if any) partially manufactured food

products ready for application of enhancing agents, which applies or dispenses enhancing agents
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10smal | -scal e food services, or in the like. In such smaller scale
application, food itens could be transferred by hand to and fromthe system
for appliwetnonmiori2di spensi ng of enhanci ng agents. Apparar®EP2af/ 051129

i nvention applies enhancing agents to food products by di spensing the
agents with one or nore controll ed-dropl et dispensing heads, with thernmal
type di spensing technol ogies being | ess preferred than piezoelectric

(pi ezo) or continuous (ultrasonic) type 15di spensing technol ogies. In the
f ol K owiafighr iHE 1dN¥hisN@Hntibh Thl @hi @NrantRR tb BYRBEIANsthfond €% GhY) ARIpdrallyer M6 Of
mul ti pl e nozzl e, piezo-type, controlled-droplet dispensing heads.” The

pr ef er megiufpcerwl fdod preduithyitheakincugadenith t he i nvention are preferably nmade
of food grade nmaterials that will not degrade or react with the enhancing
agents to bélowsptri thab. inFandida gy reed mitied ko jush fdralgdeduchaendraguconprecasial dnd

il abl for. inti. t tt dt . ke . f ood duct ith
Surbl o GyriiyR bnBo Rt T R A uets b SRl PR B o b o

| east cRMAbIE RBANSUOEa agadildhe(dmbd dimdnh aselditdake fibmaesatirdrit itetithb Yin i Nk-1 i ke
fluid properties including viscosity, surface tension, and.the |ike).

. )
Enflnciimgllagdnteodarrioss-of &t BB e cbryel gt fFdhanparatiosr ford deps cadfi@Eted to
foster (Rngoesd Kl ieRles ad Lk QR @At PEIAATdnS? dRBthsidd ofRABHCRloGeAt© be
conpatible wth existing food-grade, ink- 25 et printing heads. "If

enhancing a r l; i i ! i : s suppl i ed
carrier fIu?%B%g%%gﬁgﬁfﬁ§%ﬁ¥%aﬁ%@%#ﬁ%nﬁ%%%?1%&%Fﬁ%lr%%kgggvggggﬁg%ﬁﬁroper
dr opl etagénmty wh bonor rronctchetrqlled et digpeagenbads, evith. therarabtype dfsbensorgi ng,

browni n utriti.onal and sinil|lar enhancin ents and ounds, are

or oror Mg b bGP Bl RRgR Mon MBI aRE LR B s (BRI S, 27 5 e
cons entdispensoipsticéHn0MgRR O thd f@loiBd Butkyithowlih RatRaott if:cBidn §idasweibedid and

nore 30 preferably from about 2 grans/cn2 down to about 0.005 grans/cn?.

Fur t hefermg r‘?lfn%@i%n%@nP@Z%W@e’efﬁg1f?1éf‘dl'4fﬁpl§fe4i§t??@ﬂg bepds akhe prsfariagd piczo

pref er ghlYnsGhaREM dsed B @ Rhvend dHeark PreRaRd niili @Pfo%d%fad% hershlangiig ggent s,
e.g., aronm agents are applied in areas and patterns so as to pronote

r el easdcghdaoones wathrthmephheang sggntstie bompmigd afest-grado igsjct beade that ace
control | ed tern rowni.ng, _ef fects during, heati .O-....appearing as
he fosi oAl R BHRLIR bAELE ML BCREL Do yip AT
2020/ 13412 &I/ &ZRPBO AddpR&Rlli§28seSn g inktafvalwidoe iaSt &EadSenhanch 4gemperd.y

i ncorporated jnto food. product. and not  degraded during heatjng; and so
fort h. thosc that havigisulfigngly -léhﬁ‘afé%damalgleamﬁ%a%gtwﬁgwa%?@@Fﬁé%zm gnd the
deter mjjped principally by the spray patterns that can be achieved with the
avai |l abl e di spensing head (ex., by individually controlling or activating

the mul ti bl R0z zlestng Atauabl COUBHAIRIAEASRA duRBLLBHAP B0 RPANded

by 10 providing nmeans for the di'spensing head and the target food itens to
be novdphittférnragspend propergecindoifipessiblesxtp be dedpaibasitiaerdstpgtibed-godariek-
preterably achi eved b rovi di mul tiple di spensin ads. that can.be used
B R e T e A P e S T RN
heads caricaflgid cappbiyentitdild pdqeirél otiFTcaidns@s RRRE kil prGRiA Ufopled f@matiappl yi ng a

br owni r113(‘1:]11*‘[her, enhancing agents, ¢.g., aroma, flavoring, browning, nutritional and similar enhancing
agents and compounds, are preferably applied to food products in controlled amounts, ¢.g., in
arca concentrations from about 3 grams/cm?® down to about 0.001 grams/cm” and more
30  preferably from about 2 grams/cm” down to about 0.005 grams/cm®. Further, enhancing agents
are applied in selected surface patterns preferably chosen to promote the intended effects of the
enhancing agents, e.g., aroma agents are applied in areas and patterns so as to promote release of

aromas during heating; browning agents so as to generate controlled, patterned browning effects

during heating, e.g., appearing as the food product had been grilled, roasted, seared, and the like;

-15 -



agent to the surface of the product's food item and an arona agent to the
product's (active) 15packagi ng. The control | ed-dropl et dispensing
head or hwadstiamneoipr ef erably controll ed and targeted (ePgT/EPRy11061729 Ol | i ng
whi ch nozzles to activate and when to activate those nozzles) by control
systens that respond to sensor information characterizing food products
(food itens and/ or packagi ng conponents) so that enhanci ng agents can be

nore accurately applied or dispensed 20and so that overspray, i.e., outside
of Ehe nL,AfYRAI a%érﬁ@s&és BBY PR i PEchRRFhEd BB a £88 pRRILEUMERET dd¥ e dug St
Overspray can rel ease enhanci ng agents into the anbient environnent, and

t her ebycdtegdandsodpitiht ended envi ronnent al effects, such as the heal t h
i npai rment of nearby workers who coul d breat he excess enhanci ng agents.
Over spray i $ckrvahie tavemge arcas phpattcme ateqzenenay deteimivahmerinandy thepipeay or

atoni zatj on stens 25S ch nsor.. infornati .of. d-f orward
ol & PP NG R BRSO B Bt R BR e eal Rk B Bt B0

di spenst Bgivafify thexaile n@zyzlers)z PARISRIGh e @ ridesirday PRJ patleSnsRas bt bgianaatby
orientation with respect to.the dispensi head (or heads and so forth.
Al t8r n@qupg/meg@rfgbﬁhe idfpersigtcath 2 %cg eéﬁf&% fprd I&PﬂnSéObéé@VB withrespestdo

obt ai n%QchQMhére&%Qﬁ&edQ%ab B84 FRRE RpRFer P Q&ﬁls%'eﬁ‘ 9y pfRRAnd AUWRLM | nformati on
can be used by the control system apply or di spense one or nore 30

enhancidrgemgeritesdsibatordibn gsetddo epidy oy giepanke cdnsufronly qmrtcod siogle femibradust
accor dll\/ﬂ%Slple']il (fi ? gllﬁct) Iaoq% { ?er Eh?f%re%% %n%anélré%a%en%t Big- C}gﬁ}/m%fllbrowr%lré%n to

over spray Ion can SYS
pr eventgat tche sedicepf degssdusds fobd itakesd ag Eul’oﬁrfaSageﬁrtd theh@oducke(actvey. 3

il strates t he general characteristics of the apparatus and processes of
thlg i ROUREIN8n. Here, solid arrows indicate flow of food products and open
arrows indicate flow of WO 2011/117012PCT/EP2011/051729 5|nfornat|on
concer ni ng fl8saosrdadrdtaplet prspensing hegd ot headnag oy speiritet 2pebireécdinen t he

appar afys eI AMHeAhit oA R0 A Meah @ WhePtcdactivitE SO OHS,-RY &ntdl | Ng
steps or stations. Sensors 44 detect, at least, the presence ‘or absence of

this n@ﬂﬂﬂﬁ@@@hpﬂmmdclﬁmﬂﬂuwbnvmumnmmymoﬁﬂngQX@me¢mwKémﬂdmopme@bdispensing
head Do o AR (Pl B3P RARNASE ol DS NLRGIRL RO G0CEr N O

T PSUT osition, orien orth. In
dependaﬁ@eo th&Ooxatspka@zasé dutsigasitthe et Bics osBEYDAd tHetbod 1@h, c@n be mﬂief ol ler 45
activates, and controls 42 the dlspen5|185hea to dlspense t he enganC|ng

agent (YPIMHEN (LB "HERSE CPBEE £ G0 he AMPICRT CRHPBPAEAINSBECT em or

on thefaq4 uhﬁfeﬂh&i RRGERYENS. effé\@t@ Nueth SPEORE inPaieAPRIEhearb] RErkeRENIEPY
enhanced food product is passed 43 to further manuf act uri ng steps or

st at i ogyld beqathyrezcasy catncingegantie @Veasprayombadiam focercusiaom dims; todimg ‘(Ytilll
Sensor %Om%ﬁgorpaﬁ ?Sr% grb Atgmlzatlon systems.

25 Such sensor information can be of a feed-forward nature characterizing a food product
prior to actual applying or dispensing, for example by representing its type, its position and
orientation with respect to the dispensing head (or heads), and so forth. Alternatively, sensor
information can also be of a feed back nature obtained by sensors during applying or dispensing.
Feed forward information can be used by the control system apply or dispense one or more

30  enhancing agents according to the type of the food product, and also according to its position and
orientation (¢X., so as to minimize overspray). Feed back information can by used by the control

system to prevent or correct processing mistakes, errors, and the like.

Fig. 3 illustrates the general characteristics of the apparatus and processes of this

invention. Here, solid arrows indicate flow of food products and open arrows indicate flow of
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15i magi ng sensors such as canera. Control systens 45 can include a
conputi ng device, which in one enbodi nent is programmable, has |ocal and

| ong terwoenwry7@rad i nput/output interfaces. |nput intectaresioar2be for
recei ving sensor information useful for feed forward or feed back control,
while output interfaces can be for transmtting signals for controlling the
di spensi ng heads and ot her conponents of the apparatus. Information and
comands directed to and from 20an operator can also be exchanged across
thes! / Qb ih&loh368&miRs RBHISRIER! PRRELsH. 313 delEro6@Pidaalt viymt GmcaR be stored
inlong termnenory and be retrieved into short termmendry for execution
by t he appasgfparesiitset ldbe fapd.iteBplaaif 4. g abrieyious menwarienny steppor strionsaibehrors

i npl e t a cialize C rol ler.. .or a. suitably
confi gﬁ' ? ed §'~‘3§§C;§tt lgaﬁg nger Ikrgieg éer gfearbig%g gflgl%rﬁ)e gweor0 8 p*orﬁi rlK|f’)trlg ft heeP‘yrlcelglt)Z ﬁ%tt(l)lgi ments, the
sensor sontidlctdieoptaniivpassifgtivdd dtdRU2] anghirefs@bRi dldovieoddss fagbgr idfotrhaionpr ovi de

i mges of fqod products, and, at |east. part of the stored progra

i npl emSATCCHNNG R doPAsRrefushitoh A 1 BIPERATRIOP oftenpig B Ao SP Ifléieaf‘glﬁglfqeon and

conpr Olar RhdMehart SRLKIREdnQ6Y iRRBAGIAN) cs MR LIELLPAR ZRHarl TRARS]s 4§lﬂl€é”'di£ﬁ’éﬁé{§% rial
vi sion systens and prograns are known and commercially available in the

art. Nbsad togispenseitee enhpaadngregens(os peankie op thedfesd prodagide. appaitacanaiedd fopg. 3
are de [ B PE . t 0 vl 9Sy:. 4- - Flg. '

Pt t er et gt g BES HRAGL D sibiepladtne POBhGioid b mdeby SlEhic s

pr epar @cbduotad passedd3 foi fgrthd ndnufrsturiat eepdosyeioas.ng of an enhanci ng agent (or
agents) onto a packagi ng conponent, and Fig. 6 illustrates dispensing of an
enhanci ng agemors(43rcaa gehide)el @ibMeshahizaldschdcdsnogtidal Bghsos epdrpadfbi@bly, | n t hese

figures, a conveyor transfers, food prodycts to gnd fromthe processing
St AP1 oATBANE MBS 4t RFEnLioBRol SHaP: sanpﬁnﬂaae 6F°@H‘H§’§d¥§¥‘%i” Whygy in
2011/ 13520 L2REHAERA0 SRR A0, BholobAGng 13y (9 AtmbRGRIERABLLIMEMEQN are

not illustrated. Alternatively, the apparatus of this invention could be
conf i gdmmad iftgfacst eandwl fonscarsiag sensorinfprmatony esstud fordped ivarhenfaghdrek product s
are nma Y t: QQ§§ F . ' [ 5 app! yi ng
or disggﬁgﬁﬁzﬂ%ro ‘?ﬁggggé%F?*%&?gugggﬁﬂﬁgéﬁéb%Bﬁﬁgggﬁ%ﬁi%%?%83§§%Veyor (or
ot her thealspdothenaah@mniestepf ho apgdigus. clatbrinhessant @htmandntiatatgd th@né frgm,

bread, neat, of other ingredient. Control system 56 c ri ses rocessor
an 8a aapP@ﬁwrsﬂﬂr%bevw Hepharaisdlc P{ZI I%telff@)éa @ﬂwa}sofglr s i afs

cConpri SEtGARUER Be 2éreil BHg AGAUKERSY AR HE fet@dved thtd PIRITORER nfdeholPfor 3xcdaBdh )
food itens and transfers the acquired i nages to control system buffers.

Cont r olby shesnregrepimsblesisics. Speeitieallygthevagieo] sedognean ksimplntoptedes a
(equi V?—Jaé%ﬁﬁn'zé(d &%8%&;%&@%2% 2B aSAFIIRLS APty bk S PR S SH R Wohputdt ches

acqui red i magées
In preferred embodiments, the sensors include cameras (and other light sensitive devices)
25  that provide images of food products, and, at least part of the stored programs implement a vision
system that performs food-product image recognition and control-signal generation based on the
recognized images. Such industrial vision systems and programs are known and commercially

available in the art.

Next, specific embodiments of the processes and apparatus of Fig. 3 are described with
30  respect to Figs. 4-6, where: Fig. 4 illustrates patterned dispensing of an enhancing agent (or
agents) onto an already prepared food item; Fig. 5 illustrates dispensing of an enhancing agent
(or agents) onto a packaging component, and Fig. 6 illustrates dispensing of an enhancing agent
(or agents) onto a food item during preparation. In these figures, a conveyor transfers food

products to and from the processing station of the present invention, stations prior or subsequent
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15t enpl ates of expected types of food itens, retrieves particul ar enhancing

agents and particul ar enhanci ng agent patterns associated with the

t enpl at eswbronwatr@merage, and generates and out puts contr ®@CTgiPgeialosi7e® cause

t he di spensing heads to apply or dispense the particul ar enhanci ng agent in

the particular patterns when the matched food itemarrives within range of

t he di spensing heads. Here, the pattern associated with a particul ar

tenplate is illustrated as overlaying the 20 tenplate; in operation,

howev ek, 1H:RREES of @1@ %fe‘é@rﬁ iRt SFRArE RbNguRild '}Ls%nﬂﬁv& RAL bifalitus FFhiUC h
patterns appear only after dispensing and heating. In nore detail, three

t enpl atesnB mm lecatoafiguictl ferdtandaldnd vsems, cagch mpteurasidaichen whirapraduets fier st

brownlg%ngg Enﬁaeserv0|r 64a) and with patterns m mcking grill marks;

tenpl at'e cates a br0|Ied/roasted/seared food |ten1and i s associ at ed

with a second bro .ng. gﬁ@ St r.eserv.oir t ftunlform

pattern m m ERCHG e [ed T aIEP BiF Ph ﬂ%%%&% Og” “é%%ar%eﬂd of 7 I'f'list r at ed

appar atsp$adsiyl m@&ow@od (S RERS tragspbe atksharan )30l BEbfovhiiteis 6OFM Cb&Rin,
pluralities of nozzles 61 that can be individually and |ndependently

corltpr olciZe 339 BEHI §f Wher dgiplieie Coptiel ysteHIRSPRGIFSAd¥CtsET R g EUpHITRd Wit h

the f'%ﬁﬁh@@ﬂc§§§9ﬁésBkﬂ%&lﬁﬁwﬁﬂ%ﬁ%ﬁm,E%ﬁ&ﬁ§&hﬁ§k¥cmﬁ&@@h%ﬂ@ﬂ@&%m&%serVO'rS

64a and 64b he foll ow ng, a dispensing head 30coupled to an agent

r eser vainpgds $>f aleammz@hlmgdom”raxt”hfogp}etnms ayd emders thsarquired imegms b bartio]

Stlpplln 6 girates dropl ets gener.ated b actlvate no
appr oac%slg%%%‘d{?f?F 81“{01 pEFD SP SR SR ¥e°°§“‘b1°n 8%%%%%@&”1 g ¥at ched
to onetlm‘prbmScstaﬁdi e@ft\ﬁaeaﬁirmtaes/lﬁ& S}@ﬁedl"y;ﬁmmc}iehamulrb@mmgaywhumﬁgu n range,

enS|n 62a be activated and controlled b rocessor/ i mge
or Sz %%%P@ctﬁ“tya?%ﬁéﬂ 4R B P ORI GHn 44ghis and partcular
2011/ 1%8%8?@@5&%@&%%&3&&%% ﬁ{evt@mf)la’éé%rohﬂst&lage ARG é‘ﬂe?s&c%%g 'b'(tjﬂplufsl i ke
he a

pattern sence of further sensor inforna e.g., back
i nf or maptem pignalls speanss thg droersigdwaidstoapplywadisdense that Hart;celbir @nhmcm ependi ng

on con r pr oachi ng
broile %% sﬁggﬁgéare Q&E%ngo%ggﬁ?%%ﬁgkbﬁagm%?ﬁgmgl H%Jaﬂh%dﬁégl@g tenpl ate
60, andcabemictd)iie pattemmmeﬁedvdnt}hi partienigeempiagpeibksngedaad cB2ngtel be
activated and contr.oll ed by the ces r/| e buffer to 1Qapply or

di ébenéf‘énlflﬁs IBIeBSHIIPRy DAYV iep SERTIDT BT ol S L BRea oetEh n.

Agai n, m&xh@ﬁﬁﬁgﬁﬁMFﬁkQhwb&ﬁh@g&d$§ﬂ§%r i nformation, dispensing head 62b is
actlvated at a fixed time (dependi ng on conveyor speed) after the food item

i s imaged. §ipek dhgl ?dr@ee@mﬁﬂt%s%lg@ﬁﬁ&t@énl‘lé@ﬁo&@ﬁgné RINBe %Uﬁat@@%h a
determ ned prior to dlspen5|;g forward node), the browning agent can

be applfirs dravmngligopbiis egeryair %)olntd h\ethfmﬁqmis trémiomrlgrgrm matel teppletedr ay ont o
the COMYRYRLs a¥roiled/roasted/seared food item and is associated with a second browning agent (in

25  reservoir 64b) and with a more uniform pattern mimicking the results of
broiling/roasting/searing. The illustrated apparatus includes two dispensing heads 62a and 62b
which comprise pluralities of nozzles 61 that can be individually and independently controlled to
apply or dispense, the dispensing heads being supplied with the first and second browning
agents, respectively, from storage reservoirs 64a and 64b (in the following, a dispensing head

30  coupled to an agent reservoir is referred to as a "dispensing-head-reservoir assembly™). Stippling

63 illustrates droplets generated by activated nozzles.

An approaching grilled-type food item will be imaged by camera 54 and matched to one
of the stored templates 58, and when this item moves within range, dispensing head 62a will be

activated and controlled by processor/image buffer 56 to apply or dispense the browning agent in
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15into the environnent. Food item 53 with applied browni ng agents then
passes on for use or further manufacturing. In further enbodi nents,

t he apparwibusiiofi7dzg. 4 can be configured to di spense aPsirmph@osomni ng
agent in different patterns selected according to different types of food
itens, or to dispense three or nore different browning agents, or to

di spense a single browning agent along 20w th anot her enhanci ng agent,
e.g., an aronm agent or a nutritional agent. Further, additional feed back

sengor rés!@iv%frrmﬁ iPihe %%%cila?cd%ﬁlﬁmﬂe %Qttc(ﬁl.e jﬁgth@ A6denPOsErthG sEASr ﬁl@(m‘[faﬁbn system
that indicates when a particular food itemhas actually arrived within

range & -gafadillbaskmfomeptioe hdispersgurlthé 622 sfacterabage g fixad tomydspondisperd) . Fi g.
5illu |y i nsi n i ' agi ng
25componiny & uEETaf e Mol 3P, Sl CRIARE I AR U BRESED
convey@ypef8od it &ill betadige ahdaaehtdtoathplat &) agl ®hdnps ieh packadihng
conmponent of. standardi sj.ze is transferred al ong by the conveyor, and
becaus EMERGISTRBTHES AFEHCO 4 | B ariPetrdad eReqli E&&reﬁgoi,eé BREFOTRT Y 11 xed
patber RpplG ANBFerBé tHRMoWPHRE 8&HPIn B& BN 485Ra8 gRetNA RN ESeMEe OF
absence of a packagi ng conponent passing al ong the conveyor and t hen

act i varbscaispidhghagerrenmforaxtpn slispeminglasd oBb ¢ BEvaiprkst atfhed tisteogni zed
packagi IS | r t. i.Sp i r di,ngl y,
Phe. ar oReBSEp AR Ehel g sl HRuiRERBy W'y s BERASE S <DRF R FRER TS,

over spifeyd itchischagp pamatetesmaofed prigr todlipamsife(fersidfdrwand dicdpe fisdramieghamei ng
agent ontp a single . type of stapdardi.zed food.conponent passing al ong the
convey o be s g el a0 Por G 58 BIHSE LRGBS (e AR Paftal |t o
thiis fegd @b sn&RNEEQ itent B wRRPHIAIUT 0w AN b&®s thBEhAEld chEBSREDr Usef ul
for feed back control for, e.g., sensing when the packagi ng conponent has

act ual Ifyrther plapefdctytingli spensi ng- head/ reservoir assenbly 86. Exenpl ary

optical -type sensors are illustrated within oval bubble 95 and i ncl ude

| i ght sour cé& Botherembadghents dhpsappadns ofiien4 sapbekadichigd codippmment sihgls arri ved
and is W thi ey i LRQ- - | | i ght beam
o1 wi | PO Rinet! ARERS A UERL MRS U R BRECH Haf et 8 ona
t hi s i ldispeasnaircoor genelifitremdbravipn e sgmee osfoglispensararsingdd broRnogegsi@raldg can

th act.ivate the di.spensing head. in dependence on thi resence signal
Fool | tHifh sty ?lﬁla{a%@ F58 ot MY YHOTE b AReBe BRI ude of
furt herfedﬂi&ﬁb'lf Ao ihﬁ&natﬁinrti&h by suﬂtfiligd (féed ﬂ)alcld%ldd@} t%&héi&mtﬁél Qdtcoh AW M1t onal
agent during the preparation of food item 1570. This food itemis prepared

by ext is¢ates vwagvarticular fong itegy has tpetupilycarrived withingaigciof adlirpensing hoad

(regardless of changes in conveyor speed).

Fig. 5 illustrates applying or dispensing an aroma enhancing agent to packaging

25  components 80, ¢.g., active, inner packaging components, passing along conveyor 78. Here,
because there is only a single type of packaging component of standardize size is transferred
along by the conveyor, and because the aroma agent is applied to the packaging component in a
fixed pattern, camera 84 and processor 88 need only recognize the presence or absence of a
packaging component passing along the conveyor and then activate dispensing-head-reservoir

30  assembly 86 when the recognized packaging component is in the range of the dispensing head.
Accordingly, the aroma agent will be applied only to the packaging without waste or overspray.
The apparatus of Fig. 4 can be used to dispense an enhancing agent onto a single type of

standardized food component passing along the conveyor.
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| ayer band or ribbon, and by transferring the continuous band or ribbon by
conveyor 68 to cutting device 74 which divides or cuts the continuous band
or ri bborwDrbo/pariei ons for packagi ng. For exanpl e, suclrCa/Hread/ost7em coul d
conprise a bread-type itemin which case extruders 66a, 66b, and 66c¢c
extrude different layers of a dough; or could conprise a filled-type 20
food itemin which case extruders 66a and 66c serve to extrude top and
bott om dough | ayers whil e extruder 66b extrudes a filling layer; or could
conpri se a gakadlbyBeinfQ0BoRATPARERL fotwifai ShirCRHE af¥iritdenSGaacind 66b
extrude | ayers of the cake while extruder 66c extrudes an icing.

Di spensémgrshieeit! Toe &er otk camtrokbivbl 6. @ sselidag wiidthe packaging cappbsenehdsanci ng
agent s aEt%allriPEﬁ?rriggf i fﬁ%%&él%ﬁlﬁ%ﬁ%&e%ﬁrr a‘é?e%%l%ﬁ{.eﬁxénﬁ' r%g é)@tr%(f’asl-!%)%e s%ﬁ(s%?;ozlr , all

rf
t hese asse Ies cé% nNe or nore riti or “assenbl i es
72a andlluwsgbted oithth @ppbybbbn® aid indnd: light séurtc0d0 addiphssenbirl9d. aglsanbl y 72c
coul d apply. a browni ng agent, i n.case the fgod item were baked (an aguld be
enhanc @8°KFHIng SOMRPREGL Bos \éﬁ‘diaégﬁe‘éﬂﬂélﬁé@&ﬁ;? AISAEnstneyRd-res AT OU GSFBIPDRSO,

Pr oges $igh{ scamtgi1olflialufi fakahts ﬁo@ék%gin%%o%éﬁéﬁ@%hé séRoPIOViIdesfoatd fious bands
or ribbons, 30 and al so control s the di spensing-head-reservoir assenblies

to applijunoipatifingsaprgngs piseanca gy ivel. Biehesser figan dentastivan G disapisyg each .
Bob. andedhil Y48 BRCo B EATNR RORE R ARTRIE Lyl Fuflyico RIS BARGAOGETL OF

and of tlemhasses og fagendr faghtn matufaemrage appr oxi mately proportional in order
that the intended anount of enhancing agent is applied per unit area
regar dl ess Whetihdhigthidubtaysrapplyingel mariticabageapduding thy prepdhtion of food item

2011/ 117012PCT/ EP2011/ 051729 5Snore sl o extrude The enhancin gent can
be 'di sg ngﬁtﬁger%ﬁﬁnﬁtfdﬁ%naye quﬁwémmdPP&?%ﬂlwgba&tﬂﬁgl‘mm g ggrpuous, fhuft?

Advant ageobldbr bitbod)Ghd b L h@the bAGRLOBERSATHEANbS ldveforas! Ves

sensor i'nformation concerning the processes being controlled. For exanple,

t he pr cedisgdeve Towhish doades s euts dedobamious hngraratobomintopartemifay t he act ual
t hi ckn / or I .S

enhancl B anen oo ATk, Rk UoRX hEHIEH BB ol Wil B, oy
enhancicrigudess ddagohs hndiccxkrayediffeAint byerabf ¥ ébygh; dth@upl @egsst e dititd-olpcer can

use feed forward .information (from an inmagin r vision systenj concerning
_th§0i nt YAy Mot highcasg £F Hsﬁ(%?aﬁ 6p: _fg,eXﬁw?ettﬂea% 2@%{ IR br eaks
i n the waXik ke baly Strud8NN 8NGL NG~ AR BbuldicSRBAR NGKEAPeISd nfohbitiged t o
avoi d applying or dlspen5|&gionto t he conveyor or into the environnent.

151 n f dfideqaspexdrfugders @fa prieslayers of Hglcakanghile axduder G0 cxirpdes @an
incorpq&g%e two of nore of the apparatus and processes illustrated in Figs.
4-6. For exanple, a browning agent can be applied or dispensed on a food

i tem accor diy L. n en f i : aged in a
ekmae. conbibhiinkhdi derAif O RRIINEH %0 WARTLAANC AT LRAGKAIRS
Al 2&r natuifaceloy cach datroded lager ageii.. Eancxaenphppll tede ascdblépenslddpplgoac di ng t o

glr gl ng_[nip(%g %H%l)ls\}agtqln?%g{ﬁsé%{l@%g 7{2%%{8 %%%ﬁ@sa%g@c ; % I’o(r:I Imrg)ge ﬁu(%ri‘gizcl)ngégegfs W 1lee of
assembly 72¢ could apply a browning agent in case the food item were baked (and would be

enhanced by assuming a baked appearance upon heating); and so forth.

Processor/controller 76 controls the extruders to provide continuous bands or ribbons,

30  and also controls the dispensing-head-reservoir assemblies to apply or dispense proper amounts
of enhancing agents. Preferably, cach pair of extruder and dispensing-head assembly (e.g., pairs
66a and 72a, and 66b and 72b, and 66¢ and 72c¢) is controlled so that the rates of extrusion and of
enhancing agent application are approximately proportional in order that the intended amount of

enhancing agent is applied per unit arca regardless whether the layer is being more rapidly or
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conbi nations are within the scope of the invention. The preferred
enbodi nents of the invention described above do not |imt the scope of the
i nventi orwvogonica7dibese enbodi nents are il lustrations of peaxEpeali/opr7ed erred
aspects of the invention. Any equival ent enbodi nents are intended to be
within the scope of this invention. |Indeed, 25various nodifications of the
invention in addition to those shown and descri bed herein, such as
alternate useful conbinations of the elenents described, will becone

appar enfort Qobl0SEruakd ! T}‘Fedenhﬁlctlr%%g%ﬁttcafl e mskaaﬁeé %ﬁg&{%m ordgR&hit@hdyt Such
nodi fications "are al so intend hin the scope of the appended

cl ai s petigdieally. f ol | owi ng (and in the application as a whole), headings and
| egends are used for clarity and conveni ence only. 30 WO
2011/117012P@WWE&2@Q&YbﬁmﬂmghEHﬁHEﬂ@uxbwsﬁmhamﬂﬂbrﬁkana@nmshﬁbﬂmmkm met hod

for applying an enhanci agent ..d f ood product acturl whi ch
corpr | SieRinlhe RINES e SR PR LruReR Bt B BB St Ny T or
appl i C@hctl@ﬂﬁfd?ﬁla@dﬁewh&erﬁﬁlfg&h@mmﬁilcﬂ@e@gﬁﬂlos spdel of f0edrude®thyet soakdtplid Si ng
one or nore food itens; actjvating a controll ed-droplet-type dispensing
hedd t &ipPbybrngingpecst dispansing cam ﬁ%@# RYO1998YE HPISE Ertigrof ichltagcing do thsod

pr oducCtx 2@ 18P PABLSaRRIY) %eﬁfr@&@i/&&@roll@r GR1LE Rkl BFWANMRRR @R fdhzgs from
nozzles in the dispensing head, the enhancing agent conprising a

nutr|tmmmyagm@nanmgwﬁ@@nmnﬁﬂmngﬂmon@gUWKﬁﬁgeUMekddQ@Eﬁgmemhbadwsofthat t he
enhanci n%n df%%jlpr s ioth@ 819[ d‘[3 ﬁ la{y]% ancm G g?n Igpnsné%nca% bse(?nt(ea n‘[ﬁ q B al tledr n and

anount ; ovi drng pro anC|ng agent for
furt herappiymgfoadispéremg onto the conveyor or into the environment.

15 In further preferred embodiments, a single manufacturing line can incorporate two of
more of the apparatus and processes illustrated in Figs. 4-6. For example, a browning agent can
be applied or dispensed on a food item according to Fig. 4, and the enhanced food item can be
packaged in a package component with an aroma agent applied according to Fig. 5.
Alternatively, a browning agent can be applied or dispensed according to Fig. 4 to a multi-layer

20  food item prepared according to Fig. 6. One of ordinary skill will appreciate that further such

combinations are within the scope of the invention.

The preferred embodiments of the invention described above do not limit the scope of the
invention, since these embodiments are illustrations of several preferred aspects of the invention.
Any equivalent embodiments are intended to be within the scope of this invention. Indeed,

25  wvarious modifications of the invention in addition to those shown and described herein, such as
alternate useful combinations of the elements described, will become apparent to those skilled in
the art from the subsequent description. Such modifications are also intended to fall within the
scope of the appended claims. In the following (and in the application as a whole), headings and

legends are used for clarity and convenience only.

30
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2. The nethod of claim1 wherein the food product further conprises one or
nore of associ ated packagi ng conponents or food item supporting structures.
253. The wothodiiadizcl ai m 1 wherei n the enhanci ng agent PSTHPI@aNSEA i nt 0
the interior of the food itemduring preparation of the food item 4. The
met hod of claim1 further conprising activating and controlling a plurality
of controll ed-droplet-type dispensing heads for propelling droplets of a
plurality of enhancing 30agents onto or into the food product in controlled
nunpers and sizes and in selected patterns and anounts, the enhancing
agents conprising one or nore nutrition-enhancing agents. WO

2011/ 117012PCT/ EP2011/ 051729 55. FhA% %Ahﬁ@ of claim1l wherein the

enhancing agent is applied at an y from about 0.001 granms/cnR to
about 3 grans/cnR. 6. A method for applying a nutrition-enhancing
agent WNinatmgelfioed ipr oduct manuf act uri ng whi ch conprises: 10receiving a
partial | y-manuf actured food product ready for application of one or nore
nutrition-enhanci ng agents, the food product conprising one or nore food

it ; acquiring i nformation concerning the .received food product;. .

nof vt g & conehis Rapay SRraentypB ety dRunbporoga s B dite s o
t he nuthinpii@Q- enhanci ng agent onto or into the food product, the droplets
bei ng propelled in controll ed 15nunbers and sizes fromnozzles in the

di spensi ng R&aling a partial GARETRAIrBIroNSrHusPRIS) 39 )RGI8 br Ik
nutrition-enhancing agent is applied to the food product in a selected
pat t er gnkandingreems. theafadd product comprising one or more food items;

activating a controlled-droplet-type dispensing head to propel droplets of an enhancing
15  agent onto or into the food product, the droplets being propelled in controlled numbers and sizes
from nozzles in the dispensing head, the enhancing agent comprising a nutrition-enhancing

agent;

controlling the dispensing head so that the enhancing agent is applied to the food product

in a selected pattern and amount; and

20 providing the food product comprising the enhancing agent for further manufacture.

2. The method of claim 1 wherein the food product further comprises one or more of

associated packaging components or food item supporting structures.

25 3. The method of claim 1 wherein the enhancing agent is dispensed into the interior of

the food item during preparation of the food item.

4. The method of claim 1 further comprising activating and controlling a plurality of
controlled-droplet-type dispensing heads for propelling droplets of a plurality of enhancing
30  agents onto or into the food product in controlled numbers and sizes and in selected patterns and

amounts, the enhancing agents comprising one or more nutrition-enhancing agents.
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wherein the activating and controlling are perforned, at least in part, in
dependence on the acquired information; and 20providing the food product
conpri si Nyotzhe/mmiiei ti on- enhanci ng agent for further maraftaPRanionty29

7. The nethod of claim6 wherein the acquired information conprises

i ndi cations of the presence or absence of a food product, and wherein the
di spensing head is activated and 25controlled to di spense the
nutrition-enhanci ng agent only when a food product is indicated to be

present. 5. The ﬁle_th-Bla_%f QBEIHQQV}Q{'CHQ {}fféieﬁhzﬁicﬂfgea%%trfs ﬁﬂi')‘ﬁ_eégtcﬂﬁi ir&gdéngiﬁ)pﬁgﬁt ion
further conprises indjcations of the |ocation and orientation of a food

produc@bma@wQM%MﬂQMm%m@b@ﬁ§pém9Wﬁg-head is activated 30and controlled to
di spense the nutrition-enhancing agent only at the indicated | ocation and
orientation and into the food product but not beyond the food product. WO
2011/ 117012PCT/ EP2011/ 051729 5 9. The nmethod of claim®6 wherein the
acqui red i nborAnmtthod foo@applyingeswinitthinemhhomg @knt dveing Yeel wbduchmahwddupnoduct ,
and wherein the dispensing head is activated and controlled to di spense the
nutrit iNoREINE g agent onto or into the food product in a pattern and

a nt selected, at least in_part, .in dependence on.the type of the food
p?gguct. porecerving a pagfialypa %ﬂ%ﬁ@ﬁPgéﬁéBﬁP§a F &pnjicptign i°Sp&h8°Hy head is

act i vahggitdRlnERinQlsb g thOfodl PRRME hpisiEoht bi AbreabhBAGhAY agent into at
| east a portion of the interior of the food product in a substantially

uni f or m pat E&Iuﬂi@Qf(ﬁMf conééi]ii:hg tHNR B R6d Blfodﬁét,ai m 6 wherein the

acquired information further conprises an i mage of the food product, and

further Cona&iv%hﬂ%% a&mﬁoﬂ@&.aﬂ)pﬁémy&%ﬂeﬁ&ﬁg hABIE ptoBeAREHIO oRtHRIbERIoht Y Of

tenpl at e i mages;
enhancing agent onto or into the food product, the droplets being propelled in controlled

15  numbers and sizes from nozzles in the dispensing head;

controlling the dispensing head so that the nutrition-enhancing agent is applied to the

food product in a selected pattern and amount; and

wherein the activating and controlling are performed, at least in part, in dependence on

the acquired information; and

20 providing the food product comprising the nutrition-enhancing agent for further

manufacturing.

7. The method of claim 6 wherein the acquired information comprises indications of the
presence or absence of a food product, and wherein the dispensing head is activated and
25  controlled to dispense the nutrition-enhancing agent only when a food product is indicated to be

present.

8. The method of claim 6 wherein the acquired information further comprises indications
of the location and orientation of a food product, and wherein the dispensing head is activated
30  and controlled to dispense the nutrition-enhancing agent only at the indicated location and

orientation and into the food product but not beyond the food product.
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activating and controlling the dispensing head to apply the enhanci ng agent
in a pattern and anount selected, at least in part, in dependence on the

mat chi ng werepliatieoizmage. 20 12. An apparatus for appiBPRO1g/0&1729
nutrition-enhanci ng agent during food product nmanufacturing which
conpri ses: a transfer nmeans for transferring food products conprising

one or nore food itens to and fromthe apparatus, food products transferred
to the apparatus being ready for application of the 25nutrition-enhancing
agept, and food products transferred fromthe apparatus further conprising
the nutrition-enhancing agent; a control |l ed-droplet-type dispensing

head, i n fl ubd ThO Hl%%h%%iaﬂ? 6\%}{6%il§t}{e%§ﬁlﬁ% iiﬁfoF\%‘[Q}nr&?mﬁaﬂges indications of the
nutrition-enhancing agent for propelling droplets o e
nut ri t itge-of thealoed piydageantd wheron dre dispensitgeeafl opettivated and ¢ontrededitoahdpens bei ng

propel led in.control.led n ers. an i zes from 30nozzles in the dispensin
hean: At ek e Seah EPS pEirREe Rl od O RO Ao P Fme e BB enat ng
head socakhiatpatthia depdndedde@n-tesypo of thy fagigrbdics applied to the food product
in a selected pattern and anmount. WO 2011/117012PCT/ EP2011/051729 5
1310The apparatus of claim 12 wherein the controlled-droplet-type

di spensi ng head further conprises a food-grade ink-jet-type printer head.

14. The appapatHSmetho batldnlé whefcih@E dGpERIHeHebdistho HERAIdtHbn@blled to
control | ed-dropl et-type 10di spensi ng heads in fluid comrunication with a

pl ur al idtspense theaydiitan-enhanongiigegt Biveat deasthrppatienefdhe inteyioagé e doddprogicdpel | i ng
dr°p|eE%uﬁ%m%ﬂﬁ%ﬁ%ﬂﬁ%H%hémQ&d%&Bﬁ&?ing agents onto or into the food product
ed n

in contro ers ‘and sizes and in selected patterns and anobunts, the
enhanci ng agents conprising one or nore nutrition-enhanci ng agents. 1515.
The apparatus of claim 12 further conprising sensors for acquiring

I nfgrmation, copger kg of A9, RLAIHG! S LEARRE S EHhioR Al BRRARL U image
of the food product, and further comprising:

matching the acquired image to one of a plurality of template images; and

activating and controlling the dispensing head to apply the enhancing agent in a pattern

and amount selected, at least in part, in dependence on the matching template image.
20

12. An apparatus for applying a nutrition-enhancing agent during food product

manufacturing which comprises:

a transfer means for transferring food products comprising one or more food items to and
from the apparatus, food products transferred to the apparatus being ready for application of the
25  nutrition-enhancing agent, and food products transferred from the apparatus further comprising

the nutrition-enhancing agent;

a controlled-droplet-type dispensing head in fluid communication with a reservoir
holding the nutrition-enhancing agent for propelling droplets of the nutrition-enhancing agent
onto or into the food product, the droplets being propelled in controlled numbers and sizes from

30  nozzles in the dispensing head; and

a controller for activating and controlling the dispensing head so that the nutrition-

enhancing agent is applied to the food product in a selected pattern and amount.
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wherein the controller activates and controls the dispensing heads in
dependence, at least in part, on the acquired information. 2016. The

appar at uswof2ocl/arem 15 wher ei n: t he sensors further PCOMPRIIIOSERY | MAQi NQ
device for acquiring i mages of transferred food products, and t he
controller further conprises a processor/pattern buffer for matching an
acquired image with one of a plurality of tenplate images of food products,
and 25the controller further activates and controls the dispensing head to
appky the enhancing agent in a pattern selected, at least in part, in
dependence on the matching tenplate imge. 17. A food product having

enhanced org .n?h@%pia R ARESh 185y &rﬁP{He%Bﬁ‘t@dlleﬁ-cfr&%’t-tgéeeél%rﬁ%ﬁgﬁnglﬁlnteri or of

nut riti on-enhanci agent applied onto the exterior

t he f odidther eompmsean fenvegrade iwkfjétitgpeaprint¢rdicatchi eve a sel ect ed enhanced
nutritional value. WD 2011/117012PCT/EP2011/051729 18. The food
product of claim 16 wherein the anmount of nutrition-enhancing agent applied
to achieve that selected nutritional value is |less than the anount of
nutrition- enhambt agpaspanit chéededurtler bempasivenpliuaaiag dfycontraidd-dovplestype ned

W the food itemto.achi eve that sel ected tritio .value. 10
1958Th ISPEPEA tfP“bC?COd’iﬂanai’@anJﬁkarﬂ@ fa@&‘/n%lrjrfs%rw&s g‘%@”&"%ﬂf 8'°4%di t i onal
enhancicAkhnd e Ak entafR bl eI RB IR Mts bMNthe plubfBity OOGhhhAGHKE agdhisdntde isddid | onal

enhanci ng agents bein? sel ected to provide an ol factory difference, or a
vi sual ferdrredustgecongpllgsrumbers andisizes ad/ingplgctad pattpnrs andjafognteribe to the food

i tem durd.ng: or 1.GI.0 I . Use of one or nore
f ood b Hi€indlasl KM ELUBNE fOFE Ron-cobancine EinerS€ D 00 O Te

printer head, for dispensing droplets of one or nore enhanci ng agents onto
a food product to enhance the organol eptic properties of the food product,

t he_or ganol ept i roperties.includi ng the.appearance, nutritional value or
ar g%ﬁ of t hg? f lgg%g%)raoa C({f -cFalqu fulgher gomprlslné3
sensors for acquiring information concerning food products transferred to the apparatus,

wherein the controller activates and controls the dispensing heads in dependence, at least

in part, on the acquired information.

20 16. The apparatus of claim 15 wherein:

the sensors further comprise an imaging device for acquiring images of transferred food

products, and

the controller further comprises a processor/pattern buffer for matching an acquired

image with one of a plurality of template images of food products, and

25 the controller further activates and controls the dispensing head to apply the enhancing

agent in a pattern selected, at least in part, in dependence on the matching template image.

17. A food product having enhanced organoleptic properties comprising;:
a food item; and

30 a nutrition-enhancing agent applied onto the exterior or into the interior of the food item

in an amount sufficient to achieve a selected enhanced nutritional value.
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18. The food product of claim 16 wherein the amount of nutrition-enhancing agent
applied to achieve that selected nutritional value is less than the amount of nutrition-enhancing
agent needed to be conventionally mixed or combined with the food item to achieve that selected

nutritional value.

19. The food product of claim 16 further comprising one or more additional enhancing
agents applied onto or into the food item, with the additional enhancing agents being selected to
provide an olfactory difference, or a visual difference, or both an olfactory and a visual

difference to the food item during or after microwave heating.

20. Use of one or more food-grade controlled-droplet dispensing heads, e.g., an ink-jet-
type printer head, for dispensing droplets of one or more enhancing agents onto a food product to
enhance the organoleptic properties of the food product, the organoleptic propertics including the

appearance, nutritional value or aroma of the food product.
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