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is then spose pro uct such a 29, 530
Bl 80 USad ¢BRp&9d Bl unafpdiibhg comslisgencies; previously-frozen meat products that have been

re-heated can lack expected aromas. Microwave ovens, which are commonly used to re-heat

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



WO 2011/ 117013PCT/ EP2011/ 051731 5suitable for food product decoration are
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25  from about 0.001 grams/cm” to about 3 grams/cm?.

The invention more specifically provides for a method for applying a browning agent
during food product manufacturing. This method comprises receiving a partially-manufactured
food product ready for application of one or more browning agents, the food product comprising
one or more food items; acquiring information concerning the received food product; activating a

30  controlled-droplet-type dispensing head to propel droplets of the browning agent onto the
exterior of the food product, the droplets being propelled in controlled numbers and sizes from
nozzles in the dispensing head; controlling the dispensing head so that the browning agent is
applied to the food product in a selected pattern and amount, wherein the activating and

controlling are performed, at least in part, in dependence on the acquired information; and 5)



br owni ng agent only when a food product is indicated to be present. In
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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 browning agent, and food products transferred from the apparatus further comprising the
30  browning agent; b) a controlled-droplet-type dispensing head in fluid communication with a
reservoir holding the browning agent for propelling droplets of the browning agent onto or into
the food product, the droplets being propelled in controlled numbers and sizes from nozzles in
the dispensing head; and c) a controller for activating and controlling the dispensing head so that

the browning agent is applied to the food product in a selected pattern and amount. In another



In yet another preferred enbodi nent, the apparatus of the invention further
conpri ses sensors for acquiring information concerning food products

transf er rwo 200/tiE3appar at us, wherein the control |l er acPcratresiiasg3ctontrol s
t he di spensing heads in dependence, at least in part, on the 15acquired
information. More preferably, the sensors further conprise an imaging
device for acquiring inmages of transferred food products, and the
controller further conprises a processor/pattern buffer for matching an

acqui_red iJm ith one of a plurality of tenplate imgges of .food products,
and Pho PESHITSLIT Rty e porkifipddiomletdvng disprp %%@@Hrgmﬁeﬁg Mad to
apply t heanhaneiye pﬁgﬁpheddg 51&1?&8&%&&@@@%@%&%&&11& BR%ppdruPsfthe I N

enp

dependence on the matching enpl ate i mage. “The invention al so
provi desnyegtonfurgeacostseict PIENSf centialirdetion eigipoiisprnsiag pesbar flvds af t er
m crowav, I I ] . I I gent

app! i od tonpaRth i Sl RPRE 1850 R LR, bhER AR a gl MRER0eD

sel ect egrqatlingrdnordets oo phiralityo f énhbvh@nbagensi ongp agettthdiodgraimtteat ed to

provi.de a visual difference to the food item duri or after 25m crowave
oot Pg cOnfuRdRupys Eha2rost it e RBY HobAE e SR bnpr i cos
one or Qgﬁgﬁgggbﬁd@nﬁ&ﬁ%nhaﬁgiggn@gents applied onto or into the food item
wi th the additional enhancing agents being selected to provide an ol factory

di fference, @f y& Abthéd frtRRdd edlbdJiRERNES apPlratRObMth@thvehd AChRAY BRAPriges
nutritional d|¥ference to the food itemduring or after mcrowave heating.

The i nvesnsotror paphing ipfosvitpagoneeniag faod@restuckbreaspigeditoghagwaratus, wherein
control Led- . i i . an .J.onke-j et -t . LN head,
o o e o Ay PR ATEOR A0 IR s, NGNS MREI LB TeR,
t o éfhanceuitedenfornyeionl pdre preferaigerthe emsat further t@oeispraodueging tdvce for

organol epti.c propertjies includin he appearance, nutritional value or
o o of batiand BEREL ek e o iRad S, SRRESRa e B hos bR e Er
DESCRI Phk ks pdttdn MA&M%tchin% an acliBe@IRHBMith SRR ipARalFRYf Qﬁlfpm@ier st ood

nore fully by reference to the follow ng detailed description of the

pr ef er r e@3gay9b odgredusts. unlthe peiroler fughametivgics gnd|cgsirelatheiispensargponcsd tof
speci fi i : he | i j i ich
ge, L APET T R om0 PR DR s R %, R
i nvént i eemplate image.

The invention also provides for a food product having enhanced organoleptic properties
after microwave cooking, which comprises a food item; and a browning agent applied onto a
portion of an exterior surface of the food item in a selected pattern and amount, with the
browning agent being selected to provide a visual difference to the food item during or after
25  microwave heating. 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 selected to provide an olfactory difference, or a nutritional difference, or both an

olfactory and a nutritional difference to the food item during or after microwave heating.

The invention further provides use of one or more food grade controlled-droplet
30  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,
the organoleptic properties including the appearance, nutritional value or aroma of the food

product.



10Fig. 2 illustrates a preferred nethod of use of an enhanced food product

of this invention; Fig. 3 generally illustrates processes and apparatus of
this i nvewoizonyy11filg. 4 illustrates a preferred enbodi nerCTaP2@n08836es and
apparatus of this invention; Fig. 5 illustrates another preferred
enbodi mrent of the processes for applying food enhanci ng agents; and 15Fi g.
6 illustrates another preferred enbodi ment of the processes for applying
food enhancing agents. DETAIL DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The
present invention provides food p Wit h i ed, or enhanced
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15 Fig. 6 illustrates another preferred embodiment of the processes for applying food

enhancing agents.

DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides food products with improved or enhanced verisimilitude.
20  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
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

25  properties.

This invention also provides processes and apparatus for manufacturing such improved or
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

30  enhancing agents in controlled amounts and in controlled patterns. The provided manufacturing

processes and apparatus perform such dispensing or applying



5The term "food product” is used herein to refer generally, according to
context, to an actual consumable food item or to packaging of the
consunmablwofondiiriiem or to both the consumabl e food it ecrardolinst731
packagi ng. Where specificity is necessary, a consumable is specifically
referred to as a "food itent and its packaging as a "packagi ng conponent”;
then, a conplete "food product” includes both one or nore food itens and
one or nore packagi ng 10conponents. In preferred enbodi nents, enhancing
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less preferred. However, in certain preferred embodiments, enhancing agents may be perceptible

25  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
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

30 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.

In more detail, preferred enhancing agents include or are compounded from naturally

occurring ingredients, mixtures, flavorings, extracts, essences, or the like. Enhancing agents can



enhanci ng agents act to inprove appearance, aronma (or other sensory
qualities), or nutrition. Appearance-enhancing agents include, e.g.,
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volumes of 10 pl to 0.5 nl) at rates in the range 2-100 kHz. Accordingly,
cont r ol | ed- diPegséredd manufacturing processes and apparatus apply or dispense food enhancing

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

25  "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, €.g., contact technologies in

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
30  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
speeds and focus. Droplets preferably have sizes in the range 25-100 um (corresponding to

volumes of 10 pl to 0.5 nl) at rates in the range 2-100 kHz. Accordingly, controlled-droplet
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droplets are deflected by the deflection neans onto the target in selected
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and nozzl e assenbl
?By way (}/f brle% backgroﬁn& 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,
25  are produced continuously, i.c., whether or not applying or dispensing is needed at a particular
time, and are directed by deflection means, ¢.g., electrostatic deflection means. If applying or
dispensing to the target is needed at the particular time, droplets are deflected by the deflection
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

30 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
nozzles available in the head. Target patterns are formed by, one or more of, independently

controlling some or all of the many nozzles, moving the head and nozzle assembly with respect
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e.g., inthe formof ink-jet-type printer. 25heads,,,are commerci al
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Dom no Printing Sciences, plc (Canbridge, UK). ese heads can possibly be
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appl yi ng food enhancing agentS in food-like or cooking-like patterns to
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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

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

Food grade controlled-droplet dispensing heads, e.g., in the form of ink-jet-type printer

25  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
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

30  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
formation of droplets of proper sizes, ready adherence of the point of impact on a target so as to

form the intended patterns, and so forth.



properties suitable to for use in comercial ink-jet type heads, such
properties including ready formati on of droplets of proper sizes, ready
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patterns, and so forth. WD 2011/117013PCT/EP2011/051731 5Finally, it is
agai n enphasi zed that, despite the use of terns "ink-jet" and "printer" in
the foll ow ng description, and despite the possible adaption of food-grade
ink-jet printing heads for use in the apparatus of this invention, this
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sensor data concerning a food product to which enhancing agents are to be
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el ement Sproduct 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
25  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.)

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
30  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
more precise data on the presence, position, and orientation of a food product to be processed.
This image data can be interpreted and control signal generated by a vision system, ¢.g., a

35  computer running image recognition software that can match and recognize the images so that
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30that return information primarily about the presence of food products to
be processed. Optionally, such sensors can return approximate information
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i mge sensors, e.g., digital canera devices, collect nore precise data on
the presence, position, and orientation of a food product to be processed.
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system e.g., a 35conmputer running inage recognition software that can
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appar atus and processes that apply or dispense enhanci ng agents on food
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are not limiting, and that other embodiments of this invention, ¢.g., those that use alternative
dispensing technologies to apply or dispense these and further enhancing agents to food products
25  are encompassed within this invention. Headings are used herein for clarity only and without

any intended limitation.

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,

30  and one or more "packaging components”, e.g., external packaging for in-store display or

optional internal packaging for food-item preparation.

Specifically, Figs. 1 A and 1B illustrate examples of food items (contained in food
products) onto which appearance-enhancing agents have been applied or dispensed. These

examples can represent food items containing bread or meat having browning agents applied or
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food product 16 simulates the appearance of having been roasted, or broiled, or seared, or the
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

25  simulate these further modes of cooking.

Fig. 1C illustrates an example of a nutritionally enhanced food item. Food item 20 is a
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
30 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
thereby substantially certain to be present, when the food item is consumed, in the originally
applied or dispensed amounts. For example, nutrition-enhancing agents could be applied and
dispensed between layers 22 and filler 24. The amounts of the nutritionally enhancing agents

35  applied or dispensed are controlled to selected target levels, preferably levels consistent with
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25si mul ate these further nodes of cooking. Fig. 1Cillustrates an exanple
of a nutritionally enhanced food item Food item20 is a conposite
conpri si yol2ayen0122 and filler 24 between the |ayers. FPom/EPz@npse31 f ood
item 20 could be a | asagna-|ike product, in which case the filler would be
| asagna noodl es and the | ayers | asagna sauce; or the food itemcould be a
cake, in which case the filler would be icing and the 30l ayers the cake
material. One or nore nutrition-enhancing agents are preferably applied or

di spensed during preparation of these foad |t so, as to .he within the

f oodgi t é?ﬁw_ﬁi%%cg?lphﬂ@etf?feﬁnmﬁ%@fﬁﬁlﬁda??rﬂl%_glg?i&r%i% %&ﬂﬁ%@&ﬂmﬂ?m%en the
food it @pedt$are WHUIFBEN ahd alech®aiPibl Oir&ia kany ARRIIRI Thky tHehRg MRedeAMRNt S.  For
exanpl e, nutrition-enhancing agents could be applied and di spensed between

| ayers 2Imegadp 4rid Qrapgaztyconriping ey ssssndl fetheackdst phanplonen ather desbiveschg agent s

Covel s conBinaRRDe R SR B R B bR AR arp B elary o Y
conpl i anedvitloal festyitdnesal t h cl ai m8 made for the food product.
Nut rition-enhancing agents are well known and are avail abl e from many

suppbi ers. Tihgy | Dndluaeshhaxasgedt ai dirsmaakgaeBfoadhrdduegst @ngoisingi foodg
oils, essentjal fatty acids, phenols, or other fopd.based co nents which
woul d i M5Er0 Fdtch ik fgmﬁﬂsm %%?ﬂdi S PSR CRBET aver et o
i ndi vi dyadkabRRGchdr8ilPrefd O Gokabihd Witk 8 FSAtiRsh %}'ﬂp@l’ﬁﬁg@ﬂr&nﬁg s@dh as a susceptor

p

arona-enhancg% food ‘product 26 conprising food 1tem 30 and outer packaging
conponetter sP8ilamaompaericvethptaAeingpaiskaigivafcd bapoireasts Bih thagniripa agescdRagn ey
gener al |y [ Q6L éneE%z iﬁ?oc@%%%éﬁabf L2n% %‘ilf‘c?aa§éf&0r98géﬂa{ﬁ9essﬁie&’&5}f hfonfUch as
a susceptor (or si ar) conponent Y hat, d ring mcrowave heating,

i nt ébacteshasicinlg agbre has brcowaplésl th mneomitse packagingwameonedyfprefatablyhagat ener gy

t hereb enerating increased t eratures. .Here, an aronm- J15enhanci.n
hoent . halaRn bithe B RR Rk Rl b R fon Hs A rhS S ORI b1 4.
its susgepkiskdr merﬁﬁk@&mﬁéﬁ‘r@e&@eﬁéﬂ byhBuhREREr. t DrohRl B3R aRKNERR A Bk artah@o®s i N

the atnpsphere especially at the higher tenperatures generated by the
suscept ércludsragpdoraydaiog o paurahenerspHe f99d qplity dlaors 8h 210RE| cqE@ OBy releasing

Formul Al QeNALHOM bOLWOG B8 L ARE ALY bEdBY A8, Ofify AR, oompounds

rel easi ng aromas such as wou be associ rurts, abl es,

br edfls, chealiagss, slacasynutsugared dBcapetbitodls or spemes, andisd fopihl Exang@edofGirdsg
vegetabl e oils, qr essences, and so.forth. es of onma nts i.ncl ude:
vesst o EHTRRF SRR Shrteen e isprennp R uiautn Sebi. SR End

Swi t zer lgainthy, rodktidgl bingicel0@His (A1@, latldr i1l dg:, 3eQMatirdl hitRohyadnd@thdr Rebddi ng,

e.g., natural hickory and other wood snoke aronmas) avail able from Red
Arrow. Smoke aromas) available from Red Arrow.

Fig. 2 illustrates a consumer's use (i.c., preparation) of aroma-enhanced food product 26.
25  Instep 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
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

30  perceptible levels of aroma.

Although in this example embodiment, aroma-enhancing agents are applied to a
packaging component, e.g., an active packing component, the invention is not so limited. In
other embodiments, the aroma-enhancing agents can be applied or dispensed onto an edible food

product, ex., chicken, beef, fish, pork, vegetable, fruit, bread, dough, or other food substance
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Fig. 2 illustrates a consuner's use (i.e., preparation) of aroma-enhanced
food product 26. 25In step 36 prior to heating, the consuner renoves the
out er packagbngiicaaponents and assenbl es (or places on, por/EPR@1loske) food
item 30 with inner active packaging 32. One or nore aroma-enhanci ng agents
have been applied to active packaging 32, so that in step 38, when the food
itemis heated in a mcrowave oven along with the active packagi ng, the
tenperatures generated by the susceptor portion of the active packagi ng
cause the, aroma to release 30perceptible | eyels of aroma. Al though in
t hi sgexgﬁh?fén@ﬁﬁ%%ﬁﬁéﬁ&ndaﬂ Y@Wﬁ%ﬁf@?ﬂﬁ S’é&eﬁ?%“%ﬁ%"%?ﬂ?ﬁﬁfl MY TG PAk &I ng
conponentw s@ted. , an active packi ng conponent, the invention is not so
limted. In other enbodi nents, the aroma-enhancing agents can be applied or

di spensed ontr@ & REMOL Bof 1B A6 lictdn or gﬂb&ﬁﬁl of Q%ﬁl%{/e\gnh%’ingp%%ﬁb

vegetable, fruit, bread, dough, or other food substance

2011/ 11 p0t3P0Td prelodtl bwin figthespicfamsd cimbodimsoskaultipRnhinvaiadegoialchybaui ck
frozen) t . pard | ogke t at . Lent .
T R AT
enhanci gd ageninacata can bomeblipd adawtitve phakhging féruhd foed itomefAdss, acbnendnddbrment s,

mul ti pl e enhanci ng agents can b pplied to a single food oduct. For

exanpl € P IHPRG A GE AP IELAR B RSBk Pt W&m%ﬁpnémfl%%ga%m

agent can &, APRIALESEah BoBfrlide\ulRAIE KAGHNEr f Phgld g%e,feog?,dtvdot&%or@\h&ﬁtio@w ma
P

and/ or browning agents can be applied to a food product that also includes
nut rit i grnehdidardingagegtsnOne of ardinpey skibh will aprreqiate erthes pyshicembinationsppd agent s

of a si QQ%GCOW&iQ?? %ev’v\ﬁl QL dRLE 1LY LN or aroma enhanci ng agents.

One of ordinary s appreciate further such conbinations, and such

conbi.nati ons~are w t.hi he ope t he i nventij on. 5Thj.s i nv ion al so
it anodRlcintéliflh Bed DEIPEORa Ry A8 ol UER 1OLipph I ShINERA 2 50

f ood pr aderad sn fypd eainsts bl nicandeoadigrade.anhtrollddetlogletatdpehsiol bqdngbng heads
(for exanple, food-grade, ink-jet i nt heads adapted, if necessary, to

di spensé%l?#ﬁa %a@ﬂﬁ?ﬁs’ RlHt AR ‘#@%ﬁﬁaﬁéa lgae“&@%ﬁf’ gf TiSPERBOTAMRIAIO™DE ~ such
appar at Usn@mthginfsReseseake expected to be incorporated as 20 additions or
i nprovenents into known apparatus and processes al ready used for

manuf act ur e b, oRtknR! AU sHphfa@aSUBRICEGE SREESdRITo bERLopBRYENsence but
wi thout limtation, food proguct manuf act uri ng processes are descri bed

her 80n addisiosegramataycmants erto shovpr appesussind psocessnglalfdd vmdddumanufacture of

RGBS U e i e o

T 5
(al so referfed to as process “statio -syst’em recei vi ng

parti al nyanpfaefuaing @rdconds ot dedeeibad 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

25  from aprevious sub-system, performing at least one process step, and transferring the food
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

30  products ready for application of enhancing agents, which applies or dispenses enhancing agents
according to this invention, and which transfers to subsequent stations (if any) the partially

manufactured food products with enhancing agents.

However, this invention is not limited to such food product manufacturing processes, and

in alternative embodiments, the apparatus and processes of this invention can be used as a
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25from a previ ous sub-system performng at |east one process step, and
transferring the food products to the next sub-system The sub-system

t hus, forwoaomanofiacturing "line", with food products becmgEpreeianstrarred

bet ween stations by transfer devices such as conveyors, robot arns, and the
like. In this context, this invention's apparatus and processes are

descri bed as a separate sub-system or station, which receives fromprior
stations (if any) partially nanufactured food 30products ready for

appl i.cati on of enhan ies or spenses ci.ng
agents ARBLHOTTYSEE 3&@2&?%9@%6&? ° ou e lerrgst%alg%t}g&aﬁrém
Stat'0n%nﬁﬂ%cﬁ@ﬁ%d%&@uﬁ§k&h@%k%kgaﬁHﬁéﬁbﬂﬂﬁgS&Q@QXMEQQMCR%deﬁ@c@ﬂﬁ%@c'ng
agents. However, this invention is not limted to such food product

manuf acti@pstagedokend seand fem thasystemdionarnligesios s siparsinasol cnhancissaenisus and
processes of this invention can be used as a WO
2011/ 117013P&DhbERPRE pi hg3uveationaprdicsetheneng 9$tn€8rfp f@uﬂcm o@c@t@r@meomg the

enbodi m%“énté"&lﬂh g){n%gr I'Ha%fcglltféﬂédrcﬁﬁglgtu({l %1;151 apg %th | Caa?%{g)e d?s f ood

services %tens
coulid beecﬁmallglfeebaqﬁgllebypﬂefmddthmaamioéleam (ﬂaez@ys&mmnﬁ@fs ﬁllﬁﬁidn&attyp&n or
s of the invention ap

di spensing of en r at

enhanci 1% a@a&@q}ﬂa Q5 THPS é@a@g@uwl PRy h e dyentan {jide B GRdinor mor e
cont r ol lgdrdraRriilc ﬁ'éz%&eﬁ@zcﬂ%/ Readgoll &rbpl%h&gﬂ&ém% YOR1s ATRPERERE piczo

10t echnol ogi es bei ng | ess Perre d than piezoel ectric (piezo) or

cont i nud@@elqsanaheaé&)wﬁeé}n thy Weml@p@ﬁﬁrqﬁgablé@wﬁg pbpod grade rlinattcﬁ@lsﬁbaltlvwwnﬁg but
w t hout ¢ %ﬁh &8 wifhfic érﬁl\é %&n{s%o HeSG Beﬁo&{‘ 8¢ Th- %ft ndHk blPhg nozzle,
pi ezo-typ ontroll ed- drop spensi n ead e preterred plezo

di spéns |cngmh>enaaibr zmaéable formhetlmgmmmpattmmaar&l the hkeomﬁjoyl pnatiets ofithf caldde,gr ade
mat eri al s .t ha rade qr. react w he enhanchv% agents to be

t
appl i ed.V' b4 ’r“éa ca *Fﬂ%efie g Oyran tnﬁsqﬂoaw@%ﬁaﬁmtanaﬂn SFUR (I f or

pr i Nt i NGhds@Xtat hAtsh BToNS] yandiikdBuill ipkeAids irRAdifdr asidsks sivfidd t@diohl hd té si bl e
i nks, can be adapted for use in this invention With at |east certain

enhanci A§chgents (i.e., those that have sufficiently ink-like fluid

properties including VISCOSIty, surface tension, and the like).
Enhancing agents are preferably compounded with carrier fluids selected to foster proper

20  droplet formation and propertics and, if possible, to be compatible with existing food-grade, ink-
jet printing heads. If enhancing agents are already supplied with carrier fluids, the as-supplied
carrier fluid component could require modifications to foster such proper droplet formation.
Further, enhancing agents, e.g., aroma, flavoring, browning, nutritional and similar enhancing
agents and compounds, are preferably applied to food products in controlled amounts, ¢.g., in

25 area concentrations from about 3 grams/cm® down to about 0.001 grams/cm” and more
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, ¢.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

30  during heating, e.g., appearing as the food product had been grilled, roasted, seared, and the like;
nutritional agents so as to be properly incorporated into a food product and not degraded during

heating; and so forth.

Achievable coverage areas and patterns are generally determined principally by the spray

patterns that can be achieved with the available dispensing head (ex., by individually controlling
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Enhanci ng agents are preferably conpounded with carrier fluids selected to
foster proper 20droplet formation and properties and, if possible, to be
conpat i bIwowntihmiexBdsti ng f ood-grade, ink- jet printing Reag0ifosgahanci ng
agents are already supplied with carrier fluids, the as-supplied carrier
fluid conponent could require nodifications to foster such proper droplet
formation. Further, enhancing agents, e.g., aroma, flavoring, browning,
nutritional and sim|lar enhanci ng agents and conpounds, are preferably
appli_ed to foad prodycts in. controlled anounts, e.g., in 25 area

conceént RARFIBAENE g MUABRIE oG iiossh catmE BB DasTaan BF HEREsand
nore pret&hdRk YachioBt M Aikheri RAB AkdTihe ARV EQ1 RBAUL b nRYBd SHRIBHEE e

Furt her, enhancing agents are applied in Selected surface patterns

pr ef er atsheh Whosewandsdprenrsnépativans ang pisieblepehicved by pravidingmiliindd ng agent s,
e.g., ar i reas -

ol enso oy el Hh aR L b D RS p AR RN Rori s FRe Tl FIALE

cont r ol IMudtiplpdtidsrca dlsbapopninmuitipdé digictent Shadeing agentseat|, agplyieg g brovappear i ng

as e foo oduct h bee rill.ed, rqasted, seare and the |.ike;
nut 1PE; oRat SRS e HESMsE! fiot e paRR ebisRERLE Y Bty BoRVSSr oduct
and not pdgggaded during heating; and so forth. Achi evabl e coverage
areas and patterns are generally determ ned principally by the spray

pat terns thatrhg ashtRlc QR By AekpWhsidy HBE oplalit aRlperelaBIReBRId1GdRRAthE &1 . bY
individually controlling WO 5011 117013PCT/EP£b11/0 1731 5or activating

the mul f¢-ph By pettalling whigh nerslegito ewiveicagé ware tesachirielc st Bezatestncanéobxpanded
by pr oVig ér:['&gs mﬁ%?pofnﬁ o géﬁ orgftlﬁgtrﬁﬁ%n%aggggzigg(Poc;[d}b?ocgﬁ{sq%odfif%&q ahf/5f® o be

noved w respect to eac expan eas ‘and patterns are

pr eflér alphykagmigicempdndmys) go that elihageingihdenpl can de spensicngtdeagdict hadisgasede used
to apply or di spense concurr.ent onto a Si | e foo r oduct l.tiple
neads. ¢ 30 St BEBP S noT FBHIG: th s Breshe cah avERA e gehian. e e Itsp Py ng
br owni ngnidRageNtO¥eBsprdiecad WeIERAE nttncinb Qo OB the SmbRAHerVIBAMaRJarRIthSLR
agent to the product's (active) packag The control | ed-droplet

ng.
di spensil¥iy thepigtcafedeaienmemalsiieriruph Iys t%@ healdlimpairaer of apaiay Barkee who by
control lhng b%'t}fér'bx@é%ﬁ %h}%%cihg Sg@&é. V@é}é?sﬁé(s }ﬂ:r 's}ﬁ’gf\g? tPoRGE frellﬁttﬁ‘net-ﬂa%ﬁe Hpgz! es)

by control systens that res to se mat 1 on characteri zing food
pr od0ct soffentonal s@ap oaatdmhomatidibpatkagi ng conponents) so that enhanci ng
agents can be nore accurately applied or dispensed and so that overspray,
i.e., outsid8udfschbe ibfarmatonaaeac of a feey-dorehatdieatdro cbarhdtetiging afooderédict her
m ni m zed. CNersPG%%pcan 4e|ease enhanckgg}a ents. into th

t do*

. anbi ent
envi ronkERt 1 4GHE RpYr fienegs Py TonTiRee VATHBR HE RS I%é?oﬁn;glc‘?f‘ gndgyc h as
t he healokiBnthfidia it RRpe@to AE@sPIsWRIHEE for WBRIsE AHl &b Rir@atlRrRcEs Ssefhanci ng
agents. Overspray is known to occur fromtine-to-time with ' '
information can also be of a feed back nature obtained by sensors during applying or dispensing.
25  Feed forward information can be used by the control system apply or dispense one or more
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
30  invention. Here, solid arrows indicate flow of food products and open arrows indicate flow of
information concerning food products. Processing of a next food product begins when the
apparatus receives 41 the food item from, ¢.g., previous manufacturing steps or stations. Sensors
44 detect, at least, the presence or absence of this next food product in the vicinity of the

controlled-droplet dispensing head heads 42, and preferably also provides further information
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20conventional spray or atom zation systens. Such sensor information can be
of a feed-forward nature characterizing a food product prior to actual

appl yi ng wo 2diigipensi ng, for exanple by representing itsPCYEP201100S17pDSi ti on
and orientation with respect to the dispensing head (or heads), and so
forth. Alternatively, sensor information can also be of a feed back nature
obt ai ned by sensors during applying or dispensing. 25 Feed forward

i nformati on can be used by the control system apply or di spense one or nore

enhanci ng agent ccording to the type of the food product, and also
accordi rg"t6" e @e%%%qo I?YPQHF? é‘ifg‘ B @H{%aﬁqsﬁh’n( yentation, %é‘ 5P g"‘?‘h- nfficpgdence,
over spr ayleastfiepalt, RaGs sk O IIRrm@to £ 8bhthYIcHELEL tiNc! BRI &atblkab tl@ékﬁ&&ﬂ%ihg)

prevent or correct processing m stakes, errors, and the |like. Fig.

illustr él?@l;wtdwe@@ﬁg@ enthapding agonklor 4gqnésg opfthe feed prpduetas - gis o e cEitdeakioad of
this 30i.nvent.| e Ld: 2 vews, dindhs f ofy f d
open ar#%%gﬁf%’|c%%g%g?giﬁg%gylfornaf#%%hég%ggpnﬁggangggg%ggﬁg%%ﬁ%b&f

Pr ocessipngluof is @assek 43 foofadhgmuouéictunmgisteps wheationke appar at us recei ves 41 the
food itemfrom e.g., previous manufacturing steps or stations. Sensors 44
det ¢0t, at | Sasdors 4dh@npichskntetromcadancenairs, optical saxbdrsf aoprgeadiyct i n t he

vicinity of. the controll ed-dragpl et. dispensing. head heads.42, and preferably
al so pr OVAHBS STHPT AR 4S6FGF Rl O8R! WS_“%@ %?Fif?%%@%w@%ﬁ%ﬁ’wﬁch in
Sconcer RhBgmb&EmbRAY pRIGLAMELIHIS WadIRS! dnll SodotBeh mRRSHE drfNnp oLt AtdrRABes. and
so forth. In dependence, at least in part, on this sensor information,

cont r ol Heut aBerfaees ¢aatbeforngecivioa serybsindrmatien wicEh dordeethforead of eedibsgdense t he
enhanci . . . i . - 2l ned
food 1 t S BASEhid AipRARESLs Ofh N6 LARMRNE Cllls A HoroitRl bEZPAA O
t hedéby hemisand ethef codpqmentd o€ theiappgratss elihfetBhation fingr dolenands dirt @at torand grost eps

or stations. 10Sensors 44 can incluﬂe &Lect onegchani c sensors, optical
sensor s 2N QRESF S¥EH b exchapggT AgOhs BPIMSTrgrs 2 Srogsmy 8T orsstnedhe %‘5’%&0 ms 45

can inCk%ﬂ@n@a&@@ﬁ&khmﬁkﬂg%ﬁﬁﬁnmﬂ&&ﬁhdb@mﬁﬂﬁm@%ﬁ@ghﬁfﬁhnh&nﬂﬁ?ﬂﬁ%ﬂ&ﬁhbﬁ,
has | ocal and long term nenory and input/output interfaces. |nput

i nt er f ab¥shepiagwanaple dexicsi \Arsgifisdhys Bie coprddsigenpepnsamplenicgtedfasad f or war d
foed back. . : sea
or Teedg %;f&ilz&%h{bg{ided%h &k?%%gta shﬂéb%ﬂlg&ﬁ@ggfg@atﬁglﬁg };0 55&«6&;@%150@ dfnl s

signal s control i ng the di spensing er co nent's of the

a atus. | i : I ed t : n
2a0be " excnihgai s FheBhER TR URe RIS TI R SRR ARG U Rhcel
cont r ol tlsy ptewidedmagdye fSd@r @dducts, boh gt kest panefre gtoanidprbgrame i plement a vition

short term ry . for execution by the progr bl e. devi ce. .Specifically,
The. contVaTm SR A SEOP I e e nang FRRTELN e aen g Bb g o e
cont r ol lr&fognigéd Pagds. S$lich@klu¥traPhkiod 4yRemPhrdi PG BE a kn6WM hd EdRMckRMpUt er .
20l n preferred enbodi nents, the sensors include canmeras (and ot her |ight

sensi t i wEaidlgigdgart hat provi de i mages of food products, and, at |east part
of the stored prograns inplenent a vision systemthat perfornms food-product
i magé recogniNekb APt warwdiadntseighaprogesnesraat apparifas elFigm akacscaibeognithed

Lgam%gf . ir«%&%&)} t% \f/’ Fagi vgllwir%i fii %{1 glr?%t_?&t&“bsan%gd BISBEHS AT 2k EntAOND 280K (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
30  products to and from the processing station of the present invention, stations prior or subsequent
to the station of the present invention are not illustrated.  Alternatively, the apparatus of this

invention could be configured for standalone use in, ¢.g., a restaurant kitchen where products are

manually transferred.
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25Next, specific enbodi nents of the processes and apparatus of Fig. 3 are
described with respect to Figs. 4-6, where: Fig. 4 illustrates patterned

di spensi myoabiian7@ahanci ng agent (or agents) onto an al Peagp2@nepased food
item Fig. 5 illustrates dispensing of an enhanci ng agent (or agents) onto
a packagi ng conponent, and Fig. 6 illustrates di spensing of an enhancing
agent (or agents) onto a food itemduring preparation. In these figures, a
conveyor transfers food 30products to and fromthe processing station of
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Coats LT RBSH PRBRaai: BPRL Rhn SRR ol PBLLHR frashiGes "
wi t hi n mhasng@e Heke, thepatitspeziang Wieddpartibiieemphe Paldseitd assrelghgthen th a

particular tenplate is illustrated as overl a%iinng the tenplate; in
oper at | GHMPIREWB\PEFTatipIgEE Vi ciiisiegegcFived fehieisnig Wasld sothgre PAGESpast el ns,

as such pather NS, AN er Alp¥ns ﬁlghggﬁ%ensi ng and heating. In nore detail,
i1l 0

three tenplates 58 i'ndicate grilled food itens and are associated with a

20f i rst br owsi i Yy : ! Lk Gkiong gril |
marke: t ompl i DG RRTh HbhBRR SR e L 0B £ BSofTal 30
assa@oi atfed brdwinngagmc On desbivoimtd mogand gratit paftems mesérkugy grilbabiks aodplaictdd a nor e

i f pat t i mi,cking th ults of broilingl ting/ ing.. . Th
T S A T T A e
conpri secsiviralb} hikbwidh a RREZIBH @ batthaimigackiketht Reund skual | y and

i ndependently controll ed to 25apply or dispense, the dispensing heads being
suppl i edPreibpgroapigngfsepane. g 1@1@@@%@ PP HNHF ngudes two dispensing heads 62a and 62b

which comprise pluralitics of nozzles 61 that can be individually and independently controlled to
25  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

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
30  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
reservoir 64a in the associated grill-like pattern. In the absence of further sensor information
(c.g., feedback information), dispensing head 62a is activated at a fixed time (depending on
conveyor speed) after the food item is imaged. Similarly, an approaching broiled/roasted/seared-

35  type food item will be imaged and matched to template 60, and when this item moves within
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agents, respectively, fromstorage reservoirs 64a and 64b (in the
follow ng, a dispensing head coupled to an agent reservoir is referred to
as a "di swensimgshnead- reservoir assenbly”). Stippling 6BCIriHPRGI0&L786
dropl ets generated by activated nozzles. An approaching grilled-type food
itemw || be inmged by canera 54 and matched to one 30of the stored

tenpl ates 58, and when this item noves within range, dispensing head 62a

will be activated and controlled by processor/imge buffer 56 to apply or
di spense t he browni agent. in reservoir 64a i.n the associ.ate ill-1ike
pat t St n e, GiRRenSIEE BFRAE Vil P E R SOl v Whcpergmace kb ik

i nf or MataheR)or dRHSRE AR NEwRBR Ao B th eSerdsit bMAMeRL AkoRatbd rf. | A@ik, dependi ng
on conveyor speed) after the food itemis imaged. Simlarly, an approaching

br oi | ed/ebtsast eldugbeserpor Bormaen fdipaniinekradiol ispstivatedad faied tmet ched to

t enpl at . .S, 4 M T-hi . .

201/ 11 S4TEF S0y robSh bETARDHE it iThBaecince tesizes mnd shgpes. 00,
and contfoal iteah Haye bbm derconasd eribr waljechnifid eecd forvapd imodoy, tiditspemnag agdre

browni ng agent in reservoi 4b in_.the associ at.ed pattern. Again, in the
obodllce bt B¢ tinvisl pt SRS oo b res e SE B RG! Bk mind B afhveb bt
a fixed ifto iR drfEPRAEHNGoQNit&GOBY NBrappREEH WAk @feritdBeh PRGes! dnSfbt bt drmaged.
Since the sizes and shapes of the food itens have been determined prior to

di spensifiigher megdfaf@Finar d node), the browning agent 10 can be applied and

di spensed only to the food itemw th m niml overspray onto the conveyor or
into the envilt Bhtkenembadapents. tlemarparaifstof Fegppicheble enndighicddo digeamsea singls passes
on for ef: ' - It E S he
appar at Gevshe il BEGERRACh KRl pooordine @ I RineBPRENTER o 2 et

i n dbff elispotseplate er mereskff@cttddoaciogaghinmg ot © diipbherasmiglt hpeningfagtmatbngt ens,

or to 15djspense three or nore different brownin ent r to,.di spense a
i ngl e BYUVITOHE! SERTS PESAY Sl St S ST ! 25 uriger addibepel o
agent Offecd Habk §dnk bRk maERNan bEWESINRE (feddiBtckingitid) toftBE EoRRE &Kys BB

i nformation can be supplied (feed back node) to the control systemthat

i ndi cat éadigesrvhenganagticaiar fpodfitsayhastagtiphynarriyed wahinrangerqf aglispgpsing beagange of
a dispeQ§%ng§§@qmg@§g%g Re5orQ ef:g]yanges i n conveyor speed). 20Fig. 5
yl ng” or

illustraté&s app I spenst ng” an arona enhanci ng agent to packagi ng

conpgnent ?8?9%§é?usga%§%ép‘g§ﬁpﬁgpgﬁ en%g%ﬁ‘%}o’ﬁ% &%Figc?{gi%ﬁro tp%gg%!ﬁg% al ong

conveyor eca r s ofily a sing i ng

conponerbmpbnehtseitidapdha@éeresinaer paskdginehgonads, phong dyng doavgonV&yHere, and

because btepa%sea ‘[rh(c)tre:rmls gl%?’ ralltsir{g?e t?lBg l)tl fag:kég?ng,;[ po?n O%grll(t% istggda%&llggglgee gttrainsr}er?ed
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

25  packaging component passing along the conveyor and then activate dispensing-head-reservoir

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.

30 Instead of or in additional to this feed forward control, the apparatus can also include
sensors useful for feed back control for, e.g., sensing when the packaging component has
actually arrived at dispensing-head/reservoir assembly 86. Exemplary optical-type sensors are
illustrated within oval bubble 95 and include light source 90 and light sensor 94. When a

packaging component has arrived and is within range of dispensing-head-reservoir assembly 86,
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fixed pattern, canera 84 and processor 88 need only recognize the presence
or absence of a 25packagi ng conponent passing al ong the conveyor and then
acti vat e Wo2pangrng- head-reservoi r assenbly 86 when t hePCE®EPQOII1H8131
packagi ng conponent is in the range of the dispensing head. Accordingly,
the aroma agent will be applied only to the packagi ng without waste or
overspray. The apparatus of Fig. 4 can be used to di spense an enhanci ng
agent onto a single type of standardi zed food conponent passing al ong the
conveyo

r.. 30lnstead of or ip additional to thig feed forward control, the
apparat frERahin B lﬁemﬂa@ Bl petheengaamppnonting s Orb%{w”crsm% ey, . g,
sensi ng iMiRRatdityReekiAgh PRsGREIPRAANH VRSP REEIS dYcal tkdn\e@BvaAd the dispensing
di spensi ng- head/ reservoir assenbly 86. Exenplary optical -type sensors are

i |1 ust r &eed ipflepgndeneg an thiupeicacogenphdFeaddtamye2 withlapplicd ireea-ogagaias peeght

sensor | has arrived and is within range of
di spens?ﬁ%ﬂ%%g9?5@2@%@%“@%@2%%%@&% WD 2011/ 117013PCT/ EP2011/ 051731

5li ght beam i1 i ] b um nat ni S i M S or.. 94 will
respond to t %lghs? ' 1}IL1%'n(1£ 1r1]1§€€|1‘ag% a‘ggwleurgaat ‘ﬁﬁ%"‘f"g}%})? ggnce%giﬁgﬁfé?%gt?oﬁ ({‘ﬁ?(_’({ tem
Prodéssan. §Biscand itdie s jaearacbtiyecxittudindide pehn Sillivg;, bethd like mtde pencaeswe maiti-t hi s

presence signal . od item52 w.th applied arjoma-enhanci ng age t hen
passes OF°f ﬂ%nadlpgé{lﬁg?nafaaﬁ gmﬁnﬁfﬁﬁw Hetapimgus f@?ﬂﬁ?ﬂﬂrgb?o §§93@e?9r%§9rat es
appl yi ngu@inpWt¥itd 7ORAlIchABEME od btk B doRBn RS B @I IrMBoRntd pdohd BM 1070. This
food itemisS prepared by extruding dough, filling, or the like into a

cont i nudaekagimgl For cxampds, seshirrdfoed itemispeld compeisdybrerdiiyp demiingyhidhecagont i nuous
band or _rj y : ' [ 7 [ Ml . cuts
tho- contrhuaeoodl ofe THENR ool ol 16 SEH patin dr WDkt HEe B

suchSa ffealitdnt enwiiol bake entmalers@aant Kéasbrig/foexirtdmiop andbotim dagh lepety uder s

66a, 66b, .and 66cC trude di.fferent |ayers of .a dough; ould conprise a
PUT oa Ryl SatRe B BRI f o et 200 o Dauie b s o eE o irga b

ext r ude wH¢h @RERRIERM6E aklObcH &YiRHS 19k e tRehkdRIlc SR dYoUlesdR ahi | 11 ng

| ayer; or could conprise a cake-type food conponent in which case extruders

66a and@8B® extrude | ayers of the cake while extruder 66¢c extrudes an
i cing. Dispensing-head-reservoir assenblies 72a, 72b, and 72c apply
enhanci ng ag&htrsniipg-hepd-reesyaif aseemblics daey2bxandde dpplayeliancing agents to thyr

exa%l e’sur%cle o%@%%x?rﬁ&é%ﬂ%ér?& tu%?.!JIFgr @)&Blp\{'e, M heB assemblies could apply one or
more nutrition agents; or assemblies 72a and 72b could apply one or more nutrition agents while
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,

25  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

30  more slowly extruded. The enhancing agent can be dispensed continuously or intermittently but

periodically.

Advantageously but not illustrated, the processor/controller receives sensor information
concerning the processes being controlled. For example, the process/controller can use feed

back information concerning the actual thickness and/or speed of an extruded layer so that the
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nore nutrition agents; or assenblies 72a and 72b could apply one or nore
nutrition agents while assenbly 72c could apply a browning agent in case

t he food woemwmaresbaked (and woul d be enhanced by assum®Cm@Eraoihakedl
appear ance upon heating); and so forth. Processor/controller 76 controls
the extruders to provide continuous bands or ribbons, 25 and al so controls
t he di spensi ng- head-reservoir assenblies to apply or dispense proper
anounts of enhancing agents. Preferably, each pair of extruder and

di spensi ng- head assenbly. (e.g., pairs _66a and 72a, and. 66b and. 72b,, and 66¢c
and 320)rat8§P Eﬁ%lag-ﬁ%faﬁ 565%%@ Cf"ﬁ &Om@ﬂlsfi NS AYRCH ﬁ"‘“é?r?g cgangigdn thieng
agent aFéFé!rﬁd‘e@tlﬁ}QB. A[t@rn%&ﬂ}gmdmb&lsyccﬂﬁl%ﬁ@ﬂ dah QB@fecl PorRhABhforRatiord (*1'1%rﬂ it ended

amount of enhancing agent 1s applied per unit area regardl ess whether the
| ayer i SMBEN QL WHIEB SYEpERdiopc@pIng tirppiegalysibiay cetkyded dogr sorthat, svhasseng agent

can be di cont i I r..1 rm at Ly . r-i.0di :

Advant agepugit e iRE ARSI cabt F et ALY CenRRTHP LGB ofvolg,
sensor iapplgmgeal depersoraataihngotegorpironte siesivibenmentcont rol | ed. For exanpl e,
t he process/controller can use feed back information concerning the actual
t hi dRness andi anrthspeeftrod cabodixichtddednglayanufactutih@tind @ inddporate two of
2011/117013P§I/EP2011/051731 5r3§e of %gﬁan9ﬂ$ - agent di spensing can

cont r ol I"&d° P the ABRATEUS AN RIpeFses AysEatse ek e -%BOYteéa‘PHl& ® Wﬁa’é&gF’&fé‘i‘.

Al t er natp ihived dr ARpEI:OE 65 & FERNtdnPAdcEFdifaD Fis &, fikedle Eatanedadtobd ftéth ¥Bt bon
(froman imaging or vision systenm concerning the integrity of an extruded
| ayer sdaekaged injapackagesamporsnt it 9n gront aegkisipphed #reoigiiertadiesl St ayer ,

enhanci ngr di j i rr i Loy 3

i sponsi misranyy ) BREARNc BEabliol of UEheed il TR AL R -tayer

pr eflér r écbdeindno pepanad sccoadisg todiig. redmf ordinanggkilll widl apareciateabatgortlatr sudhwo of
nor e of th%.agﬁﬁratus anﬂ rocgﬁﬁes illustrated in Figs. 4-6. For exanple,
a br owni°AG°8Y Sg%ﬁwuwgt‘ﬁgpp% 9f "y ¥hsed on a food item according to
Fig. 4, and the enhanced food item can be packaged in a package conpopent
with an aro haaasﬁ T %Oéﬁnﬁ‘gasc%ﬁafi lﬁéjefft@}lﬁFiﬁ“bS‘? abQve op et FoB i se B ng
agent CafvcRBoRRRké B OEmIHBRENS £ IRRERM HsDY sdvRrdt pbferfbdla@pRtsBilthd inl@¥ih.

15f ood |ten1prePared according to Fig. 6., One of ordinary skill wll

appr eci dte adhigeleniambpdimentcare cuensicn sa bowshiartke siophofithishevestiopelndécd he

| VAL Qrious modifidREnPEAREHEhSTRAGNIEN NSk hi\Gn LAYEALHEN rsETLbed above
do Aot Imt The scope o e i nven I on, since ese embodi nent § ar e

i 11 ustr atteroats vedfub@wehi@dtiops efthe clecheats dectibed fwill heconevppiicotto thARy slatjed wnal ent

enbodi m%}?et asrt f%{)r% tflenstu sne%%gnttd%sc?g)ti\cl)%.t gflc% r;[lcbcﬁﬁcsa%(())gse ar(e)falsg ri1r|1‘[gn({eg\t/oe Eltlll V%Hﬁn l[hrédeed’
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.

25
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20various nodifications of the invention in addition to those shown and
descri bed herein, such as alternate useful conbinations of the el enents
descri bedvownil1ibesone apparent to those skilled in thePaltEPRo10M5LTRE
subsequent description. Such nodifications are also intended to fall within
t he scope of the appended clainms. In the followng (and in the application
as a whol e), headings and | egends are used for clarity and conveni ence
only. 25 WD 2011/117013PCT/ EP2011/051731 5 THE CLAI M5 What is clained is:
101. _A nethod for applying an enhanci ng agent during food product

nanu?acturing whi ch conpri ses: receiving a partially-manufactured food
product ready for application of one or nore enhancing agents, the food
product conprising one or nore food= IMS activating a

control |l ed-dropl et-type dispensing head to propel droplets of an enhancing
15agent R Qs siligcliged product, the droplets being propelled in controlled
nunbers and sizes fromnozzles in the dispensing head, the enhanci ng agent
conprising a browni ng agent; controlling the dispensing head so that

t he enhancing agent is applied to the food product in a selected pattern
and l@nount ; and peivd dirngplyhg deobanpmgdgett doong faosipngducheaerfhamtignghialgent
for further .manufacture. 20 2. The nmethod of claim11 wherein the food
product PUPHHEr conprises one or nore of associated packagi ng conponents or
food items u?&glrvgrllgnagpa?ttia{lfj 91%1grguefl§c'tured food product ready for application of one or more

enhancing agents, the food product comprising one or more food items;

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

nozzles in the dispensing head, the enhancing agent comprising a browning agent;

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

in a selected pattern and amount; and
providing the food product comprising the enhancing agent for further manufacture.
20

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

associated packaging components or food item supporting structures.

3. The method of claim 1 wherein the enhancing agent is dispensed onto an exterior

25  surface 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
agents onto or into the food product in controlled numbers and sizes and in selected patterns and

30  amounts, the enhancing agents comprising one or more browning agents.
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3. The method of claim1l wherein the enhancing agent is dispensed onto an
exterior 25surface of the food item 4. The nmethod of claim1 further
conpri si yoaetvnaidng and controlling a plurality of PCT/EP2011/051731
control |l ed-dropl et-type dispensing heads for propelling droplets of a
plurality of enhancing agents onto or into the food product in controlled
nunbers and sizes and in selected patterns and 30 anounts, the enhancing
agents conprising one or nore browning agents. WO

2011/117013PCT/ EP20 0 1731 nmef hod of cl.aim mhereln t he

enhanci ng aggr i Selion S ad Sl %< %inF?th%‘B%? Y. BOIGrBhErEne to

about %gasmaioqrgeams/cm toab@ut&“grﬂ?ﬁ&/@ﬁa for applying a browning agent during
food product manufacturing which conprises: 10receiving a

partial | y-manuf actured food product ready for application of one or nore
browni ng agents, the food product conprising one or nore food itemns;

acquiring i n%"%”i%ﬂh?{i‘ fogag@gfnl@ LWl %g&ﬁhﬂrg;?gnfogﬁg ogﬁ&q{fa%ffacanng which

activating a contro et - type spen to prop rop ets of
t he br owninpyseagent onto the exterior of the food product, the droplets
bei ng propelled in controll ed nunbers 15and sizes fromnozzles in the

di spénsi ng headiving a partidlyahanifidturgd fdod pdedpersdyniyr hgdatasa ¢ffvat ot herdr owni ng

agent lied t roduct in a select attern and anount;
wher n%f%@fpa%%e@thﬁgoaffm@%ﬁf?%?ﬁlﬁ%%%%%?f@ﬁ@ ‘at least in part, in
dependence on the acgﬁlred i nformatjon; rOV|d|ng t he food product

conpri si ng t AT RE HYericeaImer ’ieﬁi‘é‘fe %P’é?é’rlf}rn ng. 20 7. The

met hod of claim6 wherein the cquir i nfo tion conprise di cati ons of
the presence8#vaipeafaErodied4rg pi%&yrﬁrcﬁm%%mg é%g (QREOPE] cgip oplpa ng@g’é‘h‘@?l% head
i's acti vatRdn@nde gaawrm&%s@pl@uwem@amw&s B AGIcB G BIntONE Y niiiss @ T ood

product s indicated resent. The nmethod of claim6 wherein the
achﬁre@ndﬁigwﬁﬂanﬁﬂﬁﬂnﬁ ﬂ@@ﬁ@gh%@s i ndi cati ons

controlling the dispensing head so that the browning agent is applied to the food product
in a selected pattern and amount; wherein the activating and controlling are performed, at least in

part, in dependence on the acquired information; and
providing the food product comprising the browning agent for further manufacturing.
20

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

controlled to dispense the browning agent only when a food product is indicated to be present.

25 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
and controlled to dispense the browning agent only at the indicated location and orientation and

onto or into the food product but not beyond the food product.

30 9. The method of claim 6 wherein the acquired information comprises indications of the

type of the food product, and wherein the dispensing head is activated and controlled to dispense
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of the location and orientation of a food product, and wherein the

di spensing head is activated and controlled to di spense the browni ng agent
only at twe2ondilcased | ocati on and orientati on and ont oPO/EP2410/051781 f 00d
product but not beyond the food product. 309. The nethod of claim6 wherein
the acquired information conprises indications of the type of the food
product, and wherein the dispensing head is activated and controlled to

di spense WO 2011/ 117013PCT/ EP2011/ 051731 5t he browni ng agent onto or into

t he foo roduct in a patter d. ampunt. selected, at least jn part, in
depeﬁdegltfngBWn{nﬁé‘gWﬁ&g&r nftﬂ@eﬁgsﬁp%?%ﬁa{&? pattern and ameynt b aHBE S cl ai m
9 wher eiparttiRRIcRAIERL it §B¢ BEhEhAGHRAIEENY to the cooking expected for
food of the type of the food product. 10 11. The method of claim9

wherein the pattern conprises one of grilling marks for food expected to be
grilled, roasting patterns for food expected to be roasted, and searing

patterns for 5o g-ﬁfh%%?glaﬁﬁ@ %e?z&?{hﬁ?att&? 12sclclR a%ﬁﬁ%to"ﬁle ?&dﬁéﬁﬁ@ 6

wherein the acquir i nformation r conprises an I nage o e food

pr oduct cxpawtbdffar fohd of themye itgfoodatodhétng t he acquired i nage to one of a
plurality of tenplate inages; and activating and controlling the

di spénsi ng head to apply the enhancing agent in a pattern and anount
selected, at least in part, in dependence on the nmatching tenplate image.
20 13. 1AnTappathat] vf clhon 9 aybeteyn thg pattdyn ovmprigs ageof grdling mgrks dadopd oduct
manuf act ur i ' a.transfer neans fo transferrigg f ood

n ich. c ri.ses:
pr oduct §XB%9FFg’rt\é\gF ﬁ{j”ifﬁggaé?n%%aﬁtémlsé%fof)? ERECR [PRIOPHEIN AP EAEBR RFIATHNIOT f 0od
product Sodd apséied foast ke he apparatus being ready for application of the

15 12. The method of claim 6 wherein the acquired information further comprises an 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

13. An apparatus for applying a browning 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  browning agent, and food products transferred from the apparatus further comprising the

browning agent;

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

30  dispensing head; and
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25br owni ng agent, and food products transferred fromthe apparatus further
conprising the browni ng agent; a control |l ed-dropl et-type di spensing
head i n fwoi2diicammani cati on with a reservoir hol di ng t heChmpasitogi7agent for
propel ling droplets of the browning agent onto or into the food product,
the droplets being propelled in controlled nunbers and sizes from nozzl es
in the 30di spensing head; and WO 2011/117013PCT/EP2011/051731 5a
controller for activating and controlling the dispensing head so that the

bro ing agent is lied to the food. product in sel ect ed attern and
S acowmlﬁgﬁga PFaPas C%ﬂﬁmﬂ rigiths dispappie Bl Sorfle the Browning agent

cont rol liegsyle@r] @t féoﬂﬁﬁodiicﬁﬁehrb%le@ﬁdlfbﬁﬁ&nfaﬂd hfiedntconpri ses a food-grade

ink-jet-type printer head. 15. The apparatus of claim 13 further

conprising a plurality of controlled dropl et-type dispensing heads in fluid
connunication with a plurality of reservoirs hol ding one or nore enhancing

agents for piapehlknarAOELS 18hik e BlUbAkll REpIENDANGABSAGRRLS onto or

into the foo prod In contro ers an ected
patternéhmmmcampwwﬁ9ibmhga¢5mhhaﬂwpm@magdna@ conprising one or nore
br owni ng agents. 16. The apparatus of claim 13 further conprising
sendfrs for acquiring informati on concerning food products transferred to
t he apparatus; and 20wherein the controller activates and controls the
di spensi ng héadshe aprdependetie,l3durtheeashpiisingapluralonof datradglidopldt-type
i nformation
dispensing heads in fluid communication with a plurality of reservoirs holding one or more
enhancing agents for propelling droplets of the plurality of enhancing agents onto or into the
food product in controlled numbers and sizes and in sclected patterns and amounts, the

15  enhancing agents comprising one or more browning agents.

16. The apparatus of claim 13 further comprising

sensors for acquiring information concerning food products transferred to the apparatus;

and

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

in part, on the acquired information.

17. The apparatus of claim 16 wherein:

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

25  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

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.
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17. The apparatus of claim 16 wherein: t he sensors further
conprise an i magi ng device for acquiring i mages of transferred food

25pr oductwp 2anct17013 the controller further conprises aPpT@EPe&IIOFI7PALLt ern
buffer for matching an acquired inmage with one of a plurality of tenplate

i mages of food products, and the controller further activates and controls
t he di spensing head to apply the enhancing agent in a pattern selected, at

| east in part, in dependence on the matching tenplate inage. 30 WO
2011/117013P$%/5§§Q%1/ 511%1.518. A food product havigg enhanced .

or ganol ept i c [pr 6p@pPed Predugiauns fphansiiarr&anollic RE P A BTSSRV AYC FOddng t em
and comPriih@wni ng agent applied onto a portion of an exterior surface of
the food itemin a selected pattern and anount, with the browni ng agent
bei ng sel ect gg,dLitds-Qviide a visual 10difference to the food itemduring or
after mcrowave heat’i ng. 19. The food product of claim18 further
conprising o : j:t b I i i ar. into the
Food 1 tem wEh e R e P e T 8 %or ovi e
an ol f astleetyd patfefrearslhrmequnwith thebrowtingrekentdictigecknicd fo povidotlvisaal ol f act ory
and 18 n"c'itlfrfirtril ortla%Jde' iftfntlar ence t }rrr\ﬁe rf ogd i tem during or after mcrowave
heat'1'ng. crenceto 36 1oUs e mduorige0 or ermrceo\?'ov&ilegr &e control | ed-dr opl et

di spensi ng heads, e.g., an ink-jettype printer head, for dispensing

dropl ets of one or nore enhancing agents onto a food product to enhance the

organol epti c properties of the .fo oduct,. the organol ept.ic properties

"ncl uding t D20k el i SR 4 BT PP B Py 2 st PaBiCEoduct
agents applied onto or into the food item, with the additional enhancing agents being selected to
provide an olfactory difference, or a nutritional difference, or both an olfactory and a nutritional

15  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

20  appearance, nutritional value or aroma of the food product.
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