
WO 2011/117012PCT/EP2011/051729 5ENHANCING THE NUTRITIONAL VALUE OF FOOD
PRODUCTS FIELD OF THE INVENTION  The present invention is directed to the
field of food products and food product manufacturing, and specifically
provides enhanced food products comprising enhancing agents, 10and methods
and apparatus for applying enhancing agents to food products using
food-grade, controlled-droplet dispensing heads, for example, food-grade,
ink-jet-type heads. BACKGROUND OF THE INVENTION  The appeal and perhaps
even the taste of food products are enhanced by proper visual 15
presentations, consistencies, and aromas; their nutritional contents are
enhanced by preserving naturally-present nutritional components during
preparation. However, food products that have been manufactured from
ingredients, packaged, and then further processed during preparation,
especially frozen food products, can have less appealing presentations,
diminished tastes, and degraded nutritional contents. For example,
re-heated, previously-frozen bread products can 20 have unexpected and
unappetizing consistencies; 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. 25For 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
2011/117012PCT/EP2011/051729 



5suitable for food product decoration are also known. See, e.g., 7,166,153
B2 or US 7,608,141 B2. Despite these arrangements, further improvements are
necessary and desired. SUMMARY OF THE INVENTION  The invention provides for
a method for applying an enhancing agent during food 10 product
manufacturing. In an preferred embodiment, the method comprises: 1)
receiving a partially-manufactured food product ready for application of
one or more enhancing agents, the food product comprising one or more food
items; 2) activating a controlled-droplet-type dispensing head to propel
droplets of an enhancing agent onto or into the food product, the droplets
being propelled in controlled numbers and sizes from nozzles in the
dispensing head, the 15 enhancing agent comprising a nutrition-enhancing
agent; 3) controlling the dispensing head so that the enhancing agent is
applied to the food product in a selected pattern and amount; and 4)
providing the food product comprising the enhancing agent for further
manufacture. The food product may further comprises one or more of
associated packaging components or food item supporting structures.
Preferably, the enhancing agent is dispensed into the interior of the food
20item during preparation of the food item.       The method of the
invention may further comprises 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 amounts, the enhancing
agents comprising one or more nutrition-enhancing agents. 25In one more
preferred embodiment, the enhancing agent is applied at an area-density
from about 0.001 grams/cm2 to about 3 grams/cm2.       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 30food 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  WO 2011/117012PCT/EP2011/051729 5amount, wherein the
activating and controlling are performed, at least in part, in dependence
on the acquired information; and 5) providing the food product comprising
the nutrition-enhancing agent for further manufacturing. In one preferred
embodiment, the acquired information comprises indications of the presence
or absence of a food product, and the dispensing head is activated and
controlled to dispense the nutrition-enhancing agent only when a food
product is 



10indicated to be present. In another preferred embodiment, the acquired
information may further comprises indications of the location and
orientation of a food product, and the dispensing head is activated 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. In yet another preferred embodiment, the acquired information
comprises indications of 15the type of the food product, and the dispensing
head is activated and controlled to dispense the nutrition-enhancing agent
onto or into the food product in a pattern and amount selected, at least in
part, in dependence on the type of the food product. Preferably, the
dispensing head is activated and controlled to dispense the
nutrition-enhancing agent into at least a portion of the interior of the
food product in a substantially uniform pattern and amount. 20In yet
another preferred embodiment, the acquired information further comprises an
image of the food product, and the method further comprises 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. 25The 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 30further 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 c) a  3 -  WO
2011/117012PCT/EP2011/051729 5controller 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. In another preferred
embodiment, the controlled-droplet-type dispensing head further comprises a
food-grade ink-jet-type printer head. In yet another preferred embodiment,
the apparatus of the invention further comprises a plurality of
controlled-droplet-type dispensing 



10 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 selected patterns and amounts, the enhancing agents comprising
one or more nutrition-enhancing agents. In yet another preferred
embodiment, the apparatus of the invention further comprises sensors for
acquiring information concerning food 15products transferred to the
apparatus, and the controller activates and controls the dispensing heads
in dependence, at least in part, on the acquired information. More
preferably, 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 the controller further
activates and 20controls the dispensing head to apply the enhancing agent
in a pattern selected, at least in part, in dependence on the matching
template image.       The invention also provides for a food product having
enhanced organoleptic properties, 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 25value. 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 30selected 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, 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,  WO
2011/117012PCT/EP2011/051729 5the organoleptic properties including the
appearance, nutritional value or aroma of the food 



product. BRIEF DESCRIPTION OF THE DRAWINGS  The present invention may be
understood more fully by reference to the following 10detailed description
of the preferred embodiment of the present invention, illustrative examples
of specific embodiments of the invention and the appended figures in which:
Figs. 1A-D illustrate preferred embodiments of the food products of this
invention; Fig. 2 illustrates a preferred method of use of an enhanced food
product of this invention; Fig. 3 generally illustrates processes and
apparatus of this invention; 15Fig. 4 illustrates a preferred embodiment of
processes and apparatus of this invention;       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. 20 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 30enhanced 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 5enhancing agents in controlled amounts and
in controlled patterns. The provided manufacturing processes and apparatus
perform such dispensing or applying The term "food product" is used herein
to refer generally, according to context, to an actual consumable food
item, or to packaging of the consumable food item, or to both the
consumable food item and its packaging. Where specificity is necessary, a
consumable is 10specifically referred to as a "food item" and its packaging
as a "packaging component"; then, a complete "food product" includes both
one or more food items and one or more packaging components. In preferred
embodiments, enhancing agents are not perceptible, or only barely
perceptible, prior to food-product preparation, e.g., heating and the like,
by a consumer but, 15subsequent to preparation, endow the prepared food
product with enhanced verisimilitude, that is with enhanced appearances,
aromas, tastes, nutrition, or the like, expected by the consumer for the
actual food when prepared. An enhancing agent is considered herein to be
not perceptible by the consumer if it would not be noticed consequent to
such casual inspection and handling as normally accompanies routine
un-packaging and preparation of the food product. An enhancing 20agent is
considered to be barely perceptible by the consumer if special inspections
outside of the normal course of handing and preparation are required to
appreciate the presence of the enhancing agent. Such inspection might
include, simply, very careful observation, but often include special
observation efforts the food product, e.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. 25In 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 30preparation, 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.  6 - 



WO 2011/117012PCT/EP2011/051729 5In more detail, preferred enhancing agents
include or are compounded from naturally occurring ingredients, mixtures,
flavorings, extracts, essences, or the like. Enhancing agents can also
include artificially prepared (e.g., synthesized) compounds or mixtures.
Generally, enhancing agents act to improve appearance, aroma (or other
sensory qualities), or nutrition. Appearance-enhancing agents include,
e.g., browning agents that, upon heating, assume a brown, 10 cooked
coloration. These agents are preferably applied or dispensed onto prepared
food items (prior to packaging into a food product) in selected spatial
patterns that mimic appearances of food cooked according to particular
cooking methods.       Aroma-enhancing agents are agents that, upon
heating, release appetizing aromas that mimic the smells of conventionally
cooked food. Although these agents, if edible, can be on or 15in actual
food items, they are preferably applied or dispensed on packaging
components of a food product that are heated along with the food items.
Such packaging components often include active elements for achieving
higher temperatures in microwave ovens, and these higher temperatures can
promote the increased release of aromas. Nutrition-enhancing agents are
preferably applied or dispensed efficiently onto or into the 20food product
during food item preparation. Also, such dispensed nutrition-enhancing
agents remain securely with the food items in a food product and 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 25agents 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 technologies 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  WO 2011/117012PCT/EP2011/051729 5speeds and focus.
Droplets preferably have sizes in the range 25-100 pm (corresponding to
volumes of 10 pl to 0.5 n1) at rates in the range 2-100 kHz. Accordingly,
controlled-droplet dispensing technologies can control amounts of food
agent applied by dispensing a known number of droplets of a known size or
volume, where the number of droplets dispensed can be controlled by
dispensing droplets at a known rate for a known period of time. 10Such
controlled-droplet dispensing technologies have long been applied to
printing text, images, and the like, where the projected jet-like streams
include droplets of visible inks, dyes, or the like, and in this printing
application are commonly referred to as "ink-jet printing" technologies.
Because the terms 'ink-jet' and "ink-jet printing" are so familiar and so
widely used, the "controlled-droplet" technologies that are part of this
invention are often also referred 15to from time-to-time herein as
"ink-jet" technologies. However, despite any use of the words "ink" or
"printing", it must be understood that printing with inks, dyes, or the
like is not part of this invention, instead, this invention encompasses
only dispensing, applying, or the like food enhancing agents that are
preferably not immediately perceptible upon the food products to which they
are provided. 20Current well-known, reliable, and widely-available
controlled-droplet dispensing technologies (ink-jet technologies) include
continuous droplet technologies (having droplet production rates 80-100 kHz
or greater) and on-demand droplet technologies (having droplet production
rates 2-8 kHz or greater), and of the latter, the principal variants are
dispensing by piezoelectric means or by thermal means. 25By 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 30means 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.e., 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  WO
2011/117012PCT/EP2011/051729 5nozzles 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
to the target, or moving target with respect to the head and nozzle
assembly. In thermal on-demand technologies, the impulsive forces are
generated by sudden short, pulses of heat which vaporize small quantities
of agent (the agent being preferably water based). In piezoelectric on-
10demand technologies (piezo technology), the impulsive forces are
generated by brief contractions and expansions of piezoelectric materials.
Preferred embodiments of the apparatus and processes of this invention
apply or dispense enhancing agents by means of continuous and piezo
(on-demand) controlled-droplet dispensing technologies (and also by
future-developed controlled-droplet dispensing technologies with
15properties similar to current continuous and piezo technologies). These
particular technologies are preferred because they form droplets by
mechanical or fluid forces which are less likely to alter dispensed
enhancing agents. In contrast, thermal controlled-droplet technologies are
less preferred because heating may alter certain enhancing agents.
Additionally, continuous and piezo technologies are not limited to
water-based enhancing agents, as are thermal technologies. 20Accordingly,
for simplicity and without limitation, the 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 25materials 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 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 30particular, 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  9 -  WO
2011/117012PCT/EP2011/051729 5formation 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.       Finally, it is again emphasized that, despite
the use of terms "ink-jet" and "printer" in the following description, and
despite the possible adaption of food-grade ink-jet printing heads for use
in the apparatus of this invention, this invention does not encompass
printing with inks in 10recognizable patterns, such as images, text, logos
and the like onto food products; instead, it encompasses only dispensing or
applying food enhancing agents to food products in food-like patterns, the
dispensed enhancing agent being at most only barely perceptible.       In
preferred embodiments, controlled-droplet dispensing apparatus (e.g.,
dispensing heads) is coupled to and controlled by control systems that
permit selection of enhancing agent 15dispensing patterns according to type
of food product, and optionally, permit dispensing and application
according to position and orientation of the of food product thereby
minimizing overspray. Such control systems preferably receive sensor data
concerning food products to be, or being, processed and, accordingly, can
be configured in control arrangements known in the art. For example, in a
feed forward arrangement, sensor data concerning a food product to which
20enhancing agents are to be applied is received by the control system
prior to the arrival of the food product at the dispensing head. Once, the
food product arrives at a dispensing head, its corresponding
already-received sensor data is used to control the dispensing head, e.g.,
by 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 



25product 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.) 30A 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, e.g., digital camera devices, collect  WO
2011/117012PCT/EP2011/051729 5more 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, e.g., a
computer running image recognition software that can match and recognize
the images so that the dispensing of the enhancing agent can be controlled
according to characteristics of the food products (when the product arrives
within range of the controlled-droplet dispensing heads). 10Images of
possible food products and instructions for applying enhancing agents to
each particular type of food product can be stored on the computer's discs.
Feed back information can be used for determining exactly when the
dispensing heads should be activated, or for monitoring dispensing so that
errors can be corrected, or the like. Apparatus of this invention, e.g.,
controlled-droplet dispensing apparatus, sensors such as 15 a camera, and
controller/processor, can readily be combined into cooperatively
functioning subsystems and systems. Such sub-systems can incorporated into
existing automated food product manufacturing line. Alternatively, such
system can be used standalone in a restaurant kitchen or as part of a small
scale food manufacturing process. Preferred embodiments of this invention
include food products comprising enhancing 20agents that have been applied
by means of food-grade controlled-droplet dispensing apparatus
(controlled-droplet dispensing heads); preferred embodiments also include
apparatus and processes that apply or dispense enhancing agents on food
products by means of such food-grade dispensing heads. Enhancing agents
include, e.g. appearance-enhancing agents, aroma-enhancing agents,
nutrition-enhancing agents, and so forth. Selected preferred embodiments
are 25described in the following, but it should be understood that the
preferred embodiment described are not limiting, and that other embodiments
of this invention, e.g., those that use alternative dispensing technologies
to apply or dispense these and further enhancing agents to food products
are encompassed within this invention. Headings are used herein for clarity
only and without any intended limitation. 



30Figs. 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", e.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.  WO
2011/117012PCT/EP2011/051729 5Specifically, Figs. lA 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 dispensed on their exterior surfaces in selected patterns.
Browning agents are compounds and mixtures that, prior to being heated, are
not prominent or even apparent on a food item, but that, 10subsequent to
being heated, assume brownish, cooked-like colors as if the food item have
been cooked on a stove top, in an oven, over coals, and the like. Browning
agents known in the food industry include maltose, dextrose, MAILLOSEO
(available from Red Arrow International (Manitowoc, Wisconsin)), caramel
colorings, paprika oil or any other agent which imparts a browning reaction
change upon heating either in a conventional oven or microwave. Such
15agents are also available from other food ingredient suppliers.
Food items 10 and 14 on the left in these figures are illustrated prior to
heating, and accordingly, the browning agents are at most barely
perceptible (and perhaps not routinely perceptibly by a consumer). Food
items 12 and 16 on the right are illustrated subsequent to being heated in
a microwave or conventional oven 18; and accordingly, the browning agents
20have acquired a cooked-like color. In particular, browning agents have
been applied to food item 10 in a pattern of thin parallel stripes, so that
when heated, food product 12 appears as if it had been cooked on a grill.
The invention also includes other patterns that can be produced by
grilling, e.g., a pattern with two sets of intersecting parallel stripes,
and so forth. Browning agents have been applied to food product 14 in a
more uniform manner, so that when heated, 25 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 simulate these further modes of cooking.
Fig. 1C illustrates an example of a nutritionally enhanced food item. Food
item 20 is a 30composite 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 35thereby substantially certain
to be present, when the food item is consumed, in the originally  WO
2011/117012PCT/EP2011/051729 5applied 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 applied or
dispensed are controlled to selected target levels, preferably levels
consistent with regulatory compliance for any health claims made for the
food product. Nutrition-enhancing agents are well known and are available
from many suppliers. They include flax seed oils, 10 Omega-3 and Omega-6
containing oils, essential fatty acids, phenols, or other food based
components which would impart health benefits when applied at selected
target levels to individual food items.       Fig. 1D illustrates an
example of an aroma-enhanced food product 26 comprising food item 30 and
outer packaging component 28 and active inner packaging component 32.
Active 15 packaging generally refers to packaging with a food item
supporting structure such as a susceptor (or similar) component that,
during microwave heating, interacts with the microwaves to convert
microwave energy into heat energy thereby generating increased
temperatures. Here, an aroma-enhancing agent has been applied to inner
active packaging component 32 (preferably, its susceptor), that has been
formulated to release perceptible aromas in the atmosphere especially at 20
the higher temperatures generated by the susceptor. Aroma agents are known
in the art and can include any formulation of natural or organic food
quality flavors or aroma compounds releasing aromas such as would be
associated with fruits, vegetables, breads, meats, dairy, sugar,
chocolates, spices, nut oils, seed oils, vegetable oils or essences, and so
forth. Examples of aroma agents include: yeast or bread aromas which are
supplied by Givaudan (Vernier, Switzerland); 25grilling, roasting, or spice
aromas (the latter including, e.g., natural hickory and other wood smoke
aromas) available from Red Arrow.       Fig. 2 illustrates a consumer's use
(i.e., 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 30aroma-enhancing 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.  WO 2011/117012PCT/EP2011/051729 5Although 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 either in a
cooked IQF (individually quick frozen) state, a partially cooked state, or
an ambient or 10raw state.       The invention is not limited to the
application or dispensing of a single enhancing agent onto a food product,
but in further preferred embodiments, multiple enhancing agents can be
applied to a single food product. For example, a browning agent can be
applied to a food item and an aroma agent can be applied to active
packaging for the food item. Also, aroma and/or 15 browning agents can be
applied to a food product that also includes nutrition-enhancing agents.
Further, a product can comprise multiple agents of a single type, e.g., two
or more nutrition or aroma enhancing agents. One of ordinary skill will
appreciate further such combinations, and such combinations are within the
scope of the invention. This invention also includes apparatus and
processes that apply or dispense enhancing 20 agents on food products by
means of food-grade, controlled droplet dispensing heads (for example,
food-grade, ink-jet print heads adapted, if necessary, to dispense
combinations containing enhancing agents). Embodiments of such apparatus
and processes are expected to be incorporated as additions or improvements
into known apparatus and processes already used for manufacture of 25food
products from supplied materials. For convenience but without limitation,
food product 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  WO 2011/117012PCT/EP2011/051729 5according 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
standalone system. Such a standalone embodiment would be useful in
restaurant kitchens, in 



10small-scale food services, or in the like. In such smaller scale
application, food items could be transferred by hand to and from the system
for application or dispensing of enhancing agents. Apparatus of the
invention applies enhancing agents to food products by dispensing the
agents with one or more controlled-droplet dispensing heads, with thermal
type dispensing technologies being less preferred than piezoelectric
(piezo) or continuous (ultrasonic) type 15dispensing technologies. In the
following but without limitation, the invention is described in terms of
multiple nozzle, piezo-type, controlled-droplet dispensing heads. The
preferred piezo dispensing heads used in the invention are preferably made
of food grade materials that will not degrade or react with the enhancing
agents to be applied. Food-grade, ink-jet heads that are commercially
available for printing text, patterns, and the like on food products with
edible, 20 visible inks, can be adapted for use in this invention with at
least certain enhancing agents (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 droplet formation and properties and, if possible, to be
compatible with existing food-grade, ink- 25jet 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, e.g., in area
concentrations from about 3 grams/cm2 down to about 0.001 grams/cm2 and
more 30 preferably from about 2 grams/cm2 down to about 0.005 grams/cm2.
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;  WO
2011/117012PCT/EP2011/051729 5nutritional 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 or activating
the multiple nozzles). Although coverage areas and patterns can be expanded
by 10 providing means for the dispensing head and the target food items to
be moved with respect to each other, expanded areas and patterns are
preferably achieved by providing multiple dispensing heads that can be used
to apply or dispense concurrently onto a single food product. Multiple
heads can also apply multiple different enhancing agents, e.g., applying a
browning 



agent to the surface of the product's food item and an aroma agent to the
product's (active) 15packaging.       The controlled-droplet dispensing
head or heads are preferably controlled and targeted (e.g., by controlling
which nozzles to activate and when to activate those nozzles) by control
systems that respond to sensor information characterizing food products
(food items and/or packaging components) so that enhancing agents can be
more accurately applied or dispensed 20and so that overspray, i.e., outside
of the target area or beyond the food item, can be further minimized.
Overspray can release enhancing agents into the ambient environment, and
thereby lead to unintended environmental effects, such as the health
impairment of nearby workers who could breathe excess enhancing agents.
Overspray is known to occur from time-to-time with conventional spray or
atomization systems. 25Such 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 (ex., 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  WO 2011/117012PCT/EP2011/051729 5information
concerning food products. Processing of a next food product begins when the
apparatus receives 41 the food item from, e.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 concerning
the food product such as its type, position, orientation, and so forth. In
dependence, 10 at least in part, on this sensor information, controller 45
activates and controls 42 the dispensing head to dispense the enhancing
agent (or agents) on the food product, e.g., on its contained food item or
on the food item's packaging. When dispensing is complete, the thereby
enhanced food product is passed 43 to further manufacturing steps or
stations. Sensors 44 can include electromechanical sensors, optical
sensors, and preferably, 



15imaging sensors such as camera. Control systems 45 can include a
computing device, which in one embodiment is programmable, has local and
long term memory and input/output interfaces. Input interfaces can be for
receiving sensor information useful for feed forward or feed back control,
while output interfaces can be for transmitting signals for controlling the
dispensing heads and other components of the apparatus. Information and
commands directed to and from 20an operator can also be exchanged across
the I/O interfaces. Programs for operating the control system can be stored
in long term memory and be retrieved into short term memory for execution
by the programmable device. Specifically, the control systems can be
implemented as a specialized, embedded controller, or by a suitably
configured PC-type or a server-type computer. In preferred embodiments, the
sensors include cameras (and other light sensitive devices) 25that 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 30respect 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  WO
2011/117012PCT/EP2011/051729 5to the station of the present invention are
not illustrated. Alternatively, the apparatus of this invention could be
configured for standalone use in, e.g., a restaurant kitchen where products
are manually transferred.       In more detail, Fig. 4 illustrates applying
or dispensing browning agents onto food items 52 passing along conveyor (or
other transport mechanism) 50. The food items might contain, 10 e.g.,
bread, meat, of other ingredient. Control system 56 comprises a processor
and a pattern buffer which operates in a feed forward fashion. Sensors
comprise camera 54 which acquires images of an approaching (or a "next")
food items and transfers the acquired images to control system buffers.
Control system processor, executing image recognition software
(equivalently, the processor and software form a "vision system"), matches
acquired images with image 



15templates of expected types of food items, retrieves particular enhancing
agents and particular enhancing agent patterns associated with the
templates from storage, and generates and outputs control signals to cause
the dispensing heads to apply or dispense the particular enhancing agent in
the particular patterns when the matched food item arrives within range of
the dispensing heads. Here, the pattern associated with a particular
template is illustrated as overlaying the 20 template; in operation,
however, images received for matching would not have patterns, as such
patterns appear only after dispensing and heating. In more detail, three
templates 58 indicate grilled food items and are associated with a first
browning agent (in reservoir 64a) and with patterns mimicking grill marks;
template 60 indicates a broiled/roasted/seared food item and is associated
with a second browning agent (in 25reservoir 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 30coupled 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  WO
2011/117012PCT/EP2011/051729 5reservoir 64a in the associated grill-like
pattern. In the absence of further sensor information (e.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/searedtype food item will be imaged and matched to template
60, and when this item moves within range, dispensing head 62b will be
activated and controlled by the processor/image buffer to 10apply or
dispense the browning agent in reservoir 64b in the associated pattern.
Again, in the absence of further sensor information, dispensing head 62b is
activated at a fixed time (depending on conveyor speed) after the food item
is imaged. Since the sizes and shapes of the food items have been
determined prior to dispensing (feed forward mode), the browning agent can
be applied and dispensed only to the food item with minimal overspray onto
the conveyor or 



15into the environment. Food item 53 with applied browning agents then
passes on for use or further manufacturing.       In further embodiments,
the apparatus of Fig. 4 can be configured to dispense a single browning
agent in different patterns selected according to different types of food
items, or to dispense three or more different browning agents, or to
dispense a single browning agent along 20with another enhancing agent,
e.g., an aroma agent or a nutritional agent. Further, additional feed back
sensor information can be supplied (feed back mode) to the control system
that indicates when a particular food item has actually arrived within
range of a dispensing head (regardless of changes in conveyor speed). Fig.
5 illustrates applying or dispensing an aroma enhancing agent to packaging
25components 80, e.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.  WO 2011/117012PCT/EP2011/051729 5Instead 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, 10light beam
91 will illuminate this packaging component, and sensor 94 will respond to
this illumination generating a presence signal arrival. Processor 88 can
then activate the dispensing head. in dependence on this presence signal.
Food item 52 with applied aroma-enhancing agent then passes on for use or
further manufacturing. Finally, Fig. 6 illustrates applying a nutritional
agent during the preparation of food item 1570. This food item is prepared
by extruding dough, filling, or the like into a continuous, multi- 



layer 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 ribbon into portions for packaging. For example, such a food item could
comprise a bread-type item in which case extruders 66a, 66b, and 66c
extrude different layers of a dough; or could comprise a filled-type 20
food item in which case extruders 66a and 66c serve to extrude top and
bottom dough layers while extruder 66b extrudes a filling layer; or could
comprise a cake-type food component in which case extruders 66a and 66b
extrude layers of the cake while extruder 66c extrudes an icing.
Dispensing-head-reservoir assemblies 72a, 72b, and 72c apply enhancing
agents to the 25surface of each extruded layer in turn.. For example, all
these assemblies could apply one or more nutrition agents; or assemblies
72a and 72b could apply one or more nutrition agents while assembly 72c
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, each
pair of extruder and dispensing-head assembly (e.g., pairs 66a and 72a, and
66b and 72b, and 66c 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 area
regardless whether the layer is being more rapidly or  WO
2011/117012PCT/EP2011/051729 5more 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 10rate of
enhancing-agent dispensing can controlled to ensure a proper ratio of
enhancing to the extruded layer. Alternatively, the process/controller can
use feed forward information (from an imaging or vision system) concerning
the integrity of an extruded layer so that, in the case of gaps or breaks
in the extruded layer, enhancing-agent dispensing can be interrupted to
avoid applying or dispensing onto the conveyor or into the environment.
15In 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 20food 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, 25various 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  WO
2011/117012PCT/EP2011/051729 5 THE CLAIMS What is claimed is: 101. A method
for applying an enhancing agent during food product manufacturing which
comprises:      receiving a partially-manufactured 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 15agent 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 20providing 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.
253. 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 30agents 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.  WO
2011/117012PCT/EP2011/051729 55. The method of claim 1 wherein the
enhancing agent is applied at an area-density from about 0.001 grams/cm2 to
about 3 grams/cm2.        6. A method for applying a nutrition-enhancing
agent during food product manufacturing which comprises: 10receiving a
partially-manufactured food product ready for application of one or more
nutrition-enhancing agents, the food product comprising one or more food
items; acquiring information concerning the received food product;
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 15numbers 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 20providing 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 25controlled 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 30and 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.  WO
2011/117012PCT/EP2011/051729 5        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 the
nutrition-enhancing agent onto or into the food product in a pattern and
amount selected, at least in part, in dependence on the type of the food
product. 10        10. The method of claim 6 wherein the dispensing head is
activated and controlled to dispense the nutrition-enhancing agent into at
least a portion of the interior of the food product in a substantially
uniform pattern and amount. 1511. 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       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 25nutrition-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 30nozzles 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.  WO 2011/117012PCT/EP2011/051729 5
13. The apparatus of claim 12 wherein the controlled-droplet-type
dispensing head further comprises a food-grade ink-jet-type printer head.
14. The apparatus of claim 12 further comprising a plurality of
controlled-droplet-type 10dispensing 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 selected patterns and amounts, the
enhancing agents comprising one or more nutrition-enhancing agents. 1515.
The apparatus of claim 12 further comprising 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. 2016. 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 25the 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 30a
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.  WO 2011/117012PCT/EP2011/051729         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.  10
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-jettype
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. 




