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FLAVOR ENCAPSULATION USING
ELECTROSTATIC ATOMIZATION

CROSS-REFERENCE TO RELATED

2

the flavor components. However, such wall materials or
carriers may not be suitable for all types of flavor compo-
nents. In addition, the use of specific wall materials does not
address the energy requirements of conventional spray dry-

APPLICATIONS 5 ing systems. Reducing the processing temperatures used in
conventional spray drying systems is not a viable solution
This application is a continuation of U.S. patent applica-  pecause, at lower inlet temperatures, such as 120° C., carrier
tion Ser. No. 15/652,486, filed Jul. 18, 2017, which is 2 film formation is slower, resulting in higher surface oil
continuation of and claims priority to PCT application No. content and loss of flavor retention in the resulting product.
gx(‘igrflg nglggl 5;5’06\’&;(1;21 JaAI;pI%Z;ti%)?ll ?\,IOWIE;/}; chlaglgf 10 Therefore, a need remains for spray drying systems that
filed Jan. 28, 2015. The entire specification of the PC"Il an(i mitigate the problems a ssociated with hci?nventlo_rée.ll high
provisional applications referred to above are hereby incor- temperature spray drying S}{ster.ns, whiie providing af
porated by reference. encapsqlated product that retains its original flavor profile.
15 There is also a need for an encapsulated product that
BACKGROUND OF THE INVENTION provides improvements in properties such as encapsulation
efficiency and product flowability.
The present technology relates to a process for encapsu-
lating flavor components, or other components that are BRIEF SUMMARY OF THE INVENTION
volatile, or heat or oxygen sensitive, using a spray drying 20
process that employs electrostatic atomization. By mitigat- One aspect of the present technology is an electrostatic
ing problems associated with conventional high-temperature spray drying process for preparing an encapsulated product,
spray drying, the present technology produces a free-flow- wherein the process facilitates the drying, or desolvating of
ing, encapsulated powder that retains its original flavor water, by the application of an electrostatic field to convert
profile. The present technology also relates to the encapsu- 25 a liquid emulsion to a free-flowing powder. By administer-
lated product resulting from the electrostatic atomization. ing an electrostatic field at the site of atomization it is
Spray drying systems have been widely utilized in the possible to reduce the amount of heat energy necessary to
flavor industry to encapsulate flavor components, and to facilitate the conversion process of a liquid flavor or food
transform liquid ﬂayor ipg ingredients into ) dry ﬂowab]e ingredient into a free flowing powder. In one embodiment,
powd.ers. Encapsulat}on isa technique by which a ma}erlal, 30 the process comprises the steps of: forming an emulsion by
or mixture of mgterlals, 18 Co.ated by z%not.her material, or emulsifying at least one core component with a solution or
mixture of materials. The coating material is also known as a suspension comprising water and at least one wall mate-
a wall material or a cartier. The wall material fOFmS the outer rial; atomizing the emulsion into droplets in an electrostatic
layer or shell of the encapsulated product. The inner, coated drver and applving an electrostatic charge to the
material is known as a core. The spray dried product can be 35 (sipra}ll Ty h PPy fg b K b £ K
in the form of a core-shell, which contains a single core in rop etg in the range of about 0.5 kV 1o about 6 0 kV,
the dried particle, or in the form of a matrix, which contains alternatively about 5 kV' to about 60 kV; and drying the
X p - R . g droplets in the electrostatic spray dryer at an inlet tempera-
multiple cores in the particle. Since many of the flavor roplets 1n N pray gy P
components are volatile and chemically unstable in the ture of about 25° C. to about 110° C. and an outleF tem-
presence of heat, air, moisture, and/or light, encapsulating 40 Perature of about 25° C. to about 80° C. to obtain the
the flavor components in a wall material or carrier is a way encapsulated product.
to limit flavor degradation or loss during processing or In another aspect of the present technology, an inert gas
storage. The encapsulation process usually requires a heat can be used in the spray drying system to enhance the
source to initiate a thermally induced phase separation. The product quality attributes of the finished powders.
phase separation results in the formation of a surface film or 45  In a further aspect, the present technology provides an
skin layer that permits water to selectively diffuse, while encapsulated product prepared by electrostatically spray
retaining the more volatile flavor components within the drying a liquid emulsion comprising at least one core
core of the encapsulated product. component and at least one wall material. The encapsulated
One disadvantage of conventional spray drying systems  product can have a core-shell structure or a matrix structure.
for flavor encapsulation is the required use of heat energy to 50 At least one aspect of the presently described technology
induce proper carrier film formation and dehydration in provides encapsulated food and ﬂav()r products having
order to obtain a desirable, free-flowing encapsulated pow- improved quality characteristics, such as increased encap-
dered product. Typical processing temperatures for conven- sulation efficiency (ingredient retention) and/or faster hydra-
tional spray drying systems range from 150° C. to 210° C. tion in aqueous-based systems.
for inlet temperatures and 60° C. to 120° C. for outlet 55  Further details and embodiments are disclosed in the
temperatures. As a result of such high temperatures, the discussion of the detailed description below.
flavor profile of the dried encapsulated flavor may be
significantly different from its original flavor profile, pre- BRIEF DESCRIPTION OF THE DRAWINGS
senting a significant challenge in formulating an acceptable
product from highly volatile flavor compounds and heat 60  FIG. 1A and FIG. 1B are SEM photographs showing the
sensitive food ingredients. Further, the energy and time morphological characteristics of the encapsulated product
required to pre-condition the spray dryer to reach the set made by the disclosed electrostatic atomization process;
heating conditions can be costly and time-consuming. FIG. 2 is a photograph comparing the hydration properties
To overcome at least some of the disadvantages resulting of an encapsulated product made by the disclosed electro-
from the high temperatures used in spray drying systems, 65 static atomization process with an encapsulated product

many in the flavor and food industry have developed specific
wall materials or carriers to protect against volatilization of

made by a conventional spray drying process, after 10
seconds of hydration;
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FIG. 3 is a photograph of the same products shown in
FIG. 2, at 60 seconds of hydration.

DETAILED DESCRIPTION OF THE

4

enhancers, fillers, preservatives, fruit/vegetable extracts, sta-
bilizers, lubricants, and the like. Such additives are known
to one of skill in the art. Examples of emulsifiers that can be
used include monoglycerides, mono- and diglyceride

INVENTION 5 blends, propylene glycol monoglycerides, lecithin, modified
lecithins, acetylated monoglycerides, lactylated fatty acid

The presently described technology provides an improved esters of glycerol and propylene glycol, lactylated propyl-
spray drying method for preparing an encapsulated product eneglycol monoglycerides, sorbitan esters, sorbitan-poly-
comprising at least one core component and at least one oxyethylene [20] monoglycerides, polyglycerol esters,
carrier or wall material. The method comprises atomizing an 10 diacetyltartarate esters of monoglycerides (DATEMs), suc-
emulsion formed from the core material and the carrier or cinylated esters of monoglycerides, polyoxyethylenepropyl-
wall material, and applying an electrostatic field at the site ene copolymers, ethylene oxide-propylene oxide copoly-
of the atomization. The electrostatic charge applied to the mers, and mixtures thereof. Examples of suitable
atomized emulsion facilitates film formation by the wall antioxidants include rosemary oil and Vitamin E. Typical
material, without the high heat typically required to induce 15 amounts of additives, when employed, can range from about
film formation. As a result, the emulsion can be dried with 0.1% to about 10% by weight for emulsifiers, from about
mild or no heat being supplied to the drying chamber to 0.01% to about 5% by weight for antioxidants, and about
produce an encapsulated spray-dried powder. 0.01% to about 10% for other additives.

The encapsulated product of the present technology is The spray dry formulation is prepared by emulsifying
prepared from a formulation comprising from 50% to 95%, 20 together the wall material and the core material, and any
alternatively from 60% to 85%, preferably from 75% to 85% optional components, to form an emulsion. Preferably, the
by weight of at least one carrier or wall material, and from wall material is pre-hydrated in water prior to the emulsi-
5% to 50%, alternatively 15% to 40%, and preferably 15% fication with the core material. The wall material can be
to about 25%, by weight of at least one core material. The supplied from the manufacturer in pre-hydrated form, or
carrier or wall material is selected from a variety of materials 25 hydrated in water prior to use. Better flavor retention is
or mixtures thereof, including carbohydrates, proteins, achieved when the wall material is extensively solubilized
gums, lipids, waxes, food grade polymers, and cellulosic and/or fully saturated prior to emulsification. The amount of
materials. Desirable wall materials should have GRAS (gen- water and hydration time needed to saturate the wall mate-
erally recognized as safe) status, have film-forming capacity, rial will depend upon the type of wall material used in the
be capable of forming a stable emulsion with the core 30 formulation. For example, some starches may need to be
material, and be non-reactive with the core material. hydrated overnight in order to avoid residual granules and

Examples of suitable carbohydrates for use as a carrier or fully perform the function of an interface between the water
wall material include maltodextrin, chitosan, sucrose, glu- and flavor component (oil) in the emulsion. Preferably,
cose, lactose, dextran, corn syrup, cyclodextrin, isomalt, sufficient water is used to form an aqueous solution or
amylose, modified food starch, sugar-based material, sugar 35 suspension of the wall material.
alcohol-based material, and mixtures thereof. Examples of Emulsification of the core material with the pre-hydrated
suitable protein materials include gelatins, soy proteins, wall material can be accomplished by using a high shear
whey proteins, zein, casein, albumin, hemoglobin, peptides, mixer or a homogenizer. In general, higher shear rates tend
gluten, and mixtures thereof. Examples of suitable gums to produce better, more homogenous emulsions having
include gum arabic, gum acacia, agar, sodium alginate, 40 smaller micelles. Suitable devices for achieving a high shear
carrageenan, xanthan gum, and mixtures thereof. Examples rate include an HSM-100-LSK high shear mixer, available
of suitable cellulose materials include carboxymethyl cellu- from Ross, operated for 5 to 20 minutes at 2,000 rpm to
lose, methyl cellulose, ethyl cellulose, nitrocellulose, ace- 10,000 rpm, or a homogenizer available from Nano Debee,
tylcellulose, cellulose acetate-phthalate, cellulose acetate- operated at a pressure of 5,000 psi to 60,000 psi through 2
butyrate phthalate, and mixtures thereof. Selection of the 45 to 6 cycles. The specific equipment and operating conditions
carrier or wall material will depend upon the core material employed to obtain a liquid emulsion will depend, at least in
and the requirements for the encapsulated product. part, upon the core and wall materials selected. The resulting

The core material can include any natural or created flavor emulsion has a viscosity suitable for pumping and atomizing
base oil, for example, citrus, spice, mint, berry, tropical fruit the emulsion in a spray drying system. Optimum viscosities
or savory types, or essential oils. The core material can also 50 can range from about 50 cp to about 250 cp, alternatively
include individual components of any of the natural or 150 cp to about 250 cp, and in general, are obtained when
created oils or flavors, such as, for example, benzaldehyde, the solids content, comprising the wall material, the core
isoamyl acetate, ethyl butyrate, linalool, methyl salicylate, material, and any additives, ranges from about 15% to about
limonene, menthol, decanol, diethyl phthalate, and citral. 50% by weight of the emulsion, and the water content ranges
The base o0il may contain several flavor/aroma compounds, 55 from about 50% to about 85% by weight of the emulsion.
depending on the type of flavor creation. The core material Once the emulsion of the core material and the wall
can also be other natural or synthetic materials that are material has been prepared, it is introduced into an electro-
employed in the food and drug industry for their aroma, static spray drying system, where the liquid emulsion is
flavoring, or medicinal properties. Such other materials dried into a free-flowing powder of encapsulated core mate-
include, for example, animal and/or vegetable oils, animal 60 rial. In general, the electrostatic spray drying system com-
and/or vegetable protein, cocoa powder, vitamins, nutraceu- prises an atomizing unit for atomizing the emulsion into
ticals, coloring agents, perfumes, and pharmaceutically or droplets, and a drying unit connected to the atomizing unit,
nutritionally acceptable salts. for drying the droplets into a powder.

The formulation may include one or more optional addi- The atomizing unit includes an electrostatic nozzle assem-
tives, such as, for example, emulsifiers, antioxidants, color- 65 bly that comprises a hollow conductive metal electrode

ings, sweeteners, animal/vegetable oil, animal/vegetable
protein, food acids, salts, diluents, flavor maskers, flavor

terminating at its distal end in an electrode pin that projects
from the center tip of the electrode. The electrode is con-
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nected at its proximal end to a high voltage source which
supplies a voltage ranging from 0.5 kV to 60 kV, alterna-
tively 5 kV to 60 kV, to the electrode. The atomizing unit
includes an inlet port for pumping the liquid emulsion into

6

tion is required, depending on dryer capacity. A further
advantage of the low processing temperatures is that the
dried product remaining in the drying chamber has a quality
comparable to that of the product collected from the product

the nozzle assembly. Any suitable pumping device can be 5 collection chamber. Consequently, the product in the drying
used to pump the liquid emulsion through the emulsion inlet chamber can also be collected, increasing the product yield
port into the nozzle assembly. The feed rate for introducing to above 90%. In terms of product quality, the process
the liquid emulsion into the nozzle assembly will depend, at provides superior retention of volatile flavor components,
least in part, on the scale of the electrostatic spray drying thus making the flavor profile of the product closer to that of
system, and can range from about 5 ml/min to about 15 10 the original created flavor formulation. The product of the
ml/min for bench scale operations, to about 500 ml/min to present technology also has less surface oil than conven-
about 10,000 ml/min for production scale operations. tional spray dried products, which can lead to a more
The atomizing unit also includes an inlet port for intro- shelf-stable product since surface oil oxidation is mini-
ducing an atomizing gas into the nozzle assembly. The mized. In conventional spray dried products, surface oil
atomizing gas can be delivered through the gas inlet port at 15 content is typically 1% to 5%. The product of the present
a pressure of about 5 psi to about 120 psi, alternatively about technology, however, is able to achieve a surface oil amount
20 psi to about 80 psi, preferably about 40 psi to about 60 of less than about 1%, preferably less than about 0.5%, more
psi. The gas can be air, carbon dioxide, or an inert gas, such preferably about 0.4% or less, based on the total weight of
as nitrogen, argon, helium, xenon, krypton, or neon, the product. In some embodiments, the product of the
although nitrogen is preferred. Use of an inert gas, such as 20 present technology has an amount of surface oil as low as
nitrogen, as the atomizing gas also offers the benefit of 0.06% by weight. The process of the present technology also
reducing the concentration of oxidative by-products in the offers a product with less head-space aroma due to low
finished encapsulated powdered product that otherwise surface flavors, thereby eliminating flavor cross-contamina-
could occur if air were used as the atomizing gas. As a result, tion.
the encapsulated powdered product has better flavor and/or 25  The process of the present technology also allows spray
color due to lower concentrations of oxidative degradation dry products to be agglomerated, without the need to employ
products. additional agglomeration techniques, such as fluid bed
The atomizing gas carries the emulsion in co-current flow agglomeration, which can adversely affect retention of vola-
through the hollow electrode and over the center tip of the tile flavor components in the resulting product. The powder
electrode. The emulsion becomes charged while going 30 product made with conventional spray dry processes nor-
through the center electrode to the tip of the electrode due to mally offers particle sizes ranging from 50-250 um. Powder
the electrostatic charge being supplied by the high voltage products having such particle sizes often have poor solubil-
source. The charged emulsion is atomized by the tangential ity upon water reconstitution and cause a dustiness issue.
shearing forces provided by the pressurized gas and sprayed Due to these challenges, conventional spray dry products are
into the drying unit. Without being bound by theory, it is 35 often agglomerated to increase the particle size thus improv-
believed that the electrostatic potential or charge applied to ing their hydration property and resolving the dustiness
the emulsion at the site of atomization drives the core issue. One standard agglomeration method is to utilize a
material into the center of the atomized droplet and facili- fluidized bed spray coater. Inside the fluidized bed spray
tates film formation by the wall material at the droplet coater, spray dried particles are first fluidized with a circu-
surface. Since film formation is accomplished through appli- 40 lated air stream followed by spraying additional binding
cation of the electrostatic charge, the high temperatures solution onto particles. With the contact between particles
required for proper film formation in conventional spray and binding solution, a liquid bridge is formed and allows
drying systems can be avoided, allowing significantly particles to stick to each other. The agglomerated particles
reduced drying temperatures to be used in the present are formed when the liquid is evaporated. This additional
system. 45 process is time consuming, increases cost, and potentially
The drying unit comprises a drying chamber for drying causes flavor loss due to the significant heat that dries the
the atomized emulsion droplets, and a product collection binding solution.
chamber connected to the drying chamber, for receiving the By contrast, the process of the present technology is a one
dried encapsulated product. Inside the dryer unit, the dryer step process that allows encapsulated flavor particles to bind
inlet temperature can range from 25° C. to 110° C., and the 50 with each other before they are completely dry. During the
dryer outlet temperature can range from 25° C. to 80° C. electrostatic spray dry process, the surfaces of the partially
These temperatures are significantly lower than the process- dry particles are sticky, which enables particles to firmly
ing temperatures of conventional spray drying systems. Air attach onto other particles to form a larger granulate. As soon
flowing within the dryer unit contacts the atomized droplets as the water is fully evaporated, a larger dry solid granulate
and evaporates the water. The air flow can be either co- 55 with a particle size ranging from greater than 125 pm to less
current or counter-current to the flow of atomized droplets. than 450 um is formed, resulting in a structure composed of
The air flow will depend on the size of the drying unit, but several encapsulated particles aggregated with each other. In
can range from about 2.5 cfm to about 15 cfm or greater. For general, particle sizes for the spray dry products of the
example, for a production scale drying unit, the air flow can present technology range from less than about 45 um to
be 100 cfm or greater, alternatively 150 cfm or greater, 60 about 850 um, alternatively from about 80 um to about 600
alternatively 175 cfm or greater, alternatively 250 cfm or um, with the majority of the particle sizes preferably being
greater. The dried, encapsulated product flows into the greater than 125 pum. Products having such particle sizes
product collection chamber where it is then collected as a provide superior instant hydration properties in water-based
final product. applications compared to the hydration properties of con-
Because of the lower processing temperatures, the time 65 ventional spray dried products. In addition, the larger par-

required for pre-conditioning the spray dryer is reduced
significantly to 5 to 15 minutes, and less energy consump-

ticle sizes achieved by the present technology can poten-
tially resolve dusting issues that can occur with smaller
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particle sizes. The process of the present technology there-
fore provides an efficient, cost-effective, one-step process
that overcomes the problems of poor solubility and dustiness
that occur with conventional spray dry products, without the

8
TABLE 1-continued

Control 1 Example #1
Processing parameter:

Example #2

need for further granulation processes that can potentially 5 Visual appearance Free flowing  Free flowing  Free flowing
cause flavor loss. of final product powder powder powder
The preceding embodiments are illustrated by the follow-
jng examp]es, which are not to be construed as ]jmiting the The product quality was evaluated in total Oil, surface Oi],
invention or scope of the specific procedures or formulations encapsulation efficiency, shelf-life stability, and head space
described herein. One skilled in the art will recognize that 10 odor anglys1s. .
modifications may be made in the presently described tech- Total Gil Analyms: .
. . .. The total oil content was determined by a Clevenger
nology without deviating from the spirit or scope of the . .
. . apparatus. 10.0 grams of product powder were dissolved in
Invention. 150 ml of water in a 300 ml round bottom flask. An
15 appropriate amount of boiling chips and antifoaming agent
Examples 1 and 2 were added into the solution. The Clevenger apparatus was
fitted onto the top of the flask with a water-cooled condenser
Materials and Methods: device. The solution was hydro-distilled for 3 hours. The
An example formulation was prepared to evaluate the total oil content was calculated by the mass of recovered oil
effects of the low temperature spray dry process of the 20 divided by the total sample mass, as shown in the following
present technology compared to a conventional, high tem- equation. Bach example was performed in triplicate.
perature spray dry process. The formulation contained 80 Total Oil (%)=(Recovered Orange Oil weight/
parts by weight of OSAN-starch (Hi-Cap™100, National Sample weight)x100(%)
starch and Chemical Co.) as the wall material, and 20 parts Surface Oil Analysis:
by weight of orange oil (Orange Oil C.P. VALENCIA FCC, 25  The surface oil is determined by gravimetric mean. The
CITRUS AND ALLIED ESSENCES) as the core material. ~ dry powder sample (10 g) was mixed with 150 ml n-pentane
An emulsion was prepared by emu]sifying the orange oil for 4 hours. The surface oil will be extracted in the solvent
with pre-hydrated OSAN-starch (Hi-Cap™100) by using a phase. The solvent was separated from the dry powder by
hlgh shear mixer (Charles Ross & Son company, Model: filtration and dried by nitrogen gas in a flask. The amount of
HSM-100LSK, Ser #: 205756) at 5,000 rpm for 5 minutes. 30 surface oil was determined by the flask weight (after solvent
Sample Made by Conventional Spray Dry (Control Sample evaporation) minus the original weight of the flask as shown
1)) in the following equation. Each example was performed in
The emulsion made by the process as described above triplicate.
was sprayed into a mini spray dryer using nitrogen gas as the
delivery gas (Biichi® Mini Spray Dryer, B-290, Switzer- 35
land) with emulsion feed rate at 15 ml/minute, air pressure Surface Oil (%) = (Container wt. after pentane evaporation—
at 50 psi and airflow rate at 5.6 cfm. The dryer temperature . .
was seI:)t at 190° C. for the inlet and 90° C. fg the outplet. The containes wt.Sample weight)x 100 (%)
product was collected as a free-flowing dry powder from the
product collector for further evaluation. 40 Encapsulation Efficiency:
Sample Made by the Present Technology (Examples 1 & 2) Encapsulation efficiency is calculated by using the fol-
The emulsion made by the process described above was lowing equation:
sprayed into a mini spray dryer (Biichi® Mini Spray Dryer,
B-290, Switzerland) through an electrostatic nozzle with 20
Ki]o-yolt cha.rgeq. The emulsion fee?ding rate was set at 10 45 Total Oil Content (per g of sample) —
ml/minute with air pressure at 50 psi and airflow rate at 5.6 ) ) Surface Oil Content (per g of sampl)
cfm. The dryer temperature was set at 40° C. for the inlet and Encapsultaion Efficiency (%) = Orisinal Ol WUCarior Wt
. rigina 1. arrier
40° C. for the outlet for Example 1, and 90° C. for the inlet
and 50° C. for the outlet for Example 2. The final products
were collected as a free-flowing dry powder from both the 50  Each example was performed in triplicate.
drying chamber and the product collector for further evalu- Quantification of Major Flavor Components:
ation. The processing parameters are summarized in Table 1. The sample (10 g) was hydrated in 100 ml deionized
water until it was fully dissolved. Flavors were extracted
TABLE 1 with a liquid-liquid extraction method by mixing 10 ml of
55 solvent each time (DCM) for a total of 6 times with the
PCOHU‘?l 1 Example #1  Example #2 previously hydrated sample. The solvent phase was sepa-
focessing parameter: rated from the liquid sample and collected in a total of 60 ml.
Spraying nozzle Standard Electrostatic  Electrostatic The solvent phase was then concentrated to 0.5 ml with slow
dual-fluid spray nozzle  spray nozzle nitrogen sparging. 1 ul of extraction was injected into a
nozzle with 20 kV/ with 20 kV . D .
charged charged 60 GC-MS to 1'dent.1fy and quantify the target flavor compo-
Inlet temperature 190 40 % nents including limonene, myrcene, and sabinene. The origi-
©cCy nal emulsion that was utilized for the process was selected
Oougﬁ temperature 85-90 40 50 as a control sample to understand the change of the ratio of
]()eu"l)eﬁng as Nitrogen Nitrogen Nitrogen each ﬂayor component after each process.
Emulsion feeding 15 10 10 65 Shelf Life Analysis:

rate (ml/min)

Sample products were stored in 2 ml GC vials with the
screw cap sealed properly. Samples were stored in an
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incubator at 40° C. for 14, 28 and 56 days separately. The Shelf-Life Analysis
samples were withdrawn on the day and stored at 4° C. until
analysis. The sample (0.15 g) was measured and hydrated TABLE 4

with water (0.85 g) with continuous agitation until fully
dissolved. After that, 4 ml of acetone solution containing
0.25 mg/ml undecane were added into the fully-hydrated
sample with continuous agitation for 10 minutes. The

5

Concentration of limonene oxide (ppm) in the overall flavor sample

Limonene oxide in sample (ppm)

sample was allowed to settle and then filtered. The clear Days Control 1 Example 1 Example 2
extraction (1 pl) is injected into the GC to identify and 0 1.89 x 10 3.65 x 10° 115 x 10°
. . . . 4 3 3
quantify the target components limonene and derivative 10 ;g ;;2 x }84 ;;g x }83 ?'(1); x 184
oxidation components limonene oxide. 56 574 i 104 % i 102 6.85 i 103
Head Space Odor Analysis:
The samples (0.2 g) were stored in GC vials and condi- s The products made with the electrostatic spray nozzle at

tioned for 24 hours at room temperature. The headspace air
was taken and injected into the GC to identify and quantify
the target aroma component limonene.

Results:
Total Oil/Surface Oil/Encapsulation Efficiency

Products produced with the electrostatic spray nozzle at
inlet temperatures of 40° C. (Example 1) and 90° C. (Ex-
ample 2) both presented in a free-flowing dry powder form
and provided total oil, surface oil, and encapsulation per-
formance similar to the conventional spray dry control

20

inlet temperatures of 40° C. and 90° C. (Examples 1 and 2)
showed lower concentrations of oxidation components than
the control sample throughout the 14, 28 and 56 day
time-period at 40° C. in the incubator.

Headspace Odor Analysis

TABLE 5

Concentration of limonene detected in the headspace

Concentration of Limonene (ppm)

example. The samples produced by the process of the Control 1 3.62 x 102
present technology (Examples 1 and 2) provided better Example 1 1.22 x 10
encapsulation efficiency than the control sample. Example 2 9-64 x 10
30
TABLE 2 The electrostatic spray dry process resulted in products
Total oil and encapsulation efficiency for yielding less headspace aroma in terms of limonene than the
control sample and Example 1 and Example 2 control Samp1e~
Total oil Surface oil ~ Encapsulation Efficiency 35
(%) (%) (%) Examples 3-4
Control 1 18.5 0.07 923 )
Example 1 18.6 0.05 92.8 Materials and Methods:
Example 2 187 005 34 The electrostatic spray dry process was applied to differ-
40

Quantification of Major Flavor Components

The samples produced with the electrostatic spray nozzle
at inlet temperatures of 40° C. (Example 1), 90° C. (Example
2) and the control sample were compared with the emulsion
that was used to create the samples above in terms of
concentration of the major flavor components. Compared to
the control sample, the products made by the process of the
present technology (Example 1 and Example 2) had com-
ponent concentrations that were closer to the emulsion
component concentrations. This shows that the process of
the present technology provides better volatile retention
efficiency compared to the conventional spray drying pro-
cess.

ent encapsulation materials (gum acacia, Instant gum,
Alland & Robert, France) instead of the OSA-starch used in
Example 1 and Example 2. The formulation contained 80
parts of gum acacia, as the wall material, and 20 parts of
orange oil (Orange Oil C.P. VALENCIA FCC, CITRUS
AND ALLIED ESSENCES) as the core material. The emul-
sion was prepared by the method described above. The
conventional spray dry sample (Control sample 2) was made
by the same process as Control sample 1 as described
previously. The process utilized to prepare Example 1 and
Example 2 was utilized to prepare Example 3 (at 40° C.) and
Example 4 (at 90° C.).

TABLE 6

55 Processing Parameter and Observation:
TABLE 3
Control #2 Example #3 Example #4
Concentration (ppm) of target components (Limonene, Processing parametess:
Myrcene, and Sabinene) in the samples Encapsulation Gum acacia Gum acacia Gum acacia
TS Material (Instant gum)  (Instant gum)  (Instant gum)
Concentration in flavors (ppm) 60" Flavor Material 1-fold 1-fold 1-fold
. orange oil orange oil orange oil
Emulsion Control 1 Example 1 Example 2 Spraying nozzle Standard dual-  Electrostatic Electrostatic
Limonene 8.65x 10°  6.69x10° 679x10° 731 x 10° fluid nozzle  spray nozzle  spray nozzle
Myrcene 213x 104 L19x 10 129x 10° 146 x 10* with 20 kv with 20 kV
Sabinene 468x 10°  353x10°  393x 10° 426 x 10° charged charged
65 Inlet temperature 190 40 90

co)
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TABLE 6-continued

Processing Parameter and Observation:

Control #2 Example #3 Example #4
Processing parameters:
Outlet temperature 85-90 40 50
©C)
Delivering gas Nitrogen Nitrogen Nitrogen
Emulsion feeding 15 10 10

rate (ml/ min)
Visual appearance
of final product

Free flowing
powder

Free flowing
powder

Free flowing
powder

The samples produced using the electrostatic spray nozzle
with gum acacia at inlet temperatures of 40° C. (Example 3)
and 90° C. (Example 4) both resulted in a free-flowing dry
powder.

In terms of total oil loading and encapsulation efliciency
as shown in Table 7, both the Example 3 and Example 4
samples showed higher total oil loading, lower surface oil
content, and better encapsulation efficiency than the control
sample.

TABLE 7

Total oil and encapsulation efficiency for
Control sample 2. Fxample 3 and Example 4.

Total oil Surface Oil Encapsulation Efficiency
(%) (%) (%)
Control 2 15.9 0.34 77.6
Example 3 16.3 0.03 81.2
Example 4 16.9 0.05 84.3

In terms of shelf-life stability, less oxidation component
(limonene oxide) was observed in the samples made by the
process of the present technology, Example 3 and Example
4, compared to Control sample 2, as shown in Table 8
throughout the 14, 28 and 56 day time-period at 40° C. in the
incubator.

TABLE 8

Concentration of limonene oxide (ppm) in the flavor
samples, Control 2, Example 3 and Example 4.

Limonene oxide in sample (ppm)
Days Control 2 Example 3 Example 4
0 Below Below Below
detection limit detection limit detection limit
14 7.27 x 10? 4.78 x 107 5.35 x 10?
28 3.78 x 103 2.20 x 103 1.19 x 10°
56 6.93 x 10 3.07 x 10% 3.43 x 10°
Example 5

The electrostatic spray dry process was utilized with the
same OSA-starch formulation used in Example 1 and
Example 2, except the processing temperature was set at 25°
C. for the inlet temperature and 25° C. for the outlet
temperature. The other process parameters were the same as
previous Examples. The finished sample was collected as a
free-flowing dry powder.

Result and Observation

The hydration property was investigated using the
Example 5 product and the Control sample 1 product. A 10
g sample of each product was introduced into 100 ml water

20

25

30

40

45

55

60

65
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(temperature at 25° C.) with continuous agitation at 250 rpm
with a stir bar. The dissolving property was monitored. The
Example 5 product provided faster hydration compared to
the control sample, and no particles were observed floating
on the surface after 30 seconds of stirring. In contrast, the
Control sample 1 product was slow to hydrate, and still had
significant product floating on the surface after 30 seconds
of stirring.

Example 6

Materials and Methods:

In this Example, an encapsulated product was produced
using the same electrostatic nozzle as Example 1 fitted onto
apilot scale spray dry unit (Prototype pilot spray dryer, Fluid
Air—A Division of Spraying Systems Co., USA). The
sample formulation was prepared using the same process as
Example 1, and contained 80 parts by weight of OSAN-
starch (HI-CAP® 100, National Starch and Chemical Co.)
as the wall material, and 20 parts by weight of orange oil
(Orange Oil C.P. VALENCIA FCC, CITRUS AND ALLIED
ESSENCES) as the core material. The emulsion was pre-
pared by emulsifying the orange oil with pre-hydrated
OSAN-starch (HI-CAP® 100) using a high shear mixer
(Charles Ross & Son Company, Model: HSM-100LSK,
Serial #: 205756) at 5,000 rpm for 5 minutes. After high
shear mixing, the mixture was homogenized using a homog-
enizer (Gaulin Corporation, high pressure homogenizer,
Type: 405M3 3TPS, Serial #: 8818678) with first pass at
3,000 psi and second pass at 500 psi.

The resulting emulsion was sprayed through the electro-
static nozzle with the charged voltage switching from 22.5
Kilo-volt to 0.5 Kilo-volt every 3 seconds. The emulsion
feed rate was set at 0.27 Ibs/min with air pressure at 25 psi,
airflow at 150 scfm, drying air temperature at 90° C., and
atomizing gas heated to a temperature of 60° C. The
processing parameters are summarized in Table 9.

TABLE 9
Example 6

Spraying nozzle Electrostatic spray nozzle

with 0.5-22.5 kV charged
Inlet temperature (° C.) 90
Atomizing gas temperature (° C.) 60
Outlet temperature (° C.) 50
Delivering gas/Atomizing gas Nitrogen
Emulsion feeding rate (Ibs/min) 0.27
Airflow (scfim) 150
Atomizing gas pressure (psi) 25

The product quality was evaluated with respect to finished
product total oil, surface oil and encapsulation efficiency
using the same test method described previously. The prod-
uct surface morphology and particle structure was inspected
by using a scanning electron microscope (SEM). The par-
ticle size distribution was measured by using U.S. Standard
Test Sieve, #20 (850 pm), #40 (425 pm), #60 (250 um), #30
(180 pm), #120 (125 pum), #200 (75 um) and #325 (45 um)
(Cole-Farmer®, USA) to sort the product in terms of particle
size. The product (50 g) was measured and added onto the
stacked sieves (in ascending order). The sieves containing
sample were then placed onto a Ro-tap for 5 minutes (W.S.
Tyler, Ro-tap, Model RX-29, Serial #: 10-4104) to facilitate
particle separation within the sieves. The weight of the
remaining products on each sieve was measured and the
particle size distribution percentage (%) was calculated by
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taking the mass of the remaining product on each sieve
divided by the total mass of the added sample as shown in
the following equation:

14
Example 7

Materials and Methods:
The Example 7 formulation was prepared using the same

5 process steps as Example 6, except Strawberry liquid flavor
Particle size distribution (%) = (FONA Strawberry base, Natural, WONF, 11712A WC1)
(Remaining sample weight on each sieve/Total sample weight) X was useq instead qf the orange oil as the core material. The
formulation contained 80 parts by weight of OSAN-starch
100 (%) (HI-CAP®100, National Starch and Chemical Co.) as the
10 wall material, and 20 parts by weight of the strawberry
liquid flavor. A Control Sample 3 was prepared using a
Results: conventional spray drying process as previously described
Total Oil/Surface Oil/Encapsulation Efficiency for Control Sample 1. The samples were evaluated with
The results of total oil, surface oil and encapsulation 15 respec? to total Oﬂf surface oil, and.hydrati.on property. The
efficiency of the Example 6 sample were compared against total oil, Asurface oil and encapsulation (?ﬂimency were mea-
Control Sample 1, and are shown in Table 10. The Example sured using the same 'methods as previously described. To
6 sample produced by the electrostatic spray dry unit pro- understand the hydration property, the prepared dry encap-
vided higher flavor loading, as measured by total oil content, sulated flavor samples (Control Sample 3 and Example 7),
and had better encapsulation efficiency than the traditional 20 0.2% by weight, were introduced into still water. The
spray drying process (Control Sample 1). hydration property was investigated and recorded using a
high resolution camera in the format of videos and images.
TABLE 10 Total Oil/Surface Oil
The results of the total oil, surface oil and encapsulation
Comparison of total oil, surface oil and encapsulation 25 efficiency for Control sample 3 and Example 7 are shown in
efficiency of control sample 1 and Example 6. . .
Table 12. Comparing the results, it can be seen that the
Total Oil Surfice Oil ~ Encapsulation Efficiency Example 7 product, made according to the present technol-
(%) (%) (%) ogy had significantly higher flavor loading, as measured by
Control 1 185 0.07 92.3 total oil content, compared to the Control Sample 3 product.
Example 6 19.1 0.09 95.2 30
TABLE 12
Surface Morphology and Particle Structure Comparison of total oil, surface oil and encapsulation
The sample surface morphology and particle structure efficiency of Control Sample 3 and Example 7
was inspected by scanning electron microscope (SEM). The 35 Total oil Surface oil  Encapsulated Efficiency
images representing morphological characteristics of the (%) (%) (%)
Example 6 product are shown in FIG. 1A and FIG. 1B. From
FIG. 1A and FIG. 1B, it can be seen that the product E,O(Z[t;?,ie37 éﬁ 88? 1312
prepared by the process of the present technology resulted in
larger granulated particles with multiple particles sticking .
with each other. Hydration P roperty .
. . . The hydration properties of Control Sample 3 and
Particle Size Distribution Example 7 at 10 seconds and 60 seconds are presented in
The particle size distribution of Example 6 was found to FIG. 2 and FIG. 3, respectively. The Example 7 sample
increase significantly compared to the Control Sample 1. As 45 prepared according to the present technology showed sig-
shown in Table 11, the product produced by the present nificantly faster hydration, with more powder dissolving into
technology resulted in a product having 68.7% of the sample water after 10 seconds of hydration (as shown in FIG. 2),
particles larger than 125 pm compared with the Control than the sample made using a conventional spray drying
sample 1 product which resulted in only 10.6% of the  process (Control Sample 3). As shown in FIG. 3, after 60
sample particles being larger than 125 pm. 50 seconds of hydration, the Example 7 sample was fully
dissolved and the water turned cloudy. In contrast, the
TABLE 11 sample made using a conventional spray drying process
- (Control 3) was not fully dissolved and the water only turned
. Particle size distribution (%) of partially cloudy. It is believed that the quick hydration
e Control Sample 1 and Example 6.
55 property of the Example 7 product results from the granu-
Particle size distribution (%) Control lation phenomenon during the spray drying process of the
within different particle range ~ Sample 1 Example 6 present technology. The granulation that occurs during the
>850 um 0% 1.6% presently described electrostatic spray drying process allows
>425 pm 0.7% 19.1% the particles to attach to each other, eventually forming
>250 pm 1.5% 21.1% 60 larger granulates with a larger surface area.
232 pm 2-;2?’ g?z’ The presently described technology and the manner and
75 ﬁ S50, Laos process of making and using it, are now described in such
>45 um 23.9% 14.7% full, clear, concise and exact terms as to enable one of
<45 pm 13.3% 4.2% ordinary skill in the art to which the present technology
Sum of the pasticles >125 ym 10.6% 68.7% 65 pertains, to make and use the same. It should be understood

that the foregoing describes some embodiments and advan-
tages of the invention and that modifications may be made
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therein without departing from the spirit and scope of the
presently described technology as set forth in the following
claims.

The invention claimed is:

16

8. The method of claim 1, wherein the granulated, encap-
sulated product has particle sizes in the range of about 80 um
to about 600 pm.

9. The method of claim 1, wherein the wall material
comprises at least one material selected from carbohydrates,

5

1. A method for preparing a granulated, encapsulated proteins, gums, lipids, waxes, food grade polymers, and
product comprising a plurality of bond particles, each par- celluloses.
ticle comprising a core material encapsulated within a wall 10. The method of claim 1, wherein the wall material is
material, the method comprising the steps of: hydrated prior to emulsification with the core component.

forming an emulsion by emulsifying at least one core 11. The metl}o;i Of.Clalfélols Whereln the gas is pressurized

material with a solution or a suspension comprisin at a pressure of 5 psi to 60 psi.
water and at least one wall malt)erial, wheregn th% 12. The method of claim 1, whegein the method results in
resulting emulsion has a solids content of 15% to 50% @ plrngXI yield lof %r%ter thari 9tO (f’ duct ..
b ioht of th Isi d a viscosity of about 150 . A granulated, encapsulated product comprising a
cgsv:(e)liboit 5 Seoe(tgrll;sl.smn and a viscosity ol abou plurality of bound particles, each particle comprising a core
introducing the emulsi[)n into an atomizing unit of an 15 material encapsulated within a wall material, wherein the
electrostatic spray dryer; encapsulated product is prepared by an electrostatic spray
pbing el e b gt s kv s aseng odam LG
to about 60 kV to the emulsion in the atomizing unit; . . i
atomizing the emulsion into droplets with a gas pressur- ,, te)nc:vpesil;hatteodrplz ZSLLC;:;ZS gnsg?ie?ghioggegeoiifﬁtﬁix
ized at a pressure of 5 psi to 80 psi to obtain electro- pilo Juet P
statically charged emulsion droplets; : . .
di el s e gl o 15, I kb o of i 15 o i
the electrostatic spray dryer to effect binding of the . . ’
ol chuged Couliondopety st e 1, 6 e snapalae oot of i 15, sttt
temperature of about 25° C. to about 110° C. and an . L. ;
outlet temperature of about 25° C. to about 80° C. to prtljltellns, gumhs, 1]plds’ waxes, food grade polymers, and
biain th lated lated product . celluloses, wherein:
?hea;?ura?iga;? baofl n’delp?‘a:ili)zﬁes cc prociict comprising the carbohydrates are selected from the group consisting
wherein binding of the electrostatically charged emulsion 5, gf maltodextrin, chltosanl, dsucrgse, . glucolse, lacfose,
droplets is ach.iev.ed without the use of a fluidized bed nfc))(;;?d Cf(c)g:i 2?;1011{ Zz;;_g:;gg’nizgeﬁzlt’ airél};lfgsjr’
or an added binding agent, and alcohol-based materi’a]' ’
wherein binding of the electrostatically charged emulsion h . I d’ § h .. N
droplets results in a granulated, encapsulated product the e%gct)itslsnssgre Sreofecitr?s \fx?l?el i ero%gci)llllsp szrilrilszralsgei?l
having a granulated morphology representative of the 55 flbumin’ hei/nopglobin ,an a pgptli) des: ’ i ’
plurality of bound particles. ? > ’ .

2. The method of claim 1, wherein the core material the gl;ms are selecFed from th; grou]p bcons1st1ng of gum
comprises 5% to 50% by weight, and the wall material Zrnz(li ;ca’ riiif;g?’a?dar’ sodium alginate, carrageenan,
comprises 50% to 95% by weight, based on the total dry ’ .

. . . p the celluloses are selected from the group consisting of
We;ghjt-ﬁef tgz&fgg T?tili;?;fn; tgz;z%%ifiizoﬁgggji 40 carboxymethyl cellulose, methyl ceglluloie, ethyl cegllu-
com.prises a volatile il ’ lose, nitrocellulose, acetylcellulose, cellulose acetate-

4. The method of ciaim 1. wherein the core material phthalate, and cellulose acetate-butyrate phthalate.
comprises one or more flavor ’Components 17. The encapsulated product of claim 13, wherein the

5. The method of claim 1, wherein the emulsion is 4 encapsulated product has particle sizes in the range of about

introduced into the electrostatic spray dryer at a feed rate of
about 2 ml/min to about 10,000 ml/min.
6. The method of claim 1, wherein the gas is an inert gas.
7. The method of claim 1, wherein the electrostatically
charged droplets are dried in the presence of a gas.

80 um to about 600 pm.

18. The encapsulated product of claim 17, wherein at least
50% of the particle sizes of the encapsulated product are
greater than 125 pm.

* * * * *
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