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(57) ABSTRACT 

The present invention relates to spray-dried compositions 
capable of retaining Volatile compounds and methods relating 
to the same. The present invention also relates to the powders 
produced by Such methods. 
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SPRAY-DRED COMPOSITIONS CAPABLE 
OFRETANING VOLATILE COMPOUNDS 

AND METHODS OF PRODUCING THE SAME 

INTRODUCTION 

0001. This patent application claims the benefit of priority 
from U.S. Provisional Application Ser. No. 61/449,440, filed 
Mar. 4, 2011, the content of which is herein incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002. In the food industry, spray drying, freeze-drying, 
vacuum continuous belt drying, and reduced pressure-low 
temperature drying with a vacuum dryer have been used to 
produce dry powders of flavor ingredients such as, for 
example, dry extracts of animals and plants. 
0003 Spray drying is a common industrial method for 
drying liquid solutions or slurries by spraying into a stream of 
hot gas. It is a rapid, one-step process for converting the feed 
liquid into a powder. Usually the drying gas is air, but nitrogen 
can also be used for special products needing oxygen-free 
conditions. The most common feed materials are aqueous 
based solutions, emulsions and Suspensions, where water is 
evaporated in the dryer. The liquid feed is fed to an atomizer, 
which is a device that breaks up the liquid stream into tiny 
droplets. This atomization takes place within the drying 
chamber so that the droplets are immediately exposed to hot 
air that initiates rapid moisture evaporation. The droplets 
become Small particles of powder as the moisture is evapo 
rated and they fall to the bottom of the drying chamber. 
Pressure nozzles, rotary disks, two-fluid nozzles, and the like 
are used as the atomizing unit. In many cases, the mean 
particle size (diameter) of the resulting dry powder is about 20 
um to 500 um, and the drying time is as short as 5 to 30 
seconds (see, Handbook of Chemistry and Engineering 
(1999) revised sixth edition, Maruzen Corporation, p. 770, p. 
780). A four-fluid nozzle has also been developed, which has 
enabled mass-scale spray drying with a liquid droplet having 
a mean particle size of several micrometers. 
0004. The spray drying method is used in many cases of 
mass scale production. In general, to produce a large Volume 
of powder in a short period of time, a solution or slurry is fed 
at a fast feed rate into a spray dryer, while the inlet tempera 
ture of the spray dryer and the outlet temperature thereof are 
elevated as high as possible, to dry the slurry at a high speed. 
For example, milk is dried at an inlet temperature of the spray 
dryer of 150 to 250° C. and yeast is dried at the inlet tempera 
ture of 300 to 350° C. Drying at such high temperatures may 
negatively impact the flavor of the raw material itself and 
produce a dry powder with a burned odor. However, spray 
drying at a low temperature to avoid these disadvantages can 
increase process times and costs. See US 2005/0031769 and 
U.S. Pat. No. 6,482,433. 
0005 Spray-dried encapsulated flavors are created during 
the drying process when the aqueous carrier slurry forms a 
shell around the normally oil-based flavor core. During the 
drying process, a thin film of carrier material rapidly forms 
around the atomized droplet and selectively allows water to 
evaporate while retaining the flavor oil (Thijssen & Rulkens 
(1968) De Ingenieur 80:45-56). The shell protects the core 
against deterioration and Volatile evaporation, but also allows 
the core to be released under desired conditions, for example, 
dissolution in water. 
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0006. There has been a long felt need to spray dry natural 
and synthetic materials to provide intense fresh, authentic 
consumer preferred flavors in foodstuffs and other flavor 
containing products. Likewise, there is a similar need to spray 
dry natural and synthetic materials to provide intense, fresh, 
authentic consumer preferred fragrances in consumer prod 
uctS. 

SUMMARY OF THE INVENTION 

0007. The present invention is a spray-dried flavor com 
position containing a spray-dried flavor that has volatile com 
pounds, wherein the volatile compounds are present in an 
amount that is at least 20% of the volatile compounds origi 
nally contained in the flavor. 
0008. The invention also provides a spray-dried flavor 
composition produced by spray drying a flavor that contains 
Volatile compounds in a spray dryer having an inlet tempera 
ture of less than 100° C. and an air inlet dew point -10°C. to 
5° C., wherein the volatile compounds are present in the 
spray-dried flavor composition in an amount that is at least 
20% of the volatile compounds originally contained in the 
flavor. 
0009. The invention also provides a stable spray-dried 
flavor composition produced by spray drying a flavor that that 
contains Volatile compounds in a spray dryer having an inlet 
temperature of less than 100° C. and an air inlet dew point 
-10°C. to 5°C., wherein the volatile compounds are present 
in the spray-dried flavor composition in an amount that is at 
least 20% of the volatile compounds originally contained in 
the flavor. 
0010. A method for producing a spray-dried composition 
capable of retaining Volatile compounds is also embraced by 
the present invention. In accordance with this method, a flavor 
containing volatile compounds is spray dried in a spray dryer 
having an inlet temperature of less than 100° C. and an air 
inlet dew point -10°C. to 5°C. to obtain a spray-dried flavor 
composition, wherein the Volatile compounds are present in 
the spray-dried flavor composition in an amount that is at least 
20% of the volatile compounds originally contained in the 
flavor. 
0011. In accordance with certain embodiments of the 
composition and methods of this invention, the spray-dried 
composition may be subjected to an additional drying step in 
a fluid-bed chamber attached at the spray dryer outlet, 
wherein the temperature of the air of the fluid-bed unit is at or 
below the outlet temperature of the spray dryer. In other 
embodiments, the Volatile compounds are acetaldehydes, 
dimethyl Sulfides, ethyl acetates, ethyl propionates, methyl 
butyrates, or ethylbutyrates. In yet other embodiments, the 
volatile compounds have a boiling point of less than 200°C., 
less than 100° C., or less than 60° C. 
0012. In further embodiments, the composition fed to the 
dryer may further include a carrier material and/or a solvent, 
such as a volatile solvent, wherein the flavor and carrier 
comprise 40% and 70% as dry solid material of the total 
composition. For the purpose of the invention, a dry solid 
material is defined as a combination of carrier and flavor 
materials. In yet other embodiments, the flavor is prepared as 
an emulsion and the Volatile compounds are present in the 
emulsion in an amount that is at least 80% of the volatile 
compounds originally contained in the flavor. Still further 
embodiments include the use of nitrogen or carbon dioxide in 
the spray dryer. In certain embodiments, the airinlet tempera 
ture is in the range of 40° C. to 99 C. Flavor compositions 
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with a water activity in the range of 0.1 to 0.6 and high 
intensity flavor compositions and their use in, e.g., a chewing 
gum or beverage are also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 shows a comparison of sensory profiles of 
Orange Flavor between samples produced under different 
RH/Temperature conditions in a beverage tasting solution. 
*Directionally different, **Significantly different at p=0.05 
0014 FIG.2 shows a comparison of time intensity profiles 
of Orange Flavor between samples produced under different 
humidity/temperature conditions in Sugar-free chewing gum. 
** Significantly different at p=0.05 at these elapsed times. 
0015 FIG. 3 shows a comparison of sensory profiles of 
Berry Flavor between samples produced under different 
humidity/temperature conditions in a beverage tasting Solu 
tion. **Significantly different at p=0.05. 
0016 FIG. 4 shows a comparison of time intensity profiles 
of Berry Flavor between samples produced under different 
humidity/temperature conditions in Sugar-free chewing gum. 
** Significantly different at p=0.05 at these elapsed times. 
0017 FIG. 5 is a diagram of dryer airflow used in the 
production of the instant composition. 

DETAILED DESCRIPTION OF THE INVENTION 

0018. It has been found that commercially available spray 
dryer nozzles, geometries, and circulation patterns can be 
used in methods of producing powders with high volatile 
retention and high flavor intensity, even when drying for an 
extended amount of time. In particular, when a conventional 
spray dryer is used with an inlet temperature of less than 100° 
C. and a dew point -10°C. to 5°C., higher levels of volatile 
compounds can be retained. Because of the increased effi 
ciency of the method described herein, drying of flavor com 
positions containing volatile compounds can be achieved at 
relatively low temperatures compared to conventionally used 
methods. The resulting spray-dried flavor composition has 
high intensity flavor and has a high flavor/fragrance quality 
that is authentic to the natural source. Surprisingly, these 
flavor compositions maintain high flavor intensity and flavor/ 
fragrance quality in various end-use applications after long 
term storage. 
0019. The invention also provides a stable spray-dried 
flavor composition produced by spray drying a flavor that that 
contains Volatile compounds in a spray dryer having an inlet 
temperature of less than 100° C. and an air inlet dew point 
-10°C. to 5°C., wherein the volatile compounds are present 
in the spray-dried flavor composition in an amount that is at 
least 20% of the volatile compounds originally contained in 
the flavor. For the purpose of this invention stability is defined 
as a flavor quality and intensity that remains acceptable for 
use in end use applications. Preferably, a stable spray-dried 
flavor composition has a shelf-life of up to three years 
depending on Storage conditions. Consumer data, as demon 
strated in the examples herein, showed statistically significant 
preference for the flavors composition of the present inven 
tion. The consumer preferred quality of the flavor composi 
tion is further supported by the attributes selected by consum 
ers to describe the flavor quality of the prototypes. 
0020. Therefore, the present invention is a spray-dried 
flavor composition and a method for producing Such a com 
position. In accordance with the present invention, a spray 
dried flavor composition containing one or more Volatile 
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compounds is produced by spray drying a flavor in a spray 
dryer with an inlet temperature of less than 100° C. and a dew 
point -10° C. to 5° C. so that a dry powder is obtained. In 
certain embodiments, the resulting spray-dried composition 
is further dried in a fluidized bed. As a result of the instant 
method, the spray-dried flavor composition retains at least 
20% of the volatile compounds originally contained in the 
flavor. 

0021. Unless otherwise specified, a flavor of the invention 
is a flavor that contains one or more Volatile compounds. A 
variety of flavors can be used in accordance with the present 
invention. Flavor may be chosen from synthetic flavor and 
flavoring aromatics, and/or oils, oleo resins and oil extracts 
derived from plants, leaves, flowers, fruits, and combinations 
thereof. Representative flavor oils include, but are not limited 
to, spearmint oil, cinnamon oil, peppermint oil, clove oil, bay 
oil, thyme oil, cedar leaf oil, oil of nutmeg, oil of sage, and oil 
of bitter almonds. Also useful are artificial, natural or syn 
thetic fruit flavors such as Vanilla, chocolate, coffee, cocoa 
and citrus oil, including lemon, orange, grape, lime and 
grapefruit, and fruit essences including apple, pear, peach, 
Strawberry, raspberry, cherry, plum, pineapple, apricot and so 
forth. These flavors can be used individually or in admixture. 
0022. The volatile compounds of the instant flavor may 
include, but are not limited to, acetaldehyde, dimethylsulfide, 
ethyl acetate, ethyl propionate, methylbutyrate, and ethyl 
butyrate. Flavors containing volatile aldehydes or esters 
include, e.g., cinnamyl acetate, cinnamaldehyde, citral, 
diethylacetal, dihydrocarvyl acetate, eugenyl formate, and 
p-methylanisole. Further examples of Volatile compounds 
that may be present in the instant flavor oils include acetal 
dehyde (apple); benzaldehyde (cherry, almond), cinnamic 
aldehyde (cinnamon); citral, i.e., alpha citral (lemon, lime); 
neral, i.e., beta citral (lemon, lime); decanal (orange, lemon); 
ethyl Vanillin (vanilla, cream); heliotropine, i.e., piperonal 
(vanilla, cream), Vanillin (vanilla, cream): alpha-amyl cinna 
maldehyde (spicy fruity flavors); butyraldehyde (butter, 
cheese); Valeraldehyde (butter, cheese); citronellal (modifies, 
many types); decanal (citrus fruits); aldehyde C-8 (citrus 
fruits); aldehyde C-9 (citrus fruits); aldehyde C-12 (citrus 
fruits); 2-ethyl butyraldehyde (berry fruits); hexenal, i.e., 
trans-2 (berry fruits); tolyl aldehyde (cherry, almond); Vera 
traldehyde (vanilla); 2,6-dimethyl-5-heptenal, i.e., melonal 
(melon); 2-6-dimethyloctanal (green fruit); and 2-dodecenal 
(citrus, mandarin); cherry; or grape and mixtures thereof. The 
composition may also contain taste modulators and artificial 
SWeetenerS. 

0023 The physical, chemical, and odor properties of 
selected volatile compounds are presented in Table 1. 

TABLE 1 

Water 
Boiling Solubility 

MW Point (g/L, Odor 
Compound (g/mol) (° C.) approx.) Descriptors* 

acetaldehyde 44.05 21 soluble pungent; 
ethereal 

dimethyl 62O2 36 insoluble cabbage 
sulfide 
ethyl acetate 88.11 77 90 ethereal: 

fruity 
ethyl 102.13 99 14 Sweet; fruity: 
propionate ethereal 
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TABLE 1-continued 

Water 
Boiling Solubility 

MW Point (g/L, Odor 
Compound (g/mol) (° C.) approx.) Descriptors* 

methyl 102.13 102 15 fruity: 
butyrate pineapple 
ethyl 116.16 121 6 fruity: 
butyrate pineapple 

*The Good Scents Company and Merck Index, 12th Ed. 

0024. The instant invention is particularly useful in pro 
cessing flavors with Volatile compounds having a boiling 
point of less than 200°C., less than 150° C., less than 120°C., 
less than 100° C., less than 80°C., less than 60°C., less than 
40°C., less than 20°C., or less than 0°C. Using such flavors, 
higher levels of volatile compounds are retained, which 
results in a sensory perceivable difference over conventional 
drying processes. 
0025. In certain embodiments, the invention further 
includes the use of a carrier material to enhance processing 
productivity and flavor intensity. Such carriers can include 
any Sugar, Sugar derivatives, modified starch, proteins, cellu 
loses, salts, dextrins, gums, Sugar alcohols, polyols, peptides, 
acids, carbohydrates or hydrocolloids. Particular examples of 
Suitable materials include Sugars such as Sucrose, glucose, 
lactose, levulose, trehalose, fructose, maltose, ribose, dex 
trose, isomalt, Sorbitol, mannitol. Xylitol, lactitol, maltitol, 
pentatol, arabinose, pentose, Xylose, galactose; hydrogenated 
starch hydrolysates; maltodextrins or dextrins (soluble fiber); 
hydrocolloids such as agar or carrageenan; gums, polydex 
trose; proteins such as soy and whey protein isolates and 
hydrolyzates, and Sodium caseinates; and derivatives and 
mixtures thereof. The carrier can be selected based upon, 
amongst other factors, the desired flavor, authentic taste and 
intensity to be achieved. 
0026. In some embodiments, the flavor and optional car 
rier material are dissolved or emulsified in a solvent and 
Subsequently spray-dried. In some embodiments, the solvent 
is water. In other embodiments, the solvent is not water. In yet 
further embodiments, the solvent is a volatile solvent. In still 
other embodiments, the solvent is a mixture of water and a 
volatile solvent. As is known in the art, a volatile solvent is a 
nonaqueous liquid with solvent properties with the character 
istic of evaporating readily at room temperature and atmo 
spheric pressure. Volatile solvents of particular use in accor 
dance with the present invention include, but are not limited 
to, ethanol, ethyl acetate, acetone. 
0027 Flavor emulsions can be prepared according to stan 
dard preparation procedures. Briefly, the practice involves 
dispersing and dissolving the dry carrier materials in solvent 
until free of lumps. When using water as the solvent, it may be 
desirable to warm the water (e.g., to approximately 50° C.) 
prior to adding the carrier material. The flavor is then added 
under constant agitation until a homogeneous mixture is 
obtained. The emulsion may be further subjected to high 
shear or homogenized to reduce oil droplet size prior to spray 
drying. 
0028. In certain embodiments, the emulsion contains 
between 40% and 70% dry solid material (including the fla 
vor), or more preferably between 55% and 65% dry solid 
material (including the flavor). The amount of dry solid mate 
rial can be adjusted by using more or less water depending on 
the solubility of the carrier material and various factors 
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related to efficient operation of the spray dryer. For example, 
the type and amount of carrier, amount of water, and/or 
amount of flavor can be adjusted so that the resulting emul 
sion has a viscosity Suitable for feeding into a spray dryer to 
provide liquid droplets having a mean particle size (mean 
volume diameter) of between 10 um and 200 um. For 
example, when using spray nozzles, such as a three-fluid 
nozzle and a four-fluid nozzle, the viscosity of the feed slurry 
is preferably 500 cps or less, preferably 200 cps or less, and 
more preferably 80 cps or less. For a rotary atomizer (rotary 
disk), the viscosity is preferably 70,000 cps or less. Moreover, 
the feed slurry (i.e., emulsion) can be heated (e.g., to near the 
inlet temperature) or cooled (e.g., to 15° C.) immediately 
before adding it to the spray dryer to modify fluidity. In 
addition, certain flavors, especially those that are more water 
soluble, act as plasticizers thereby making processing more 
difficult due to stickiness. In this respect, the ratios of carrier 
materials can be modified. Therefore, various factors can be 
appropriately selected or modified for use in combination 
with different spray dry apparatuses. 
0029. In addition to the flavor and carrier material, an 
emulsifier or surfactant can also be used in the production of 
the instant spray-dried flavor composition. Examples of Suit 
able emulsifiers or surfactants include, but are not limited to, 
lecithins, Sucrose esters, proteins, gums, soap-bark extract, 
saponins, and the like. Moreover, a variety of solvents can be 
used in the instant spray-dried flavor composition. Such sol 
vents include, volatiles and nonvolatiles but are not limited to 
alcohol (e.g., ethanol), ethyl acetate, acetone, triglycerides, 
Vegetable oils, animal fats, and triacetin. 
0030 Commercially available spray dryers can be used as 
in the practice of the present invention. For example, a spray 
dryer with a vertical parallel flow function can be used. The 
spray dryer should be a system with a dehumidifying and 
drying function. For example, a spray dryer capable of blow 
ing a high Volume of desiccated air with a dew point of less 
than 5°C. is particularly preferable. For a spray dryer with no 
dehumidifying and drying function, the spray dryer is inevi 
tably arranged with a dry dehumidifier, e.g., a honeycomb 
type rotary dehumidifier (e.g., Nichias Corporation or Swe 
den PROFLUTE Corporation). Suitable spray dryers include 
the micromist spray dryer and the hybrid granulator series 
manufactured by Fujisaki Electric Co., Ltd.; the fluidized 
spray dryer FSD with internal fluid bed as manufactured by 
Niro Corporation; the fluid granulation spray dryer and L-8 
type spray dryer manufactured by Ogawara (Japan); the 
DL-21 type and GB-21 type spray dryers manufactured by 
Yamato Scientific Co., Ltd., and Anhydro Spray Bed Dryer 
manufactured by SPX Corporation. 
0031. In particular embodiments, the spray dryer is 
capable of generating liquid droplets (particles) having a 
mean particle size (mean Volume diameter) of between about 
um to about 200 um. Specifically, it is preferred to carry out 
spray drying with a spray dryer with a spray nozzle capable of 
generating a large Volume of liquid droplets having a mean 
particle size of between about 10 um to about 200 um, pref 
erably about 20 um to about 150 um, and more preferably 
about 30 um to about 100 um. When the liquid droplets are 
dried, a dry powder having a mean particle size (mean Volume 
diameter) of about 10 um to about 100 um is preferred for 
retention of the flavor oil. 
0032. Among the operation conditions of the spray drying 
apparatus, in certain embodiments the outlet temperature of 
the spray drying apparatus is between 20° C. and 60° C. 
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preferably 30 to 60° C., and more preferably 40 to 60° C. For 
the purposes of this invention, the outlet temperature of the 
spray dryer means the product temperature of the dry powder 
in the vicinity of the powder collection part of the spray dryer. 
For the spray dryer of the vertical parallel flow type, the outlet 
temperature means the temperature (exhaust gas tempera 
ture) at the exhaust part thereof. 
0033. In other embodiments of this invention, the average 
inlet air temperature of the spray drying apparatus is less than 
100° C. In certain embodiments, the average inlet air tem 
perature of the spray drying apparatus is in the range of 40°C. 
to 99° C., more preferably 60° C. to 99° C. and most prefer 
ably 80°C. to 99° C. For the purposes herein, the average inlet 
air temperature is a sum total of all inlet air streams, e.g., main 
chamber inlet air and the inlet air to the fluid bed(s). 
0034. As a particular feature of the instant invention, it is 
desirable that production parameters including temperature, 
pressure and humidity, are controlled to achieve an air inlet 
dew point in the range of -10° C. to 5° C. In particular 
embodiments, the air inlet dew point of the spray drying 
apparatus is 5° C. or less, preferably 0° C. or less, more 
preferably is -5°C. or less, and most preferably -7.5°C. or 
less. As is known in the art, dew point temperature is a 
function of air temperature and % RH and can be determined 
using a psychrometric chart or calculator. Dew point tempera 
ture is important as it corresponds directly to the actual 
amount of water in the air on a mass basis. 

0035. Once the spray-dried flavor composition is dried or 
partially dried in the spray drier, the resulting powder can be 
used in the production of food product, pharmaceuticals, 
consumer products and the like. Alternatively, particular 
embodiments feature the additional step of further drying the 
spray-dried flavor composition in a fluid-bed chamber 
attached at the outlet of the spray dryer. Accordingly, certain 
embodiments feature the use of an integrated fluid-bed spray 
dryer to produce the instant spray-dried flavor composition. 
This secondary drying can, e.g., further remove entrapped 
Solvent, residual moisture, and/or water of molecular hydra 
tion, to provide a composition of powder particles with Sig 
nificantly lower moisture content that is stable in storage, e.g., 
for extended periods at ambient temperatures. 
0036. In accordance with this embodiment, the tempera 
ture of the air Supplying the fluid-bed unit is maintained at or 
below the outlet temperature of the spray dryer in order to 
maintain the benefit of volatile flavor retention. Thus, the inlet 
temperature of the fluid-bed unit is between 40°C. and 99°C., 
preferably 50 to 95°C., and more preferably 60 to 90° C.; and 
the inlet dew point is in the range of -10 to 5°C. 
0037. In some embodiments, the fluid-bed has a single 
Zone. In other embodiments, the fluid-bed unit has one, two, 
three or more Zones, wherein each Zone has a different tem 
perature and air flow rate. In certain embodiments, the fluid 
bed unit has three Zones, each varying in temperature by at 
least 10°C. In particular embodiments, the fluid-bed unit has 
three Zones, each varying in temperature by 10°C. to 20° C. 
By way of illustration, dry powder from a spray dryer with an 
outlet temperature of 60° C. could have a first fluid-bed Zone 
at 60°C., a second bed Zone of 45° C. and a third Zone of 25° 
C. 

0038. Secondary drying can continue, e.g., for about 5 
minutes to about 5 hours, or about 10 minutes to about 1 hour, 
and most preferably about 20 to 40 minutes until residual 
moisture is reduced to a desired level. In particular embodi 
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ments, secondary drying continues until the residual moisture 
of the powder particles is below 5 percent. 
0039. As used herein, “dry,” “dried,” and “substantially 
dried encompass those compositions with from about 0% to 
about 15% water. Preferably, the instant composition will 
have a wateractivity of 0.1 to 0.6, or more desirably 0.2 to 0.5, 
and most preferably from 0.2 to 0.4 wherein said levels of 
dryness can be achieved with or without secondary drying. 
0040 Drying can also occur in the total or partial absence 
of ambient air. In this respect, drying can occur in the pres 
ence of CO or other drying gases (e.g., nitrogen). Accord 
ingly, in particular embodiments, the air of the spray dryer is 
partially or wholly composed of carbon dioxide or nitrogen. 
In accordance with this embodiment, partial carbon dioxide 
or nitrogen is intended to mean a level in the range of 80-99% 
carbon dioxide and/or nitrogen. 
0041. Once the spray-dried flavor composition reaches the 
desired level of dryness, it can be used in a variety of con 
Sumer, food, or pharmaceutical products. In particular, the 
instant spray-dried flavor composition finds application in 
gums, confections, oral care products, beverages, Snacks, 
dairy products, Soups, sauces, condiments, detergents, fabric 
softeners and other fabric care products, antiperspirants, 
deodorants, talc, kitty litter, hair care and styling products, 
personal care products, air fresheners, cereals, baked goods 
and cleaners. In specific embodiments, the instant spray-dried 
flavor composition is used in flavoring chewing gum and 
beverages. Additionally, the spray-dried powder may be fur 
ther processed by extrusion, coating, agglomeration, blend 
ing, compaction to impart additional functionality or benefits. 
While the instant invention is described in terms of the spray 
drying technique, the instant invention can employ other dry 
ing technologies or processes wherein the use of low humid 
ity and temperature conditions result in improved product 
quality through Volatile retention. 
0042. Other modifications of this invention will be readily 
apparent to those skilled in the art. Such modifications are 
understood to be within the scope of this invention. As used 
herein, all percentages are weight percent unless otherwise 
noted, L is understood to be liter, kg is understood to be 
kilogram, and g to be gram. In addition, the amounts, sizes, 
temperatures and percentages provided herein are understood 
to include exact numbers and approximations. 
0043. The following examples are provided as specific 
embodiments of the present invention. 

Example 1 

Formulations for Dry Flavor Powders 
0044. A comparison between modified formulas and con 
ventional control formulas was conducted. Exemplary Con 
trol and Modified formulas of dry flavor powders are listed in 
Table 2. 

TABLE 2 

Component Control Modified Control Modified 

Orange Flavor 20% 16% 
Berry Flavor 11% 16% 
Modified starch 10% 8% 729% 8% 
Carbohydrates 70% 76% 1796 76% 
(e.g., Sugar, 
corn Syrup, 
maltodextrin) 
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0045 Control powders were produced by a conventional 
process conditions and Modified powders were produced by 
the instant modified process (FIG. 5), according to the con 
ditions listed in Table 3. In both cases, a conventional spray 
dryer without an integrated fluid-bed was used. 

TABLE 3 

Spray Dryer Operating 
Parameter Standard Modified 

Inlet air temperature (C.) 170-210 <100 
Inlet air humidity (g H2O/kg 2-18 0-4 
dry air) 
Outlet air temperature (C.) 80-100 35-55 
Outlet air humidity (g H2O/kg 45-55 10-20 
dry air) 
Atomizer type Rotary Rotary Disc or 

Disc Nozzle 

0046 All formulations ran well with minimal hold-up, 
Sticking, or other issues in the conventional spray dryer. 

Example 2 

Retention of Volatile Compounds in Modified 
Orange Flavor Formulation 

0047 Using GC-FID (gas chromatography-flame ioniza 
tion detector) analysis, the volatile profile of the Orange Fla 
vor formulations in Example 1 was determined. This analysis 
indicated that the retention of specific volatile materials for 
the Modified powder compared to the level in the emulsion 
were approximately 72%, 75%, and 52% for ethyl propi 
onate, ethylbutyrate, and acetaldehyde, respectively. Table 4 
indicated the ratio of volatiles retained in the Modified pow 
der in comparison to the Control powder. Sensory tests 
showed benefit of the Modified powder over the Control 
powder in a beverage tasting Solution (significantly greater 
overall aroma and orange flavor, FIG. 1) and in chewing gum 
(significantly greater orange flavor intensity at the 30 and 60 
second intervals: FIG. 2). 

TABLE 4 

Ethyl Ethyl 
Orange Flavor Propionate Butyrate Acetaldehyde 

Modified 2.3 1.6 1.8 
Control 1.O 1.O 1.O 

Example 3 

Retention of Volatile Compounds in Modified Berry 
Flavor Formulation 

0048. Using GC-FID analysis, the volatile profile of the 
Berry Flavor formulations in Example 1 was determined. 
This analysis indicated that the retention of specific volatile 
materials for the Modified powder compared to the level in 
the emulsion were approximately 24%, 35%, and 87% for 
dimethyl sulfide, ethyl acetate, and ethylbutyrate, respec 
tively. Table 5 indicated the ratio of volatiles retained in the 
modified powder in comparison to the Control powder. Sen 
sory tests showed benefit of the Modified powder over the 
Control powder in a beverage tasting solution (significantly 
greater berry aroma and flavor, among others; FIG. 3) and in 
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chewing gum (significantly greater berry flavor intensity at 
the 30 and 60 second intervals: FIG. 4). 

TABLE 5 

Dimethyl Ethyl Ethyl 
Berry Flavor Sulfide Acetate Butyrate 

Modified 12.7 13.4 4.5 
Control 1.O 1.O 1.O 

Example 4 

Effects of Dryer Process Temperatures 
0049. To determine the effect of dryer process tempera 
tures on the physical properties and flavor quality of a citrus 
flavor, different spray dryer air inlet and outlet temperatures 
were utilized. The resulting Volatile compound content, and 
flavor strength and aroma as determined by an expert panel 
are presented in Table 6. 

TABLE 6 

Inlet Outlet Acetaldehyde Flavor Aroma 
Temperature Water Content Strength Strength 

(° C.) activity (% of Nominal) Ranking Ranking 

190,90 O16 37 1 1 
93.45 0.27 42 2: 2: 

*2 = higher, 

0050. In addition to the above results, both spray-dried 
compositions exhibited free-flowing properties after 7 weeks 
at 40°C. in a closed container. These results indicate that an 
air inlet temperature below 100° C. reduces loss of volatile 
flavor compounds, provides improved sensory intensity, 
while maintaining water activity of the product at a level that 
prevents caking when exposed to above ambient tempera 
tures. 

Example 5 

Stability of Fruit and Mint Flavors in Chewing Gum 
0051. The stability of apple and mint flavors in chewing 
gum were evaluated. Flavor compositions were spray-dried in 
accordance with the instant method, incorporated into chew 
ing gum, and the stability of the flavor was evaluated by an 
expert panel after storage at 32°C. for 2 or 12 weeks or 21°C. 
for 12 weeks. The results of prototype apple-flavored gum, as 
compared to a control, are presented in Table 7 and FIG. 6. 
The control samples were spray dried flavors processed using 
conventional drying conditions. 

TABLE 7 

Prototype Flavor Control Flavor 
Stability Stability 

32° C. 21 C. 32° C. 21 C. 

Apple 2 12 12 2 12 12 
Flavored Gum weeks weeks weeks weeks weeks weeks 

Candy Banana 4.5 4.5 4 4 2 3 
Green Apple 5.5 4 4.5 3 2 3 
Ripe Estery 6 5 5.5 4 3 4 
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TABLE 7-continued 

Prototype Flavor Control Flavor 
Stability Stability 

32° C. 21 C. 32° C. 21 C. 

Apple 2 12 12 2 12 12 
Flavored Gum weeks weeks weeks weeks weeks weeks 

Sweet n.d. 6 6 n.d. 5 5 
Sour n.d. 4 4 n.d 3 3.5 
Salivating n.d. 4 5 n.d. 3 4 
Astringent n.d. 3 3 n.d. 2.5 3 

Scale: 10-point scale (10 = highest). 
Expert panel of four testers. 
n.d. = not determined. 

0052. The analysis presented in Table 7 indicates that the 
apple flavor produced by the instant method was as stable as 
a conventional spray-dried composition at 21°C. (12 weeks) 
or 32°C. (12 weeks). However, the impact of the apple flavor 
produced by the instant method was stronger after storage at 
32°C. for 12 weeks than that of the conventional spray-dried 
composition stored at 21°C. for 12 weeks. 
0053. The results of prototype mint-flavoredgum, as com 
pared to a control, are presented in Table 8. 

TABLE 8 

Prototype Flavor Control Flavor 
Stability Stability 

32° C. 21 C. 32° C. 21 C. 

Mint 2 12 12 2 12 12 
Flavored Gum weeks weeks weeks weeks weeks weeks 

Peppermint 6 4.5 5.5 4.5 3 3.5 
Menthol 5.5 4.5 5.5 5.5 3 3.5 
Sweet Creamy 5 4 4.5 4.5 3.5 3.5 
Sweet n.d. 6.5 7 n.d. 6 7 
Bitter n.d. 1 1 n.d. 1 1 
Astringent n.d. 1 1 n.d. 1 1 
Off-note n.d. O O n.d. 1 3 
(plastic) 

Scale: 10-point scale (10 = highest). 
Four testers. 
n.d. = not determined. 

0054 The analysis presented in Table 8 indicates that the 
mint flavor produced by the instant method was as stable as a 
conventional spray-dried composition at 21°C. (12 weeks) or 
32° C. (12 weeks). However, the impact of the mint flavor 
produced by the instant method was stronger after storage at 
32°C. for 12 weeks than that of the conventional spray-dried 
composition stored at 21°C. for 12 weeks. Overall, the results 
of this analysis indicated that the desirable sensory attributes 
of apple and mint flavors were better maintained in chewing 
gum using the prototype flavor over 12 weeks at 32° C. 

Example 6 

Stability of Raspberry Flavor in Powdered Soft 
Drink Mix 

0055. The stability of raspberry flavor in powdered soft 
drink mix was evaluated. A raspberry flavor composition was 
spray-dried in accordance with the instant method, incorpo 
rated into a powdered soft drink mix, and the stability of the 
flavor was evaluated by an expert panel after storage for 8 
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weeks at 38°C. The results of the prototype soft drink mix 
containing the instant spray-dried flavor composition, as 
compared to a control, are presented in Table 9. The control 
sample was a spray dry flavor processed using conventional 
drying conditions. 

TABLE 9 

Degree of 
Sample Difference Description 

Prototype 9 No off-notes present. Flavor 
attributes similar to refrigerated 
reference. 

Control 7 Lacking fullness, Sweetness, loss 
of impact and juiciness compared to 
refrigerated reference. 

*Scale: 1-3: very large difference, off-notes present; 10: not different from refrigerated 
reference. 

0056. This analysis indicated that after 8 weeks of accel 
erated storage, the raspberry prototype maintained flavor 
quality. 

Example 7 

Evaluation of Savory Broths 

0057 Spray-dried flavor compositions, prepared in accor 
dance with the instant method, were incorporated into savory 
broths and attributes of the broths were assessed by a panel of 
consumers. The attributes of the prototype broths, as com 
pared to a control, are presented in Table 10. The control 
broths were prepared from spray dry flavors processed using 
conventional drying conditions. 

TABLE 10 

Flavor % Preference for Attributes* 
Type Prototype Prototype vs. Control 

Chicken 77 More white meat flavor, 
(N = 65, p = 0.0001) fresher, more balanced, rounder 

flavor, more overall aroma 
Beef 59 More overall aroma, more 

(N = 63, p = 0.17) roasted flavor, bolder flavor, 
more memorable 

Paired comparison forced choice preference test among category users, 
** Significantly different at greater than or equal to 90% confidence interval. 

0.058 Consumer data showed statistically significant pref 
erence for the prototype flavors. This is further supported by 
the attributes selected by consumers to describe the flavor 
quality of the prototypes. 

Example 8 

Sensory Stability of Neat Powders in High Barrier 
Packaging 

0059. The stability of various flavor prototypes in high 
barrier packaging (FRESHTEK) was assessed after storage 
for 6, 12, or 18 weeks at 40°C. The attributes of the prototype 
powders are presented in Table 11. 
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TABLE 11 

Description 

Prototype 6 weeks 12 weeks 18 weeks 

Peach 11-71 Acceptable Acceptable Acceptable 
Apple 11-58 Acceptable Acceptable Borderline 

Slight off-notes Slight off-notes, 
noticeably weaker 
than reference 

Orange Acceptable Acceptable Acceptable 
Valencia No oxidized No oxidized notes 
11-299 notes 
Lime 11-331 Acceptable Acceptable Borderline 

No oxidized No oxidized 
notes, slightly notes, noticeably 
weaker than weaker than 
reference reference 

Lemon Acceptable Acceptable Acceptable 
Brazilian No oxidized No oxidized notes 
11-315 notes 

Expert panel evaluation, reference sample was kept frozen during storage study, 

1-48. (canceled) 
49. A spray-dried flavor composition comprising a spray 

dried flavor that contains volatile compounds wherein the 
Volatile compounds are present in an amount that is at least 
20% of the volatile compounds originally contained in the 
flavor. 

50. The spray-dried flavor composition of claim 49, 
wherein the volatile compounds are acetaldehydes, dimethyl 
sulfides, ethyl acetates, ethyl propionates, methylbutyrates, 
or ethylbutyrates. 

51. The spray-dried flavor composition of claim 49, 
wherein the Volatile compounds have a boiling point of less 
than 200° C., less than 100° C., or less than 60° C. 

52. The spray-dried flavor composition of claim 49, further 
comprising a carrier material. 

53. The spray-dried flavor composition of claim 49, 
wherein the water activity of the composition is in the range 
of 0.1 to 0.6 or in the range of 0.2 to 0.4. 

54. The spray-dried flavor composition of claim 49, 
wherein said composition provides a high intensity flavor. 

55. The spray dried flavor composition of claim 54, 
wherein the high intensity flavor is incorporated into gums, 
confections, oral care products, beverages, Snacks, dairy 
products, soups, sauces, condiments, detergents, fabric Soft 
eners and other fabric care products, antiperspirants, deodor 
ants, talc, kitty litter, hair care and styling products, personal 
care products, air fresheners, cereals, baked goods or clean 
CS. 

56. The spray dried flavor composition of claim 54, 
wherein the high intensity flavor is incorporated into a chew 
ing gum or beverage. 

57. A spray-dried flavor composition produced by spray 
drying a flavor that contains Volatile compounds in a spray 
dryer having an inlet temperature of less than 100° C. and an 
air inlet dew point -10° C. to 5° C., wherein the volatile 
compounds are present in the spray-dried flavor composition 
in an amount that is at least 20% of the volatile compounds 
originally contained in the flavor. 

58. The spray-dried flavor composition of claim 57. 
wherein the spray-dried flavor composition is further dried in 
a fluid bedchamber attached at the spray dryer outlet, wherein 
the temperature of the air of the fluid-bed unit is at or below 
the outlet temperature of the spray dryer. 
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59. The spray-dried flavor composition of claim 57. 
wherein the volatile compounds are acetaldehydes, dimethyl 
Sulfides, ethyl acetates, ethyl propionates, methylbutyrates, 
or ethylbutyrates. 

60. The spray-dried flavor composition of claim 57. 
wherein the Volatile compounds have a boiling point of less 
than 200° C., less than 100° C., or less than 60° C. 

61. The spray-dried flavor composition of claim 57. 
wherein the flavor further comprises a carrier material. 

62. The spray-dried flavor composition of claim 57. 
wherein the flavor further comprises a solvent. 

63. The spray-dried flavor composition of claim 62, 
wherein the solvent is a volatile solvent. 

64. The spray-dried flavor composition of claim 62, 
wherein the flavor and carrier material comprise 40% and 
70% as dry solid material of the total composition. 

65. The spray-dried flavor composition of claim 62, 
wherein said flavor is prepared as an emulsion and the Volatile 
compounds are present in the emulsion in an amount that is at 
least 80% of the volatile compounds originally contained in 
the flavor. 

66. The spray-dried flavor composition of claim 57. 
wherein air of the spray dryer is partially or wholly nitrogen 
or carbon dioxide. 

67. The spray-dried flavor composition of claim 57. 
wherein the air inlet temperature is in the range of 40° C. to 
990 C. 

68. The spray-dried flavor composition of claim 57. 
wherein the water activity of the composition is in the range 
of 0.1 to 0.6. 

69. The spray-dried flavor composition of claim 57. 
wherein said composition provides a high intensity flavor. 

70. The spray-dried flavor composition of claim 69, 
wherein the high intensity flavor is incorporated into gums, 
confections, oral care products, beverages, Snacks, dairy 
products, Soups, sauces, condiments, detergents, fabric Soft 
eners and other fabric care products, antiperspirants, deodor 
ants, talc, kitty litter, hair care and styling products, personal 
care products, air fresheners, cereals, baked goods or clean 
CS. 

71. The spray-dried flavor composition of claim 69, 
wherein the high intensity flavor is incorporated into a chew 
ing gum or beverage. 

72. A stable spray-dried flavor composition produced by 
spray drying a flavor that that contains Volatile compounds in 
a spray dryer having an inlet temperature of less than 100° C. 
and an airinlet dew point -10°C. to 5°C., wherein the volatile 
compounds are present in the spray-dried flavor composition 
in an amount that is at least 20% of the volatile compounds 
originally contained in the flavor. 

73. The stable spray-dried flavor composition of claim 72, 
wherein the stable spray-dried flavor composition is further 
dried in a fluid bedchamber attached at the spray dryer outlet, 
wherein the temperature of the air of the fluid-bed unit is at or 
below the outlet temperature of the spray dryer. 

74. The stable spray-dried flavor composition of claim 72, 
wherein the volatile compounds are acetaldehydes, dimethyl 
Sulfides, ethyl acetates, ethyl propionates, methylbutyrates, 
or ethylbutyrates. 

75. The stable spray-dried flavor composition of claim 72, 
wherein the Volatile compounds have a boiling point of less 
than 200° C., less than 100° C., or less than 60° C. 

76. The stable spray-dried flavor composition of claim 72, 
wherein the flavor further comprises a carrier material. 
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77. The stable spray-dried flavor composition of claim 72, 
wherein the flavor further comprises a solvent. 

78. The stable spray-dried flavor composition of claim 77, 
wherein the solvent is a volatile solvent. 

79. The stable spray-dried flavor composition of claim 77, 
wherein the flavor and carrier material comprise 40% and 
70% as dry solid material of the total composition. 

80. The stable spray-dried flavor composition of claim 77, 
wherein said flavor is prepared as an emulsion and the Volatile 
compounds are present in the emulsion in an amount that is at 
least 80% of the volatile compounds originally contained in 
the flavor. 

81. The stable spray-dried flavor composition of claim 72, 
wherein air of the spray dryer is partially or wholly nitrogen 
or carbon dioxide. 

82. The stable spray-dried flavor composition of claim 72, 
wherein the air inlet temperature is in the range of 40° C. to 
990 C. 

83. The stable spray-dried flavor composition of claim 72, 
wherein the water activity of the composition is in the range 
of 0.1 to 0.6. 

84. The stable spray-dried flavor composition of claim 72, 
wherein said composition provides a high intensity flavor. 

85. The stable spray-dried flavor composition of claim 84, 
wherein the high intensity flavor is incorporated into gums, 
confections, oral care products, beverages, Snacks, dairy 
products, soups, sauces, condiments, detergents, fabric Soft 
eners and other fabric care products, antiperspirants, deodor 
ants, talc, kitty litter, hair care and styling products, personal 
care products, air fresheners, cereals, baked goods or clean 
CS. 

86. The stable spray-dried flavor composition of claim 84, 
wherein the high intensity flavor is incorporated into a chew 
ing gum or beverage. 

87. A method for producing a spray-dried composition 
capable of retaining Volatile compounds comprising spray 
drying a flavor containing Volatile compounds in a spray 
dryer having an inlet temperature of less than 100° C. and an 
air inlet dew point -10° C. to 5° C. to obtain a spray-dried 
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flavor composition, wherein the Volatile compounds are 
present in the spray-dried flavor composition in an amount 
that is at least 20% of the volatile compounds originally 
contained in the flavor. 

88. The method of claim 87, further comprising drying the 
spray-dried flavor composition in a fluid-bed chamber 
attached at the spray dryer outlet, wherein the temperature of 
the air of the fluid-bed unit is at or below the outlet tempera 
ture of the spray dryer. 

89. The method of claim 87, wherein the volatile com 
pounds are acetaldehydes, dimethyl Sulfides, ethyl acetates, 
ethyl propionates, methylbutyrates, or ethylbutyrates. 

90. The method of claim 87, wherein the volatile com 
pounds have a boiling point of less than 200° C., less than 
100° C., or less than 60° C. 

91. The method of claim 87, wherein the flavor further 
comprises a carrier material. 

92. The method of claim 87, wherein the flavor further 
comprises a solvent. 

93. The method of claim 92, wherein the solvent is a 
volatile solvent. 

94. The method of claim 92, wherein the flavor and 
optional carrier material comprise 40% and 70% as dry solid 
material of the total composition. 

95. The method of claim 92, further comprising preparing 
the flavor as an emulsion, wherein the Volatile compounds are 
present in the emulsion in an amount that is at least 80% of the 
Volatile compounds originally contained in the flavor. 

96. The method of claim 87, wherein the air inlet tempera 
ture is in the range of 40°C. to 99°C. 

97. The method of claim 87, wherein the water activity of 
the spray-dried flavor composition is in the range of 0.1 to 0.6. 

98. The spray-dried flavor composition of claim 61, 
wherein the flavor further comprises a solvent. 

99. The stable spray-dried flavor composition of claim 76, 
wherein the flavor further comprises a solvent. 

100. The method of claim 91, wherein the flavor further 
comprises a solvent. 


