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FLA Al NLNG-ALLL UM O-—CAPSULES FORMEBR-BY PREFHEH-N———
COACERVATI ON AND METHOD OF MAKI;NG FLAVORED FLOUR DOUGH PRODUCT Rel at ed
Application This application' is a continuation-in-part of application .
Serial No. 08/204,755 filed on March 2, 1994, entitled "Method of Flavoring
Foods with P ncapsul ated Flavor G ls", whichis a 5

conti nuation b%‘%bﬁ cation Serial No. 07/859,934 filed on ﬁ&?@ﬁ"é“éf”lggz
entitled "Agueous Liquid Flavor G| Capsules, Method of Making and Using in
Foods", now abandoned, and Application Serial No. 07/859, 349 filed March
30, 1992 entitled "Heat-Stable and Fracturable Spray-Dried Free-Fl ow ng
Flavor G| Capsul es, Method of 10 Maki ng and Using in Foods", also
now abandoned. Field of the Invention This invention relates to flours and
doughs and, nore particularly, to flavored flours and fl our dough products
I ncorporating

-1-

FLAVORED FLOUR CONTAINING ALLIUM OIL
CAPSULES FORMED BY PROTEIN COACERVATION AND

METHOD OF MAKING FLAVORED FLOUR DOUGH PRODUCT
Related Application

This application is a continuation-in-part of application
Serial No. 08/204,755 filed on March 2, 1994, entitied "Method of
Flavoring Foods with Polymer Encapsulated Flavor Oils”, which is a

5 continuation of Application Serial No. 07/859,934 filed on March
30, 1992 entitled "Aqueous Liquid Flavor Oil Capsules, Method of
Making and Using in Foods", now abandoned, and Application Serial
No. 07/859,349 filed March 30, 1992 entitled "Heat-Stable and
Fracturable Spray-Dried Free-Flowing Flavor Qil Capsules, Method of
10 Making and Using in Foods", also now abandoned.

Field of the invention

This invention relates to flours and doughs and, more

particularly, to flavored flours and fiour dough products incorporating
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alliumoil to-flavor the-flour and.-dough and, optionally. to reduce the mx
time required to devel op the dough. Background of the Invention Allium

mat erials, such as garlic, onion, and the |ike, are 5 popul ar

I ngredients for flavoring various foods and are used quite often in

flavoring dowghessegsucts. For exanple, Tangel et al. US P 06N
3,615,679 teaches the use of garlic as an ingredient in a dg}ﬁ.gﬁku@g 9for

frozen pizza. U S. Patent No. 3,537,863.to Sinnott teaches a nethod of
making garlic bread in which 10 dehydrated garlic chips are bl ended

into the bread dogghalRimidietot fiaWorahe AR dindododgeand, optoriiypto aeduce
activated by vapor generated in the dough during baking in order to create

a garlic flavor pené aitkitife réfditednto@évilldptie dbligh! eact wi th dough,
af fecting dough rheol ogy and tinished product performance. For exanple, the

15 nDderate!ﬂﬁﬂ%ﬁﬁpﬂ&ﬁﬂﬁiﬂh#ﬂﬁ&h?” and | arge level of sulfhydry
conmpounds present~tn garfrc grve the garlic a high chem cal reducing _
poent a suen that e Kl SAIPMGHE S S g o
potenti al §nab| €s pggmair ‘fngtrgdll&?\tsu?c?rdﬂaavsor%gdé)#r%husc%%gtain%ngrre’used quite
often in flavoring dough products. For example, Tangel et al. U.S.
Patent No. 3,615,679 teaches the use of garlic as an ingredient in .a
dough used for a frozen pizza. U.S. Patent No. 3,537,863 to
Sinnott teaches a method of making garlic bread in which
10 dehydrated garlic chips are blended into the bread dough at the time
of kneading. The garlic chips are activated by vapor generated in the
dough during baking in order to create a garlic flavor perception.
Allium materials also react with dough, affecting dough
rheology and finished product performance. For example, the
15 moderate degree of unsaturation aﬁd large Ieyel of sulfhydryl
compounds present in gariic give the garlic a high chemical reducing
potential such that, when the garlic is combined with the dough, the
gariic reduces the disulfide cross links of gluten in the dough. This
reducing potential enables garlic to be used as a dough conditioner,
20 reducing the mix time required to develop a dough as well as
increa_sing the extensibility of the dough, as recognized in Porter U.S.
Patent No. 4,643,900 (the ‘900 patent). The ‘900 patent teaches
the use of an allium material, such as flavorless dehydrated gariic or

onion, in an effective dough conditioning amount.



20 reducing the mx time.required to devel op a dough as well as
increasing the extensibility of the dough, as+ecognized ih—Porter—LJ) S
Pat ent No. 4,643,900 (the '900 patent). The '900 patent teaches the use of
an alliummterial, such as flavorless dehydrated garlic or onion, in an

effective dough conditioning'anDunt. WO 96/ 32017
PCT/ US96/ 0488362017 However, garlic's reducing potential al sgij éggmﬁgﬁ sone
usual |y undeS|ra Ie dough processing probl ens such as decrease

tol erance, reduced gas-hol ding capacilgy and sticking to the sheeting |ine.
The garlic al so has an adverse effect on finished 5 pr oduct

perfornmance, as evidenced Hyweeer, ?ﬁﬂﬁﬂs lréaﬁcmglmtmmlsh protiuces admy unb,

uneven grain and sonme toughness. Therefore, is desirable to have a dough

product which pr@Ua‘i’l@%rﬁie@ﬁ*&bbgdcﬁdﬁvﬂfoc%élha%roﬁfefr@&iuﬂga& lRcrisan

r heol ogy, proce55|ng or tinish roduct performance of the dough. It is

?lncs:grégrat ed to prowé&'%ot E@é%e?%ﬁ&\c}@{go%cl%ce ?nki)e&[tb'r}eﬁemy °e

shesting line. The garlic also has an adverse effect on finished
5 . product performance, as evidenced by decreased loaf volume,
oxidized bread crumb, uneven grain and some toughness.
Therefore, it is desirable to have a dough product which

provides a garlic flavor without affecting the dough rheology,
processing or finished product performance of the dough. It is also

10 desirable to have a dough product in which garlic may be
incorporated to provide both garlic flavor and reduced mix time.
Summary of the invention

This invention is directed to an allium flavored flour as

well as to a method of making a flavored flour dough product. The

15 allium flavored flour comprises flour and protein-encapsulated 'allium
oil capsules formed by coacervation. The allium oil capsules are
heat-stable and fracturable, and are added in an amount sufficient
for flavoring when the flour is formed into a dough.

~ If desired, thé flavored flour may include a chemical

20 leavening system. Also, free allium material may be provided in
mixture with the flavored flour in an amount sufficient to reduce the
mix time required to develop a dough. The free allium material may
be combined with the oil capsules in a customized blend to provide

the desired level of flavor and effect on dough rheocilogy.



Summary of the Invention This invention is directed to an alliumflavored
flour as well—as to a sethod-of naking-a flavored fl ow..dough preduct. The
15 alliumflavored flour conprises flour and protein-encapsul at ed
aldiumoil capsules forned by coacervation. The alliumoil capsules are
heat - stabl e and fracturable, and are added in an anmount sufficient for
flavoring whgpokAsyt | our is formed into a dough. If desiredgpeql '}Pg ;‘,I‘& ored
flour may include a chem cal 20. | eaveni ng system Also, free a I ium
material may be provided in a mxture wth the flavored flour in an anount
sufficient to reduce the mix time required to devel op a dough. The free

al |ium naterial may be conbynellitint billdrdred bligaPmateral imay:besivaativrag bl end

to provide the desired | evel of flavor and effect on dough rheol ogy. WO
96/ 32017 such as garlic, onion, chive, leek, shaliot, scaifidn BR8&@h84Raand- The
alliumoil or free alliummterial may be anyailum such as garllc

T, T ot oY e B s
supplied in any of a number of different forms, such as, for example,
5 an oil, oleoresin, extract, essence or puree.

The method of making an allium flavored flour dough
product includes mixfng flour, allium oil capsules and water for a
time sufficient to develop a dough, whereby .the allium oil does not
substantially affect the rheology of the dough. If desired, yeast or a

10 chemical leavening system may be added. Because the allium oil
capsules are heat-stable, the allium oil does not affect the rheology
of the dough during dough processing, baking, or cooking.
Furthermore, because the capsules ara fracturable upon. cheﬁng, the
dough product pravidas h uniform and sustained allium flavor when

15 eaten.

One of the advantages of the invention is that
encapsulated allium ail may be used to provide a uniform and
sustained flavor to dough products, without affecting dough
rheology'or finished product performance where such a result is

20 undesirable. Another benefit of the invention is that dough rheology
may be intentionally affected in a controlled manner by using
customized blends of free allium material and encapsulated allium oit
in the dough product. These blends allow fiavoring of the dough and

controlled reduction in mix time without causing dough processing



supplied in any of a nunber of different forms, such as, for exanple, 5
an oil, oleoresin, extract, essence or puree*_The_neLhod of—maldhg an
alliumflavored flour dough product includes mxing flour, allium oi
capsul es and water for a tine sufficient to develop a dough, wher eby t he
alltumoil does not substantially affect the rheol ogy of the dough. If
desired, vy 10 chem cal |eaveni ng system nay

Betcause thgﬁgﬁvgﬁﬁ?oil capsul es are heat-stable, the aIIiugggil does not
affect the rheol ogy of the dough duri.gg dough processing, baking, or

cooki ng. Furthernore, because the capsules are fracturable upon chew ng,
the dough producindofifishé® préducti perfarmarice psoblemsd Yiet anothier deoefitobn 1 5
eaten. One of the advantages of the invention is that encapsulated allium

oi | may be used thg iRtéMicHisthé YedRtad Falob ahtiairond domamingtiondiniignge
products, w thout affecting dough rheology or finished product perfornmance

where such a re er benefit of the
\ such :gu Ougﬁa%]eo?smgmﬁab d Sdting firis)

invention is th e intentionally affected in a
control | ed manngs B of free alliummterial and
encapsul ated al | ." These bl ends allow flavoring

of the dgush and control %..u&%%re@fioar%&ma HidoReig agei N9 dough

processi Hg

invention include fiour, allium oil capsules and, if desired, a chemical
leavening system. Dough products produced according to the
invention include flour, allium oil capsules and, if desired, yeast or a
chemical leavening system _for raising the dough.

10 As used herein, the term "allium” refers to any member
of a large genus of bulbous herbs of the lily family. Nonlimiting
examples include garlic, onion, chive, leek, shallot, and scallion.

The term "chemical leavening system” refers to various
combinations of chemical leaveners. For exampie, CO,-generating

15 chemicals such as sodium bicarbonate may be used, usually in
combination with a leaveﬁing acid or acids which acidify the sodium
bicarbonate to generate CO, gas. Various combinations of slow and
fast acting acids may be used, such as for example, sodium acid
pyrophosphate {slow) or mono caicium phosphate (fast}. For thin

20 dough products, such as cookies, crackers and the like, ammonium
bicarbonate may be used to generate CO,, in which case a leavening
acid may not be needed.

In addition, other ingredients may be used as is normal

in preparing dough products. These ingredients inciude, for example,
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fini shed product_performance-probl ens—Yet anqther benefit_of the_invention
is the reduced flavor and aroma contam nation in |arge dough plants housi ng
mul4iple sheeting lines. Detail ed Description of the Invention 5
Alliumflavored flours produced according to the invention include flour,

alliumoil ca%%ﬁgma,nd, I f desired, a chem cal |eavening sy s,mg%h
products produced according to the invention include flour, allium ol
capsul es and, If desired, yeast or a chgu cal |eavening systemfor raising
t he dough. 10 : As used herein, the term"alliunt refers to

any nmenber of a | asbertgrings, afilkpsuf@ruand salbsasivdilas othey ingredients used
Nonlimting exanples include garlic, onion, chive, |eek, shallot, and

scal | ion. The termyg @ISt tAe fla0dr BP cOAsIBIGHCY G thef @ough product.ous
conbi nations of chem cal |eaveners. For exanple, CJerr]-generating 15

chem cal s such as sodi um bi ceR@aIHRNF ol RApSHleY B7€ formtati bl Yporbteiy ONhi nat i on
with a | eavening acid or acids which acidify the sodi um bi carbonate to

generate COerr] JggacefatiGh andUre bith Hiat-stibia 'and fturable. "Heat-

5 stable”, as that term is used herein, means that the capsules remain
intact and release no free flavor in microwave, baking, frying and -
other cooking or heating applications where temperatures are
achieved over a range of about 140°F to about 450°F. The term
"fracturable” means that, upon chewing, the allium oil capsules

10 provide uniform and sustained release of flavor ¢il. The ailium oil
capsules may be prepared accofding to the method for
microencapsulating flavor oiis taught in co-pending Application Serial
No. 08/204,755 filed on March 2, 1994 entitled "Method of
Flavoring Foads with Polymer Encapsulated Flavor Oils®, which is

15 incorporated herein in its entirety by reference.

The microencapsulation method involves encapsulating
discrete droplets of emulsified flavor ail by coacervation in water.
During coacervation, a polymeric (i.e., a protein) coating over the
discrete droplets is formed to produce microencapsulated fiavor

20 capsules. The polymaeric or protein coating is then cross linked by
covalent or ionic bonding with a cross linking agent in the water.
The capsules also may be spray-dried, or otherwise dewstered, at a
temperature suitable for the removal of water to prodyce heat-stabje

and fracturable free-flowing solid flavor capsules.



fast acting acids may be used, such as for exanple, sodiumacid
pyrophosphate (slaw) or nono calci umphosphate (fast). For-thin 20

dough products, such as cookies, crackers and the |ike, ammonium

bj carbonate may be used to generate CJerr], in which case a | eavening acid
may not be needed. In addition, other ingredients may be used as is normal

I n prepari products. These ingredients include, WO
96/ 32017 Vo 5181y PCT/ Usgg?{ﬁ%%

shortenings, mlk, sugar and salt, assell as other ingredients used to
adjust the flavor or consistency of the dough product. The allium oil

capsul es are for red by prosehmmﬁerma%ﬁmoar& i ifvehbioRe aliuf altlie and

fracturable. "Heat- as t termis used herein, neans

baki ng, Tryi ng an Snupunt A0FT ¥ UyPWERRR, Wil e raie by sBolk BOMT T cs
are_achi eved ove, grogiigRg] hgb&uanéagsgbsg& fn %wﬁ@u;.ﬁgghggm,&m{%he term

"f.racturabl e"
provide uni for. m ?Q.O,I uaﬂa Pa{,&',te?ﬁﬁ '?o aLl av?h oJf oil t-lo-hceoa%Jnlg'. YR oi |

5 another feature of the invention, a drying aid is added to the
coacervated flavor capsules before spray-drying or dewatering. This
drying aid has the effect of lubricating the spray-dried, or otherwise
dried, capsules and provides for uniform distribution of the capsules. |

The coating layer, as prepared by coacervation,

10 comprises one or more colloidal materials which must be hydrophilic,
gellable and ionizable. Colloidal materials may be selected frorﬁ the
group consisting of gelatin, alginates, casein, gum arabic,
carboxymethyicellulose, and the like and mixtures thereof. In a most
preferred form, the colioidal material in the coating layer comprises

15 gelatin.
| The microencapsulation method is practiced usually by
first forming a solution of a ﬁfst colloidal material such as gelatin in
water above its gelation temperature. Separately, a second colloidal
material such as sodium carboxymethylcellulose is added to water to

20 form a clear solution. The two solutions are then mixed and the
temperature is reduced whereupon the allium oil is mixed into the
resulting solution and at a mixing speed to form the desired .
emulsion. Coacervation, or aggregation to uniformiy distribute the

colloidal materials around the flavoring oil droplets, is then carried



capsul es may be prepared according to the nethod for m croencapsul ating
flavor oil staught in ce—perdi-ng Applicati on-Serial Ne— 08/ 204,+55-filed on
March 2, 1994 entitled "Method of Flavoring Foods with Pol yner Encapsul at ed
Flavor G ls", which is 15 i ncorporated herein in its entirety by

ref erence. The m croencapsul ati on nethod i nvol ves encapsul ating di screte
dropl ets of Q@ysabdshed flavor oil by coacervation in water. poyhishéossso
coacervation, a polymeric (i.e., a protein) coating over the discrete
droplets is formed to produce m croencdsul ated flavor 20 capsul es.
The polyneric or protein coating is then cross |linked by covalent or ionic
bondi ng with a crossbyidikting thg@emulsiontwithweater, o adjustipg the pHhamd may be
spray-dried, or otherwi se dewatered, at a tenperature suitable for the

renoval of water gNowingdar elapsed time fdrethencblfoiditd coabtite bil deoplersyi ng sol i d
flavor capsul es. WD 96/ 32017

PCT/ US96/ 04659 - 7Thél, R'® heesiary #6 ci@d Witk fHe EMdida)BodingBh tid | i um oi | in
an-amount of up to 95% by weight, within the range of about 50%

emulsified oil droplets and, in a preferred form, glutaraidehyde is

5 used to éross link the gefatin coating surrounding the flavor oil

droplets. Alum may aiso be used to cross link coated flavor oil

capsules, as typically sizes up to about 600 microns, normally in a

range of about 100 to 300 microns, may be prepared for spray

drying.

10 " Itis preferred to add a drying aid to the slurry of
microcapsules in agueous medium prior to spray-drying or
dewatering. Silicon dioxide is a preferred drying agent having a
particle size of less than 400 mesh, but the fineness of the drying
agent is not critical. The flavor capsules formed by protein

15 coacervation are now ready for spray-drying and this may be
accomplished by_employing a spray-drying tower fitted with an air
atomization nozzle far spraying counter-current to the heated air
flow. The flavor capsules are Helivered to the spray nozzle by a
pump at a suitable rate. Atomization may be achieved in a number

20 of ways. For example, air atomization, spinning disk or airless
atomization may be employed to provide heat-stable and fracturable
spray-dried free-flowing solid allium oil capsules.

it is also preferred to form a slurry of microcapsuies

having about 15% to about 40% by weight solids to achieve the



to 95% by weight, is encapsulated in a polyneric coating material, i.e., at
| ' | In 55— anot her
feature of the invention, a drying aid is added to the coacervated fl avor
capsul es before spray-drying or dewatering. This drying aid has the effect
of lubricating the spray-dried, or otherw se dried, capsules and provides
for uniforRyglbgipiPuti on of the capsules. The coating |ayepersy

aratio of about 19:1 to-about-1:1 of oil to coating.

coacervation, 10 conpri ses one or nore col |l oi dal

mat er |

al s

ared by
I ch nust

be hydrophilic, gellable and ionizabl.g. Colloidal nmaterials may be sel ected
n, gum ar abi c,

car boxynet hyl celderesits of anél agheolis liguiavirdapsaiestsichesy flaver ostost
preferred form the colloidal material in the coating |ayer conprises 15

gel atin. The m g Jiasy MNandlingBhBWbttar Mivast idomealnifent ecalive bfr St
formng a solution of a first colloidal material such as gelatin in water

fromthe group consisting of gelatin, alginates, casei

above its gel atiraagemsoﬁ#y VORGP Haler, *TAE 8408060l

ed to water
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such as sodi um car
cl ear sol ution. c-gi’-\
reduced wher eupon

oxynet ose Is a

at a m xgng spe esired enul si on. Coacervati on,
aggr egat ?on to ﬁ%ﬁ@r%ﬁ%yp&#rgﬁpgbute t he

The allium oil capsules incorporated into the dough

product do not affect dough rheology or finished product

' terial
Jt]%’ihglgivd?a
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or

form a
Yy e S
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performance. - Because the capsules are heat-stable, the allium oil

does not react with the dough during dough processing, baking or

10 cooking. Therefore, gluten depolymerization and the associated

effects of rapid dough breakdown, decreased mix tolerance,

increased dough extensibility and reduced gas-holding capacity do

not occur. Furthermore, because the allium oil capsules are

fracturable upon chewing, they provide a uniform and sustained -

15 release of the particular allium flavor. Customized blends of allium

oil capsules and free allium material may be used where reduced mix

time is.desired in conjunction with flavoring of the dough product.

The allium oil capsules are incorporated into the flour or

dough products in an effective flavor amount. Typically, this amount

20 is about 1% by weight of the dbugh, or about 0.5% by weight of

the dry flour mix in dry mix applications, for example, dry mixes

packaged for rehydration and microwave cooking by the consumer.

The amount of oil capsules aiso may be varied to suit the particular

application.



coll oidal materials around the flavoring oil droplets, is then carrie

WO 96/ 320172 .
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out by diluting the emJIS|on W|th water, or adjusting the pH and allo
an elapsed tinme for the colloid to coat the oil droplets. Then, it is
necessary to cross |link the colloidal coating on the enulsified oil

sf7 preferred form glutaral dehyde is 5 Hﬁfﬁ%
um ma

droplets anﬁ

link the gelatin coatlng surroundi ng the flavor oil droplets

be used to cross link coated flavor ofp-capsules, as typically sizes
about 600 mcrons, normally in a range of about 100 to 300 m crons, may be
prepared for spray dryi ng. TH®following examples are ptovidedobgiveay ol t o add a
drying aid to the slurry of mcrocapsul es in aqueous medi umprior to
spray-drying or gristratibh]énd aré NP teheed €6 lintit thed o bEthelinventiongent
having a particle size of |ess than 400 nesh, but the fineness of the
drying agent is not critical. The flav |l es formed by protein 1
coacervation are now ready for spray-drying and this may be

10

15

20

Example 1

An experiment was conducted to determline.the effect
of garlic oil on dough rheology when incorporated into a dough using -
a variety of flavor delivery systems. The different systems tested
include oii capsules formed by protein coacervation ("capsules”),
spray-dried oil and free o0il. |

The fliour used was a commercially milled hard red
winter flour containing 11.7% protein, 0.5% ash and 13.7%
moisture. The flavor systems were added to the fiour on a flour
weight basis, at the .fﬁllowing levels: 0.59% capsules, 1% spray-
dried oil and 0.5% (v/w) free oil, with different levels being used in
order to provide the same level of flavor oil in each of the mixes. In
addition, a control dough was prepared without any flavor oil.

The mixograph and bread baking sections of the
experiment contain two sets of data for the free oil system because
one dough was prepared and baked at the same time as the doughs
incorporating the capsules and spray-dried oil ("free oil 1") while
another dough was prepared and baked one month later {"free oil
2"). However, all other rheological tests using free oil were run only

with free oil 2.

d
- 8-
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acconpl i shed by enploying a spray-drying tower fitted with an air
dtomzation nozzle far_sprayi ng counter-cucrent to-the heated—air flew—Fhe
flavor capsules are delivered to the spray nozzle by a punp at a suitable
rate. Atom zation nay be achieved in a nunber 20 of ways. For
exanple, air atom zation, spinning disk or airless atom zation may be

enpl oyed t Qv ) heat -stabl e and fracturabl e spray-dri edckrséadsbsdV N
solid alliumolT capsules. It is also preferred to forma slurry of

m crocapsul es havi ng about 15%to abogpf. 40% by wei ght solids to achieve the
WD 96/ 32017 PCT/ US96/ 04659 - 9-
benefits of the aqueous I#MI avor capsul es such as flavor cost savings,
easy handling and better avor contai nnent because of reduced flavor

volatility in the water. WUS liquid flavor capsules are delivered
by a punp at a suitable rate 1n processing to 5 af ford easy handl i ng.

o hem Sy Ce”F e MBS or Uit AN Wit 564 o1 f ot
A constant absorption of 60% (fwb) was used for all samples. All
5 samples were run in duplicate.
Bread Baking
Bread was baked as pup ioaves using the AACC
Method 10-10B straight-dough procedure with the 90-minute
fermentation schedule. The baking formula is given in Table I. All
10 loaves were baked in triplicate. The capsules and spray-dried oil
were added to separate samples of the dry ingredients prior to
addition of water and mixing into a dough, while the free oil was

added to a separate flour sample with the water. All loaves were

mixed to optimum development.



performance. Because the capsules are heat-stable, the alliumoil does not
react with-the-dough during-dough proeessing, baking or 10 -————co00Kki ng.
Therefore, gluten depolynerization and the associated effects of rapid
dough breakdown, decreased nmi x tol erance, increased dough extensibility and
reduced gas-hol ding capacity do not occur. Furthernore, because the allium
oi | capsul esyglhgadgpfct urabl e upon chewi ng, they provide a upgﬁﬁw

sust ai ned 15 rel ease of the particular alliumflavor. stom zed

bl ends of alliumoil capsules and freeq@llium material may be used where
reduced mx tine is desired in conjunction with flavoring of the dough
product. The alliumoil capsules are i ncyagreated into the flour or dough
products in an effective flavor anmount. Typically, this anpunt 20 i's
about 1 % by wei ght of the dough, pypalpaBréadomiuiei ght of the dry flour
mx in dry mx applications, for exanple, dry m xes packaged for
rehydration and m '

NTCT OWave TCOORT Ty~ Dyt e CONSUeT . 1He arnount - of—or
capsul es al so nay be vari ec‘nbpecﬁéﬂtt t he particul ar %@iﬁ/‘jﬂgat i on. WO

96/ 32017 5 : 96/ 04659
Flour {14% mb) 100.0 g
Sucrose * 6.0g
Nonfat dry milk 40¢g
Shortening 30g
10 Saht* _ 1.5g -
Yeast 20g¢g
Water** ' 69.0 mi
KBrO, 15 ppm
15 * added in aqueous solution

** includes water in sucrose/salt aqueous solution
After cooling, the loaves were cut open and the crumb
was designated as either under-oxidized (under), fully oxidized (fuli}, -
or over-oxidized (over).
20 Extensigraph
Extensigrarﬁs were produced using AACC Method 54-
10. Absofption was kept constant at 60% (fwb). Doughs were
mixed to optimum and tested at 45, 90, and 135 minutes. All
samples were run in duplicate with three test pieces per dough.
25 Rheofermentometer
Gas release was measured with the Chopin
Rheofermentometer F2 (Paris, France). Doughs were mixed and
tested as described in the instruction manual with the exception that
2.5 g instant dry yeast was used. The rheofermentometer F2

30 measures the CO, release potential of the dough by measuring the



-10- The follow ng exanples are provided by way of illustration, and are
not intendedto linmt the-scope of the invention. Exanples Exanple 1 5

An experinment was conducted to determne the effect of garlic oil on dough
rheol ogy when incorporated into a dough using a variety of flavor delivery
systens. The different systens tested include oil capsules formed by

praotein coagryespbe®n ("capsules"), spray-dried oil and fre | 95,11?5
The flour used was a commercially mlled hard red wi nter f?%ﬁ’bséon g?ni ng

11. 7% protein, 0.5% ash and 13. 7% noi.ggure. The flavor systens were added
to the flour on a flour weight basis, at the follow ng |evels: 0.59%

capsul es, 1% spr gpeedlat wWhich baﬂmih @ioﬁ?dra(yésl\bs form@ddhIthe Wiseh dbudhe’ Thé

| evel s bei ng used in 15 order to provide the sane |level of flavor oil

in each of the nb@Bntide afithd N8I gas FABAE AN tethintBfiEBRARKNIL L hout any

flavor oil. The m xograph and bread baking sections of the experinment

cont ain 90 set skl b ablifh Wik, 8/rhpSiSd S HERHEON Sl 2

prepared and bak same tine as t ncorporat| ng
t he capsul es and spray- drlw free oil 1" ) whi |l e

5 The Gasograph 12 (Pullman, WA) was used to measure
maximum gas production of the doughs to determine whether the
garlic samples were inhibiting or stimulating yeast activity. The
procedure followed was the procedure described by Rubenthaler et
al. {1980)'. Two modifications were made: waterbath temperature

10 was kept constant at 30° C and 0.2 g instant dry yeast was used.
DRata Analvsis
Analysis of variance and least significant differeﬁce
were computed using the Statistical Analysis System (SAS Institute,
Cary. NC).
15 Results and Discussion
ix h
Mixograms (Figure 1) show that the addiﬁon of spray-
dried oil and free oil caused the dough to break down very rapidly.
The addition of the capsules, however, did not affect déugh mixing.
20 ‘Bread Baking
Baking data are given in ‘I_’able il. The addition of spray-

dried oil and free oil significantly decreased mix time and had an

' Rubenthaler, G. L., Finney, P. L., Demaray, D.E., and Finnay, K. F. 1980.
Gasograph: Design, Construction, and Reproducibility of a Sensitive 12-
25  Channel Gas Recording Instrument. Cereal Chem 57(3):212-216.



anot her dough was prepared and baked one nonth later ("free oil 2").
However, ald+—ether rheelegieal tests—using free oil were—+un onky-with free
oi |l 2. WD 96/ 32017

PCT/ US96/ 04659 -11- Met hods M xograph M xograns were determ ned by AACC

Met hod 54-40. A constant absorption of 60% (fwb) was used for all sanples.
Al .5 wahpinesm were run in duplicate. Bread Baki ng Brep@ri@sokaked as
pup | oaves using the AACC Met hod 10-10B strai ght-dough procedure with the
90-m nute fernmentation schedule. The-ipgking formula is given in Table I.

Al 10 | oaves were baked in triplicate. The capsul es and spray-dried
oi | were added t oxitiiziag effect anfthesbread ichembl YThengagsliles)thowever didonatddi ti on
of water and m xing into a dough, while the free oil was added to a

separate flour saffebemik time be thetbfdad diumB.0THesphey-aried oil and free oil
1 significantly {p=0.05) decreased loaf volume from the control,
while the capsules and free oil 2 did not affect volume.
5 TABLE Nl

Baking Data

Sample Mix Time Loaf Volume Crumb
(min) * {cc)* Charac-
teristics
Control 4.0°* 912 +x 27° full
Free Qil 1 385® 838 + 8°¢ over
10 Free Oil 2 35¢b 892 + 8% over
Spray-dried oil | 3.5 ® 880 + 7° over
Capsules 4.0° 905 + 21 * full

* values within a column followed by different letters are significantly
different {p =0.05)

15 | Extensigraph
Figure 2 shows dough resistance to extension. Both

the spray-dried oil and free oil 2 sampies showed decreased
resistance relative ta the control, which may account for the
decreased loaf volume and other deleterious changes in bake

20 performance shown in Table 2. However, this decreased resistance
to extension was prevented in the samples containing capsules. in
fact, at 90 minutes and 135 minutes, the capsule-containing doughs
showed increased resistance to extension relative 1o all other

samples, including the control.



m xed to opti num devel opnent .

WD 96/ 3201

7

PCT/ USA6/04659 -12- TABLE-1 Pup Loat-Bread Formil a t-ngredi ent

Amount 5 Fl our (14% nb)
6.0 g Nonfat dry mlk

*

WO 96/32017

100.0 g
4.0 g Sh
Sal t* '

69.0 nl
added in aqueous sol ution

Sucr ose*
ortening _
1.5 g Yeast
KBrg err] PCT/US96/04659

** jncludes water I n

3.0 ¢

sucrose/salt aqueous solution After cgg.ing, the |oaves were cut open and

10
2.0 g Water*
15 ppm 15
the crunb
5
10
15
20
25

These favorable resuits for the capsule-containing

samples are confirmed by the dough extensibility results shown in

Figure 3, where dough samples employing the capsuies showed

reduced extensibility at all time periods.

Rheofermentometer

Gas release data is given in Table Iil.

Table Ml
- Gas Release Data

Sample Retention Coefficient (%)
Fontrol 80.3

Spray-dried oil 85.0 I

Capsules 82.0

Free oil 2

3.8

The percentage of gas retained by the fermenting

doughs was not significantly affected by the garlic sampies.

Gasograph

Maximum gas production of the doughs during

fermentation is given in Table 1V.

TABLE IV

Sampie

amum 'as Proin

Gas Production (GU)

Control 100 H
Spray-dried oil 100 l
I Capsules 99 I

l Free Oil 2

98 | !

The ability of the yeast to produce carbon dioxide gas

during fermentation was not affected by the addition of garlic.




was designated as either under-oxidized (under), fully oxidized (full), or
over-oxidized (aver). 20 ___. —— Extensigraph Extensigrans_were
produced usi ng AACC Met hod 54- 10. Absorption was kept constant at 60%
(fwb). Doughs were mxed to optinmum and tested at 45, 90, and 135 m nutes.
Al'l sanples were run in duplicate with three test pieces per dough. 25
Rheof er nent ongigfy; § release was. neasured with the Chopin

; ) PCT/US96/04659
Rheof er nent onet er (Paris, France). Doughs were m xed and tested as
described in the instruction manual wit¥-the exception that 2.5 g instant
dry yeast was used. The rheofernmentoneter F2 30 measures the CJerr]

rel ease potential EXample 2iough by measuring the WD 96/ 32017

PCT/ US96/ 04659 -13- speed at whi ch car bon d| oxide gas is forned in the

ri sen dough. The percent age Reen Fat ErigdaBreg puydheased during fernmentation
which is retained by the dough mass is reported as the retention
coefficient. Heat-stable and fracturable allium oil microcapsules

formed by protein coacervation are mixed into bread dough either as
5 a solution (e.g., aqueous liquid) or as a powder (e.g., spr’ay-dried) in
an amount of about 0.25% to 1% by weight of the dough. The
bread dough is then baked and maf be separated into cubes. The
cubes are then deep fat fried at about 375°F for about 30 seconds.
E;amglle 3
10 Dry Bread Mix for Microwaving
A dry mix for bread is formulated by mixing 51% flour,
| 6% sugar, 1% salt, 1% yeast and 1% emulsifier for addition to 40%
water for rehydration. Allium oil capsules are incorporated into the
dry mix at about 1% by weight to provide a flavored dry mix for
15 rehydration by the customer and microwave cooking. The flavor
microcapsules are prepared as described above. During microwave
cooking of the rehydrated dry mix in the formation of bread, the
allium oil is protected against flavor loss by microwave cooking

because of the heat-stable capsules.



Gasograph 5 The Gasograph 12 (Pull man, WA) was used to
rreasuLe_rLaxJ_.m.Lm_gas production of the doughs to de.Le.r_.m_ne whether the
garlic sanples were inhibiting or stinulating yeast activity. The procedure
foll owed was the procedure described by Rubenthaler et al. (1980)[err]. Two
nodi fications were nmade: waterbath tenperature 10 was kept constant
at 30 C and Wodsdrfstant dry yeast was used. Data Analysi sﬁqﬁhmspf
vari ance and Ieast significant difference were conputed using t

Statistical Analysis System (SAS | nstittdate, Cary, NC). 15

Resul ts and Di scussi on M xograph M xograns (Figure 1) show that the

addi ti on of sprayExamplest oil and free oil caused the dough to break down
very rapidly. The addition of the capsules, however, did not affect dough
m xi ng. 20 -Balked Bredth ki ng Baki ng data are given in Table I1I.
The addition of spray- dried oil and free oil significantly decreased m x

time and had an Rubent hal erA chemically féavemed df ydast Idadv@Redbredd s . and
Finney, K. F. 1980. Gasograph: Design, Construction, and Repr oduci bi I i ty of
a Sensitive 12- formulated containing approximately 50% fiour, 6% sugar, 1% salt,
.5 40% water and 1% yeast or a chemical leavening system. In this
example, allium oil capsules formed by protein coacervation are
incorporated at.about 1% by weight or at a suitable level into the
dough. During fermentation and subsequent baking for about 20-60
minutes at about 325-370°F, the flavor oil is protected against'
_ 10 baking t_emperatures..
Other modifications of this invention may be made

without departing from its scope as will be understood to a person of

ordinary skill in the art.



25  Channel Gas Recording | r@EPEﬁQﬁD StiERES Ch(SGS?( B) : 212- 216. VO

96/ 32017

PCy/ US96,04659 - 14-

oxi di zi ng effect on the o ﬁscnp’a gpg’lﬁaégd I'rcrw=ver, ~did not affect
m.x time or the bread crd ) s rP&QGQJIH diocpagedindlffee oil 1
significantly (p=0. 05) de@@mw(si)a@ged)] Inetof paged t.1ie, fontrol, while the
capsul es andyf Iy ABstfactef f:9fabed’ Ol7U! -

TABLE |1 Baki rf{; %a’@a SamiLe Phped ST paged “rsaf vol SRS
(mn) * Charac--tgristics Contro 4 () *

912 [err] 27 fuII Free Gl 1 3.5[err] 838 [err]

over 10 Ftee Q| 2 An alligobfigwored flour compris@it2 8 [em!m

Spray-dried oil 3.5 b - 880 [err] 7 [err] over “"IJL"mm”um
905 21 [err] full [errifioue)ams within a col um fol | owed”by* di'ff &reft *

|l etters are significantly

10

15

heat-stable, fracturabie, allium oil capsules of discrete
droplets of allium oil microencapsulated in a protein coating, said
allium oil capsules in admixture with said flour in an amount
sufficient for flavoring when said allium flavored flour is formed into

a dou‘gh without substantially affecting the rheology of said dough.

2. The flavored flour of claim 1 further includi'ng a chemical

leavening system.

3. The flavored flour of claim 1 further comprising free
allium material in admixture with said flavored flour in an amount

sufficient to reduce the mix time required to develop said dough.

4. The flavored flour of claim 1 wherein the allium oil is
selected from the group consisting of garlic, onion, chive, leek,

shallot, scallion and combinations thereof.

5. The flavored flour of claim 1 wherein the allium oil is
garlic.
S
Been Replaced

T



different (p=0.05) 15 ' Ext ensi graph Figure 2 shows dough
resistanceto extensi on—Bath the spray-dried oil-—and free o2 -sanples
showed decreased resistance relative to the control, which may account for
t he decreased | oaf volunme and ot her del eterious changes in bake 20
performance shown in Table 2. However, this decreased resistance to .
ext ensi on ??ng ted in the sanples containing capsul es. Rebassit 90
m nut es and 1 my‘ﬁﬂt es, the capsul e-contai ni ng doughs showe {lfr’lcreas’gd
resi stance to extension relative to at19-ot her sanples, including the
control . WD 96/ 32017
PCT/ US96/ 04659 - 18- These fEkheoflawdred fiaulafcldior 3tvleerepsaitd dremont ai ni ng
sanpl es are confirmed by the dough extensibility results shown in Figure 3,
wher e dough sanpl alfumimpbteriahis sélectedpioimethesdroup onsidtingbfegarhitisonioh) ty at
all tinme periods. 5 Rheof er nent onet er

chive, leek, shallot, scallion and combinations thereof.

7. The flavored flour of claim 3 wherein said free allium
5 material is garlic.
8. The flavored flour of claim 3 wherein said free allium

material is selected from the group consisting of an oil, oleoresin,

extract, essence, puree and combinations thereof.

—
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Gas release data is given in Table I11. Table Il Gas Rel ease Data Sanple

Retenti on Coefficient (% —10——. Cont+ol _ mﬂ 'l
Spray-dried oil 85. O Capsul es ”"l“”"'"l ll |H“|E‘
oil-2 83.8 The percentage of gas retai'ned by the* *
fermenting 15 doughs was not significantly affected by the garlic
sanpl es. Gasoggénad@xi mum gas production of the doughs duri ngeyineliigket i ON
is given in Table V. TABLE IV 20 Max1 num Gas
Producti on Sanpl e -2@as Production (GJ) Control

100 Spray-dried oil 100 Capsul es 99 25
Free Ol 2 9. A m@gbotinf raakmgtap dliumifiavpred floundpughiuce

carbon di oxi de gas
product comprising the steps of:

mixing flour and heat-stable, fracturable, allium oil
capsules of discrete droplets of allium oil microencapsulated in a
5 protein coating, said aflium oil capsules in an amount sufficient to
flavor a dough; and
mixing said flour and capsules with water for a time
sufficient to develop said dough where said allium oil does not

substantially affect the rheology of said dough.

10 10. The method of claim 9 wherein said dough ingredients

further include yeast.

11. The method of claim 9 wherein said dough ingredients

further include a chemical leavening system.

12. The method of claim 9 wherein said dough ingredients
15 further comprise free allium material in an amount sufficient to

reduce the mix time required to develop said dough.

13. The method of claim 9 wherein the allium oil is selected
from the group consisting of garlic, onion, chive, leek, shallot,

scallion and combinations thereof.

//
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during fernentation was not affected by the addltlon of garlic.

i -
Exanpl e 2 Deep Fat Fried Bread Dough Heat st ble alliumoil

m crocapsul es fornmed by protein coacervation are‘nixed' i it o *br ead dough

either as 5 a solution (e.g., aqueous liquid) or as a powder (e.g.,
spray-dri ecu, é&}?ﬂg’ anount of about 0.25%to 1 % by wei ght p{-ﬂ:l boqes9ah. The
br éad dough Y n baked and may be separated into cubes. e cubes are

then deep fat fried at about 375[err21F for about 30 seconds. Exanple 3 10
Dry Bread Mx for Mcrowaving A dry mx for bread is fornulated by m xing
51 % flour, 6% 94dgar, 1 %Fbelmethddoofclaim 9 wherei theudllurhiaikisfgarlicaddi tion to
40% wat er for rehydration. Alliumoil capsules are incorporated into the
dry mx at about 1 % by weight to provide a flavored dry mx for 15
rehydration by the customer and m crowave cooking. The flavor

15. The method of claim 12 wherein said free allium -

material is selected from the group consisting of garlic, onion, chive,

leek, shallot, scallion and combinations thereof.

5 16. The method of claim 12 wherein said free allium

material is garlic.

17. The method of claim 12 wherein said free allium
material is selected from the group consisting of an oil, oleoresin, -

extract, essence, puree and combinations thereof.

Thi
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m crocapsul es are prepared as descri bed above. During m crowave cooki ng of

the rehydrated dry mix in the formation of bread—the al l+ume+l is
protected agai nst flavor |oss by mcrowave cooki ng because of the
heat - st abl e capsul es. WO 96/ 32017

PCT/ US96/ 04659 -17- Exanple 14 Baked Bread A chemically | eavened or yeast -
| eavened br ornmul ated contai ni ng approxi mately 50% f ssledgssugar ,

1 %salt, Ws&:ﬁo%% wat er and 1% yeast or a chemi cal Ieaviéén)‘lih;]lsg sysfem In
thi S exarrpl e, alliumoil capsules formed by protein coacervation are
I ncorporated at about 1 % by weight Y2 at a suitable |level into the dough.
During fernmentation and subsequent baking for about 20-60 m nutes at about
325-370 F, , ‘ 3 '
tenperat gyires. (hoffio ‘, Ji caffi ons of thidli
departin§ " dods Bil | be under

il
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ordinary skill in the art. -18 - CLAIMS 1. An alliumflavored flour
conprising- flour; and heat-stable, fracturable,—allium oil—capsules of-...
di screte droplets of alliumoil mcroencapsulated in a protein coating,
said alliumoil capsules in adm xture with said flour in an anmount
sufficient for flavoring when said alliumflavored flour is formed into a

dough wit hou;v?s)g)gﬁtﬁnt ially affecting the rheol ogy of said ggyiiesoissse
I .

The flavored our of claim1 further including a chenical |eavening

system 3. The flavored flour of @&& m1 further conprising free
alliummaterial in m xture wth sal av our 1 n an anopnt
sufficient to re the mx tinme reqif red t éﬁéﬂmid dough. 4.
The flavored flour @f claim3 wheref aid f§90MINUTES

675 B i 7
135 MINUTEBS

.2
mmm,
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375¢
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alliummaterial is selected fromt he group consi sting of garl hgpmgﬁm SHEET

chi ve, | eek “llmnmnd conbi nati ons t hereof. '
flavoredflourﬁ ll“ﬂl'ﬁln n-said free aIHummLerlaI s garlic 6 —

The_flavored flour of tcl & mS3 %herein said free all|um RERIAGCEMENE SHHEIS: ed SG
frowm the group con5| sting of an oil, -ol&oeresin, ext|ddtDesespimc:pagedir.Bdo gaged .....
conbi nati ons t her gef -19 - 7. The fl avor ed| {IGlrineE) c| paged.\8 to paged 20
wherein the alli um 0| MI s selected fromthe group cpriiDawig(9f: @ged i<, to paged..o.
oni on, chive, |leek, shallot, scallion and conbinati png Aﬁgﬁﬁaof ;ﬁged ... to Tpaged
flavored flour of clal m 1l V\,herel n the alliumoil is]garlic.

met hod of making &n al | i d¥A 3llismdilavered Bour emppising: ofluct 3 SEP 1998
steps of: nmixing flour apg p%ﬂh stabl e, fracturabl el—al o —capsii-es—&+—

di screte droplets of allium’ll mcroencapsulated in a protein coating,

said alliumoil capsul esheat-stablgndracturable, allium oil capsules of
discrete droplets of allium oil microencapsulated in a protein
coating, said allium oil capsules in admixture with said flour in
an amount sufficient for flavoring when said allium flavored
flour is formed into a dough without substantially affecting the
rheology of said dough.

2. The flavored flour of claim 1 further including a

chemical leavening system.

3. The flavored flour of claim 1 further comprising free
allium material in admixture with said flavored flour in an
amount sufficient to reduce the mix time required to develop
said dough.

4, The flavored flour of claim 3 wherein said free
allium material is selected from the group consisting of garlic,

U onion, chive, leek, shallot, scallion and combinations thereof.

5. The flavored flour of claim 3 wherein said free

allium material is garlic.

6. The flavored flour of claim 3 wherein said free
allium material is selected from the group consisting of an oil,

oleoresin, extract, essence, puree and combinations thereof.




sufficient to flavor a dough; and m xing said flour and capsu ]
for a tinme sufficient to devel op said dough where said alli unhgﬂA\ﬂE&@ﬁwﬂ
substantially affect the rheol ogy of said dough.__10. The net hod of
claim 9 wherein said dough ingredients further W The
met Hod of claim 9 wherein said dough ingredient 7/” r include—a _
chem cal |eavening system 12. The, et hod of /”/W/iﬂm ek, Sai d
dough ingredients further conprise fre allium materd L Wunt

g

sufficient to reduce the mx time required to devel op sai d déu

REPLACEMENT SHEET - 20 - 13. The method of claim12 wher ei n sai d
free alliummater7al is Fhtdhvertdfficommof lchimr bwherimthesdlivm oilf garlic,.

oni on, chive, |eek hal ] ot cal lion and. conbinations thereof. 14. The
method of claim 1% Wif‘eﬁ?“é* ?F°§’aﬁ‘& STPRR Copsistyng of garlic, onion, chive, |

leek, shallot, scallion and combinations thereof.

8. The flavored flour of claim 1 wherein the allium oil

is garlic.

| 9. A method of making an allium flavored flour dough
product comprising the steps of:
mixing flour and heat-stable, fracturable, allium oil
capsules of discrete droplets of allium oil microencapsulated in
a protein coating, said allium oil capsules in an amount
sufficient to flavor a dough; and
mixing said flour and capsules with water for a time
sufficient to develop said dough where said allium oil does not
substantially affect the rheology of said dough.

10. The - method of claim 9 wherein said dough
ingredients further include yeast.
11. The method of claim 9 wherein said dough

ingredients further include a chemical leavening system.

12, The method of claim 9 wherein said dough
ingredients further comprise free allium material in an amount
sufficient to reduce the mix time required to develop said
dough.
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23 SEP 1998




material is garlic. 15. The rret hod of claim 12 wherein SREF!.AEEMEN?@HEET”
material is selected fromthe group consisting of an oil, ol eoresi

extract, essence, puree and conbi nations thereof. 16. The net hod of

¢l ai m*12 wherein said free alliummterial i s sei—eei—eek—f—r—em-ph%gr oup

comsi sting of garlic, onion, chive, |eek, sh (ﬁmlical lion and

combi nati ons thereof. 17. The met hod of cI ai 1T um oi |
is garlic. WD 96/ 32017 ' - 20 - Mﬂmﬂ"“" mF

PCT/ US96/ 04659 -21 - 14. The et hod of cl a| m 9 wher ei 1 t'he al lium
oil is garlic. 15. The nethod of claim 12 wherein said free allium
material is selectyd fropnd hfbtlﬂ)’douﬂclmﬁslﬁwmmmfsaﬂafrbe alliwni on, chi ve,

| eek, shallot, scallion and conbinations thereof. 5 . 16. The

met hod of cl ai m lmaigriak isisalested drom ghe SRORP GaRsistingqf garlic ogign.i ¢, 17,
The met hod of cl aél{ﬂel,%e&]%%'l&, §@alllgor1 chﬁlllﬂlh&imns thereof.

14. The method of claim 12 wherein said free allium

material is garlic.

15. The method of claim 12 wherein said free allium
; material is selected from the group consisting of an oil,
h

oleoresin, extract, essence, puree and combinations thereof.

16. The method of claim 12 wherein said free allium
material is selected from the group consisting of garlic, onion,

chive, leek, shallot, scallion and combinations thereof.

17. The method of claim 9 wherein the allium oil is

garlic.
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mat eri-al ™s selected fromthe group consisting of an oil, ol é@?ﬁ&ﬂﬁ g’\

xh:.a,c-t-—-esse-n-(;e pwH-es—and—conbi nations t hereof-
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