WO 2012/ 139096PCT/ US2012/ 032711 1 FRU TY FLAVORED COCOA PRODUCTS AND
PROCESSES FOR PRODUCI NG SUCH COCOA PRODUCTS | NVENTOR Harrold @ enn Anijs
TECHNI CALwB 2612339096 [ 0001] Met hods for produci ng coceaTsefY®ss 1w t h
fruity flavors are disclosed. Cocoa products including, without limtation,
cocoa powders and cocoa |liquors produced according 15 to such nethods are
al so disclosed, as well as food products including such cocoa products.
BACKGROUND ART [ 0002] Cocoa bean processing includes fernmenting
harvest ed beans, drying the beans, de-hulling the beans to produce ni bs,
sterigizing the nibs, roasting the nibs, crushing the nibs into cocoa

| i quor, d W) ressin I r in.c r..and
cocoa 20 @e&&h@bﬁ@?gﬁ@ﬁ%@@gﬁ{@@ BRI AR SR EORRZRE Sst
powder is produced by al kalizing ?ﬁ’(ﬁﬁggcﬂ?PSFSto roasting. Alkalization
is a process where nibs are heated in water in the presence of sodium

pot assi UNVENHORI um or nmagnesi um hydroxi de or carbonate, for exanple and
without limtation, potash (K2CO3). The al kalization process alters the
flavor, coloring, and solubility dfaritdid Gleeoanfowder in water. 25[0003]
Current TromEnCcAglFigenands require a cocoa manufacturer to produce cocoa
products in a broad palette of colors, flavors, or both. Wile each

manuf act ur er [@09dkr Mesherts foharodwahigmerea pioduets witlhorugs flagoseneilistlossl. Saedr as
t enper at ur wat er..content ., .duration of pracessing ti and pH w Il affect
Lhe. col o ode® AIGbFEcy T tesiiongtorte PO S s Seopliuort Brodicgdaespufing
CONSENSUS sadh fetHaWatalps OHIGEe® a8 AeNAs PScAdbIOH uk 1 16MAE istEieRIcbY paREicEabl e
col or, 30flavor, or both. [ 0004] US Patent Application Publication
US 2008/BAOKEBOWEBcARbes net hods of producing bright red, brown, and

red- brown co roduct,s. Such publ.ication disclgeses viel coj or cpcoa
ot o ana 418a0" PREG Sean R RE I Rl et oo R Ran€ B BE9E .5

descri beg-RulRh aRSeahdto Proddus hibg, st&ilatidilkingsh, fRELAS BRNiIPS, @elLhiEy hBdibs
ingredi ents. Such nethods are perforned on under-fernmented or unfernented
cocoa beakscorprliqemeand epfientliyipressing the reroadiqenr Esoigiancoedn ttes apel cocoa
phOZﬁhor ! %vd?lec.l ?'rianvc\gs %‘(l)glzlé 1130%95%621%%-grg 1%%9&7%/ Bé%ﬁ%& cgcoa éaowde[' s%%hgké%h .er ’
need§ continual Ty exist Tof processes Tor produci ng cocoa products having
desired RIS, the hdsPrsorab r&atiAg. AlSEEABHRE ProdebMENTHe@ltbs are heated i QR ]in | N
one enbodi nent, a cocoa product having a fruity flavor conprises an 5

i ncr eas clie araserge o Sodium, Potassignd FMROHPBUY AtBaghesium Hydoedile prcaghenate for
enbodi ment nmet had for produci r hayi frui vor
compri seb el A5t Ralea Lot b R MR O S

t her eof cMdrihgRin@SdldbitEofNRERbcoaIIvdc@@s Wakg. t he acidified nibs, the
acidified de-shelled cocoa beans, or the conbination thereof. 10 BRI EF
DESCRI PTI ON (8903 HECDRAW sugmercial deppodoequjiga cpcpamanygisicliser §raphuisicordaay or
conpounds, Rr. nt.in.vari.ou od t S 0f fekui Q d the
present Rrﬁglé%? feno}lnl.)rOad p%ﬁetﬁzoog i g{&?ﬁﬁ&% ’ ?rsboéh's‘é),%{%éefxacglrrg%%fg%tgﬁlﬂ %la? lr%{eands

rel ati vehsonegipliladibh @ praressinXcdldai@is stoRpoOtengser &urd; Materlconldalt (RdddiorH(G. 3
is a spider graph of flavor conpounds present in_various enbodinents of
fruity doeessipsdiaeesd g wilbafirc tharolorapddlavenof the cocoalmyyvder prpdsiced, theregs
spi der haow | at.i v ce ] L% [l [ o s of
Fra s, HARAeR N Mglolf b B R bR SRS IS o Gk LB Uen RRDRAEY
presynt flavovaribetts enbodi nents of 20 fruity cocoa products of the present

i nvention. [0014] FIG 6 is a spider ragh shomﬁqg the rel ative
concent r at i oh¥08F ¥SPaterdvarrlicatigrolinklicaien PEE008/ 0107783 desgippsmeathads of js a

cocoa prioaes as bpEHal RTREHAT e RRFRENtod B pYBHIH By ATPRONARER BisPloar Al

showi ng dohged eddhipred waneehiisaatthanst. of six flavor conpounds of FIG 7.
[0017] FIG 9 is a spider@graph of flavor c%%gounds Bresent in various

embodi ment s §100pk ulntsrragend TnbbaritansVet 2008 £064p ek dercripenaptacess for producing

[ 001 Fl.G:10 1 ' . t [l i OUS
cbod s e P e A A b (R AN RERE N oot !
2012/ 139696d2(Edd LiS20AhOBRd tdcad beans thaf @ HHatdd WaEth hih atisl, sudraMydrddhlisidat i ng
the anobunt of flavor conpounds present in various enbodi nents of fruity
cocoa priSMERRYIGHY he present invention. [0020] FIG 12 is a spider
graph of flavor conpounds present in various enbodinents of fruity cocoa
products of the present invention. 5[0021] FIG 13 is a graph illustrating
a ratio of flavor conpounds present in various enbodi nents of fruity cocoa
products of the present invention as conpared to a reference Arriba cocoa
product. [0022] FIG 14 is a spider graph of the ratio of flavor conpounds
depicted in FIG 13. [0023] FIG 15 is a graph illustrating a

Y o - a e -




anount of a fruity aroma conpound sel ected fromthe group consisting of at
|l east 2.5 jig/kg of ethyl-2-nmethyl propanoate, at least 5 jig/kg of

et hyl - 2- wohyipBepanocate, at least 7.5 jig/kg of ethyl-2cratsbyiziost7anoat e,
at | east 15 pg/ kg of ethyl-2-methyl butanoate, at |east 10 jig/ kg of

et hyl - 3-net hyl but anoate, at |east 20 jig/kg of ethyl-3-nethyl butanoate, at
| east 50 jig/kg of 25 phenyl acet al dehé/de, at |least 100 pg/ kg of furaneol,
and conbi nations of any thereof. [[0036] I n another enbodi nent, the
fruity flavol®9oko&leyyenagedscoptinuplly prigdanprocessenior prodiangensoa Pisimgts |
cocoa |i <OF. i nations of any thereof. [0037] In

anot her %ﬁ%%?%%g?ogﬁéhgggggﬁSggggcts of the present invention are

desi r abl RISSILISRMOFINTENTIONIUct s have an increase in fruity flavors, yet
have | ess bitterness. 30 The bitterness may be associated with conpounds
such as pol ypiEdbl & opgembediment, dureaopigdifihawgs a fruity flavor comprises an
2012/43 /l,}%g% and conbi nati ons of any thereof.
Thus,sli ﬁﬂ%ﬁgﬁear e %g?%g%%rg%gggp%pggi%ts produced from good fernented
cocoa beans [@0OBhgLf andthéreamibddament, amiethes forlpirbd @dings soas prodpamadinga cocoa
products. produced fromunder fernented or unfernented cocoa _ beans are

di scl osd8uity faves SomeriseTmBdRGEsrea nilsede-shellsd spendepss, oF acpEbiakion thereof

i nventi ap; - n ng/ s i.de, ;. > L kg
of acr yI o 4 Seil 558 88 g FORARE DRI derai Gl 4 SR DR R R H
cert ai n theoambipption didresfs. For i nstance, fruity cocoa products may fit well
w th yoghurt flavored foodugroducts or other food flavors. In one

enbo I?F%C&%@B@%@d E?%WW@Sp_resent i nventi on have an increased
amount of fr fUOby] arFpiTey L %’é}%%}?ﬁ oiff[alér'o} Xoﬁﬁmgp&%ﬁﬁéhﬂ? s&hdcRiments

conventional "cocoa 10 products Ity aroma co i ncl ude, but are not
i mted dfduifyuwoaseplod uph@f Yleametalt delepden. et hyl - 2- met hyl pr opanoat e,

et hyl - 2- net hyl but anoat e, et hyl - 2- t hyl but anoate, and conbi nati ons of any
t her eof . 001Blo 381G 214 aﬁena*vﬁégraé’ﬁggawwq e relglive ?%C?WWO&W? &y fR¥eba
product s.,pf ohﬁﬁstlﬁ@?@.t invention may have a bright color which refers to
cocoa prodﬁ)cts wth a C value nore than 15about 18.0, 19.0, 20.0, 21.0,

22. 015 23. 0, o107, PK;.G,is espidegpeiph df el arsiowepavinds preseuipins apiptwembodingses of
val ues. In anot her enbocgi(ﬁgeng, the fruity flavored cocoa products of the
present FHPCPDRIIUSS A dhe PEgE VK %hor e red which refers to a cocoa
product havi l; L Ol J e . J 5to
Bbout 55, b o R R e e g G P e e TR
has an Howgloued$ eSEIG Ban anot her, reference cocoa powder. In another

enbodi nent, th 0 ity flavore coa products of the present inventio
are brown, bi%\iﬁﬁr?fcg)%l%ﬁﬁldﬁ mﬂéﬁig‘w@f MRS PELSERL PrGHaHs CRPOHERLEP

val ug agpfi '&g&ﬁ{&ﬁ&g&%ﬁ@g&gﬂeﬂf%gm about 45 to about 55 (CIE 1976)
that has an H value greater than another, reference cocoa powder.

[ 0040] I n yefo0ad] aBifi. tiionapidenpagphrbowingtht relative ddravniratbnsof sia flavoduct of
the present inyentl has a col or value selected fromthe group consisting
of an L VHIRE"GEC en about 25 18 to about 29, an L value of between
about 22 to fﬁ@?g]t B, 78s Qs%@l'eygragh AR c%ﬁ'gﬁo%nﬁgg%seﬁpin Valiofds ¥@bY&infints of
bet ween about 35 to about 55, and conbi nations of "any thereof. Further, the
fruity ffletgomeda poclvatspf ddtipteseft intemtipnesent i nventi on may have a pH of

bet ween abou to ut 6,. a pH of between about 4.5 to about. 6, or a pH
of batweon alfglel SFE7BE & Sbicd BpR SnpStTTRE role Bt iR RO St Lov et ¢ |
mat eri alcohipouhli€oPiecgsses described herein may 30 be de-shelled cocoa
beans which refers to any suitable cocoa bean fraction/product having the
WO 2012/ 1390p0PQT/ KIS20124 68@7d graphoh8hve culmuads pedseyt inenniveslembodikemnts of
and/ or v%n nnowed. Ngl -limting exanpl es of de-shelled cocoa beans include,

|
B GOCPR Proguets of fhpRresgi i iona ng cot yl edons. De-shel | ed cocoa

but are '8
beans typi cafdoys|c OPicRHD iPa SR rgfﬁ-gﬁ 11875 RbmpOh&THARLANE vEAEH] SnbiiBimeRfse
wi thin comrercially acceptable %o erances since no de-shelling process Is
100%0c orpp Fratityr coGjaQ@odjrcts of theqithent gwleodément , a pH of the de-shell ed cocoa
beans may be mani pul ated by placing an acidic or al kaline agent in contact
with the de-shelled cocoa beans. Optionally, after the acidic or alkaline
agent is placed in contact with the de-shell ed cocoa beans, the de-shelled
cocoa beans nmay be washed. Al kalization agents are known in the art, and
may include, but are not limted to, water and sodi um potassium anmoni um
or 10 magnesi um hydr oxi de or carbonate, potash (K2CO3), and conbi nati ons of
any thereof. Acid agents are known in the art and may include, wthout
limtation food grade acids or organic acids. Exanples of food grade acids
i nclude, but are not limted to, hydrochloric acid, sodiumacid sulfate,

. .



WO 2012/ 139096PCT/ US2012/ 032711 9 roasted in a Retch fluidized bed dryer
(i.e., jet roaster) for 15 mnutes at a tenperature of 110C to | ower the
noi St ur e Wo 20122139096 [ 0056] The roasted ni bs were gPoun$210/0827ar S€
liquor in a household coffee mll, and further ground to cocoa |liquor of a
desired fineness in a Retsch | aboratory nortar mll. 5[0057] A first
portion of the fine ground Iiquor was extracted to obtain a fat free cocoa
powder and a second portion of the fi?ne ground |iquor was hydraulic pressed
into smal |l cafys] aﬁlfg-flﬂllﬁ e gepcluszating the pmonneoiciiives compeuhioRiepenit i o
smal | pieces_an h i S, e _pulverijz in ocoa.powder with a Retsch
cutt ng Sarere e SF RS R RBIbLRE: 5G0e F T 5 M o 2

Product i on ofjo020f o@IGrieduebpidet téfapa&@ A Porccoati dtindd P QRO VdRidas em®bARInes
Sul awesi beans were used to produce 2,000 granms of under- fernmented nibs.
The ni bsolEHE ¢acQ@Bragucts of tppregentdnventionsM ascor bi ¢ aci d sol uti on having a
t enpey at ure Cyi . hC: t havi 0 fi.el liter

Af t er5r stirri ﬁ‘fé" f hgm&i]%slg%%%%eﬂlggi&%%sg& %%éf)drl%ﬂ\;\gfééﬁeéop e{)&lg\ % ﬁ&’g}%ﬂﬁgoﬁ\ft h
rot at i ngerabddittentd df ERITE@LOH BrodiucBDEtHeqsredcat inveatios as dahPAGALo 4 hefermpite
acidified nibs were drained to renove the excess acid solution. The drained
ni bs wer@rriiaroeeh BOWEERl tines with tap water until the pH of the watery
resi due com f t ri ' | r - t.@r

(i nsi ng, ¢ he TRk, FRe 1405k ShREEPraBha? i3k e itbor AR defieipy pf !
[0061] The wgedrep MiMsI5Mes graph illdstrdting Hatiobf flkubidiongtbudeld pttsyerin(varieus | et
roaster) for 20 75 mnutes at a tenperature of 120C to reduce the noisture
cont &ht ~ gmborlipents of fruity qogerspIodyRtE Of HiegrIetE iyEnieR as gHBpHEd o2 Eyaresee

| i quor i offee mll, and further ground to cocoa |liquor of a
desired lﬁtﬁrégg%@g gé% et sch | aboratory nmortar mill. [0063] A first
portion of tHen2] nEI@rieuna spidgrigraphas tlexatiact davdraoaipioainds depiatedfin €8:.ddScoa
powder and a _secon ortion of the fine ground |iquor was hydraulic pressed

d
into smal |l c&W2s] 2§I£»riléf is p gt ustnttg pEtieof ga‘l‘i’iféiogéﬂ@é@dﬁ/@f;‘:éeﬁfr%@ﬁo}l%t o]
smal | pi . t i r I k : i WM et sch
Ut i ng S PPl AES, MG RA IR BRI GREC L GIER o Aot
Product i anitafcoeqcp@dacoduct s with gl uconic delta | actone acid sol ution.
[ 0065] Under_ fermented Sul awesi beans were used to produce 2,000 grans of

d I
under - 30MAAHRFPR &R IBSING R T HE NN e with 3,000 nL of a 0.5 M
gl uconi ¢ del C bd -ggg%g,(} 20724 03 |5
havi ng a ten%@rzgf u:hg&g? @r%%dlv}%e@rn g,(hghﬁ e igégggog?tl o b%%égt}& %Oégcil'ﬁlg{egm\}%rune
of ei ghtfldviok®t @®codbt@tucss havieiarfegsht fheityilbgoriamdtthee.aci d sol uti on were pl aced
in astove with rotating air, at a tenperature of 25C for four hours. [0066]
The wet ,  aci 907k I PRR SRR A ARETPE BT EC PR SORRGREduss PaVISS RAHHh
The §, drai ' i 1] it ngt t ' of
Tho it el o BT e R A bh B i L SRR D b ol paBbh
3. 2- 5. 0. thAfebewithi ansicithand wetenpdirst rongtirgohe ecitlifetl dohea nibbslewdslledbedmns, arghge
of 44-50% [0067]_ The washed nibs were dried.in_ a stov ith rotatin ir
at a tenfPERAHE %Ffegéé“ﬁﬁ?g‘ﬁbeﬂgiﬁ%% theauidiief recqrort %‘@ﬂ%ﬂﬁ@ﬁ@@ AeHeleche
range ofy,3no%: tlIeh&n%ihE@Serl@?eo‘P%rv@as}tgdWﬁ?%‘ﬁgﬂz' n a Retch fluidized bed
dryer (i.e., jet roaster or 15 mnutes at a tenperature of 110C to | ower
t he noi st ur e [@028]L- 2% further en}l@AGBEntT e acolbis beldctad fronwdregrgnp untidtingeodar se
| i quor ir] a hoysehold coffee mll, an fur.?nher,(ﬁ%o nd 1o cocoa I,&gg(c){r of a
desi ted §PFRAtedSt AcanratidcPN BB AR AT Yo HEPICAC drP P um ipge La: 35 stpor t i on
of the fingAliRHds hhAHR e BB EHEARIEANE Be RERIAbANS, W e ESnGASRG thereof
powder and a second portion of the fine ground |iquor was hydraul ic pressed
i nt o snahhy bagesd fenchefied) endet femeoded ot hepmbitkéiondkasofner e br oken into

smal | pi eces t he pi eces,. wer | yverized into cocoa ponwder with a Retsch
cutting it PR B ubed bt abed it ghe ik e e RefebbSs sl e 4.
Product i Qi ifatfRCRarRF 2dUed 98t h gluconic delta | actone acid sol ution.
20[ 0071] Under fernented Sul awesi beans were used to produce 2,000 grans of

under- fernmented nibs. The nibs were mxed with 3,000 nL of a 0.5 M

gl uconic delta |lactone acid solution having a tenperature of 25C were m xed
in a plastic bucket having a volunme of eight liters. After stirring, the
nibs in the acid solution were placed in a stove with rotating air at a
tenperature of 25C for four hours. 25[0072] The wet, acidified nibs were
drained to renove the excess acid solution. The drained nibs were rinsed
several tinmes with tap water until the pH of the watery residue com ng off
of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the noisture
content of the nibs was in the range of 44-50% [0073] The washed
nibs were dried in a Retch fluidized bed dryer (i.e., jet roaster) for 30
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25[ 0091] The washed nibs were dried in a stove with rotating air at a
tenperature of 50C for 20 hours to reduce the noisture content to the range
of 3-5% wWbeotrizedeni bs were roasted in a Retch fl uidi zedthmsdodoyen1 (i . e.,
jet roaster) for 15 mnutes at a tenperature of 110C to | ower the nvoisture

to 1-2% [ 0092] The roasted ni bs were ground to coarse |liquor in
a household coffee mll, and 30 further ground to cocoa |iquor of a desired
fineness in a Retsch laboratory nortdr mll. WO

2012/ 139096 P{080is2 b2 additionalEeBnbodimefitp@3jibsitlhiq dessheblod hears, of thetvemimmion

por i on SPeBhTBRE LR d udk (e Rotiaal hES RIS TS alfes

and fil tiempdrAaeed bbtdearabod s Cak @BoBIeC Wrakembitdnssrahéh BireGag and the
pi eces were pul verized into cocoa powder with a Retsch cutting mll wth

si eves HAWPARtESlI es of 0.5 nm 5[ 0094] Exanple 8. Production of cocoa

products wt sphori.c acid.,.] 00 Under fer. ed Sul a i .beans were
used%fo prodEbcog?g, gb%ncér%n%m%?dl{rfﬁ tgrﬁ%er ggﬁgﬁ?aelagﬁir&& roa %'%@gd%ﬁ%’ %Y@gd
wi th 3, Q@thHihatidh the@oflfreYbabPNOMbBLAC IcEnEBRE SHIERRhARYBAG 2% .t enper at ur e of
25C were mxed in a plastic bucket having a volune of eight liters. After

stirring, th&0bsInyetraderther embesdioens thawoest goresciysithe zoast dershalletfheans, or
rotatin i : e ratur f 25C for faour..hour 009 The t,

ot i 1 B fmBhafor ek STREL BIURT, he Bl RBL i, Fre PR Bhudt R B 1 ned
ni bs wersepdrafeglattoS@¢ed Blittdr atllscotbd PrebRpka)dt ee ddddd liqidiandbodethhial Waker y
residue comng off of the rinsed nibs was in the range of 3.2-5.0. After

ri nskfng,coeqreripgsicalimay be fudhar gapunditpfoseapaeden t he range of 44-50%

15[ 0097] The he i r 'l b n Ret.ch ] ui di zed he [ i.€e. .
j et roaster) [ o?l 7%\&?# %ﬁcthﬁoa%sglgg'tet gﬁ%&?’%’toﬁg‘é&o?\aﬁg%%‘rt%%errlga g%(feia%/ &' %tr:ﬁ’%l’tdur e
cont ent tb@ocbaffuor and, dpbidBslly, PaeseDasd eston ipds AL peesgialbl AAd toccadritiee Thequor
in a household coffee mll, and further ground to cocoa |iquor of a desired
f i nenes PIEsICEkeRBYE BhgIoaBEtaPerducaspeoarpadar. Thippogpssyields secogaredsiis biviage

Second. parE; ShEPInd SRR AREE G P B O T RFRBUE AP AT °

cakels andd-brdwered cocoa butter. The cakes were broken into small pieces
and the pieces were pulverized into cocoa powder with a Retsch cutting m |

with sieves H&34Ingl addidena embegimenson opa pxest Bagng ppagieased gmeunt of at

ref eren C JoloF:] : le..Ynder fer . i s
wore voaef erpai Hor Py AR Hieroclh S R R B Y AN oRERC

wer e notgrphpeadisting oo fitragéolypHdnyhketakietly 46 Ietlty'lartna&ygﬁspmdmd ethyl-Bxanpl es

1-8. [00102]_ The nibs were dried in a Retch fluidized bed dryer (i.e., jet
r oast er yngthylbyngaig ethyl-Zimethylbpisapateandl ombingons of pay theseathe moi st ure

contgnt to 1 [Q0 ' i Ln a
CorArL LB LAFPRRLTORORARNES LU pIETE, AU, SRS LML b

f i nenesamdunaofRefraith at@ba tahpoyndredléadd froml the g p consisting of at least 2.5 pg/kg of
2012/ 139096PCT/ US2012/ 032711 14 [00104] A first_ portion of the fine ground
li quor &Y 1@xnethyiaaranpagh ehleasty nedtkserf sgvkdupathpipreranogtitdatieast dSrits/ k6o i on
of the f] ' I ' ' I

1t or el D g P Dl e oS b bR 1 ERE RS B o

pi eces \weyd-3pubthgthiuzathatd) tbleass0 qgphyvdeethvi-3-methRbt Gabate dttléasg50mid [ kovaft h
sieves having haoles of 0.5 nm 5[00105] Tables 1A and 1B show t he process
condit | nﬂé@aﬂ%%i%oai}e@tlﬂféu detodf BFBWak frd gembnaipneef apyghereof.

[ 00106] Tabl . Pr S Wely! : . -4 and
the control @P éejeflgrag‘g)?? e%xﬁ)rzg%}k) %&9&8%% @hﬁr@ggg§0ﬁftﬁq@bﬁg6&3 Ex. 4
Ex. 9 niifpentionarcl@@és Bad dbe comnatlieghioSubeesittdysansmbinatiothaf gey Wit ( Q)
2000 2000 20@8 2000 2000 noisture content (% 64 6.4 6.4 6.4 6.4 Fat
content (% K834 s apobprsmgdinery, Bieggeqagirogrctsgf Higgapsept gvention mege Fat ty

Acid conb&tvld dcelthd cdeoh };ro&ucts have an increase in fruity flavors, yet have less bitterness.

30 The bitterness may be associated with compounds such as polyphenols, pyrazines, non-volatile



1.1 1.1 lodine value 36.2 36.2 36.2 36.2 36.2 Acidification with acid
solution during 4 hrs 3000 g of acid solution ( 25C) Ascorbic Ascorbic
GDL GDL woizdisibossi on (W9 8.1 8.1 8.2 8.2 Mlarity (krrafS2@eios27spl ution
nmol / liter) 0.5 0.5 0.5 0.5 Specific weight ( gramliter) 1039.3 1039. 3
1051.1 1051.1 pH 2.22 2.22 2.01 2.01 Charges of tap water for washing the
ni b Tap water for every washing step of the nibs ( g) 3000 3000 3000
3000 Tenserature tap water ( OC) 226 21.6 20 20 pH of the tap water
6. 32 6. 3Pngpamdg, a3 copppipdtiqrisef Yay dreyeqf eBiuuia another embodiment, cocoa products

produced from good fermented cocoa beans having fruitier flavor and less bitterness as

compared to cocoa products produced from under fermented or unfermented cocoa beans are

disclosed. In another embodiment, the cocoa products of the present invention have less than
5 500 ug/kg of acrylamide, or less than 250 pg/kg of acrylamide.

[0038] Fruity flavored cocoa products are desired in certain food applications. For
instance, fruity cocoa products may fit well with yoghurt flavored food products or other food
flavors. In one embodiment, the cocoa products of the present invention have an increased
amount of fruity aroma compounds or fruity compounds as compared to conventional cocoa

10 products. Fruity aroma compounds include, but are not limited to, furaneol,
phenylacetaldehyde, ethyl-2-methylpropanoate, ethyl-2-methylbutanoate, ethyl-2-
methylbutanoate, and combinations of any thereof.

[0039] In another embodiment, the fruity flavored cocoa products of the present
invention may have a bright color which refers to cocoa products with a C value more than

15 about18.0,19.0, 20.0, 21.0, 22.0, 23.0, 24.0, 25.0, or higher, inclusive of intervals between those
values. In another embodiment, the fruity flavored cocoa products of the present invention are
red, redder, or more red which refers to a cocoa product having an H value approximately in
the range of from about 35 to about 55, about 40 to about 45, or about 48 to about 56, (CIE 1976)
that has an H value less than another, reference cocoa powder. In another embodiment, the

20 fruity flavored cocoa products of the present invention are brown, browner, or more brown
and refer to a cocoa product with an H value approximately in the range of from about 45 to
about 55 (CIE 1976) that has an H value greater than another, reference cocoa powder.

[0040] Inyetan additional embodiment, a fruity flavored cocoa product of the present
invention has a color value selected from the group consisting of an L value of between about

25 18 to about 29, an L value of between about 22 to about 29, a C value of about 23 to about 30, an
H value of between about 35 to about 55, and combinations of any thereof. Further, the fruity
flavored cocoa product of the present invention may have a pH of between about 3 to about 6,
a pH of between about 4.5 to about 6, or a pH of between about 4.5 to 5.

[0041] In one embodiment, a starting material for the processes described herein may

30 be de-shelled cocoa beans which refers to any suitable cocoa bean fraction/ product having the
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beans typically contain a small fraction of contaminating shells that are within commercially
acceptable tolerances since no de-shelling process is 100% complete.

5 [0042] In another embodiment, a pH of the de-shelled cocoa beans may be
manipulated by placing an acidic or alkaline agent in contact with the de-shelled cocoa beans.
Optionally, after the acidic or alkaline agent is placed in contact with the de-shelled cocoa
beans, the de-shelled cocoa beans may be washed. Alkalization agents are known in the art,
and may include, but are not limited to, water and sodium, potassium, ammonium or

10 magnesium hydroxide or carbonate, potash (K2COs3), and combinations of any thereof. Acid
agents are known in the art and may include, without limitation food grade acids or organic
acids. Examples of food grade acids include, but are not limited to, hydrochloric acid, sodium
acid sulfate, sodium bisulphate acid, sodium acid phosphate, phosphoric acid, and
combinations of any thereof. Examples of organic acids include, but are not limited to, gluconic

15  acid, gluconic delta lactone acid, ascorbic acid, citric acid, lactic acid, lemon juice, lime juice,
acetic acid, fumaric acid, adipic acid, malic acid, tartaric acid, and combinations of any thereof.

[0043] In an additional embodiment, the cocoa beans used to produce the fruity
flavored cocoa products of the present invention are good fermented. In a further embodiment,
the cocoa beans used to produce the fruity flavored cocoa products of the present invention are

20 under- or un- fermented.

[0044] In a further embodiment, another process parameter that may help achieve
optimal coloring of the fruity flavored cocoa product is to minimize sterilization of the beans or
nibs prior to pH manipulation.

[0045] In one embodiment, the fruity flavored cocoa products produced herein are

25  suitable for many commercial purposes, including, without limitation, food products.
Examples of food products include, but are not limited to, chocolate, dark chocolate, milk
chocolate, semi-sweet-chocolate, baking chocolate, candies, pralines, truffles, candy bars,
flavoring syrup, confectionary coatings, compound coatings, fillings, beverages, milk, ice
cream, beverage mixes, smoothies, soy milk, cakes, cheesecakes, cookies, pies, diet bars, meal-

30  substitute solid foods and beverages, energy bars, chocolate chips, yogurt, yogurt drinks,
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yogurt, cheesecake or fruit, and cocoa powders for use in cheese, dairy or beverages.
[0046] In another embodiment, fruity flavored cocoa products including, without
limitation, powders and/or liquors having extraordinary brightness are produced by the
5  methods described herein. The fruity flavored cocoa products may have an L color co-ordinate
value greater than 16 or in a range of 22-29, a pH less than 7.0 or in a range of 3.0-6.0, and
exhibit a high brightness expressed by a C color coordinate value greater than 20 or in a range
of 23-30. H-values (CIE 1976) may fall in the red-to-brown range of between 35-55.
[0047] A number of objective methods for measuring the color of cocoa products are
10 known. In one method, the Hunter color system or CIE 1976 (CIELAB) and like systems, color
may be described in terms of three parameters: Lightness (L)--the light or dark aspect of a
color, where the lower the L-value, the darker the cocoa powder will appear; Chroma (C)--the
intensity of a color by which one distinguishes a bright or gray color, where the higher the C-
value, the brighter the powder will be; and Hue (H)-- referring to color in daily speech, such as
15  red, yellow, or blue. For cocoa powders, a low H value indicates a red color and a high H-value
indicates a brown color.
[0048] The CIE 1976 color system describes colors in terms of coordinates L, "a*™" and
"b*". The L coordinate is consistent with the Value of Lightness, and from the a* and b*
coordinates, the Chroma and Hue can be calculated as follows: C*= {square root over (a*2+b*?)};
20  H=arctan(b*/a¥).
[0049] The spectral color is the result of the source of light and the reflecting surface.
For a good reproducible measurement of color, the source of light is standardized. There are
two basic approaches for measuring color: visually or by instrumentation. There is a natural
human tendency to trust only "one's own eyes." For this reason, colors are still frequently
25  judged visually. To be able to do this in a reproducible manner, certain standard conditions
should be met: the light source, for example and without limitation, a CIE standard light
source; the positions of the sample, relative to the light source, which are preferably at an angle
of 45° to each other; the background of the sample, uniform and preferably gray; the distance
between the eyes and the sample and position of the eyes relative to the sample; and the size of

30  the sample.
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determinations. Color meters and spectrophotometers are used for instrument color readings.
Instrument color measurements were made in the Examples herein using a Datacolor
Spectraflash 500 Color spectrophotometer in the manner described herein. Unless otherwise

5  indicated, the color values described in the Examples, and all reference herein to color values L,
C, H, aand b (a* and b*, respectively), are readings using the Datacolor Spectraflash 500 Color
spectrophotometer. The color parameters described herein refer to the L, C, H parameters that
can be calculated from L, a and b readings according to the CIE 1976 system. The color values
recited herein are approximate in the sense that color measurements may vary from

10 spectrophotometer-to-spectrophotometer, typically in the range of +/- 0.5 for L, C and H
values. Therefore, the stated values for L, C and H are intended to include such variation
inherent between spectrophotometers. The color values of cocoa powders, unless indicated
otherwise, are obtained on samples of pulverized cocoa cakes (post pressing to remove cocoa
butter) in water.

15 [0051] The following examples illustrate various non-limiting embodiments of the
compositions within the present disclosure and are not restrictive of the invention as otherwise
described or claimed herein.

EXAMPLES
[0052] Example 1. Production of cocoa products with ascorbic acid.

20 [0053] Under fermented Sulawesi beans were used to produce 2,000 grams of undez-
fermented nibs. The nibs were mixed with 3,000 mL of a 0.5M ascorbic acid solution having a
temperature of 25°C in a plastic bucket having a volume of eight liters. After stirring, the nibs
in the acid solution were placed in a stove with rotating air at a temperature of 25°C for four
houss.

25 [0054] The wet, acidified nibs were drained to remove the excess acid solution. The
drained nibs were rinsed several times with tap water until the pH of the watery residue
coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

[0055] The washed nibs were dried in a stove with rotating air at a temperature of

30  50°C for 20 hours to reduce the moisture content to the range of 3-5%. The dried nibs were
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[0056] The roasted nibs were ground to coarse liquor in a household coffee mill, and
further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.

5 [0057] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa
powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.

[0058] Example 2. Production of cocoa products with ascorbic acid.

10 [0059] Under fermented Sulawesi beans were used to produce 2,000 grams of under-
fermented nibs. The nibs were mixed with 3,000 mL of a 0.5M ascorbic acid solution having a
temperature of 25°C in a plastic bucket having a volume of eight liters. After stirring, the nibs
in the acid solution were placed in a stove with rotating air at a temperature of 25°C for four
hours.

15 [0060] The wet, acidified nibs were drained to remove the excess acid solution. The
drained nibs were rinsed several times with tap water until the pH of the watery residue
coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

[0061] The washed nibs were dried in a Retch fluidized bed dryer (i.e., jet roaster) for

20 75 minutes at a temperature of 120°C to reduce the moisture content to 1-2%.

[0062] The roasted nibs were ground to coarse liquor in a household coffee mill, and
further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.

[0063] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa
powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes

25  and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.

[0064] Example 3. Production of cocoa products with gluconic delta lactone acid
solution.
[0065] Under fermented Sulawesi beans were used to produce 2,000 grams of under-

30 fermented nibs. The nibs were mixed with 3,000 mL of a 0.5 M gluconic delta lactone acid
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solution having a temperature of 25°C were mixed in a plastic bucket having a volume of eight

liters. After stirring, the nibs in the acid solution were placed in a stove with rotating air ata
temperature of 25°C for four hours.

[0066] The wet, acidified nibs were drained to remove the excess acid solution. The

5 drained nibs were rinsed several times with tap water until the pH of the watery residue

coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

[0067] The washed nibs were dried in a stove with rotating air at a temperature of
50°C for 20 hours to reduce the moisture content to the range of 3-5%. The dried nibs were

10 roasted in a Retch fluidized bed dryer (i.e., jet roaster) for 15 minutes at a temperature of 110°C
to lower the moisture to 1-2%.

[0068] The roasted nibs were ground to coarse liquor in a household coffee mill, and
further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.
[0069] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa

15  powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.

[0070] Example 4. Production of cocoa products with gluconic delta lactone acid
solution.

20 [0071] Under fermented Sulawesi beans were used to produce 2,000 grams of under-
fermented nibs. The nibs were mixed with 3,000 mL of a 0.5 M gluconic delta lactone acid
solution having a temperature of 25°C were mixed in a plastic bucket having a volume of eight
liters. After stirring, the nibs in the acid solution were placed in a stove with rotating air at a
temperature of 25°C for four hours.

25 [0072] The wet, acidified nibs were drained to remove the excess acid solution. The
drained nibs were rinsed several times with tap water until the pH of the watery residue
coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

[0073] The washed nibs were dried in a Retch fluidized bed dryer (i.e., jet roaster) for

30 75 minutes at a temperature of 120°C to reduce the moisture content to 1-2%.
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[0074] The roasted nibs were ground to coarse liquor in a household coffee mill, and

further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.

[0075] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa
powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.

[0076] Example 5. Production of cocoa products with sodium bisulphate acid solution.

[0077] Under fermented Sulawesi beans were used to produce 2,000 grams of under-
fermented nibs. The nibs were mixed with 3,000 mL of a 0.5 M sodium bisulphate acid solution
having a temperature of 25°C were mixed in a plastic bucket having a volume of eight liters.
After stirring, the nibs in the acid solution were placed in a stove with rotating air at a
temperature of 25°C for four hours.

[0078] The wet, acidified nibs were drained to remove the excess acid solution. The
drained nibs were rinsed several times with tap water until the pH of the watery residue
coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

[0079] The washed nibs were dried in a stove with rotating air at a temperature of
50°C for 20 hours to reduce the moisture content to the range of 3-5%. The dried nibs were
roasted in a Retch fluidized bed dryer (i.e., jet roaster) for 15 minutes at a temperature of 110°C
to lower the moisture to 1-2%.

[0080] The roasted nibs were ground to coarse liquor in a household coffee mill, and
further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.

[0081] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa
powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.

[0082] Example 6. Production of cocoa products with sodium bisulphate acid solution.

[0083] Under fermented Sulawesi beans were used to produce 2,000 grams of under-
fermented nibs. The nibs were mixed with 3,000 mL of a 0.5 M sodium bisulphate acid solution

having a temperature of 25°C were mixed in a plastic bucket having a volume of eight liters.
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After stirring, the nibs in the acid solution were placed in a stove with rotating air ata
temperature of 25°C for four hours.

[0084] The wet, acidified nibs were drained to remove the excess acid solution. The
drained nibs were rinsed several times with tap water until the pH of the watery residue

5  coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

[0085] The washed nibs were dried in a Retch fluidized bed dryer (i.e., jet roaster) for
75 minutes at a temperature of 120°C to reduce the moisture content to 1-2%.

[0086] The roasted nibs were ground to coarse liquor in a household coffee mill, and

10 further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.

[0087] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa
powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.

15 [0088] Example 7. Production of cocoa products with phosphoric acid.

[0089] Under fermented Sulawesi beans were used to produce 2,000 grams of under-
fermented nibs. The nibs were mixed with 3,000 mL of a 0.16 M phosphoric acid solution
having a temperature of 25°C were mixed in a plastic bucket having a volume of eight liters.
After stirring, the nibs in the acid solution were placed in a stove with rotating air at a

20 temperature of 25°C for four hours.

[0090] The wet, acidified nibs were drained to remove the excess acid solution. The
drained nibs were rinsed several times with tap water until the pH of the watery residue
coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

25 [0091] The washed nibs were dried in a stove with rotating air at a temperature of
50°C for 20 hours to reduce the moisture content to the range of 3-5%. The dried nibs were
roasted in a Retch fluidized bed dryer (i.e., jet roaster) for 15 minutes at a temperature of 110°C
to lower the moisture to 1-2%.

[0092] The roasted nibs were ground to coarse liquor in a household coffee mill, and

30  further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.
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[0095] Under fermented Sulawesi beans were used to produce 2,000 grams of under-
fermented nibs. The nibs were mixed with 3,000 mL of a 0.16 M phosphoric acid solution
having a temperature of 25°C were mixed in a plastic bucket having a volume of eight liters.
After stirring, the nibs in the acid solution were placed in a stove with rotating air at a

10 temperature of 25°C for four hours.

[0096] The wet, acidified nibs were drained to remove the excess acid solution. The
drained nibs were rinsed several times with tap water until the pH of the watery residue
coming off of the rinsed nibs was in the range of 3.2-5.0. After rinsing, the moisture content of
the nibs was in the range of 44-50%.

15 [0097] The washed nibs were dried in a Retch fluidized bed dryer (i.e., jet roaster) for
75 minutes at a temperature of 120°C to reduce the moisture content to 1-2%.

[0098] The roasted nibs were ground to coarse liquor in a household coffee mill, and
further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.

[0099] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa

20 powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.

[00100] Example 9. Production of reference or control cocoa product.

[00101] Under fermented Sulawesi beans were used to produce 2,000 grams of under-

25  fermented nibs. These nibs were not placed in contact with an acid solution as described in
Examples 1-8.

[00102] The nibs were dried in a Retch fluidized bed dryer (i.e., jet roaster) for 75
minutes at a temperature of 120°C to reduce the moisture content to 1-2%.

[00103] The roasted nibs were ground to coarse liquor in a household coffee mill, and

30  further ground to cocoa liquor of a desired fineness in a Retsch laboratory mortar mill.
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[00104] A first portion of the fine ground liquor was extracted to obtain a fat free cocoa

powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into small pieces and the pieces were
pulverized into cocoa powder with a Retsch cutting mill with sieves having holes of 0.5 mm.
5 [00105] Tables 1A and 1B show the process conditions used to produce the cocoa
products of Examples 1-9.
[00106] Table 1A. Process conditions of cocoa products of Examples 1-4 and the control

or reference, Example 9.

Example number Ex. 1 Ex. 2 Ex.3 |Ex. 4 Ex. 9
nibs from 100% Bad fermented

Sulawesi beans

Charge Weight (g) 2000 2000 2000 |2000 2000
moisture content (%) 6.4 6.4 6.4 6.4 6.4
Fat content (%) 50.5 50.5 50.5 |50.5 50.5
Butter of Sulawesi nib

Free Fatty Acid content (%) 1.1 1.1 1.1 1.1 1.1
Iodine value 36.2 36.2 36.2 |36.2 36.2
Acidification with acid solution during

4 hrs

3000 g of acid solution ( 25°C ) Ascorbic | Ascorbic | GDL |GDL

Acid solution (w%) 8.1 8.1 8.2 8.2

Molarity (M) of acid solution 0.5 0.5 0.5 0.5

(mol / liter)

Specific weight ( gram/liter) 1039.3 1039.3 11051.1]1051.1

pH 222 2.22 201 2.01

Charges of tap water for washing the nib

Tap water for every washing step 3000 3000 3000 3000

of the nibs ( g)

Temperature tap water ( °C) 21.6 21.6 20 20

pH of the tap water 6.32 0.32 632 16.32

pH of the Watery residue

after 4 hours acidification 3.72 3.72 337 |3.37

after first washing with tapwater 3.88 3.88 3.55 |3.55

after second washing with tap water 3.97 3.97 3.66 |3.66

after third washing with tap water 4.07 4.07 3.75 |3.75

Drying methods of the wet acidified nibs|Stove Jet roast |Stove |]Jet roast|Jet roast
Moisture content of the nib (%) :

Raw unacidified nibs (w%) 6.4 6.4 6.4 6.4 6.4
After washings with water 46.6 46.6 449 1449 13.5
After 20 hrs drying at 50 °C in the stove [4.26 4,9




L tot 25.08 23.10 23.26 21.51 21.21 23.19 21.30 22.52 21.42 Ctot 15.50
14.61 13.82 13.50 15.99 16.79 13.19 13.71 13.00 H tot 48.31 46.00 45.72
44.78 36.\808 28bB/1380945. 45 47.31 49.57 a tot 10.31 10. 15 9r6%/32&8/032184 13.71
9.25 9.29 8.43 b tot 11.58 10.51 9.89 9.51 9.54 9.70 9.40 10.08 9.89 10
[00113] An anal ysis was done on the cocoa powders produced in Exanples 1-9.

The results are shown in Tables 4A and 4B. [00114] Table 4A. Lab
anal ysi s—results on cocoa powders of 1ixarrpl es 1-4 and the control, EX
9. ExanphéenipmerJexoastingat 120 °Ex. 3 BEx. 4 Ex.|18 Type dryi fg progess Jet

roast St@res 808 Jet roast Jet roast Potassijumas K (9% D.5
After 25 min jet roasting at 100 °C <1 <1 <1 <1 <1
(before grinding)

npl e

[00107] Table 1B. Process conditions of cocoa products of Examples 5-8 and the control,

Example 9.
Example number Ex.5 Ex. 6 Ex.7 |Ex.8 |Ex.9
nibs from 100% sulawesi beans
(bad fermented)
Charge Weight (g) 2000 2000 2000 2000 2000
moisture content (%) 6.4 6.4 6.4 6.4 6.4
Fat content (%) 50.5 50.5 50.5 50.5 50.5
Butter of raw nib
Free Fatty Acid content (%) 11 11 11 1.1
lIodine value 36.2 36.2 36.2 36.2
Acidification with acid solution during
4 hrs
3000 g of acid solution ( 25 °C) NaHSO4 | NaHSO4 | H3PO4 | H3PO4
Acid solution (w%) 5.7 57 1.6 1.6
Molarity (M) of acid solution ( mol / liteg 0.51 0.51 0.16 0.16
Specific weight ( gram/liter) 10425 |10425 10264 [1026.4
pH 0.86 0.86 1.45 1.45
Charges of tap water for washing the nib
Tgp water for every washing step of the 3000 3000 3000 3000
nibs ( g)
Temperature tap water (°C) 21.6 21.6 21.6 21.6
pH of the tap water 6.32 6.32 6.32 6.32
pH of the Watery residue
after 4 hours acidification 1.63 1.63 3.64 13.64
after first washing with tap water 212 212 4.09 4.09
after second washing with tap water 2.32 2.32 4.58 4.58
after third washing with tap water 2.52 2.52 4.99 4.99
after fourth washing with tap water 2.68 2.68 5.06 5.06
after five washing with tap water 2.82 2.82
after six washing with tap water 2.96 2.96
after seven washing with tap water 3.21 3.21
after eight washing with tap water 3.45 3.45
after Nine washings with tap water 3.72 3.72
Drying methods of the wet acidified nibs | Jet Roast | Stove Jet roast|Stove | Jet roast
Moisture content of the nib (%) :
Raw un acidified nibs (w%) 6.4 6.4 6.4 6.4 6.4




0.5 0.49 0.47 2.0 Sodiumas Na (% 0.0068 0.0079 0.0047 0.0048 0.027 Ash
content (9% 2.92 2.98 2.82 2.92 6.36 Total alkalinity (ml/100g) 30.54 31.7
25. 83 26.w6 26B/182960t al 1ron as Fe (ng/kg) 41 42 48 46 PeTAlSzemmB2rm as Al
(rmg/kg) 31 29 22 20 51 WD 2012/139096PCT/ US2012/ 032711 18 Silicium as Si
(%9 <0.01 <0.01 <0.01 <0.01 0.02 Phosphorous as P (% 0.54 0.55 0.61 0.35
0.89 Sul phate as SO4 (% <0,2 <0.2 <0.2 <0.2 <0.2 Cchratoxin A (ug/kg) <0.4

<0.4 <0.4 <0.4 <0.4 Acrylam de (ug/k&) 100 160 170 190 830 Acetic acid (%
0. 05 0. 0after @8sHIngovBh26at€i t ri c aci d| 4724 47.6 43.5 43.5 13.5

After 20 hrs drying at 50 °C in the stove 4.2 4.3

After 75 min Jet roasting at 120 °C 25 25

(SP is 120 °C) ' '

After 25 min .]et roasting at 100 °C <1 <1 <1 <1 <1

(before grinding)

[00108] The cocoa liquor, cocoa powder and cocoa butter produced in Examples 1-9
were characterized as shown in Table 2.

[00109] Table 2. Color of cocoa liquor and cocoa powder of Examples 1-9.

Example number |1 2 3 4 5 6 7 8 9
Acid Ascorbic | Ascorbic |GDL |GDL [NaHSO4| NaHSO4 | H3PO4 | H3PO4
Drying in stove | X X X X

Drying in jet X X X X

roaster

Liquor

Intrinsic Colour

FFD (in water)

L ffd 27.58 25.44 25.51 |23.65 {23.18 25.58 2330 |24.28 |23.26
Cffd 27.00 2573 23.77 |23.98 |27.26 27.32 23.54 2417 123.85
H ffd 5214 50.09 48.32 148.53 142.25 39.44 49.02 |50.67 |53.31
a ffd 16.57 16.51 15.80 115.88 |20.18 21.09 15.44 (1531 }14.25
b ffd 21.32 19.74 17.75 |17.97 |18.33 17.35 17.77 118.69 [19.12
Powder

pH 4,52 4,53 438 (448 |34 347 476 1472 596
% moisture 2.37 2.56 235 1226 (241 2.55 231 1283 [2.07
% fat 15.67 13.88 14.92 11298 {13.78 13.93 13.56 |16.68 |15.11
Intrinsic Colour

(in water)

L tot 30.13 27.67 27.87 {25.64 [25.26 27.78 2537 12694 |25.53
C tot 27.89 26.56 24,55 |24.75 |28.12 28.05 24.34 |25.17 |24.80
H tot 52.74 50.57 48.80 148.91 {42.57 39.76 4942 |51.22 |53.74
a tot 16.88 16.87 16.17 {16.27 [20.71 21.57 15.84 |15.77 (14.67
b tot 22.2 20.52 18.47 |18.65 [19.02 17.94 1849 (19.62 |20.00
filtered Butter

Free fatty acid

R 1.02 1.00 1.00 |0.99 |1.08 1.03 1.00 (094 |1.06
Iodine value(1.V.)| 36.2 36.3 36.2 1362 ]36.2 36.2 363 1363 |36.1




0.47 0.38 0.44 0.33 1.53 Lactic acid (%9 0.05 0.05 0.07 0.05 0. 26

[ 00115] Table 4B. Lab analysis results on cocoa powders of Exanples 5-8 and
t he cont rwb20Bxampbe 9. Exanpl e nunmber Ex. 5 Ex. 6 Ex. PCEBUS28283271D Type
dryi ng process Jet roast Stove Jet roast Stove Jet roast Potassiumas K (%
0.15 0.18 0.59 0.54 2.0 Sodiumas Na (% 0.1 0.11 0.027 0.024 0.027 Ash
content (%9 2.02 2.04 3.63 3.46 6.36_Jotal alkalinity (nml/100g) 13.78 12.46
24.71 26.58 75.12 Total Iron as Fe (i%/k ) 60 62 49 47 59 Al um nium as Al
(my/ kg) 22 24003P0]>Eale 2dndiceies hagthesirepghh of ghoacidgolg iorgng thedrydg petpd

Phospho dio\d %n%?ﬂtﬁzn(:&%m i 4 & b p@l 88tn8 8%a product produced. Also, drying in the

jet roaster appears to make the final color darker and redder. The stronger acid solution also
makes the color of the powders brighter and redder.

5 [00111] The color values L, C, and H were determined for the cocoa products of
Examples 1-9 using the CIE LAB data color system. Such colors were also transformed into the
color values L, a, and B of the Hunter Lab color system. These colors are shown in Table 3.

[00112] Table 3. Color values of cocoa products of Examples 1-8 and the control,

Example 9.

Example |Ex.1 |Ex.2 |Ex.3 |Ex.4 |Ex.5 |Ex.6 |Ex.7 |Ex.8 |Ex.9
pH 452 1453 (438 (448 |34 347 476 472 596
CIE lab
L tot 30.13 |27.67 |27.87 |25.64 2526 |27.78 |2537 |26.94 |25.53
Ctot 27.89 12656 |24.55 |24.75 |28.12 |28.05 |24.34 |25.17 |24.80
H tot 52.74 |50.57 |48.80 |48.91 [42.57 |39.76 |49.42 |51.22 |53.74
a tot 16.88 {16.87 |16.17 [16.27 [20.71 |21.57 1584 |15.77 |14.67
b tot 222 12052 {1847 |18.65 [19.02 |17.94 |18.49 ]19.62 |20.00
Hunter lab
L tot 25.08 {23.10 |23.26 |21.51 |21.21 [23.19 |21.30 |22.52 |21.42
C tot 15.50 |14.61 |13.82 |13.50 |15.99 |16.79 |13.19 |13.71 |13.00
H tot 48.31 |46.00 |45.72 |44.78 |36.63 |35.26 |45.45 |47.31 |49.57
a tot 10.31 |10.15 |9.65 958 1284 |13.71 |9.25 |9.29 [843
b tot 11.58 [10.51 [9.89 951 [9.54 (9.70 (940 [10.08 |9.89

10
[00113] An analysis was done on the cocoa powders produced in Examples 1-9. The
results are shown in Tables 4A and 4B.
[00114] Table 4A. Lab analysis results on cocoa powders of Examples 1-4 and the

control, Example 9.

Example number Ex. 1 Ex.2 Ex. 3 Ex. 4 Ex. 9
Type drying process Jetroast | Stove Stove Jetroast |Jetroast
Potassium as K (%) 0.5 0.5 0.49 0.47 2.0
Sodium as Na (%) 0.0068 0.0079 0.0047 0.0048 0.027
Ash content (%) 2.92 2.98 2.82 2.92 6.36
Total alkalinity (ml/100g) |30.54 31.7 25.83 26.16 7512
Total Iron as Fe (mg/kg) |41 42 48 46 59
Aluminium as Al (mg/kg) 31 29 22 20 51




Sul phate as SO4 (% <0.2 <0.2 <0.2 <0.2 <0.2 Cchratoxin A (ug/kg) <0.4 <0.4
<0.4 <0.4 <0.4 Acrylam de (ug/kg) 140 85 280 320 830 Acetic acid (% 0.05
0.03 0. 0AW0.20i2/B9®6 Citric acid (%9 0.11 0.22 0.4 0.45 pcHarsh@cwszriaci d (%
0.02 0.02 0.06 0.06 0.26 5[00116] FIG 1 shows a flavor profile of
conpounds present
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wth goéﬁ Yermented cocoa 10 beans.

was used.

tenperature of 101C, +/-0.1C. The steam fl ow capacity was
i njected steam pressure was al nost 0.1 bar.

[001261 Exanpl e 10. Production of fruity cocoa products
Good fernmented cocoa beans were 50%
Ghana and 50% | vory Coast-1, and a reference sanple of 100% Arri ba beans

[ 00127] Charges of 2.50 kg of cocoa nibs obtained fromthe
cocoa beans were sterilized for 30 mnutes in a box with open steamat a

2.4 kg/ hr and the
The sterilized nibs 15 having

the tenperature of 101C were loaded in a reactor with jacket heating where

the tenperature was reduced to 75-78C.

In the reactor,

to tenperature of 90 95C u5|ng the jacket heatlng

NN N

AN~

t he ni bs were heated
[001281 An_



[00130] A first portion of the fine ground |iquor was extracted to obtain
fat free cocoa powder and a second portion of the fine ground |iquor was
hydr aul i cwpnresseddwsnt o smal | cakes and filtered cocoa bectras2oiths7eakes
were broken into smaller pieces which were pulverized into cocoa powder
with a Retsch cutting mll using sieves of holes wwth 0.5 Mm WO
2012/139096PCT/ US2012/ 032711 21 [00131] Sanples 10-21 and the reference or
control sanple 22 were anal yzed for: 1%mi sture content in the raw nib

(before and &9%1&8] §lCedishowsta flavpr prafide efcdosiduads pirdgsent inghe oan diguoisb, and

t he coc L0k t ' g & C ound anal ysjs of the |iquor
and int ?@ﬁ LSHTIC onE Irog’illér;]gc %&{%erth%? 8'1%5%1, %(m9 g? ?Se(g“n%n&g)&r ?pqg'l%tdl%Ts SPabIas u%eﬂlo nd
5B show qiteatsstieandidrton theadehporsdh tisovi®in Bam| Bt 4QpR i FIhe sheageiss Jior
Sanples 10, 12, 14, and 17 were a phosphoric acid solution (0.64 M and tap
wat er dﬁﬁC@H@“?@%ﬁ@ﬁ#§0W@PUS%MEF§§W91}wr®9ﬁ@5pH469fEm@,E&éQimhéweoaUOL

gl ucaoni ¢ dgl ta lactone acid (GDL) solution (3.0 M and tap water. [00133]
Tabl e 5A. Sanple No. 10 11 12 13 14 15 %DL added at 40C 20 20 20 %RBPX4
added at 20C[019]2BIG. 2Bhofeadlavonpioiliofix firiSoiilsiRaehoh th€ro&a 1BRoRS 55
55 55 Reaction tinme (mn) 60 60 180 180 120 120 Mboisture content of nibs
(% pro AnExe> & 4,294 the eontroldix. 8. @95 chromaimgranhysinermpsssaes was dsbdlto

7o o0 ek 48 afbud ol et dnflolills AR L1581 L oheRf A PG £ SRS fufsd oP®

27.06 23.63 oastin
the concentrations of compounds present in the cocoa liquors of Ex. 3, Ex. 4, and the control,
10 Ex.9.

[00120] FIG. 5 shows a flavor profile of compounds present in the cocoa liquors
produced in Ex. 5, Ex. 6, and the control, Ex. 9. Gas chromatography and mass spec was used to
determine the amount of the compounds shown in FIG. 5. The graph in FIG. 5 shows ratios of
the concentrations of compounds present in the cocoa liquors of Ex. 5, Ex. 6, and the control,

15 Ex.9.

[00121] FIG. 6 shows a flavor profile of six compounds present in the cocoa liquors
produced in Ex. 5, Ex. 6, and the control, Ex. 9. Gas chromatography and mass spec was used to
determine the amount of the compounds shown in FIG. 6. The graph in FIG. 6 shows ratios of
the concentrations of compounds present in the cocoa liquors of Ex. 5, Ex. 6, and the control,

20 Ex.9.

[00122] FIG. 7 shows a flavor profile of compounds present in the cocoa liquors
produced in Ex. 7, Ex. 8, and the control, Ex. 9. Gas chromatography and mass spec was used to
determine the amount of the compounds shown in FIG. 7. The graph in FIG. 7 shows ratios of
the concentrations of compounds present in the cocoa liquors of Ex. 7, Ex. 8, and the control,

25 Ex. 9

[00123] FIG. 8 shows a flavor profile of six compounds present in the cocoa liquors
produced in Ex. 7, Ex. 8, and the control, Ex. 9. Gas chromatography and mass spec was used to
determine the amount of the compounds shown in FIG. 8. The graph in FIG. 6 shows ratios of

the concentrations of compounds present in the cocoa liquors of Ex. 7, Ex. 8, and the control,

30 Ex.9.



2.97 3.12 2.47 3.50 2.14 2.75 Liquor pH 4.82 4.88 4.54 4.56 4.61 4.64
Moi sture content (% 0.8 0.82 0.92 0.78 0.88 0.83 Jet roasting (fluidized
bed dryerwoXo/14904K X M ag Spit roasting (direct contaeCTrusasioszyyi

WO 2012/ 139096PCT/ US2012/ 032711 22 [00134] Table 5B. Sanple No. 16 17 18 19
20 21 %DL added at 40C 20 20 20 10 10 %3PO4 added at 20C 20

Reaction tenp of nibs in reactor (C 2(?5 55 80 80 80 80

10

15

20

25

[00124] FIG. 9 shows a flavor profile of compounds present in the cocoa liquors
produced in Ex. 1, Ex. 6, Ex. 7, and Ex. 3. Gas chromatography and mass spec was used to
determine the amount of the compounds shown in FIG. 9. The graph in FIG. 9 shows ratios of
the concentrations of compounds present in the cocoa liquors of Ex. 1, Ex. 6, Ex. 7, and Ex. 3.

[00125] FIG. 10 shows a flavor profile of compounds present in the cocoa liquors
produced in Ex. 2, Ex. 5, Ex. 8, and Ex. 4. Gas chromatography and mass spec was used to
determine the amount of the compounds shown in FIG. 10. The graph in FIG. 10 shows ratios
of the concentrations of compounds present in the cocoa liquors of Ex. 2, Ex. 5, Ex. 8, and Ex. 4.

[00126] Example 10. Production of fruity cocoa products with good fermented cocoa
beans. Good fermented cocoa beans were 50% Ghana and 50%Ivory Coast-1, and a reference
sample of 100% Arriba beans was used.

[00127] Charges of 2.50 kg of cocoa nibs obtained from the cocoa beans were sterilized
for 30 minutes in a box with open steam at a temperature of 101°C, +/-0.1°C. The steam flow
capacity was 2.4 kg/hr and the injected steam pressure was almost 0.1 bar. The sterilized nibs
having the temperature of 101°C were loaded in a reactor with jacket heating where the
temperature was reduced to 75-78°C. In the reactor, the nibs were heated to temperature of 90-
95°C using the jacket heating.

[00128] An acid solution having a temperature of 20°C and 40°C was added to the nibs
in the reactor for the acidification process. The average reaction temperature of the nibs was 55-
95°C. Nib samples were taken after a desired acidification (reaction) time.

[00129] The nib samples 10-15 were roasted in a Retch fluidized bed dryer, which is a
laboratory scale jet roaster. The nib samples 16-21 were roasted in a Miag Spit which is a direct
roasting. During roasting, the moisture content of the nibs was reduced from 20-30% down to
1-2%. The roasted nibs were fist ground to coarse liquor with a household coffee mill and
subsequently ground to cocoa liquor of a desired fineness with a Retsch laboratory mortal mill.

[00130] A first portion of the fine ground liquor was extracted to obtain fat free cocoa
powder and a second portion of the fine ground liquor was hydraulic pressed into small cakes
and filtered cocoa butter. The cakes were broken into smaller pieces which were pulverized

into cocoa powder with a Retsch cutting mill using sieves of holes with 0.5 mm.



Reaction tinme (mn) 180 180 90 180 180 90 Mdisture content of nibs (%

Raw nib 7.84 7.84 7.81 7.81 7.65 7.65 After sterilization 12.82 13.14 13.47
13. 47 14. w0 201/8%094f t er acidification 23.57 25.45 23. 36 P22/183012835%1 19. 14
After Roasting 2.49 2.78 3.24 3.60 3.73 3.16 Liquor pH 4. 66 4.56 4.81
4.40 4.86 4.88 Misture content (%9 0.80 0.82 0.78 0.82 0.70 0.80 Jet
roasting (fluidized bed dryer) zfﬂag Spit roasting (direct contact

roasting) X X
[00131] Samples 10-21 and the reference or control sample 22 were analyzed for:

moisture content in the raw nib (before and after sterilization), the acidified nib, the roasted
nib, and the cocoa liquor; pH of the liquor; aroma compound analysis of the liquor; and
intrinsic color in water of the defatted liquor.

5 [00132] Tables 5A and 5B show process conditions and results for Samples 10-21. The
reagents for Samples 10, 12, 14, and 17 were a phosphoric acid solution (0.64 M) and tap water,
and the reagents for Samples 11, 13, 15, 16, and 28-21 were a gluconic delta lactone acid (GDL)
solution (3.0 M) and tap water.

[00133] Table 5A.

Sample No. 10 11 12 13 14 15
%GDL added at
20 20 20
40°C
%H3PO4 added
20 20 20
at 20°C

Reaction temp of nibs
55 55 55 55 |55 55

in reactor (°C)

Reaction time (min) 60 60 180 | 180 |120 }120
Moisture content
of nibs (%)
Raw nib 807 |794 807 |7.94 |8.07 |79
After sterilization 1414 1614 | 1414 | 16.14| 1414 | 16.14
After acidification 2727 2517 |26.16 |24.95| 27.06 | 23.63
After Roasting 297 312 |247 (350 (214 275
Liquor
pH 482 488 (454 (456 |4.61 |4.64
Moisture content (%) | 0.8 082 (092 078 |0.88 |0.83
Jet roasting (fluidized
bed dryer) X X X X X X
Miag Spit roasting

(direct contact roasting)




X X XX [00135] The anount of fruity aroma conpounds in the

| i qguor of Sanples 10-21 and the 5 control, Reference Sanple 22, Arriba

beans, wasodetxmmoned by GCMS anal ysis and the anmpunt ofPcsuskoieesounds are

shown in Tables 6A and 6B. The anount of each conpound is shown in pg/kg.

[ 00136] Tabl e 6A. Conpound Arriba 10 11 12 13 14 15 WO

2012/ 139096PCT/ US2012/ 032711 23 Et hy] - 2- met hyl propanoate 1.61 14.69 9.91

6.95 10.40 10.02 9.62 Ethyl - 2- met hyl Btit anoat e 4.42 30.17 22.03 18.23 26.36

21.29 22.75 Ethyl-3-nmethyl butanoate 6.93 38.54 28.83 22.94 33.80 26.89

28. 93 Phenyl I 23.71 23.64 55.27 51.29 51.63 70.25 54.25 Furaneo
B80T 8¢ e

73.65 1467. 2! .13 1791.88 1770.40 852.40 [001371 Table 6B.
Conpoundsahiplé B, 16 16 17 18 |19 20 |21

%GDL added at

20 20 |20 10 |10
40°C
% HsPO4 added
20
at 20°C

Reaction temp of nibs
55 55 80 80 80 80
in reactor (°C)

Reaction time (min) 180 180 90 180 180 |90
Moisture content
of nibs (%)
Raw nib 784 | 7.84 781 | 781 7.65 | 7.65
After sterilization 1282 1314 | 1347 |13.47 |14.47 | 1447
After acidification 23.57 2545 |2336 |2283 |1855 |19.14
After Roasting 249 278 3.24 |3.60 3.73 13.16
Liquor
pH 466 |456 |4.81 |440 486 |4.88
Moisture content (%) 0.80 0.82 0.78 10.82 0.70 10.80
Jet roasting (fluidized
bed dryer)
Miag Spit roasting

(direct contact roasting)

[00135] The amount of fruity aroma compounds in the liquor of Samples 10-21 and the
5  control, Reference Sample 22, Arriba beans, was determined by GCMS analysis and the
amount of such compounds are shown in Tables 6A and 6B. The amount of each compound is
shown in pg/kg.
[00136] Table 6A.
Compound Arriba | 10 11 12 13 14 15




17 18 19 20 21 Et hyl - 2- net hyl propanoate 1.61 14.50 11.98 8.33 6.48 12. 69
10. 57 Ethyl - 2-net hyl but anoate 4.42 29.09 25.56 20.32 17.56 29.66 26.00

Et hyl - 3- meohyidsp@soat e 6. 93 38.45 34.01 25.89 22.91 38P¢1/133010/032711
Phenyl acet al dehyde 23.71 342.96 141.50 170.65 245.63 129. 27 496. 35 Fur aneol
73.65 196718 1251.22 1763.02 1327.92 2927.81 1447.25
11 shows the concentrations of the fruity conpounds of Tables 6A and 6B 5

in grap

[00138] FIG

ical form [00139] A rdtio of the concentrations of the
fruity c%hf{)‘?%m%\}éﬁmpgggﬁs Bﬁ\lTalr-ldl‘J@?Auﬁr-\?ig A’?-E%a é_@,-l‘f@ Eg]fﬂé}fegl:@-fér > shown
B e S T R e
Et hyl - 2-pa{iyhRutyap@ahsatd - 06.98. 83385499 24.833 52D 438805. k.89 |28.93
Phenylacetaldehyde 23.71 |23.64 |5527 |51.29 |51.63 |7025 |54.25
Furaneol 73.65 | 1467.25/1729.10 | 866.13| 1791.88 | 1770.40 | 852.40
[00137] Table 6B.
Compound Arriba | 16 17 18 19 20 21
Ethyl-2-methylpropanoate| 1.61 | 14.50 | 11.98 |8.33 6.48 12.69 |10.57
Ethyl-2-methylbutanoate |4.42 |29.09 |25.56 2032 |17.56 |[29.66 |26.00
Ethyl-3-methylbutanoate | 6.93 |38.45 |34.01 |25.89 |2291 |3841 |33.07
Phenylacetaldehyde 23.71 | 34296 | 141.50 |170.65 |245.63 |129.27 | 496.35
Furaneol 73.65 | 1967.78 1251.22 | 1763.02 | 1327.92 | 2927.81) 1447.25

[00138] FIG. 11 shows the concentrations of the fruity compounds of Tables 6A and 6B

in graphical form.

[00139] A ratio of the concentrations of the fruity compounds of Tables 6A and 6B using

Arriba as a reference are shown in Tables 7A and 7B.

[00140] Table 7A.

10

Compound Arriba | 10 11 12 13 14 15
Ethyl-2-methylpropanoate | 1.00 914 (617 (432 (647 623 598
Ethyl-2-methylbutanoate 1.00 683 1499 (413 597 (482 |515
Ethyl-3-methylbutanoate 1.00 556 |416 |331 |488 |3.88 |4.18
Phenylacetaldehyde 1.00 1.00 {233 |216 |218 (296 |229
Furaneol 1.00 19.92 | 2348 11.76 | 24.33 | 24.04 | 11.57
[00141] Table 7B.

Compound Arriba |16 17 18 19 20 21
Ethyl-2-methylpropanoate | 1.00 9.02 745 518 [4.03 [7.89 |6.57




Et hyl - 3- et hyl but anoate 1.00 5.56 4.16 3.31 4.88 3.88 4.18

Phenyl acet al dehyde 1.00 1.00 2.33 2.16 2.18 2.96 2.29 Furaneol 1.00 19.92
23.48 11.w6 2812/13%0984. 04 11.57 10[00141] Table 7B. Conpeomd/storiobmil6 17 18
19 20 21 Ethyl-2-met hyl propanoate 1.00 9.02 7.45 5.18 4.03 7.89 6.57 WO
2012/ 139096PCT/ US2012/ 032711 24 Et hyl - 2- et hyl but anoate 1.00 6.59 5.79 4.60
3.98 6.71 5.89 Ethyl-3-nethyl butanoate 1.00 5.55 4.91 3.74 3.31 5.54 4.77
Phenyl acetal dehyde 1.00 14 46 5 97 7290 1036 5.45 20.93 Furaneol 1.00
26. 72 1@&thg-2-methylbutanoate | 1.00 6.59 5.79 460 1398 | 671 |5.89
Ethyl-3-methylbutanoate | 1.00 5.55 491 3.74 | 331 {554 |4.77
Phenylacetaldehyde 1.00 1446 | 597 720 |110.36| 545 |20.93
Furaneol 1.00 2672 116.99 |23.94)18.03|39.75 | 19.65
[00142] FIG. 12 shows a spider graph of the ratios of fruity compounds of Tables 7A
and 7B.
[00143] Example 11. Compound coatings produced with fruity cocoa products.
5 [00144] Three compound coatings were produced using the fruity cocoa powder of
Example 3. The formulations of the three compound coatings are shown in Tables 8-10.
[00145] Table 8. Yoghurt compound coating.
Sugar 41.00%
Palm Kernel Stearin 34.00%
Whey Powder 10.00%
fruity cocoa powder Example 3 6.50%
Lactose 5.00%
lecithin 0.50%
D-13 Yoghurt Powder 3.00%
total 100.00%
[00146] Table 9. Compound coating with fruity cocoa powder.
Sugar 54.00%
Palm Kernel Stearin 29.00%
fruity cocoa powder Example 3 16.50%
lecithin 0.50%
total 100.00%
10

[00147] Table 10. Limon compound coating with fruity cocoa powder.

Sugar 53.85%
Palm Kernel Stearin 29.00%
fruity cocoa powder Example 3 16.50%
lecithin 0.50%
Lime flavouring 0.15%
total 100.00%




23.94 18.03 39.75 19.65 [00142] FIG 12 shows a spider graph of the
rati os of fruity conpounds of Tables 7A and 7B. [00143] Exanple 11.

Conpound woabinmgsospr oduced with fruity cocoa products. PLoab4dip/oIimee
conpound coatings were produced using the fruity cocoa powder of Exanple 3.
The formul ati ons of the three conpound coatings are shown in Tables 8-10.

[ 00145] Table 8. Yoghurt conpound coating. Sugar 41.00% Pal m Kernel Stearin
34. 00% Whey Powder 10.00% fruity cocda powder Exanple 3 6.50% Lactose 5. 00%
| eci t hi n 0. 50MLEB114 sepeititest Poadene & aogpareth limoo cOdPOufd 6dtBig of dbble 19.

Conmpound,, I NG: M fruity cocoa. er.. sugar 54.00% Pal m Kernel, Stearin
29. 00% %’gﬁ%éd%‘é%ﬁ%ém L ¢odha é’%ﬁ“ﬁgl gp%a%ﬁ/?laggiatrﬁfeﬁelﬁ?(%lﬁ%“t%’f‘moui‘étf%‘@@/% 10
[00147] rhadd withQominid¥eiallE avaiRBRA0COabbWMgerMisity fhe YbinYu1666:08f PANIES, ThSKER

53.85% Pal m Kernel Stearin 29.00%fruity cocoa powder Exanple 3 16.50%
| eci t hi FOBPY9sl cPating wihdbe fraiEy goars ez had o@roagilityyfruity flavors, more

2012/513 00148] A d
compar o TR R o BAsa 2SR st ! b o PSRt donre e Rane Rl

cocoa pdimker covhpdrahilating using the ERhRERMIE dviallilile cORPHMIEO0at i ng made with
comrercially_avail abl e cocoa powder using the formul ation of Table 10. The
l'i non conpoull1¢8abxamapisilenProdection eftfyuitirasena prasdets widk gned Eermentdtoptda ui t y
flavors, . itter S re._sweet, nd no omali c

F1 avor o PeaR i, PR o e R Bl o P B GRS Bl PR o
commer cilal | y avail abl e cocoa powder. [ 00149] Exanple 12. Production
of fruity cocoa products with good fernented cocoa beans using various

fogsl B

aci d9. Good nt Bcqcer Brrbikrrodieed 15¢bis Epramapleweresnosineegrin sahuantially

10[ 0015 I I [ ' . e re. pr.oduced

ubst ant T Ty FRa Rk R SR F 1 B R MR i G g
usi ng t tisteddndableri1t he amounts listed in Table 11. [00151] Table 11. Acids
and col or values of powders. Sanple L-value C-val ue Hval ue a-val ue b-val ue
pH Ref er encel00fpll yFahle 1 gycids angh eodpryialues g€ paweersal kal i 24. 88 28. 59 55. 34
16. 26

Sample L-value | C-value | H-value | a-value | b-value | pH

Reference 24.88 28.59 55.34 16.26 |23.62 |582

-natural, not treated with acid

or alkali

Ascorbic acid 25.23 29.35 53.80 17.33 | 23.68 |4.46

05M

H3POs (1.55%) 26.65 27.58 53.68 1633 | 2222 | 467

-by weight

NaHSOq (5.7%) 24.02 29.08 49.97 18.70 | 2227 |3.50

-by weight

GDL (0.5 M) 24.57 27.37 53.37 16.33 | 2197 |456
15 [00152] Example 13. Production of fruity cocoa products with good fermented cocoa

beans using gluconic acid. Good fermented cocoa beans were 50% Ghana and 50%Ivory Coast-
1.
[00153] Charges of 10,000 kg of cocoa nibs obtained from the cocoa beans were pre-

heated with open steam pressure of 0.5 bar to a temperature of 100-105°C for 3-5 minutes. The



23.62 5.82 Ascorbic acid 0.5 M 25.23 29.35 53.80 17.33 23.68 4.46 H3PO4
(1.55% -by weight 26.65 27.58 53.68 16.33 22.22 4.67 NaHSO4 (5.7% -by

wei ght 24w02029308649. 97 18. 70 22.27 3.50 GDL (0.5 M 22CHUS202832798. 37
16.33 21.97 4.56 15[00152] Exanple 13. Production of fruity cocoa products
wi th good fernented cocoa beans using gluconic acid. Good fernented cocoa
beans were 50% Ghana and 50% vory Coast-1. WO 2012/ 139096PCT/ US2012/ 032711
26 10,000 kg, pre-heated cocoa nib cHarges were placed into five different
bl ender sl0&Ad kgtpyeihepted ot @y niBGhmigasivere pliacad ipprefivesdiéfgrang bleadetseamspidicedir e
of 0.5 har,and tenperature of 100-105C. Af sterjlization 9 o

vei gt drr 7 Suitey S RBRY Helit roton PartebRl & 5 G a B dlieiitidls
t emper atani@ sefili2dtS0 Tonasy x@ﬁ'ﬂéﬁﬂoﬂ@Sd%"ByQ@?)ﬂsGMﬁ@nioﬂ fuRenR lacidRtaditdortche 5
acidification process was started. The addition of t%e | uconic acid delta
| act one wwingtd tempstasuteofdr Sopfe avasladded Hpthe soenagnibs intthe blegdemand the fr om 95C
to 88C. .St eam was adde Uk i the.acigifigcati.on proecess, [00154] No air
was i%nj @E@é@c ai%ﬁflg TBiEha e gsjtaﬁ? (i jg%rﬁdﬁé (%Ihoefqg%gfé’ic?]iugg ]ﬁoér%%ﬁﬁ%cct:%isessoané%bl ender
5 di d haygviidioppdede @émpdiaguraor tefdocad hibHfrbh IS Bas 8§T. Woustan waddtiée
average reaction 10 tenperature of the nibs during the acidification
process duaingzBe agdificaiorbpreasrs 1-4. In blender 5, air was injected for 45
m nut es accofgli the foll ow. :1.0x ' . '

i ect ton: - 1030 G abaged o RILER BRI i anThd Mo Broflds and

i nj ecti Qendbs AR FavrUliLhjectdd. TWaSCiliTiceGdretine Geis OB niindtisesd th@awdriige reaction
injection; and 75-90 m nutes, air was injected. [00155] The acidified nibs
wer el0r odemperaiire pf thequbsdaring tepaiditisation pagwes wgs ir-20°fhier Pendedrbedn ni bs
were ground in a Buhler m/ll | m | 5qU Q& nd he
desired einnéeﬁg’saslr. Wﬁlél?eﬁlt-fr& ér%i‘lgpg?%eggéﬁto en é L:(I) %‘t%rflgllrifg?%‘%gg)ﬁ%ﬁﬁ?r? iWat er t%f ngt; he
def at t edhid infdt@én; 1830 niha&eNdewas irfjdctdd; $0-4b avntites arpotinfis tingr45-Gheasutedaif or
the cocoa |iquor. The cocoa |iquor was al so pressed into dry cakes having
about 1Masfigjectediff-Torairites, B RESIIREFBEY am%65—8ﬁ5) BrBlep @ Wasiniskda powder. The
pH, noisture e I ey 1 NS al i E-TaTeR ;

flavor 20 co dbggl})t dgﬁ%drlgltﬁrer%gl?ﬁsﬁg%gfr ggrStétcﬂ‘gﬂ@%?%gs po g%@%g%gg%{%ygé%cess,

sanplses ro@itel hidk arreyeiindiauBuhler mill andQlE]mM yrodtise @hod ligudrod desdesired
conditions ; pH moisture content, and fat cont en{ of the cocoa liquor; and
free fatfingnessi Bheapld Mewtye conienk ifFingip golepEbwatst Pt B dsfated dlyon ARIdRERFAG n
Table 12, .25 ifl
e T B e e L
90 90 Gptepsd intadiycdled Hating\wbbaill stk uindahy daddéds dereldlsd Pratssdd il ova
time (mnutes) 0 Q. 0 0 45

powder. The pH, moisture content, intrinsic color in water, and presence of fruity flavor
20 compounds were measured for the cocoa powder. During the process, samples were taken
every hour.

[00156] A summary of the process conditions ; pH, moisture content, and fat content of

the cocoa liquor; and free fatty acid and iodine value of the cocoa butter produced are shown in

Table 12.

25 [00157] Table 12. Process conditions and results of measurements.
Blender No. 1 2 3 4 5
Acidification time 90 90 90 90 90

(minutes)

Gluconic acid (50% by weight solution) | 10 10 10 10 10
added

Blower time (minutes) 0 0 0 0 45




WD 2012/ 139096PCT/ US2012/ 032711 27 Ni bs Moi sture content of raw nib
(%9 7 7 7 7 7 Misture content of acidified nib (% 15.9 14.34 14.07 14. 35
12. 63 Miwoune/wcewsent after 21d dryer (% 2.0-2.5 2.0- PCh1R20283512. 0-2. 5
2.0-2.5 Moisture content after nib cooler (%9 1.90 1.80 1.60 1.70 1.70

Cocoa | i-quor produced pH 4.7 4.6 4.5 4.4 4.4 Moisture content (% 1.2
1.11.1 1.1 1 Fat content (% 51.3 5 6 52.2 51.9 51.5 Butter produced
Free Fatty Acid (% 1.71.71.71.6% dine Value 34 3 34 3 34.3 34.3
‘Nibs
Moisture content of raw nib (%) 7 7 7 7 7

Moisture content of acidified nib (%) 15.9 14.34 | 14.07 |1435 |12.63
Moisture content after 2nd dryer (%) 2.0-25 |2.0-25 | 2.0-25 | 2.0-25 }2.0-2.5
Moisture content after nib cooler (%) 1.90 1.80 1.60 1.70 1.70

Cocoa liquor produced

pH 47 4.6 4.5 44 4.4
Moisture content (%) 1.2 11 1.1 11 1
Fat content (%) 51.3 51.6 52.2 51.9 51.5
Butter produced

Free Fatty Acid (%) 1.7 1.7 1.7 1.6 1.6
Iodine Value 34.3 34.3 34.3 34.3 34.3

[00158] A summary of the percent moisture in the nib and liquor, percent fat in the
liquor, pH of the liquor, and intrinsic color of the liquor in water are shown in Table 13.
[00159] Table 13. Analysis of the cocoa liquor produced at various time intervals during

5  the process.

Sampling | Startof | 1hour | 2hours| 3hours | 4 hours | 5hours | 6.5 hours| 6.75 houy Reference Sample
time process Natural liquor
% moisture | 2.33 1.61 1.74 213 1.66 1.56 1.92 1.68 15

in nib after

nib cooler

% moisture | 1.27 1.06 1.03 1.08 1.07 1.08 1.08 1.01 1.01

in liquor

produced

% fatin 50.61 5201 |5125 |521 52.1 52.37 51.9 51.52 54.89

liquor

pHliquor | 4.84 4.61 4.55 4.57 4.46 441 4.43 4.40 5.58

Intrinsic

color in

water

L 23.30 2423 12435 2484 24.87 24.78 24.74 24.90 26.42

C 23.49 24.05 | 2441 | 24.64 24.54 24.93 25.08 24.81 24.80

H 53.90 54.23 15224 | 5449 54.51 53.82 53.97 54.12 54.42

a 13.84 14.06 | 1426 | 1431 14.25 14.72 14.75 14.54 1443

b 18.98 1951 [ 19.81 | 20.06 19.98 20.12 20.28 20.10 20.17




34.3 [00158] A summary of the percent noisture in the nib and |iquor,
percent fat in the liquor, pH of the liquor, and intrinsic color of the

i quor i nwoaberi3awe shown in Table 13. [00159] Tabl e 13pcAnmbyzios27af t he
cocoa |iquor produced at various time intervals during 5the process.
Sampling time Start of process 1 hour 2 hours 3 hours 4 hours 5 hours 6.5
hours 6. 75 hour Reference Sanple Natural |iquor % noisture in nib after nib
cooler 2.33 1.61 1.74 2.13 1.66 1.56%%,92 1.68 1.5 % noisture in | i quor
produced 1. 2W016Q]6T119 azragpt pf ge @C%hquqmluxnmh@mvv% plquti4pS; thgagerage. 61

46,4 410G O Dedfqlor bt e 1 9t R MR ity P
24. 35 24h84ib%Ated the nib cooler was about 1.82%, and the average moisture content of the liquor
produced during the run was about 1.08%. The color values of the cocoa liquor produced are
5  comparable with those of the reference, natural liquor.
[00161] A summary of the percent moisture in the cocoa powder, percent fat in the
cocoa powder, pH of the cocoa powder, and intrinsic color of the cocoa powder in water are
shown in Table 13.
[00162] Table 13. Analysis of the cocoa powder produced at various time intervals

10 during the process. “ffd” refers to fat free dry matter or fat free cocoa powder.

Sampling | Startof | 1hour | 2hours| 3hours | 4hours | 5hours | 6.5 hours| 6.75 houy Reference Sample

time process Natural liquor
% moisture | 3.45 3.04 2.99 3.57 3.91 3.02 2.79 2.53 4.04
powder

% fatin 12.48 11.50 | 10.69 | 10.74 10.70 10.93 11.35 11.31 20.80
powder

pH powder | 4.72 4.54 4.47 4.52 445 4.48 4.47 4.60 5.60
Intrinsic

color in

water of

powder

L 21.78 2321 |23.87 2521 23.85 23.96 23.94 24.84 25.72
C 23.35 23.81 | 2451 2635 24.21 24.90 24.89 26.44 2518
H 52.99 53.70 | 53.70 |53.49 54.00 53.31 53.33 54.09 54.06
a 14.06 14.11 | 1451 | 15.68 14.23 14.88 14.87 15.51 14.78
b 18.65 19.21 | 1975 |21.18 19.58 19.97 19.96 21.51 20.39
Intrinsic

colorin

water of ffd

powder

L 19.82 21.39 | 2214 | 2336 22.00 22.19 22.15 23.06 22.30
C 2241 2299 2372 | 2550 23.36 24.09 24.07 25.60 23.67
H 52.72 53.42 | 5343 |53.17 53.71 53.03 53.04 53.78 53.50
a 13.57 13.70 | 1413 | 1529 13.83 14.49 1447 15.12 14.08
b 17.83 18.46 |19.05 | 2041 18.83 19.24 19.23 20.65 19.03

[00163] The average pH of the cocoa powder produced from the cocoa liquor was
about. 4.53. The color values of the cocoa powder produced are comparable to those of the
reference sample, natural liquor.

15 [00164] A summary of cocoa powders and pulverized cakes made from cocoa liquors

during the process are shown in Table 14.



24.78 24.74 24.90 26.42 C 23.49 24.05 24.41 24.64 24.54 24.93 25.08 24.81
24.80 H 53.90 54.23 52.24 54.49 54.51 53.82 53.97 54.12 54.42 13.84 14.06
14.26 14.80 2010/13%984. 72 14.75 14.54 14.43 b 18.98 19. 51rt9/15201203061 19. 98
20. 12 20.28 20.10 20.17 WD 2012/139096PCT/ US2012/ 032711 28 [00160] The
average pH of the cocoa liquor during the run was about 4.65, the average
fat content in the cocoa liquor during the run was about 51.7% the average
noi sture content_of the nib after the” nib cooler was about 1.82% and the
aver age noi stl¥1e5lcble At Gsrmparisoniofgesioapovigesrrodusédg the run was about

1.08% % For—vatuesy; of ~the & q roguced are-5coaparaghte—w th
t hose ofgé gé)reference,br%?%truzri Lo)f;,i?a:q%ugﬁ 'Lt F[%%?G?]%ff/g shmrar of | t'he
per cent| Datsptisre i N the cocoa powder, percent fat in the cocoa powder,  pH
of the intrinsic color of tthe cocoa powder |in ter are
shown i|Fufepizedsakes  [3.08 [ 0QA87] | $4B| 81.43.| 2Ad6] \B3i& DP3.9he 266T 0% owder
pr oducedMade fyemiligusr &f jme i ntervals 10 during|the process. "ffd" refers|to
fat free luys afedrtpeocess| fat free cocpa powder. Sanpling finme $tart| of
process bkghour 2 hours| 3 hours (4 hours % hours 6.5 hours 6.7% hour
Ref er eng® a7l eaRT UTa] ¢d T qUOT) iDL IEUbEHIVEEE [333A Baldh #2552 BsaA 8- 91
3.02 2./ A% e 26 liquor at

6.75 hours after

Process began

Pulverized cakes 2.98 11.03]4.64 1207 241 |54.04 | 2242 |24.98| 54.30

from one press

machine

Pulverized cakes 3.06 12.64|4.64 | 20.68 | 24.62 | 53.95 | 22.63 | 25.63| 54.25

from other press

machine

Pulverized cakes 341 12641520 1 18.44 | 2219 | 53.74 | 20.30 | 23.18| 53.99

From one

batchmaker

Pulverized cakes 3.05 12341494 | 19.33 | 22,92 {5391 | 21.19 | 23.88| 54.17

From other

batchmaker

Final powder from | 4.40 12.3814.85 11948 | 2334 | 53.89 | 21,54 |24.41} 54.18

One batchmaker

Final powder from |4.70 12.7315.05 1 18.30 | 22.57 | 53.52 | 20.39 | 23.69| 53.82

Other batchmaker

Reference Sample 4.40 20.801 5.6 | 2230 |23.67 | 5350 |25.72 | 25.18| 54.06

[00166] The microbiological results of the final powders produced were good and all

within commercially acceptable limits for cocoa powders.

5 [00167] An SGS analysis on a cocoa powder produced is shown in Table 15.
[00168] Table 15. SGS analysis on cocoa powder.
Ash content (%) 6.59
Total alkalinity (ml/100g) 83.67
Total iron as Fe (mg/kg) 280
Potassium as K (%) 2.5
Sodium as Na (%) 0.005




4.04 %fat in powder 12.48 11.50 10.69 10.74 10.70 10.93 11.35 11.31 2080.
pH powder 4.72 4.54 4.47 4.52 4.45 4.48 4.47 4.60 5.60 Intrinsic color in
wat er of WOWIEY139096 L 21.78 23.21 23.87 25.21 23. 8PC2R1596203279¢ 24. 84
25.72 C 23.35 23.81 24.51 26.35 24.21 24.90 24.89 26.44 25.18 H 52.99 53.70
53.70 53.49 54.00 53.31 53.33 54.09 54.06 a 14.06 14.11 14.51 15.68 14.23
14.88 14.87 15.51 14.78 b

Aluminum as Al (mg/kg) 3089
Silicium as Si (%) <0.01
Citric acid (%) 0.97
Acetic acid (%) 0.45
Lactic acid (%) 0.33
OchraToxin A (ug/kg) 03
Acrylamide (ng/kg) 230

[00169] The values of Fe, Al, Si, and acrylamide in the cocoa powders of the present
invention are much lower than those measured in natural powders typically produced.

[00170] The quality of the cocoa butters produced according to this example is good and

S within commercially acceptable limits.

[00171] A ratio of the concentrations of the fruity compounds of the cocoa liquor
produced at various timepoints during the process compared to the reference, Arriba is shown
in Table 16. The fruity flavor compounds were present in the cocoa liquor at between about:
3.28-4.26 ng/ kg of ethyl-2-methylpropanoate; 9.37-10.82 ug/kg of ethyl-2-methylbutanoate;

10 12.95-14.55 pg/ kg of ethyl-3-methylbutanoate; 220.03-269.58 ug/kg of phenylacetaldehyde; and
1257.21-1938.47 pg/ kg of furaneol.

[00172] Table 16. Fruity compound analysis, Arriba as reference.

Sample Arriba |1 2 3 4 5 6 7 8
Time (hr) Startof | 1 hr 2hrs | 3hus 4hrs 5hrs | 6.5hrs | 6.75hrs
Process
15:30 hr

Ethyl-2-methylpropanoate| 1 243 | 262 |243 | 204 |237 |251 |2.65 |227
Ethyl-2-methylbutanoate | 1 222 |236 |245 |232 |231 |229 [236 |212
Ethyl-3-methylbutanoate | 1 1.95 |207 [210 [2.06 |199 [1.96 |2.05 |1.87
phenylacetaldehyde 1 1031 |11.37(10.87]10.21 [9.28 [9.37 |10.85 | 9.81
furaneol 1 17.07 | 21.49] 24.73] 23.39 |26.32 | 20.09|23.66 | 22.92

[00173] FIG. 13 shows a graph of the ratio of the concentrations of the fruity compounds
15  of Table 16, and a spider graph of the concentrations of Table 16 is shown in FIG. 14.
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of 50% Ghana and 50% Ivory Coast beans is shown in Table 17.
[00175] Table 17. Fruity compound analysis, natural liquor as reference.

Sample Natural| 1 2 3 4 5 6 7 8
liquor
Time (hl‘) Startof| 1 hr 2hrs { 3hrs 4 hrs 5hrs | 6.5hrs | 6.75 hrs
Process
15:30 hr

Ethyl-2-methylpropanoate | 1 27.59 | 29.77|27.58| 2313 | 26.96 | 28.44|30.13 | 25.73
Ethyl-2-methylbutanoate |1 540 |658 |635 488 |[755 |568 |642 |5.89
Ethyl-3-methylbutanoate |1 469 |4.88 565 443 546 |470 |537 |5.00
phenylacetaldehyde 1 27.59 |29.77|27.58| 2313 | 26.96 | 28.44|30.13 | 25.73
furaneol 1 30.77 |32.69]33.97|32.07 |31.97 | 31.75|32.69 | 29.40

[00176] FIG. 15 shows a graph of the ratio of the concentrations of the fruity compounds
of Table 16, and a spider graph of the concentrations of Table 17 is shown in FIG. 16.

[00177] A ratio of the concentrations of the fruity compounds of the cocoa liquor
obtained from nibs from the nib cooler produced at various timepoints during the process
compared to the reference, Arriba is shown in Table 18. The fruity flavor compounds were
present in the cocoa liquor at between about: 4.63-8.85 pg/ kg of ethyl-2-methylpropanoate;
17.02-20.55 pg/kg of ethyl-2-methylbutanoate; 23.15-27.44 ng/kg of ethyl-3-methylbutanoate;
316.53-435.79 ng/kg of phenylacetaldehyde; and 1710.89-2366.37 ng/kg of furaneol.

[00178] Table 18. Fruity compound analysis of cocoa nibs from nib cooler, Arriba as

reference.
Sample Arriba |1 2 3 4 5 6 7 8
Time (hr) Startof | 1 hr 2hrs | 3hrs 4 hrs 5hrs | 6.5hrs | 6.75 hrs

Process
15:30 hr

550 |[5.05 |497 [3.79 |288 |531 |437 |3.40
465 |422 458 1428 |385 |4.65 |3.86 |391
393 1364 [393 |370 |337 [396 |334 |3.42
13.36 | 13.77|15.35| 13.35 | 15.15 | 15.90| 18.35 | 15.82

Ethyl-2-methylpropanoate

Ethyl-2-methylbutanoate

Ethyl-3-methylbutanoate

R Ry Y R

phenylacetaldehyde
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of Table 18.

[00180] Example 14. Production of dark chocolate with fruity flavored cocoa products.

[00181] Dark chocolate was made with the following ingredients: 37.18% of a fruity
flavored cocoa liquor of the present invention; 22.46% of cocoa butter; 14% of a fruity flavored
cocoa powder of the present invention; 25.85% of sugar; 0.5% of soy lecithin; and 0.01% of
vanillin. The dark chocolate was about 72% cocoa. The chocolate was produced using a method
conventionally known by one of ordinary skill in the art.

[00182] Dark chocolate was made with the following ingredients: 49.75% of a fruity
flavored cocoa liquor of the present invention; 49.74% of sugar; 0.5% of soy lecithin; and 0.01%
of natural vanilla. The dark chocolate was about 48% cocoa. The chocolate was produced using
a method conventionally known by one of ordinary skill in the art.

[00183] Dark chocolate was made with the following ingredients: 64.5% of a fruity
flavored cocoa liquor of the present invention; 9% of cocoa butter; 26% of sugar; and 0.5% of
sunflower lecithin. The dark chocolate was about 71% cocoa. The chocolate was produced
using a method conventionally known by one of ordinary skill in the art.

[00184] Dark chocolate with a raspberry powder was made with the following
ingredients: 37.18% of a fruity flavored cocoa liquor of the present invention; 22.46% of cocoa
butter; 5% of a raspberry powder; 14% of a fruity flavored cocoa powder of the present
invention; 20.85% of sugar; 0.5% of soy lecithin; and 0.01% of vanillin. The raspberry flavored
chocolate was about 72% cocoa. The chocolate was produced using a method conventionally
known by one of ordinary skill in the art.

[00185] Example 14. Production of a filling.

[00186] A yoghurt/strawberry filling was made with the following ingredients: 31.35%
of a cocoa butter equivalent (CBE); 7.5% of skimmed milk powder; 3% of whole milk powder;
2% of strawberry flakes; 7.5% of whey powder; 0.6% of lactose; 47.4% of sugar; 0.6% of soy
lecithin; and 0.05% of natural vanilla. The filling was produced using a method conventionally

known by one of ordinary skill in the art.
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anal ysi grarf 6 R3aB80 RIS SYERr; SPERIE ofESinB@rch; and 20 grams of a fruity flavored
cocoa powder of the present invention. The cake was produced using a technique known by
one of ordinary skill in the art.
[00193] Example 18. Production of a cheesecake with a fruity flavored cocoa product.
15 [00194] Cheesecakes were produced with the following ingredients: 575 grams of curt
cheese; 5 grams of egg yolk; 57.5 grams of flour; 76 grams of cornstarch; a sufficient quantity of
milk; 5 grams of egg whites; 115 grams of sugar; and 2.5-10% of a fruity flavored cocoa powder
of the present invention. The cheesecakes were produced using techniques known by those of
ordinary skill in the art.
20 [00195] Example 19. Production of a chocolate filling.
[00196] A chocolate filling was produced with the following ingredients: 38.9% of
sugar; 5% of sunflower oil; 10% of whey powder; 22.5% of palm oil; 8% of white lactose; 7% of
a fruity cocoa liquor of the present invention; 5% of skimmed milk powder; 3% of a fruity
cocoa powder of the present invention; and 0.6% of soy lecithin. The chocolate filling was
25 produced using techniques known by those of ordinary skill in the art.
[00197] This disclosure has been described with reference to certain exemplary
embodiments, compositions and uses thereof. However, it will be recognized by those of
ordinary skill in the art that various substitutions, modifications or combinations of any of the

exemplary embodiments may be made without departing from the spirit and scope of the



1234567 8Tine (hr) Start of Process 15:30 hr 1 hr 2 hrs 3 hrs 4 hrs
5 hrs 6.5 hrs 6.75 hrs Ethyl-2-nethyl propanoate 1 2.43 2.62 2.43 2.04 2. 37
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2.12 Ethyl-3-methyl butanoate 1 1.95 2.07 2.10 2.06 1.99 1.96 2.05 1.87
phenyl acet al dehyde 1 10.31 11.37 10.87 10.21 9.28 9.37 10.85 9.81 furaneol
1 17.07 21.49 24.73 23.39 26.32 20.09 23.66 22.92 WO
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[00175] Table 17. Fruity conpound analysis, natural |iquor as reference.
Sanple Natural liquor 1 2 3456 7 8 Tine (hr) Start of Process 15:30 hr
1 hr 2 hrwo2otws9shshrs 5 hrs 6.5 hrs 6.75 hrs Ethyl -2- mechgispeiepaaront e 1
27.59 29.77 27.58 23.13 26.96 28.44 30.13 25.73 Ethyl-2-net hyl butanoate 1
5.40 6.58 6.35 4.88 7.55 5.68 6.42 5.89 Ethyl-3-nmethyl butanoate 1 4.69 4.88
5.65 4.43 5.46 4.70 5.37 5.00 phenyl acet al dehyde 1 27.59 29.77 27.58 23.13
26.96 28.44 30.13 25.73 furaneol 1 3% 77 32.69 33.97 32.07 31.97 31.75

32.69 24
What is claimed is:

1. A cocoa product having a fruity flavor comprising:
an increased amount of a fruity aroma compounds.

5 2. The cocoa product of claim 1, wherein the fruity aroma compounds are selected
from the group consisting of furaneol, phenylacetaldehyde, ethyl-2-methylpropanoate, ethyl-2-
methylbutanoate, ethyl-2-methylbutanoate, and combinations of any thereof.

3. The cocoa product of claim 1 or claim 2, wherein the cocoa product comprises an
amount of fruity aroma compounds selected from the group consisting of at least 5 pg/kg of
10 ethyl-2-methylpropanoate, at least 15 pg/kg of ethyl-2-methylbutanoate, at least 20 pg/kg of
ethyl-3-methylbutanoate, at least 50 g/ kg of phenylacetaldehyde, at least 100 pg/kg of
furaneol, and combinations of any thereof.
4. The cocoa product of claim 1 or claim 2, wherein the cocoa product comprises an
amount of fruity aroma compounds selected from the group consisting of at least 2.5 pg/kg of
15 ethyl-2-methylpropanoate, at least 7.5 ng/kg of ethyl-2-methylbutanoate, at least 10 ng/kg of
ethyl-3-methylbutanoate, at least 50 g/ kg of phenylacetaldehyde, at least 100 pg/kg of

furaneol, and combinations of any thereof.

5. The cocoa product of any one of claims 1-4, wherein the cocoa product is cocoa
powder.
20 6. The cocoa product of any one of claims 1-4, wherein the cocoa product is cocoa
liquor.
7. The cocoa product of any one of claims 1-6, wherein the cocoa product has a color

value selected from the group consisting of an L value of between about 22 to about 29, a C
value of about 23 to about 30, an H value of between about 35 to about 55, and combinations of
25  any thereof.
8. The cocoa product of any one of claims 1-6, wherein the cocoa product has a color
value selected from the group consisting of an L value of between about 18 to about 29, a C
value of about 23 to about 30, an H value of between about 35 to about 55, and combinations of

any thereof.
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Et hyP- 2- met hiA but ARSRER Rrofugsoiany ong okdaimse k16 vaergingBe goqgg prodyact has been
Et hyl - 3;g®tdyy! but anoate 1 3.93 3.64 3.93 3.70 3.37 3.96 3.34 3.42

phenyl acet al dehyde 1 13.36 13.77 15.35 13.35 15.15 15.90 18.35 15.82 WO
2012/ 139096 PT/ US2eI2¢ @30l sic3H ahyoanedtididds RBI1,2thé26in3Re d& o2 Grdduck6. 12
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Pr oduct E%agga&ggkc&ﬂgggﬁ@ﬁseof%whgrgw_ ty flavored cocoa products.

10 13.  The cocoa product of any one of claims 1-11, wherein the cocoa product

originates from good fermented cocoa beans.

14.  The cocoa product of claim 13, wherein the cocoa product has less bitterness as
compared to cocoa products originating from un-fermented cocoa beans, under-fermented
cocoa beans, or a combination thereof.

15 15. A food product comprising the cocoa product of any one of claims 1-14.

16. A method for producing the cocoa product having a fruity flavor of any one of
claims 1-14, the method comprising:
mixing cocoa nibs, de-shelled cocoa beans, or a combination thereof with an acid and water;

and

20  roasting the acidified nibs, the acidified, de-shelled cocoa beans, or the combination thereof.

17. The method according to claim 16, further comprising washing the acidified
cocoa nibs, the acidified de-shelled cocoa beans, or the combination thereof with water.

18.  The method according to claim 16 or claim 17, wherein the acid is selected from
the group consisting of gluconic delta lactone acid, phosphoric acid, ascorbic acid, sodium

25  bisulphate acid, and combinations of any thereof.

19.  The method according to any one of claims 16-18, wherein the cocoa nibs, the de-
shelled cocoa beans, or the combination thereof are good fermented.

20. The method according to any one of claims 16-18, wherein the cocoa nibs, the de-
shelled cocoa beans, or the combination thereof are under fermented, un-fermented, or a

30 combination thereof.
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the exenpl ary enbodi nents, but rather by the appended clains as originally
filed. WD 2012/139096PCT/ US2012/032711 35 CLAIMS What is clained is: 1.A
cocoa product having a fruity flavor conprising: an increased anount of a
fruity aroma conpounds. 52. The cocoa product of claiml, wherein the fruity
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16. A method for producing the cocoa product having a fruity flavor of any
one of clains 1-14, the nethod conprising: mxing cocoa nibs, de-shelled
cocoa beawe,20mri13gosonbi nati on thereof with an acid and watrarso@nsk720
roasting the acidified nibs, the acidified, de-shelled cocoa beans, or the
conbi nati on t hereof. 17. The met hod according to claim 16, further
conprising washing the acidified cocga nibs, the acidified de-shelled cocoa
beans, or the conbination thereof w fh wa The net hod
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19. The 4miubod tasbatd ng to any one of clainms 16-18, wherein the cocoa
ni bs, the de- shelled cocoa beans, or the conbination thereof are good
f er ment ed. 20. The nethod according to any one of clainms 16-18,
wherein the cocoa nibs, the de- shelled cocoa beans, or the conbination
t hereof are under fernmented, un-fermented, or a 30 conbination thereof. WO

2012/ 139096PCT/ US2012/ 032711 37 21. The nethod according to any one
of clainms 16-20, further conprising sterilizing the cocoa nibs, the
de-shel | ed cocoa beans, or the conbination thereof. 22. The net hod

according to any one of clainms 16-21, wherein the nibs, the de- shelled
cocoa beans, or the conbination thereof are in contact with the acid and
water for a 5 tinme of between about 0.5 to about 4 hours. 23. The
nmet hod according to any one of clains 16-22, wherein the nibs, the de-

shel I%®d cocoa beans, or the conbination thereof are in contact with the
acid and the water at a tenperature of between about 15C and about 90C.

24. The nmethod according to any one of clainms 16-23, further conprising
grinding 10 the roast nibs" the roast de-shelled cocoa beans, or the

conbi nati on thereof thus producing cocoa |iquor. 25. The net hod
according to claim 24, further conprising separating the cocoa liquor into
cocoa butter and cocoa presscake. 26. The nethod according to
claim?25, further conprising grinding the cocoa 15 presscake into cocoa
powdEY . 27. The nmethod according to claim?24, further conprising
defattirtg the cocoa |iquor. 28. The nethod according to any one of
clainms 16-27, wherein the acidified nibs, the acidified de-shelled cocoa
beans, or the conbination thereof are roasted to a noisture content of |ess
t han about 2% 2029. The net hod according to any one of clains 16-25, where
the roasted, acidified nibs, the roasted, acidified de-shelled cocoa beans,
or the conbination thereof conprise an anount of fruity aroma conpounds
selected fromthe group consisting of at |least 2.5 pg/kg of

et hy?d 2- met hyl propanoate, at |least 7.5 pg/ kg of ethyl-2-nethyl butanoate, at
| east 10 pg/ kg of ethyl-3-nethyl butanoate, at |east 50 pg/ kg of
phenyl acet al dehyde, at | east 100 pg/kg of 25 furaneol, and conbi nati ons of
any thereof. 30.The nethod according to any one of clains 16-29, wherein
the roasted, acidified nibs, the roasted, acidified, de-shelled cocoa
beans, or the conbination thereof have a color value selected fromthe
group consisting of an L value of between about 18 to about 29, a C val ue
of about 23 to about 30, an H val ue of between about 35 to about 55, and
conb?hations of 30 any thereof. WD 2012/ 139096PCT/ US2012/032711 38 31.The
nmet hod according to any one of clains 16-30, wherein the nibs, the de-
shel | ed cocoa beans, or the conbination thereof in the acid and water have
a pH of between about 4.5 to about 6. 5 10 15 20 25
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