1 GLUTEN ENHANCER FIELD OF THE INVENTION This invention relates to enhancing gluten
formation in flours, doughs and baked products, and more specifically to baking enzyme compositions
to enhance gluten formation in doughs and baked products to improve the baking performance of flour.
BACKGROUND OF THE INVENTION Baking flour is milled from cereal grains such as wheat, barley,
buckwheat, oat, maize, rice, oat, tritica le, rgeuaeN eRixiwGR thereof. Wheat flour has the highest
protein content of all the cereal grains and therefore typically forms the basis for leavened baked
products¢ Ens S8R IRIRGTIgRpmpPosite of gliadin and glutenin is found in the endosperm of cereal
grain kernels and is the key factor in the baking process. Upon hydration, gliadin and glutenin bonds
together and,for 2 matfix of natworl of glien strands 1o formthe stulclure dhat encompasses other
components anoPprow esthe gas retﬁi%lng capafal ties of leavened %aie pr(?duc §°17 order for the
gluten pretedificoinppasténtoefulfih thismots|tibres pretdiannegtttioe foitalatinrtirat thehghrte haiedtein composite
must not brg Jef: BlJiFﬁfqrct)Oef rn’bgll(y)tgn rQPnﬁ‘amingjﬂ\éV&trh water. The protein nglity qnd cgntent present
in the cefea grain kernel is directly reliant on the weather and growing conditions in which the cereal
grain cro%%ar%%rown. For exarlrf;ﬁle in extremely wet weather conditions during the harvest season,
protein le | BPéDaP&Téjﬁé'\g' Eb(?‘,giderably reduced. For example, protein content of available
wheats may typically be reduced by 2 to 2.5% either due to unavailability of high protein wheats due to
weather GafigdlriastAllRFPENSGR e RS Git MBRIG? (81U Y6 WBRHIRG): TRRSLSFARY results in the
final flour gyl oirinautentHaductimnak 1A tas-a%nigha funstipnaheldtendotRingdyoteins are as
a consequence also reduced. Accordingly, the baking performance of the milled bakers flour product

produce&ﬁm%%fe&@aqva@msfwm Qasﬁdﬁﬂﬁaéﬁﬂeéiﬁéﬁ?%P%EthE?%'EtﬁﬂBFBF‘H&ed. In an
attempt teolifpmed DglaBRaNagienaking Redornants gt faficdhkergrisnaaoplinuausteéisy to develop

flour agents and do gg conditioners. These ,bakin,%; ids gr? com)rper ially availal:()J and commonly
added to'fABFVE §E’ PR PSP rtidBr e RNy SaP&&% &SP R0 oS Ra LY gﬂﬁ%ﬁ WERyth, loaf
volume, elastieibtyk pfgtiteredihtyysarufel eribpistessy arthiabestampasees flavior cyeashéarsmiatation, water
absorption-pH-hardness, staling and shelf life. Such dough conditioners include emulsifiers such as
caloiom S R LR EIRAE ol S bR R B A R R ey o
mono- arvdrapgiytsetddeli(DAaTEMhopridteitikeusEbitsimhdabidshegtitespraleiunemassionatest not
monocalgéjgg_\r@gg&[&t}gtﬁmﬁpéﬁé%m@ alter therbiapd water hardness in the mixture. 2 Other dough
conditioners include ammonium salts and enzymes such as amylase to improve yeast formation, and
maturingT%r oxidizin(gla]ﬁent% sucth as ota§squ1 bron'Late. scorbic cid' adei%:arb namiﬂ}e (ADA),
potassiurm 1ol Tof hCYSRSinG Gilten "SR ARGThEF CofVehtivhal G8UGH Conditions? 1sVital wheat
gluten thatdsstypicgliy atided tooiah tbe nepeavgdlouogualidgrand.iforease dlkeipratetmegnient. Adding
baking aids i Ine,aldnd RLaGERIRSIeases, e Qaal Raling Loste, Addiianally, (herg is a growing
consumer driven demand to replace chemical addiives with more nataral products, such as enzyme
compositietisef oF exexaipids, pottasicantrbeh aveiisbirovherinmad eicefiobe tedatarevt 2atpehb%r baking
additive igMoshEWRIIGS AT YRR amqa@;egéqamg{ﬂm'&gﬁnrg%)m&r@camn&}operm'tted as

flour treatment agents or baking additives in some countries inclu Ingapore. In the situation
where théeeguegityciriitesanddt ot airadnierl géhio g splivagedtp o tomfnp Hip wer Heptrisinisadenpromised

by extremely st yraahen sondiions s aenentionahmsted of the reairdyinadbasitdationyin the

milling and baking industries is to add supg)lemental vital wheat gluten to the milled flour to supplement

the inher&FRFAiR%r AR AIAEREFPIBASTE bR At T RakerdloyE REATY SRFRIHERS Fermstash< aRteptable

baking pgriaraanceted theiflowkrdheswepliengetal pieisérafdhe added vital wheat gluten has the
ability to enter into and increase the vitality of the existing endogenous gluten-forming protein

framework., HigWaver t%%}&/ee&rééﬁgaﬂEQQH@%JQBEB%%%_&Q@# MIeahMiEn I5.6R5HYs dagaddition of

vital wheat gluten as a baking aid poses a substantial cost impact in the milling and baking industry.
There is gereled toyiraatle 0 edusbsaydilivneiativeess Ear0eARO AL suRR) dits BatrPEs*tal wheat

gluten thag AalskRIbueanNRR bR ghden pupatian dnobERiIEHaRs e BakefbREOANESIRBIMMARY

OF THE INVENTION An aspect of the invention is a baking enzyme composition comprising a lipase,

an oxidoYEREiala! ¥olymimslstisiiy DIFRNeRIIRe S Y5 SiPRIRTSDAIMBRE IHEWEKIAYEEFPhe composition

is derivedehiaan tatieFo RiakPBIBrption-pH-hardness, staling and shelf life. Such dough conditioners include
emulsifiers such as calcium stearoyl-2-lactylate (CSL), sodium stearoyl lactylate (SSL), diacetyl tartaric
acid esteer of mono- and diglycerides (DATEM), or the like. Salts and acids such as calcium

carbonate, monocalcium phosphate, for example, alter the pH and water hardness in the mixture.



In an embodiment, the lipase is derived from Aspergillus niger, Bacillus subtilis Aspergillus oryzae,
Rhizopus oryzae, or Fusarium oxysporum. In an embodiment, the oxido-reductase is glucose oxidase.
In an embodiment, the oxido-reductase is derived ffom Aspergillus niger. In an embodiment, the
xylanase is fungal xylanase or beta-glucanase. 3 In an embodiment, the xylanse is derived from
AspergillgsreriagHongperatiuscnigesnmanembrdimestfhr sansteraspdstianagiiaginase. In an
embodiment, the transferase is derived from Aspergillus niger orStreptomyces mobaraensis. In an
embodim 8T MR 15 HB&IEEH LU IES 15 2610 BhRL Bl RN B ARt P HSI 4R %xidoreductase is
between &boidhh b0 (MDLRS peatdlogrameffipucrtbgngdanaseisngeiwaentabooivikatton2000 units

per kilogram of flou and, e fiansierase s betwech About 0 L tg.5 nis per Kjogram,of oy In an
embodiment tie lipase is between a ou{]fg {o°dtPA per?q ogram of tfoarfthe oxidoredictase is

between iabeatefbdprdROrumitseper kilogram of flour; the xylanase is between about 55 to 330 units per
kilogram of flour; and the transferase is between about 0.1 to 1.2 units per kilogram of flour. An aspect

of the invedienuskaPERNWIROPIRHE ING R RYINg L6 ealegrRADLSGlULGBITRHAING HRIRtRIR; and the
baking enzyme composition. An aspect of the invention is a dough comprising a baking enzyme
compositton’ Ak GEp Fro?rﬂH%”iﬂ%#ﬂ%Wiéea'?ﬁ’efH‘a@'f8'6?858.’% %%Hb’ﬂ‘ﬁ C3HBYBIRG SHaME B dough
comprisirgAleiercanaieditivenskpaad e pkingi @nzypieacoinposiiomeat prefoix tAntaspestior the

invention is a methpd .of enhancing the epdogenous,vital gluten.content 31 BH& r comprising adding
the bakr) B oK B T RS o T O AL e baking
enzyme pempositiofldB RiIE&F D SRR B DIObkiGE 2 ddittydd RAVH NG 81 Triws aclodimgsingapgrdrawings
incorporated herein and forming a part of the specification illustrate several aspects of the present

invention @, Jogeibrewndtb theqdengripieanaeivs thexaladaritle pringipias atihefisivemtien. While the
invention will be described in connectiggewith certain e _l:t)_odimt nts, there is no intent to limit the
invention'f8 oS QT S e RS N S ey T TR CEMPLIS A N E N 0L BV P & A itenatives,
modificatiemedyitg egLiltaieintsiashnelilliched withikrifia ceope oftthal thueptioneas defihetday the
appendegll?tlgr%mosfhlgémﬁzglg%wm ?l:Jpplement the inherently lower and weaker protein content of the

endogenous protein to re-establish acceptable baking performance of the flour. The supplemental

protein of the added vital wheat gluten has the ability to enter into and increase the vitality of the

existing endogenous gluten-forming protein framework. However, as the refining process for

producing vital wheat gluten is costly, the addition of vital wheat gluten as a baking aid poses a

substantial cost impact in the milling and baking industry.

There is a need to provide a less costly alternative to conventional baking aids such as vital wheat

gluten that naturally enhance the gluten formation in flours, doughs and baked products.
SUMMARY OF THE INVENTION

An aspect of the invention is a baking enzyme composition comprising a lipase, an oxido-reductase,

a xylanase and a transferase.
In an embodiment, the baking enzyme composition is derived from microbial origin.

In an embodiment, the lipase is derived from Aspergillus niger, Bacillus subtilis Aspergillus oryzae,

Rhizopus oryzae, or Fusarium oxysporum.
In an embodiment, the oxido-reductase is glucose oxidase.
In an embodiment, the oxido-reductase is derived from Aspergillus niger.

In an embodiment, the xylanase is fungal xylanase or beta-glucanase.



4 FIG. 215 an illustration showing the combined effect of glucose oxidase and xylanase of FIG. 1 in
more detail in accordance with an embodiment of the invention; FIG. 3 is a graph showing a fa rinogra
m reading relating to EXAMPLE | of mixing of doug1°’1 prepared from Sample 1- control flour; FIG. 4 is a
graph showing a fa rinogra m reading relating to EXAMPLE | of mixing of dough prepared from

Sample 2n 60 RHBbHME R ks Lifaitak WhRRlIGHER s fekgil s8P85 P A spRRYVINGh &dA rinogra m reading
relating to EXAMPLE | of mixing of a dough prepared from Sample 3 - control flour plus 500 ppm

baking ewgm%gmmgﬁgi% inaceordance with.an.grabodiment of the invention; FIG. 6 is a graph

showing an extensogram reading relating to EXAMPLE | of mixing of dough prepared from Sample 1-

control fl?ryr' FIG. 7 is atg{ﬁ%)h shPWin an extar}grsocl)fram readin relagn,% to EXAMPIb_E | of mixing of a
m S

dough pripared 1o SanBie 32 CaRtior fSUY IS 106 GRA Whast R I 58 §r48R Showing an

extensogram reading relating to EXAMPLE | of mixing of a dough Prepared from Sample 3 - control

flour plusSBOPPRYBEIGRG BRZHATE 'EBRIIBENRAL 1 AL 4ALERAtH 28 Bn i datridht 8tk invention;
FIG. 9 shewsthe peeinalbaked prodogs tass isrmealaiing & Foth MR kidahdaclusingearbaed product

with the baking enzyme com 058iP n in accordance with an embodjment of the inventiéo(_n; FIG. 10

shows thtihter S 2REH'REG QY[R FANGHE P BRI E TR G '8 BAREFSISUEREMith the

baking enzyime. composition in accordance with an embodiment of the invention; FIG. 11 is a graph
180 showing the results of EXAMPLE Il of the specific volume versus addition of vital wheat gluten

curve 187,aRd iR MAKINGRETYEIECOBARBSIIN QUIY & B84 ASSAfRRGR it @nteaediment of the
invention; and FIG. 12 shows the external baked lErOdUCt results of doughs shocked by drop test after

final prodf ety T8RP TPilRcfabing B Ak B R Sowit ey 'BRadnl Bi¥ATRE8H position in
accordaness suilhangerdiegismest ifuihendventionsf & EEAIb&RNLFESOR P TIONAhakisokeszyme
compositign, and method for making the same, is disclosed to enhance the functional properties of the
intrinsic gﬁ% &Hforming proteins of baking flour in doughs and baked 5

An aspect of the invention is a pre-mix comprising a flour having an endogenous gluten forming

protein; and the baking enzyme composition.
An aspect of the invention is a dough comprising a baking enzyme composition.

An aspect of the invention is a method to prepare a dough comprising adding to dough comprising

flour, water, yeast, and the baking enzyme composition or pre-mix.

An aspect of the invention is a method of enhancing the endogenous vital gluten content of a flour

comprising adding the baking enzyme composition.
An aspect of the invention is a food product comprising the baking enzyme composition.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings incorporated herein and forming a part of the specification illustrate
several aspects of the present invention and, together with the description, serve to explain the
principles of the invention. While the invention will be described in connection with certain
embodiments, there is no intent to limit the invention to those embodiments described. On the
contrary, the intent is to cover all alternatives, modifications and equivalents as included within the

scope of the invention as defined by the appended claims. In the drawings:

FIG. 1 is an illustration showing the combined effect of glucose oxidase and xylanase in accordance

with an embodiment of the invention;



products to improve the baking performance of baking flour. The baking enzyme composition is a
combination of enzymes having an action (or dough improving effect) like that of additional vital wheat
gluten. The baking enzyme composition in accordafice with an embodiment of the invention relates to
methods for preparing a flour, a dough, a baked, fried, steamed, or the like product resulting from the

flour or dagghicompEsitGRheleciive anbiHeuRaking QiEY Bgleeumpasilisnis saterdance with an
embodiment of the invention which improves one or mare properties of the flour, dough, product

resulting 787 $R& HB RS SRGHY B ahEMRRAIPRFALGEHS YR dough, or a baked product which the
baking enzyme composition in accordance with an embodiment of the invention is not incorporated. In
an embofitmérit 28R AeeuingIjron B8E BaRRTt e nYpiNe EoRipNSiHolrSrermtireAVEAa RAPIRNes the
baking perdarayanse of Rakipdifigur having traces of gluten protein composite of gliadin and glutenin.
The baking enzyme composition strengthens and improves the baking performance of wheat flour and
is used ital wh | r ] into | iffer 0] king
process e e e B R b remgthens
baking fldtamhsanie heentcolfipronhisdée bipainfaadghatole crop growing conditions, such as in
extremely wet weather conditions during the harvest season. The baking enzyme composition

supplemerdssand gaptasteadrip e fadtiogr oh existieg danoouenous) gl ube mionpvng @rateipe fgtedenin and
dliadin). The haldng snzyme.compasiion in.acogrdance 1o an embodiment of the nygrition replaces
vital wheat au enasa aking al N adaition 1o eﬁ1g aYgFufen ICé.?rengthenlng agent o fldur in the
baking okbreatisebusishaim¢htdike, the baking enzyme composition is also a gluten strengthening
agent to replace added vital wheat gluten in noodle production. The baking enzyme compaosition
increases|the slagtgity sabihrscnakeshapesierpsodpetibyng tainiavpiEfctthpeizetabogmpase@do the
elasticity of ngodle product containing the added vital wheat gluten. After experimentation, it has been
found thgfoe{ns%am'ﬁl&gn'tCgﬁgﬁbﬂﬁgﬁing effect of the gluten network in wheat flour dough can be
achieved by use of a complex enzyme mixture of the baking enzyme composition in accordance with

an embofifnérit DERRY MAATDF RSB e HBBTR BIINEISE HAPAE Ied spivine AriARHENselected from

the group ceRsigtingof-glyROsEOXIERSBuHPRSE anstiransalyiaminase. It has also been found that up to
4% added vital wheat gluten can be replaced in preparation of dough for bread-making by using this
complex GiCS: EUEIGITME ol S DRPILIOUIHIP AR GBS5AWPR ARUARNIAIRY algfrption is able to
be substantially maintained. The experiments conducted were designed to compare the improving
effects oPRIedriromivUs Ieversref ot ahezRqpeiebrid BRI eRagpukedibAcsesaeeaMtburpose
flour with,1Q.2%6 REURIR BLeRRIERTKersus various dosages of the enzyme combination of enzymes.
The results confirm that up to 4% of added vital wheat gluten can be replaced by the combination of
the baki zyme compositi ithout any significant cha ' ugh processing, do water
asormic e G S A B R U PO e o
product peittichearikiime emvs ofamairsit naice ofr deater vtisarptidreding id af elinventietative to that
obtained with addition of vital wheat gluten. Certain combinations of enzymes can result in certain
synergistice ffestsespreaialynalbaked seodint ereimiest g\t GRAePIES Lokl @srif e gikde protaittx within the
microstructtlfl]rei]o blg.ead dou%h. The Qakin enzyme conﬁpositi nén acct:o,FQ[I nce Wj[th an embodiment of
the invention has been deve ocﬁem(ﬁ) 20 take 38?/%@3@%% S rrs‘y?le"rT(jﬁgsqby gd?r\{g?nll%rb enzyme activities
that have been found to strengthen the gluten structure. For example, glucose oxidase combined with

hemicelldi$sd1caA FEANLRD SXI4RR g Etatitr PO P PARR Y RFIEIFS RS THE \FULBR B1eks RARTRARG dough

visco-elagiig prepestiestbat/aess Iaarkie bae vameRicehpyansingasd loadsaldmewhish is
discussed in further detail below with reference to FIG. land FIG. 2. Furthermore, some of these
enzymesHROHIERAT8H B A AR ASion process that results in a range of side activities, which is
believed to further enhance the baking performance. Several of the enzymes used in the baking

enzyme E6MpbEinYh BreesirpalreeiebiigshirsAtib AR QBbrERT&erfRY HeRtERiba(6F EbiPstate
fermentafigsitg SFAXAMELCHORTIGHGAS: Nt AR SAtisalb KRWigshe @RISR NRN-GMO)
production organisms which by their very nature result in minor side activities being produced in
addition R5Rk ﬁﬁﬁ&ﬁféaﬁcﬁmﬁ%'fB?'E)?éﬁ%ﬁlé‘,‘"é%ﬁlﬁrl‘ase, beta-glucanase, protease, and the like. The
baking enzyme composition has advantages over existing baking aids or dough improvers. The baking
enzyme GSLERRESERIBTA@Nability to fully replace at least up to 3% exogenous /added vital wheat
gluten without compromising dough water absorption or dough machinability. The baking enzyme
compositiorekingeaoysanoe prthiam amivcdioe ftrofdkiegnivestio: coibpsiees@cobmmpiehenzyme mixture
of microbjal grigin selected fiom the aroups.ofsnzyme activities known as ipases, axidg reductases,
xylanases and transterases, Lipases: Shitable SOUréds of lipasesin accordance with an embodiment
of the invention may be obtained from Aspergillus niger, Bacillus subtilis Aspergillus oryzae, Rhizopus
oryzae, Fusarium oxysporum. The lipase complex in the baking enzyme composition in accordance
with an embodiment of the invention is able to hydrolyse the neutral triglycerides into monoglycerides

and the galacto and phospholids into galactomonoglycerides and lyso-phospholipids, which have a
AdAoiriaoh ctrenathenina 7 effect cimilar to that of doiricah-conditionina emiileifiare c<crich ac ecaleinim



Xylanases: Suitable xylanases in accordance with an embodiment of the invention include fungal
xylanases, such as xylanase from Aspergillus oryzae and Aspergillus niger. Xylanases solubilize
insoluble pentosans within the hemicelluloses fractidn of the non-starch polysaccharides of wheat
flour, primarily through cleavage of the a rabinoxyla n polymer at the endo-1,4-beta site. This produces
a much rpegustabiendipbghinathakinp pRYRAngARd StANRR 1BLe. toHb sJesEiigmitdhmpi@pritian of
insoluble xylans that can interfere with gas retention properties and stability of the gluten structure
within thé HBUIBRT S QL SRRYR 4B8 BB ATHAN IRt e LR 1B% KRS ?H%Pé BRI RN Eme
CoMpositigie it AeROrdarae MAt eary @ndboaiotarinah thedrise béiamntinel das hetee ol vacanasenwdrich has a
further possible impact on the rheology of the doygh. Beta-glucanase grovides improved crumb
structure SREFSISHITY StRLEISH T LoBreal ey BREH Bt Har P ELIRUTRALES that contain
relativelyrbighingVeis ofdétargludewss, Qtherisimgian efftititie srsoctt aShpkdteassnamytasesivitbrein 8 a
rab'”‘?xy'a‘?‘”8§d9.§éee§vﬁ‘%a 'é“nl%"&.’%éjn‘?%?hqg%ﬁ%‘n % HIWhingHQphr(;[\% NS cf‘rd.%%%é%"%?ﬂ?e” and
retention; Transferases: Sultable transferases in accordance with an embodiment of the invention
include tiilewndgwak eorAvabrsisuiiéfefrea theiiotraprstiuganoinisadikSuitabike tniefsbinbstoyebesrare

Aspergillysigsand SHEPIREIBRER BODRAGARISs AR ANSAHARIERE 5604 YRR Biahgatalyzes the

intermolecular and/or intramolecular cross-linking of proteins. Specifically, transglutaminases catalyze
the formafEEIHCRIdEAEAGHEDetween a free amine group of a lysine and a gamma-carboxamide
group of glutamine. In the case of wheat gluten, the use of transglutaminase forms a covalent bond
that cros$:lankesrdivdine i tiatencprotityyfttheaksgltngy nre acdoughistrengtbbamgefiegirdveaccordance

with an eﬁ‘?QQimgeH%?ergnﬁlvﬁ%@%&%QP}‘HL\?n y?géé SFAMRBINON. IR, SRG ST ERdyimprpving effect

provides between about 10 and 1000 Units of xylan degrading enzyme, about 5 to 200 units of lipid
degradingl¢azipmehpdriieg ehiaue campasiSanstostriitsod tlucows hddakegraricgrantioer and about 0

05 U“itWe‘J@l’TbﬁQ'Hﬁ@’ﬂi!]_k%%%??(}iﬁgmﬂfefé‘é’gfutlﬁ‘?eB@&P%EH@({Q&’iﬁ%@@ﬁ%?@tiﬂi@&‘éﬁf‘l?é%% with an

embodiment of the invention may have a dosage such as: Glucose Oxidase:70 to 420 GOX U/Kg of
flour; LipRf HegrltngP@nssinsydingatbedipin Syikdhsrrsary Ry AR Hsg iR EBANHEESs5 to 330
AXU/Kg ebflabti:RRduldanpend iim HpareiOratdds Be LR LK E & oy by QRe BlesRa U dAsRHE OX) unit is
defined to correspond to the amount of enzyme which under the specified conditions results in the
conversiGABIIPThSHE R SO & SRIEH e TMRE R SR)IU A B R iR Bt ST A P8 paration. One
lipid degradigeeBmpistidnit(Ftontisadeknrshte e eapast taithezgenaugduenayaemaergd to
liberate 11.1mol free fatty acid per minute from phosphatidylcholine at pH 4 and 37C. One acid
xylanaseMiRiE A &Y 58 8RR &er 'Qgthe quantity of enzyme that when diluted in one ml and used in

assay conditions at 30 degrees Celsius and pH 2.75, will liberate oligomers from Xylan (Oat) spelt
dyed witH TRIERBE BRSSP BIRRS S8 AR RS 4AHSR FB AR CE B SOSER PATAR IR ERP 'AE 5520 m is 0.2.

Remazol prdliegtivgsis s@iable cosmesaiallydipn Medeayvingrhetarpatianarelandindisiklay Ireland
where REMAZOL is a trademark of DyStar Colours Distribution GmbH, Frankfurt, Germany The
transglutdhiFFage SRR DHein Bmbaking FRrUNB AOCaRP HECAd &I AR BYSY FHERFHEBNTR a8 Ametric
hyql roxameir destdeteveaonadiagseniaminarep bt {tién Ui isakiared as toa ppsaidiynofeateenzyme
which the elasticity of the cooked noodle product by a minimum of 10 per cent compared to the elasticity

of noodle product containing the added vital wheat gluten.

After experimentation, it has been found that a significant strengthening effect of the gluten
network in wheat flour dough can be achieved by use of a complex enzyme mixture of the baking
enzyme composition in accordance with an embodiment of the invention consisting of a
hemicellulase and at least one enzyme selected from the group consisting of glucose oxidase, lipase
and transglutaminase. It has also been found that up to 4% added vital wheat gluten can be
replaced in preparation of dough for bread-making by using this complex mixture. Furthermore, it
has been found in most cases, that dough water absorption is able to be substantially maintained.
The experiments conducted were designed to compare the improving effects of addition of various

levels of vital wheat gluten to bread dough based on a genera | purpose flour with 10.5% protein



9 under standardized conditions, at 37 degree Celsius and pH 6.0 with 0.2 M tris-HC1 buffer, releases
1 mu.i. mol hydroxyamine acid. It will be appreciated that the units of enzyme activity referred to in
terms of "per Kg of flour" are the range of dosages 8t the various enzymes (in terms of their respective
units of activities) that may be provided by the baking enzyme composition for each Kg of final flour,

either asfaeexanplevivediandday dhaanilgrmuses Bydiieh akesymedhenkikesdivwill irapRragiated that
the activity units have values that represent the relative dosage in terms of the specific units of activity
of the diff@r%?éﬁ%égﬁh%?b%ﬂﬁ@C@Hﬂ‘?rﬁeé"é‘ﬁ?ﬂ6’8§ﬂ?0??”§’énﬁjﬂé’rdﬁfép§ﬁ?ﬁ&ﬁ\ﬁ'&yﬂmts are based on
the particidapssihrodsefuapaysisiticed durgachspesifio typengf @nzymetdhaserpates & not directly
proportiona}l to t masses of the different :%/Aogsc fetﬂ%xme% or & rzrpéme rot?i S indthet enzyme baking
composit\llf))r%’.n?fE will bE UNAET3 6T Tt AGUTES hot AN essSential element within ?h@rgalfﬁng enzyme
compositentipdedeinl resosié reaiizechne sy dieu e ipsenp e wsd dtbakvplart efdatieeitratheanbéifirdking agent
for practi%ltl%ig%ig hneo \r/ﬁgﬂi%ﬁg Psa\lélc@ enzyme composition may also comprise, in addition to the
enzymes, a neutral carrier SUCh &s wheat flour or the like to enable practical dosing and to ensure
proper dispersion. It will be appreciated that some of these enzymes have, either in isolation or in
certain c8§%ﬂ¥'i‘a‘t?8?%f‘i}é°éﬁ ﬁf‘g%g}sa R0 BreddNepH0eY MBS SHGE T FRS BN RSIHISA Bperiments
that the compianechaesioneot thehconstgleehenzyimneshin the hakisguenzyocbearpostiontia accordance
with an epbodiment.of dne nvention has & cumulalive Improving effect iatis supetior to that if any
one of the coﬁ]po?{ent enfymes is éefefedr.ml‘:anzymes such as certain xyFanases and phospholipase
contributdexeiopproveadkd edginfegernd ntati oyragiesdmcerbiaimega nrvie ceavdivitigr that d sribebrsvucture when
used either inc inatj it zymes o IMRProver as alpha-
amylase e e B S e
Mono antkglifjlifcefidrsy ogebSpn SiorinByéardy the dauah shey. Bewuinsslthehglistorelardigix in a bread
dough is & Yen COMRIRSSHEHEHIERE HAkIPgRSEPLRRAREA PEUIGN R | AaMRILDgqlely dependent

on the quantity and innate quality of gluten-forming proteins. Baking performance may also be

influencety BYeffesitheteneaiid Ftien et SRt iG0F EBmpoHEMESeEn EMEhiBeIRFOZENiDRIS, as well as
the develgapaesy BnsBraiHityiaf phe-dQuah thiokwah fermarialion.alvsisal fevaharvelppment

(mixing) and presence of maturing agents in the dough such as oxygen, ascorbic acid,
oxido-redHEREEEURAGRIES Bil%?\g%@%@@géeoy?ﬁﬁ@#ﬂ‘é BBIHBRTANEH BERMRIRES B IRR baking
enzyme compRaitan & resaddnnag wiHvaniembagdinaniiabihe itpntiondscampasedbiasious types
of enzymes that function both by strengthening the endogenous gluten-forming proteins by at least two
echaniS FLBTUA BBl 00 FAAAER S LY SRS R G P R A ) AT Broupe) and by
suitably raedifigingJipidsbanic: heamcaltulesesok ihOniher Hiokratoiflikth eiegpancecthie adidit@sitactiere of the
gluten majrinethe doual. d.any.on ot (e, compenents i deleted o fhe haing snzyme
composiljloon if adcoradnce With-arn embodimentot the irven |on,'t?1e particular mechaniam that would
otherwisedreprasitialhies tolVrelp sy ppeoressitaiedhg hide armicigisirpcayreswihd dhdbéntakiymge thereby
compromising, Baking. PRIEQETANGE R oB0E 162,85 WSUAtians: Qa2 S0Runeehg Gmbined
effect of glucose oxidase and xylanase in accordance with an embodiment of the invention. FIG. land
FIG. 2 illydtrete eormprontissisdaistierdtar gsotioninedoushmopghstibiléffect of glucose oxidase 12 and
xylanase 14 as discussed in_PrimoMa rtin et al., J Sc! Food Agric 85:1186-1196(2005), the content of

which is ifreasplongtetnes e immippsigier enceo fdBcelvwgener athb stiowst ibfah g iucas® oximesdsd effects

disulphide.prifge farmalion. A0 Mia exidafionsof sulpvdrvl aiouns it of glien 48, aRd GG, 2, shows in
more detall that gPu(Y,ose oxidase 17 efects dist Shl e bri ge rmation 14 Via oxidation of suﬁphydryl
groups 1lire$aghsddoir@duqthslsodxidsian ofransddrirsexyla nds (AX) 22. It will be appreciated that if
glucose oxidase 12 is used alone, i.e. without xylanase (route 1 in FIG. 2), oxidative cross-linking of
large or highsegolecular weight a rabinoxylans 22 or native arabinoxylans occurs via ferulic acid 24
residues to form very high molecular weight large polymers of a rabinoxylans (AX) 26. Route 1 is

followed iitheelRpAGE OfplanR g NGNDRIBCMANMBIIREAYS AR SGEASSINK S KB . formation of

large polymers of arabinoxylans 26. The large polymers of a rabinoxylans 26 that are formed may
interfere %/Kﬁ‘l’ﬁ fseesqiis i o /G SYEH AT 915y BH B R IUFRE T RIEZEBUILS B POTEREIATlY negative
effects ontrmshsetcarpliy infthis isitpspiigniee piRsswiseIPambivarEeatnd gliaasenaidas@dn its primary
role of strengthening gluten 18 via formation of disulphide bridging 14 of gluten 18. Route 2 in FIG. 2 is
followed {RVEREPHEETCE SY EAXRRL S84 TELHIRY 1 Sl ARIPAENTEHIE 30 P F£YRFAX ragments 32,
and eitheshorpssliokedosymatt dtofragyoaiiss 34y srpalb spiofisgenenich cerasr iokgid steehighemcdecular
weight AX 36 that form marginally larger AX polymers. There is a correction effect by xylanase 14 due
to the cleaving of AX backbone and leading to either cross-linked small AX fragments 34 or small AX
fragments cross-linked to native AX molecules 36 which lead to only marginally larger polymers. This
correction effect overcomes the potential interfering effects of very high molecular weight
arabinoxylans 26 on the gluten matrix.



It will be appreciated that sufficient functional "vital" gluten-forming proteins are present in the flour or
dough for the baking enzyme composition in accordance with embodiments of the invention to function
and enhance baking performance. If the flour does fiot contain gluten naturally, then gluten may be
added at a level required to achieve the dough properties and final product 11 characteristics
required.efrébeshaling eneie cempasitionp asceriagcawibariembesisyeniotfhecirosention is
added with gluten, then less gluten will be required to achieve the desired dough properties and final
desired profUREFAPAERHLRE Y udig & aRFrf’j'Qﬁi&%ﬂ&EW@§ﬁ%ﬂ'?§iﬁﬂ8ﬁrﬁPﬁ?F&Y‘bmount of
gluten-fosming prioitai as dsiseguiied ilket dndle theys uraddadde thediatiude becegipeacisee bread of
acceptabl%%H%Iitsy. The.g?akin enzyme ﬁolg;n%ositiog.in ac;cﬁ%dance with an er’&dei@er}tbo{ the
invention Tuiictions 833 gﬁl'ftn I enhancer, and & sufiicient level o Siaeﬂﬁ%aevr?cr)'ﬁs% ﬁ\fgrsi-?orr%lang protein is
present. bubaesgid yak doitrisndaicoirdip opuamtilys @ wdriobessthergistipalytscbireadt halgyi o lmhalso the
"quality” or characteristics of the gluten-forming proteins. If there is insufficient gluten-forming protein
of good t?é?(“%%?ﬁé% §?n%ﬁlépﬁguorgjt azt %sglggrygar%rthpiller may choose to add vital wheat gluten to
supplement the endogenous protein in order to achieve desired product quality. The baking enzyme
compositiS¥FedRWARARGe the gluten structure in bread dough to provide the baker or miller an
alternative to supplementation with vital wheat gluten. It will be appreciated that there are various
analyticaPtfebfoerdeoirftearp s eacesdrea it Freab etnen RoheaYaTtiesra® fremrdesuch as for
example speakipfERRAdIgh AN R SPRGTRASGRX KIpIdaht NtioaepideteyRINalivpscoOtRLSHQR analyses
based on the Dumas or modified Dumas method, performed on instrumentation commercially

availableSHH ¢ B30 CEBOMERILI, MIEH GOt iRE S PRI s fRe. 'BRRE forming

proteins maghenquabtigiivplyoneasadrbyrsadiumdedasy bsidipbate palyralytamitdmeel
electrophoresis (SDS-PAGE) for the analysis }%f the quantitative@%np ositiorr;a]iglil roteins. The gluten

enhancef SHHE BaKIHF NPy Ma EoRASESTISAIN et 8iah 8% With as; YFEHE MvEntion may
be eithermaadechto dhefdlonrdaraddiek tapnly dbetideughnixing Stagetohtthe breacioughkimgiprocess. For
example, in the case of sponge and daugh process, the baki nzyme composition may he either
e K e T R T e
sponge Sdagﬁird?qmerbiraafibeﬂn@das@mm%t #nmhmsmf@nahamﬁwoomhb bmylrdelgdgeato the
additional relispinary fRrmensation. te sypicaly.2.14 haurs) thatdrayalahien b, ajing enzyme

composition in accordance with an embodiment of the invention begins functioning as soon as water is
added tolthéngefightausiiePinpmNoriensly ofidatiivrrbigiefenyaris esitiemp dempeagepariident so that
rate of agligndnrisassSGRNg finalPogtandkeasly stanesahbaking watldeartvatea.f the enzymes
occurs during the latter stages of baking at temperatures of greater than, for example, 60 degrees
Celsius. rf?%@ﬁmréﬂim%ﬁ]%ﬁﬁﬁ%ﬁ%?mh@%‘tﬁﬁ BApeeiihecy8sthe invention may further
comprise additional enzymes, flour or dough or bread agents or conditioners or additives, or the like.
The addi¥gaséenzyme may be of any origin, including plant, mammalian, and microbial (fungal, yeast,
or bacterial) origin and may be obtained by techniques conventionally used in the industry. In flour,
dough arslityigadymaddagntie hakiog @z ymentodipestinha iacearsiaincr deithngal eynibedisnent of the

invention may belused in co bination with othe rour., dough ?' read %pients r additives such as
salt, oxidBiTTs Y BXmpRY, AL AIE LE RN e TRl e MaTGnd D A TEM S8, enzymatic
processipgraigsndoritiarnglenoxitoeduttases of theose-oxida e |yand thidkk e wiehtstmceharide
modIng SHEYTER4Ieh SXAIBLSy R TIARS, IERSEIIaR S Pacin cRaoR pddie i), protein
modifying’ enzyr¥1es 8r exam ‘Te, endoproteayse, e protease, Branéhing enzymesr,) and the like), or
the like. Thshenare'fioble doekifivit impreirdgaantenilieddoe trroune deté igrdiedralading obut not
limited to, et R PUSKYHIG Al BB 7EeHEN TiTEARs 9Rl SUS1RNG MUGHIRS thetegh The term

"dough” is defined herein as any mixture of flour and other ingredients that can be kneaded or rolled
into shap#itBindhnagusl st digsienasrsiparertbreesawed opiulanawridde prkingeaz\dPehe like. The

term "effeghive ABAUNLcIS ESTIRaGReCIMBS ANANAYRL AL EAING-ERE¥ A £ATHRESIIOR AEFALINg to an
embodiment of the invention that is enough or sufficient to result in activity having a measurable effect

on at leagtBiRepRIPLS BIMRREPALPBFARIGRYG B AGHE D BRIacH YextAth |y AURRSIHRPFRYSA SF4Ifugh, or the

like. The dgetmtukakrd Ay Gariscdaipad-esedada sonBi PO stk Piepases: iem ariorrtand a dough,
including but not limited bread, buns, rolls, baguette, pastries, roissants, pasta, noodles (stir-fried or

boiled), t5RE tSFHAE YoHE DLl RRAS 5 tr QRS T RN A MAIRE SREL2 SREARER BRYARE RH8E  dough,

doughnuts, crisp bread, cookies, biscuits, and the like.



The phrase "incorporating into the dough” is defined herein as adding the baking enzyme composition
according to an embodiment of the invention to the dough, including any ingredient into the dough, at
any time during the dough preparation and baking 6rocess, and may be added in one, two or more
steps, which may be baked, fried, steamed, or other methods well known in the industry. 13 action of
the baking SiuyencotResHaNHprLeslaRcitLaR caBbadineanhed the veriiarssiative to a flour,
dough, baked product, or the like that the baking enzyme composition in accordance with an
embodinféft¥Pthe invention is not incorporated. The improved property may comprise, but is not
limited to, improved elasticity, improved strength, improved mixing tolerance, improved water
absorptioti2MipiRseed gas retention, improved volume, or the like of the flour, dough, a product
resulting from the flour or dough, such as a baked product, or the like. The term "improved elasticity" is
defined Hesigiblag dhdepaegsantycod denghwithiohdnaw ditighef tentleaayotoindgdint hseoprgireadsivapehafter
being sublgied 19 A Gl BiRlce! Siesh.of Sialny-Lhederm Amnied stenolts s dsfined herein
as the property of dough which has a higher elasticity quality and requires ' more work to knead, mould
or shaperaerateeirscrcasedshitrifoateitions ol et it tare i thohthenglaca R rsandnersitsametg dwatlveoss-
gliadin angel e eney S LN ARUOR BERERSS AL RN Y SUSILROIBIRRGECHS free
defined herein as the property of dough which is less susceptible to physical alteration due to
increasedDOAG RIRARAVINE RINER GRITEPArERAIRNRX DN HFe IRt Stfantiaciolhibel BsetrAIatE 5T R teR R
enzymest@iatngrsianabe pepae seb\a R Bneuah dhestingl prant stagraf ghediakingsprecess il hedesm
"improved water absorption" is defined herein as the property of dough to absorb water retention due
to increaSEA"BBIRA RGFSHbNs of the gluten matrix of the gluten strands formed by the gliadin and
glutenin enzymes during dough processing. Water absorption is measured by taking fa rinogra m
readings MTaseotsiance] with avetngad mertraidhe iRvaetipred beifemeasy hecpropsitipoiiibiibhdesiretiimrjagng
due to 'nQF%%?S%Q@M@M'%Pié%gﬂi%ﬁﬁfbﬁ]@@‘x%%@%ﬁ@ éﬂ@n@;saf%m%qmmgyeﬂmiand

glutenin enzymes during dough processing. The term "improved volume" Is defined herein as the

volume ofegBdid¢inaerieerEEaltiiry tratathe tBARMRYPiio Gt sV rAtRtifate By a8l v ot esakade 5
product withstberrsng saathdispacensens inethe darigRasHae dapsditoafiihe Bakpdaredayithskihent

baked good tin divided by the mass of the same baked good measured by the rape seed displacement
method. THEURNERSSIBRYIRAVRRIAEEE MHAMIRFe per gram. 14 carbohydrate such as ma ltodextrin, a
salt, and any additional baking aids including additives, flour agents, or dough conditioners. When the
baking ef2ysaee &itigsesition according 1@%3A eRtddigrméfiosr the invention is incorporated in flour,

dough, ofgiprRguciiesHiingsrom the oy pragugi iban effective amount, several properties of the
flour and dough, such as improved elasticity, improved strength, improved mixing tolerance, improved

water abSHRRERE FIHPFCPEINGSS retertith3IMHIEVERICIARITEEr the like of the flour, dough, a product

resulting fremagthaflauasor dough, sugh as albad@aglsiethusteamed, or the like product, or the like may
be improved. It has been surprisingly found that when the baking enzyme composition according to an

embodimsit ol e yenioadigs heenaidaddod dauah uspd 1o arauiss, 2 alar RGUUPL R AR

bread, a dough with improved elasticity, improved strength, improved mixing tolerance, improve
water abSerptisns efrsveshgasmearsinct, imptRaacostieien r The IR tiHagt e bisttmisPsuBiRt ehayme
baked prggiigt4nay show an improved bread volume.

One lipid degrading enzyme unit (PHOS) is defined to correspond to the amount of enzyme needed to liberate

1 umol free fatty acid per minute from phosphatidylcholine at pH 4 and 37°C..

One acid xylanase unit (AXU) is defined as the quantity of enzyme that when diluted in one ml and used in

assay conditions at 30 degrees Celsius and pH 2.75, will liberate oligomers from Xylan (Oat) spelt dyed with
Remazol brilliant blue so that the absorbance of supernatant measured at 520 nm is 0.2. Remazol brilliant
blue is available commercially from Megazyme International Ireland, Wicklow Ireland where REMAZOL is a

trademark of DyStar Colours Distribution GmbH, Frankfurt, Germany

The transglutaminase activity of an enzyme preparation can be determined by means of the colorimetric

hydroxamate test. Here one transglutaminase unit (TGU)/g is defined as the quantity of an enzyme which



The baking enzyme composition in accordance with embodiments of the invention may be in any
suitable form, such as, in the form of a granulate, agglomerated powder or liquid, which enzyme
compositions may be prepared by conventional methods well known in the industry. The baking
enzyme composition may be prepared as a pre-mix or as part of a premix system that would be
designed tribesast @t el dosagenate 30 suitdbedpartishdasHeaihngh ohanpheaitan diky, feleptedLslionAsS
a premix, the baking enzyme composition would be combined with suitable bulking agents to enable
practical M%’Q’é’%‘f@?*ﬁhe pre-mix in accordance with an embodiment of the invention may comprise
the enzymes as discussed herein, for example, lipases, oxido-reductases, xylanases and transferases.
The pre-fhiXitbs\parsectssed shiche dniie At epaiRIAg Ay EnteieaiGE AP Enteiars of PR ikef Boen ars Hhsurnse of

wheat glyignsiarchetinsRlsalinewheahiiour «kithe JkaienaicanRingtion) fhoRe b BRIGREhEER:
The enzymes of the pre-mix baking enzyme composition in accordance with an embodiment of the

inventionbﬁﬁﬁﬁ 5EZENEASRRARHEY fRigped %IRfﬁ@aéﬂéh% fitsrasIdon ‘iﬂ%’&ﬁ@a?@&gé@‘b%tﬂé‘? W'nlﬁhﬁéegiby
baked pradusitebaserkonrdhe Rakiegpinayniel epsn prsiiantuats aEdansay i er seibedineskaidhe
invention js envisaged. The baki?é%]enz e composition in accordance with embodiments of the

invention A& (STIHU ARaPBE “&Fégiﬁaé}"‘f}yz"ér’i?,e&‘f&eEéﬁ&BZéSWﬁ’?ératB?&&ha%%mﬁﬁar?PoOrﬂttWé As
flours or deugtis;dpasetlipyodiuctsdisrddomiieparneifloar basedsedasuinsaryseddorcéscivgleediprgaudts,
such as breads, haguettes, buns, rolls, pizzas crus stry, pretzels, els, cakes, doughnuts, and
the ke, BT RLBm e D R R B B S T R S e A
known toptieeeinyevttor srfomcabaking @uidbsEtionvention. Variations of those preferred embodiments may
become apparent to those of ordinary skill in the art upon reading the foregoing description. The
inventorswexinect sidlptbatisansde emplay siiehtaBiRHRNS \ASHAPINORIIE e AfYh e inyeters irtenddor
the invention to tgag)_ractice? otherwise than as spfcificalg des_cglge%herein. Accordi_ngly, thish
invention*ARALHRRAIMARIfiC4lBRY Rt et enPEaRle SPHE SapsL SR AREXISL R HE E Kihd e
appendegdrbeieio askipg emittad doyniheiapphcglied avm Mescio\selitsytcahekingtion, aftéi@ral carrier such as
above-deﬁﬁéiq?ld u‘?"’-‘”@ﬁg‘ﬁie@oa” Qﬁ%Siglc .gaa}r(%aogii%ns gQgge% isequonp %ss%g rpy the invention unless
otherwisé Indicated herein or otherwise clear y contradicted” Bypco%?ex{.pl‘—_emgodiments of the invention
will be further elucidated by way of the following examples. The following examples incorporated
herein ariH‘”fB'rPﬁiﬁ5péeBéﬁ‘gfhﬂé%’B%(?ifffé‘ﬁﬁ%ﬁ”ﬁm‘%‘ffeﬁévge‘%}ﬁ}%{l BRSPS RVEHABH 2653,
together pridpdiia deseriptioprserugdasxlathisedariciple s ektearventiantnd/kiladined avesiiontvll be
described in connection with cher a('kr] embodiments, there is no intent tQ limit thg in_ventiop Fr‘? those,
embodin@ItE HELLRIAA S the BSHMESR7Y I SRTENE Lo LAY 2 ST Hedi &L RIS it S SR Ry on
equivalemts asuncliadedimithivirty effecopetcs thednwentibat #scedined e ttrenappendedyclasnsielatéide

examples: EXAMPLE | Baking trials have heen canducted using different dosages of the bakin
e e G R S D R B G Brance,

added viﬂabf/vhémeghmthnErrheertglu@@td@hﬂmgf@muawe@hmmw@rarﬁnr@mﬁnmme{@hovhnrinrﬂvmes or
graphs of ElQ.i 3o ABAL {30 fefls ERRSSUYSHY: HAR-02KI0Q SARE LeRtiy SRQWHBS RaKINGSBET T BldREF Of

the baking enzyme composition. Physical dough tests such as farinogram and extensogram measure

the rheolt¥jreahpioperiteisigitgiervefughnorsie eitdece o erliBen STIB00 PR Of 3-[3rdvite bBasaupakiggluten
enzyme compQsitignia ascaldancswish ae.emhedinnant pidhe JaNsHan Vo fhsch %0 2980 d i Wb Rat

gluten in an untreated bakers flour was shown with fa rinogra m and extensogram of FARINOGRAPH
and EXTENSTENRAPReRANHYS " ghaprid oot /iyt endodmaigrnritieitic AR S8R e Pat By alse be

curves piRgLGRAM} tReasudine: and e tbigeehaigRmisb HRIAusLEleYEHRREL YIRS 1RO Bs Qfdings Rxer
blades during mixing of the dough. The graphs of FIG. 6-8 diagrammatically show the extensogram

curves mEYSHRENEIAARIAITS QG BR D FOr &Gy REat Bl BEL I A RA B BIaR Sl /Brias 85
controlle@retreiehin ehtdubrealgagnnimie doogixeaidhad g hea ddsaacfardhisipoiposadseaBRABENPDER
sigma—blape mixer, BRABENDER, FARINOGRAPH, and EXTENSOGRAPH are registered trademarks
of Brabeﬁd’é?sér%)%qﬁsgi Co. KG of Duisburg, Germany. 16 Sample 1 is control flour, Sample 215
control flour plus 1% vital wheat gluten, and Sample 3 is control flour plus baking enzyme composition
in accord=If¢@WRRARLPhBRRIMRER SitikakRgERTERE EXTRNGHRE MASFRIGPAIMHE B RAEINSER mixer

in operatignnyas SARe RavingoacspsearRl 68 ddminsignihialhakingienzyme ¢ ompesitiandmhaccordance
with an embodiment of the invention of Sample 3 comprises a premix baking enzyme composition

added to XA BTIRPS BHEER: PR SR LD eATE e M BARMY EHRO L St QBR8P ¥ respective
enzyme aaibyitiegipaigreimne ahthaubaking gozysnen ¢ opnashipmbaiset tpidberconeeioéiailiaa of the
activities in the premised baking enzyme composition used during the bake tests, and used in
obtaining the farinograms of FIG. 3-5 and extensograms of FIG. 6-8, as follows: Glucose oxidase:395
GOX Ulg; Lipid degrading enzymes:85 PHOS/g; Xylan degrading enzymes:315 AXU/g; and



Transglutaminase:1.16 TGU/g. For the farinogram and extensogram readings, Sample 3 comprised
0.5g premixed baking enzyme composition/Kg of flour (500ppm) equivalent to the above concentration
in terms of activity units/g of premixed baking enzyme composition. The premixed baking enzyme
composition also comprised, in addition to the enzymes, a neutral carrier (wheat flour) in this

embodimgetisueraalenbrastsa OsiRGeARE i RBIBOERRET diRPRIS IR HoIBR. doMghb el tkis a graph
showing a fa rinogra m reading 40 relating to mixing of Sample 1 dough with control flour. The graph
shows thE TR BF Ui cAFE & Ot B3t TR AP BRI GF HRE RU & b 3 FERA-IN 48 e 500 fa
rinogramthiaits §ridh, Thepartivah time KB isnsthavimovibehthe itep e vy die teaehasdpat00 FU line, and

the departjqre tirr(]e |59 is shown v¥hen theidtg Cyrve 4,[1hG drggs below the OIQ FU Iiﬁe. The development
time 52 iS YSSTARE Y HE TS SIS SrwistEEanG GRVEToPIENt 6 tiie' oGS Masimum
consistency. The time between the arrival time 48 and the departure time 50 is the stability to give an
indicatior}'6f #ROH6(GS %Fé”&ﬁté%t'ﬂﬂfiﬁ%%ﬁhﬂ‘ﬁl%ﬁ@|68m'?'B?Qiéfé‘?été’fﬁ'é',&?férﬂﬁ@a?ﬁaﬁﬂﬁfM'@’}‘?‘ﬁ%ing is
measuregh d&srinvtesvafan prakdipatanmenttimeh2riEhe fadrmegralmshews,hrHaliowdiagl Sample
1- Control Flour - Fa rin?%ram Results Maisture content:14.0% Consistency;496 FU Water

absorptidA &3O AT e HBE S R 5 (EOPLEIP O PEB LA B9 AANFWhTE P SBESFRIOR (ESFrected to
14.0%)6 2s4262e el o prneriidtingec 85 1msputese$rabiljiyhkIdhtaioteshRe grieecsp @atteriagidldy minutes
after begin):11 FU ree of softening (ICC/12 minutes aft ax): 38 FU Farinogram qualit
umber 38 EIEE 418 S B e S e P h o B B TR, i
control flowidatieh wital et ghotars. 17 vé gusgrhl 8 how S ithe thpvef ithe aerle B2hmigldtesefitidasuirve 64,

bottom 05Ehe‘?fSHE"a?sQéﬂwég?'g&ié’e”fé?n@t‘?oﬁqg i rg&%%?ﬂb%‘%ﬁh%w %?&[ safing MeATHAl Jims 68 and

the departure time 70to rmine the stability, development time 72 and degree of softening 74
during mixiiegtion of arabinoxylands (AX) 22.
It will be appreciated that if glucose oxidase 12 is used alone, i.e. without xylanase (route 1 in FIG. 2),
oxidative cross-linking of large or high molecular weight arabinoxylans 22 or native arabinoxylans
occurs via ferulic acid 24 residues to form very high molecular weight large polymers of
arabinoxylans (AX) 26. Route 1 is followed in the absence of xylanase, high molecular weight AX 22
is crosslinked with the formation of large polymers of arabinoxylans 26. The large polymers of
arabinoxylans 26 that are formed may interfere with the structure of the gluten matrix in bread
doughs. This could have potentially negative effects on product quality. This is despite the otherwise
positive effect of glucose oxidase in its primary role of strengthening gluten 18 via formation of

disulphide bridging 14 of gluten 18.

Route 2 in FIG. 2 is followed in the presence of xylanase 28, leading to small AX fragments 30, or
larger AX fragments 32, and either crosslinked small AX fragments 34 or small AX fragments cross-

linked to high molecular weight AX 36 that form marginally larger AX polymers.

There is a correction effect by xylanase 14 due to the cleaving of AX backbone and leading to either
cross-linked small AX fragments 34 or small AX fragments cross-linked to native AX molecules 36
which lead to only marginally larger polymers. This correction effect overcomes the potential

interfering effects of very high molecular weight arabinoxylans 26 on the gluten matrix.

|II

It will be appreciated that sufficient functional “vital” gluten-forming proteins are present in the
flour or dough for the baking enzyme composition in accordance with embodiments of the invention
to function and enhance baking performance. If the flour does not contain gluten naturally, then

gluten may be added at a level required to achieve the dough properties and final product



Sample 2- Control Flour plus 1% Vital Wheat Gluten - Fa rinogra m Results Moisture content:14.0%
Consistency:502 FU Water absorption:64.3% Water, absorption (corrected for 500 FU):64.4% Water
absorption (corrected to 14.0%)64.4% Developmeﬂl?time:?.S minutes Stability:14.9 minutes Degree of
softening (10 minutes after begin):6 FU Degree of softening (ICC/12 minutes after max): 35 FU

Farinogran quakitytipivedeied 64 fiGhaking angyarR shewinenafactiniegraanitaading syireéatiog to the
mixing of Sample 3 dough with control flour and baking enzyme composition in accordance with an
embodim@ftBEME TR AAHhY The '§rapH ensvetiietop e dirddossinfadie 1R GRS 84, bottom
of the cupreB6idt ealating tedhal Dokl {aticegsa sttt {lkl)deond darling:thenas tyiabten®B8 and the
departure time 90 to determine the stability and degree of softening (which is zero) and development

time 92 dyinGeMRg . RBIRE & urSORINAlE PRt aSBaKINGERR¥ME OMBRPsItiRk s fHaOgram

Results Moisture content:14.0% Consistency:502 FU Water absorption:63.9%
flour in order produce bread of acceptable quality. The baking enzyme composition in accordance

with an embodiment of the invention functions as a gluten enhancer, and a sufficient level of
endogenous gluten-forming protein is present. In bread baking, it is not only quantity of protein that
impacts bread quality but also the “quality” or characteristics of the gluten-forming proteins. If
there is insufficient gluten-forming protein of good baking quality in the flour, the baker or miller
may choose to add vital wheat gluten to supplement the endogenous protein in order to achieve
desired product quality. The baking enzyme composition can enhance the gluten structure in bread

dough to provide the baker or miller an alternative to supplementation with vital wheat gluten.

It will be appreciated that there are various analytical methods commonly used to measure crude
protein content of cereal flours, such as for example, near-infrared light (NIR) spectroscopy, Kjeldahl
nitrogen determination, combustion analyses based on the Dumas or modified Dumas method,
performed on instrumentation commercially available from Leco Corporation, Michigan, United
States of America, or the like. Gluten-forming proteins may be quantitatively measured by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) for the analysis of the quantitative

composition of proteins.

The gluten enhancer of the baking enzyme composition in accordance with an embodiment of the
invention may be either added to the flour or added during the dough mixing stage of the bread-
making process. For example, in the case of sponge and dough process, the baking enzyme
composition may be either added during mixing of the “sponge” dough or during mixing of the final
dough. If added in at the sponge stage, there may be increased benefit in terms of functionality of
the enzymes due to the additional preliminary fermentation time (typically 2 to 4 hours) that is

available.

The baking enzyme composition in accordance with an embodiment of the invention begins
functioning as soon as water is added to the dough during mixing. The rate of action of the enzymes
is temperature dependent so that rate of action increases during final proof and early stages of
baking until deactivation of the enzymes occurs during the latter stages of baking at temperatures

of greater than, for example, 60 degrees Celsius.



18 Water absorption (corrected for 500 FU):64.0% Water absorption (corrected to 14.0%)64.0%
Development time:20.1 minutes Stability:24.8 minutes Degree of softening (10 minutes after begin):0
FU Degree of softening (ICC/12 minutes after max}.zo FU Farinogram quality number:300 FIG. 6 is a
graph showing an extensogram reading 100 relating to the mixing of Sample 1 dough with control

flour. TherexparisRErRpMEROMBINBoR DRI, T determien @ the plasticsly s siiaicdiinerpihaviour of
the dough of the Sample 1 dough with a first curve 102 of Test 2, second curve 104 of Test 1, and 5cm

point 1067 R NG 1RY QLATYEN S AN SARESIGHOGF RETeNs gy ARY ke dsiRed ke Mensibility is
the ratio addnhestakgmatibeeahapgistigibantpleids sLontrod s an BxiensogsanfResylsd.di%o Test 1
Test 2 Mgg\cr%e\r/igllue.'l'.est gfter 465 Minuteg, Water absorption:

) origin and may be obtained by techniques conventionally used in the industry.

In flour, dough and bread making, the baking enzyme composition in accordance with an
embodiment of the invention may be used in combination with other flour, dough or bread
ingredients or additives such as salt, oxidants (for example, ascorbic acid, and the like) emulsifiers
(DATEM, SSL, CSL), enzymatic processing aids (for example, oxidoreductases, glucose oxidase, and
the like), polysaccharide modifying enzymes (for example, a-amylase, hemicellulose, branching
enzymes, and the like), protein modifying enzymes (for example, endoprotease, exoprotease,

branching enzymes, and the like), or the like.

The term “flour” is defined herein as any milled or ground cereal grain including, but not limited to,

wheat, barley, buckwheat, oat, maize, rice, triticale, oat, rye, and mixtures thereof.

The term “dough” is defined herein as any mixture of flour and other ingredients that can be
kneaded or rolled into shape, and may be fresh, frozen, pre-pared, pre-baked, pre-steamed, pre-

fried, or the like.

The term “effective amount” is defined herein as an amount of baking enzyme composition
according to an embodiment of the invention that is enough or sufficient to result in activity having a
measurable effect on at least one property of interest of the flour, dough, product resulting from the

flour or dough, or the like.

The term “baked product” is defined herein as any product prepared from a flour and a dough,
including but not limited bread, buns, rolls, baguette, pastries, roissants, pasta, noodles (stir-fried or
boiled), tacos, tortillas, pita bread, cakes, pie crusts, muffins, pancakes, steamed bread, fried dough,

doughnuts, crisp bread, cookies, biscuits, and the like.

The phrase “incorporating into the dough” is defined herein as adding the baking enzyme
composition according to an embodiment of the invention to the dough, including any ingredient
into the dough, at any time during the dough preparation and baking process, and may be added in
one, two or more steps, which may be baked, fried, steamed, or other methods well known in the

industry.

The term “improved property” is defined herein as any property of flour, dough, a product resulting

from the flour or dough, in particular a baked or fried product, or the like, which is improved by the



Energy [cm2]: 138 125 131 Resistance to Extension [BU]: 460 421 440 Extensibility [mm]: 163 159

161 Maximum [BU]: 631 572 13

action of the baking enzyme composition in accordance with an embodiment of the invention,
relative to a flour, dough, baked product, or the like that the baking enzyme composition in
accordance with an embodiment of the invention is not incorporated. The improved property may
comprise, but is not limited to, improved elasticity, improved strength, improved mixing tolerance,
improved water absorption, improved gas retention, improved volume, or the like of the flour,

dough, a product resulting from the flour or dough, such as a baked product, or the like.

The term “improved elasticity” is defined herein as the property of dough which has a higher

tendency to regain its original shape after being subjected to a certain physical stress or strain.

The term “improved strength” is defined herein as the property of dough which has a higher
elasticity quality and requires more work to knead, mould or shape due to increased bond
formations of the gluten matrix of the gluten strands formed by the gliadin and glutenin enzymes

during dough processing.

The term “improved mixing tolerance” is defined herein as the property of dough which is less
susceptible to physical alteration due to increased bond formations of the gluten matrix of the
gluten strands formed by the gliadin and glutenin enzymes during dough processing and through the

final proof stage of the baking process.

The term “improved water absorption” is defined herein as the property of dough to absorb water
retention due to increased bond formations of the gluten matrix of the gluten strands formed by the
gliadin and glutenin enzymes during dough processing. Water absorption is measured by taking

farinogram readings.

The term “improved gas retention” is defined herein as the property of dough to retain gas due to
increased bond formations of the gluten matrix of the gluten strands formed by the gliadin and

glutenin enzymes during dough processing.

The term “improved volume” is defined herein as the volume of a baked product resulting from the
baking process measured by analysis of the baked product with the rape seed displacement method,
such as the volume of the baked good without the baked good tin divided by the mass of the same
baked good measured by the rape seed displacement method. The unit for specific volume is

millilitre per gram.

The term “pre-mix” is defined herein as a mix of baking enzyme composition in accordance with an

embodiment of the invention with a suitable carrier such as flour, starch, a sugar, a complex



602 Ratio Number: 2.8 2.7 2.7 Ratio Number (Max): 3.9 3.6 3.7 FIG. 7 is a graph showing a
extensogram reading relating to the mixing of Sample 2 dough with control flour and vital wheat gluten.
The extensogram shows the extensibility of the Sample 2 dough with a first curve 112 of Test 2,
second curve 114 of Test 1, and 5cm point 116. Sample 2- Control Flour plus 1% Vital Wheat Gluten -

ExtensograpyiResilisudes milesdeMiniigs YMater abariptinnabdg6%s TRRldlng additives, flour

agents, or dough conditioners.

When the baking enzyme composition according to an embodiment of the invention is incorporated
in flour, dough, or a product resulting from the flour or dough, in an effective amount, several
properties of the flour and dough, such as improved elasticity, improved strength, improved mixing
tolerance, improved water absorption, improved gas retention, improved volume, or the like of the
flour, dough, a product resulting from the flour or dough, such as a baked, fried, steamed, or the like

product, or the like may be improved.

It has been surprisingly found that when the baking enzyme composition according to an
embodiment of the invention has been added to a dough used to produce a baked product such as
bread, a dough with improved elasticity, improved strength, improved mixing tolerance, improved
water absorption, improved gas retention, improved volume, or the like, may be obtained while the

baked product may show an improved bread volume.

The baking enzyme composition in accordance with embodiments of the invention may be in any
suitable form, such as, in the form of a granulate, agglomerated powder or liquid, which enzyme
compositions may be prepared by conventional methods well known in the industry. The baking
enzyme composition may be prepared as a pre-mix or as part of a premix system that would be
designed to be used at a dosage rate to suit the particular method of application, i.e., for production
as a premix, the baking enzyme composition would be combined with suitable bulking agents to
enable practical dosage rates. The pre-mix in accordance with an embodiment of the invention may
comprise the enzymes as discussed herein, for example, lipases, oxido-reductases, xylanases and
transferases. The pre-mix may also comprise a diluent, bulking agent, neutral carrier, or the like,
such as flour, wheat gluten, starch mineral salts, wheat flour, or the like, or a combination of one or
more of these. The enzymes of the pre-mix baking enzyme composition in accordance with an
embodiment of the invention may be suitably diluted with a bulking agent to enable a practical
dosage rate. A range of baked products based on the baking enzyme composition in accordance

with an embodiment of the invention is envisaged.

The baking enzyme composition in accordance with embodiments of the invention relates to flour
and dough (fresh or frozen), and baked or fried products resulting from the flours or doughs, based
products used to prepare flour based consumer products, baked products, such as breads,

baguettes, buns, rolls, pizzas crusts, pastry, pretzels, bagels, cakes, doughnuts, and the like.



Test 2 Mean Value Energy [cm2]: 116 119 117 Resistance to Extension [BU]: 400 371 386
Extensibility [mm]: 150 164 157 Maximum [BU]: 59{)5

Embodiments of the invention have been described herein, including the best mode known to the
inventors for carrying out the invention. Variations of those preferred embodiments may become
apparent to those of ordinary skill in the art upon reading the foregoing description. The inventors
expect skilled artisans to employ such variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the subject matter recited in the claims appended
hereto as permitted by the applicable law. Moreover, any combination of the above-described
elements in all possible variations thereof is encompassed by the invention unless otherwise

indicated herein or otherwise clearly contradicted by context.

Embodiments of the invention will be further elucidated by way of the following examples. The
following examples incorporated herein and forming a part of the specification illustrate several
aspects of the present invention and, together with the description, serve to explain the principles of
the invention. While the invention will be described in connection with certain embodiments, there
is no intent to limit the invention to those embodiments described. On the contrary, the intent is to
cover all alternatives, modifications and equivalents as included within the scope of the invention as

defined by the appended claims. In the examples:
EXAMPLE |

Baking trials have been conducted using different dosages of the baking enzyme composition in
accordance with an embodiment of the invention versus different levels of added vital wheat gluten.
The results of farinogram and extensogram readings are shown in the graphs of FIG. 3-5 and FIG. 6-8,
respectively. The baking test results show the baking performance of the baking enzyme
composition. Physical dough tests such as farinogram and extensogram measure the rheological
properties of the dough. The effect of addition of 500ppm of a premix of the baking enzyme
composition in accordance with an embodiment of the invention versus 1% added vital wheat gluten
in an untreated bakers flour was shown with farinogram and extensogram of FARINOGRAPH and
EXTENSOGRAPH readings. The graphs of FIG. 3-5 diagrammatically show the farinogram curves
produced via measuring and recording changes in torque developed by the action of the mixer
blades during mixing of the dough. The graphs of FIG. 6-8 diagrammatically show the extensogram
curves measured via uniaxial load extension for dough test pieces which have been subjected to
controlled stretching to breaking point. A mixer that may be used for this purpose is a BRABENDER
sigma-blade mixer. BRABENDER, FARINOGRAPH, and EXTENSOGRAPH are registered trademarks of
Brabender GmbH & Co. KG of Duisburg, Germany.



541 566 Ratio Number: 2.7 2.3 2.5 19 Ratio Number (Max):3.93.33.6 FIG. 8 is a graph showing a
extensogram reading 120 relating to the mixing of Sample 3 dough with control flour and baking
enzyme composition in accordance with an embodtfhent of the invention. The extensogram shows the
extensibility of the Sample 2 dough with a first curve 122 of Test 1, second curve 124 of Test 2, and

5cm poingakZfle Saegea? fidupRHIRbRIOW dinsdPmkingl Enzy e | WABAPERIPNnEXiaHOgIam Results
Test after 45 Minutes water absorption: 61.8% Test 1 Test 2 Mean Value , .
control flour plus baking enzyme composition in accordance with an embodiment of the invention.

During the farinogram, the BRABENDER mixer in operation was 300g having a speed of 63 1/minute.

The baking enzyme composition in accordance with an embodiment of the invention of Sample 3
comprises a premix baking enzyme composition added to the control flour. The activity units of the
premix baking enzyme composition of the respective enzyme activities per gram of the baking
enzyme composition based on the concentration of the activities in the premised baking enzyme
composition used during the bake tests, and used in obtaining the farinograms of FIG. 3-5 and

extensograms of FIG. 6-8, as follows:

Glucose oxidase: 395 GOX U/g;
Lipid degrading enzymes: 85 PHOS/g;
Xylan degrading enzymes: 315 AXU/g; and
Transglutaminase: 1.16 TGU/g.

For the farinogram and extensogram readings, Sample 3 comprised 0.5g premixed baking enzyme
composition/Kg of flour (500ppm) equivalent to the above concentration in terms of activity units/g
of premixed baking enzyme composition. The premixed baking enzyme composition also comprised,
in addition to the enzymes, a neutral carrier (wheat flour) in this embodiment to enable practical

dosing and to ensure proper dispersion in the dough.

FIG. 3 is a graph showing a farinogram reading 40 relating to mixing of Sample 1 dough with control
flour. The graph shows the top of the curve 42, middle of the curve 44, bottom of the curve 46 in
relation to the 500 farinogram units (FU). The arrival time 48 is shown when the top curve 46
reaches the 500 FU line, and the departure time 50 is shown when the top curve 46 drops below the
500 FU line. The development time 52 is determined by the first addition of water and development
of the dough’s maximum consistency. The time between the arrival time 48 and the departure time
50 is the stability to give an indication of the flour’s tolerance during mixing. The point of degree of
softening 54 during mixing is measured 12 minutes after peak/development time 52. The

farinogram shows the following:

Sample 1 — Control Flour — Farinogram Results

Moisture content: 14.0%
Consistency: 496 FU
Water absorption: 62.5%

Water absorption (corrected for 500 FU): 62.4%



Energy [cm2]: 122 129 125 Resistance to Extension [BU]: 358 371 364 Extensibility [mm]: 168 172
170 Maximum [BU]: 540 558 549
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Water absorption (corrected to 14.0%) 62.4%
Development time: 7.5 minutes
Stability: 13.8 minutes

Degree of softening (10 minutes after begin): 11 FU
Degree of softening (ICC/12 minutes after max): 38 FU

Farinogram quality number: 148

FIG. 4 is a graph showing a farinogram reading 60 of mixing of Sample 2 dough with control flour and
vital wheat gluten. The graph shows the top of the curve 62, middle of the curve 64, bottom of the
curve 66 in relation to the 500 farinogram units (FU) for reading the arrival time 68 and the
departure time 70 to determine the stability, development time 72 and degree of softening 74

during mixing.

Sample 2 — Control Flour plus 1% Vital Wheat Gluten — Farinogram Results

Moisture content: 14.0%
Consistency: 502 FU
Water absorption: 64.3%
Water absorption (corrected for 500 FU): 64.4%
Water absorption (corrected to 14.0%) 64.4%
Development time: 7.8 minutes
Stability: 14.9 minutes

Degree of softening (10 minutes after begin): 6 FU
Degree of softening (ICC/12 minutes after max): 35 FU

Farinogram quality number: 164

FIG. 5 is a graph showing a farinogram reading 80 relating to the mixing of Sample 3 dough with
control flour and baking enzyme composition in accordance with an embodiment of the invention.
The graph shows the top of the curve 82, middle of the curve 84, bottom of the curve 86 in relation
to the 500 farinogram units (FU) for reading the arrival time 88 and the departure time 90 to
determine the stability and degree of softening (which is zero) and development time 92 during

mixing.

Sample 3 — Control Flour plus Baking Enzyme Composition — Farinogram Results

Moisture content: 14.0%
Consistency: 502 FU
Water absorption: 63.9%



Ratio Number: 2.1 2.2 2.1 Ratio Number (Max): 3.2 3.2 3.2 The farinogram of Sample 3, which has an
addition of 500ppm of the premix of baking enzyme composition in accordance with an embodiment of
the invention, shows a significant increase in dougﬂ\amixing tolerance (stability) compared to the control
flour (Sample 1) and also compared to the flour sample with 1% added vital wheat gluten (Sample 2).

It is also penréraesrthidhidinreera@rmrdough)water aaspgption with addition of 500ppm premix of baking
enzyme composition (64.0%) is significant higher compared to that of the control flour (59.6%) and is
not signifféalitiy BRreHOR 8 TRESI4R ¥ 8brption ofs¥Mmple 2(64.4%), which is the sample with 1%
added vipewhgah¢iutene: The extensogram test resottsdieutietermining the elasticity or stretching
behaviouZ{tof.me_ dough have not shown any signi%@t diffterence in resistance to extension between
Sam ple (aﬁ% Yddition of gluten) and Sample 3 ( Oprﬁmup?émix of baking enzyme composition).
Sample DegnéetphastBU0pin rohbadsinfieehegime corfiposition has, however, a slightly higher
extensibility (170, om to. Sample 2 with 194 gluten (157 mm) and that of the control flour
(161mm)Bc%{F r(éegr%ﬁ% %ﬁ Eg(ﬁﬁé%lnglgg?(ge}%s@ )\(/ygteﬁg carried using the sponge and dough method of
bread-mdRifpgrith avglipiozdradeite sandwich bread3mulation based on a general-purpose type flour
of 10.5% protein content (‘control flour’) instead of what would be generally regarded in the industry as
a good baikeesisfiogiap2éhawiighawerttch dypiaal i duve1 agprodeiny cotientiahd df S9%moe 124606h Witthe baking
tests of EXAMPLE 11, 0.5 g premix baking enzyme caomposition/Kg flour (500ppm), 0.75 g premix
aking cRHL SRR 720 L a3 M SRSt e o
(1000pprghardis wisé thardd ust) wit/dile 5t rtolin ltdnueh ofitciitiiy amitsAPDbpresnixeet rakooy e hodnie

composit{g[& "i‘?'aHﬁ%%%%ﬁmBke %h%falrz’gg"bmg)vb'ﬁé'curves is an indication of the energy, and the

resistance/extensibility is the ratio number taken at the 5cm point.

Sample 1 — Control Flour — Extensogram Results

Test after 45 Minutes Water absorption: 59.7%
Test 1 Test 2 Mean Value

Energy [cm?]: 138 125 131
Resistance to Extension [BU]: 460 421 440
Extensibility [mm]: 163 159 161
Maximum [BU]: 631 572 602
Ratio Number: 2.8 2.7 2.7
Ratio Number (Max): 3.9 3.6 3.7

FIG. 7 is a graph showing a extensogram reading relating to the mixing of Sample 2 dough with
control flour and vital wheat gluten. The extensogram shows the extensibility of the Sample 2 dough

with a first curve 112 of Test 2, second curve 114 of Test 1, and 5cm point 116.

Sample 2 — Control Flour plus 1% Vital Wheat Gluten — Extensogram Results

Test after 45 Minutes Water absorption: 61.6%

Test 1 Test 2 Mean Value
Energy [cm?]: 116 119 117
Resistance to Extension [BU]: 400 371 386
Extensibility [mm]: 150 164 157
Maximum [BU]: 590 541 566

Ratio Number: 2.7 2.3 2.5



Various dosages (1%, 2% and 4%), Ti, T2, T3, respectively, based on total flour weight of vital wheat
gluten were added at the final mixing stage and compared to a corresponding series of tests with
addition of various levels (500ppm, 750ppm and 1680ppm), T4, T5, T6, respectively, based on total
flour weight of a premix of the baking enzyme composition. Where Ti = control flour + 1% vital wheat
gluten; TRawEA0MEEFlOME: 2% vital wheat gluten; 3.3 = control flpgr + 4% vitabwheat gluten; T4 =
control flour + 500ppm premix - baking enzyme composition; T5 = control flour + 750ppm baking
enzyme composition; and T6 = control flour +1000ppm premix - baking enzyme composition. Total
dough water absorption: Ti: 58.0%T2: 59.0%T3:62.0%T4: 58.0%T5: 59.0%T6: 62.0% No significant
differencé$i® BAUGRPESHSISIEE & deRIgh taetirrb2OvRipE B sdhectHIR Pl B RIS proEBYSHAg. FIG.

9-11 demgpsais NG §E8GHY BRRFSALIEBRKING SREYMREWNRARILABIRIRERPEHRCRWINLAN
embodiment of the invention as an enhancer of the endogenous gluten protein of the control flour

versus sUPPRATEMEIRIM OGP ontien Rl oG ogemS S IR MR Gt ar R 2t BideshlThe baking

enzyme cesppdsiligniprsnnaies higheedogbivolpme than conventional vital wheat gluten. External: FIG.
9 shows the external baked product results 130 relating to a comparison of baked products without (Ti

132,72 13,013 136) and AakedRreaters Hithd Ed38mbr 18Qeh0tAm Aag haking enzyme

composition In accordance with an embodiment of the invention. The specific volumes are: Specific

volumes;r TH .gpﬁ;l;%\:/l%7gsTvv3‘_ﬂ;tgfggsL4: §6976I%;ﬁ.20T6: 6.33 FIG. 10 shows the internal baked
products 0 . 8, and the results re[gflng' to a comparison of baked product without (Ti 152,154; T2

156,158; T3 160,162) and baked products with (TZe364,166; T5Té8&,170; T6 VE2r\E)ehe baking

enzyme %RQPE@&WQ? in accordance with an emboqwent of the 129 125
Resistance to Extension [BU]: 358 371 364
Extensibility [mm]: 168 172 170
Maximum [BU]: 540 558 549
Ratio Number: 2.1 2.2 2.1
Ratio Number (Max): 3.2 3.2 3.2

The farinogram of Sample 3, which has an addition of 500ppm of the premix of baking enzyme
composition in accordance with an embodiment of the invention, shows a significant increase in
dough mixing tolerance (stability) compared to the control flour (Sample 1) and also compared to
the flour sample with 1% added vital wheat gluten (Sample 2). It is also confirmed that farinogram
dough water absorption with addition of 500ppm premix of baking enzyme composition (64.0%) is
significant higher compared to that of the control flour (59.6%) and is not significantly different to

the water absorption of Sample 2 (64.4%), which is the sample with 1% added vita wheat gluten.

The extensogram test results for determining the elasticity or stretching behaviour of the dough
have not shown any significant difference in resistance to extension between Sample2 (1% addition
of gluten) and Sample 3 (500ppm premix of baking enzyme composition). Sample 3 which has
500ppm of baking enzyme composition has, however, a slightly higher extensibility (170mm)

compared to Sample 2 with 1% gluten (157 mm) and that of the control flour (161mm) of Sample 1.

EXAMPLE I

Bake tests were carried using the sponge and dough method of bread-making with a typical white
sandwich bread formulation based on a general-purpose type flour of 10.5% protein content

(‘control flour’) instead of what would be generally regarded in the industry as a good bakers’ flour,



21 invention. The internal structure shows no significant difference observed in crumb structure for Ti
versus T4; T2 versus T5; and T3 versus T6. The specific volume for each sample T1-T6 results: Test
Specific Volume (ml/g) Vital Wheat Gluten (%) Ba Rg Enzyme Composition (ppm) Ti 5.6 1.00 T2 5.75

2.00

which would typically have a protein content of 11.5% to 12.5%. In the baking tests of EXAMPLE II,
0.5 g premix baking enzyme composition/Kg flour (500ppm), 0.75 g premix baking enzyme
composition/Kg flour (750 ppm), and 1 g premix baking enzyme composition/Kg flour (1000ppm)
was used and equivalent to in terms of activity units/g of premixed baking enzyme composition as

used in Sample 3 of EXAMPLE I.

Various dosages (1%, 2% and 4%), T1, T2, T3, respectively, based on total flour weight of vital wheat
gluten were added at the final mixing stage and compared to a corresponding series of tests with
addition of various levels (500ppm, 750ppm and 1000ppm), T4, T5, T6, respectively, based on total
flour weight of a premix of the baking enzyme composition. Where T1 = control flour + 1% vital
wheat gluten; T2 = control flour + 2% vital wheat gluten; T3 = control flour + 4% vital wheat gluten;
T4 = control flour + 500ppm premix — baking enzyme composition; T5 = control flour + 750ppm

baking enzyme composition; and T6 = control flour +1000ppm premix — baking enzyme composition.

Total dough water absorption:

T1:58.0% T2:59.0% T3:62.0% T4:58.0% T5:59.0% T6:62.0%

No significant differences in dough consistency or dough tackiness were observed during dough

processing.

FIG. 9-11 demonstrate the effectiveness of the baking enzyme composition in accordance with an
embodiment of the invention as an enhancer of the endogenous gluten protein of the control flour
versus supplementation of the control flour’s endogenous protein with vital wheat gluten. The

baking enzyme composition promotes higher loaf volume than conventional vital wheat gluten.

External:

FIG. 9 shows the external baked product results 130 relating to a comparison of baked products
without (T1 132,T2 134,T3 136) and baked products with (T4 138 ,T5 140,T6 142) the baking enzyme

composition in accordance with an embodiment of the invention. The specific volumes are:

Specific volumes:

T1:5.60 T2:5.75 T3,5.77 T4:6.07 T5:6.20 T6:6.33

FIG. 10 shows the internal baked products of FIG. 8, and the results relating to a comparison of
baked product without (T1 152,154; T2 156,158; T3 160,162) and baked products with (T4 164,166;

T5 168,170; T6 172,174) the baking enzyme composition in accordance with an embodiment of the



T35.774.00 T4 6.07 500 T56.20 750 T6 6.33
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invention. The internal structure shows no significant difference observed in crumb structure for T1

versus T4; T2 versus T5; and T3 versus T6.

The specific volume for each sample T1-T6 results:

Test  Specific Volume (ml/g) Vital Wheat Gluten (%) Baking Enzyme Composition (ppm)
T1 5.6 1.00

T2 5.75 2.00

T3 5.77 4.00

T4 6.07 500

T5 6.20 750

T6 6.33 1000

FIG. 11 is a graph 180 showing the results of the specific volume versus addition of vital wheat gluten

curve 182 and the baking enzyme composition curve 184.

EXAMPLE 111

FIG. 12 shows the external baked product results 200 of doughs shocked by drop test after final
proof relating to a comparison of baked products without and baked products with the baking
enzyme composition in accordance with an embodiment of the invention. Like in Example Il, T1 =
control flour + 1% vital wheat gluten 202; T2 = control flour + 2% vital wheat gluten 204; T3 = control
flour + 4% vital wheat gluten 206; T4 = control flour + 500ppm premix — baking enzyme composition
208; T5 = control flour + 750ppm baking enzyme composition 210; and T6 = control flour +1000ppm

premix — baking enzyme composition 212.

Specific volumes:

T1:4.15 T2:4.16 T3:4.55 T4:5.16 T5:5.62 T6:5.73

Doughs with added baking enzyme composition (as seen in T4, T5 and T6) show higher levels of
dough shock tolerance than the respective doughs prepared with added vital wheat gluten (T1, T2
& T3)



1000 FIG. 11 is a graph 180 showing the results of the specific volume versus addition of vital wheat
gluten curve 182 and the baking enzyme compositign curve 184. EXAMPLE Il FIG. 12 shows the
external baked product results 200 of doughs shocked by drop test after final proof relating to a
comparison of baked products without and baked products with the baking enzyme composition in
accordance with an embodiment of the invention. Like in Example IlI, Ti = control flour + 1% vital wheat
gluten 202; T2 = control flour + 2% vital wheat gluten 204; T3 = control flour + 4% vital wheat gluten
206; T4 zcapeol flour + 500ppm premix - baking enzyme composition 208; TS = control flour +
750ppm baking enzyme composition 210; and T6 = control flour +1000ppm premix - baking enzyme
composition 212. Specific volumes: T1: 4.15T2: 4.16 T3:4.55T4: 5.16 T5: 5.62T6: 5.73 Doughs with
added baking enzyme composition (as seen in T4, T5 and T6) show higher levels of dough shock
tolerance thén tAdadspectivectougivsitive pargdisiit rdidekedantalideredughsen (TanEZ&nid) CLAIMS: 1.
A baking enzyn‘@a(ﬁ%tg}gges_ition comprising a lipase, an oxido-reductase, a xylanase and a transferase.

2. The baking enzyme composition of claim 1 wherein the baking enzyme composition is derived from
microbial origin.The baking enzyme composition of claim 1 wherein the baking enzyme composition is

derived from microbial origin.

3. The baking enzyme composition of claim 1 wherein the lipase is derived from Aspergillus
niger, Bacillus subtilis Aspergillus oryzae, Rhizopus oryzae, or Fusarium oxysporum.

4. The baking enzyme composition of claim 1 wherein the oxido-reductase is glucose oxidase.

5. The baking enzyme composition of claim 1 wherein the oxido-reductase is derived from
Aspergillus niger.

6. The baking enzyme composition of claim 1 wherein the xylanase is fungal xylanase or beta-
glucanase.

7. The baking enzyme composition of claim 1 wherein the xylanse is derived from Aspergillus
oryzae or Aspergillus niger.

8. The baking enzyme composition of claim 1 wherein the transferase is transglutaminase.

9. The baking enzyme composition of claim 1 wherein the transferase is derived from
Aspergillus niger or Streptomyces mobaraensis.

10. The baking enzyme composition of claim 1 wherein the lipase is between about 5 to 200
units per kilogram of flour; the oxido-reductase is between about 5 to 1000 units per
kilogram of flour; the xylanase is between about 10 to 1000 units per kilogram of flour; and
the transferase is between about 0.1 to 5 units per kilogram of flour.

11. The baking enzyme composition of claim 1 wherein the lipase is between about 15 to 90
units per kilogram of flour; the oxido-reductase is between about 70 to 420 units per
kilogram of flour; the xylanase is between about 55 to 330 units per kilogram of flour; and
the transferase is between about 0.1 to 1.2 units per kilogram of flour.

12. A pre-mix comprising a flour having an endogenous gluten forming protein; and the baking
enzyme composition according to any one of claims 1 to 11.

13. A dough comprising a baking enzyme composition according to any one of claims 1 to 11.

14. A method to prepare a dough comprising adding to dough comprising flour, water, yeast,

and the baking enzyme composition or pre-mix according to any one of claims 1 to 11.



3. The baking enzyme composition of claim 1 wherein the lipase is derived from Aspergillus niger,
Bacillus subtilis Aspergillus oryzae, Rhizopus oryzae, or Fusarium oxysporum. 4. The baking enzyme
composition of claim 1 wherein the oxido-reductasés glucose oxidase. 5. The baking enzyme
composition of claim 1 wherein the oxido-reductase is derived from Aspergillus niger. 6. The baking

enzyme comizoaitigstfacdaimninahgtaineiv gedanase is fke1oa ynas el ketagisieg NAmes the The
baking enzyme composition of claim 1 wherein the xylanse is derived from Aspergillus oryzae or

Aspergillus nige? 8N HE Rk G BRI CORipBLRiBRY Sr&igiAAmAAdPein the transferase is
transglutaminase fédTdhednalkdbe gizyniee tarmpsitign ofcphisstlo whetetnie tansied@tisderived
from Aspergilluston'ﬂer or Streptomyces mobaraensis. 10. The baking enzyme composition of claim 1
wherein the lipase’is between about 5 to 200 units per kilogram of flour; the oxido-reductase is
between about 5 to 1000 units per kilogram of flour; the xylanase is between about 10 to 1000 units
per kilogram of flour; and the transferase is between about 0.1 to 5 units per kilogram of flour. 11. The
baking enzyme composition of claim 1 wherein the lipase is between about 15 to 90 units per kilogram
of flour; the oxido-reductase is between about 70 to 420 units per kilogram of flour; the xylanase is
between about 55 to 330 units per kilogram of flour; and the transferase is between about 0.1 to 1.2
units per kilogram of flour. 12. A pre-mix comprising a flour having an endogenous gluten forming
protein; and the baking enzyme composition according to any one of claims 1 to 11. 13. A dough
comprising a baking enzyme composition according to any one of claims 1 to 11. 14. A method to
prepare a dough comprising adding to dough comprising flour, water, yeast, and the baking enzyme
composition or pre-mix according to any one of claims 1 to 11. 23 15. A method of enhancing the
endogenous vital gluten content of a flour comprising adding the baking enzyme composition
according to any one of claims 1 to 11. 16. A food product comprising the baking enzyme composition
according to any one of claims 1 to 11.



