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WO 2007/022598 PCT/AU2006/001242 1 Enhancing enzyme production
Field of the invention The invention relates to hydrolases obtainable from
grains for use in food processing and manufacturing industries, to the
germination of grains such as barley and to 5 isolation of enzymes from
yazwzBrekgyround of the invention Many hydrolytic enzyme$CF/greugs/ a6 242
which limit dextrinase (EC 3.2.1.142), a and (3 amylase (EC 3.2.1.1 and

EC 3.2.1.2 respectively), 1-6-p-g|ucar?ase (EC 3.2.1.39), (3 1,4-xylanase
(EC-3.2.1.8), arabinoxylanase (EC 3.2.1.136), and p glucosidase (EC 10

3.2.1.21) are examp@ashhais fay ehagphieafro thustigisty of industries,

and in particular, in food processing and manufacturing industries. These
enzymes, otherwise known as hydrolases, are typically obtained for

Fiei&‘ﬂpmﬁrﬁ%ﬁﬁfﬂcaﬂon from tissues such as plant tissue, including
grains, pulses, legumes and the like and bacterial fermentations and the

The lik@eHliSR (S D HIRNERS HacEBIBMANR oA SRAND FPIESRIGRIdBA processing
recombinant expressjon systems. A problem with some of the processes
and ﬁ;{éﬂ@

I8%s Brd b ERBENRIOR AR st PR gaand to

isolatiwy derdApmroideigrainsub-optimal yield of hydrolase. Hence,
considerable expense is incurred in obtaining commercial quantities of
hydrolases. 20 There is a need for improvements in processes for

Backfianing dhiioiasestizgpecially improvements that are associated with
improved yields of hydrolases. Summary of the invention. In summary, in

Mangdnialrobibedaymes tiagmissrolidbitia imdtdsstiindser@@Sirgatie142), o and B
amyBIOYRLR"s 3 EXPIRESI0 427 S AXRE R Aifi 2 s-p-glucanase (EC 3.2.1.39), B
1,4-xylanase (EC-3.2.1.8), arabinoxylanase (EC 3.2.1.138), and P glucosidase (EC
3.2.1.21) are examples, have found application in a variety of industries, and in
particular, in food processing and manufacturing industries.

These enzymes, otherwise known as hydrolases, are typically obtained for commercial
application from tissues such as plant tissue, including grains, pulses, legumes and the
lke and bacterial fermentations and the lke. In some circumstances these enzymes
may be produced in recombinant expression systems.

A problem with some of the processes by which many hydrolases are obtained for
commercial application is that they tend to provide for a sub-optimal vield of hydrolase.
Hence, considerable expense is incurred in obtaining commercial quantities of
hydrolases.

There is a need for improvements in processes for obfaining hydrolases, especially
improvements that are associated with improved yields of hydrolases.

Summary of the invention

In summary, in certain embodiments there is provided a process for increasing the
amount of, or expression of an enzyme in a grain.
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WO 2007/022598 PCTIAU2006/001242 2 In other embodiments there is
provided a process for producing a grain having a high relative
abundance of an enzyme. In other embodiments there is provided a
process for producing an enzyme. In further embodiment there is provided
WQrOeE8R IO extracting, purifying or isolating an 5 enzyme fBEHAPaA6/001242
having a high relative abundance of an enzyme. Typically the process
involves wounding a grain that is uno%rgoing germination to form a
- wounded grain having at least one site of tissue damage that can be at
In otheastphadityentsptinrd syproey et i prbgesis g pmelucing g theindimded a high

relafi E%%ﬁéﬁ%%%@%n@air an at least one site of tissue damage of

the wounded grain to form a repaired 10 grain. Otherwise stated,
conditions are provided to a grain that provide for germination of a grain

In otikadetinbodimsdis fieoniz providedvacprodsds foe praliediy angeakyridese’;
conditions provide for a wound applied to a grain to be repaired by the

| fu%;ain. In some embodiments the process includes allowing a rootlet tQ

n

sharhRdingRahthees s Ry BRI B AR hediarteh PYFBNAGLA isclating an
enzyfEEF s0nUat Havhine Biginekiive epuainmaBboTimenismarocess for

extracting, purifying or isolating an enzyme from,. a grain having a high
_relative abundance of an enzyme includes the further step of releasing or -
Typicalhe fseresase iy e/ BopnAINhg 6Falblm dSamneRigpiRaneRmanstnn to form

a wolla¥Ey @'ﬁiﬂ maQlAg\@ RRIYPERBGAISTANISNRY embYB TR 'cambadineats partially
there istlp_rg)vided%ggain_having a high, relative abunda#:ce of an

20 .
h&YtRHPYS Yk 4 RS ppundeth BRI D AbVIRRATY partially
repatandifibieatd angraite thiitipsoeidadoage ohithativouhded gnain doddonaneepaired

. oripore wau ' in..I'he [ti ogprovide.. ..
arair IR 05 SERARIRE of8 KBTI 1 B R A IOV B BiHfinaton
of a paisnanstirinpsovide for one or more wounds to be applied to a grain. These .

gonditions provide for a wound applied to a grain to be repaired by the grain.

In some embodiments the process includes allowing a rootlet to grow from a grain, -
removing the rootlet from the grain and growing a further rootlet from the grain.

In certain embodiments, a process for extracting, purifying or isolating an enzyme from:.
a grain having a high relative abundance of an enzyme includes the further step of
releasing or otherwise extracting and/or purifying or isolating an enzyme from a grain
having a high relative abundance of an enzyme.

In further embodiments there is provided a grain having a high relative abundance of an
enzyme. The grain is typically formed from a process involving providing conditions to a
grain that provide for germination of the grain and for one or more wounds to be applied
to the grain. These conditions also provide for 2 wound on a gréin fo be repaired by the

grain,

Detailed description of the embodiments

it has been found that the expression of hydrolases can be significantly increased,
leading to a significant increase in the relative abundance or ctherwise relative amount
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25 It has been found that the expression of hydrolases can be significantly
increased, leading to a significant increase in the relative abundance or
otherwise relative amount WO 2007/022598 PCT/AU2006/001242 3 of a
hydrolase in a tissue, in circumstances wherein a tissue is wounded and
pEraietad2868repair. Specifically, as described herein, it has FSESHAGHIvE/001242
that barley grains grown in conditions in which the grains were subjected
to wounding and repair had amounts Bf hydrolases, a-amylase EC 3.2.1.1
and R-amylase EC 3.2.1.2, as much as 1.7 fold and 5 0.05 fold greater

of athpirdiaseyrgeatiss geowmrcircoomstiticas witdrainleiniy sueLisdingiadel ephisermitted

; C. 4 lanase EC
oGP LT RE Pl MBS oroun
congjtigims ifTNéyeleﬂtﬁr@@lﬁﬁewmam@W’@@ rtmmrbrbna@mdwagamﬁmgramsunts of
hydihi8sedoigchnlinieE ey appl s RyRspsse EtorarelaaseQf eRrimeS .7 fold and

accordlng to commercial extraction 10 processes or otherW|se |mprove

0.05 fold s BER{RI AR BAYSHHE%NM %’é*%ta?neaﬂwaasm@értmivmg wounding and
repa@mmwmmﬁdlweslssm\@&mﬁaa@msafqr1%&8@@95*164@%%&8@@3 218

Slon of an e rain. The roc SSI ludes the step of
werd KR SRR 2 5 SEELo ARG AR BFPT e orain
and for one or more wounds to be applied to the grain, or in other words,

Theéerwngaaémp%ﬂ@m %%ﬁﬁ?&ﬁﬂt%@cﬁh‘é@ﬁ‘ﬂéh%%ag?dﬁﬂvwggﬂé& of injury

lication of one or ore wounds to the grain. In other embodi

andt 2T ORTAEESI 3 JOE JE RASE SARIRY AT ARLHIRG IPrigmmsistiol extraction

procabsiesiancéhehaiz enmprevcthdaiis e s ihelytie s g ratapainse\iditathed.
conditions to a grain that provide for germination of the grain and for one
or more wounds tg be 20 applied to the grain. In one embodiment, the

Thug,iniFeeaih SMRPHIANSANRSES RONIFEE arefaessdanincassing hngmount of,
or eRpAYsMopraresseshzgniuding igrinamiBeprisesyinaiugosntiBaiepans providing

con&tflonseto a grain that provide for germination of the grain and for one or more
wounds to be applied fo the grain, or in other words, for germinating a grain in
conditions in which the grain is wounded by application of one or more wounds to the
grain.

in other embodiments there is provided a process for producing a ‘grain having a high’
relative abundance of an enzyme. The process includes the step of providing conditions
to a grain that provide for germination of the grain and for one or more wounds to be
applied to the grain.

fn one embodiment, the grain is a barley grain. However, it will be understood that other
grains may be processed, including, for example, rice, wheat, corn, maize and the like.
Further, legumes and puises such as lentils, soybeans and the like may also be
processed.

It is important that the greafer proportion of grains subjected to the process are not
lethally wounded. A lethal wound tends to be one that results in death of a grain
embryo, or one that octherwise prevents a grain from at least partially repairing a wound
applied to the grain, - or otherwise from germinating.
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Further, legumes and pulses such as lentils, soybeans and the like may

also be processed. 25 It is important that the greater proportion of grains
subjected to the process are not lethally wounded. A lethal wound tends

to be one that results in death of a grain embryo, or one that otherwise
proemaasgsain from at least partially repairing a wound apphetAoaius/001242
grain, - or otherwise from germinating. WO 20071022595
PCT/AU2006/001242 4 Further, as déscussed in more detail below, it has
been found that a live grain embryo is associated with the enhanced

Furtﬁ@grgﬁms@é:@@@doahéﬁ%r%wl : dmmhwmumg; ' d%ﬁ’{lhmw@graﬁh%mbryo is
rain ma wounde applying a physical treatment to the grain. )
sSR! (2 AR o TSt 20 o Sl Sor B BAC B grain during
gerrhimakibng, agitation or compression of the grain. Other forms of physical
treatment are contemplated. Particularly useful physical treatments are
those that cause inju%‘(tjo a rootlet or part, thereof such as a rootlet tip, or )
The gERiR MBYe L r Stk ARANEIGHBARRYSICHY Hrameartu the givior, Physical
treagheintd Uskiodeeticam . thell eisunithab resiolts inesrgdtact amaningtesgiBtion or
layer of a grain, aleurane layer or hemicellylose layer or like may also pe
COm RO 08 RO oL GRS R SR ST SPORRIARS.
patent no. 3754929. A process for compression of a grain is shown in US

ParlieRl NseAQb I PSic A radhmRing M denyagndad xeBeiqupate #irootiet or part
hemical treatm posure to te n. 15

thorB T B e o e B S BB RO e A of an
injunystefal st gyaithenskhinose fioa gl Abilezatg enfihdtaty stdUuhingitet on an outer
layegﬁﬁ'g. ﬁ:‘é?ﬁ' él@mﬁé%‘é‘BJ&P&%?:‘@HHBQHWS@J%P%"}‘ﬁ'%%'&?'@érl?séﬁl.

[ nds

conditioned over a fime coursé o hours during a sec eep..

An example of a process for abrasion of a grain is shown in US patent no. 3754929. A

process for compression of a grain is shown in US patent ho. 4052795.

Grain may also be wounded by one or more of chemical freatment, exposure to
temperature, pressure or radiation.

Chemical treatments include alkali freatment. This treatment is particularly useful,
among other things, for solubilizing or partially solubilizing the grain husk. An example
of an alkali treatment is one wherein grains are conditioned over a time course of 24
hours during a second steep.

Other forms of chemical treatment include treatment with ammonia. An example of
chernical freatment with ammonia is shown in US patent no. 3134724,

As noted above, the grain may be wounded by heating the grain. Generafly speaking, a
grain should not be heated beyond 40°C as above these temperatures, a grain embryo
may be lethally wounded. Heating is generally performed during a second steep.
Heating may be useful for softening a giucan outer husk of a grain.
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Other forms of chemical treatment include treatment with ammonia. An
example of 20 chemical treatment with ammonia is shown in US patent

no. 3134724. As noted above, the grain may be wounded by heating the
grain. Generally speaking, a grain should not be heated beyond 40C as

s TUeEedemperatures, a grain embryo may be lethally WisiiialBzho6/001242
'Heating is generally performed during a second steep. Heating may be
useful for softening a glucan outer hu$k of a grain. WO 2007/022598
PCT/AU2006/001242 5 A particularly useful wounding regimen is to apply

A partieadriensefuthemmdintpatgmeeds terapph) of pertailitftormihgraiiaithat causes
owth of. a_further rootlet from

- whi : Y !
o T B A R S o
furtfmquﬁe&fmrodgz@ WdemflgmmmgtmbaNMGgm dbieerotiiets are grown to
aboBEHOES Q%ﬁﬁﬂé%{é?@%f%%ﬂ%ﬁﬁé{fﬁdh'%ﬂﬂ%ﬁgﬁ%&ﬂ&%‘(ﬁéﬁ W4 may be

rootlets befdre 12 days from the “start of gefmination, and in so

appiRBtidecSanardly thdm Brafersdianmie, remase festetsdefore d2 days from the
starD6F gunioion!taARaR EdmBarissiRdy Useiidienpmane f&oéaamﬁfé‘?t%o@ésys from
n tips a}i?d shoots and shoot tips, in certain embodiments other grain organ
© ﬁ%}l SR examples of which 10 include grain husk and
associated layers. Generally speaking, roots, shoots or the like need only

AlthB8die RV eE-BR98HCM S dinfaniReisie, %a@ewamg@mghsw T4 shoot

. production beyond that observed in' unwounded grain. In certain
s eifh F5HRAE AISPIYIRAAT HRGF WELR AP S FARY iBR BV adpesmennes of which
inclubeigys lagkloairbasstariaegueperéhat all grains are wounded at least

once, 15 for example by removal of a root, shoot or the like once from

each grain, This may be. usefu:*garticularly as at any one time that a

CengiibmenfakingpiRRISnabantyeiiaeie marsd eslchedemovashenaagdest a grain

“for fievelapmenta asgRanEIiBRT i CeRtaimeNediibrsns Bd§oAdvVaa S ved In'

tor é)ve moie thap one r%ot .shoot or tthe like fro rain
ed grain. In certain embodiments, a

repeatedly. This has advantages for ensuring that all grains are wounded at least once, -

a s
reatment {(r)]r w%undmg a grain is applied-

- for example by removal of a root, shoot or the like once from each grain. This may be-
‘useful particularly as at any one time that a treatment is applied, not all grains may have

reached the same stage of development of organ. Further in certain embodiments it is:
advantageous to remove more than one root, shoot or the like from a grain.

it will be understood that it is not necessary to re-injure a repaired grain. Further, it is not
necessary that an injured grain undergo complete repair.

An example of an apparatus for applying a wound is shown in US patent no. 3174909,
Generally, an apparatus may be comprised of a drum for holding grains, the drum
having an internal baffle, in use, for agitating grains contained in the drum when the
drum is rolled, and a roller for rolling the drum.

Thusg in certain embodiments there is provided a process for increasing the amount of a
hydrolytic enzyme in a grain including:

-allowing a rootlet to grow from a grain;
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It will be understood that it is not necessary to re-injure a repaired grain.

Further, it is not 20 necessary that an injured grain undergo complete

repair. An example of an apparatus for applying a wound is shown in US

patent no. 3174909. Generally, an apparatus may be comprised of a

svoreoéaiermshding grains, the drum having an internal baffle, iPOB@UB06/001242

agitating grains contained in the drum when the drum is rolled, and a

roller for rolling the drum. 25 Thus in d&rtain embodiments there is

provided a process for increasing the amount of a hydrolytic enzyme in a
-TenSEiRdIsEEBaet AtPMInG grapetiesdo grow from a grain; WO 2007/022598

PCT/AU2006/001242 6 -removing the rootlet from the grain; and

-allowing a further rootlet to grow from the grain, to increase the amount of
-allvingi eofpibesnootes in argraiicdhainmiontis ipermassie csgnisddhe dydrolytic
enzhREesa gharacterised by one or more of 5 hydration of tissue leading to

modulation of volume of a grain, modulation of enzyme activity, change in

endosperm structure and composition and modulation of embryo activity.
Germypidinity ishgegeiily toesdittisechdisionpfocasiighanaciejsedhizy apptieor more of
nya ARG 1BEHRd R0 ARER 8RB S LA RABGRA Ut enzyme

application of injury are about 10 to germinate, or grains that are in an
actiitivehsiage dr PRGN Stiretiihabd fRmesssivor andrinesWaling of embryo
acﬁﬂ}?:[ have completed germination at the time of application of injury. in

certain embodiments, the grains are in an active state of germination at

the time of application of injury and remain in that state during repair and
Typinai¥etheeataingrie vijah candiinnsciosiinitepgnd repair are applied are grains that
are undergoing germination i.e. grains that at the time of application of injury are about

to germinate, or grains that are in an active state of germination at the time of

_application of injury, or grains that have completed germination at the time of application

of injury.

_In certain embodiments, the grains are in an active state of gei‘mination at the time of
‘application of injury and remain in that state during repair and subsequent further injury

and repair steps.

Typically, the grains have a moisture content of about 40% or less at the time that the
injury and repair processes occur. The moisture content is a proportion of dry weight
over hydrated weight. A moisture content of about 30-35% as a proportion of dry weight
is particularly useful in certain embodiments.

Generally the moisture content is more than about 10%, more than about 15%, about
20%, about 25%, about 30% to 35% and generally should not exceed 40%.

In certain embodiments, the moisture content is more than about 25% after steeping
and about 30% to 35% post an extended germination period and should not exceed
40% at any fime.
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Typically, the grains have a moisture content of about 40% or less at the
time that the injury and repair processes occur. The moisture content is a
proportion of dry weight over hydrated weight. A moisture content of

about 30-35% as a proportion of dry weight is particularly useful in certain
wmhodimests. 20 Generally the moisture content is more tharcabourote9e 242
more than about 15%, about 20%, about 25%, about 30% to 35% and
generally should not exceed 40%. In Zertain embodiments, the moisture
content is more than about 25% after steeping and about 30% to 35%

The 82820 RIRAGELORIEANRA indinad shaud mabaxeesdiftd ah aippropriate
time. WO 2007/022598 PCTIAU2006/001242 7 The desired moisture

aquegitentiay- Jo@ srliicn BRSEBRIY B GHShLtRAYIpRRRIher compounds
suchRadegusR|iemolére, selidiomsengibbisnpiy keivaternioniionmidicligdeh as SOy)

other compounds such as growth promoters, s ibberillic acid, anti- .
eSPaRR BRI LS SOST SELEERH PR R ASIN U B e grain
and saieb #eMH4OH alkalis to soften the grain 5 and raise the pH. The steep

may consist of a single steeping step, or it may consist of multiple

steeping steps, each step characterised according to the cond'tionﬁ_ .
The slese B F LA e BHOIR G SRR RISPrR: LY SRONSheauile steeping
stepgoBdiilpBiein shichgraiodsdaydraing to khesdbaditiehsuiptlitel Horiegasapte steep.

For SEU A SR R R BRI 5l ARGl an
abotat(RbirF ehexXasiplece graihimey| beomydratethénmeandnibakarainaxeisdere of ~10%
to atblk 96%%%1%%%’&%&% s0HRLe FRagtioBoNith TOy £l 8BHACE2-24 hours in

roteins or}g ucans. A second steep step mightinclude adjusting

the AFdrsiRGSR-of it SRAIPD BBYUNSH-BevemeNaH P Bl REN HALiRdaeznd avoid
any RbngRded @atititheviaie S0saf udbeppreibiveridicoheidmndypedeapd steep step

- migRSE SRS TR A IR A0S 20U SIRERRS Rt at am

increased pH up to 8.0, in the presence of 5-20ppm gibberillic acid and perhaps some
minor heating to 40°C in the last hour for a total steeping time of 12-24 hours.

In certain embodiments, the grain is steeped for about 5 days, aithough it may be
steeped for fewer days, for example, 1, 2, 3 or 4 days. Further, there may be benefit in
steeping the grain for longer than 5 days. However, in these circumstances it becomes
more difficult to control fungal contamination during the steeping process.

Further, a grain may be subjected to injury and/or repair prior to steeping, during
steeping, or after steeping (i.e. at *steep out”).

it will be understood that in certain embodirﬁents conventional steeping steps may not

be required,

Where one or more steeping steps are impieménted, the grain may be injured and
permitted to repair for a period of up to 12 days after the completion of the steeping
steps, although injury and repair may occur across a greater time. The length of time is
dependent in part on the enzymes that are increased in the grain. Times that are
suitable to specific grains are discussed further herein, [n certain embodiments, the
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In certain embodiments, the grain is steeped for about 5 days, although it
may be steeped for fewer days, for example, 1, 2, 3 or 4 days. Further,
there may be benefit in steeping the grain for longer than 5 days.

However, in these circumstances it becomes more difficult to control
Wmgal7aaeggnination during the steeping process. 20 FurthePca/gizienernayz42
be subjected to injury and/or repair prior to steeping, during steeping, or
after steeping (i.e. at "steep out’). It will be understood that in certain
embodiments conventional steeping steps may not be required. Where

i / SlEERiNGeel ep A MR HRS AReRIBYRAYIPEIRINIEEd, about 5
gralngﬁgrﬁgé@?&%mt edtore airﬂ%yr %geriod of ﬁ%ﬁo 12 days afte[[ the g oy

dayscaftepisiran otk SERRiEd SEARCHHOLAAYR B LRt PRI FhagrdRigipd. During
thes@GPRS Atesegistimey Thetieagid witinegrowiipprsiantsn yach ek thibberillic acid

enzymes that are jncreased in the grain. Times that a itable to
and il a%?ﬁ?e{%@cﬁég‘é@% Hre% Wertbeei P rﬁsggﬁ%ﬁ@ﬁodiments, the
WO 2007/022598 PCT/AU2006/001242 8 grain is injured and permitted
In cdQRRFHARRHERE NS CHRIiftPRING domeonBletadasewiRintiRES@diAFation of the
_ steeping is completed or about 10 days after steeping, is completed.
arains RGO ARSPITACY SFETURAP Iy B8 AR AR ST Sl S MBS BroRRR A Adfyocess
by wiicileherdiicisicide agstiraintandstalce setham b ohyidtatesinhe advantage of
._..presence of light. 5 In certain e dim t Iti r
it TR A o e o o Era Bt e kel brretatea
to wRespiratiolrisagenbeaibe Lerhsersetad disestawilaplghisieanetgywound repair,

hen{g IeaseiraminrAlecrlessYchiRaGarBPBY Hrifsly N8BV R08 Yrain. Another

Imiting réspiration Is to minimise the extent of blochemlcangoces_se_s that

[ | h
advasiagmie|Relmib e iedustian ahiplarlesoAseoiRiataviif EesRisloe such as
sugAEUBY OOl 189 aike WG GRISANHIG Ho i greats o curtiraliathica microbes

hydrolytic enzyme, in a grain. Another advantage is to limit the production
Smfb%?rfﬁréﬂﬂ@azgi%ﬁlé?ated with respiration, such as

One way of minimising respiration is to control the moisture content of the grains
undergoing germination and/or steeping. This can be achieved by controlling the

- relative humidity of the environment during germination and/or steeping, i.e. by

controlling the temperature and moisture content of the environment. Generally it is
preferable to provide conditions for minimising respiration which prevent starch granules-
in the grain from bursting. In one embodiment the relative humidity is about 80% and
the temperature is less than about 20°C, preferably about 10 to 15°C.

In certain embodiments, the grain may be treated {o eliminate microbes located on the
surface of the grain. This may be useful for at least limiting contamination of the grain as
the grain is undergoing germination. Particularly useful treatments are those that kill
fungi, or fungal spores that would otherwise enable fungi to grow on grain during grain
germination. Examples include washing in an anti-microbial, gassing in 8O or
ammonia, treatment with urea, irradiation, especially UV irradiation, exposure to light.

An additional or alternative approach is to prevent root or shoot development from
penetrating through the grain husk. In some circumstances, penetration of the husk by
these organs provides opportunity for micro-organisms to infect the endosperm.
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sugars and C02 and the like which would support growth of contaminating
microbes such as fungi and the like. One way of minimising respiration is

to control the moisture content of the grains 15 undergoing germination
and/or steeping. This can be achieved by controlling the relative humidity
wfahmeoenyisoament during germination and/or steeping, i.e. bycantduotiing 1242
the temperature and moisture content of the environment. Generally it is
preferable to provide conditions for mBimising respiration which prevent
starch granules in the grain from bursting. In one embodiment the relative

it wivBidindealost 30% Atha0 dhadroeprsatyrnisisn banhaRash@%r particular
e

referably about 10 to 15C, In certain embodiments, the grain may b

hyd't%@&%ﬁ 1 BIigfFHAEaRiERBREFIBEGEY SRPHE NG FiRePHIaROgrilionFhiEXamples of

modifiextions dedt bier reldeast iptinicclmntiydioaiian ot @aRas fiha&rpdtein,
is undergoing germination. Particularly useful treatments are those that Kill

fungi, or fungal spores that would otherwise enable fungi to grow on grain

OneqpaiisYpiir P tags itbe. RRarFRlSrERses Wamimdpithat the grains obtained

theréfSnmiielial cOBRSIR I F0dHr é&ﬁ@ﬁ&ﬁ(%ﬁﬂ@ﬁiﬁ%%‘ﬂﬁﬁas for example to

Jrradiation, especially UV irradiation, exposure to light. An additional or
purlgg aﬁl esp 2 gJ € g

IR R)E”E&p%ﬁé#i‘é%ﬁ?%%mo@? P SBbEdEDE BRRRIE bR grains obtained
frormpteepritegshiizogbsie iyssiinhueidl bsenlgatited msthBosR eeRaliediessell in US

patemﬁ-lgy%é)éﬁ équ gfwgi%r@vides opportunity for micro-organisms to
In

&ct the endosparm. 07822598 PCT/AU2006/001242 9 It will be
understood that further enhancements in relative abundance of particular
The hydidesedisougedimenninoi Qhuaicathby medifying sieieRiRthgonditiensession of
rainE%am_g‘Iaeg of rgogifiiac!?ti&ns tﬁg}:}g{e el%/ant tﬁ,{parti%tfjllgrg d%olas s are |
G PRI B Rardin, OReSSE R SRS TRsS 8%@8 osperm ayers,
and dgigtuysedranies tizrthongainchidaiirait dettdnaisemocand@ arhigated 1-6-p-

A E R T e S R

obtained

‘o and B amylase may be obtained in enhanced amounts by a 2 day steep and 3 days

germination.

* Limit dextrinase may be obtained in enhanced amounts by a 2 day steep and 7-8 days

germination.

Xylanase may be obtained in enhanced amounts by a 2 day steep and 10-12 days
germination. |

Example

Grains were steeped as described for 2 days and were then incubated for a further 10
to 15 days in conditions including:

UV ilflumination to retard microbial growth;

controlled temperature between about 7 and 13°C, normally about 10°C;



from the process discussed herein could be subjected to the process
discussed in US patent no. 4355110 to purify pullulenase. The process
discussed herein is particularly useful for enhancing the expression of 10
grain hydrolases, especially those located in the aleurone and starch
walospemsdayers, and embryo. Examples of enzymes inclugetmitzoos/o01242
dextrinase, a and p amylase, 1-6-p- glucanase, p 1,4-xylanase,
arabinoxylanase, lipoxygenase and pflucosidase a and p amylase may
be obtained in enhanced amounts by a 2 day steep and 3 days
contBsEinalaRe Hu By AR S0MAR RS BR O RiRiR g IAAGeH amounts
by a 2 day steep and 7-8 days germination. Xylanase may be obtained in
enhanced amounts by a 2 day steep and 10-12 days germination.
perigeie ivpnbling Graiismivutenedpd tospfevenbedotint? siayshootsvirertipametrating
the dRsHORIER, B4 ehHIMAInDdActPrelftkada B0nAARaRCLI gL &V
illumination to retard microbial growth; controlled temperature between
about 7 and 13C, normally about 10C; WO 2009/022599
PCT/AU2006/001242 10 controlled relative humidity at 80% with passive
recirculating air flow; periodic tumbling for 30 minute periods to prevent
rootlets and shoots from penetrating the grain husk, each tumbling period
followed by a 3 hour rest period. MCSLLP 11 CLAIMS 1. A process for
increasing the amount of an enzyme in a grain including germinating a



10

15

20

grain in conditions in which a selected organ or tissue of the grain is
wounded, wherein the selected organ or tissue is a rootlet or part thereof,
or a shoot. 5 2. A process according to claim 1 wherein the grain is
germinated in conditions in which a physical treatment is applied to the
grain to wound the grain. 3. A process according to claim 2 wherein the
physical treatment is applied to the grain by tumbling, agitating or MCSLLP
compressing the grain. 4. A process according to claim 1 wherein the
grain is germinated in conditions in 10 which a chemical or heat treatment
is applied to the grain to wound the grain. 5. A process according to claim
1 wherein the selected organ or tiggugjig< rootlet of the grain. 6. A
process according to claim 1 wherein the grain is germinated in conditions
in which a physical treatment is applied to the grain to partially or
1. A pasopkaidty inonexsing eracitetfroficthegraine Tn A pracessactogdiegtinating a

. Claim G\ﬁhereint e onditi%}?eprovide for growth P{hfor re- growth o&ad herei
grain SuHEPBISER IS 1T (R GIA B! & S8 ac?o%f‘i‘h'g'?o"‘é?éﬁrﬂn ¢, wherein
the selsetethdhgaseate dtexlionganrootlissoepsra thieoetfroma gregrain. 20 9. A

process according to claim 1 wherein the grain has a moisture content of
about 40% or less. MCSLLP 12 10. A process according to claim 1
2. AifeRrsiay actepitisiecpirigtie Wharein drcaglribus gsimipatsronteonditions in

whicHS TR HREERRI: i L IRP IS BSAGEAID ML AR Ghaherein the

grain is steeped to provide the grain with a moisture content of about 40%
or less. 5 12. A process according to claim 10 wherein the aqueous

3. A podidiies matuagia@teddim 2 wherein the physical treatment is applied to the grain

by tumbling, agitating or compressing the grain.

4. A process according to claim 1 wherein the grain is germinated in conditions in

which a chemical or heat treatment is applied to the grain to wound the grain.

5. A process according to claim 1 wherein the selected organ or tissue is a rootiet of

the grain.

6. A process according to claim 1 wherein the grain is germinated in conditions in
which a physical treatment is applied to the grain to partially or completely remove a

rootlet from the grain.

7. A process according to claim 6 wherein the conditions provide for growth or for re-

growth of a roctlet or part thereof from the grain.

8. A process according fo claim 1 wherein the selected organ or tissue is a shoot from

the grain.

9. A process according to claim 1 wherein the grain has a moisture content of about

40% or less.
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more compounds selected from the group consisting of a growth

promoter, an antimicrobial or an alkali. 13. A process according to claim

10 wherein the grain is steeped in more than one aqueous solution. 10

14. A process according to claim 13 wherein the grain is initially steeped

in an aqueous solution including 50ppm SO2 to increase the moisture

content of the grain to about 20%. 15. A process according to claim 14 MCSLLP
wherein the grain is further steeped in an aqueous solution including 5 to

20 ppm gibberillic acid and having a p# of about 8.0 to increase 15 the
moisture content of the grain to about 40%. 16. A process according to

10. K188 NG SERIRS SIRARGAJY SRR RAYSY tRSErdif-ifan aqueous
process according to claim 1 wherein the grain is germinated in conditions

solutign phiehtthaerairatingd0adEdMor about 10 days or less. 20 18. A process
according to claim 1 wherein the selected organ or tissue is a rootlet or

11. R %rrtotgeeég gcacggd?naqgoctﬂaim 10 wherein the grain is steeped to provide the grain

with a moisture content of about 40% or less.

12. A process according fo claim 10 wherein the aqueous solution includes one or
more compounds selected from the group consisting of a growth promoter, an

antimicrobial or an alkali.

13. A process according to claim 10 wherein the grain is steeped in more than one

aqueous solution.

14. A process according to claim 13 wherein the grain is initially steeped in an aqueous
solution including 50ppm SO2 to increase the moisture content of the grain to about
20%.

15. A process according to claim 14 wherein the grain is further steeped in an aqueous
solution including 5 to 20 ppm gibberillic acid and having a pH of about 8.0 to increase

the moisture content of the grain to about 40%.

16. A process according to claim 10 wherein the grain is steeped for about 5 days or

less.

17. A process according to claim 1 wherein the grain is germinated in conditions in

which the grain is wounded for about 10 days or less.

18. A process according to claim 1 wherein the selected organ or tissue is a rootlet or

part thereof and a shoot.





