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OBJECTIVESAND EXPERIMENTSCONDUCTED,BY LOCATION, TO
ACCOMPLISHOBJECTIVES:

Objective |. Sdection of proteasesand hydrolyzing parameters

Californiariceswaxy grain- Calmochi101 andmediumwasusedasthe sourceof rice
for starchandpeptideproduction. Different proteaseenzymesvereevaluatedor their
ability to purify starchfrom milledrice. Degreeof proteinhydrolysis(DH) wastested.

Objective Il. Rice Starch Characterization
Particlesizeandpastingpropertiegpropertiesof CaliforniaM202 rice starchisolatedby
proteasealigestionwerecomparedstarchepreparedvith otherchemicalmethods.

Objective lll. Characterization of Bio-active Peptides
Thebio-activepropertiesof the peptidesvereevaluated.



SUMMARY OF 2005RESEARCH(majoraccomplishmentsBY OBJECTIVE:
Objective |. Selectionof proteasesand hydrolyzing parameters

Different protaseenzymesverestudiedfor their ability to removeproteinfrom the starch
in rice. M202 wasusedfor testingof thevariousenzymes.Thefollowing enzymes
which arecommerciallyavailableweretested. Alcalase NeutrasePraamex
Flavourzymdg NovoNordisk Denmark),AS1398,FungalproteaseGC710( Genencor
International PaltoAlto, CA, USA), andProteaseNAmano,Japai).

Proteasdreatmentvascarriedout at the optimalenzymereactionconditionfor each
proteasepH wascontrolledduringthetreatment Thefollowing conditionswereused
for eachenzyme:

Tablel: Proteasdreatmentonditionfor eachprotease
Proteaseactivity Usagdevel

proteas pH TemperaturéC)  (U/mL or U/g) (U/mL or U/g)
Acalase 8.5 50 880 35000
Protamex 7.5 40 15000 35000
Neutras 7.5 40 12000 35000
11000 35000
Flavourzyme 7 50
1110000 35000
ProteaseN 7 50
10000 35000
Fungalprotease 7 40
GC710 7 50 15000 35000
AS.1.398 7.2 50 120000 35000

Thedegreeof proteinhydrolysis(DH) of rice proteinwascalculatedoy the pH-stat
method

DH=BxNpx( 1/a) x( 1/MP) x( 1/hoy) %100

Where,

B =theNaOHconsumption(ml)

Np = NaOHconcentratior(normality)
a=10d PHPR) J( 1+10 PHPR)Y,

MP = total amountof rice protein

ot = mmol Amino acid/g protein( 8.13mmol/gprotein



TheProteaseMdnzymewasfoundto bethe mosteffectiveenzymen termsof producing
arapiddegreeof hydrolysis,Figurel. However,Protease\ isin apurified form andis
expensive.Theotherenzymesisedwerein acommerciafform, i.e. lessexpensive.

Fromthese Alcalasewasthe mostefficient.

30 r
25
20 —
I —,—
()]
15
-~ —
_
10 + e —**
e — —o—
L . e e
5 Ve ——
0
0 30 60 90 120
time£ "' min£c

Figure 1. Hydrolysis profiles of rice protein during proteasetreatment

Fromthe standpoinbf residueproteinleft in the starch Alcalasewasfoundto bethe

mosteffectivewith the proceduraused,Table2.

Table2: Proteirf contentof theisolatedrice starch
Protein contentof the

protease starch(%)
Alcalase 0.84
Protamex 3.2
Neutrase 3.51
Flavourzyme 3.26
ProteaséN 1.1
FungalProtease 2.28
GC710 1.18
AS.1.398 2.4

4The proteincontentof the M202 rice usedwas6.24%.



ThusAlcalase& ProeaseNwerealsofoundto beweremoreeffectivefor rice protein
removalfrom the standpoinbf residueprotein. The possibility of a synergisticeffect
with a combinationof two enzymesvasalsoinvestigaed. Combinatiors of Alcalaseand
ProteaseNverechosersincethesetwo enzymesverethe mosteffectivein their action
alone. Different startingpH’s werealsoused.

Table3: Thevariouslevelsof thetwo enzymesndstartingpH’s used.

Factor Level
1 2 3
A. StartingpH 10.5 10 9.5
B. Alcalaseusagdevel (mL) 0.2 0.15 0.1

C. ProteaseNisagdevel(g) 0.06 0.05 0.04

Therewasno significantgainin proteinremovalwith anyof the othercombinationof
thetwo enzymesr with differentstating pH’s, Table4.

Table4: Theeffectof differentmixturesof AlcalaseandProteaseNvith variousstarting
pH’s

Final protein

conten{%)
1.09
1.36
1.03
0.83
0.96
0.89
0.75
1.03
0.98

* Alcalasewasaddedat thedesignatedtartingpH, whenthe pH of the system
decreasetb 7.2, ProteaseNvasaddedtotal reactiontime was4 hr for all cases.
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Thusit appearghatthe useof Alcalasealoneis the bestchoicefor proteinremovalfrom
milled rice. With the choiceof Alcalaseits optimizationwasinvestigatechext. Thefirst
parametewasthestartingpH. Two pH’s werechosen,11and10.5. Reactiontimesof 4
hourswereusedwith alevel of 0.4 mL of addedAlcalase Forthestartig pH's of 11
and10.5,thefinal proteincontentwasfoundto be 0.69%and0.61%,respectively.
Although,a startingpH of 11.0producecdaslightlower residueproteincontentthe
differencein proteinbetweerpH’s of 11 and10.5werenot significant.



Thenextparametenf interestthatwasinvestigatedvasthelevel of Alcalaseadded.
FourdifferentlevelswereusedTable5. With greatellevelsof addedAlcalasetherewas
observedh decreasén theresidueprotein;however the proteindifferentbeweenthetwo
extremeevelsof addedenzymewerenot significant. Thusthelower level of Alcalase
couldbeused.

Table5: Theeffectof Alcalaseusagdevel of proteinremovalfrom rice

Usagdevel of Alcalase Usagedevel of Alcalase  Proteinconten¢%o)

(mL/30grice) (U/mL)
0.1 8800 0.62
0.2 17600 0.62
0.3 26400 0.61
0.4 35000 0.57

Theeffectof differentreactiontimeswasnextinvestigatedTable6. Therewasan
expectedesultshowinganincreasen the degreeof proteinremovalwith reactiontime.
Thedifferencewasfoundto besignificantbetweerthereactiongimesof 2 and4 hr but
notdifferentbetweernd and6 hr.

Table6: Theeffectof reactiontime on proteinremovalfrom rice
(Alcalaseusagdevel 0.1 mL/30grice)

Reactiontime Proteinconent
(hour) (%)
2 0.85
4 0.62
6 0.60

An additionalaid to the processvastested. This wasthe additionof theenzyme
Cellulase(NovoNordisk)beforethe additionof Alcalase. Variouslevelsof Cellulase
wasaddedto removecell wall material,which mayhaveretardedthe actionof Alcalase
ontherice proteins. Cellulasewasaddedbeforeproteasdreatmentfor 2 hr; the starting
pH of therice dispersionwasadjustedo 5. After this treatmen.1 mL Alcalasewas
addedwith a startingpH of 10.5 thereactiontime was2 hr for this treatmentvas Table
7. A significantgainin proteinremovalwasfoundwith a pretreatmenof milled rice
with levelsof Cellulaseequalto or greaterthan0.4 mL

Table7: Theeffectof apretreatmenbf rice with Cellulaseat differentlevelsbeforethe
treatmenwith Alcalasefor proteinremovalfrom milled rice.

Cellulase 0.1 0.2 0.3 0.4 0.6 0.8
levell mL/30grice)

Final Protein 0.84 0.82 0.70 0.48 0.52 0.47
content(%)

Objective Il. Rice Starch Characterization



The pastingpropertiesf rice starchpreparedvith Alcalase, SodiumHydroxide,SDS(a
detergent)andrice flour werecomparedTable8. The pastingbehaviorof therice starch
preparedvith Alcalasewasfoundto besimilarto therice flour. This suggestshatthe
enzymatiaemovalof proteinfrom therice flour doesnot affectthe propertiesof the
starch. This treatmenteavesthe starchgranulesn their nativestate. The chemical
separatiorof starchfrom theflour with eitherNaOHor SDSdoesshowsomechangsin
their pastingproperties.

Table8: Thepastingpropertiesof rice starchcomparedy differentmethods.

Treatment| Temperature |Temperature| Peak Final
atinitial point| at peak Viscosity | Viscosity
of pasting viscosity (Pa.s) |after cooling
(°C) (°C) to 50°C
(Pa.s)
Flour 70.1 95.5 0.49 0.52
Starch 68.7 95.2 0.49 0.5]
Enzyme
Starch
NaOH 68.1 93.9 0.51 0.76
Starch
2 g
SDS 67.4 87.2 0.49 0.66

Microscopicexaminatiorof therice flours with scanningelectrodemicroscopyFigure2,
showedhat the starchgranulegpreparedvith Alcalaseappearedo belessaffectedby
the separatiorprocess.This would alsosuggesthatthesestarchgranulesaremorelike
the nativestarchgranulesn themilled rice.

Thustheseexperimentalesultssuggesthatthe enzymatiqreparedice starchleavethe
starchgranulegnoreintactthanthetwo chemicalprocesses.



Figure 2: Scanningelectrode micrographs of rice starch granulesprepared by
different methods.a: treatment with Alcalase,b: treatment with NaOH, and c:
treatment with SDS.

Objective lll. Characterization of Bio-active Peptides

In orderto testfor the potentialof healtheffectsof peptidesvhichwereproducedorm
thehydolysisof rice proteinsduringthe purificationof rice starch,two testswere
conducted.Thefirst wasrelatedto blood pressurdowering effectsof peptidesandthe
secondvasrelatedto the cholesteroloweringeffects.

AngiotensinconvertingenzymeACE) is anenzymewhosephysiologicactionis related
to blood pressureandfluid balancen thebody. Theassayof its activity is animportant
measuref the potentialfor high blood pressure Agents,which caninhibit its activity
may havethe potentialfor blood pressurdowering. Theinhibition of ACE activity by
therice peptidesvhich wereproductsfrom the preparatiorof rice starchwith Alcalse



wereevaluatedTable9. Soypeptides havebeenthe mostextensivelystudiedpeptidefor
ACE inhibition andcholesterolowering.Our resuls showedhatrice peptides obtained
with certainproteasdreatmentareeffectivein inhibiting ACE. Whencomparedo the
soypeptidestherice peptidegpreparedvith Alcalasewereeffectivebutlesssothat
peptidedrom soyproteinformedwith Alcalase. However,whenpreparedvith protease
Protex6L, theserice peptidesshowedremendousnhibition of ACE activity, whichwas
moreeffectivethansoypeptides in termsof ACE inhibition andcholesterolowering.

Table9: Theinhibition of ACE with peptides

% ACE inhibition

Rice Peptide from Alcalase

treatment 47.1
Rice peptide from Protex 6L
treatment 97.5
Soy peptide from Alcalase
treatment 58.2

The peptideconcentratiorwas0.1mg/mL

Dietary proteins have showedthe ability to influence serumchdesterollevel in many
studies. Many studieshave been carried out with soy and milk peptides. A current
hypothesigs that the hypocholesterolemipeptidesderivedfrom proteinslike soy might
exist and influence the serumcholesterollevel. Using this hypothesisthe cholesterol
lowering potential of rice peptideswere measuredand comparedo that of soy peptides,
Table10. Theseresultsshowvery goodpotentialfor a cholesterolowering effectof rice
peptidesascomparedo soypeptides.

Table10: Thepotentialfor thelower cholesteroby peptides.

cholesterolower
effect
(%)
Rice Peptide from Alcalase
treatment 82.6
Rice peptide from Protex 6L
treatment 85.0
Soy peptide from Alcalase
treatment 76.3

CONCISE GENERAL SUMMARY OF CURRENT YEAR'S RESULTS:

Theprojecthasidentifieda methodfor the productionof rice starchwith acommercial
enzymeAlcalase(NovoNordisR. Therice starchpowderpreparedn thiswayis avery
fine powderandlesscoarsethatotherstarchpowders. The averagesizeof therice starch
granuless 5.5 microns. This methodof preparatioralsominimizesdamageo the starch
granulesascomparedo othermethodsasedon chemicaltreatments.The peptideby-
productsfrom the enzymatigoreparatiorof rice stach havealsobeenshownto have
potentialfor healthyingredientdor foods. Thusthis processwhich separatestarch



from proteinin milled rice, hasprovidedsomedirectionsfor the marketingof thetwo
products. Finally, therice usedfor the procesouldbeolderor brokenrice grains.
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