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& Inordertoexploreahigh-efficientmethodtopromotetheenzymatichydrolysisof
>?)@(AB(?9< @=(?C// withmulti-modeultrasound,thedual-frequencyprobeultrasoundand
tri-frequencydivergentultrasoundwereusedtopretreat>?)@(AB(?9< @=(?C// inthisstudy,andthe
promotioneffectsofmulti-modeultrasonicpretreatmentontheenzymatichydrolysisof!>?)@(AB(?9<
@=(?C// werecomparativelyinvestigated.Throughthesinglefactorexperiments,theoptimal
frequencymodeofthedual-frequencyprobeultrasonicequipmentwasfoundtobe20/28kHzinthe
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sequentialmode,whilethatofthethree-frequencydivergentultrasonicequipmentwas20/40kHzin
thesequentialmode.Onthisbasis,theresponsesurfaceexperimentwiththreefactorsandthreelevels
wascarriedouttooptimizetheultrasonicpretreatmentconditionsandtoestablishacorresponding
regressionequation.Theoptimizationexperimentwasconductedtoobtainthebestultrasonic
pretreatmentconditions.Theoptimalpretreatmentconditionsofthedual-frequencyprobeultrasonic
equipmentweredetermined,includingtheuseof250W ultrasonicpower,treatmenttimeof10
minutes,andtemperatureof35!.Asaresult,thedegreeofhydrolysisof!"#$%&'(")* $+,"-..

reached38.98%.Similarly,thetri-frequencyultrasonicequipmentachievedanoptimalhydrolysis
rateof46.12%undertheoptimalconditionsof250W ultrasonicpower,40minutesduration,and
40".Theexperimentalresultsshowedthatmulti-modeultrasoundcouldeffectivelyimprovethe
enzymatichydrolysiseffectof!/"0$%&1%")* $+%"-..2
!"#$%&'() /"0$%&1%")* $+%"-..,multi-modeultrasound,degreeofhydrolysis,responsesurfacetest
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