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Context and objective
Jackfruit (Artocarpus heterophyllus Lam.) bulbs are a rich
source of bioactive compounds with important properties for
human nutrition. Therefore, non-thermal processing of fruits
is of interest to preserve their sensory, nutritional and
biological properties. Crossflow microfiltration (CFM) allows
microbial stabilization, clarification of liquids and recovery
of insoluble compounds. However, membrane fouling due
to the accumulation of matter on and in the membrane
reduces filtration performance. The application of low
frequency ultrasound (US) inducing cavitation effects at the
membrane surface in the filtration module (sono-
microfiltration) is a new way to reduce its fouling.

Results and discussion

Conclusion

Direct coupling of low frequency ultrasound to a crossflow 
microfiltration pilot plant for pulpy fruit juice clarification 

(Artocarpus heterophyllus Lam.)

The aim of this study was to evaluate the effect of a direct coupling of low frequency
ultrasound (20 kHz) to a crossflow microfiltration system on membrane fouling during the
clarification of a pulpy jackfruit juice. The effect on the product composition was also
evaluated through the content of phenolic compounds.

The initial Jp are all between 240 and 290 L·h·-1·m-2 (Figure 2) with a reduction observed in 
the first 12 min of the process, caused mainly by the blockage of pores due to the high 
turbidity and concentration of solids in the juice, quickly fouling the membrane. The CFM 
process without US showed the lowest Jp at 12 min, while the operating conditions of US2 
showed the highest Jp.

The evaluation of the effect of the CFM without US application on TSP showed a 3%
reduction (Figure 3). However, the US caused the degradation of the compounds in 
the clarified jackfruit juice (CJJ) between 0.6 and 22.2% compared to the initial 
jackfruit juice (JJ). Values were directly related to the USE generated in the juice 
probably due to sonolysis (Table I). Therefore, the best operating conditions to keep 
the TSP concentration stable were 0.2 min ON – 5 min OFF – A30.

Finally, the statistical analysis showed that to have a higher flux in a juice with high 
turbidity (> 11500 NTU), the following conditions must be met in the SCMF 
system: lower US amplitude, higher ON pulse, and higher OFF pulse.

Operating
conditions USE (kJ·L-1)

US1 5.17 (0.11)

US2 8.44 (0.07)

US3 0.87 (0.14)

US4 4.58 (1.1)

Figure 3. Total soluble phenols (TSP) in jackfruit juice 
treated by SCMF compared with the raw juice (JJ)

Table I. Ultrasonic energy USE generated 
during sono-crossflow-microfiltration

Low frequency ultrasound coupling to a crossflow microfiltration unit effectively
increased the permeate flux during the treatment of a highly pulpy jackfruit juice and
reduced the processing time to achieve the same concentration factor compared to a
conventional crossflow microfiltration unit. The evaluation of the operating conditions
showed that short US pulses had to be applied more frequently with low ultrasound
amplitude to obtain higher permeate flux and to preserve total soluble phenolics.
Further studies are required to evaluate the effect of the irradiation modes
(curative/preventive) correlated with the ultrasonic power applied in the process on the
filtration performance, as well as its effect on membrane damaging and preservation
of functional compounds in the juice by SCFM.

Figure 2. Effect of US application on Jp during SCFM of jackfruit juice

The CFM of a 20 L batch of jackfruit juice (JJ) required 100 min to achieve a VRF of 
1.85 with a Jp of 21 L·h-1·m-2 at the end, while the application of US showed a 
reduction of 50% (50 min), 47% (53 min), 35% (65 min) and 28% (72 min) of needed 
time for US2, US4, US3 and US1, respectively. The two best treatments for reaching 
a concentration factor of 1.85 were US4 and US2, which presented the highest Jp at 
the end (39 L·h·-1·m-2). So the sono-microfiltration system is effective in achieving 
higher juice production in less processing time. The use of US increased 81% in flux, 
in addition to reducing 50% of the processing time to reach VRF 1.85.

The impact of US on deposited particles is mainly governed by the power and the 
effective distance between the probe and the membrane surface. Of the 4 
phenomena that can explain the effect of US on permeate flux, acoustic streaming 
and radiation strength are the most likely, as they are known to be effective up to a 
distance of several centimeters from the sonotrode, whereas micro-jets and 
microstreaming that only act a few micrometres far from the ultrasonic probe, cannot 
reach, in the tested configuration, the membrane to reduce fouling.
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Figure 1. Sono-microfiltration pilot device

1. Feeding tank
2. Positive displacement pump
3. Centrifugal circulation pump
4. Flowmeter
5. Ultrasound probe
6. Filtration membrane
7. Permeate flow outlet
8. Heat exchangers
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Materials and methods
Jackfruit juice processing: pulping with 0.8 mm mesh size; 

enzymatic hydrolysis 1% (pectinase:cellulase 1:1)   formulation 
with pulp:water 1:2to reach a viscosity of 11 mPa·s

CFM device (Figure 1) and operating conditions: ÆÆpores = 0.2 µm, ceramic 
membrane (TiO2 - ZrO2), 23 channels, filtration area 0.17 m2 transmembrane 

pressure (TmP) 2.7 bar, temperature (T) < 35ºC, crossflow velocity (U) 
6 m·s-1, volume reduction factor (VRF) 1.85 Ultrasoud (US): 20 kHz, 700 W, 

25 mm diameter probe, 30 and 40% amplitude (A), ultrasound pulses with 
application of 0.2 and 1 min (ON) with frequency of application every 

1 and 5 min (OFF)

Evaluation of the sono-crossflow-microfiltration process (SCFM): permeate
flux (Jp), ultrasonic energy (USE) and total soluble phenols (TSP).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


