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Three lots of commercial 
pasteurized citrus juices Lot 1 Lot 2 Lot 3

pH 3.90 (0.03)

Titratable acidity TA (g‧kg-1) 6.8 (0.2) 7.0 (1.0) 6.8 (0.1)

Total dry matter TDM (g‧kg-1) 118 (2) 118 (2) 112 (3)

Total soluble solids TSS (g‧kg-1) 117 (4) 117 (4) 116 (1)

Suspended insol. solids SIS (g‧kg-1) 4 2 2
Carotenoids
(mg‧kg-1)

β-cryptoxanthin 6.1 (0.1) 6.1 (0.1) 3.6 (0.2)

β-carotene 0.9 (0.1) 1.1 (0.1) 0.5 (1)

Flavonoids
(mg‧kg-1)

hesperidin 877 (19) 704 (3) 655 (3)

narirutin 79 (7) 73 (2) 214 (2)

pH, TA TDM, TSS, SIS Color Carotenoids Flavonoids

pHmeter
Tritoline
Schott

0.1 N NaOH
pH 8.3

TDM: Vacuum
drying 70°C
TSS: Refractom. 
Pal3 Pocket Atago
SIS: 3000g 
centrif., vacuum
drying 70°C

Chrom.
CR-400 
Konica 
Minolta
CIE Lab

Saponification
Hexane extraction 

HPLC Agilent
1100 

DAD 450 nm
C30 YMC

Gradient water/ 
methanol/MTBE 

Extraction 
HPLC Agilent 1200 

DAD 280 nm
C18 YMC
Isocratic 

water/CH3CN/
tetrahydrofuran/

acetic acid

Content
(mg‧kg-1)

β-cryptoxanthin β-carotene Hesperidin Narirutin

Raw
concentrate

39 (4) 6.0 (0.9) 4065 (64) 233 (60)

Pasteurized
concentrate

35 (7) 5.2 (1.3) 4145 (134) 241 (69)

ü concentration ratio of 7 for carotenoids and 6 for hesperidin. Consistent but 
lower than MRR Þ losses probably through oxidations

ü narirutine not completely retained by the membrane (retention < 50%)
in spite of a very similar molecular structure compared to hesperidin

ü no significant effect of pasteurization on the concentrate composition

pH 
Titratable

acidity
(g‧kg-1)

Total dry 
matter 
(g‧kg-1)

Total soluble 
solids
(g‧kg-1)

Suspended insol. 
solids
(g‧‧kg-1)

Raw
concentrate

3.80 (0.04) 7.6 (0.2) 135 (3) 138 (1) 24.5 (0.2)

Pasteurized
concentrate

3.80 (0.02) 7.4 (0.2) 134 (4) 130 (1) 25.5 (0.2)

ü no significant difference between the 3 different lots

ü soluble fraction not modified by the process

ü total dry matter increased, suspended insoluble solids multiplied by 8

Citrus fruit juices are important sources of bioactive compounds such as provitamin A
carotenoids (β-cryptoxanthin, β-carotene), and flavonoids (hesperidin, narirutin) that
contribute along with vitamins, minerals and fibers to their beneficial health effects.
Crossflow microfiltration is a non-thermal and low energy consuming process increasingly
used for insoluble solid concentration in liquid foods. As previously demonstrated at
laboratory scale (membrane area 1.5‧10-2 cm²), an optimized CMF process has allowed to
obtain with satisfactory performances nutrient-dense foods, up to 8-10 folds enriched in
carotenoids and flavonoids, from citrus juices without increasing sugar content.

The aim of this study was to evaluate and validate at semi-industrial scale an integrated
process including enzymatic liquefaction (pectinolytic enzymes), in order to improve the
filterability of the product, crossflow microfiltration with continuous retentate extraction
(area 0.2 m²), and a final step of stabilization by pasteurization. The interest of the
combination of these 3 successive unit operations was appreciated through the
nutritional quality of the final citrus concentrate, focusing on carotenoid and phenolic
compound contents.

Raw materials

Analysis methods

Enzymatic 
treatment                         

50 ppm 
Pectinex 30 min

30-35°C

Pasteurization
84°C / 20 min

120 < P70°C < 220 min

Crossflow 
microfiltration

Ceramic tubular membrane 
0.2 μm, 0.2 m2, 2.25 bar

5 m‧s-1, 30-35°C
MRR = 8, continuous mode

Retentate
raw concentrate

Permeate
clarified juice

Stabilized concentrate

Citrus juice

Feeding
tank

Feeding pump Circulation pump

Heat
exchangerMembrane & housing

Process & microfiltration device

Concentrate quality

1 QualiSud, Univ. Montpellier, Cirad, Institut Agro, Univ. Avignon, Univ. La Réunion, Montpellier, France
2 CIRAD, UMR QualiSud, F-34398 Montpellier, France

Before considering industrial transfer
ü Improve the process to reduce phytomicronutrient losses
ü Assess production costs

Process performance

Awa Ba Sow1, Adrien Servent1,2, 
Claudie Dhuique-Mayer1,2, Manuel Dornier1

ü The process allowed to obtain a product enriched 8 fold in 
carotenoids and hesperidin at semi-industrial scale

ü The results are consistent with those obtained at laboratory scale

ü The industrial feasibility of the process is clearly demonstrated
ü Preliminary tests have shown that the product has a shelf-life of 

at least 11 months at room temperature

Conclusions

The authors thank EURABIOTECH (70, rue du Dr Yersin, Parc Eurasanté Ouest, 59120 Loos, France) for financial support of this study

contact: manuel.dornier@institut-agro.fr

ü stable and repeatable flux Þ process robustness
ü Jp = 70 kg‧h-1‧m-2 Þ compatible with industrial-scale implementation of 

the process

ü results in accordance with those obtained at laboratory scale

semi-industrial & continuous

Semi-industrial scaling up of a membrane process 
to obtain a nutrient-dense citrus concentrate



<<
  /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


