
Encapsulation is the technology of packing solid,
liquid or gaseous materials in miniature sealed 
capsules for releasing at controlled rates using
desired release triggers. The simplest microcapsule
consists of a core surrounded by a wall or barrier
[1]. One of the common techniques to produce
encapsulated products is spray drying, that involves
conversion of liquid oils and flavours in the form of
emulsions into dry powders, as an important 
application of microencapsulation in the food
industry [2]. The choice of a wall material for
microencapsulation by spray drying is very 

important for microcapsule stability [3]. The
microencapsulation of food ingredients is often
achieved by biopolymers of various sources, such
as natural gums, proteins, dextrins, waxes and their
blends [4,5]. In present study Inulin and β-
cyclodextrin was used as wall materials. Inulin is a
polysaccharide found in many vegetables. It is
composed of b-2-1 linked D-fructose molecules. A
feature of inulin is that it is difficult to hydrolyze
which qualifies Inulin as a matrix molecule for 
capsules that have to reach the colon and to survive
the upper part of the gastrointestinal tract. The
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The purpose of this study was to produce oil in water Nano-emulsion by ultrasonication, and
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Considering SEM photos,  β-cyclodextrin had smooth surface and spherical compared with Inulin
that emulsion size had profound influence on morphology of particles.
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microorganisms responsible for degradation of
Inulin are Bifidobacteria, which are abundantly
present in the human gut [6]. Inulin should receive
more attention for colon specific delivery of 
bioactive food components as it is cheap, has many
health benefits by itself and can be applied in com-
bination with almost all encapsulation techniques
[7].

Cyclodextrins (CDs) are a family of cyclic
oligosaccharides that are composed of α-1, 4-linked
glucopyranose subunits. Cyclodextrins are pro-
duced from starch by enzymatic degradation. These
macrocyclic carbohydrates with a polar internal
cavity can form complexes and solubilize many
normally water-insoluble compounds [8].

For spray drying, emulsification plays an 
im-portant role that in this study; we used high-
energy emulsification such as ultrasonication. 

Many emulsion properties such as stability, 
rheology, appearance, color, texture, and shelf-life
depend on emulsion droplet size. Based on the
emulsion droplet size, emulsions can be divided
into micro (10-100 nm), mini/Nano (100-1000 nm),
and macro-emulsion (0.5-100 μm) [9]. Due to Nano-
emulsion characteristic size, they appear transparent
or translucent to the naked eye, and possess stability
against sedimentation or creaming [10].

2. EXPERIMENTAL

Materials and methods
2.1. Materials
Blueberry essential oil and Tween 80 were 
purchased from Fermotec Company (Holland) and
Merck Company (Germany), respectively. Inulin
(Sigma-Aldrich, USA) and β-cyclodextrin were
prepared from Sigma-Aldrich Company (USA).
Distilled water was used for the preparation of all
solutions. All general chemicals used in this study
were of analytical grade.

2.2. Methods 
Inulin or β-cyclodextrin was dissolved in distilled
water by magnetic stirring. They were kept
overnight in ambient temperature in order to war-

rant a full saturation of wall materials.
Blueberry essential oil in the ratio of 1:5 (core:

wall) and 1% of Tween 80 were added to 
emulsions. After that, they were stirred by magnet-
ic stirring for pre-emulsion preparation. By using
an Ultrasonic Liquid Processor (Model S-4000-
010, USA) transformed pre-emulsion to nano-
emulsion. It was operated at 24 KHz for 130s. The
emulsion droplets size was determined by
Stabisizer (Model PMX200C, Germany).
Ultimately, the Nano-emulsions were dried by
spray drier (Model B-191, Buchi and Switzerland). 

2.3. Statistical analysis
One-way ANOVA test was used for determination
differences between processes with SPSS 19 pack-
age program. A probability level of p<0.01 was
considered to be very significant for all statistical
procedures. All measurements were done in triple.   

3. RESULTS AND DISCUSSION

3.1. Emulsion droplet size
Our results demonstrated that type of wall materials
had very significant difference (p<0.01) with 
emulsion droplets size. When comparing blueberry
essential oil encapsulated powders consisting of β-
Cyclodextrin with those made with Inulin, it was
found that β-Cyclodextrin samples have smaller
emulsion size (table 1). In contrast, Inulin samples
have bigger emulsion droplets size. It could be
related to spatial structure of β-Cyclodextrin that is
Nano particle. On the other hand, increasing 
emulsion size increased encapsulation efficiency.
Based on the results, Inulin had better ability to
cover blueberry oil due to high encapsulation 
efficiency. 

Table 1:
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Wall material Emulsion size
(nm)

Encapsulation 
efficiency (%)

Inulin
β-Cyclodextrin

97.12 ± 4.2
8.28 ± 0.11

99.45 ± 0.05
98.82 ± 0.03



Figure 1: distribution of emulsion droplet size of Inulin.

Figure 2: distribution of emulsion droplet size of β-
cyclodextrin.

Klaypradit and Huang (2008) encapsulated fish
oil with different concentration of wall materials
such as Chitosan, maltodextrin and whey protein
isolate by ultrasonic atomizer. They found that
increasing amount of Chitosan, emulsion droplets
size decreased. Our results are in agreement with
their results.

3.2. Scanning electron microscopy
Figure 3 shows morphology of microcapsules. The
surface of particles containing β-Cyclodextrin was
smooth and free of shrinkage with least the dents. 
It is clear that dents have direct relationship with
emulsion droplet size. Decreasing emulsion size
decreased dents in microcapsules. While samples
consisting of Inulin had surface with most 
shrinkage, and indents in comparison with particles
containing β-Cyclodextrin.  

Also, results indicated that there was a fast crust
formation in powders containing Inulin that could

Figure 3: Scanning electron microscopic photographs of
blueberry encapsulated powders: β-cyclodextrin (A) and
Inulin (B).

be related to low levels of surface oil content as
there is less opportunity for the blueberry essential
oil (core material) to emerge from the surface of
particles. While in β-Cyclodextrin samples, crust
formation is slower. That it illustrated that more
essence droplets could move on the surface.

According to SEM photos, there are different
causes for increasing emulsion droplets size during
spray draying: size of spray dryer nozzle, 
decreasing stability of emulsions during spray 
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drying and type of wall material that it needs to 
further survey.  

4. CONCLUSIONS

This study demonstrated that ultrasonication was
the promising alternative method for blueberry
essential oil encapsulation, and was able to produce
emulsion in Nano range. In fact, emulsion droplet
size affected on dents of microcapsules and encap-
sulation efficiency. Furthermore, while Inulin had
better encapsulation efficiency compared with β-
Cyclodextrin, on the other hand it produced more
dents in microcapsules. 

ACKNOWLEDGEMENT

The authors would like to express their gratitude 
to center of Karaj Agricultural Biotechnology, 
specially Dr. Davodi and Mrs. Keshavarz for their
cooperation throughout this research. 

REFERENCES

1. Klaypradit W. and Huang Y.W., Fish oil 
encapsulation with chitosan using ultrasonic
atomizer, LWT, 41(2008), 1133-1139.   

2. Jafari S.M., Assadpoor E., Bhandari B. and He
Y., Nano-particle encapsulation of fish oil by
spray drying, Food Research International,
41(2008), 172-183.  

3. Gharsallaoui A., Roudaut G., Chambin O.,
Voilley A. and Saurel R., Application of 
spray-drying in microencapsulation of food
ingredients, Food Research International,
40(2007), 1107-1121.

4. Reineccius G.A., Ward F.M., Whorten C. and
Andon S.A., Developments in gum acacias for
the encapsulation of flavors, ACS symposium
series, 590(1995), 161-168. 

5. Thevenet F., Acacia gum: natural encapsulation
agent for food products, ACS symposium series,
590(1995), 51-59.

6. Gibson G.R., Probert H.M., van Loo J., Rastall
R.A., & Roberfroid M.B., Dietary modulation 
of the human colonic microbiota: updating the
concept of prebiotics, Nutrition Research
Reviews, 17(2004), 259-275.

7. De vos, P., Faas M., Spasojevic M. and Sikema
J., Encapsulation for preservation of functional-
ity and targeted delivery of bioactive food com-
ponents, International Dairy Journal, 20(2010),
292-302.                                                           

8. Singh M., Sharma R. and Banerjee U.C.,
Biotechnological application of cyclodextrins,
Biotechnology Advances, 20(2002), 341-359.

9. Windhab E.J., Dressler M., Feigl K., Fischer P.,
and Megias-Alguacil D., Emulsion processing-
from single-drop deformation to design of 
complex processes and products, Chemical
Engineering Science, 60(2005), 2101-2113.

10. Solans C., Izquierdo P., Nolla J., Azemar N. and
Garcia-celma M.J., Nano-emulsion, Current
opinion in colloid & interface science,
10(2005), 102-110.

Int. J. Bio-Inorg. Hybd. Nanomat., Vol. 1, No. 2 (2012), 93-96 Mazloom A et al 

96



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


