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Abstract

MARCHEYV, A., I. IVANOV, R. VRANCHEVA and A. PAVLOV, 2013. Solid phase extraction and HPLC determination of
phloridzin in natural products. Bulg. J. Agric. Sci., Supplement 2, 19: 201-203

A reliable technique for routine analysis of phloridzin from natural products (apples and plums) combining solid phase ex-
traction with Amberlite XAD4 and subsequent HPLC analysis was developed. The proposed methodology is less complex than
other methods for flavonoid analysis from natural samples. The samples were extracted with acidified water (pH2) and then
adsorption on resin XAD4 was carried out. The highest recovery value of 90% was achieved when methanol was applied as
eluent. With the developed HPLC method the analysis were performed for 20 min using Waters HPLC system with UV detec-
tion at 285 nm and Supelco Discovery HS C , column (5 pm, 25 cm x 4.6 mm) operated at 26°C. The mobile phase consisted
of solvent A: 2% acetic acid and solvent B: acetonitrile under gradient flow rate. Under these operating conditions the method
was precise, linear relationship was established in the range of 10-100 pg/mL, and the coefficient of correlation (r?) was > 0.99.
This technique was applied for the analysis of phloridzin in different samples of Malus “Golden delicious” and Prunus “Troyan

blue”. The content of phloridzin in the different samples ranged between 14.0 and 24.0 pg/g of fruits.
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Introduction

Phloridzin(glucose, 1-[-(beta.D-glucopyranosyloxy)-4,6-
dihydroxyphenyl]-3-(4-hydroxyphenyl)-1-propanone), re-
ferred as phlorizin, phlorrhizin, phlorhizin or phlorizoside,
belongs to the dihydrochalcone flavonoid sub-class and con-
sists of two aromatic rings joined by an alkyl ester (Gosch
et al., 2010). It is the predominant bioactive compound in
plants of Malus (Deng et al., 2012) and considered as a che-
motaxonomic marker (Gosch et al., 2010) and as a feature
compound for the adulteration of food products with apple
juice and hence used for quality control (Bremner et al.,
1999).

Phloridzin is widely applied in food and pharmaceutical
industry (Gosch et al., 2010), because of its good antioxidant
(Bonarska-Kujawa et al., 2011); hepatoprotective (Deng et

al., 2012); antidiabetic (Kammerer et al., 2011a); antiobe-
sity; anti-inflammatory and antitumor activities (Yuan et al.,
2011).

The main problem for the isolation and determination of
phloridzin from natural sources is the complex content of
the obtained extracts. It is proved that liquid-liquid extrac-
tion is inconvenient method since it has very poor recovery
of flavonoids. To be able to separate and identify definite
families of phenolics or individual compounds from com-
plex food matrices, the approach of solid phase extraction
is very often the solution of this problem (Bremner et al.,
1999). Since the multimetabolite character of the samples,
profound knowledge of the structure and properties of the
resin and the interactions between adsorptive and adsorbent
is necessary (Kammerer et al., 2010). That is why many
researchers are concentrated on the development of model
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equations in order to determine the optimal adsorption con-
ditions, where many factors such as presence of saccharides,
amino acids, temperature, pH and possible interactions of the
phenolics each other must be taken in consideration. How-
ever, all authors agree that the choice of a resin for a specific
technological application still relies on empirical experience
(Kammerer et al., 2011a).

The aim of the study was to develop suitable solid phase
extraction procedure for complex crude plant extracts us-
ing the non-ionic adsorbent Amberlite XAD4 resin with
cross-linked polystyrene divinylbenzene matrix and subse-
quent HPLC method for phloridzin determination. Since the
knowledge for the presence and distribution of phloridzin in
Bulgarian fruits is limited, another aim was to investigate the
amount of phloridzin in apples and plums grown in Bulgaria.

Material and Methods

Solvent and reagents. Methanol, HCI and acetic acid
were of HPLC grade (Merck, Germany). phloridizin stan-
dard (99%) (Sigma®, St. Louis, MO, USA); deionised wa-
ter was purified through Ultrapure Water Systems Arium®
611DI (SartoriusAG, Goettingen, Germany); Amberlite®
XAD4 (Rohm & Haas, Darmstadt, Germany).

Plant material. Apples “Golden Delicious” and plums
“Troyan blue” were purchased from local market in Plovdiv,
Bulgaria in the summer of 2012.

Phloridzin extraction. Fifty grams of the analyzed sam-
ples were chopped in a mixer and were extracted in triplicates
with 200 ml of acidified water (pH = 2). In the combined
extracts was added 5 g of activated Amberlite® XAD4. The
adsorption of phloridzin was carried out on a shaker at 110
rpm, 26°C for 30 min. The resin was washed several times
with water and afterwards elution of the resin was performed
in triplicates under the above-mentioned conditions using
30 ml of eluent. For eluents were used methanol, acidified
methanol, 70% methanol and 70% of acidified methanol.

HPLC analysis. The samples were analyzed by HPLC
system consisting of Waters 1525 Binary pump (Waters,
Milford, MA, USA), Waters 2487 Dual A Absorbance De-

Table 1
Recovery of phloridzin by different eluents

tector (Waters, Milford, MA, USA), according to procedure
described in Marchev et al, 2011.

Results

HPLC method for quantification of phloridzin was de-
veloped based on previously reported HPLC separation of
flavonoids. The method is appropriate for analysis of phlo-
ridzin between 10.0-100.0 pg/mL. The 1% value was > 0.99
and the relative standard deviation was 1.8 %, with equation
curve: Y =4.96x10*X + 1.55x10° and retention time of phlo-
ridzin — 17.052 min.

Model experiments with pure phloridzin showed that it
was completely adsorbed by XAD4 in concentrations of 1
mg phloridzin/1 g resin. To establish the most selective elu-
ent methanol, acidified methanol, 70% methanol and 70%
acidified methanol were used (Table 1).

To confirm the applicability of the established HPLC
method and extraction conditions, phloridzin was extracted
and analyzed from samples of apples and plums. The peak
of phloridzin was identified through the method of internal
standard. The separation efficiency was satisfactory and no
interfering peaks were near that of phloridzin. The content of
phloridzin in Malus “Golden delicious” and Prunus “Troyan
blue” were 14.0 and 24.0 pg/g of fruits, respectively.

Discussion

Until now, there is no data about the application of
Amberlite XAD 4 for extraction of phloridzin from natu-
ral sources. The proposed extraction procedure in acidified
conditions (pH=2) seems to be appropriate in this case. Its
effectiveness has been proven and from other authors for
flavonoid extraction (Ferreres et al., 1999). At this low pH
phloridzin is in non-ionic form and its binding with non-
polar adsorbent resin such as XAD 4 by n-n and van der
Waals forces is facilitated in comparison with ion exchang-
ers (Kammerer et al., 2011b). Although some researchers
conclude that mixture of methanol:water = 80:20 or acidified
methanol was the best eluent of phloridzin (Kammerer et al.,

Eluent Initial concentration of Concentration of pholridzin Recovery, % Standard deviation, %
phloridzin on XAD 4, ug/ml | after elution of XAD 4, pg/ml

Methanol 954.48 870.248 91.18 1.96

Acidified methanol 954.48 738.149 77.34 2.45

70% methanol 954.48 752.688 78.86 3.56

70% acidified methanol 954.48 771.863 80.87 2.11

Data are expressed as mean values
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2011a), in our case pure methanol was the best one, which is
in agreement with other investigations (Ferreres et al., 1999),
where the recovery of flavonoids was > 95%. This fact could
be explained that the polarity of phloridzin is hardly affected
by a pH shift because of its pKa value and hence the recov-
ery by the adsorbent resin is less affected upon changing the
acidity of the solutions (Kammerer et al., 2010).

The estimated amounts of phloridzin in Bulgarian apples
“Golden Delicious” is comparable with other results for it
sort of apples form different countries (4—20 pg/g) (Ehren-
kranz et al., 2005). Until now, phloridzin has never been
found in plums (van Gorsel, 1992). In Bulgarian type Prunus
“Troyan blue”, we found 14.0 pg/g of phloridzin. This might
be due to different climate conditions of cultivation. In one
hand, this is positive observation, since the presence of phlo-
ridzin gives a benefit to Bulgarian plums, but on the other
hand, this might cause problems, because phloridzin is a
marker for quality control and the adulteration of food prod-
ucts with apples/apple juice and it is not accepted to be pres-
ent in plums.

Conclusions

Reliable and rapid HPLC method for determination
of phloridzin from natural products were developed. The
successful application of the non-polar resin Amberlite
XAD 4 with styrene-divinylbenzene backbone for separa-
tion and isolation of phloridzin from food matrices was
established. High recovery of phloridzin from the resin
with methanol was achieved. This shows the potential of
the proposed procedure to be used for separation or en-
richment of concrete families of phenolic compounds or
individual components.

Along with that, the information about phloridzin distri-
bution in Bulgarian fruits was enriched. For first time in lit-
erature, we report the presence of phloridzin in plums.

References

Bonarska-Kujawa, D., S. Cyboran, J. Oszmianki and H.
Kleszczynska, 2011. Extracts from apple leaves and fruits as

effective antioxidants. J. Med. Plants Res., 5 (11): 2339-2347.

Bremner, P. D., C. J. Blacklock, G. Paganga, W. Mullen, C. A.
Rice-Evans and A. Crozier, 1999. Comparison of the pheno-
lic composition of fruit juices by single step gradient HPLC
analysis of multiple components versus multiple chromato-
graphic runs optimized for individual families. Free Rad. Res.,
32: 549-559.

Deng, G., J. Wang, Q. Zhang, H. He, F. Wu, T. Feng, J. Zhou,
K. Zou and M. Hattori, 2012. Hepatoprotective effects of
phloridzin on hepatic fibrosis induced by carbon tetrachloride
against oxidative stress-triggered damage and fibrosis in rats.
Biol. Pharm. Bull., 35 (7): 1118-1125.

Ehrenkranz, J. R. L., N. G. Lewis, C. R. Kahn and J. Roth,
2005. Phloridzin: a review. Diabetes Metab. Res. Rev., 21:
31-38.

Ferreres, F., F. A. Barberan, C. Soler, C. Viguera, A. Ortiz and
F. Lorente, 1999. A simple extractive technique for honey fla-
vonoid HPLC analysis. Apidologie, 25: 21-30.

Gosch, C., H. Halbwirth and K. Stich, 2010. Phloridzin: Biosyn-
thesis, distribution and physiological relevance in plants. Phy-
tochemistry, T1: 838—843.

Kammerer, J., D. R. Kammerer and R. Carle, 2010. Impact of
saccharides on the interaction of apple polyphenols with ion
exchange and adsorbent resin. J. Food Eng., 98: 230-239.

van Gorsel, H., C. Li, E. L. Kerbel, M. Smits and A. A. Kader,
1992. Compositional characterization of prune juice. J. Agric.
Food Chem., 40: 784—789.

Kammerer, J., C. Schweizer, R. Carle and D. R. Kammerer,
2011a. Recovery and fractionation of major apple and grape
polyphenols from model solutions and crude plant extracts us-
ing ion exchange and adsorbent resin. /nt. J. Food Sci. Technol.,
46: 1755-1767.

Kammerer, J. J. Boschet, D. R. Kammerer and R. Carle, 2011b.
Enrichment and fraction of major apple flavonoids, phenolic
acids and dihydrochalcones using anion exchange resins. LWT
Food Sci. Technol., 44: 1079-1087.

Marcheyv, A., V. Georgiev, I. Ivanov, I. Badjakov and A. Pavlov,
2011. Two-phase temporary immersion system for Agrobacte-
rium rhizogenes genetic transformation of sage (Salvia tomen-
tosa Mill.). Biotechnol. Lett., 33: 1873-1878.

van Gorsel, H., C. Li, E. L. Kerbel, M. Smits and A. A. Kader,
1992. Compositional characterization of prune juice. J. Agric.
Food Chem., 40: 784-789.

Yuan, E., B. Liu, W. Li and Q. Li, 2012. Characterization
and antioxidant activity of the complex of phloridzin and
hydroxypropyl-p-cyclodextrin. Trop. J. Pharm. Res., 13 (4):
545-551.




<<
  /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


