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Abstract

MARCHEV, 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 fl avonoid analysis from natural samples. The samples were extracted with acidifi ed 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 C18 column (5 μm, 25 cm × 4.6 mm) operated at 26°C. The mobile phase consisted 
of solvent A: 2% acetic acid and solvent B: acetonitrile under gradient fl ow rate. Under these operating conditions the method 
was precise, linear relationship was established in the range of 10-100 μg/mL, and the coeffi cient of correlation (r2) 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 μg/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 fl avonoid 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-infl ammatory 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 fl avonoids. To be able to separate and identify defi nite 
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 specifi c 
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, HCl and acetic acid 
were of HPLC grade (Merck, Germany). phloridizin stan-
dard (99%) (Sigma®, St. Louis, MO, USA); deionised wa-
ter was purifi ed 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 acidifi ed 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, acidifi ed 
methanol, 70% methanol and 70% of acidifi ed methanol.

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

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

Results

HPLC method for quantifi cation of phloridzin was de-
veloped based on previously reported HPLC separation of 
fl avonoids. The method is appropriate for analysis of phlo-
ridzin between 10.0-100.0 μg/mL. The r2 value was > 0.99 
and the relative standard deviation was 1.8 %, with equation 
curve: Y = 4.96x104X + 1.55x105 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, acidifi ed methanol, 70% methanol and 70% 
acidifi ed methanol were used (Table 1).

To confi rm 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 identifi ed through the method of internal 
standard. The separation effi ciency 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 μg/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 acidifi ed 
conditions (pH=2) seems to be appropriate in this case. Its 
effectiveness has been proven and from other authors for 
fl avonoid 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 π-π 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 acidifi ed 
methanol was the best eluent of phloridzin (Kammerer et al., 

Table 1
Recovery of phloridzin by different eluents
Eluent Initial concentration of 

phloridzin on XAD 4, μg/ml
Concentration of pholridzin 

after elution of XAD 4, μg/ml
Recovery, % Standard deviation, %

Methanol 954.48 870.248 91.18 1.96
Acidifi ed methanol 954.48 738.149 77.34 2.45
70% methanol 954.48 752.688 78.86 3.56
70% acidifi ed 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 fl avonoids 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 μg/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 μg/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 benefi t 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 fi rst time in lit-
erature, we report the presence of phloridzin in plums.
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