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ABSTRACT. Anthocyanins (ACNs) are water-soluble plant pigments 
belonging to the group of flavonoids, with antioxidant, anti-inflammatory 
and antibacterial activity. The antioxidant activities of extracts from berries 
and hibiscus were tested with the Briggs–Rauscher method. Adsorption of 
anthocyanins on biomaterials is a method for their stabilization. Hydroxyapatite 
(HAP) doped with inorganic silica has an increased specific surface, 
porosity and chemical reactivity. Anthocyanins from extracts of different 
berries were adsorbed on hydroxyapatite-based materials. The adsorption 
and desorption capacity of hydroxyapatite-based materials were measured 
and the adsorption capacity of different anthocyanin extracts were compared. 
It was concluded that the highest adsorption capacity and efficiency were 
obtained in the case of blueberry. Based on the results of the desorption 
experiments, it has been proven that HAP-Si-blueberry is more adequate 
to obtain a retard effect, despite the fact that the antioxidant activities of 
blueberry and blackcurrant are similar. 

 
Keywords: anthocyanin, antioxidant activity, hydroxyapatite-based materials, 
berries extract, hibiscus extract. 

 
 
 
INTRODUCTION  

 
Silica doped hydroxyapatite was mainly used for biomedical purposes. 

Besides biocompatibility, hydroxyapatite shows a very high reactivity with 
metal ions, which can lead to the use of this material in new application fields, 
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for example using water purification agents for heavy metal immobilization. 
Based on its ion exchange property (regarding calcium and other metal ions), 
HAP is widely used as a metal retainer material [1].  

Due to the introduction of silica, the specific surface, porosity and in 
this way the chemical reactivity of the apatite material is enlarged; doping 
the hydroxyapatite with silica can be a better material for metal removal [2-4]. 
HAP doped with inorganic silica has an increased specific surface, porosity 
and chemical reactivity. Heat-treated materials have a very low specific surface 
area, which explains the weak metal sorption properties of these materials. 
Materials containing silica have better sorption efficiency than unmodified 
hydroxyapatite and 10%wt silica-containing hydroxyapatite with low particle 
size has the highest copper sorption efficiency. Increase of the initial copper 
concentration decreases saturation time and increase of temperature increases 
copper sorption. Silica-containing hydroxyapatite shows very good copper 
sorption capacity, which can lead to the enlargement of the application fields of 
apatites [5]. 

 

Definition of antioxidant effect (AOX) 

Anthocyanins are water-soluble phytochemicals with a typical red to 
blue color. Anthocyanins belong to the group of flavonoids, they can be found 
in tea, honey, wine, fruits, vegetables, nuts, olive oil, cocoa and cereals. 
Anthocyanin extracts from plants are promising as a treatment for hypertension 
and hyperlipidemia [6]. Many authors have also reported about the antioxidant 
activity [7], anti-inflammatory activity [8, 9], cardioprotective activity [10], 
hepatoprotective activity [11] and antibacterial activity [12] of anthocyanins. 

Antioxidant activity denotes the ability of a bioactive compound to 
maintain cell structure and function by effectively clearing free radicals, inhibiting 
lipid peroxidation reactions and preventing other oxidative damage [13]. It is also 
a foundation of many other biological functions, such as anti-cancers, anti-
inflammation and anti-aging [14, 15]. On the other hand, the prevention of many 
chronic diseases, such as cancer, diabetes and cardiovascular disease, has 
been suggested to be associated with the antioxidant activity [16, 17]. 

 

Antioxidant activity measurements (AOX) 

Therefore, a deep study of natural antioxidants, such as those from 
fruits and vegetables, is of great importance to human health. There are different 
antioxidant testing methods, for example ORAC (oxygen radical absorbance 
capacity), TRAP (total radical trapping antioxidant parameter), TEAC (Trolox 
equivalent antioxidant capacity), FRAP (ferric ion reducing antioxidant parameter), 
reaction with DPPH (2, 2-diphenyl-1-picrylhydrazyl), TOSC (total oxidant 
scavenging capacity), etc., which provide different ranking orders for antioxidant 
capacity due to different experimental conditions [18-20]. 
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In this study the Briggs-Rauscher method (BR) was used, which is 
based on the inhibition of the oscillations due to the antioxidants reaction 
with the free radical intermediates. This method [21] was chosen because it 
works at pH 2 and partially mimics the physiological conditions similar to those 
of the fluids in the human stomach, and it is applicable for the investigation 
of hydrophilic as well as lipophilic compounds [22, 23]. The Briggs-Rauscher 
method was described by Cervellati et al. (2001) and it has been widely 
used since then [24-27]. Briefly, when antioxidants are added to an active BR 
mixture, there is an immediate quenching of the oscillations and the time 
elapsed between the cessation and the return of the oscillating regime, the so 
called inhibition time. The dependence of the inhibition time on the antioxidant 
concentration is suitable for determination of the antioxidant capacity. The 
slope of the curve representing inhibition time vs. antioxidant concentration 
(inhibition time versus concentration) can be used to calculate the relative 
antioxidant activity. The relative activity with respect to the slopes (RAS) of 
a compound is the ratio between the slope of the straight line of the 
respective compound and that of the chosen standard: RAS = slope (sample)/ 
slope (standard), so that a high RAS number means a better antioxidant 
effectiveness. The efficiency of the corresponding antioxidant is expressed as 
the length of time in minutes before oscillations restart. A prolonged inhibition 
time (tinhib.) means a better antioxidant activity. 

Adsorption of anthocyanins on biomaterials is a method for their 
stabilization. Hydroxyapatite (HAP) is an important biomaterial, although it 
does not possess all the necessary properties to be the perfect biomaterial 
(mechanical strength, chemical reactivity, etc.). Silica is also a component of 
the bone; therefore, several methods for the synthesis of silicon-substituted 
hydroxyapatites have been described. 

The aim of this work was the extraction of anthocyanins with AOX 
effect and their adsorption and desorption on hydroxyapatite (HAP) and silica-
substituted hydroxyapatite (HAP-Si). Anthocyanins stabilized by adsorption on 
HAP-based materials should be applied in stomatology as anti-inflammatory 
treatments to avoid the inflammation of the cardiac system. Consequently, our 
research was focused on: 

 

1. Extracting antioxidants from hibiscus and different berries; 
separation of anthocyanins from hibiscus extract and comparison of their 
antioxidant activity (the antioxidant activity was measured using the BR 
analytical method based on the inhibition of the Briggs-Rauscher oscillating 
reaction), 

2. Testing the adsorption capacity of anthocyanin extracts on HAP-Si, 
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3. Testing the antioxidant activity of extracts from hibiscus and 
anthocyanins from hibiscus extract, 

4. Testing the antioxidant activity of extracts from berries (blueberry, 
hawthorn, blackcurrant, blackthorn). 
 
 
RESULTS AND DISCUSSION 
 

Antioxidant activity evaluation 

Perturbation of the oscillatory BR system with a diluted extract causes 
the immediate cessation of the oscillations; the time elapsed between cessation 
and returns of oscillations (the so called inhibition time) are illustrated in Figure 1. 
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Figure 1. The effect of AEH extract on BR oscillating reaction. 
 
 

Analysis of AOX activities of AEH and HE  

Preliminary experiments regarding the AOX activity of anthocyanins 
were made in the case of AEH (anthocyanin from hibiscus extract) and HE 
(hibiscus extract). Stock solutions of HE and AEH were prepared by 
dissolving 0.001 g of extract in 10 ml of distilled water. The antioxidant 
activity was determined for several dilutions and the calibration curves were 
drawn for each of them. Variation of the inhibition time depending on the 
antioxidant concentration was found to be linear as can be seen in the figure 
below (Figure 2).  
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The relative antioxidant effect can be calculated from the slope of 
the calibration curves (see next paragraph). The relative activity with regard 
to slopes (RAS) is the ratio between the slope of the straight line of the 
sample and that of the standard; i.e. RAS = slope (sample)/slope (standard). 
As listed in Table 1, the chosen standard was the pure anthocyanin with a 
slope of 656.8, the slope of the extract calibration curve was 1371.1, the RAS 
of the extract was 2.1, thus the extract had more than double antioxidant 
capacity than the pure separated anthocyanin. This superior behavior is 
probably caused by the synergistic effect of other compounds present in the 
extract. 
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Figure 2. Concentration dependence of the inhibition time for: a) hibiscus extract;  
b) anthocyanin from hibiscus extract. 

 
 

Table 1. Relative activity calculated for hibiscus extract (HE) 
and for anthocyanin from hibiscus extract (AEH). 

 

Hibiscus Slope of calibration curves RAS 
HE 1371.1 2.1 

AEH 656.8 1 
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Testing the antioxidant activity of different types of berry extracts 

The antioxidant activities of different AOX extracts were determined 
for several dilutions and the calibration curves were drawn for each of them. 
Variation of the inhibition time depending on the antioxidant concentration 
was found to be linear as can be seen in Figure 3. 
 
 

0.1 0.2 0.3 0.4 0.5
0

500

1000

1500

2000

2500

b)

t(
s)

   

c (mg/l)

a)

0.1 0.2 0.3 0.4
0

250

500

750

1000

1250

1500

t(
s)

c (mg/l)

0.2 0.4 0.6 0.8
0

200

400

600

800 d)c)

t(
s

)

c (mg/l)
0.05 0.10 0.15 0.20 0.25

0

250

500

750

1000

1250

t(
s

)

c (mg/l)
 

Figure 3. Concentration dependence of the inhibition time for: a) blueberry extract;  
b) hawthorn extract; c) blackthorn extract; d) blackcurrant extract. 

 
 
 

Relative antioxidant activity was calculated using the slopes of 
the calibration curves of the berry extracts. The chosen standard was 
blackcurrant. The results are summarized in Table 2. 
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Table 2. Relative antioxidant activity calculated for different types  
of berry extracts. 

 

Berry extracts Slope of calibration  
curves 

RAS 

Blackcurrant 5673.9 8.6 
Blueberry 5456.3 8.3 
Hawthorn 4475.7 6.8 
Blackthorn 856.98 1.3 

 
Based on the RAS values calculated, the following ranking of antioxidant 

activity could be concluded: 

Blackcurrant ≈ Blueberry > Hawthorn >> Blackthorn 

There is no significant difference between blackcurrant and blueberry. 
 

Adsorption results 

Preliminary experiments carried out with hibiscus and regarded to the 
extraction of anthocyanins and measurements of AOX activity showed that the 
adsorption capacity of the hibiscus extract (anthocyanins and other compounds) 
was higher than that of the pure anthocyanins (without other accompanying 
components), see Figure 4. 
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Figure 4. The adsorption capacity qt (mg/g) and the adsorption efficiency 
 (%) of HAP-Si. 

 
Based on these results, the adsorption experiments were carried out 

with berry extracts from: blueberry, hawthorn, blackthorn, and blackcurrant. 
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The following table (Table 3) contains the adsorption capacity and 
adsorption efficiency of HAP-Si measured for extracts of different types of 
berries, obtained after 24 hours - time necessary to achieve the equilibrium. 

 
 

Table 3. Adsorption capacity qt (mg/g) and adsorption efficiency  
 (%) of HAP-Si measured for extracts of different types of berries. 

 

Anthocyanin 
mixture from: 

Adsorption capacity 
qt (mg/g) of HAP-Si 

Adsorption efficiency η 
(%) of HAP-Si 

Blueberry 50.29 41.91 
Hawthorn 45.06 37.55 

Blackcurrant 32.52 27.10 
Blackthorn 13.09 10.91 

 
It can be concluded (see Table 3), that the highest adsorption capacity 

and efficiency were obtained in the case of blueberry. Differences between 
adsorption capacities and efficiencies can be explained with the different 
types of anthocyanins found in the berries. 
 
 

Desorption experiments 

Preparation of HAP-Si-AOX tablets 

For desorption experiments, HAP-Si powder with anthocyanins 
adsorbed from berries was used. Samples were prepared using a Specac 
hydraulic presser to obtain tablets on which surfaces anthocyanins were 
adsorbed. After the tablets were made, the adsorbed anthocyanin was 
calculated from the adsorption capacity defined in the previous experiments 
(see Table 4). 

 
 

Table 4. Calculated adsorbed anthocyanin (mg and %) from 
HAP-Si-AOX tablets. 

 

Berries Tablet weight (g) Adsorbed 
anthocyanin (mg) 

Adsorbed 
anthocyanin % 

Blueberry 0.1345 6.76 5.0  
Hawthorn 0.1296 5.84 4.5  

Blackcurrant 0.1413 4.59 3.2  
Blackthorn 0.3383 4.43 1.3  
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Desorption of anthocyanins from HAP-Si-AOX tablets 

Desorption experiments were carried out as follows: tablets were 
immersed in simulated body fluid [28, 29] and the process was monitored by 
using a UV-VIS spectrophotometer. The desorbed amount of anthocyanin 
was calculated from the calibration curves of each extract. Desorption of the 
active compound from tablets is presented in Figure 5. 

 

 
Figure 5. The amounts (blue line) and percentages (black line) of desorbed 

anthocyanins were plotted versus time in the case of: a) blueberry;  
b) hawthorn; c) blackcurrant; d) blackthorn. 

 
 

Based on the desorption curves, the half-life values of the HAP-Si-
anthocyanin samples could be predicted, as summarized in Table 5. The 
results of the desorption experiments were well correlated with the adsorption 
experiments: the HAP-Si-blueberry sample had the highest adsorption capacity 
and the longest retention time of the adsorbed material at the same time. The 
order of adsorption capacity and the order of half-life were the same. 
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Table 5. Predicted half-life values of the HAP-Si-anthocyanins. 
 

HAP-Si-anthocyanins Predicted half-life (min) 
HAP-Si-blueberry 40 
HAP-Si-hawthorn 15 

HAP-Si-blackcurrant 10 
HAP-Si-blackthorn 2 

 
On the other hand, the antioxidant activities of blueberry and blackcurrant 

were similar (see Table 2), but the half-life values of the samples were different: 
HAP-Si-blueberry was more adequate to obtain a retard effect. 

 
 

Transmission Electron Microscopy (TEM) measurements 

Transmission electron microscopy was performed on HAP-Si and 
HAP-Si-AOX (HAP-Si powder with adsorbed anthocyanins from berries) samples. 
The resulted images are presented in Figure 6. As the TEM pictures show, 
there is a difference between HAP-Si and HAP-Si-AOX; the latter presents 
gelified materials (berry extract) containing polysaccharides and anthocyanins. 

 

 
(a) 

 
(b) 
 

Figure 6. TEM images at 200nm resolution of (a) HAP-Si and (b) HAP-Si-AOX 
(HAP-Si powder with adsorbed anthocyanins from berries). 
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CONCLUSIONS 
 
It can be concluded, that the adsorption capacity of hibiscus extract 

(anthocyanins and other compounds) was higher than that of the separated 
anthocyanins (without other accompanying components), due to the 
synergistic effect. 

Based on the first results (with hibiscus), further experiments were 
carried out with various berries using berry extracts containing anthocyanins 
and other compounds (such as polysaccharides). These extracts were 
compared based on their antioxidant activity and the following ranking was 
made: Blackcurrant ≈ Blueberry > Hawthorn >> Blackthorn. 

The resulted extracts were adsorbed on HAP-Si, and the adsorption 
capacity and efficiency of each were evaluated. Based on the results it can 
be concluded, that the HAP-Si of the blueberry extract had the highest 
adsorption capacity and efficiency. 

The desorption experiments in SBF showed that the HAP-Si-
blueberry composite had the highest half-life value. Due to these favorable 
properties, this composite can be used as supplement or dental filling/inlay 
with high antioxidant activity. 
 
 
EXPERIMENTAL SECTION 

 
Extraction and separation of anthocyanins from different plants 
 
Preparation of hibiscus extract (HE) by ultrasound-assisted extraction 

method 

The hibiscus (Hibiscus sabdariffa L.) petals used in this study is a bio-
product obtained from a Hungarian company. The powder of dried and mild 
hibiscus petals was mixed with different solvents in a conical flask. The 
conical flask was immersed in an ultrasonic bath at room temperature for 30 
minutes. To avoid the oxidation of anthocyanins, nitrogen gas was led in the 
flask to ensure an oxygen-free environment. Vacuum filtration was 
performed, and the filtered material was extracted from the filter and treated 
with solvent in the ultrasonic bath for 30 minutes. The filtrate was transferred 
into a single-neck flask and the solvent removed by a rotary evaporator using 
low temperature (40°C) and pressure to avoid the degeneration of the 
anthocyanin molecules. The filtrate was placed in the refrigerator to freeze 
overnight and then placed in the freeze drying apparatus to get rid of water. 
The hibiscus extract resulted from the above presented method will be 
denoted: HE. 
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Extraction of anthocyanin from hibiscus extract (AEH) 

Separation by solid phase extraction was used to extract pure 
anthocyanin from hibiscus extract. Oszmianski and Lee [30] developed this 
method and the steps of the extraction used in our study are summarized in 
Figure 7. 

 

+

Hibiscus 
powder

Double 
distilled water

Ultrasound 
assisted extraction

Lyophilization
LyophilizationSolid phase 

extraction (C18)

Hibiscus 
extract

Pure 
anthocyanin

 
Figure 7. Schematic flowchart of anthocyanin extraction and  

separation from Hibiscus petals 
 
 

The purified anthocyanin resulted from the above presented method 
will be denoted: AEH. 
 

Preparation of berry extract with AOX effect by ultrasound-assisted 
extraction method 

 

Fruits used in this method were bio-products deriving from a natural 
environment (Satu-Mare and Sălaj counties, Romania); during the ripening 
process, they were not treated with herbicides, nor insecticides, and were 
not contaminated with any pollutant. The following berries were used in 
this study: blueberry (Vaccinium spp.), hawthorn (C. pinnatifida), blackthorn 
(Prunus spinosa L.), and blackcurrant (Ribes nigrum L.). An amount of 0.5 g 
smashed berries was mixed with 30 ml of double distilled water in an 
Erlenmeyer flask. The flask was put in ultrasonic bath for 30 minutes at 
room temperature. The resulted solution was filtered by a vacuum filter. The 
filtrate containing anthocyanins and other compounds with possible AOX 
effect was kept in the refrigerator for 12 hours; after that the water excess 
was eliminated using a freeze-dryer. 
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The resulted extract contains different types of anthocyanins characteristic 
for each type of berry, other types of polyphenols and carbohydrates, and it will be 
hereinafter referred to as berry AOX mixture. The exact amount of extract 
yield from different types of berries is summarized in Table 6. 

 
 
Table 6. Extracted amount of anthocyanins and polysaccharides (g) 

from different types of berries. 
 

Berries 
Extracted amount of anthocyanins and 

polysaccharides (g)/ 
0.5 g smashed berries 

Blueberry 0.374 
Blackcurrant 0.357 

Hawthorn 0.335 
Blackthorn 0.257 

 
 

Antioxidant effect measurements of the plant extract 

In order to compare the antioxidant activity of the extract of berries 
and hibiscus, and that of pure anthocyanin separated from hibiscus, the BR 
analytical method was used. The measurements were performed in a 20 ml 
double-walled glass batch reactor connected to a FALC FA 90 thermostat 
(accuracy ± 0.1°C) in order to maintain a constant 20°C temperature. A 
FALC 60 magnetic stirrer at a constant stirring rate provided continuous 
stirring. Oscillations were monitored with a double-junction saturated calomel 
electrode (SCE) as a reference electrode, and a Pt electrode. They were 
connected to a computer through a PCI 6036 E data-acquisition interface. 
The oscillations were recorded through the LabView data-acquisition program 
and were processed by the means of Origin 9.0 program. Stock solutions of 
malonic acid (MA) (Aldrich, reagent grade, >99%), manganese (II) sulfate 
monohydrate (Reactivul, reagent grade, >99%), and potassium iodate (Merck, 
reagent grade, >99%) were made without further purification of the reagents 
using double-distilled water. H2SO4 (Merck, 96%) and H2O2 (Merck, 30%) were 
of analytical grade. Hydrogen-peroxide was standardized by permanganometric 
analysis. The BR mixtures were obtained by mixing the appropriate amounts of 
stock solutions in a way that finally resulted in the initial composition [KIO3] = 
0.0268 M, [H2SO4] = 0.0716 M, [MA] = 0.04 M, [MnSO4] = 0.004 M, [H2O2] = 
0.52 M. The order of mixing was: malonic acid, MnSO4, H2SO4, KIO3, and H2O2. 
Oscillations start after the addition of the H2O2. After the third oscillation 0.5 ml 
diluted raw juice was added to the reactor by using a micropipette. 
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Preparation of silica-substituted hydroxyapatite (HAP-Si) 

HAP-Si was prepared by precipitation method, as described in previous 
studies [31, 32], under controlled conditions. The following materials were used: 
calcium nitrate tetrahydrate, diammonium phosphate, 25% ammonia solution 
(Alfa Aesar), and sodium-silicate. The resulted material (HAP-Si with 10 wt% 
Si) had 87 m2/g specific surface. The materials were not heat-treated, because 
based on previous studies [31], calcined materials were known to have lower 
retaining capacity. 

 
Adsorption measurements 

The adsorption process was monitored by a Jasco V650 
spectrophotometer. In order to calculate the concentration of the extract, 
different dilutions of the extract were prepared (from a stock solution of 3 mg/l) 
and the absorbance at specific wavelength (= 535 nm) were plotted against 
the concentration of the extract. The adsorption measurements were carried out 
in thermostatic conditions (Falco FA90 thermostat), as follows: 0.05 g HAP-Si 
material was added to a 10 ml of berry solution with a concentration of 3 g/l 
(0.03 g extract + 10 ml water). The adsorption process was carried out in a 
brown beaker in order to avoid the degradation of anthocyanins caused by 
light. After 24 hours, the solution was centrifuged, separating the solid and liquid 
phase. The concentration was measured from the remaining solution using the 
UV-VIS spectrophotometer (V 530-Jasco) and then the adsorbed amount 
was calculated from the remaining anthocyanins in the solution. From this data, 
the adsorption capacity and adsorption rate were calculated, with the results 
presented in Table 4. 

Adsorption capacity qt (mg/g) and adsorption efficiency η  (%) were 
calculated with equations (1) and (2), using the following formula: 
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t m

mq                                                             (1) 
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η                                          (2) 
 

where: madsorbed – adsorbed substance quantity (g) 
            madsorbent – adsorbent material quantity (g) 
            ci –adsorbed substance initial concentration (g/L) 
            cf – adsorbed substance final concentration (g/L) 
            cads – adsorbed substance concentration (g/L) 
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