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Summary 

Nowadays, there is a growing interest in the physiological benefits of natural antioxidants in foods. Honey bee products, especially propolis 

and pollen, have strong antioxidative activity and beneficial effects in human body. The aim of this study was to determine the total phenolic 

and total flavonoid contents and antioxidant activities of propolis and pollen, as well as bioaccessibility of these products by an in-vitro model 

simulating gastrointestinal digestion. Total phenolic content, total flavonoid content and antioxidant activity analysis were applied to all samples 

as well as samples collected after the application of in-vitro gastrointestinal method. Phenolic profiles of propolis and pollen samples were also 

identified by HPLC-PDA. Results indicated that total phenolic contents of IN fractions (bioaccessible fraction) of propolis and pollen was 2.0 and 

2.1 mg GAE/g; total flavonoid content was 0.9 and 0.2 mg QE/g; total antioxidant activity was 19.6 and 0.6 mg TE/g, respectively. Percentages 

of the IN fraction of propolis and pollen were 1% and 9% for total phenolic content; 0.2% and 1% for total flavonoid content; 4% and 3% for 

total antioxidant activity. Phenolic compounds including caffeic acid, p-coumaric acid, ferrulic acid, quercetin, pinobanksin, apigenin, t-cinnamic 

acid, luteolin, pinocembrin, chrysin, galangin, kaempferol and pinostrobin were detected in propolis, and 2-hydroxycinnamic acid, quercetin-3-

glucoside, quercetin, myricetin, luteolin, quercetin-3-galactoside, kaempferol, and galangin were detected in pollen samples. 

 

Investigación de la bio-accesibilidad in vitro de propóleos y el 

polen que utilizan un sistema de digestión gastrointestinal 

simulada 

Resumen 

Hoy en día, hay un creciente interés en los beneficios fisiológicos de los antioxidantes naturales presentes en los alimentos. Productos de la 

abeja de la miel, especialmente propóleo y polen, tienen una fuerte actividad antioxidante y efectos beneficiosos para el cuerpo humano. El 

objetivo de este estudio fue determinar el contenido total fenólico y de flavonoides y la actividad antioxidante de propóleos y polen así como 

la bio-accesibilidad de estos productos mediante un modelo in vitro que simula la digestión gastrointestinal. Se analizaron el contenido fenólico 

total, el contenido total de flavonoides y la actividad antioxidante en todas las muestras, así como en las muestras recogidas después de la 

aplicación del método in vitro gastrointestinal. Los perfiles fenólicos del propóleo y las muestras de polen también fueron identificados por 

HPLC-PDA. Los resultados indicaron que el contenido total de fenólicos de fracciones (fracción EN bioaccesibles) de propóleos y polen fue de 

2,0 y 2,1 mg GAE/g; el contenido total de flavonoides fue de 0,9 y 0,2 mg QE/g, la actividad antioxidante total fue de 19,6 y 0,6 mg TE/g, 

respectivamente. Los porcentajes de la fracción IN del propóleo y el polen fueron 1% y el 9% para el contenido de fenoles totales, 0,2% y 

1% para el contenido total de flavonoides; 4% y 3% para la actividad antioxidante total. Los compuestos fenólicos incluyendo el ácido cafeico, 
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Introduction 
 

In general, honey bee products are well known for their positive health 

effects. Propolis is a gum-like natural product varying in colour from 

light yellow to dark brown composed of plant resins, bee waxes and 

pollens, gathered from various plants and used by the bees as a  

protective agent in hives. The composition of propolis depends on the 

time, vegetation, and the area of collection (Chang et al., 2002; Ahn 

et al., 2004, 2007). It has been used by man since ancient times for 

its pharmaceutical properties, is still used as a folk medicine and also 

available in the form of capsules. Propolis has more than 150  

components, such as polyphenols (flavonoids, phenolic acids and their 

esters), terpenoids, steroids, and amino acids (Bonvehi et al., 1994; 

Ahn et al., 2007). 

Propolis has been reported to have various biological activities 

including antibacterial, antiviral, antiinflammatory, anticancer, antifungal, 

and antitumoral properties (Campos et al., 2003; Basim et al., 2006; 

LeBlanc et al., 2009; Ahn et al., 2007; Carpes et al., 2007). Flavonoids 

have biological activities and the content of flavonoids is considered to 

be a significant index for assessing propolis quality (Chang et al., 2002). 

Taking into account the positive health effects of propolis, it can be 

considered as a new drug for the treatment of several diseases or as 

a nutritive supplement (Sforcin and Bankova, 2011).  

Pollen is a fine powder, produced by flowering plants and gathered 

by bees. Honey bees use pollen as their primary protein source, and 

use it for all the developmental stages in the hive. The bees place the 

pollen in honey combs with their legs and cover this pollen with honey 

(Basim et al., 2006; Morais et al., 2011).  

Phenolic composition of pollen tends to be species specific (Campos 

et al., 2003; Almaraz-Abarca et al., 2004; Campos et al., 2008) and 

provides its functional properties such as antibiotic, antineoplasic, 

antidiarrhoeic and antioxidant (Almaraz-Abarca et al., 2007). Flower 

pollens, whose composition can vary due to their botanical and  

geographic origin (Almaraz-Abarca et al., 2004), contain carbohydrates, 

amino acids, proteins, lipids, vitamins, minerals, phenolic compounds, 

flavonoids, phytosterols and other phytochemicals (Carpes et al., 2007). 

Flavonoids are the main secondary compounds of pollen which are 

responsible for the colour of pollen and are either colourless or yellow, 

red and purple (Bogdanov, 2011).  

It is also of critical importance to evaluate the composition and  

concentration of antioxidants that are available in the human gastro-

intestinal system besides the investigation of antioxidant potential of 

food materials. Studies carried out in-vivo systems are complex,  

expensive and time consuming. On the other hand, in-vitro studies 

enable the analysis of multiple samples and may show data about 

relative potential bioavailability of different polyphenolic components 

(McDougall et al., 2005). There are a limited number of studies on the 

bioaccesibility of phytochemicals in bee products including minerals in 

honey (Pohl et al., 2012), polyphenols in propolis (Gardana et al., 2007), 

and disposition and metabolism of chrysin (Walle et al., 2001). The 

objective of this study was to investigate the total phenolic and total 

flavonoid contents and antioxidant activities as well as in-vitro  

bioaccessibility of propolis and pollen samples.  

 

 

Material and methods 

Samples 

Three propolis and nine pollen samples were collected from Turkey, 

and for comparison, one propolis sample from Argentina and two 

pollen samples from Spain were also analysed in the study. 

 

Chemicals 

In this study, chemicals with analytical purity were used. For extraction 

and determination of spectrophotometric assays, gallic acid, catechin, 

ethanol, Folin-Ciocalteu phenol reagent, 1,1-diphenyl-2-picrylhydrazyl 

(DPPH), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) and neocuproine from 

Sigma-Aldrich Chemie GmbH (Steinheim, Germany); methanol, formic 

acid, hydrochloric acid, sodium carbonate, sodium nitrite, sodium 

hydroxide, sodium acetate trihydrate, potassium persulfate, dipotassium 

hydrogen phosphate, potassium dihydrogen phosphate, copper (II) 

chloride and ammonium acetate from Merck KGaA (Darmstadt,  

Germany); 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 

(Trolox) and aluminum chloride from Fluka Chemie (Buchs, Switzerland); 

potassium chloride from Riedel-de Haen Laborchemikalien GmbH 

(Hanover, Germany); ferric chloride from Lachema (Czech Republic) 

and 2,2’-azinobis(3-ethylbenzo-thiazoline-6-sulphonic acid) diammonium 

salt (ABTS) from Applichem GmbH (Darmstadt, Germany) were  

purchased. The following standards and reagents were used for the 

quantification of phenolic compounds: Caffeic acid, quercetin,  

pinobanksin, luteolin, chrysin, kaempferol, pinostrobin, 2-hydroxy- 

cinnamic acid, quercetin-3-galactoside, trifluoroacetic acid and  

acetonitrile from Sigma-Aldrich (Steinheim, Germany); p-coumaric 

acid, ferulic acid, apigenin, t-cinnamic acid, pinocembrin, galangine, 

quercetin-3-glucoside, myricetin from Fluka (Buchs, Switzerland). 

Water used for all analysis was distilled and purified with the water 

purification system (TKA GenPure, Germany). 

 

el ácido p-cumárico, ácido ferrulico, quercetina, pinobanksina, apigenina, ácido t- cinámico, luteolina, pinocembrina, crisina, galangina, 

kaempferol y pinostrobin se detectaron en propóleos , y ácido 2 - hidroxicinámico, quercetina-3-glucósido, quercetina, miricetina, luteolina, 

quercetina-3-galactosidasa, kaempferol y galangina se detectaron en muestras de polen.  

 

Keywords: Propolis, pollen, phenolics, flavonoids, antioxidants, bioaccessibility, in-vitro gastrointestinal digestion method 
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Preparation of propolis extracts 

All samples were individually ground to a fine powder and stored at 

-18ºC until analysis. For the estimation of the total phenolic content 

and total antioxidant activities using spectrophotometric assays, 25 ml 

60% ethanol was added to about 0.1 g finely ground sample, left for 

maceration at room temperature for 6 days in the dark. Samples were 

mixed everyday until they were homogenized. After sonication for 15 

min, the samples were centrifuged at 2700 g for 10 min at 4°C 

(Coneac et al., 2008). The liquid phase of the extract was collected 

and proper dilutions were prepared before the spectrophotometric 

analysis.  

 

Preparation of pollen extracts 

For the estimation of the total phenolic content and total antioxidant 

activities using spectrophotometric assays, 15 ml methanol was added 

to about 2 g finely ground sample and left for maceration at room 

temperature for 3 days in the dark. Maceration is a critical step because 

of the structure of the pollen having very hard cell walls which makes 

it difficult to extract. During maceration, samples are mixed once in a 

day using vortex to increase the extraction efficiency. After sonication 

for 15 min, the samples were centrifuged at 2700 g for 10 min at 4°C 

(Marghitaş et al., 2009; Morais et al., 2011). The liquid phase of the 

extract was collected and proper dilutions were prepared before the 

spectrophotometric analysis. 

 

Spectrophotometric assays 

The total phenolic content was estimated using Folin-Ciocalteu reagent 

as described before, using 500 ml of extract, 2.5 ml 2 N Folin-reagent 

added. For the preparation of a standard curve, 0.10-0.50 mg/ml 

gallic acid was used and data were expressed in mg gallic acid  

equivalents (GAE) per g (Meda et al., 2005). 

Total flavonoid content was analysed using AlCl3 colorimetric 

method, according to Dewanto et al. (2002), 1000ml sample extract 

or standard was mixed with 0.3 mL 5% NaNO2, 0.3 mL 10% AlCl3, 2 

mL 1M NaOH and 2.4 ml water, respectively. Absorbance of the mixture 

was measured at 510 nm and results were expressed in terms of mg 

quercetin equivalent (QE) per g. 

Total antioxidant levels were estimated by four different in-vitro 

tests. All assays were performed on both the propolis and the pollen 

extracts. In all assays, trolox was used as a reference compound and 

results were expressed in terms of mg trolox equivalent antioxidant 

capacity (TE) per g.  

The 2,2- azinobis 3-ethylbenzothiazoline-6-sulfonic acid diammonium 

salt (ABTS) method used was as according to with some slight  

modifications. For the hydrophilic extracts the ABTS stock solution 

was diluted in 50 mM potassium phosphate buffer pH 8.0, instead of  

5 mM PBS. Then, 100 ml sample extract or standard was mixed with  

1 ml ABTS-working solution (final pH of the reaction mixture was  
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about 7.4), and after exactly 40 seconds the remaining ABTS radicals 

were measured at 734 nm (Miller and Rice-Evans, 1997). 

The 1,1-diphenyl-2- picrylhydrazyl (DPPH) method was performed 

by mixing 500 ml of sample extract with 1.5 ml 0.1 mM DPPH in 

methanol (not buffered). After incubating at room temperature for 1 

hour in the dark, the absorbance of the mixture was measured at  

517 nm (Türkmen et al., 2006).  

The Ferric Reducing Antioxidant Power (FRAP) method was  

performed using 100 μl of sample extract, followed by the addition of 

900 μl FRAP reagent (pH 3.6). This mixture was then quickly vortexed 

for 20 s. Absorbance was measured at 593 nm against a reagent blank 

exactly 4 min after the addition of sample to the FRAP reagent (Benzie 

and Strain, 1996; Deighton et al., 2000). 

The Copper Reducing Antioxidant Capacity (CUPRAC) method was 

performed according to that previously described by Apak et al. (2004) 

and Apak et al. (2008).  

 

HPLC-PDA analysis of phenolics 

Extracts of propolis and pollen were filtered and analysed by HPLC 

(Waters 600) and detected by PDA (Waters 996 detector). Briefly, 

phenolic compounds were separated on a C18 column (Phenomenex 

Luna Column, USA) by a Waters HPLC system (Waters 600), using 

two gradients of 0.1% TFA with water and 0.1% TFA with acetonitrile. 

Separation of phenolics in the extracts was conducted in a 65 min run 

using a gradient of %3 B for 20 min, 3 to 15% B for 30 min, 15 to 40% B 

for 10 min, 40 to 100% B at 60 min (Bino et al., 2005; Ahn et al., 2007). 

The spectrum acquisition range was between 210 and 530 nm. Flavonols 

were detected at 360 nm and phenolic acids at 312 nm. Peak  

identification was done by comparing absorbance spectra and retention 

times of eluting peaks with available standards which are listed in the 

materials section. The calibration range for standards were 0.01-0.5 

mg/ml. 

 

Determination of in-vitro bioaccessibility by  

Gastrointestinal Digestion System Method 

In-vitro gastrointestinal digestion system method was performed  

according to the procedure described by McDougall et al. (2005). 

Release of phytochemicals from propolis and pollen matrices was 

analysed at different stages of digestion. These stages represented 

the aliquots from gastric digesta (post gastric, PG) and from GI digesta, 

including IN (representing the material that entered the serum;  

dialyzable fraction) and OUT (representing the material that remained 

in the GI tract, undialyzable fraction). Post gastric (PG), IN and OUT 

samples were stored at -20ºC until further analysis. These were 

thawed and centrifuged at 23000 g prior to analysis. Total phenolic 

(TP), total flavonoid (TF), and total antioxidant capacity (TAC) were 

determined for each of these PG, IN and OUT samples using the 

methods described above. 
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Statistical analysis 

All analyses were performed as three replicates. The standard deviation 

of the technical replicates was always lower than 5% of the mean value. 

Data were subjected to statistical analysis using SPSS software (version 

11.5 for Windows XP, SPSS Inc.) for the Analysis of Variance (ANOVA). 

Tukey's HSD (Honestly Significant Difference) test was used to analyse 

differences between treatments.  

 

 

Results 

Total phenolic and total flavonoid contents of 

propolis and pollen samples  

The results indicated that there is a wide variation in the total phenolic 

content of propolis and pollen samples collected from different areas, 

as shown in Table 1. Total phenolic and total flavonoid contents in 

propolis samples varied significantly, ranging from 143 to 324 mg GAE/g 

and from 206 to 705 mg QE/g of ethanolic extracts of propolis,  

respectively. On the other hand, total phenolic and total flavonoid 

contents of the pollen samples ranged from 12.0 to 36.7 mg GAE/g 

and from 15.8 to 75.8 mg QE/g, respectively (Table 1). 

 

Antioxidant activity of propolis and pollen samples 

Antioxidant activity values of propolis samples were determined in the 

range of 103-671, 575-1433, 135-454, 123-362 mg TE/g according to 

the methods ABTS, CUPRAC, DPPH, and FRAP, respectively (Table 1). 

On the other hand, antioxidant activity values of pollen samples were 

found to be between; 15.2-33.6, 20.7-89.4, 5.7-15.2, 5.2-15.7 mg TE/g 

according to ABTS, CUPRAC, DPPH, and FRAP methods, respectively.  
 

 

Propolis from Catalca, Turkey (No.3) had the highest antioxidant activity 

followed by the sample from Argentina. The highest value of antioxidant 

activity was obtained for the pollen samples collected from Beykoz, 

Turkey (No.11) and Sile, Turkey (No.14), respectively. 

 

Phenolic profile of propolis and pollen samples  

by HPLC-PDA 

Phenolic compounds detected in propolis samples were caffeic acid,  

p-coumaric acid, ferrulic acid, quercetin, pinobanksin, apigenin,  

t-cinnamic acid, luteolin, pinocembrin, chrysin, galangin, kaempferol 

and pinostrobin (Table 2). Pinostrobin, chrysin, pinocembrin, pinobanksin 

and galangin which are the representative flavonoids in propolis were 

in high quantity in ethanolic extracts of propolis, respectively (Table 2). 

Phenolic profile of pollen samples were also identified; 2-hydroxicinnamic 

acid, quercetin-3-glucoside, quercetin, myricetin, luteolin, quercetin-3-

galactoside, kaempferol, and galangin (Table 2). Lower values were 

obtained in comparison to propolis samples. Highest amounts were 

measured for myricetin, quercetin, quercetin-3-galactoside, and  

quercetin-3-glucoside (Table 2). 

 

In-vitro bioaccessibility of propolis and pollen 

samples by Gastrointestinal Digestion System 

Method 

Analysis of total phenolics, total flavonoids and antioxidant activity 

were performed to all PG, IN and OUT fractions. Total phenolic content 

of propolis was 254 mg GAE/g in average and regarding the bio-

accessibility results, recovery was found to be 2.5 mg GAE/g (Table 3). 

Bioaccessible content of phenolic compounds from gastrointestinal 

system was determined as 1%. Average total flavonoid content of  

Table 1. Total phenolics, total flavonoids and antioxidant activity in propolis and pollen samples collected from various geographical areas. 

Different letters in columns represent statistically significant differences (p < 0.05). Statistical analysis was performed separately for the propolis 

and pollen samples. 

Sample Collection Area 
Total  

Phenolics 
(mg GAE/g) 

Total  
Flavonoids 
(mg QE/g) 

Total Antioxidant Activity (mg TE/g) 

ABTS CUPRAC DPPH FRAP 

Propolis 

1 Argentina 315 ± 26b 616 ± 40b 448 ± 93b 1203 ± 161b 450 ± 11a 250 ± 30b 

2 Sile, İstanbul,Turkey 176 ± 15c 281 ± 34c 74 ± 44d 640 ± 93c 135 ± 47b 123 ± 11c 

3 Catalca, Istanbul, Turkey 380 ± 19a 705 ± 70a 671 ± 56a 1433 ± 124a 454 ± 13a 362 ± 43a 

4 Kartal, Istanbul, Turkey 143± 15d 206 ± 40d 207 ± 36c 575 ± 31c 151 ± 33b 140 ± 18c 

Pollen 

5 Spain 16.1 ± 1.8de 21.0 ± 1.0f 20.1 ± 2.0c 26.2 ± 1.6ef 9.4 ± 0.7c 5.8 ± 0.6ef 

6 Spain 18.6 ± 3.9cd 20.0 ± 0.6f 19.9 ± 1.5c 22.7 ± 1.4ef 7.0 ± 0.8d 5.2 ± 0.2f 

7 Antalya,Turkey 22.1 ± 1.3c 38.3 ± 1.2d 27.6 ± 1.8b 49.1 ± 2.6c 15.2 ± 0.1a 12.3 ± 0.5c 

8 Sinop, Turkey 12.0 ± 0.8e 15.8 ± 0.8g 15.2 ± 1.4d 20.9 ± 2.0ef 5.7 ± 0.9e 5.2 ± 0.4f 

9 Afyon, Turkey 19.3 ± 1.6cd 17.9 ± 1.7fg 25.2 ± 2.5b 35.3 ± 2.0d 7.1 ± 0.1d 5.8 ± 0.2ef 

10 Antalya, Turkey 28.8 ± 2.5b 50.1 ± 2.0c 31.7 ± 1.2a 54.0 ± 1.7c 15.0 ± 0.1a 14.1 ± 0.4b 

11 Beykoz, Istanbul, Turkey 35.7 ± 0.7a 75.8 ± 1.6a 33.5 ± 0.1a 89.4 ± 3.7a 15.1 ± 0.1a 15.7 ± 1.4a 

12 Çatalca, Istanbul, Turkey 18.2 ± 1.9cd 25.8 ± 2.7e 24.4 ± 1.5b 20.7 ± 1.2f 10.2 ± 0.3bc 8.9 ± 1.0d 

13 Çatalca, Istanbul, Turkey 19.1 ± 1.3cd 26.7 ± 1.0e 17.8 ± 1.9cd 23.4 ± 2.1ef 10.7 ± 0.6b 9.1 ± 0.6d 

14 Sile, İstanbul, Turkey 36.7 ± 1.0a 69.4 ± 1.8b 33.5 ± 0.1a 76.8 ± 1.8b 15.2 ± 0.0a 14.4 ± 0.4ab 

15 Istanbul, Turkey 20.2 ± 0.3cd 26.9 ± 1.5e 18.8 ± 1,5c 26.4 ± 3.7e 9.8 ± 0.5bc 7.2 ± 0.6e 
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Table 2. Flavonoid and phenolic acid contents in propolis and pollen samples.  

 

 

 

Discussion 

As in this study, Moreira et al. (2008) reported that Portuguese propolis 

is an important source of total phenols showing antioxidant properties 

that could be beneficial for human health. Ahn et al. (2004), obtained 

total phenolic and flavonoid content values changing in between 85-283 

and 16-136 mg/g, respectively, for ethanolic extracts of propolis samples 

collected from different geographical areas. Kumazawa et al. (2004) 

analysed propolis samples collected from very different geographies 

(Argentina, Brazil, China, New Zealand, South Africa, Tayland Ukraine, 

United States, Uzbekistan) and the results of total phenolic and flavonoid 

 

 

propolis was 452 mg QE/g and recovered amount was determined as 

0.92 mg QE/g after the application of gastrointestinal digestion system 

(Table 3). Bioaccessible percent of total flavonoids in this case was 

calculated as 0.2%. 

According to the bioaccessibility results, recovery of pollen samples 

was found to be 2.1 mg GAE/g. Average total phenolic content of pollen 

was determined as 22.4 mg GAE/g. After gastrointestinal digestion, 

Bioaccessible content of phenolic compounds was calculated as 9% 

(Table 3). Total flavonoid content of pollen was found to be 35.2 mg 

GAE/g and recovered amount in the IN fraction was determined as 

0.2 corresponding to a ratio of 1%. 

Compounds  
Propolis (mg/g)  Pollen (mg/g) 

Minimum Maximum Minimum Maximum 

Caffeic acid 0.04 ± 0.01 3.70 ± 0.08 - - 

p-Coumaric acid 0.09 ± 0.03 4.53 ± 0.06 - - 

Ferrulic acid 0.06 ± 0.01 6.27 ± 0.13 - - 

Quercetin 0.13 ± 0.02 0.74 ± 0.32 0.03 ± 0.00 0.78 ± 0.01 

Pinobanksin 4.30 ± 0.06 38.19 ± 0.77 - - 

Apigenin 0.47 ± 0.05 2.89 ± 0.42 - - 

t-cinnamic acid 1.01 ± 0.07 15.25 ± 0.28 - - 

Luteolin 0.05 ± 0.01 0.19 ± 0.19 0.01 ± 0.00 0.47 ± 0.01 

Crysin 11.35 ± 0.27 70.69 ± 2.21 - - 

Pinocembrin 5.32 ± 0.11 42.37 ± 0.60 - - 

Galangin 11.89 ± 2.62 35.82 ± 3.11 -   

Kaempferol 0.24 ± 0.20 1.29 ± 0.03 0.01 ± 0.00 0.12 ± 0.00 

Pinostrobin 10.85 ± 1.61 81.49 ± 2.72 - - 

2-Hydroxycinnamic acid - - 0.01 ± 0.00 0.54 ± 0.00 

Quercetin-3- glucoside - - 0.09 ± 0.00 0.59 ± 0.01 

Myricetin - - 0.12 ± 0.00 0.97 ± 0.47 

Quercetin-3-galactoside - - 0.08 ± 0.04 0.58 ± 0.01 

Sample 
Sample 

code 

TP (mg GAE/g) TF (mg QE/g) CUPRAC (mg TE/g) 

IN OUT PG IN OUT PG IN OUT PG 

Propolis 

1 2.0 ± 0.2c 13.8 ± 1.1b 3.6 ± 0.1b 0.8 ± 0.1c 5.3 ± 1.5c 1.5 ± 0.1a 14.9 ± 1.4b 116.6 ± 10.2a 39.1 ± 2.3b 

2 1.6 ± 0.1d 13.4 ± 1.0b 3.0 ± 0.1b 0.5 ± 0.0d 4.6 ± 0.6bc 0.9 ± 0.1b 15.4 ± 2.4b 96.6 ± 16.4a 32.2 ± 2.1c 

3 3.8 ± 0.3a 15.5 ± 1.7ab 5.2 ± 0.3a 1.4 ± 0.2a 6.1 ± 0.5ab 1.4 ± 0.2a 29.6 ± 3.6a 111.6 ± 7.7a 51.4 ± 3.7a 

4 2.5 ± 0.2b 16.6 ± 1.8a 3.1 ± 1.2b 1.0 ± 0.1b 6.8 ± 0.3a 1.0 ± 0.1b 18.5 ± 2.9b 104.3 ± 21.9a 40.5 ± 3.0ab 

Pollen 

5 2.6 ± 0.5abc 9.8 ± 0.3a 10.1 ± 0.4abc 0.2 ± 0.0ab 1.3 ± 0.1ab 0.8 ± 0.0b 0.7 ± 0.2a 2.7 ± 0.2ab 2.7 ± 0.6abc 

6 2.3 ± 0.1bcd 10.1 ± 0.1a 10.1 ± 0.4abc 0.2 ± 0.0b 1.4 ± 0.1a 0.8 ± 0.0b 0.6 ± 0.0ab 2.7 ± 0.2ab 2.6 ± 0.1abc 

7 1.4 ± 0.1fg 7.4 ± 0.2cd 7.4 ± 0.5e 0.2 ± 0.0ef 1.1 ± 0.1abcd 0.7 ± 0.1bcd 0.4 ± 0.0b 1.9 ± 0.1cde 1.7 ± 0.3de 

8 1.0 ± 0.0g 4.8 ± 0.4e 4.2 ± 0.3f 0.2 ± 0.0ef 0.9 ± 0.6abcd 0.7 ± 0.1bc 0.3 ± 0.0b 1.5 ± 0.1e 1.2 ± 0.2e 

9 1.8 ± 0.0ef 8.4 ± 0.0b 9.2 ± 0.2cde 0.2 ± 0.0f 0.8 ± 0.1cd 0.5 ± 0.0e 0.7 ± 0.3ab 1.6 ± 0.1de 1.6 ± 0.2de 

10 1.9 ± 0.0de 7.3 ± 0.3d 8.2 ± 0.2de 0.2 ± 0.0a 1.3 ± 0.3abc 1.1 ± 0.1a 0.5 ± 0.0ab 1.7 ± 0.1cde 1.9 ± 0.2cde 

11 2.1 ± 0.0de 7.2 ± 0.1d 8.0 ± 0.6de 0.2 ± 0.0de 0.8 ± 0.1cd 0.6 ± 0.0de 0.7 ± 0.1a 2.0 ± 0.1cde 2.1 ± 0.3bcd 

12 2.7 ± 0.2ab 10.4 ± 0.4a 11.6 ± 0.5a 0.2 ± 0.0c 1.1 ± 0.0abcd 0.6 ± 0.0cde 0.8 ± 0.0a 3.1 ± 0.7a 2.9 ± 0.3ab 

13 2.8 ± 0.2a 10.5 ± 0.5a 11.3 ± 1.0ab 0.2 ± 0.0c 1.1 ± 0.0abcd 0.7 ± 0.1bc 0.8 ± 0.2a 2.7 ± 0.2ab 3.1 ± 0.4a 

14 1.9 ± 0.1de 8.1 ± 0.5bc 7.8 ± 0.4de 0.1 ± 0.0g 0.7 ± 0.0e 0.5 ± 0.0e 0.6 ± 0.0ab 2.3 ± 0.2bc 2.3 ± 0.4abcd 

15 2.1 ± 0.1cde 8.6 ± 0.1b 9.5 ± 0.4bcd 0.2 ± 0.0cd 0.9 ± 0.0bcd 0.6 ± 0.0cde 0.8 ± 0.4a 2.1 ± 0.0cd 2.5 ± 0.5abc 

Table 3. Total phenolics, total flavonoids, and total antioxidant activity after the application of in-vitro digestion method in propolis and pollen 

samples. Different letters in columns represent statistically significant differences (p < 0.05). Statistical analysis was performed separately for 

the propolis and pollen samples. 
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contents were observed to vary between 31.2-299 and 2.5-176 mg/g, 

respectively. The reason for the wide range of total phenolic and total 

flavonoid values is that the phenolic content depends on geography, 

climate and plant origin (Choi et al., 2006; Kumazawa et al., 2004; 

Marcucci et al., 2001; Mot et al., 2011). Similarly, differences between 

reported values for pollen samples may depend on the type of pollen, 

various climate conditions and geography (Almaraz-Abarca et al., 2007). 

Total phenolic contents in different pollen species reported by some 

researchers were in the range of 3.6-16.8 mg GAE/g (Carpes et al., 

2007; Morais et al., 2011). Total phenolic content of methanolic pollen 

extracts were determined to be between 10.5 and 34.85 mg/g (LeBlanc 

et al., 2009; Morais et al., 2011). Marghitaş et al. (2009) determined 

the total phenolic content of pollens from 4.4 to 16.4 mg GAE/g. On 

the other hand, total flavonoid content of pollen samples was reported 

to be in the range of 3.2 and 28 mg/g (Bogdanov, 2011; Prelipcean 

and Albu, 2011). 

In the present study, total phenolic content values were found to 

be lower than total flavonoid content values although flavonoids are 

subgroups of phenolics. This might be as a result of high content of 

flavonoids in propolis samples or associated with the problems in 

spectrophotometric analysis due to the presence of interfering  

compounds. According to Chang et al. (2002) none of the colorimetric 

methods can detect all kinds of flavonoids. For example, within four 

major groups of flavonoids in propolis, only flavones and flavonols 

were found to complex stably with aluminium chloride (Mabry et al., 

1970), besides flavanones and flavanonols reacted better with 2, 

4-dinitrophenylhydrazine (Nagy and Grancai, 1996). 

According to the HPLC results obtained in this study, the phenolic 

content of propolis is mainly composed of crysin, galangin, pinostrobin, 

pinocembrin and pinobanksin. In the literature it was reported that 

this composition tends to be species-specific (Campos et al., 2003; 

Almaraz-Abarca et al., 2004). Similarly, flavonoid content of pollen was 

reported to be different in various studies due to the existence of 

different types of pollen (Bogdanov, 2011). 

Results of antioxidant activity values measured by CUPRAC method 

were higher with respect to the other methods. This might be explained 

by differences in the solubility in different solvent systems (Arnao, 2000; 

Apak et al., 2007). There have been several different techniques applied 

for the assessment of individual antioxidants or the total phenolic, 

flavonoid, or antioxidant capacities of honeybee products. However, 

differences in these procedures make comparisons between various 

studies harder and in some cases conflicting results might be obtained. 

In case of antioxidant capacity tests, it is even more complicated since 

each method have its own advantages and disadvantages (Capanoglu 

et al., 2008). Indeed, each method has a different nature and principle 

including the radical that is generated, the end-point of detection, or 

the required reaction time. It was reported in the literature that  

antioxidant activities of mixtures, multifunctional or complex multiphase 

system cannot be evaluated satisfactorily by using one antioxidant 

test, due to the many variables which can influence the results. 
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Therefore, application of several test procedures at the same time is 

recommended for a better evaluation of antioxidant activity (Antolovich 

et al., 2002; Capanoglu et al., 2008). 

According to the results, propolis from Çatalca, Turkey was found 

to have the highest bioaccessibility of total phenolics followed by the 

sample from Kartal, Turkey. The results of total flavonoid analysis 

applied on the in-vitro digestion material showed the same trend having 

the highest values for Çatalca, Turkey and Kartal, Turkey. The lowest 

antioxidant activity results for the gastric phase fraction (IN) was 

observed in propolis from Argentina whereas Turkish propolis samples 

showed higher activities.  

In the study, OUT fraction resulted with higher values in comparison 

to PG values. This might be due to the increase in the extractability of 

phenolics and flavonoids by the effect of their release as a result of 

enzyme application and incubation (2 hours) during the intestinal 

phase (Bouayed et al., 2011). Lower Post-Gastric (PG) values may be 

related with the fact that phenolic extraction of propolis samples should 

be performed by dissolving the sample in extraction solvent (ethanol) 

for 6-8 days because of its low solubility (Coneac et al., 2008). On the 

other hand, bioaccessibility studies were performed simply by dissolving 

the propolis with water only for 2 hours. Propolis is composed of 50% 

resin, 30% wax, 5% pollen, 10% aromatic lipids, and 5% other organic 

residues and the complex nature of this material may lead to low bio-

accessibility. Most of these components have large molecular size and 

their uptake to human body is difficult but last two groups include low

-molecular weight phenolics which are suggested to be candidates for 

active bioaccessible products, namely flavonoids, phenolic acids and 

esters, aromatic aldehydes and alcohols (Shimizu et al., 2004). The 

findings of Walle et al. (1999 and 2001) indicated that chrysin has low 

oral bioavailability, mainly due to extensive metabolism and efflux of 

metabolites back into the intestine for hydrolysis and faecal elimination. 

On the other hand, according to a study performed by Gardana et al. 

(2007), the presence of several flavonoids including pinobanksin-5-

methyl ether, pinobanksin, chrysin, pinocembrin, and galangin were 

detected in human plasma after the ingestion of a purified and dewaxed 

propolis extract indicating that polyphenols from this extract are  

absorbed, metabolized and, therefore, may exert systemic effects, such 

as protection of lipid membranes from oxidative injury and immuno- 

stimulation. In this study, even though the recovery percentages of 

bioaccessible phenolic compounds in propolis and pollen samples were 

observed to be low, the recovered amounts were still high due to their 

high initial contents compared to other food materials such as fruits 

and vegetables. 

In conclusion, samples collected from different geographical areas 

were found to have different amounts and types of phenolic compounds. 

Propolis and pollen samples showed very strong antioxidant activities. 

However, bioaccessibility of phenolic compounds was not high probably 

due to the presence and effect of other components present in their 

structure. Nevertheless, propolis and pollen still have a high potential 

of bioaccessible phenolics and antioxidant activity. In further studies, 
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it would be interesting to focus on other bioaccessibility/bioavailability 

techniques including cellular models.  
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