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Abstract  
Polyphenol-enriched extracts from industrial plant by-products (apple, strawberry and bilberry press residues and 

distilled rose petals) were obtained by adsorption technology. In addition to the contents of total polyphenols and 

total monomeric anthocyanins, the total antioxidant capacity was evaluated using DPPH- and FRAP-assay. The 

extracts from distilled rose petals, strawberry and bilberry press residues were characterized by a high content of 

total polyphenols – from 41016,6 ± 8,15 to 47283,3 ± 19,96 mg GAE/100 g dry extract, while apple press residues 

had considerably lower concentrations of polyphenols (11754,2 ± 8,03 mg GAE/100 g). The TMA/TPP ratio of 

bilberry extract was relatively high (41 %), which indicated the high concentration of total monomeric 

anthocyanins in total polyphenols. The strongest antioxidant activity showed the extract from distilled rose petal 

(DPPH = 3013 ± 3,6  μmol TE/g and FRAP = 3625 ± 7,3 μmol TE/g) followed by extracts from strawberry press 

residues (DPPH = 2427 ± 5,0  μmol  TE/g and FRAP = 1664 ± 1,77 μmol TE/g), bilberry press residues (DPPH 

= 1704 ± 3,5  μmol TE/g and FRAP = 1411 ± 7,73 μmol TE/g) and apple press residues (DPPH = 350 ± 2,0 μmol 

TE/g and FRAP = 460 ± 8,36 μmol TE/g). The results reported in the present study shown that the by-products 

of fruit processing have a high content of biologically active substances and represent an alternative source of 

biologically active phenols that can be extracted and used to fortify functional foods. 
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Introduction 
In recent years, the use of synthetic antioxidants has 

been restricted by many countries and the interest 

towards natural antioxidants has increased more and 

more. Hence, natural antioxidants are preferred over 

synthetic ones by most of the consumers (Gülçin, 

2010; Köksal and Gülçin, 2008).  

Research interest has focused on the use of 

agriculture products and by-products as a potential 

source of natural antioxidants (Moure et al., 2001). 

Special attention is focused on the extraction from 

inexpensive or residual sources from the agricultural 

industries. By-products, remaining after processing 

fruits and vegetables in the food processing industry, 

still contain a significant huge amount of phenolic 

compounds. Some studies have already been done 

on by-products, which could be potential sources of 

antioxidants (Volf and Popa, 2004). Natural antioxi-

dants, which are available in these sources, protect 

the human body against free radicals and oxidative 

stress. These antioxidants play a very important role 

in human health (Tohma and Gülçin, 2010). 

The antioxidant activity of fruits is mainly correlated 

with their content of polyphenols, carotenoids and 

vitamins C and E (Benzie, 2003; Cadenas and 

Packer, 2002). Phenolic compounds comprise a 

diverse group of molecules classified as secondary 

metabolites in plants that have a large range of 

structures and functions (Rispail et al., 2005). 

Over the last few years, the identification and deve-

lopment of phenolic compounds or extracts from 

different plants has become a major area of health- 

and medical-related research (Dai and Mumper, 

2010). It is important to quantify phenolic content 

and to assess its contribution to their antioxidant 

activity. Among natural antioxidants, phenolic-rich 

extracts like those derived from apple, strawberry, 

and bilberry press residues and distilled rose petals 
have been reported as good alternatives, since they 

are readily available as industrial wastes. They could 

thus be of great benefit from economic and environ-

mental perspectives as sources of low cost natural 

antioxidants (Ouchemoukh et al., 2012). 

The use of extracts from different plant sources as 

functional or health food additives require the preli- 

minary characterization of polyphenol components, 

which is a prerequisite for assessing their contribu-

tion to the total antioxidant activity of the extracts. 

Therefore, the objective of this work was to evaluate 

total polyphenols, total anthocyanins and antioxi-

dant activity of industrial plant by-products (apple, 

strawberry and bilberry press residues and distilled 

rose petals). 

 

Materials and Methods  

Materials 

For this study the following reagents were used: 

Folin-Ciocalteau’s reagent (Merck, Darmstadt, 

Germany); DPPH [2,2-diphenyl-1-picrylhydrazyl] 

and Trolox [(±)-6-hydroxy-2,5,7,8-tetramethylchro-

man-2-carboxylic acid] (Sigma-Aldrich, Steinheim, 

Germany); TPTZ [2,4,6-tripyridyl-s-triazine] and 

gallic acid monohydrate (Fluka, Buchs, 

Switzerland).  

 

Plant extracts preparation 

Frozen by-products were thawed, hot air-dried 

(60ºC, 8 h) and milled until a particle size ˂ 4 mm 

were obtained. Strawberry, apple and bilberry 

pomace (approximately 300 g) were extracted with 

70% aqueous ethanol at a liquid to solid ratio of 20:1 

(v/w). After 1 h of stirring at ambient temperature, 

the extraction mixtures were filtered through a paper 

filter (Machery-Nagel, Düren, Germany) on a 

Büchner funnel, and organic solvent was evaporated 

under vacuum (40ºC). To remove sugars, salts and 

amino acids from extracts, samples were purified 

using a column (465 × 30mm) filled with Amberlite 

XAD 16 HP. Prior to sample application, the resin 

was conditioned and equilibrated by rinsing with 

500 mL of ethanol end 1000 mL of water, acidified 

with trifluoroacetic acid (TFA, pH 2). Subsequently, 

250 mL of the extracts were applied and the column 

rinsed with 1000 mL of acidified water (TFA, pH 2). 

For elution of the pigments at least 500mL of a 

mixture of ethanol and acidified water (TFA, pH 2) 

(95:5v/v) was applied until the column was 

colorless. The organic solvent of the eluate was 

evaporated under vacuum (40ºC). After that, the 

residue was lyophilized for 48h.   

The by-product originating from water-steam 

distillation of R. damascena Mill. petals was 

supplied by Nara Geo Distillery (Plovdiv, Bulgaria). 

After pressing of the wet material, the pomace 

obtained was hot air-dried (60°C, 6h). Rose petal 

polyphenols were extracted with 30% aqueous 

ethanol using approximately 350g of finely milled 

pomace (particle size < 4mm) at a liquid to solid 

ratio of 20:1 (v/w). After 1 h of stirring at ambient 

temperature, the extraction mixture was filtered 

using a paper filter, and the organic solvent was 

evaporated under vacuum (40°C). The extract 

obtained was either purified on a column (465 × 

30mm) filled with Amberlite XAD 16 HP. Prior to 

sample application, the resin was conditioned and 

equilibrated as described above. Then 250mL of the 

extract was applied and the column subsequently 

http://www.sciencedirect.com/science/article/pii/S0308814607004438#bib3
http://www.sciencedirect.com/science/article/pii/S0308814607004438#bib3
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rinsed with 1000 mL of acidified water (TFA, pH 2). 

For the elution of the rose petal phenolics 500 mL of 

a mixture of ethanol and acidified water (pH 2) (95:5, 

v/v) was applied to the column. After evaporation 

and concentration under vacuum (30°C), the poly-

phenols were lyophilized for 48h. 

 

Plant extracts characterization 

All measurements were performed with a Helios 

Omega UV–vis spectrophotometer equipped with 

VISIONlite software (all from Thermo Fisher 

Scientific, Madison, WI, USA) using 1cm path 

length cuvettes. 

Before analyses 200mg of lyophilized extracts were 

dissolved in 40mL aqueous methanol (80%). After 

extraction overnight at 10°C, the mixture was fil-

tered through a paper filter. Extraction was perfor-

med in triplicate. 

 

Determination of total phenolic content 

The content of total polyphenols (TPP) of the 

different extracts was assessed using the “Folin-

Ciocalteu” reagent assay as described by Singleton 

& Rossi (1965) with some modifications. 0.1mL of 

sample was mixed with approximately 5mL of 

distilled water, 0.5mL FC-reagent (diluted with 

distilled water 1:4, v/v). Next, 1.5mL of sodium 

carbonate solution (7.5 %) was added to the mixture, 

followed by the addition of distilled water filled to 

volume. The solution was mixed and allowed to 

stand at room temperature for 2 h. The absorbance 

was measured at 750nm. Total polyphenolics were 

expressed as mg of gallic acid equivalent (GAE) per 

100g extract (dry mass) (mg GAE.100 g-1).  

 

Determination of total monomeric anthocyanins  

Total monomeric anthocyanins (TMA) were estima-

ted by a pH-differential method (Giusti & Wrolstad, 

2001). The sample extract was diluted in parallel 

with buffer pH 1.0 (0.025 M potassium chloride) and 

buffer pH 4.5 (0.4 M sodium acetate). After 1h of 

incubation at room temperature, the absorbance was 

measured at 520 and 700nm. Results were calculated 

using a molar extinction coefficient of 26900 L.              

mol-1.cm-1 and molecular weight of 449.2g.mol-1 

(Moyer et al., 2002) and expressed as equivalents of 

cyanidin 3-glucoside (CGE) in mg.100g-1 of extract.  

 

 

 

 

 

 

 

Determination of total antioxidant capacity  
The total antioxidant capacity was determined by the 

DPPH● (free radical scavenging activity) and FRAP 

(ferric reducing antioxidant power) assay. Trolox, a 

water-soluble vitamin E analogue, was used as a 

reference in both assays and the antioxidant capacity 

was expressed as μmol Trolox equivalents (TE) 1g-1 

of extract. DPPH● assay was based on the method of 

Brand-Williams et al. (1995) modified as follows: 

2250μL of a DPPH● methanolic solution (6×10-5M) 

was mixed with 250μL of sample extract (diluted 

with distilled water 1:3, v/v) After 15min of reaction 

in a cap-sealed cuvette kept in the dark at room tem-

perature it was measured the absorbance at 515nm.  

Antioxidant capacity determined by FRAP was 

evaluated according to the description by Benzie & 

Strain (1996) with some modifications. The FRAP 

reagent was prepared by mixing 200mL of an acetate 

buffer (0.3 mol.L-1, pH 3.6), 20mL of a FeCl3 water 

solution (20 mmol.L-1) and 20mL of a TPTZ 

solution (10 mmol.L-1) in hydrochloric acid (40 

mmol.L-1). In the assay, 2250μL of FRAP reagent 

and 250μL of sample extract (diluted with distilled 

water 1:3,v/v) were mixed in a cuvette and absorban-

ce was measured at 593nm after 4min of reaction. 

 

Results and Discussion 
 

The extracts from bilberry and strawberry press 

residues and distilled rose petals were characterized 

by a high content of total polyphenols – from 

41016.60 ± 8.15 to 47283.30 ± 19.96 mg GAE.100 

g-1 dry extract, while apple press residues had 

considerably lower concentrations of polyphenols 

(11754.20 ± 8.03 mgGAE.100g-1). The highest 

content of total polyphenols was founded in the 

extract from distilled rose petal, followed by extracts 

from strawberry and bilberry press residues. The 

portion of total monomeric anthocyanins in total 

polyphenol concentration was evaluated by calcula-

ting TMA/TPP ratio. The TMA/TPP ratio of bilberry 

extract was relatively high (41%), which indicated 

the high concentration of total monomeric antho-

cyanins in total polyphenols. A similar high ratio of 

TMA/TPP was found in bilberry fruits (Jakobek et 

al., 2007). In this study, a significantly lower 

TMA/TPP ratio was found in strawberry extract. 

Data presented by Yoncheva et al. (2010) also found 

that the amount of total anthocyanins were lower in 

strawberry fruits than in bilberry fruits.  
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According to data presented by authors, the 

proportion of total anthocyanins in strawberry fruits 

was about 4%, while in the present study, the 

TMA/TPP ratio in strawberry press residue was 

three times higher (12%). Most likely, the 

explanation for this is that the majority of the 

strawberry’s total anthocyanins are contained in 

those parts that remain in the press residue after juice 

extraction and their portion of anthocyanins in total 

polyphenols increase during strawberry processing. 

The high content of polyphenols in the obtained 

extracts, determines their high antioxidant capacity.  

In order to evaluate antioxidant activity of extracts, 

DPPH●
 assay and FRAP assay were applied and the 

results are presented in Table 1 and Fig. 1. As seen 

by the results, the strongest antioxidant activity sho-

wed the extract from distilled rose petal (DPPH● = 

3013 ± 3.6μmol TE.g-1 and FRAP = 3625 ± 7.3μmol 

TE.g-1) followed by extracts from strawberry press 

residues (DPPH● = 2427 ± 5.0  μmol TE.g-1 and 

FRAP = 1664 ± 1.77 μmol TE.g-1), bilberry press 

residues (DPPH● = 1704 ± 3.5  μmol TE/g and FRAP 

= 1411 ± 7.73 μmol TE.g-1) and apple press residues 

(DPPH● = 350 ± 2.0 μmol TE.g-1 and FRAP = 460 ± 

8.36 μmol TE.g-1). The results obtained for the 

antioxidant capacity of the studied extracts were 

correlated with data obtained for the content of total 

polyphenols. It is observed that the higher content of 

total polyphenols also determined the higher antioxi-

dant capacity of extracts. Similar results to our 

findings have been previously reported by Zheng & 

Wang (2001). They found good correlations 

between the results from total phenolic analysis and 

antioxidative assays.  

Based on the obtained results, extract from distilled 

rose petal exhibit significantly higher antioxidant 

activity compared to the extract from strawberry 

press residues, although the content of total 

polyphenols in both extracts was similar. Probably, 

the differences in antioxidant capacity of these tow 

extracts are due to differences in their polyphenol 

content.  

 

Conclusions 

The results reported in the present study show that 

the by-products of fruits processing have a high 

content of biologically active substances. This also 

determines the necessity of development of techno-

logical solutions for their complete utilization, one 

of which is the possibility of their inclusion as 

additives in the dairy industry.  

 

 

 

These by-products represent an alternative source of 

biologically active phenols to be extracted and used 

to fortify functional foods. 
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Table 1. Contents of total polyphenols (TPP) and total monomeric anthocyanins (TMA) and value of antioxidant 

capacity (DPPH● and FRAP) and total anthocyanins/phenolics ratio (TMA/TPP) of different plant by-products. 

 

Plant  

by-products  

TPPa 

(mgGAE.100g-1d) 

TMAb  

(mgCGE.100 g-1d) 

FRAPc  

(µmolTE.g-1d) 

DPPH●c  

(µmolTE.g-1d) 
TMA/TPP 

% 

Apple  11754.20 ±  8.03 -  460.00 ± 8.36 350.00  ± 2.00 - 

Bilberry 41016.60 ±  8.15 16922.50 ± 0.019 1411.00 ± 7.73 1704.00  ± 3.50 41.00 

Strawberry 46400.00 ± 23.93   5901.25 ± 0.011 1664.00 ± 1.77 2427.00  ± 5.00 12.00 

Rose petals 47283.30 ± 19.96 - 3625.00 ± 7.30 3013.00  ± 3.60 - 

a Results are expressed as mg gallic acid equivalents per 100g-1 dry extract. 
b Results are expressed as mg cyanidin 3-glucoside 100g-1 dry extract. 
c Results are expressed as μmol Trolox equivalents per 1g-1 dry extract. 

 

 

 

 
 

 

Figure 1. Profile of antioxidant capacity of different plant by-products. 
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