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Summary 

 
In this work were studied three red fruits (raspberry, gooseberry and blueberry) produced in organic mode, to evaluate the 

variations in the content of phenolic compounds and antioxidant capacity along maturation. The phenols were extracted from 

the fruits with two solvents (methanol and acetone) and were quantified by the Folin-Ciocalteu method. The antioxidant 

activity was determined with two methods (HPPH and ABTS). Furthermore, HPLC was used to identify and quantify some 

phenolic compounds present in the fruits analyzed. The results showed that the total phenolic compounds in all fruits decreased 

along maturation, either in the methanol or acetone extracts (23 % and 20 % reduction, on average, for methanol and acetone 

extracts, respectively), although in methanol extracts the levels of phenolic compounds were always higher (0.54 and 0.21 mg 

GAE/g). The blueberry showed higher level of total phenolics in methanol extract (average 0.67 mg GAE/g), while in the 

acetone extract it was gooseberry (average 0.31 mg GAE/g). At the end of maturation, all fruits studied had similar values of 

antioxidant capacity as determined by DPPH method (0.52 mmol Trolox/g). For the ABTS method, blueberries showed higher 

values of antioxidant activity (6.01 mmol Trolox/g against 3.01 and 2.66 mmol Trolox/g, for raspberry and gooseberry, 

respectively). Furthermore, the HPLC analysis allowed to identify monomeric anthocyanins and phenolic acids in the three 

fruits studied. 
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Introduction 
 

Organic farming or biological production mode 

differs from other production methods for its 

balanced and constructive action in agricultural 

systems. With the increase in intensive agriculture, 

undesirable changes were being observed in 

ecosystems with irreparable damage being caused to 

the natural equilibrium. This is the reason for the 

increasing interest in organic farming as an 

environment friendly agricultural production method. 

Organic farming is distinguished from other 

production systems because it excludes almost all 

synthetic chemicals, uses cultural rotations, crop 

residues, animal manure, and all organic waste from 

the farm (Soutinho et al., 2013a, 2013b). 

Currently there has been increasing interest in 

organically produced food products. In parallel, has 

increased the demand for fruits, given their high 

content of biologically active phytochemical 

compounds, capable of delaying the onset of 

diseases, contributing to the health and welfare of 

humans (Soutinho et al., 2013a, 2013b). 

The red fruits are foods quite rich in essential 

micronutrients and bioactive compounds and should 

be part of a balanced diet. Studies have shown that in 

the group of small fruits, which include raspberry, 

blueberry and blackcurrant, each species has 

distinctive and specific levels of phenolic 

compounds, consisting mainly of anthocyanins, 

flavonols, proanthocyanidins, and phenolic acids, 

catechins and isoflavones, compounds known for 

their antioxidant capacity (Chiang et al., 2013; 

Gevrenova et al., 2013; Lee et al., 2012; Nour et al., 

2013; You et al., 2011). 

Blueberry (Vaccinium corymbosum) is known to 

contain significant levels of phenolic compounds, 

including anthocyanins, flavonoids and procyanidins 

that have high biological activity, providing health 

benefits as antioxidants (Koca and Karadeniz, 2009). 

Raspberry (Rubus Idaeus) is also quite rich in 

phenolic compounds especially in anthocyanins , 

cyanidin-3-sophoroside, cyanidin-3-(2(G)-

glucosylrutinoside), cyanidin-3-glucoside, cyanidin-

3-rutinoside, pelargonidin-3-sophoroside, 

pelargonidin-3-(2(G)-glucosylrutinoside), and 

pelargonidin-3-glucoside (Mullen et al., 2002). The 

Gooseberry (Phyllanthus distichus) consists of small 

red berries that grow in clusters. It is particularly rich 

in vitamin C, especially the black and red currant. 

Acts effectively as an inhibitor of free radicals having 
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a wide range of antioxidant phytochemicals 

(Pantelidis et al., 2007). 

In this work three red fruits, raspberry, gooseberry 

and blueberry, produced in organic farming, were 

characterized in relation to their phenolic 

composition and antioxidant activity along 

maturation. The objective of the work undertaken 

was to verify the evolution of the phenolic 

compounds and antioxidant activity along 

maturation, as well as to compare the different red 

fruits studied in order to identify those richer in 

pgenolic compounds. Furthermore, it was also 

intended to identify the individual phenolic 

compounds present in each sample by means of 

HPLC. 

 

Materials and methods 
 

Sampling 

 

The fruits studied in this work were raspberry, 

gooseberry and blueberry, all produced in organic 

farming and provided by a local producer. The 

samples were harvested for analysis between the 3
rd

 

of June and 9
th

 of July, along maturation and until the 

complete maturation stage. The sample size was over 

100 fruits of each kind at each harvesting date, and 

they were chosen randomly from the plantation but 

looking for uniformity in size and maturation status.  

 

Extraction procedure 

 

The phenolic compounds present in the fruits were 

extracted according to an adaptation of the method 

proposed by Ferreira et al. (2002). Each sample 

consisted of 10 g, taken from a mass obtained from 

grinding several fruits, so as to be representative. The 

extraction of phenolic compounds was carried out 

through maceration and subsequent extraction three 

times with a solution of methanol:acetic acid (98:2) 

followed by three times with a solution acetone:water 

(60:40). All the extractions were made from the same 

sample, successively, for 1 hour each, with magnetic 

stirring at room temperature. This allowed obtaining 

the methanol extracts and acetone extracts, 

respectively. 

 

Phenolic Content 

 

The phenolic content of the different extracts was 

determined by Folin-Ciocalteu reagent (Singleton and 

Rossi, 1965). Each sample (0.125 mL) was added to 

0.5 mL of deionized water and 0.125 mL of Folin-

Ciocalteu reagent (Sigma). After 6 min, 1.25 mL of 

7.5 % solution of sodium carbonate and 1.0 mL of 

deionized water were added. The mixture was left 90 

min at room temperature in the dark and the 

absorbance at 760 nm was measured. A calibration 

curve was made with standard solutions of gallic 

acid. The results were expressed in equivalents of the 

standard used. All analyses were done in triplicate. 

 

Antioxidant capacity 

 

The antioxidant capacity was determined by the 

methods using the free radicals 2,2-Diphenyl-1-

picrylhydrazyl (DPPH*) and 2,2'-azino-bis(3-

ethylbenzthiazoline-6-sulphonic acid) ABTS, 

respectively described by Brand-Williams et al. 

(1995) and Miller et al. (1993). The results were 

based on the percentage of inhibition of each fruit, 

compared with a standard antioxidant (Trolox) in a 

dose–response curve being expressed in Trolox 

equivalents. 

In the first method, to a tube were added 100 L of 

sample and 2 mL of DPPH previously prepared and 

then was placed placed in a dark place at room 

temperature for 30 minutes. Finally absorbance was 

measured in a spectrophotometer at a wavelength of 

515 nm. The analysis was performed in triplicate. 

In the second method, in the tube 100 L of sample 

were combined with 2 ml of ABTS, previously 

prepared, and again the samples were placed in the 

dark at room temperature, this time for 15 minutes. 

Finally the absorbance of the samples was read at a 

wavelength of 734 nm. Three repetitions were also 

carried out in each sample. 

 

Total tannins 

 

Total tannins (TT) were estimated according to 

Ribereau-Gayon and Stonestreet (1966). Briefly, 

the sample was diluted to 1/50 in water. 2.0 mL of 

the previous solution was added to 1.0 mL of water 

and 3.0 mL of 12 M HCl. The content was divided 

into two tubes. One of them was heated for 30 min 

in boiled water and cooled (tube A), while the last 

one stayed at room temperature (tube B). A 0.5 mL 

amount of 95 % ethyl alcohol was added. The 

absorbance was read at 550 nm for each tube, 

AbstA and AbstB. Total tannins (g/L) were 

calculated using the equation: TT = 19.33 × 

(AbstA - AbstB). 

 

Total Anthocyanins 

 

Total anthocyanins (TA) were determined using the 

SO2 bleaching method [5]. Each sample (1 mL) was 

added to 1 mL of ethanol acidified by 0.1 % HCl and 

20 mL of 2 % HCl solution. In one tube, 2 mL of 
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previous solution was added to 0.8 mL of water (t1). 

In another tube (t2) were mixed 2 mL of previous 

solution and 0.4 mL of HNaSO3 solution (15 % w/v). 

After 20 min at dark room temperature, the 

absorbance at 520 nm was measured. The TA were 

calculated using the equation TA = 875 × (abst1 - 

abst2), and results expressed as mg/L of malvidin 

equivalents (Soutinho et al., 2013b). 

The determination of the percentage of the different 

forms of polymerization of the anthocyanins 

(monomeric, polymeric and co-pigmented) was done 

following the method proposed by (Mazza et al., 

1999). 

 

Fractionation of Phenolic Compounds 

 

The fractionation of fruit phenolic compounds was 

based on the methodology proposed by Sun et al. 

(2002).  The pH of phenolic extracts was adjusted 

at pH≈7.0. This solution was loaded into the 

column in a flow of less than 2 mL/min. Phenolic 

acids fractions were eluted with 50 mL of diluted 

pH 7.0 phosphate buffer (1/8, v/v). The column 

was than washed with distilled water and ethyl 

acetate. The fraction composed of anthocyanins 

and polymeric proanthocyanidins was removed 

from the column by elution with methanol 

acidified by 0.1 % of HCl. 

 

HPLC Procedure 

 

The individual phenolic acids and monomeric 

anthocyanins were analyzed using a HPLC Dionex 

Ultimate 3000 Chromatographic System (Sunnyvale, 

California, USA) equipped with a quaternary pump 

Model LPG-3400 A, an ACC-3000 auto sampler, 

having a thermostatted column compartment 

(adjusted to 30 ºC) and a multiple Wavelength 

Detector MWD-300. The column (250 x 4.6 mm, 

particle size 5 μm) was a C18 Acclaim® 120 

(Dionex, Sunnyvale, California, USA) protected by a 

guard column of the same material. 

 

Phenolic acids 

 

The phosphate buffer fraction obtained by C18 sep-

pak was used for chromatographic analysis of the 

phenolic acids. The solvents were (A) water/formic 

acid (95:5 v/v), and solvent (B) methanol. Analysis 

conditions were as follow: a linear gradient analysis 

for a total run time of 80 min was used as follows: 

starting from 5 % solvent B during 2 min, increase to 

80 % solvent B over 68 min and then isocratic for 8 

min, decreasing to 5 % solvent B over 2 min, and 

finally isocratic for 5 min. The sample volume 

injected was 40 µL, the flow rate was 1.0 mL/min, 

and the column temperature was maintained at 30 ºC 

during the run. 

The quantification of the individual hydroxybenzoic 

and hydroxycinnamic acids was made by a 

calibration curve obtained with standard solutions of 

gallic acid. The results were expressed in equivalents 

of gallic acid. The chromatographic peaks of all 

phenolic acids were identified by comparing their 

retention times with the retention time of standard 

compounds. 

 

Monomeric anthocyanins 

 

The monomeric anthocyanins present in the sample 

solutions were analyzed by HPLC. The solvents were 

(A) 40 % formic acid, (B) pure acetonitrile and (C) 

bidistilled water. The initial conditions were 25 % A, 

10 % B, and 65 % C, followed by a linear gradient 

from 10 to 30 % B, and 65 to 45 % C for 40 min, 

with a flow rate of 0.7 mL/min. The injection volume 

was 20 µL. The detection was made at 520 nm and a 

Chromeleon (version 6.8) software program 

(Sunnyvale, California, USA) was used. 

The quantification of the individual anthocyanins 

was made by a calibration curve obtained with 

standard solutions of malvidin-3-glucoside. The 

anthocyanin structures were isolated and identified 

according to their UV-Vis spectrum (Dallas and 

Laureano, 1994). 

 

Results and discussion 
 

Fig. 1 shows the evolution of total phenolic 

compounds present in the extracts of methanol and 

acetone, expressed as gallic acid equivalents (GAE) 

per gram, along ripening for the different fruits 

studied. At the beginning of maturation (03/Jun) the 

gooseberry sample had a value of total phenolic 

compounds higher when compared to the other two 

fruits. It can be seen that along the ripening process, 

the content of phenolic compounds present in the 

extracts of methanol and acetone remained 

approximately constant for the raspberry and 

blueberry. On the contrary, in the case of 

gooseberry, and despite some oscillations, a trend 

toward a decrease in the phenolic content was 

observed. The amount of phenolic compounds 

present in the methanol extract was always higher 

than that of the acetone extract to all the fruits and 

in all of the harvest dates. 
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Fig. 1. Variation along maturation of the total phenolic compounds  

in the methanol and acetone extracts 

 

 

The contents of phenolic compounds obtained in each 

extract for the different fruits at complete maturation 

(9/Jul) are shown in Fig. 2. The total of phenolic 

compounds for each fruit was obtained by summing 

the phenolic compounds on both extracts. Regarding 

the methanol extract, the higher amount of phenolic 

compounds was obtained for blueberry (0.59 mg/g 

GAE), followed by gooseberry (0.38 mg/g GAE) and 

raspberry (0.32 mg/g GAE). Otherwise, in the 

acetone extract, the gooseberry contained a higher 

amount of phenolic compounds (0.26 mg/g GAE). 

For all the studied fruits, the phenolic compounds 

were preferentially recovered in the methanol extract 

when compared with the acetone extract, representing 

59-82 % of the total quantified. The total phenols 

present in each fruit showed a higher value for 

blueberry, reaching 0.73 mg/g, of which 82 % were 

quantified in the methanol extract. Also Spagolla et 

al. (2009) quantified a higher amount of phenolic 

compounds in the methanol extract also for the 
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blueberry in similar conditions of extraction and 

analysis. Gooseberry and raspberry exhibited 0.64 

and 0.32 mg/g GAE, respectively, in which the 

methanol extracts represented respectively 59 % and 

68 %. These values are lower than those described in 

the bibliography by Kuskoski et al. (2006) for grape, 

mulberry and strawberry (1.17, 1.82 and 1.32 mg/g 

GAE, respectively) and by Sun et al. (2002) for grape 

an strawberry (1.82 and 1.48 mg/g GAE). 
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Fig. 2. Phenolic compounds at complete maturation 

 

 

Fig. 3 presents the evolution of antioxidant activity 

during maturation, determined by ABTS and DPPH 

methods. In all cases it was observed that the 

quantification of the antioxidant activity by the 

DPPH method was much inferior to that quantified 

by the ABTS method, between 15 % and 19 % for 

raspberry, between 17 % and 21 % for gooseberry 

and between 9 % and 12 % in the blueberry. 

Regarding the evolution along maturation, while 

raspberry and gooseberry show a decrease in the 

antioxidant activity, the blueberry shows a marked 

increase. In the case of raspberry, the values of the 

antioxidant activity at the end of maturation 

represented 98 % and 72 % of those observed on the 

initiation of maturation for the ABTS and DPPH 

methods, respectively, indicating that the higher 

decrease was quantified by the DPPH method. For 

gooseberry, the decrease in the antioxidant activity 

during maturation was 45 % and 50 %, respectively 

for ABTS and DPPH methods. On the contrary, for 

blueberry the increase was 153 % and 124 % in 

relation to the activity initially quantified, also for 

both methods. 

Fig. 4 shows the evolution of the content in tannins 

and anthocyanins throughout the maturation for the 

three fruits studied. The total amount of tannins in 

raspberry varied between 0.11 and 1.17 mg/g, in 

gooseberry between 0.18 and 1.19 mg/g and in 

blueberry between 0.96 and 1.38 mg/g. With respect 

to the evolution along maturation, while in raspberry 

the total tannins decrease markedly, in gooseberry 

they increase significantly and in blueberry they also 

increase. Furthermore, in general the blueberry shows 

higher amounts of tannins in comparison with the 

other fruits. At the end of ripening, the fruits showed 

differences, being the higher amount quantified again 

in blueberry (1.38 mg/g) in comparison with 

gooseberry (1.11 mg/g) and raspberry (0.15 mg/g). 

Regarding the evolution of anthocyanins along the 

ripening of fruits (Fig. 4), it was found that blueberry 

always got the highest values (from 0.52 to 0.78 mg/g 

EMvG), followed by raspberry (from 0.13 to 0.40 

mg/g EMvG) and by gooseberry (from 0.02 to 0.19 

mg/g EMvG). At the end of ripening, the blueberry 

contained a significantly higher value of total 

anthocyanins (0.78 mg/g MvGE) when compared 

with raspberry and gooseberry (0.13 mg/g McGE, in 

both cases). The value found on this study for 

blueberry was similar to that described in literature 

by Pertuzatti et al. (2007) (0.81 mg/g MvGE) but 

higher than that obtained by Rocha (2009) (0.58 mg/g 

MvGE), in both cases also for blueberries. 
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Fig. 3. Variation along maturation of the antioxidant capacity  

determined by the ABTS and DPPH methods 
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Fig. 4. Variation along maturation of the total tannins and total anthocyanins 

 

 

The anthocyanins may be present in natural 

products in the monomer, polymer and co-

pigmented forms. Table 1 shows the evolution along 

maturation in the three fruits studied of the different 

forms of anthocyanins. In general, there was an 

increase in the relative percentage of co-pigmented 

forms and a decrease in monomeric forms. The 

anthocyanins in raspberry at complete maturation 

were preferentially in the monomeric form (67 %), 

while the co-pigmented and polymeric forms 

represented 18 and 15 %, respectively. In 

gooseberry at the beginning of maturation the 

monomeric forms accounted for 93 % of all 

anthocyanins, decreasing to 16 % at the end of 

maturation, when the co-pigmented forms became 

predominant accounting for 67 % of the total 

amount. In blueberry also occurred a decrease of the 

monomeric forms, although less pronounced than in 

other fruits, namely from 94 % at start to 48 % at 

the end of maturation. At complete maturation the 

co-pigmented forms represented 46 % of the 

anthocyanins present, being this amount very 

similar to that of the monomeric forms. 
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Table 1. Variation along maturation of the percentage of monomeric, polymeric and co-pigmented anthocyanins 

 

Anthocyanin forms Amount (%) 

 03/Jun 17/Jun 24/Jun 01/Jul 09/Jul 

 Raspberry 

Monomeric  63 50 49 34 18 

Polymeric  10 8 7 4 15 

Co-pigmented 27 42 44 62 67 

 Gooseberry 

Monomeric  93 64 48 15 16 

Polymeric  2 5 6 12 17 

Co-pigmented 5 31 47 73 67 

 Blueberry 

Monomeric  94 62 68 59 48 

Polymeric  6 15 13 11 6 

Co-pigmented 0 24 19 31 46 

 

Fig. 5 shows the anthocyanin profiles obtained by HPLC for the fruits studied, raspberry, gooseberry and blueberry, 

which allowed identifying some monomeric anthocyanins present that are reported in Table 2. 

 

 
 

Fig. 5. Chromatographic profiles of the monomeric anthocyanins quantified in the three fruits at complete maturation. (1) 

delphinidin 3-glucoside (2) cyanidin 3-glucoside (3) petunidin 3-glucoside (4) peonidin 3-glucoside (5) malvidin 3-glucoside 

(6) petunidin 3-acetylglucoside (7) malvidin 3-acetylglucoside 
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Table 2. Monomeric anthocyanins composition at complete maturation 

 
Monomeric anthocyanins Raspberry Gooseberry Blueberry 

Cyanidin 3-glucoside 3.95 4.84 17.85 

Delphinidin 3-glucoside 106.27 n.d. n.d. 

Malvidin 3-acetylglucoside n.d. n.d. 1.07 

Malvidin 3-glucoside n.d. n.d. 24.96 

Peonidin 3-glucoside n.d. n.d. 45.25 

Petunidin 3-acetylglucoside n.d. n.d. 1.41 

Petunidin 3-glucoside 1.36 21.94 8.40 
Results are expressed as µg/g MvGE. n.d. = not detected. 

 

 

From the results obtained it was possible to identify six 

anthocyanins in blueberry, three in raspberry and two in 

gooseberry. The total amount of monomeric 

anthocyanins quantified in raspberry, gooseberry and 

blueberry was 111.6, 26.7 and 98.8 µg/g MvGE, 

respectively. In raspberry, the delphinidin 3-glucoside 

was present in higher amount (106.27 µg/g MvGE), 

which was in accordance with the findings of Obón et 

al. (2012) and Goiffon et al. (1999). The gooseberry 

was composed of 21.94 µg/g MvGE of petunidin 3-

glucoside and 4.84 µg/g MvGE of cyanidin 3-glucoside. 

The presence of these anthocyanins was previously 

described in gooseberry (Goiffon et al., 1999; Wu and 

Prior, 2005). The blueberry was mainly composed by 

peonidin 3-glucoside (45.25 µg/g MvGE), malvidin 3-

glucoside (24.96 µg/g MvGE) and cyanidin 3-glucoside 

(17.85 µg/g MvGE). The remaining quantified 

anthocyanins accounted for 10.9 µg/g MvGE. The 

presence of these anthocyanins was previously 

described in literature (Obón et al., 2011; Del Rio et al., 

2010; Versari et al., 1997). 

With regard to phenolic acids present in the fruits 

studied, they were analysed using HPLC by using 

two wavelengths for the detection (280 and 325 nm). 

Figure 6 shows the profiles obtained for the different 

phenolic acids detected in raspberry, gooseberry and 

blueberry, respectively, and the different compounds 

identified are shown in Table 3. The raspberry (52.10 

µg/g GAE) and gooseberry (42.58 µg/g GAE) 

contained higher amounts of phenolic acids when 

compared with blueberry (5.45 µg/g GAE). In case of 

raspberry and gooseberry was possible to identify 

three hydroxybenzoic acids and four and five 

hydroxycinnamic acids, respectively. For blueberry 

was possible to identify four hydroxybenzoic acids 

and one hydroxycinnamic acid. The total of 

hydroxybenzoic acids present in raspberry accounted 

for 14.48 µg/g GAE, of which vanilic acid 

represented 75 %. The hydroxycinnamic acids 

represented 37.62 µg/g GAE, of which 79 % were 

ferulic acid. Gooseberry contained 10.54 µg/g GAE, 

of hydroxybenzoic and 32.04 µg/g GAE of 

hydroxycinnamic acids. The quantification of 

phenolic acids (hydroxycinnamic acids) in blueberry 

has been reported by Castrejón et al. (2008). Chiang 

et al. (2013) reported some phenolic acids in 

gooseberry, namely the hydroxycinnamic acid p-

coumaric. Also Gevrenova et al. (2013) reported 

some hydroxycinnamic acids in raspberry (p-

coumaric and ferulic). 

 

 

Table 3. Phenolic acids (Hydroxybenzoic and Hydroxycinnamic) present at complete maturation 

 
Phenolic acids Raspberry Gooseberry Blueberry 

Hydroxybenzoic acids    

gallic n.d. n.d. 1.27 

p-hydroxybenzoic n.d. n.d. 0.54 

protocatechuic 1.10 7.98 n.d. 

syringic 2.44 1.29 0.91 

vanilic 10.94 1.27 0.58 

Hydroxycinnamic acids    

caftaric 1.06 3.58 n.d. 

chlorogenic 3.07 9.58 2.15 

ferulic 27.26 7.97 n.d. 

p-coumaric 6.23 2.10 n.d. 

p-hydroxycinnamic n.d. 8.81 n.d. 
Results are expressed as µg/g GAE. n.d. = not detected. 

 

 



Raquel P. F. Guiné et al. / Phenolic compounds and … / Croat. J. Food Sci. Technol. / (2014) 6 (1) 15-26 

 24 

 

 
 

Fig. 6. Chromatographic profiles (280 and 325 nm) of the phenolic acids quantified in the three fruits  

at complete maturation. (1) gallic (2) protocatechuic (3) caftaric  (4) p-hydroxybenzoic  

(5) chlorogenic (6) vanilic (7) syringic (8) p-coumaric (9) ferulic 

 

 

All of the three studied fruits have important 

quantities of several phenolic compounds with 

proved health benefits. The flavonoids and phenolic 

acids present in raspberry, besides their antioxidant 

activity, have antimutagenic, anticarcinogenic, 

cytotoxic, and antimicrobial properties (Badjakov et 

al., 2008; Durgo et al., 2012; Kähkönen et al., 2012; 

Thiem, 2003). Besides Han et al. (2012) reported that 

p-coumaric acid exhibited anticoagulant and 

antiplateled activities, and this hydroxycinnamic acid 

was quantified in raspberry and gooseberry. Prince et 

al (2011) reported that the pretreatment with vanillic 

acid showed significant protective effects on cardiac 

troponins, lipid peroxidation, antioxidant system, 

electrocardiogram and expressions of interleukin-1β, 

interleukin-6 and tumor necrosis factor-α gene in the 

heart of isoproterenol induced cardiotoxic rats. This 

yydroxybenzoic acid was quantified in a very high 

amount in raspberry and also, although less, in 

blueberry and gooseberry. 

The content of phenolics in berries is affected by the 

degree of maturity at harvest, besides other factors, 

and therefore the degree of ripening is very important 

for the determination of the product biological 

activities (Castrejón et al., 2008; Zadernowski et al., 

2005). 



Raquel P. F. Guiné et al. / Phenolic compounds and … / Croat. J. Food Sci. Technol. / (2014) 6 (1) 15-26 

25 

 

Conclusions 

 

The total phenolic compounds of all fruits decreased 

along maturation in both extracts, and the amount 

quantified in the methanol extract was always higher 

than in the acetone extract. 

Regarding the antioxidant capacity, the values 

obtained for the three fruits were similar when 

determined by DPPH method, whereas by the ABTS 

method was observed a difference in blueberry, 

which showed higher antioxidant activity. 

The amounts of totals tannins and anthocyanins 

quantified in blueberries and in blackcurrants 

increased throughout maturation. On the contrary, 

raspberries had lower levels of these compounds at 

the end of ripening, compared with the beginning of 

maturation. 

At the end of maturation, the blueberry contained 

higher amounts of phenolic compounds, total tannins 

and total anthocyanins than raspberry and 

gooseberry. 

Throughout maturation it was observed for the three 

fruits a decrease in the relative percentage of 

monomeric forms of anthocyanins and an increase in 

the co-pigmented forms. 

HPLC analysis allowed to identify the presence of 

monomeric anthocyanins and phenolic acids (benzoic 

and cinnamic) in raspberry, gooseberry and the 

blueberry. 

 

Acknowledgments 

 

The authors thank financial support from CI&DETS 

research centre and FCT (Fundação para a Ciência e 

Tecnologia) through project PEst-

OE/CED/UI4016/2011. 

 

References 

 
Badjakov, I., Nikolova, M., Gevrenova, R., Kondakova, 

V., Todorovska, E., Atanassov, A. (2008): Bioactive 

compounds in small fruits and their influence on 

human health, Biotechnology and Biotechnological 

Equipment 22, 581-587. 

Brand-Williams, W., Cuvelier, M. E., Berset, C. (1995): 

Use of a free radical method to evaluate antioxidant 

activity, LWT - Food Science and Technology 28, 25-

30. 

Castrejón, A. D. R., Eichholz, I., Rohn, S., Kroh, L. W., 

Huyskens-Keil, S. (2008): Phenolic profile and 

antioxidant activity of highbush blueberry (Vaccinium 

corymbosum L.) during fruit maturation and ripening, 

Food Chemistry 109, 564-572. 

 

Chiang, C.-J., Kadouh, H., Zhou, K. (2013): Phenolic 

compounds and antioxidant properties of gooseberry 

as affected by in vitro digestion, LWT - Food Science 

and Technology 51, 417-422. 

Dallas, C., Laureano, O. (1994): Effects of pH, sulphur 

dioxide, alcohol content, temperature and storage time 

on colour composition of a young Portuguese red table 

wine, Journal of the Science of Food and Agriculture 

65, 477-485. 

Durgo, K., Belščak-Cvitanović, A., Stančić, A., Franekić, 

J., Komes, D. (2012): The bioactive potential of red 

raspberry (Rubus idaeus L.) leaves in exhibiting 

cytotoxic and cytoprotective activity on human 

laryngeal carcinoma and colon adenocarcinoma, J. 

Med. Food. 15, 258-268. 

Ferreira, D., Guyot, S., Marnet, N., Delgadillo, I., Renard, 

C. M. G. C., Coimbra, M. A. (2002): Composition of 

phenolic compounds in a Portuguese pear (Pyrus 

communis L. var. S. Bartolomeu) and changes after 

sun-drying, J. Agric. Food Chem. 50, 4537-4544. 

Gevrenova, R., Badjakov, I., Nikolova, M., Doichinova, I. 

(2013): Phenolic derivatives in raspberry (Rubus L.) 

germplasm collection in Bulgaria, Biochemical 

Systematics and Ecology 50, 419-427. 

Goiffon, J.-P., Mouly, P. P., Gaydou, E. M. (1999): 

Anthocyanic pigment determination in red fruit juices, 

concentrated juices and syrups using liquid 

chromatography, Analytica Chimica Acta 382, 39-50. 

Han, N., Gu, Y., Ye, C., Cao, Y., Liu, Z., Yin, J. (2012): 

Antithrombotic activity of fractions and components 

obtained from raspberry leaves (Rubus chingii), Food 

Chemistry 132, 181-185. 

Kähkönen, M., Kylli, P., Ollilainen, V., Salminen, J.-P., 

Heinonen, M. (2012): Antioxidant activity of isolated 

ellagitannins from red raspberries and cloudberries, J. 

Agric. Food Chem. 60, 1167-1174. 

Koca, I., Karadeniz, B. (2009): Antioxidant properties of 

blackberry and blueberry fruits grown in the Black 

Sea Region of Turkey, Scientia Horticulturae 121, 

447-450. 

Kuskoski, E. M., Asuero, A. G., Morales, M. T., Fett, R. 

(2006): Wild fruits and pulps of frozen fruits: 

antioxidant activity, polyphenols and anthocyanins, 

Ciência Rural 36, 1283-1287. 

Lee, J., Dossett, M., Finn, C. E. (2012): Rubus fruit 

phenolic research: The good, the bad, and the 

confusing, Food Chemistry 130, 785-796. 

Mazza, G., Fukumoto, L., Delaquis, P., Girard, B., Ewert, 

B. (1999): Anthocyanins, phenolics, and color of 

Cabernet Franc, Merlot, and Pinot Noir wines from 

British Columbia, J. Agric. Food Chem. 47, 4009-

4017. 

Miller, N. J., Rice-Evans, C., Davies, M. J., Gopinathan, 

V., Milner, A. (1993): A novel method for measuring 

antioxidant capacity and its application to monitoring 

the antioxidant status in premature neonates, Clin. Sci. 

84, 407-412. 

 



Raquel P. F. Guiné et al. / Phenolic compounds and … / Croat. J. Food Sci. Technol. / (2014) 6 (1) 15-26 

 26 

Mullen, W., McGinn, J., Lean, M. E. J., MacLean, M. R., 

Gardner, P., Duthie, G. G., Yokota, T., Crozier, A. 

(2002): Ellagitannins, flavonoids, and other phenolics 

in red raspberries and their contribution to antioxidant 

capacity and vasorelaxation properties, J. Agric. Food 

Chem. 50, 5191-5196. 

Nour, V., Stampar, F., Veberic, R., Jakopic, J. (2013): 

Anthocyanins profile, total phenolics and antioxidant 

activity of black currant ethanolic extracts as 

influenced by genotype and ethanol concentration, 

Food Chemistry 141, 961-966. 

Obón, J. M., Díaz-García, M. C., Castellar, M. R. (2011): 

Red fruit juice quality and authenticity control by 

HPLC, Journal of Food Composition and Analysis 24, 

760-771. 

Pantelidis, G. E., Vasilakakis, M., Manganaris, G. A., 

Diamantidis, G. (2007): Antioxidant capacity, phenol, 

anthocyanin and ascorbic acid contents in raspberries, 

blackberries, red currants, gooseberries and Cornelian 

cherries, Food Chemistry 102, 777-783. 

Pertuzatti, P. B., Jaques, A. C., Zambiazi, R. C. (2007): 

Relação de Fitoquímicos na casca e polpa de mirtilo 

(Vaccinium ashei Reade). (Faculdade de Agronomia 

Eliseu Maciel, Brasil). 

Prince, P. S. M., Rajakumar, S., Dhanasekar, K. (2011): 

Protective effects of vanillic acid on 

electrocardiogram, lipid peroxidation, antioxidants, 

proinflammatory markers and histopathology in 

isoproterenol induced cardiotoxic rats, European 

Journal of Pharmacology 668, 233-240. 

Ribereau-Gayon, P., Stonestreet, E. (1966): Dosage des 

tanins du vin rouge et determination de leur structure, 

Chimie Anal 48, 188-196. 

Del Rio, D., Borges, G., Crozier, A. (2010): Berry 

flavonoids and phenolics: bioavailability and evidence 

of protective effects, Br. J. Nutr. 104 Suppl 3, S67-90. 

Rocha, F. I. G. (2009): Avaliação da cor e da actividade 

antioxidante da polpa e extracto de mirtilo (Vaccinium 

myrtillus) em Pó. Dissertação para obtenção de grau 

Mestre. (Minas gerais, Brasil). 

 

 

 

 

Singleton, V. L., Rossi, J. A. (1965): Colorimetry of Total 

Phenolics with Phosphomolybdic-Phosphotungstic 

Acid Reagents, Am. J. Enol. Vitic. 16, 144-158. 

Soutinho, S., Gonçalves, F. M., Jordão, A., Guiné, R. P. F. 

(2013a): Evolution of phenols and antioxidant 

capacity during maturation of red fruits (raspberry, 

blackcurrant and blueberry) from biological 

production. In Proceedings, (Madrid, Spain), p. 6pp. 

Soutinho, S., Guiné, R. P. F., Jordão, A., Gonçalves, F. 

(2013b): Phenolic Compounds in Red Fruits Produced 

in Organic Farming at Maturation Stage, World 

Academy of Science, Engineering and Technology 79, 

473-476. 

Spagolla, L. C., Santos, M. M., Passos, L. M. L., Aguiar, 

C. L. (2009): Extração alcoólica de fenólicos e 

flavonóides totais de mirtilo Rabbiteye (Vaccinium 

ashei) e sua atividade antioxidante. Rev. ciênc. farm. 

básica apl 30. 

Sun, J., Chu, Y.-F., Wu, X., Liu, R. H. (2002): Antioxidant 

and antiproliferative activities of common fruits, J. 

Agric. Food Chem. 50, 7449-7454. 

Thiem, B. (2003): Rubus chamaemorus L. - a boreal plant 

rich in biologically active metabolites: a review, 

Biology Letters 40, 3-13. 

Versari, A., Barbanti, D., Biesenbruch, S., Farnell, P. J. 

(1997): Analysis of anthocyanins in red fruits by use 

of HPLC/spectral array detection, Italian Journal of 

Food Science 9, 141-148. 

Wu, X., Prior, R. L. (2005): Systematic identification and 

characterization of anthocyanins by HPLC-ESI-

MS/MS in common foods in the United States: fruits 

and berries, J. Agric. Food Chem. 53, 2589-2599. 

You, Q., Wang, B., Chen, F., Huang, Z., Wang, X., Luo, P. 

G. (2011): Comparison of anthocyanins and phenolics 

in organically and conventionally grown blueberries in 

selected cultivars, Food Chemistry 125, 201-208. 

Zadernowski, R., Naczk, M., Nesterowicz, J. (2005): 

Phenolic Acid Profiles in Some Small Berries, J. 

Agric. Food Chem. 53, 2118-2124. 

 

 

Received: December 30, 2013 

Accepted: April 1, 2014 

 


