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Abstract  Berry fruits are known to be a rich source of natural compounds which provide them many health 
benefits. The most common compounds that occur in berries are vitamins, flavonoids, anthocyanins and phenolic 
acids. The objective of this work was to identify and compare the phenolic acids, flavonol glycosides content and 
antioxidant potential in blueberry, blackberry, raspberries and cranberries. Berries methanolic extracts were analyzed 
by HPLC/PDA–ESI/MS. Antioxidant activity was determinate using FRAP assay. Antioxidant activity of analyzed 
berries varied considerably. Blueberry extract demonstrated the highest ferric reducing antioxidant potential (48.3 
μM Fe2/g) while lower values were obtained for cranberries extract (19.6 μM Fe2/g). Berries extracts were 
characterized by the presence of 16 compounds in different ratios. Blueberry extract was characterized by the 
presence of a large amount of phenolic acids such as chlorogenic and caffeic acid while raspberries extract was 
found to have high amount of ellagic acid. All analyzed berries contain higher levels of bioactive compounds which 
are responsible for their antioxidant potential. Based on quantitative analysis of phenolics these fruits can be highly 
recommended for daily consumption. 
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1. Introduction 
Daily consumption of fruits and vegetables is 

consistently associated with reductions in the incidence of 
degenerative diseases, by having antioxidant, anti-
inflammatory and anticarcinogenic activity [1-10]. Lock, 
K et al., 2005 [11], reported that daily consumption of 600 
g of fruits or vegetables can prevent the risk of coronary 
heart disease by more than 31% and ischemic stroke by 
19%.  

Berries and vegetables contain an important amount of 
fiber and high concentrations of phenolic acids, flavonoids, 
vitamins, or minerals. Phenolic acids and flavonoids are 
bioactive compounds that contribute to all those biological 
proprieties and exhibit health benefits. The phenolic acids 
that provide these beneficial effects are: chlorogenic acid, 
gallic acid, coumaric acid, caffeic acid [12]. Flavonoids 
are polyphenolic compounds, part of a large group of 
secondary plant metabolites. The most common 
flavonoids found in berries and vegetables are the tannins, 

phenolic acids and flavonols. The most abundant are 
anthocyanins which also give fruits their nice and 
attractive colors. All those compounds were found to be 
presents in all sources in an acylated (with aliphatic or 
aromatic acids) or glycosylated form. Due to their 
complexity, the characterization of polyphenols, their 
identification and also antioxidant potential is a 
challenging task for many researchers because all these 
parameters/methods/analysis are influenced by the type of 
sugar moiety, degree of glycosylation as well as acylation 
of analyzed compound [13,14,15]. Berries, including 
blueberry, blackberry, raspberries and cranberries, are 
known for their high antioxidant potential being a rich 
source of dietary antioxidants[16,17]. Their antioxidant 
activity is associated to some extent with the number of 
hydroxyl groups in their molecular structure (Figure 1). In 
a recent publish Zheng and Wang [18] have evaluated and 
compare the antioxidant activity of phenolic acid found in 
different berries. They result showed that chlorogenic acid 
have lower antioxidant activity compared to that of caffeic 
acid, also vanillic acid had values similar to the values 
obtained for p-coumaric acid. Those results can be 
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influenced by the substitution of the 3-hydroxyl group by 
a methoxy group activity [19]. For their identification or 
quantification different techniques have been used, such 
as reversed-phase high-performance liquid 
chromatography and MALDI-TOF MS coupled with mass 
spectrometric (MS/MS) analysis [20,21], high 
performance thin layer chromatography (HPTLC) [22] 
and also NMR [23]. The selected berries analyzed in this 
study are the most popular berries consumed in Romania. 
The aim of our study was to identify and compares the 
amount of phenolic acids and flavonoid glycosides from 
Romanian berries harvested from spontaneous flora with 
available published data. To our knowledge this is the first 
time that identification of phenolics and flavonoids in 
spontaneous berry from Romania (blueberry, blackberry, 
raspberries, and cranberries) is reported as the subject of a 
scientific paper. 

 

Figure 1. Structure of phenolics in, blueberry, raspberry, blackberry and 
cranberry 

2. Materials and Methods 

2.1. Materials 
Reagents. Acetonitrile and formic acid used for HPLC–

MS analysis were purchased from Sigma-Aldrich 
(Darmstadt, Germany). All solvents used for extraction 
were of analytical grade. All other chemicals were 
purchased from Merck (Darmstadt, Germany).  

Plant material. Blueberries (Vaccinum corymbosum), 
raspberries (Rubus idaeus), cranberries (Vaccinum vitis-
idaea), and blackberries (Rubus fruticosus) were 
purchased from local farmers in the west of Transylvania. 
The samples were stored in a freezer at -20°C until they 
were analyzed. 

Extraction methods. For the extraction, 1g of each 
berries, were grinded and mixed with 10 methanol/formic 
acid (99:1, v/v). The pellets were centrifuged at 3500 rpm 
for 10 min and re-extracted until the extraction solvents 
became colorless. All supernatants were combined and 

concentrated at 35°C under reduced pressure (Rotavapor® 
model R-124; Buchi, Flawil, Switzerland). The evaporated 
samples were solubilized in a known amount of acidified 
methanol, filtered through 0.45 μm Millipore nylon filter 
and used for HPLC analysis.  

2.2. Methods  
Ferric reducing antioxidant power. Antioxidant 

potential of analyzed berries was performed according to 
Benzie and Strain, 1999 [24] with minor modifications. 
Berries antioxidants can reduce the damaging effects of 
hydroxyl radicals by removing their free electrons to form 
H2O and the antioxidant radicals which are less aggressive. 
This assay depends on the reduction of ferric 
tripyridyltriazine (Fe3+-TPTZ) complex to ferrous 
tripyridyltriazine (Fe2+-TPTZ). The reduction of ferric 
tripyridyltriazine (Fe3+-TPTZ) complex to ferrous 
tripyridyltriazine (Fe2+-TPTZ) complex occurs in acidic 
conditions (pH 3.6) to maintain iron solubility. Briefly, 
FRAP reagent consisted of 2.5 ml of TPTZ (10 mM in 40 
mM HCl) solution, 25 ml sodium acetate buffer (300 mM, 
pH 3.6), and 2.5 ml FeCl3 solution (20 mM). The analysis 
was carried out 96-well clear plates. FRAP reagent (180 μl) 
was mixed with the sample or blank (20 μl) and added to 
the plate. The plates ere incubated for about 3 minutes at 
37°C and the absorbance of ferrous tripyridyltriazine 
complex was read at 593 nm with a microplate reader. 
Antioxidant potential corresponding to the capacity of the 
sample to reduce iron was expressed as μM Fe2 equivalent 
per gram of berry sample (μM Fe2 equivalent /g FW). 

HPLC-PDA/-ESI-MS identification and 
quantification of phenolic acids and flavonol glycosides. 
HPLC analysis was performed on a Agilent 1200 system 
equipped with a binary pump delivery system LC-20 AT 
(Prominence), a degasser DGU-20 A3 (Prominence), 
diode array SPD-M20 A UV–VIS detector (DAD) and a 
Eclipse XDB C18 column (4 μm, 4.6 x 150 mm) was used. 
The mobile phase consisted in: solvent A - bidistilled 
water and 0.1% acetic acid/acetonitrile (99/1) v/v, B – 
acetonitrile and acetic acid 0.1%. The gradient elution 
system was: 0–2 min, isocratic with 5% (v/v) eluent B; 2–
18 min, linear gradient from 5% to 40% (v/v) eluent B; 
18–20 min, linear gradient from 40% to 90% (v/v) eluent 
B; 20–24 min, isocratic on 90% (v/v) eluent B; 24–25 min, 
linear gradient from 90% to 5% (v/v) eluent B; 25–30 min, 
isocratic on 5% (v/v) eluent B. Flow rate was 0.5 ml/min 
and column temperature was maintained at 25°C. The 
chromatograms were monitored at 280 respectively 340 
nm. The compounds identification and peak assignments 
were done based on their retention times, UV-VIS spectra 
and also comparing with standards (chlorogenic acid, 
caffeic acid, quercetin-rutinoside, quercetin-glucoside, 
ellagic acid, myricetin, all purchased from Sigma-Aldrich, 
Darmstadt, Germany) and published data. As a 
confirmation the samples were analyzed by HPLC-ESI-
MS.  

The mass spectrometric data were obtained using a 
singlequadrupole 6110 mass spectrometer (Agilent 
Technologies, Chelmsford, MA, USA) equipped with an 
ESI probe. The measurements were performed in the 
positive mode with an ion spray voltage of 3000V, and a 
capillary temperature of 350°C. Data were collected in full 
scan mode within the range 280 to 1000 m/z. 
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Quantification of flavonol glycosides was carried using a 
rutin standard, and the various compounds were expressed 
as rutin equivalents. The phenolic acids quantification was 
done using a chlorogenic acid standard curve. 

3. Results and Discussions 
Total FRAP Antioxidant Activity. The total 

antioxidant potential values obtained for all berries 
analyzed was high; the numbers are showed in Table 1. 
Blueberry and blackberry extract demonstrated the highest 
ferric reducing antioxidant potential while lower values 
were obtained for raspberries and cranberries. The 
obtained results are in agreement with the reported results 
published by Gina Borges & al. 2010 [25]. They report 
FRAP values as 30.0 μM Fe2/g for blueberry, 27.7 and 
18.6 μM Fe2/g for raspberries respectively cranberries. In 
a previously study Moyer & al. 2002 [26] has obtained 
similar FRAP values for blueberries and raspberries. The 
FRAP values of our study obtained for blueberry extract 
(48.3 μM Fe2+/g) was found to be higher than those 
reported by Koca and Karadeniz [27] (7.41-13.69 μM 
Fe2+/g and lower the values reported by Castrejón & al., 
2008 [28] (34.45-57.92 μM Fe2+/g). The differences 
between published results and the results obtained in this 
study vary due to numerous factors including extraction 
method and solvents, berries variety, degree of ripeness 
and also storage conditions. 

Table 1. Antioxidant activity of analyzed berries measured by FRAP 
assay 
Sample no Berry FRAP (μm Fe2/g) 
1 Blueberry 48.3±0.81 
2 Blackberry 38.7±0.64 
3 Raspberries 26.3±0.12 
4 Cranberries 19.6±0.69 
The data expressed as Mean ± SD 

Identification of phenolic acids, flavonol glycoside 
by HPLC-ESI-MS. The phenolic acids and flavonol 
glycosides content and composition from several berry 
commonly cultivated in Romania were analyzed. The 
compounds identification was based on their retention 
times, their UV-Vis absorption spectra, mass spectrometry 
of analyzed molecules and also available literature data 
[17,25,29]. The identified compounds (16) are showed in 
Table 2. Quercetin-galactoside, quercetin-rutinoside and 
myricetin-galactoside were found to be the major flavonol 
in the analyzed berries samples.  

 

Figure 2. HPLC chromatogram of blueberry extracts 

Blueberries. The separation of phenolic acids and 
flavonol glycosides in blueberries extract is shown in 
Figure 2. The flavonol glycosides compounds found in 
blueberries extract were identified as quercetin-rutinoside 
(rutin) (peak 3), quercetin-galactoside (peak 4), and 
quercetin-glucoside (peak 5).  

The highest flavonol glycosides content in blueberries 
is represented by quercetin-rutinoside (rutin) 65.96 
mg/100 g FW, value which is higher than ones reported by 
M.J. Cho & al, 2004 [17]. In same study, M.J. Cho & al, 
2004 [17] identified the main flavonol glycosides in 
highbush blueberries as myricetin 3-galactoside/glucoside, 
myricetin 3-rhamnoside, quercetin 3-galactoside, 
quercetin 3-glucoside, quercetin 3-rutinoside, and 
quercetin 3-acetylrhamnoside. Kader & al, 1996 [30] 
reported in a previously study the presence in highbush 
blueberries of 3 main flavonol glycosides as quercetin 3-
glucoside, quercetin 3-galactoside and quercetin 3-
rhamnoside, which is in good correlation with our result, 
except that we identified also quercetin-rutinoside in 
analyzed blueberries. The analyzed blueberry extract was 
also characterized by the presence of a large amount of 
phenolic acids such as chlorogenic (5.13 mg/100 g FW) 
and caffeic acid (7.5 mg/100 g FW) (early elution peak 1, 
2).  

 

Figure 3. HPLC chromatogram of raspberry extracts 

Raspberry. For raspberry extract total flavonol 
glycosides values were much lower than values obtained 
for total phenolic acids (Table 2). Hydroxybenzoic acids 
identified in analyzed extract were as follow: ellagic acid-
pentoside (peak 1), ellagic acid-pentoside (peak 2), ellagic 
acid (peak 3) and ellagic acid-acetyl-xyloside (peak 8) 
(Figure 3). The extract was found to have high amount of 
ellagic acid (30.63 mg/100 g FW) which is in agreement 
with a recent study published by Pimpão R.C., & al., 2013 
[29]. For flavonol glycosides, only quercetin in conjugated 
forms linked to sugars were detected: quercetin-
galactosyl-rhamnoside (peak 4), quercetin-glucosyl-
rutinoside (peak 5), quercetin-galactoside (peak 6), and 
quercetin-glucoside (peak 7). Quercetin-glucosyl-
rutinoside was found to more abundant (9.85 mg/100 g 
FW) while quercetin-galactoside was found in the lower 
amount (6.83 mg/100 g FW). The identification of other 
flavonoids such as kaempferol or (+)-catechin in 
previously literature data appears to vary based on 
analyzed berry genotype or varieties [2,31,32]. 
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Blackberry. The contents of individual flavonols and 
total phenolic of blackberry extract obtained in this study 
are showed in Table 2. The identified compounds in order 
of the elution were: myricetin-galactoside, quercetin-
rutinoside (rutin), myricetin-arabinoside, quercetin-
galactoside, quercetin-glucoside (Figure 4). Myricetin-
arabinoside was found the predominant flavonol in 
blackberry extract, 36.92 mg/100 g FW. The obtained 
values (86.12 mg/100 g FW) are higher than ones reported 
by M.J. Cho & al, 2005 [17] (15 mg/100 g FW), 
Siriwoharn & Wrolstad, 2004 [33] (17.8, respectively 11.6 
mg/100G FW. Higher values were reported by Henning & 
al, 1981 [34]. 

 

Figure 4. HPLC chromatogram of blackberry extracts 

Cranberries. Data regarding elution order of flavonols 
glycosides on cranberries extract are showed in Figure 5. 
The identified compounds were: myricetin-galactoside, 
quercetin-rutinoside (rutin), myricetin-arabinoside, 
myricetin-glucoside, quercetin-galactoside, quercetin-
acetyl-glucoside, quercetin-glucoside, and quercetin-
rhamnoside. The predominant flavonol in this berries were 
quercetin-galactoside (12.02 mg/100 g FW) follow by 
quercetin-acetyl-glucoside (13.58 mg/100 g FW) and 
quercetin-glucoside (14.25 mg/100 g FW). The obtained 
results are comparable with the values reported by G. 
Borges & al. 2010 [25].  

 

Figure 5. HPLC chromatogram of cranberry extracts 

Table 2. HPLC-MS identification and quantification of phenolic acid and flavonol glycoside content in blueberry, blackberry, raspberries, and 
cranberries expressed as rutin and chlorogenic acid equivalents (mg/100 g FW of fruits) 

peak tR (min) [M-H]+ 

(m/z) 
UV λmax 

(nm) Phenolic compound Concentration (mg rutin/chlorogenic acid eq. ± sd/100 g FW)a 

Blueberry 
1 12,4 355,181 278,320 Chlorogenic Acid 5.13±0.02 
2 13,9 181,163 278,320 Caffeic Acid 7.5±0.23 
3 15,4 611,303 270, 360 Quercetin-rutinoside (Rutin) 65.96±1.28 
4 20,2 465,303 265,355 Quercetin-galactoside 8.16±0.14 
5 22,0 465,303 265,355 Quercetin-glucoside 7.33±0.14 

Rasberry 
1 14,2 435,303 254,360 Ellagic acid-pentoside 7.40±0.19 
2 14,9 435,303 254,360 Ellagic acid-pentoside 8.61±0.05 
3 16,0 303 262, 363 Ellagic acid 30.63±0.03 
4 16,9 611,303 270,360 Quercetin-galactosyl-rhamnoside 7.18±0.01 
5 17,8 744,611,303 270,360 Quercetin-glucosyl-rutinoside 9.85±0.06 
6 21,2 465,303 265,355 Quercetin-galactoside 6.83±0.09 
7 22,0 465,303 265,355 Quercetin-glucoside 5.73±0.59 
8 23,0 477,303 255,360 Ellagic acid-acetyl-xyloside 8.94±0.12 

Blackberry 
1 14,7 481,319 272, 358 Myricetin-galactoside 14.65±0.22 
2 15,4 611,303 270, 360 Quercetin-rutinoside (Rutin) 12.00±0.10 
3 16,2 451,319 270,358 Myricetin-arabinoside 36.92±0.06 
4 20,2 465,303 265,355 Quercetin-galactoside 13.46±0.05 
5 22,0 465,303 265,355 Quercetin-glucoside 9.09±0.03 

Cranberry 
1 14,7 481,319 272, 358 Myricetin-galactoside 4.61±0.09 
2 15,4 611,303 270, 360 Quercetin-rutinoside (Rutin) 8.01±0.11 
3 16,2 451,319 270,358 Myricetin-arabinoside 5.68±0.06 
4 17,5 481,319 272, 358 Myricetin-glucoside 8.68±0.09 
5 20,2 465,303 265,355 Quercetin-galactoside 12.02±0.04 
6 21,2 507,303 268,357 Quercetin-acetyl-glucoside 13.58±0.09 
7 22,0 465,303 265,355 Quercetin-glucoside 14.25±0.02 
8 23,2 449,303 267,356 Quercetin-rhamnoside 7.32±0.03 

The data expressed as Mean ± SD of mg/100 g FW of fruits. 

4. Conclusions  
The berries analyzed in this study contain a large 

amount of phenolic compounds and also exhibit high 

antioxidant activity. HPLC–ESI/MS analysis was 
successfully used for phenolic acid and flavonol 
glycosides identification and quantification. Following 
chromatographic separation 16 compounds were identified 
in analyzed berries. Considerable variation regarding 
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antioxidant activity of obtained extracts was found, the 
higher antioxidant activity was obtained by blueberry 
extract while the lower value was obtained for cranberries 
extract. The identified flavonols in the analyzed berries 
were mainly represented by quercetin derivates as 
galactoside, rutinoside and also myricetin-galactoside 
were the major flavonol quantified. The obtained results 
provide valuable information regarding the potential 
health benefits of different berries due to their antioxidant 
activity and high amount of bioactive compounds content. 
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