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ABSTRACT 

A high-performance liquid chromatography (HPLC) method coupled with electrospray ionization mass spectro-

metric (ESI-MS) detection in positive and negative ion modes has been used to identify phenolic compounds in five red 

raspberry cultivars from Bulgaria. Photodiode-array detection (PDA) has been used to screen the main classes of phenolic 

compounds, such as ellagitannins, anthocyanins, flavonol glucosides, flavan-3-ols and phenolic acid glycosides. A total of 

60 components were tentatively characterized. The anthocyanins were cyanidin and pelargonidin types, found predomi-

nantly as their glucosylrutinosides. The major flavonol glucosides were quercetin and kaempferol types found mainly as 

their rutinosides and glucuronides. Antioxidant activity, total phenolic content and total anthocyanin content were eva-

luated by FRAP assay, Folin-Ciocalteu method and pH-differential method respectively.  
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INTRODUCTION 

Red raspberry (Rubus idaeus L.) fruits are an important dietary source of fibre, vitamins, minerals and antioxi-

dants with potential biological and health-promoting effects. The intake of antioxidants has been shown by epidemiological 

studies to reduce the risk of coronary heart disease (Hertog et al. 1993). It has been reported that raspberry extracts are 

very effective inhibitors of low density lipoprotein oxidation and of the growth of cultured cancer cells (Batitino et al. 

2009). Flavonoid compounds are efficient oxygen free radical scavengers in vitro, and in relation to this, they have been 

demonstrated to inhibit a range of damaging effects induced by oxidative agents, such as lipid peroxidation, protein oxida-

tion, tumor growth, mutagenesis by carcinogenic chemicals, and other oxidation reactions that have long-term damaging 

effects on tissues (Middleton et al. 1993). Raspberries contain very high levels of ellagitannins (Rommel & Wrolstad 

1993), which on hydrolysis release ellagic acid a compound that has been reported to have antiviral activity (Corthout et al. 

1991) and provide protection against cancers of the colon (Rao et al. 1991), lung and esophagus (Stoner & Morse 1997). 

Raspberries also contain a wide variety of quercetin and kaempferol-based flavonol conjugates with the major components 

being quercetin-3-glucuronide and quercetin-3-glucoside (Henning 1981). In addition, raspberry fruits are reported to con-

tain catechins (Arts et al. 2000). 

In view of the potential health-related activities of polyphenolic antioxidants such as anthocyanins and tannins, 

these can be regarded as markers for fruit quality.  

The purpose of our study was to use the complementary information obtained from HPLC analysis with PDA de-

tector in combination with mass spectrometry to identify the structural characteristics of the conjugated forms of phenolic 

compounds in the red raspberry cultivars grown in Bulgaria. 



128                                                  Ivayla Dincheva, Ilian Badjakov, Violeta Kondakova, Patricia Dobson, Gordon Mcdougall & Derek Stewart 

MATERIAL AND METHODS 

Plant Material 

The selected Bulgarian raspberry varieties are known to have high yield and fruit quality which making them suit-

able donors for classical breeding. Bulgarian Rubin (BR), Samodiva (Sam), Shopska Alena (ShA), Iskra (I) and Lyulin (L) 

were grown at the Small Fruit Research Station, Kostinbrod. The fruits were harvested in 2009 at commercial ripeness, 

specifically defined as when 80% of the surface showed a red color which corresponds to stage 5 of ripeness in the com-

mercial criterion. 500 g of each variety from each locality was randomly sampled. Samples were stored at - 20 °C until 

analysis. 

Chemicals 

Gallic acid and Folin-Ciocalteu reagent were purchased from Sigma Chemical Co. (St. Louis, MO). Potassium 

chloride and sodium acetate were obtained from Fluka Chemie GmbH (Buchs, Switzerland). 2,4,6-Tripyridyl-s-triazine 

(TPTZ), FeCl3 x 6H2O, FeSO4 x 7H2O and sodium carbonate were obtained from Merck KGAa (Darmstadt, Germany). 

Cyanidin 3-O-glucoside was purchased from ChromaDex. All solvents were of HPLC grade (EM Science, Gibbstown, 

NJ), and water was of Milli-Q quality (Millipore Corp., Bedford, MA).  

Sample Preparation 

The frozen berries were lyophilized, ground into powder using a tissuelyser (Qiagen) and sonicating 0.5 g of 

powder for 15 min in 2 mL of extraction solution, consisting of acetonitrile containing 0.5% formic acid. The mixture was 

centrifuged for 10 min at 2500 rpm, and the supernatant was filtered through a 0.45 µm Anotop 10 filter (Whatman) into 2 

mL glass vials before injection into the HPLC. 

Total Antioxidant Activity (TAA) 

The total antioxidant activity (TAA) was assessed using the FRAP assay as described previously (Benzie & Strain 

1996). Briefly, a sample containing 3 ml of freshly prepared FRAP solution (0.3 M acetate buffer (pH 3.6) containing 10 

mM TPTZ and 40 mM FeCl3 x 6H2O and 100 μl of fruit extract was incubated at 37 ºC for 4 min and the absorbance was 

measured at 593 nm (Ultraspec 2100 UV/Visible Spectrophotometer Amersham Bioscience). An intense blue color is 

formed when the ferric-tripyridyltriazine (Fe3
+
-TPTZ) complex is reduced to the ferrous (Fe

2+
) form at 593 nm. A standard 

solution of 1 mM L-ascorbic acid (AsA) in distilled water was prepared. The absorbance change was converted into a 

FRAP value, by relating the change of absorbance at 593 nm of the test sample to that of the standard solution of AsA and 

results were expressed as µmol AsA g
-1

 fresh weight (fw). 

Total Phenolic Content 

Total phenolic content (TPC) in extracts was determined according to the Folin-Ciocalteu procedure  

(Waterhouse 2002). Appropriately diluted extract (0.2 ml) was mixed with 1.0 ml of Folin-Ciocalteu reagent (1:10, v/v 

diluted with water) and incubated for 1 min before 0.8 ml sodium carbonate (7.5% w/v) was added. The mixture was incu-

bated for 2 h at room temperature before absorbance was measured at 750 nm (Ultraspec 2100 UV/Visible Spectrophoto-

meter Amersham Bioscience). TPC was estimated from a standard curve of Gallic acid and were expressed as milligrams 

of gallic acid equivalents (GAE) g
-1

 fw, and reported as a mean value ± standard deviation for three repetitions.  

Total Anthocyanin Content 

Total anthocyanin content (TAC) was determined according to the pH differential method (Guisti & Wrolstad 

2001). The extracts were appropriately diluted in two buffers, 0.025 M potassium chloride pH 1.0 and 0.4 M sodium ace-



Identification of the Phenolic Components in Bulgarian Raspberry Cultivars by LC-ESI-MSn                                                                        129 

tate pH 4.5. After 15 min of incubation at room temperature, absorption was measured at 510 and 700 nm (Ultraspec 2100 

UV/Visible Spectrophotometer Amersham Bioscience).  

TAC was calculated using a molar extinction coefficient of 12,100 (cyanidin-3-O-glucoside) and absorbance of A 

= [(A510-A700) pH1.0-(A510-A700) pH4.5]. Results were expressed as mg cyanidin-3-glucoside equivalents 100 g
-1

 fw. 

Qualitative Analysis of Phenolic Compounds in Raspberries by HPLC with Absorbance and MS Detection 

Berry samples were analyzed on a LCQ-Deca system, comprised of a Surveyor autosampler, pump, photodiode 

array detector (PDA) and a ThermoFinnigan ion-trap mass spectrometer controlled by the XCALIBUR software (version 

1.4, ThermoFinnigan, Hemel Hempstead, UK). The PDA scanned three discrete channels at 280, 365, and 520 nm. Sam-

ples were eluted over a gradient of 5 (0.1% formic acid) to 40% acetonitrile (0.1% formic acid) on a column (Synergi Hy-

dro C18 with polar end capping, 4.6 mm x 150 mm, Phenomenex Ltd.) over 45 min at a rate of 400 µl/min. The LCQ-Deca 

LC-MS was fitted with an ESI (electrospray ionization) interface and analyzed the samples in positive and negative ion 

mode. There were two scan events; full scan analysis followed by data-dependent MS/MS of most intense ions. The data-

dependent MS/MS used collision energies (source voltage) of 45% in wideband activation mode. The capillary temp was 

set at 250ºC, with sheath gas at 60 psi and auxiliary gas at 15 psi. 

RESULTS AND DISCUSSIONS 

TAA, TPC and FRAP Values of Raspberry Varieties 

Significant differences in anthocyanin content were recorded among the different cultivars of raspberries (Table 

1). BR had the highest anthocyanin content (62.79 mg 100 g
-1

 fw) which was 2 higher than ShA (32.54 mg 100 g
-1

 fw). BR 

showed the highest total phenolic content (428.3 mg 100 g
-1

 fw), followed by Sam (410.45 mg 100 g
-1

 fw) whereas ShA 

had the lowest content (376.22 mg 100 g
-1

 fw). The highest antioxidant activity (FRAP) was determined in BR (19.06 

µmol AsA 100 g
-1

 fw), followed by Sam (18.08 µmol AsA 100 g
-1

 fw). The lowest antioxidant activity was observed in 

ShA (14.17 µmol AsA 100 g
-1

 fw). Similar variations in FRAP have been reported by other researchers (De Ancos et al. 

2000, Poiană et al. 2008, Deighton et al. 2000). FRAP values were highly correlated with TPC (r = 0.98), whereas the 

correlation between TAA and TAC was r = 0.94.  

The main noted difference between the varieties was in the proportion of TPC made up by TAA. For Sha and I, 

this amounted to 8.6 and 10.7 % respectively whereas L, BR and Sam gave values > 14 %. The lower anthocyanin content 

may arise because of differences in total anthocyanin pool or difference in specific anthocyanin types. 

Table 1: TPC and TAC and TAA of the Raspberry Varieties 

Raspberry 

Varieties 

TPC (mg 

GAE100 g-1 fw) 

TAC (mg 

CGE/100 g-1 fw) 

TAA (µmol 

AsA/100 g-1 fw) 

ShA 376.22 ± 1.33 32.54 ± 0.78 14.17 ± 0.92 

Sam 410.45 ± 1.02 59.21 ± 0.56 18.08 ± 0.44 

BR 428.34 ± 0.84 62.79 ± 1.01 19.06 ± 0.36 

L 406.65 ± 1.61 58.19 ± 0.64 16.81 ± 0.51 

I 391.61 ± 0.93 41.87 ± 0.46 15.57 ± 0.39 

                 Data expressed as mean ± standard deviation; significant at P ≤ 0.05 

 

The phenolic composition of raspberries can be grouped into anthocyanins, flavonol glucosides, proanthocyani-

dins, derivatives of phenolic acids, and ellagitannins. Identification of the compounds within each class, based on chroma-

tographic behavior, UV-Vis and mass spectra, and comparison with literature, is discussed below and summarized in and 

Tables 2-6. 
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Identification of Anthocyanins 

Anthocyanins in raspberries are mostly glycosides of cyanidin and pelargonidin (Mullen et al. 2002). Identifica-

tion of their derivatives is based on their UV-Vis absorption maxima, the mass spectra obtained in positive mode (Table 2) 

and literature data (Wu & Prior 2005). The base peaks of most abundant anthocyanins in the raspberry extracts are shown 

in Figure 1. 
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Figure 1: Detection of Most Abundant Anthocyanins in the Raspberry Extract by Mass Spectroscopy. The 

Panels Show the Chromatographs of the Presence of Particular m/z Values Characteristic of the Anthocyanins. The 

Labels to the Right of the Panel Represent the Maximum Intensity for Each m/z Value 

 

Seven peaks with absorption maxima at 518 nm and main MS fragmentation ions at m/z 287 were attributed to 

cyanidin derivatives. Peak 1 was identified as cyanidin-3, 5-O-diglucoside (m/z = 611, MS
2 

= 449, 287, losses of 162 amu 

then 162 amu, corresponding to two glucose moieties).  

Peak 2 was identified as cyanidin-3-O-sophoroside (m/z = 611, MS
2 

= 287, loss of 324 amu, corresponding to a 

sophorosyl unit). Peak 3 with m/z 757 and MS
2
 = 611 (minor ion) after loss of 146 amu (rhamnosyl group) and 287 (major 

ion) after loss of 324 amu (two glucosyl moieties) due to cyanidin-3-O-glucosyl-rutinoside which is a major anthocyanin in 

the raspberry extracts.  

Peak 4 gave m/z 581 and MS
2
 fragments at 449 (minor ion) and 287 (major ion) due to loss of xylose or arabinose 

(132 amu) and glucose (162 amu), respectively, was putatively identified as cyanidin-3-O-sambubioside (Mullen et al. 

2010). Peak 5 had molecular ion at m/z 449 with MS
2
 fragment at m/z 287 (loss of hexose moiety), and was identified as 

cyanidin-3-O-glucoside. Peak 6 with m/z 727 and MS
2
 = 581 after loss of 146 amu (rhamnosyl group) which fragmented to 

produce a minor ion at m/z 449 (loss of a xylosyl group: 132 amu) and a major ion at m/z 287 (loss of a glucosyl unit) due 

to cyanidin-3-O-xylosyl-rutinoside (Beekwilder et al. 2005). Peak 7 at m/z 595 and MS
2
 fragment at 287 due to loss of 308 

amu (a rutinosyl unit) was identified as cyanidin-3-O-rutinoside. Another three peaks with absorption maxima at 504 nm 

and MS
2
 fragmentation ions at m/z 271 were attributed to pelargonidin derivatives. Peak 8 with m/z 741 and MS

2
=595 after 

loss of 146 amu (rhamnosyl group) and 271 after loss 324 amu (loss of two glucosyl units) was putatively identified as 

pelargonidin-3-O-glucosyl-rutinoside.  

Peak 9 at m/z 579 and MS
2
 fragment at m/z 271 due to loss of rutinose (308 amu) was identified as pelargonidin-

3-O-rutinoside. Peak 10 with [M]
+
 at m/z 433 and a fragment at m/z 271 obtained after loss of 162 amu (hexose moiety) 

was identified as pelargonidin-3-O-glucoside. 
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Table 2: Identification of Anthocyanins in the Raspberry Fruits by LC-PDA-ESI-MS
2
 in Positive Ion Mode 

Peak 

№ 
RT Tentative Identity 

λ max 

(nm) 

m/z 

[M]+ 

MS2 

Fragment 

Ions (m/z) 

Raspberry Varieties 

BR ShA Sam I L 

1 15.35 cyanidin-3, 5-O-diglucoside 515 611 449, 287 ₊ ₊ ₊ ₊ ₊ 

2 19.67 cyanidin-3-O-sophoroside 515 611 287 ₊₊₊ ₊₊ ₊₊₊ ₊₊₊ ₊₊₊ 

3 20.16 cyanidin-3-O-glucosylrutinoside 515 757 611, 287 ₊₊₊₊ ₊₊ ₊₊₊₊ ₊₊₊ ₊₊₊₊ 

4 20.96 cyanidin-3-O-sambubioside  515 581 449, 287 ₊₊ ₊ ₊₊ ₊ ₊₊ 

5 21.24 cyanidin-3-O-glucoside 515 449 449, 287 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

6 21.36 cyanidin-3-O-xylosylrutinoside 515 727 581, 449, 287 ₊₊ ₊ ₊₊ ₊ ₊₊ 

7 21.84 cyanidin-3-O-rutinoside 515 595 449, 287 ₊₊₊ ₊₊ ₊₊₊ ₊₊ ₊₊₊ 

8 22.35 pelargonidin 3-O-glucosylrutinoside 504 741 595, 271 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

9 23.41 pelargonidin 3-O-rutinoside 504 579 271 ₊ ₊ ₊ ₊ ₊ 

10 23.65 pelargonidin 3-O-glucoside 504 433 271 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

       The relative proportion of the anthocyanins is indicated by + (small amount), ++, +++, ++++ (large amount) 

Identification of Flavonol Glucosides 

Quercetin was the major flavonol found in raspberries (Määttä et al. 2004), whereas kaempferol had a lower rela-

tive content. These components exhibit UV-Vis absorption maxima at 354 nm for quercetin and 348 nm for kaempferol 

derivatives. Seven peaks with maximal absorption at 354 nm and a characteristic MS
2
 fragment at m/z 301 in negative 

mode (Table 3). Peaks 11 and 16 both had [M-H]
-
 at m/z 609 which yielded a fragment at m/z 463 (loss of a rhamnose 

moiety: 146 amu) and 301 (loss of a hexose moiety). In both instances MS
2
 spectrum of m/z 301 yielded quercetin-like 

ions at m/z 179 and 151. The two peaks have identical mass spectra and it is concluded from the chromatographic behavior 

that the earlier eluting peak 11 is tentatively identified as a quercetin-3-O-galactosylrhamnoside while peak 16 is a querce-

tin-3-O-glucosylrhamnoside (Mullen et al. 2002). Peak 12 had [M-H]
-
 at m/z 447 with fragment at m/z 285 (loss 162 amu: 

hexose moiety), and was identified as kaempferol-3-O-glucoside. Peak 13 had [M-H]
-
 at m/z 593 in the negative mode. The 

molecular ion fragmentation yielded fragment ions corresponding to kaempferol-3-O-rutinoside (m/z 447) after loss of the 

rhamnosyl moiety (146 amu), and finally to kaempferol (m/z 285) after losing a hexose moiety (162 amu). Peak 14, was 

identified as quercetin-3-O-glucosylrutinoside with m/z 771 and MS
2
 fragments at 609 and 301 obtained after loss of 146 

amu (rhamnose unit) and 324 amu (two glucosyl groups) respectively. Peak 15, was identified as quercetin-3-O-sophroside 

with m/z 625 and MS
2
 fragment at 301 obtained after loss of 324 amu (two glucosyl groups). Peaks 17 and 19 both had [M-

H]
-
 at m/z 463, which yielded a fragment at m/z 301 (loss of a hexose moiety). In both instances MS

2
 spectrum of m/z 301 

yielded quercetin-like ions at m/z 179 and 151. The two peaks have identical mass spectra and it is concluded from the 

chromatographic behavior that the earlier eluting peak 17 is tentatively identified as a quercetin-3-O-galactoside while 

peak 19 is a quercetin-3-O-glucoside (Mullen et al. 2003). Peak 18 was identified as quercetin-3-O-glucuronide with m/z 

477 and MS
2
 fragment 301 after elimination of a glucuronide unit (176 amu). 

Table 3: Identification of Flavonol Glucosides in the Raspberry Fruits by LC-PDA-ESI-MS
2
 in Negative Ion Mode 

Peak 

№ 
RT Tentative Identity 

λmax
 

(nm) 

m/z 

[M]- 

MS2 fragment 

ions (m/z) 

Raspberry varieties 

BR ShA Sam I L 

11 13.80 quercetin 3-O-galactosylrhamnoside 256, 300 sh, 354 609 463, 301 ₊₊₊ ₊₊ ₊₊₊ ₊₊ ₊₊₊ 

12 14.88 kaempferol-3-O-glucoside 266, 300 sh, 348 447 285 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

13 15.20 kaempferol-3-O-rutinoside 266, 300 sh, 348 593 447, 285 ₊₊₊₊ ₊₊₊ ₊₊₊₊ ₊₊₊ ₊₊₊₊ 

14 18.06 quercetin-3-O-glucosylrutinoside 256, 300 sh, 354 771 609, 301 ₊₊₊₊ ₊₊₊ ₊₊₊₊ ₊₊₊ ₊₊₊₊ 

15 19.39 quercetin-3-O-sophroside 256, 300 sh, 354 625 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

16 21.57 quercetin 3-O-rutinoside 256, 300 sh, 354 609 463, 301 ₊₊ ₊ ₊₊ ₊ ₊₊ 

17 22.64 quercetin-3-O-galactoside 256, 300 sh, 354 463 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

18 22.86 quercetin-3-O-glucuronide 256, 300 sh, 354 477 301 ₊₊₊ ₊₊ ₊₊₊ ₊₊ ₊₊₊ 

19 25.73 quercetin-3-O-glucoside 256, 300 sh, 354 463 301 ₊ ₊ ₊ ₊ ₊ 

The relative proportion of the flavonol glucosides is indicated by + (small amount), ++, +++, ++++ (large amount); sh - 

shoulder in the spectrum 
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Identification of Hydroxycinnamic Acid Derivatives 

The common phenolic acids found in cultivated raspberries (Table 4) are p-coumaric and caffeic acid, which are 

found in conjugated forms usually linked to sugars (Mattila & Kumpulainen 2002). p-Coumaric acid has maximum absorp-

tion at 310 nm whereas caffeic acid at 325 nm. The esterification with sugars causes a bathochromic shift, whereas glyco-

sylation of the hydroxyl group in p-coumaric acid causes a hypsochromic shift. Peak 20 at m/z 341 and MS
2
 characteristic 

fragment at 179 was identified as due to caffeoyl-hexoside. In the negative LC-MS mode, peak 21 exhibited deprotonated 

ions at m/z 325 and produced MS
2
 ions at m/z 265, 187, 163 (loss of a hexose) and 145 was identified as p-coumaroyl-

hexoside. Peak 22, was identified as p-coumaroyl sugar ester with [M-H]
–
 at m/z 355 giving MS

2
 ions at m/z 295, 217, 193, 

175 and 134 and 193 (by loss of OH group and of hexose unit).  

Table 4: Identification of Phenolic Acids Derivatives in the Raspberry 

Fruits by LC-PDA-ESI-MS
2
 in Negative Ion Mode 

Peak 

№ 
RT Tentative Identity 

λmax
 

(nm) 

m/z 

[M]- 
MS2 Fragment Ions (m/z) 

Raspberry Varieties 

BR ShA Sam I L 

20 13.53 caffeoyl-hexoside 240, 300 sh, 325 341 179, 161, 135 ₊₊ ₊ ₊₊ ₊ ₊₊ 

21 16.76 p-coumaroyl-hexoside 238, 300 sh, 314 325 265, 187, 163, 145 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

22 17.78 p-coumaroyl sugar ester 235, 300 sh, 312 355 295, 217, 193, 175, 134 ₊₊ ₊ ₊₊ ₊ ₊₊ 

  The relative proportion of the phenolic acids derivatives is indicated by + (small amount), ++, +++, ++++ (large amount) 

Identification of Flavan-3-OLS and Proanthocyanidins 

PDA, LC-MS and MS-MS data were used for identification of flavan-3-ols, B-type proanthocyanidins (Table 5). 

These compounds have been described in several previous studies (Gu et al. 2002, Vasco et al. 2009, Hümmer & Schreier 

2008, Li & Deinzer 2007). The mass spectrum in full scan mode showed the deprotonated molecules [M-H]
–
 of catechin 

and epicatechin at m/z 289 (peaks 26 and 28) with the characteristic MS
2
 ions at m/z 245, 205, 179, 125, 109 and UV max-

imum at 280 nm and 270 nm respectively.  

Peaks 23 and 25 had [M-H]
–
 at m/z 577 and main fragmentation with loss of 152 amu (characteristic fragmenta-

tion pathway by retro Diels-Alder reaction) (De Pascual-Teresa & Rivas-Gonzalo 2003) were recognized as proanthocya-

nidin dimers of the type (epi)catechin-(epi)catechin. Peaks 30 and 33 had [M-H]
–
 at m/z 561 and characteristic fragmenta-

tion at m/z 543, 435 (loss of 126 amu indicating 1,3,5-trihydroxybenzene structure in ring A of the extension unit) and 289 

[loss of 272 amu, (epi)afzelechin]. 

 The sequence in this dimer was identified as (epi)afzelechin-(epi)catechin. Peaks 24, 27 and 29 were identified as 

B type proanthocyanidin trimers, due to [M-H]
–
 ion at m/z 865, which yielded MS

2
 ions at m/z 739, 695, 577, 407 and 289. 

The sequence in this trimer was identified as (epi)catechin-(epi)catechin-(epi)catechin since the consecutive losses of 288 

amu were detected 
[24]

. Peaks 31 and 32 had [M-H]
–
 at m/z 849, characteristic MS

2
 ions at m/z 801, 697, 577 (base peak 

obtained after loss of 272 amu), 559, 425, 407 and 289. The sequence in this trimer was thus identified as (epi)afzelechin-

(epi)catechin-(epi)catechin.  

Table 5: Identification of Flavan-3-OLS and Proanthocyanidins in the  

Raspberry Fruits by LC-PDA-ESI-MS
2
 in Negative Ion Mode 

Peak 

№ 
RT Tentative identity λmax

 (nm) 
m/z 

[M]- 
MS2 fragment ions (m/z) 

Raspberry varieties 

BR ShA Sam I L 

23 15.64 proanthocyanidin dimer  215, 235, 280 577 425, 407, 289 ₊₊ ₊ ₊₊ ₊ ₊₊ 

24 16.00 proanthocyanidin trimer  235, 280 865 739, 695, 577, 425, 407, 289 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

25 17.02 proanthocyanidin dimer  215, 235, 280 577 425, 407, 289 ₊₊₊ ₊₊ ₊₊₊ ₊₊ ₊₊₊ 

26 17.20 catechin 280 289 245, 205, 179, 125 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

27 18.02 proanthocyanidin trimer  235, 260, 350 865 739, 695, 577, 425, 407, 289 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

28 18.60 epicatechin 270 289 245, 205, 179, 125 ₊₊₊ ₊₊ ₊₊₊ ₊₊ ₊₊₊ 
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Table 5: Contd., 

29 19.13 proanthocyanidin trimer  235, 280 865 739, 695, 577, 425, 407, 289 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

30 19.25 proanthocyanidin dimer  215, 235, 280 561 543, 435, 407, 289 ₊₊₊ ₊₊ ₊₊₊ ₊₊ ₊₊₊ 

31 20.49 proanthocyanidin trimer 235, 285, 310 849 739, 695, 577, 425, 407, 289 ₊₊ ₊ ₊₊ ₊ ₊₊ 

32 22.34 proanthocyanidin trimer 235, 260, 350 849 739, 695, 577, 425, 407, 289 ₊ ₊ ₊ ₊ ₊ 

33 24.90 proanthocyanidin dimer  215, 235, 280 561 543, 435, 407, 289 ₊₊ ₊ ₊₊ ₊ ₊₊ 

  The relative proportion of the proanthocyanidins is indicated by + (small amount), ++, +++, ++++ (large amount) 

Identification of Free and Conjugated Forms of Ellagic Acid 

The free ellagic acid (peak 60), the conjugated forms of ellagic acid (peaks 55-59) and the ellagitannins (peaks 34-

54) in the samples were confirmed on the basis of their UV spectra, MS data and MS/MS fragmentations (Table 6). Ellagi-

tannins are hydrolysable tannins since they are esters of hexahydroxydiphenic acid (HHDP: 6,6′-dicarbonyl-2,2′,3,3′,4,4′-

hexa-hydroxybiphenyl moiety) and a polyol, usually glucose, and in some cases gallic acid. Ellagitannins have characteris-

tic UV spectra with maxima below 280 nm. In negative ion mode ESI-MS, ellagitannins are shown to give [M-2H]
2–

 or 

[2M-H]
–
 ions in addition to the deprotonated molecule [M-H]

–
. Typical losses during fragmentation are galloyl (152 amu), 

HHDP (302 amu), galloylglucose (332 amu), HHDPglucose (482 amu), and galloyl-HHDP-glucose (634 amu)
 [22]

. Peaks 

35, 38, 42 and 49 were assigned as castalagin and its isomer vescalagin with [M-H]
–
 at m/z 933 and MS

2
 ion at m/z 631 

(loss of HHDP), ion at m/z 451 (loss of glucosyl moiety) and ion at 301 (loss of galloyl-glucosyl moiety from the parent 

MS
2
 ion at m/z 631. Peaks 36 and 40 with [M-H]

–
 at m/z 783 and MS

2
 fragments: 481 (loss of HHDP, 302 amu), and 301 

(loss of HHDP-glucose, 482 amu) as a base peak, were identified as bis-HHDP-glucose (pedunculalagin). Peaks 43 and 44 

had [M-H]
–
 at m/z 1717 and MS

2
 fragmentation ions in negative mode at m/z 1415, 1235, 1113, 933, 633 and are typical 

fragments of trigalloyl-tri-HHDP-diglucose. Peaks 39 and 48 and 54 had same [M-H]
–
 at m/z 633 but slightly different 

fragmentation ions. Peak 39 produced MS
2
 fragments at m/z 481 by loss of galloyl unit, (152 amu) and at m/z 301 as main 

fragment (loss of galloylglucose, 332 amu), whereas peak 54 gave MS
2
 fragments at m/z 463 (loss of gallic acid, 170 amu) 

and 301 (again as the main fragment) after loss of galloylglucose (332 amu). These peaks were identified as HHDP-

galloyl-glucose (corilagin) isomers differing in the position of the galloyl unit on glucose. 

Table 6: Identification of Free and Conjugated Forms of Ellagic Acid in the 

Raspberry Fruits by HPLC-PDA-ESI-MS
2
 in Negative Ion Mode 

Peak 

№ 
RT Tentative Identity 

λmax
 

(nm) 

m/z 

[M]- 

MS2 Fragment 

Ions (m/z) 

Raspberry Varieties 

BR ShA Sam I L 

34 9.60 
galloyl-bis-HHDP-glucose (potentilin/ 

casuarictin isomer) 
225, 280 sh 935 

783, 633, 463, 

301 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

35 10.88 castalagin/vescalagin isomer 230, 285 sh 933 631, 451, 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

36 11.90 
bis-HHDP-glucose (pedunculalagin 

isomer) 
230, 275 sh 783 481, 301 257 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

37 12.57 
galloyl-bis-HHDP-glucose (potenti-

lin/casuarictin isomer) 
225, 280 sh 935 

783, 633, 463, 

301 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

38 12.75 castalagin/vescalagin isomer 230, 285 sh 933 631, 451, 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊ ₊  

39 13.36 
galloyl-HHDP-glucose (corilagin 

isomer) 
235, 280 sh 633 481, 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

40 14.35 
bis-HHDP-glucose (pedunculalagin 

isomer) 
230, 275 sh 783 481, 301 257 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

41 14.60 
dimer of Bis-HHDP-glucose (sanguiin 

H-10 isomer) 
230, 280sh 1567 

1265, 935, 633, 

469 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

42 14.72 castalagin/vescalagin isomer 230, 285 sh 933 631, 451, 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

43 15.02 trigalloyl-tri-HHDP-diglucose 235, 280sh 1717 
1415, 1235, 1113, 

933, 633 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

44 16.16 trigalloyl-tri-HHDP-diglucose 235, 280sh 1717 
1415, 1235, 1113, 

933, 633 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

45 17.27 
dimer of Bis-HHDP-glucose (sanguiin 

H-10 isomer) 
230, 280sh 1567 

1265, 935, 633, 

469 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

46 17.46 
galloyl-bis-HHDP-glucose  

(potentilin/casuarictin isomer) 
225, 280 sh 935 

783, 633, 463, 

301 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 
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Table 6: Contd., 
47 17.55 di-galloyl HHDP glucose 230, 280 sh 785 633, 463, 301 ₊ ₊ ₊ ₊ ₊ 

48 17.81 
galloyl-HHDP-glucose (corilagin 

isomer) 
235, 280 sh 633 481, 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

49 18.77 castalagin/vescalagin isomer 230, 285 sh 933 631, 451, 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

50 18.90 
galloyl-tris-HHDP-glucose 

 (lambertianin C) 
250, 280 sh 1401 

1869, 1567, 1265, 

933, 633 
₊₊₊ ₊₊ ₊₊₊ ₊₊₊ ₊₊₊ 

51 18.99 
galloyl-HHDP-glucose (corilagin 

isomer) 
235, 280 sh 633 481, 301 ₊₊₊ ₊₊ ₊₊₊ ₊₊₊ ₊₊₊ 

52 19.46 
dimer of galloyl-bis-HHDP-glucose 

(sanguiin H-6) 
240, 270 sh 1869 1567, 1265, 633 ₊₊₊₊ ₊₊₊ ₊₊₊₊ ₊₊₊ ₊₊₊₊ 

53 19.86 
galloyl-bis-HHDP-glucose 

 (potentilin/casuarictin isomer) 
225, 280 sh 935 

783, 633, 463, 

301 
₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

54 20.18 
galloyl-HHDP-glucose (corilagin 

isomer) 
235, 280 sh 633 481, 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 

55 20.33 Ellagic acid pentoside 1 254, 366 433 301 ₊₊₊ ₊₊ ₊₊₊ ₊₊₊ ₊₊₊ 
56 21.04 Ellagic acid pentoside 2 254, 366 433 301 ₊₊₊ ₊₊ ₊₊₊ ₊₊₊ ₊₊₊ 
57 23.87 Methyl ellagic acid pentoside 253, 365 447 315 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 
58 24.20 Ellagic acid acetyl pentoside 1 255, 365 475 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 
59 25.36 Ellagic acid acetyl pentoside 2 255, 365 475 301 ₊₊ ₊₊ ₊₊ ₊₊ ₊₊ 
60 25.46 Ellagic acid 254, 368 301 257, 229, 185 ₊ ₊ ₊ ₊ ₊ 

The relative proportion of ellagitannins is indicated by + (small amount), ++, +++, ++++ (large amount); sh - shoulder in 

the spectrum 

 

Peak 47 had [M H]
–
 at m/z 785 and MS

2
 fragmentation ions in negative mode at m/z 633, 463, 301, typical frag-

ments of di-galloyl HHDP glucose. Peaks 34, 37, 46 and 53 were identified as galloyl-bis-HHDP-glucose (potentil-

lin/casuarictin isomers) with [M-H]
–
 at m/z 935 and MS

2
 fragment ions at m/z 633 (loss of HHDP, 302 amu) and 301 (loss 

of galloylglucose, 332 amu) (Kähkönen et al. 2012). Galloyl-bis-HHDP-glucose is a basic unit of many ellagitannins, for 

example, sanguiin H-6 (peak 52) and lambertianin C. (peak 50) are comprised of 2 and 3 such units respectively. Peak 52 

had [M-2H]
2–

 at m/z 934 as a main peak, which was shown by zoom scan analysis to be a double-charged implying a true 

mass of 1870 and [M-H]
–
 at m/z 1869 in negative mode. The double-charged ion was identified according to the spacing 

between the main peaks equal to 0.5 (at m/z 934, 934.5 and 935), which demonstrates the doubly-charged state of ions. 

Fragmentation of double-charged ions gave singly-charged products at m/z 1567, 1265, 1085, 897, 783, 633, 451 and 301. 

This peak was identified as sanguiin H-6 (Coates et al. 2007). Peaks 55 and 56 with [M-H]
–
 at m/z 433 with fragmentation 

pattern of m/z 301 (loss of a pentose) was tentatively identified as ellagic acid pentosides 1 and 2. Peak 57 had [M-H]
–
 at 

m/z 447 and MS
2
 product ion was at m/z 315, corresponding to methyl ellagic acid pentoside. The loss of 132 amu could be 

attributed to a pentose unit. Peaks 58 and 59 with [M-H]
–
 at m/z 4753 with fragmentation pattern of m/z 433 (loss of a 

acetyl group) and 301 (loss of a pentose) was tentatively identified as ellagic acid acetyl pentosides 1 and 2. Peak 60 had 

[M H]
–
 at m/z 301 and MS

2
 fragmentation ions in negative mode at m/z 257, 229 and 185, which are typical fragments of 

ellagic acid 
[22]

.  

CONCLUSIONS 

This study represents the first examination of the polyphenol composotion of five cultivated red raspberries from 

Bulgaria and demonstrates the identification of 60 phenolic compounds grouped into anthocyanins, flavonol glucosides, 

proanthocyanidins, derivatives of phenolic acids, and ellagitannins. The most abundant phenolic substances detected in the 

extracts were cyanidin-3-O-glucosylrutinoside, cyanidin-3-O-rutinoside and cyanidin-3-O-sophroside of the anthocyanins, 

kaempferol-3-O-rutinoside and quercetin-3-O-glucosylrutinoside of the flavonol glucosides, epicatechin and proanthocya-

nidin dimers of the flavan-3-ols and the proanthocyanidins, and Sanguiin H-6 and H-10 of the ellagitannins respectively. 

ShA and I had the lowest anthocyanin and flavonol content, whereas L, Sam and BR demonstrated the highest content 

respectively. The all five cultivars do not showed significant variations across the phenolic acid derivatives, proanthocya-
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nidins and ellagitannins. The high diversity of the phenolic compounds found in the samples suggests differences in their 

potential beneficial effects for human health. Further studies should be carried out on the quantification of all these com-

pounds, measurement of their antioxidant potential and, in particular, the evolution of the phenolic profile during develop-

ment and ripening of the raspberries to establish most suitable conditions for obtaining fruits with optimal phenolic compo-

sition. 
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