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Berries for this study were purchased from local supermarkets in Glasgow.  Extraction 

method and HPLC-PDA-MS
3
 conditions are described in the text of Borges et al. (1).  

Samples were analysed with the mass spectrometer operating in full scan, negative and 

positive ionisation modes. Identifications were based on mass spectra, absorbance spectra 

and co-chromatography with standards. Where standards were not available identifications 

were assisted by the data of Baldi et al. (2), Goiffon et al. (3, 4), Prior et al. (5), Maatta, et al. 

(6), Maatta-Riihinen et al. (7) and Mullen et al. (8, 9, 10) among others. These publications 

provided information on the reverse-phase HPLC elution order of anthocyanidins, 

anthocyanins with different conjugated sugar moieties, flavonols and other phenolics.  

Some of general rules for reversed phase HPLC elution order related to structure 

have been established although there will be variations depending upon the support and 

mobile phase used. They are: 

i) The elution order of the anthocyanidins is delphinidin > cyanidin > pelargonidin > 

petunidin > peonidin followed by malvidin (3, 11, 12).  

ii) The order of elution of anthocyanins conjugated with different sugars at the 3-

position with different conjugated sugars is generally galactoside > glucoside > rutinoside > 

arabinoside (3).  

iii) In general, as the degree of glycosylation of the conjugate increases, the 

anthocyanins are less well retained and have shorter retention times.  The presence of a 

hydrophobic methyl group in the rhamnose molecules affects the chromatographic behaviour 

as cyanidin-3-O-rutinoside elutes after cyanidin-3-O-glucoside (3) and cyanidin-3-O-(2''-O-
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glucosyl)rutinoside elutes after cyanidin-3-O-sophoroside and likewise the equivalent 

pelargonidin derivatives (14).  A very marked increase in retention time is observed with 

acetylated anthocyanins such as delphinidin-3-O-(6''-O-acetyl)glucoside (2). 

iv) For flavonol conjugates the sequence of elution has been reported by Rommel 

and Wrolstad (14), Zafrilla et al. (15), Mullen et al. (8, 9, 10, 13) and Marks et al. (16).  In 

summary, the order of elution for quercetin conjugates is galactosylrhamnoside > rutinoside 

> galactoside > glucoside > pentoside.  For kaempferol conjugates, the order is similar 

however, in this case the galactoside seemingly elutes before the rutinoside. 

The HPLC peak numbers referred to are those assigned in the HPLC traces 

illustrated in Figures 1-5 in the paper on berry antioxidants by Borges et al. (1) and in 

Tables S1-S5 in this document. 

 

Blackcurrants  

The HPLC traces at 520 and 365 nm in Figure 1 of the text revealed the presence of 

18 peaks in the blackcurrant extract that were identified or partially identified by MS on the 

basis of the data presented in Table S1. 

Peak 1 (retention time (tR) – 12.9 min, λmax - 330 nm) had a negatively charged 

molecular ion ([M-H]
–
) at m/z 341 and a MS

2 
ion at m/z 179.  The m/z 179 fragment 

corresponds to the aglycone caffeic acid produced by a 162 amu cleavage of a hexose 

moiety. Based on the mass spectral and absorbance data as well as previously published 

reports (6, 18), this compound is identified as caffeic acid-O-glucoside 

Peak 2 (tR – 13.5 λmax - 520 nm) had a positively charged molecular ion ([M+H]
+
) at 

m/z 465, which yielded a MS
2
 fragment at m/z 303 (delphinidin, ([M+H]

+
–162, loss of a 

hexose moiety).  This was identified as delphinidin-3-O-galactoside, which elutes before 

delphinidin-3-O-glucoside, peak 3.  

Peak 3 (tR – 14.8 λmax - 520 nm) had also a [M+H]
+
 at m/z 465, which yielded a MS

2
 

fragment at m/z 303 (delphinidin, [M+H]
+
–162, loss of a hexose moiety).  This peak was 
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identified as delphinidin-3-O-glucoside and this was confirmed by co-chromatography with a 

standard. This glucoside is a known component of blackcurrants (3, 18, 19).  

Peak 4 (tR – 17.0 min, λmax - 520 nm) had a [M+H]
+
 at m/z 611 which fragmented to 

produce MS
2
 ions at m/z 465 ([M+H]

+
–146, loss of a rhamnosyl moiety) and m/z 303 

([M+H]
+
-308, cleavage of rhamnosyl and glucosyl units).  Based on the fragment pattern it 

was identified as delphinidin-3-O-rutinoside, a known major anthocyanin in blackcurrants (6, 

19). 

Peak 5 (tR – 18.3 min, λmax - 520 nm) yielded a MS containing a [M+H]
+
 at m/z 449, 

which fragmented on MS
2
 to produce a cyanidin ion at m/z 287 ([M+H]

+
-162, loss of a 

hexose moiety). This peak is cyanidin-3-O-glucoside and the identification was confirmed by 

co-chromatography with a standard. 

Peak 6 (tR – 20.3 min, λmax - 520 nm) was identified as cyanidin-3-O-rutinoside. It had 

a [M+H]
+
 at m/z 595 which fragmented to produce MS

2
 ions at m/z 449 ([M+H]

+
-146, loss of 

a rhamnose moiety) and m/z 287 ([M+H]
+
-308, cleavage of rhamnose and glucose units).  

Peak 7 (tR – 22.4 min, λmax - 520 nm) contained two anthocyanins.  One had a [M+H]
+
 

at m/z 463, which on MS
2
 yielded a fragment ion at m/z 301 (peonidin, [M+H]

+
–162, loss of 

an hexose moiety).  As this peak was the first eluted of three peonidin hexose conjugates 

(see peak 8 and 9) it was tentatively identified as peonidin-3-O-galactoside.  The second 

compound had a [M+H]
+
 at m/z 625, which yielded MS

2
 fragments at m/z 479 ([M+H]

+
–146, 

loss of rhamnose) and m/z 317 (petunidin, [M+H]
+
–308, loss of rhamnose and glucose 

moieties).  This corresponded with the fragmentation pattern of petunidin-3-O-rutinoside, 

previously reported to occur in blackcurrants (19). 

Peak 8 (tR – 24.0 min, λmax - 520 nm) also contained two anthocyanins.  The MS of this 

peak contained an ion at m/z 493 which fragmented on MS
2
 to produce an ion at m/z 331 

(malvidin, [M+H]
+
–162, loss of an hexose unit), tentatively identified as malvidin-3-O-

galactoside because of a similar retention time as peak 7 identified in blueberries (Table S2).  

The second compound in peak 8 was identified as peonidin-3-O-glucoside based on its 

mass spectrum ([M+H]
+
 at m/z 463 and a MS

2
 ion at m/z 301), its elution order and previous 

published data (19).  
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 Peak 9 (tR – 25.9 min, λmax - 525 nm) was identified as peonidin-3-O-rutinoside, a 

known component of blackcurrants (19), on the basis of a [M+H]
+
 at m/z 609, which yielded a 

MS
2
 peonidin fragment ion at m/z 301 formed by the successive cleavage of a rhamnose 

and a glucose unit.   

 Peak 10 (tR – 31.3 min, λmax - 355 nm) yielded a [M-H]
–
 at m/z 625 and MS

2
 

fragments at m/z 317 (myricetin, [M-H]
–
–308, loss of a rutinosyl moiety). It is, therefore, 

identified as myricetin-3-O-rutinoside, previously identified in blackcurrant extract (6). 

 Peak 11 (tR – 31.8 min, λmax - 355 nm) is a myricetin-O-glucuronide conjugate, 

having a [M-H]
–
 at m/z 493, which with neutral loss of 176 amu yielded a MS

2
 fragment 

corresponding to myricetin at m/z 317.  

 Peak 12 (tR – 35.0 min, λmax - 355 nm) produced a  [M+H]
+
 at m/z 567 which on MS

2
 

yielded a fragment at m/z 319 via a loss of 248 amu.  According to Maatta et al. (6) this 

corresponds to the loss of a malonylglucoside unit with the fragmentation pattern being 

indicative of the occurrence of myricetin-3-O-(6''-O-malonyl)glucoside.  When analysed with 

negative ionisation no [M-H]
–
 was apparent instead an ion at m/z 521 was observed which 

fragmented in MS
2
 to produce myricetin ion at m/z 317, through a loss of 204 amu.  The loss 

of 45 amu to produce the m/z 521 ion equates with the loss of the carboxyl function from the 

malonyl unit. 

 Peak 13 (tR – 37.5 min, λmax - 350 nm) had a [M-H]
-
 at m/z 609 which yielded a MS

2
 

ion at m/z 301 (quercetin, [M-H]
-
-308, loss of a rutinose unit).  Based on this MS spectrum 

and co-chromatography with a reference compound, this compound was identified as 

quercetin-3-O-rutinoside, previously detected in blackcurrants (6). 

 Peak 14 (tR – 39.1 min, λmax - 350 nm) produced a typical quercetin-O-hexoside 

mass spectrum ([M-H]
–
 at m/z 463, MS

2
 at 301).  Peak 14 was identified as quercetin-3-O-

glucoside through co-chromatography with a reference compound. 

Peak 15 (tR – 40.5 min, λmax - 525 nm) was a minor anthocyanin with a [M+H]
+
 at m/z 

611 and a MS
2
 delphinidin fragment ion at m/z 303 produced by cleavage of a 308 amu.  

This compound was strongly retained on the column.  Slimestadt et al. (19) reported the 
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presence of delphinidin conjugate with similar properties (MS
2
, absorption and late tR).  This 

compound was, therefore, tentatively identified as delphinidin-3-O-(6''-O-

coumaroyl)glucoside. 

Peak 16 (tR – 42.5 min, λmax - 350 nm) yielding the same [M-H]
–
 and MS

2
 fragments 

as myricetin-3-O-(6”-O-malonyl)glucoside (peak 12), but at m/z values 16 amu lower 

indicative of the presence of quercetin-3-O-(6''-O-malonyl)glucoside.  The occurrence of this 

compound has been reported in blackcurrants (6, 7). 

 Peak 17 (tR – 43.9 min, λmax - 315 nm) produced a [M-H]
–
 at m/z 593 and MS

2
 

fragment at m/z 285.  The m/z 285 ion, produced by a 308 amu loss of rhamnose and 

glucose, corresponded to the aglycone kaempferol.  This compound was identified as 

kaempferol-3-O-rutinoside, which has been reported to occur in blackcurrants (6).  

 Peak 18 (tR – 45.2 min, λmax - 340 nm) was tentatively identified as kaempferol-3-O-

galactoside.  It yielded a [M-H]
–
 at m/z 447 and an MS

2
 fragment at m/z 285 after a 162 amu 

loss corresponding to cleavage of a hexose unit but did not co-chromatograph with 

kaempferol-3-O-glucoside.  

 

Blueberries 

 

HPLC-PDA-MS
2
 analysis resulted in the identification of 18 phenolic compounds in 

blueberries (Figure 2).  The data are summarised in Table S2.  Unlike the earlier published 

analysis of blackcurrants that aided identification, a number of studies with blueberry have 

analysed samples as aglycones after acid/enzyme hydrolysis (20, 21, 22).  As such they 

were of limited value, in contrast to the investigations of Goiffon et al. (4) and Prior et al. (5) 

which analysed unhydrolysed blueberry extracts. 

 Peak 1 (tR – 13.5 min, λmax 520 nm) had [M+H]
+ 
at m/z 465, which on MS

2
 yielded a 

fragment ion at m/z 303 (delphinidin, [M+H]
+
–162, loss of a hexosyl unit).  Based on the 

mass spectra data and HPLC elution properties, peak 1 was identified as delphinidin-3-O-

galactoside, a major anthocyanin in blueberry (4, 5). 
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Peak 2 (tR – 14.8 min, λmax 520 nm) had [M+H]
+ 
at m/z 465, which on MS

2
 yielded a 

fragment ion at m/z 303 (delphinidin, [M+H]
+
–162, loss of a hexose unit).  Based on the 

mass spectral data and co-chromatography with standard, peak 2 was identified as 

delphinidin-3-O-glucoside.  

Peak 3 (tR – 16.7 min, λmax – 520 nm) contained two components.  One had a [M+H]
+
 

at m/z 449 which on MS
2
 produced a fragment at m/z 287 (cyanidin, [M+H]

+
-162, 

corresponding to the cleavage of an hexose unit).  This compound, which eluted before a 

cyanidin-3-O-glucoside standard, was identified as cyanidin-3-O-galactoside, a known 

component of blueberries (4, 5).  The second compound had a [M+H]
+
 at m/z 435, which 

yielded on MS
2
 fragment at m/z 303 (delphinidin, [M+H]

+
–132, loss of a pentose group).  

This compound was therefore delphinidin-3-O-arabinoside, also previously identified in 

blueberries (4, 5). 

Peak 4 (tR – 19.4 min, λmax – 520 nm) had a [M+H]
+
 at m/z 479 which on MS

2
 

produced a fragment ion corresponding to petunidin at m/z 317 via a 162 amu loss of a 

hexose unit.  The presence of both petunidin-3-O-galactoside and petunidin-3-O-glucoside 

has been reported in blueberry (4), but as this compound eluted before cyanidin-3-O-

arabinoside (peak 5), peak 4 was more likely to be petunidin-3-O-galactoside. 

 Peak 5 (tR – 20.2 min, λmax – 515 nm) had a [M+H]
+
 at m/z 419 and a MS

2
 cyanidin 

fragment at m/z 287 produced by cleavage of a pentose moiety.  This peak was, therefore, 

identified as cyanidin-3-O-arabinoside a known blueberry anthocyanin (4, 5). 

Peak 6 (tR – 22.4 min, λmax – 520 nm) contained two anthocyanins.  One was identified 

as petunidin-3-O-arabinoside, which has been identified in blueberry in previous studies (4, 

5). It had a [M+H]
+
 at m/z 449 which fragmented to produce MS

2
 ions at m/z 317 (petunidin, 

[M+H]
+
–132, loss of a pentose unit).  The MS of this peak also contained an ion at m/z 463, 

which on MS
2
 produced a peonidin fragment at m/z 301 ([M+H]

+
–162, loss of an hexose 

unit).  This compound was identified as peonidin-3-O-galactoside, rather than peonidin-3-O-

glucoside by comparison with a standard. 

Peak 7 (tR – 24.0 min, λmax – 520 nm) had a [M+H]
+
 at m/z 493 which on MS

2
 

produced an ion at m/z 331 (malvidin, [M+H]
+
–162, loss of an hexose).  On the basis of this 
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mass spectral data, elution prior to malvidin-3-O-glucoside (see peak 8) and previous studies 

(4, 5) this compound was identified as malvidin-3-O-galactoside.  

Peak 8 (tR – 24.7 min, λmax – 525 nm) contained two anthocyanins.  One, like peak 7, 

had a [M+H]
+
 at m/z 493 and yielded a similar MS

2
 fragmentation pattern.  This compound 

was identified as malvidin-3-O-glucoside, a known anthocyanin in blueberries (4, 5).  The 

identification was confirmed by co-chromatography with a standard.  The other component 

had a [M+H]
+
 at m/z 507 which on MS

2
 produced a fragment ion corresponding to delphinidin 

at m/z 303.  The 204 amu loss equates with cleavage of acetyl and glucosyl units.  This 

mass spectral fragmentation pattern is in keeping with the presence of delphinidin-3-O-(6''-

O-acetyl)glucoside, an endogenous anthocyanin of low bush blueberry (5). 

Peak 9 (tR – 25.7 min, λmax – 525 nm) was a minor anthocyanin with a [M+H]
+
 at m/z 

433 and a MS
2
 peonidin fragment at m/z 301 produced by the cleavage of a pentose unit.  

On the basis the mass spectrum and previously published data (4, 5), this peak is identified 

as peonidin-3-O-arabinoside. 

Peak 10 (tR – 27.4 min, λmax – 525 nm) which had a [M+H]
+
 at m/z 463 that fragmented 

to produce a MS
2
 ion at m/z 331 ([M+H]

+
–132, loss of a pentose unit) was identified as 

malvidin-3-O-arabinoside, which has been detected in blueberries in earlier studies (4, 5).  

Peak 11 (tR – 30.4 min, λmax – 525 nm) was a minor anthocyanin. It had a [M+H]
+
 at 

m/z 521 which fragmented to produce an MS
2
 ion at m/z 317 ([M+H]

+
–204, loss of acetyl and 

glucosyl units).  This mass spectrum indicated the presence of petunidin-3-O-(6''-O-

acetyl)glucoside, a known low bush blueberry anthocyanin (5). 

Peak 12 (tR – 30.9 min, λmax – 355 nm) had a [M-H]
–
 at m/z 479 which with neutral loss 

of a 162 amu hexose unit yielded a MS
2
 fragment corresponding to myricetin at m/z 317.  It 

was therefore a myricetin-O-hexose conjugate, probably myricetin-3-O-galactoside as this 

compound have been reported previously to occur in blueberries (7). 

 Peak 13 (tR – 33.8 min, λmax – 325-355 nm) contained two compounds.  One had a 

[M-H]
-
 at m/z 625 with neutral loss of a 324 amu (cleavage of two hexose units) yielded a 

MS
2
 fragment corresponding to quercetin at m/z 301.  It is, therefore, a quercetin-O-
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diglucoside.  The other component had a [M-H]
–
 at m/z 367 which on MS

2
 produced 

fragment at m/z 191, 179 and 135.  Based on MS data, in agreement with the mass spectral 

key of Clifford et al. (23), this compound was identified as 5-O-feruloylquinic acid. 

Peak 14 (tR – 35.5 min, λmax – 530 nm) was a minor anthocyanin. It had a [M+H]
+
 at 

m/z 535 and the same loss of a 204 amu as in peak 8 and 11.  It was therefore identified as 

malvidin-3-O-(6''-O-acetyl)glucoside, as its presence having been detected previously in 

lowbush blueberry by Prior et al. (5). 

Peak 15 (tR – 37.5 min, λmax – 355 nm) had a [M-H]
–
 at m/z 609, which on MS

2
 yielded 

a quercetin-like fragment at m/z 301.  The 308 amu loss corresponds to cleavage of a 

hexose and rhamnose unit.  This indicates the presence of quercetin-3-O-rutinoside, which 

was confirmed by co-chromatography with a standard.  

Peak 16 (tR – 38.1 min, λmax – 355 nm) contained an ion at m/z 463, which produced 

on MS
2
 a quercetin fragment at m/z 301.  This compound, which eluted before a quercetin-3-

O-glucoside standard, was identified as quercetin-3-O-galactoside, a known constituent of 

blueberries (7).  

Peak 17 (tR – 39.2 min, λmax – 355 nm) is a flavonol with a [M-H]
–
 at m/z 463, which 

with loss of 162 amu yielded a MS
2
 fragment at m/z 301 corresponding to quercetin. It was 

identified as quercetin-3-O-glucoside, as it co-eluted with a standard.  

Peak 18 (tR – 43.0 min, λmax – 355 nm) contained two compounds. One had a [M-H]
–
 

at m/z 433, which yielded a MS
2
 fragment at m/z 301 ([M-H]

–
–132, loss of a pentose unit) 

and MS
3
 ions at m/z 271, 255 and 179.  It is, therefore, a quercetin-O-pentose conjugate, 

possibly quercetin-3-O-arabinoside, as this compound has previously been identified in 

blueberries (7).  The second compound had [M+H]
+
 at m/z 505 and the same loss of a 204 

amu as in peak 8, 11 and 14.  It was therefore identified as quercetin-3-O-(6''-O-

acetyl)glucoside.  

 



9 

Raspberries 

HPLC-PDA-MS
3 
analysis of raspberries resulted in the identification of 15 phenolic 

compounds (Figure 3), on the basis of data summarised in Table S3.  Where reference 

compounds were not available identifications were made by comparison with earlier data on 

raspberry anthocyanins and data on the MS fragmentation patterns of anthocyanins and the 

m/z losses associated with cleavage of various sugars and other substituent groups 

presented by Goiffon et al. (4) and Giusti et al. (24).  Similarly, the data of Rommel and 

Wrolstad (14) and Zafrilla et al. (15) aided the MS-based identifications of flavonols and 

ellagic acid sugar conjugates.  Ellagitannin identification was based on Mullen et al. (10, 13, 

25).   

Peak 1 (tR – 16.1 min, λmax – 515 nm) had a M+H]
+
 at m/z 611, which on MS

2
 

produced a fragment ion corresponding to cyanidin at m/z 287.  The 324 amu loss equates 

with cleavage of a sophorose unit, which consists of two glucose moieties.  This peak, 

therefore was identified as cyanidin-3-O-sophoroside, which is the major anthocyanin in 

raspberries.  

Peak 2 (tR – 18.0 min, λmax – 515 nm) contained three anthocyanins.  One was 

identified as cyanidin-3-O-(2''-O-glucosyl)rutinoside, which has been detected in a previous 

study with raspberries (25).  It had a [M+H]
+
 at m/z 757 which fragmented to produce MS

2
 

ions at m/z 611 ([M+H]
+
–146, loss of a rhamnose moiety) and m/z 287 ([M+H]

+
–470 

corresponding to the cleavage of one rhamnose and two hexose units).  The MS of this peak 

also contained an ion at m/z 581 which fragmented on MS
2
 to produce a minor ion at m/z 

449 ([M+H]
+
–132, loss of a xylose group) and a major fragment at m/z 287 ([M+H]

+
–132–

162, loss of xylose and hexose units).  This compound is the xylosyl-glucoside, cyanidin-3-

O-sambubioside, a known raspberry anthocyanin (13).  The third anthocyanin was cyanidin-

3-O-glucoside which had a [M+H]
+
 at m/z 449 which on MS

2
 yielded a cyanidin fragment ion 

at m/z 287 formed by the cleavage of a 162 amu hexose unit.  A cyanidin-3-O-glucoside 

standard co-chromatographed with the 520 nm peak 2.  Cyanidin-3-O-glucoside is a known 

constituent of raspberries (13). 
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Peak 3 (tR – 18.9 min, λmax – 500 nm) was a minor anthocyanin with a [M+H]
+
 at m/z 

595 and a MS
2
 pelargonidin fragment ion at m/z 271 produced by cleavage of a 324 amu 

sophorose unit.  This compound was therefore identified as pelargonidin-3-O-sophoroside 

detected in raspberries in earlier studies (4, 13).  

Peak 4 (tR – 20.3 min, λmax – 510 nm) was an anthocyanin with a [M+H]
+
 at m/z 595 

which on MS
2
 produced a minor fragment at m/z 449 ([M+H]

+
–146, loss of rhamnose) and a 

major fragment at m/z 287 (cyanidin, [M+H]
+
–308, corresponding to cleavage of a rhamnose 

unit and a glucose moiety).  This compound was, therefore, cyanidin-3-O-rutinoside.  

Peak 5 (tR – 21.2 min, λmax - 500 nm) contained two compounds.  One had a [M+H]
+
 

at m/z 433 which on MS
2
 produced a pelargonidin fragment ion at m/z 271 via a 162 amu 

cleavage of a glucose unit.  This compound was pelargondin-3-O-glucoside, a known 

endogenous raspberry anthocyanin (13).  The second compound was also an anthocyanin.  

It had a [M+H]
+
 at m/z 741, which after a 470 amu loss corresponding to cleavage of xylose 

and rutinose moieties, yielded a pelargonidin MS
2
 ion at m/z 271.  This compound was, 

therefore pelargonidin-3-O-(2''-O-glucosyl)rutinoside (13).  

Peak 6 (tR – 29.6 min, λmax - 250 nm) had a [M-H]
–
 at m/z 1401, reported to be 

doubly charged, with a true mass of 2804 (10).  Again MS
2
 of the doubly charged ion 

produced a range of fragments at m/z 1869, m/z 1567 (1869-302), loss of 

hexhydroxydiphenoyl unit, m/z 1265, m/z 935 and m/z 633.  This peak was the ellagitannin 

lambertianin C, which has previously been detected in extracts of raspberry leaves (27) and 

fruit (10). 

Peak 7 (tR – 30.8 min, λmax - 250 nm), the major component in the raspberry extract 

had a [M-H]
–
 at m/z 1869 which on MS

2
 yielded fragment ions very similar to those produced 

by lambertianin C with ions at m/z 1567, 1265, 933 and 631.  The mass spectrum and 

retention properties match those of sanguiin H-6 (10). 

Peak 8 (tR – 32.7 min, λmax - 360 nm) had a [M-H]
–
 at m/z 433 and MS

2
 yielded an 

ion at m/z 301 ([M-H]
–
–132, loss of a pentosyl unit) and MS

3
 produced a m/z 257 fragment 

indicating the presence of ellagic acid rather than quercetin (10).  This compound was, 

therefore, an ellagic acid-O-pentose conjugate. 
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Peak 9 (tR – 33.5 min, λmax - 360 nm) had a [M-H]
–
 at m/z 433 and MS

2
 yielded an 

ion at m/z 301 ([M-H]
–
-132, loss of a pentosyl unit) and MS

3
 produced a m/z 257 fragment 

indicating the presence of ellagic acid.  This compound was, therefore, another ellagic acid-

O-pentose conjugate. 

Peak 10 (tR – 34.4 min, λmax - 360 nm) produced a [M-H]
–
 at m/z 301 and MS

2
 

ionisation yielded a fragment at m/z 257, which matches the mass spectrum of ellagic acid.  

This identification was confirmed by co-chromatography with a reference compound. 

Peak 11 (tR – 35.8 min, λmax - 340 nm) had a mass spectra with a [M-H]
–
 at m/z 609, 

which yielded a MS
2
 fragment at m/z 301 which in this instance corresponds to loss of 

hexose and rhamnose units ([M-H
–
-308).  Peak 11 was, therefore, the quercetin-O-

galactosylrhamnoside previously detected in raspberries (13).  

Peak 12 (tR – 37.4 min, λmax - 340 nm) had identical mass spectra than peak 11, a 

[M-H]
–
 at m/z 609, which yielded a MS

2
 fragment at m/z 301.  In keeping with this 

fragmentation pattern this peak co-chromatographed with a quercetin-3-O-rutinoside 

standard.   Previous analytical work with raspberries has shown that quercetin-3-O-

rutinoside elutes after the quercetin-O-galactosylrhamnoside peak (peak 9) (25).  

Peak 13 (tR – 37.7 min, λmax - 340 nm) is a quercetin hexose, having a [M-H]
–
 at m/z 

463, which with neutral loss of 162 amu yielded a MS
2
 fragment corresponding to quercetin 

at m/z 301.  This compound, which eluted before a quercetin-3-O-glucoside standard, was 

identified as quercetin-3-O-galactoside. 

Peak 14 (tR – 39.2 min, λmax - 340 nm) had a [M-H]
–
 at m/z 463 which on MS

2
 yielded 

an ion at m/z 301 which with neutral loss of 162 amu yielded a MS
2
 fragment corresponding 

to quercetin at m/z 301.  The MS data, and co-chromatography with a standard, indicate the 

presence of a quercetin-3-O-glucoside. 

Peak 15 (tR – 42.5 min, λmax - 360 nm) had both a [M-H]
–
 at m/z 475, which yielded 

MS
2
 fragments at m/z 301 ([M-H]

–
-174, loss of acetylpentose).  Mullen et al. (10) have 

tentatively identified it as ellagic acid-4-O-acetylxyloside.  These compound previously have 

been detected in raspberries by Zafrilla et al. (15). 
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Redcurrants 

The HPLC traces obtained at 520, 365 and 280 nm indicate the 13 compounds 

identified in redcurrants (Figure 4). The identification of these compounds is summarised 

below and in Table S4. 

Peak 1 (tR – 9.1 min, λmax - 260 nm) had a [M-H]
–
 at m/z 299 and MS

2
 yielded an ion at 

m/z 137 ([M-H]
–
-162, loss of an hexose unit).  This compound was tentatively identified as a 

4-hydroxybenzoic acid-O-hexose conjugate, in agreement with Maatta et al. (27) who 

identified 4-hydroxybenzoic acid after acid hydrolysis of a redcurrant extract.  

Peas 2 (tR – 12.8 min, λmax - 330 nm) had both a [M-H]
–
 at m/z 341 which on MS

2
 

yielded a fragment releasing an ion at m/z 179.  The m/z 179 ion is the aglycone caffeic acid 

produced by a loss of 162 amu, which corresponds with the cleavage of a hexose moiety.  

Based on the mass spectral and PDA data and previously published information (17), this 

compounds was identified as caffeic acid-O-glucoside present also in blackcurrant (peak 1).  

Peak 3 (tR – 18.0 min, λmax - 515 nm) had a [M+H]
+
 at m/z 581 which on MS

2
 produced 

a cyanidin fragment ion at m/z 287.  The loss of 294 amu corresponds to the cleavage of a 

xylose and a hexose unit.  The mass spectrum and the HPLC retention correspond to that of 

cyanidin-3-O-sambubioside, identified in redcurrants in earlier studies (6, 28).   

Peak 4 (tR – 20.3 min, λmax - 515 nm) was the main peak present in the redcurrant 

extract and contained two compounds.  The first had a [M+H]
+
 at m/z 595 which on MS

2
 

produced a minor fragment at m/z 449 ([M+H]
+
–146, loss of rhamnose unit) and a major 

fragment at m/z 287 (cyanidin, [M+H]
+
–308 corresponding to the cleavage of rhamnose and 

glucose moieties).  This compound was, therefore, cyanidin-3-O-rutinoside.  The second 

compound had a [M+H]
+
 at m/z 727, which yielded MS

2
 fragments at m/z 581 ([M+H]

+
–146, 

loss of rhamnose) and m/z 287 (cyanidin, [M+H]
+
–440, loss of rhamnosyl, glucosyl and 

xylosyl groups).  This corresponds to the fragmentation of cyanidin-3-O-(2''-

xylosyl)rutinoside, which has previously been detected in redcurrants (4, 6, 28). 
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Peak 5 (tR – 31.1 min, λmax – 355nm) had a [M-H]
–
 at m/z 625 which with the loss of 

308 amu yielded an MS
2
 fragment corresponding to myricetin at m/z 317.  These spectra 

indicated the presence of a myricetin-O-rutinoside conjugate. 

Peak 6 (tR – 31.6, λmax – 330 nm) yielded a [M-H]
–
 at m/z 463 and MS

2
 fragment at 317 

([M-H]
-
-146, loss of a rhamnosyl moiety).  It was, therefore, identified as a myricetin-O-

rhamnoside. 

Peak 7 (tR – 37.4 min, λmax – 355 nm) was identified as quercetin-3-O-rutinoside.  It 

yielded a [M-H]
–
 at m/z 609, which with neutral loss of 308 amu yielded a MS

2
 fragment 

corresponding to quercetin at m/z 301.   

Peak 8 (tR – 38.0 min, λmax – 355 nm) produced a typical quercetin hexose mass 

spectrum ([M-H]
–
 at m/z 463, MS

2
 at m/z 301 and MS

3
 at m/z 271, 255 and main ion at m/z 

179).  Earlier elution than quercetin-3-O-glucoside (peak 9) indicates that this compound 

could be quercetin-3-O-galactoside.  

Peak 9 (tR – 39.1 min, λmax – 355 nm) produced a typical quercetin glucoside mass 

spectrum ([M-H]
–
 at m/z 463, MS

2
 at m/z 301 and MS

3
 at m/z 271, 255 and main ion at m/z 

179).  Co-chromatography established the presence of quercetin-3-O-glucoside. 

Peak 10 (tR – 43.0 min, λmax 345 nm) had a [M-H]
–
 at m/z 505 and MS

2
 fragments at 

m/z 463 ([M-H]
–
–42, loss of a malonic acid) and m/z 301 (quercetin, [M-H]

–
–204).  As in peak 

16 in blackcurrants (see Table S1), the 204 amu loss corresponds to the loss of hexose and 

malonyl groups, which in negative ion mode lost the 45 amu carboxylic function from the 

pseudomolecular ion.  This is indicative of the presence of a quercetin-O-malonyl-hexose 

conjugate.  The presence of quercetin-3-O-(6''-O-malonyl)glucoside has previously been 

reported in redcurrants by Maatta et al. (6).  

Peak 11 (tR – 43.6 min, λmax - 345 nm) yielded a [M-H]
–
 at m/z 593 and an MS

2
 

fragment at m/z 285.  The m/z 285 ion (kaempferol) was produced by a 308 amu cleavage, 

which corresponded to the loss of a rutinose unit.  Peak 11, which co-chromatographed with 

peak 17 in blackcurrants, was therefore tentatively identified as kaempferol-3-O-rutinoside. 
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Peak 12 (tR – 45.2 min, λmax - 340 nm) had a [M-H]
–
 at m/z 447 which with a loss of 

162 amu (cleavage of hexose) produced a MS
2
 fragment at m/z 285 (kaempferol).  Earlier 

elution than kaempferol-3-O-glucoside (peak 13) and similar retention time of the peak 18 in 

blackcurrant established that this compound could be kaempferol-3-O-galactoside.  

Peak 13 (tR – 45.9 min, λmax - 340 nm) had a [M-H]
–
 at m/z 447 which with a loss of 

162 amu (cleavage of hexose) produced a MS
2
 fragment at m/z 285 (kaempferol).  Co-

elution with a standard established that this compound was kaempferol-3-O-glucoside.  

 

Cranberries 

The HPLC traces obtained at 520, 365 and 280 nm facilitated the detection of 18 

phenolic compounds (Figure 5).  Where standard compounds were unavailable, 

identifications were based on previously published analysis of cranberry extracts (5, 7, 29).  

The identifications of phenolic compounds are summarised in Table S5. 

Peaks 1, 11 and 13 (tR – 13.1, 32.7 and 37.7 min, λmax - 290 nm) yielded a [M-H]
–
 at 

m/z 577 and MS
2
 fragments at m/z 425 and m/z 289 ([M-H]

–
–288, loss of a 

catechin/epicatechin unit), characteristic of a procyanidin dimer. 

Peak 2 (tR – 16.8 min, λmax - 515 nm) had a [M+H]
+
 at m/z 449 which on MS

2
 

produced a fragment ion corresponding to cyanidin at m/z 287.  The 162 amu loss equates 

with cleavage of a hexose unit.  This compound was, therefore, identified as cyanidin-3-O-

galactoside, one of the major anthocyanins in cranberries (5).  

Peak 3 (tR – 18.4 min) in negative ionisation revealed the presence of a [M-H]
–
 at 

m/z 325, which on MS
2
 yielded an m/z 163 fragment (coumaric acid, [M-H]

–
–162, loss of an 

hexose moiety).  This compound was, therefore, a p-coumaric acid-O-hexoside conjugate, 

which has been reported previously in cranberries (7) 

Peak 4 (tR – 20.3 min, λmax - 515 nm) had a [M+H]
+
 at m/z 419 which on MS

2
 

produced a fragment ion corresponding to cyanidin at m/z 287 via a 132 amu cleavage of a 

pentose unit.  This compound was identified as cyanidin-3-O-arabinoside, a major 

anthocyanin present in cranberries (5).  
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Peak 5 (tR – 21.7 min, λmax - 280 nm) had a [M-H]
–
 at m/z 289 which on MS

2
 yielded 

a fragments of m/z 245.  This fragmentation pattern is that of a flavan-3-ol monomer which 

co-chromatography with a standard identified, therefore, as (–)-epicatechin. 

Peak 6 (tR –22.4 min, λmax - 515 nm) was a major anthocyanin with a [M+H]
+
 at m/z 

463 and a MS
2
 peonidin fragment at m/z 301 produced by cleavage of a hexose moiety.  

This fragmentation pattern was in keeping with the presence of peonidin-3-O-galactoside, a 

known constituent of cranberries (5) that elutes before peonidin-3-O-glucoside (peak 7). 

Peak 7 (tR –24.2 min, λmax - 280 and 520 nm) had a [M+H]
+
 at m/z 463, which on 

MS
2
 produced a fragment ion corresponding to peonidin at m/z 301 and a [M+H]

+
-162, loss 

of a glucosyl unit.  It was identified as peonidin-3-O-glucoside by co-chromatography with a 

standard.  

Peak 8 (tR –25.7 min, λmax - 515 nm) had a [M+H]
+
 at m/z 433, which yielded MS

2
 

fragments at m/z 301 (peonidin, a [M+H]
+
-132, loss of a pentosyl unit).  It was identified as a 

peonidin-O-arabinoside based on similar retention time as peak 9 in blueberries. 

Peak 9 (tR –27.4 min, λmax - 520 nm) was a minor anthocyanin and had a [M+H]
+
 at 

m/z 463 which with neutral loss of 162 amu yielded a MS
2
 fragment corresponding to 

malvidin at m/z 331.  This compound was a malvidin-O-pentose conjugate, possibly 

malvidin-3-O-arabinoside based on its retention time being the same as peak 10 in 

blueberries (see Table S2). 

Peak 10 (tR –30.9 min, λmax - 355 nm) produced a [M-H]
–
 at m/z 479 which with a 

loss of 162 amu yielded a MS
2
 at m/z 317.  It is, therefore, a myricetin-O-hexose conjugate, 

probably myricetin-3-O-galactoside a known cranberry flavonol (29).  

Peak 12 (tR –35.8 min, λmax - 355 nm) was a myricetin pentose conjugate having a 

[M-H]
–
 at m/z 449 and a MS

2
 ion at m/z 317.  This compound might be myricetin-3-

arabinoside, which has been identified in cranberries by Vvedenskaya et al. (29). 

Peak 14 (tR – 38.2 min, λmax - 355 nm) was the major flavonol present in cranberries 

and produced a mass spectrum characteristic of a quercetin hexose conjugate ([M-H]
–
 at m/z 

463, MS
2
 ion at m/z 301 and MS

3
 of this ion produced a major fragment at m/z 179).  In view 
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of this mass spectrum, the high concentration and HPLC order of elution, this compound is 

probably quercetin-3-O-galactoside, previously detected in cranberries (29).  

Peaks 15, 16 and 17 (tR – 41.4, 43.2 and 43.8 min, λmax - 355 and 350 nm) all had a 

[M-H]
–
 at m/z 433 which, with neutral loss of a 132 amu pentose unit, yielded a MS

2
 fragment 

corresponding to quercetin at m/z 301.  These three flavonols are, therefore, all quercetin 

pentose conjugates.  Based on their elution order they were identified as quercetin-3-O-

xylopyranoside, quercetin-3-O-arabinopyranoside and quercetin-3-O-arabinofuranoside 

respectively, previously identified in a cranberry extract by HPLC-MS and NMR (29). 

Peak 18 (tR – 46.1 min, λmax - 345 nm) had a [M-H]
–
 at m/z 447 which yielded an MS

2
 

fragment at m/z 301 (quercetin), the [M-H]
–
-146 loss corresponding to cleavage of a 

rhamnose unit.  The mass spectral data and HPLC retention are in keeping with this peak 

being quercetin-3-O-rhamnoside, which was previously detected in cranberries (29). 
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Table S1.   Phenolic compounds identified in blackcurrant by HPLC with diode array and MS3 detectiona 

Peak tR (min) Compound λmax (nm) [M-H]
 
(m/z) MS

2 
ions (m/z) MS

3 
ion (m/z) 

1 12.9 caffeic acid-O-glucoside  330 341 179 [CafAc] ([M-H]
–
–Hex)  

2 13.5 delphinidin-3-O-galactoside 520 465* 303 [Del] ([M+H]
+
–Gal)  

3 14.8 delphinidin-3-O-glucoside 520 465* 303 [Del] ([M+H]
+
–Glc)  

4 17.0 delphinidin-3-O-rutinoside 520 611* 465 ([M+H]
+
–Rham), 303 [Del] ([M+H]

+
–Glc–Rham)  

5 18.3 cyanidin-3-O-glucoside 520 449* 287 [Cyan] ([M+H]
+
–Glc)  

6 20.3 cyanidin-3-O-rutinoside 520 595* 449 ([M+H]
+
–Rham), 287 [Cyan] ([M+H]

+
–Glc–Rham)  

7 22.4 peonidin-3-O-galactoside 520 463* 301 [Peon] ([M+H]
+
–Gal)  

  petunidin-3-O-rutinoside  625* 479 ([M+H]
+
-
 
Rham), 317 [Pet] ([M+H]

+
–Rham–Glc)  

8 24.0 malvidin-3-O-galactoside 520 493* 331 [Malv] ([M+H]
+
–Gal)  

  peonidin-3-O-glucoside  463* 301 [Peon] ([M+H]
+
–Glc)  

9 25.9 peonidin-3-O-rutinoside 520 609* 463 (M+H]
+
–Rham), 301 [Peon] ([M+H]

+
-
 
Glc–Rham)  

10 31.3 myricetin-3-O-rutinoside 355 625 317 [Myr] ([M-H]
–
–Rut)  

11 31.8 myricetin-O-glucuronide 355 493 317 [Myr] ([M-H]
–
–GlcA)  

12 35.0 myricetin-3-O-(6''-O-malonyl)glucoside 355 521 317 [Myr] ([M-H]
–
–Glc–Mal)  

13 37.5 quercetin-3-O-rutinoside 350 609 301 [Q] ([M-H]
–
–Rut)  

14 39.1 quercetin-3-O-glucoside 350 463 301 [Q] ([M-H]
–
–Glc) 271, 255, 179 

15 40.5 delphinidin-3-O-(6''-p-coumaroyl)glucoside 525 611* 303 [Del] ([M+H]
+
–Coum–Glc)  

16 42.5 quercetin-3-O-(6''-O-malonyl)glucoside 350 505 301 [Q] ([M-H]
–
–Glc–(Mal) 271, 255, 179 

17 43.9 kaempferol-3-O-rutinoside 315 593 285 [K] ([M-H]
–
–Rut)  

18 45.2 kaempferol-3-O-galactoside 340 477 301 [K] ([M-H]
–
–Gal)  

a
 CafAc, caffeic acid; Del, delphinidin; Hex, hexose; Gal, galactose; Glc, glucose; Rut, rutinose; Arab, arabinose; Cyan, cyanidin; Pet, petunidin; Peon, peonidin; Malv, 
malvidin; Myr, myricetin; GlcA, glucuronyl; Pent, pentosyl; Mal, malonyl; Q, quercetin; Coum, coumaroyl; K, kaempferol; tR, retention time, Peak numbers and retention 
times refer to HPLC traces in Figure 1.  * positively charged molecular ion ([M+H]

+
) 
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Table S2.  Phenolic compounds identified in blueberries by HPLC with diode array and MS3 detectiona  

Peak tR (min) Compound λmax (nm) [M-H]
 
(m/z) MS

2 
ions (m/z) MS

3 
ions (m/z) 

1 13.5 delphinidin-3-O-galactoside 520 465* 303 [Del] ([M+H]
+
–Gal)  

2 14.8 delphinidin-3-O-glucoside 520 465* 303 [Del] ([M+H]
+
–Glc)  

3 16.7 cyanidin-3-O-galactoside 520 449* 287 [Cyan] ([M+H]
+
–Gal)  

  delphinidin-3-O-arabinoside  435* 303 [Del] ([M+H]
+
–Arab)  

4 19.4 petunidin-3-O-galactoside 520 479* 317 [Pet] ([M+H]
+
–Gal)  

5 20.2 cyanidin-3-O-arabinoside 515 419* 287 [Cyan] ([M+H]
+
–Arab)   

6 22.4 petunidin-3-O-arabinoside 520 449* 317 [Pet] ([M+H]
+
–Arab)  

  peonidin-3-O-galactoside  463* 301 [Peon] ([M+H]
+
–Gal)  

7 24.0 malvidin-3-O-galactoside 520 493* 331 [Malv] ([M+H]
+
–Gal)  

8 24.7 malvidin-3-O-glucoside 525 493* 331 [Malv] ([M+H]
+
–Glc)  

  delphinidin-3-O-(6''-O-acetyl)glucoside  507* 303 [Del] ([M+H]
+
–AcGlc)  

9 25.7 peonidin-3-O-arabinoside 525 433* 301 [Peon] ([M+H]
+
–Arab)   

10 27.4 malvidin-3-O-arabinoside 525 463* 331 [Malv] ([M+H]
+
–Arab)  

11 30.4 petunidin-3-O-(6''-O-acetyl)glucoside 525 521* 317 [Pet] ([M+H]
+
–AcGlc)  

12 30.9 myricetin-3-O-galactoside 355 479 317 [Myr] ([M-H]
–
–Gal)  

13 33.8 quercetin-O-diglucoside 355 625 301 [Q] ([M-H]
–
–Glc–Glc)  

  5-O-feruloylquinic acid 325 367 191, 179, 135  

14 35.5 malvidin-3-O-(6''-O-acetyl)glucoside 530 535* 331 [Malv] ([M+H]
+
–AcGlc)  

15 37.6 quercetin-3-O-rutinoside 355 609 301 [Q] ([M-H]
–
–Rut) 179, 151 

16 38.1 quercetin-3-O-galactoside 355 463 301 [Q] ([M-H]
–
–Gal)  

17 39.2 quercetin-3-O-glucoside 355 463 301 [Q] ([M-H]
–
–Glc)  

18 43.0 quercetin-3-O-arabinoside 355 433 301 [Q] ([M-H]
–
–Arab) 271, 255, 179 

  quercetin-3-O-(6''-O-acetyl)glucoside 355 505 301 [Q] ([M+H]
–
–AcGlc)  

a 
Del, delphinidin; Glc, glucose; Cyan, cyanidin; Arab, arabinose; Pet, petunidin; Peon, peonidin; Malv, malvidin; Gal, galactose; AcGlc, 

acetylglucose; Myr, myricetin; Hex, hexose; Rut, rutinose; Q, quercetin; Pent, pentose; tR, retention time. 
a
 Peak numbers and retention times refer 

to HPLC traces in Figure 2. * positively charged molecular ion ([M+H]
+
) 
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Table S3.  Phenolic compounds identified in raspberries by HPLC with diode array and MS
3
 detection

a 
. 

Peak tR (min) Compound λmax (nm) [M-H]
-
 (m/z) MS

2 
 ions (m/z) MS

3
 ion (m/z) 

1 16.1 cyanidin-3-O-sophoroside 515 611* 287 [Cyan] ([M+H]
+
–Soph)  

2 18.0 cyanidin-3-(2''-O-glucosyl)rutinoside 515 757* 611 ([M+H]
+
–Rham), 287 [Cyan] ([M+H]

+
–Rham–Glc–Glc)  

  cyanidin-3-O-sambubioside  581* 287 ([M+H]
+
–Samb)  

  cyanidin-3-O-glucoside  449* 287 [Cyan] ([M+H]
+
–Glc)  

3 18.9 pelargonidin-3-O-sophoroside 500 595* 271 [Pel] ([M+H]
+
–Soph)  

4 20.3 cyanidin-3-O-rutinoside 510 595* 449 (M
+
-Rham), 287 [Cyan] (M

+
–Rham–Glc)  

5 21.2 pelargonidin-3-O-glucoside 500 433* 271 [Pel] ( [M+H]
+
–Glc)  

  pelargonidin-3-O-(2''-O-glucosyl)rutinoside  741* 271 [Pel] ([M-H]
+
–Rham-Glc–Glc)  

6 29.6 lambertianin C 250 1401
2 

(2801) 
1869, 1567 (1869–HHDP), 1265 (1869–HHDP–HHDP), 1251, 935 
(1869–HHDP–HHDP–Glc–galloyl), 633 (1869–HHDP–HHDP–Glc–
galloyl–HHDP) 

 

7 30.8 sanguiin H-6 250 1869 1567 ([M-H]
–
–HHDP), 1265 ([M-H]

–
–HHDP–HHDP), 1235, 933 ([M-

H]
–
–HHDP–HHDP–Glc-galloyl), 631 ([M-H]

–
–HHDP–HHDP-Glc-

galloyl-HHDP) 

 

8 32.7 ellagic acid-O-pentoside 360 433 301 [HHDP] ([M-H]
–
–pent) 257 

9 33.5 ellagic acid-O-pentoside 360 433 301 [HHDP] ([M-H]
–
–pent) 257 

10 34.4 ellagic acid 360 301 257  

11 35.8 quercetin-O-galactosylrhamnoside 340 609 301 [Q] ([M-H]
–
–Gal–Rham)  

12 37.1 quercetin-3-O-(2''-O-glucosyl)rutinoside 340 609 301 [Q] ([M-H]
–
–Glc–Rham)  

13 37.7 quercetin-3-O-galactoside 340 463 301 [Q] ([M-H]
–
–Gal)  

14 39.2 quercetin-3-O-glucoside 340 463 301 [Q] ([M-H]
–
–Glc), 179  

15 42.5 ellagic acid-4-O-acetylxyloside 360 475 301 [HHDP] ([M-H]
–
–XylAc)  

a 
Cyan, cyanidin; Pel, pelargonidin; Soph, sophorose; Samb, sambubiose; Q, quercetin; Glc, glucose; Gal, galactose; Rham, rhamnose; Pent, pentose; Xyl, xylose; XylAc, acetylxylose; 

AraAc, acetylarabinose; HHDP, hexahydroxydiphenoyl; tR, retention time 
a
 Peak numbers and retention times refer to HPLC traces in Figure 3. * positively charged molecular ion ([M+H]

+
). 
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Table S4.  Phenolic compounds identified in redcurrants by HPLC with diode array and MS
3
 detection

a 
. 

Peak tR (min) Compound λmax (nm) [M-H]
-
 (m/z) MS

2 
ions (m/z) MS

3 
ions (m/z) 

1 9.1 4-hydroxy-benzoic acid-O-hexoside 260 299 137 [HbenzAc] ([M-H]
–
–Hex)  

2 12.8 caffeic acid-O-glucoside 330 341 179 [CafAc] ([M-H]
–
–Glc)  

3 18.0 cyanidin-3-O-sambubioside 515 581* 287 [Cyan] ([M+H]
+
–Samb)   

4 20.3 cyanidin-3-O-rutinoside 515 595* 449 ([M+H]
+
–Rham), 287 [Cyan] ([M+H]

+
-
–
Glc–Rham)  

  cyanidin-3-O-(2''-O-xylosyl)rutinoside  727* 581 ([M+H]
+
–Rham), 287 [Cyan]([M+H]

+
–Xyl–Rut)  

5 31.1 myricetin-3-O-rutinoside 355 625 317 [Myr] ([M-H]
–
–Rut)  

6 31.6 myricetin-O-rhamnoside 330 463 317 [Myr] ([M-H]
–
–Rham)  

7 37.4 quercetin-3-O-rutinoside 355 609 301 [Q] ([M-H]
–
–Rut), 271, 255, 179 

8 38.0 quercetin-3-O-galactoside 355 463 301 [Q] ([M-H]
–
–Gal) 271, 255, 179 

9 39.1 quercetin-3-O-glucoside 355 463 301 [Q] ([M-H]
–
–Glc), 271, 255, 179 

10 43.0 quercetin-3-O-(6''-O-malonyl)glucoside 345 505 463 ([M-H]
–
–Rut), 301 [Q] ([M-H]

-
–Hex-–Mal), 179  

11 43.6 kaempferol-O-rutinoside 345 593 285 [K] ([M-H]
–
–Rut)  

12 45.2 kaempferol-3-O-galactoside 340 447 285[K] ([M-H]
–
–Gal)  

13 45.9 kaempferol-3-O-glucoside 340 447 285[K] ([M-H]
–
–Glc)  

a 
HbenzAc, 4-hydroxybenxoic acid; Hex, hexose; CafAc, Caffeic acid; Cyan, cyanidin; Samb, sambubiose; Rut, rutinose; Xyl, xylose; Myr, Myricetin; Rham, rhamnose; Q, 

quercetin; Glc, glucose; Mal, malonic acid; K, kaempferol; tR, retention time. 
   
Peak numbers and retention times refer to HPLC traces in Figure 4. * positively charged 

molecular ion - [M+H]
+
. 
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Table S5.  Phenolic compounds identified in cranberries by HPLC with diode array and MS
3
 detection

a 
. 

Peak tR (min) Compound λmax (nm) [M-H]
 
(m/z) MS

2 
ions (m/z) MS

3 
ion (m/z) 

1 13.1 procyanidin dimer 290 577 425, 289 [Cat] ([M-H]
–
–Cat)  

2 16.8 cyanidin-3-O -galactoside 515 449* 287 [Cyan] ([M+H]
+
–Gal)  

3 18.4 p-coumaric acid-O-hexoside   325 163 [CoumAc] ([M-H]
–
–Hex),145,187  

4 20.3 cyanidin-3-O-arabinoside 515 419* 287 [Cyan] ([M+H]
+
–Arab)  

5 21.7 (–)-epicatechin 280 289 245   

6 22.4 peonidin-3-O-galactoside 515 463* 301 [Peon] ([M+H]
+
–Gal)   

7 24.2 peonidin-3-O-glucoside 515 463* 301 [Peon] ([M+H]
+
–Glc)   

8 25.7 peonidin-O-arabinoside 515 433* 301 [Peon] ([M+H]
+
–Arab)  

9 27.4 malvidin-3-O-arabinoside 520 463* 331 [Malv] ([M+H]
+
–Arab)   

10 30.9 myricetin-3-O-galactoside 355 479 317 [Myr] ([M-H]
–
–Gal) 271, 179, 151 

11 32.7 procyanidin dimer 280 577 425, 289 [Cat] ([M-H]
-
–Cat)  

12 35.8 myricetin-3-O-arabinoside 355 449 317 [Myr] ([M-H]
–
–Arab) 271, 179, 151 

13 37.7 procyanidin dimer 280 577 425, 289 [Cat] ([M-H]
–
–Cat)  

14 38.2 quercetin-3-O-galactoside 355 463 301 [Q] ([M-H]
–
–Gal) 271, 255, 179 

15 41.4 quercetin-3-O-(2''-O-xylosyl)pyranoside 355 433 301 [Q] ([M-H]
–
–Xyl) 271,255,179 

16 43.2 quercetin-3-O-arabinosylpyranoside 350 433 301 [Q] ([M-H]
–
–Arab)  

17 43.8 quercetin-3-O-arabinosylfuranoside 350 433 301 [Q] ([M-H]
–
–Arab) 271,255,179 

18 46.1 quercetin-3-O-rhamnoside 345 447 301 [Q] ([M-H]
–
–Rham) 271,255,179 

a 
Cat, (epi)catechin; CafAc, caffeic acid; CoumAc, p-coumaric acid; Cyan, cyanidin; Mal, malvidin; Peon, peonidin; Myr, myricetin; Q, quercetin; Arab, arabinose; 

Glc, glucose; Gal, galactose; Rham, rhamnose; Pent, pentose; Hex, hexose; tR, retention time. Peak numbers and retention times refer to HPLC traces in Figure 
5. * positively charged molecular ion ([M+H]

+
) 

 


