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Strawberry fruits contain phenolic compounds that exhibit antioxidant, anticancer, antiatherosclerotic,
antinflammatory and anti-neurodegenerative properties. High-performance liquid chromatography (HPLC)
coupled to electrospray ionization mass spectrometric (ESI-MS) detection in the positive and negative ion
mode has been used to identify the phenolic compounds in extracts from sixteen different strawberry culti-
var fruits from Republic of Macedonia. Photodiode-array detection (DAD) has been used for screening of
the different classes of phenolic compounds, whereas MS and MS" fragmentation data were employed for
their structural characterization. The phenolic compounds identified were grouped as: ellagic acid and ellagic
acid conjugates with sugars, ellagitannins, anthocyanins, flavonols, flavanols, and acylated sugars (feruloyl,
caffeoyl and coumaroyl hexoses). Quercetin and kaempferol were the major flavonols found as quercetin 3-O-
glucoside, quercetin 3-O-glucuronide, kaempferol 3-O-glucoside, kaempferol 3-O-glucoronide, kaempferol
3-0O-malonylglucoside, kaempferol 3-O-acetylglucoside and kaempferol 3-O-coumaroylglucoside. Pelargoni-
din-3-O-glucoside was the most abundant anthocyanin in all strawberry extracts. Proanthocyanidins were also
identified by MS" fragmentation as dimers, trimers and tetramers of (epi)catechin and (epi)afzelechin. This is
the first assay of the phenolic profile of the strawberry cultivars in Macedonia, which can be further developed
for characterization and evaluation of their quality with regards to their phenolic composition.

Key words: strawberries; HPLC-DAD-ESI-MS"; phenolic compounds

NJIEHTU®UKAIINJA CO HPLC-DAD-ESI-MS" HA ®EHOJIHUOT ITPODUJI
HA KYJITUBUPAHU JAT'OIU OJ1 MAKE/IOHNJA

Jarojmte uMaar BUCOK MPOLEHT HA ()eHOIHM KOMITOHEHTH KOW IMaaT aHTUOKCHAAHTHH, aHTHKAHIEPO-
TeHH, aHTUMH(]IIAMaTOPHN U aHTHHEYPOJIETeHEPATHBHI CBOjcTBa. BucokoedukacHa teuna xpomarorpaduja
(HPLC) noBp3ana co maceHa criekrpomerpuja (MS) co enexrpocnpej jonusanuja (ESI) Gerre xopructena
BO ITO3UTHBEH M HETATHBEH jOHCKU MO 332 UICHTHU(HKAIN]a Ha ()CHOTHUTE KOMIIOHEHTH BO €KCTPAKTH OJf
16 xynTuBupanu jaronu ox PemyOmmka Maxkenonuja. bere kopucten perexrop co Huza on auoan (DAD) 3a
aHaJM3a Ha Pa3JIMuHKUTE KI1acu ()eHOJIHM KOMIIOHEHTH, Jojieka co ¢pparmeHTanmure MS u MS" 6ea kopucre-
HM 32 HMBHA CTPYKTYpHa Kapakrepu3auuja. DeHONIHUTE KOMIIOHEHTH Oea MICHTU(HUKYBaHH U TPYNHPAHH
Kako cio0o/iHa M KOHjyrupaHu (popMH Ha earoBa KMCEJIHMHA, TAHWHH Ha eJlaroBa KHCENIWHA, aHTOIMjaHH,
(hmaBoHONH, (hr1aBaH-3-0JTH ¥ AlWIIAPAHH IIeKepH (Pepyaom, Kaheom U KyMapoyrI Xekco3n). KeepreruH u
KkeMdepo 0ea OCHOBHHTE (JIAaBOHOJH HajACHHU KaKO KBEPIETHH-3-O-TITyKO3W]I, KBePIETHH-3-O-TIyKypOHHI,
keMdepon-3-O-tyko3ut, keMpeporn-3-O-mmyKypoHut, keMpepon-3-O-MaloHmITTyKo3u I, kempepon-3-O-
aleTIINTyKo3ua U Kempepoi-3-O-kymapowiriykosu. [lenapronuaun-3-O-miyko3ua Oelie JOMUHAHTCH
AHTOIIMjaH BO CUTE EKCTPaKTH of jaroau. [IpoantouujaHuanHuTe 6ea UCTO Taka WISHTH(UKYBaHH CO (par-
MeHTanuja co MS" Kako JUMepH, TpUMEpH 1 TeTpamepH Ha (erm)karexuH U (eru)adsenexun. OBa e pBo
UCTpaKyBarbe Ha (HEHONMHHOT MPO(UIT Ha KYITUBHPAHH jaroad BO MakeloHHja, KOe MOXKe TTOHATaMy Ja ce
yIoTpeOH 3a HUBHA KapaKTePH3allija 1 OlleHa Ha KBAIUTETOT BP3 OCHOBA Ha (DEHOIHHUOT COCTAB.

Koayunu 360poBu: jaronu; HPLC-DAD-ESI-MS"; (eHOTHN KOMIOHSHTH
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1. INTRODUCTION

Fruits and fruit products, together with tea, red
wine, cereals, chocolate and legumes, are regarded
as major dietary sources of polyphenols [1]. The
evaluation of berry fruits as a source of bioactive
phenolic antioxidants involves studies of the nature
and quantity of phenolic compounds, as well as their
absorption, distribution and metabolism, which is
related to the nature of the conjugated sugars in the
phenolic compounds [2—4]. Phenolic compounds
include structurally diverse classes of compounds
with different kinds of conjugates. The major class
of phenolic compounds in strawberries is represent-
ed by hydrolysable tannins with anthocyanins being
the second most important class in pigmented ber-
ries whereas hydroxycinnamic acids, flavonols, fla-
van-3-ols and proanthocyanidins are the minor ones
[5-8] (structures given in Figure 1).

The most frequently used analytical tech-
nique for the separation of phenolic compounds
is reversed-phase high-performance liquid chro-
matography (RP-HPLC), with diode array detec-
tion (DAD) and mass spectrometry (MS) detec-
tion. This is currently the most widely available
and commonly used combination of techniques
for separation, identification and quantification
of phenolic compounds [5, 9]. UV-Vis spectra
are still valuable for a preliminary identification
and for quantification using characteristic absorp-
tion maxima, whereas mass spectra contribute
greatly to structural characterization. The poly-
phenolic compounds are classified on the basis
of their characteristic UV-Vis spectra: 280 nm for
flavanols, 300-320 nm for hydroxycinnamic acid
derivatives, 500-520 nm for anthocyanins, etc.
Mass spectrometry provides information about the
molecular mass and fragmentation pattern of the
analyte. The ionization may be performed in the
positive and/or negative ion mode and anthocya-
nins are analyzed in the positive mode, whereas
other groups are usually analyzed in the negative
mode [10-13]. In the negative ionization mode,
acids deprotonate easily, and in the positive mode,
they form adducts with the cations in the sample
or mobile phase, for example, sodium ions [14].
The recent applications of electrospray ionisation

(ESI) for analysis of the polyphenolic compounds
involve detection of the pseudomolecular ion in
order to investigate the degree of polymerization.
Multicharged species like [M-2H]*", [M-H+CI]*,
[M+2CI]* or [M-3H]* are often observed [15,
16]. Their existence can be proved by calculating
the isotopic distribution of the signals [17] and de-
pends on concentration, desolvation potential and
concentration of CI in the system [16]. The MS
results are valuable but still difficult to interpret
without having any additional information about
the compound. For that reason, both UV-Vis di-
ode array and mass spectrometry coupled to RP-
HPLC have proved as complementary and most
convenient techniques.

The purpose of our study was to use the com-
plementary information from HPLC with DAD
detector in combination with mass spectrometry, to
identify the structural characteristics of the conju-
gated forms of phenolic compounds in strawberry
cultivars grown in Republic of Macedonia.

2. EXPERIMENTAL
2.1. Plant material

The species Maya (M), Alba (A) and
Roxana (R) from Ko¢ani (Cesinovo, Teranci,
Zrnovci) were harvested on May 8, 2009; Maya,
Alba, Roxana and Tudla from Strumica (Smo-
lari) were harvested on May 19, 2009; Maya,
Alba and Roxana from Skopje (Dolno Lisice)
were harvested on May 21, 2009. Sixteen sam-
ples in total were collected for further analysis of
the phenolic compounds.

The strawberries were harvested at commer-
cial ripeness, specifically when 80 % of the surface
showed a red colour, which corresponds to stage 5
of ripeness in terms of commercial criterion.

With the purpose of modernization of the
assortment, four promising strawberry varieties
of the Fragaria ananassa species have been in-
troduced: Alba, Maya, Roxana, and Tudla. Three
demonstrative orchards have been established in
the east, north and south part of R. Macedonia, in
the region of Ko¢ani (Cesinovo, Teranci, Zrovci),
Strumica (Smolari), and Skopje (Dolno Lisice), in
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Fig. 1. Structures of phenolic compounds found in strawberry fruits
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September 2006, with imported green seedlings
rooted in pots. The orchards have been established
in a system of two-row beds with a width of 80 cm,
mulched with black foil. The drip irrigation and fer-
tirigation has been performed during the growing.
The distance between seedlings in the beds was 40
x 30 cm, with an empty space of 60 cm between
the beds. This growing system consisted of 47600
plants per hectare. In order to enforce the produc-
tion of fruits, in spring, the orchard was covered
with high polyethylene tunnels in Kocani and Stru-
mica, and in Skopje the orchard was open.

500 g of each variety from each locality
was randomly sampled. Samples were stored at
—80 °C until analysis.

2.2. Sample preparation

Each frozen strawberry sample (5 g) was
homogenized and extracted with 10 mL of two
solvent mixtures: acetone and acetic acid (99:1,
V/V), and methanol and acetic acid (99:1, V/V).
The extracts were sonicated for 15 minutes on
an ultrasonic bath (Branson model 3510, USA),
centrifuged for 15 minutes at 3000 rpm, and the
supernatants were concentrated in rotary evapo-
rator at 37 °C. The volume of the extract (aqueous
residue) was made up to 5 mL with 20 % metha-
nol in water, and it was filtered through 0.45 um
pore-size polyethersulfone filter (Econofilter,
25/0.45 um NL, Agilent Technologies, Germa-
ny) before analysis. All extracts were analyzed
by HPLC-ESI-MS.

2.3. Reagents and standards

Formic acid of analytical grade and methanol
of gradient grade for liquid chromatography were
purchased from Merck KGaA (Darmstadt, Germa-
ny). Acetone and acetic acid of analytical grade were
purchased from Alkaloid (Skopje, R. Macedonia).

Pelargonidin-3-glucoside and proanthocy-
anidin B2 were purchased from Phytolab (Ger-
many), catechin and quercetin were purchased
from Sigma (Germany), p-coumaric acid, ferulic
acid and ellagic acid were purchased from Ge-
nay (France).

2.4. LC/DAD/ESI-MS" analysis

The HPLC system was equipped with
an Agilent 1100 series diode array and ion trap
mass detector in series (Agilent Technologies,
Waldbronn, Germany). It consisted of a G1312A
binary pump, a G1329A autosampler, a G1379B
degasser, G1316A thermostat column and
G1315B photo-diode array detector, controlled
by ChemStation software (Agilent, v.01.03).

Chromatographic separations were carried
out on 150 mm % 4.6 mm, 5 um Eclipse XDB—
C18 column (Agilent Technologies, Germany).
The mobile phase consisted of two solvents: for-
mic acid (1 %, V/V) in water (A) and methanol
(B). A linear gradient starting with 5 % B, 5 %
B at 5 min, was installed to reach 80 % B at 45
min, 100 % B at 50 to 60 min. The flow rate was
0.4 mL min! and the injection volume 20 uL and
column temperature of 40 °C.

Spectral data from all peaks were accumu-
lated in the range 190-600 nm and chromato-
grams were recorded at 260 nm for ellagic acid,
conjugated forms of ellagic acid and ellagitan-
nins and hydroxybenzoic acid derivatives, at 280
nm for flavan-3-ols and their dimers, trimers and
tetramers, at 320 nm for conjugated forms of hy-
droxycinnamic acid, at 360 nm for flavonols and
at 520 nm for anthocyanins.

The mass detector was Agilent G2449A
Ion-Trap Mass Spectrometer equipped with an
electrospray ionization (ESI) system and con-
trolled by LCMSD software (Agilent, v.6.2). Ni-
trogen was used as nebulizing gas at pressure of
50 psi and the flow rate was adjusted to 12 Lmin .
The temperature and the voltage of the capillary
were maintained at 325 °C and 3,5 kV, respective-
ly. MS data were acquired in positive and negative
ionization mode. The full scan covered the mass
range from m/z 100-2000. Collision — induced
fragmentation experiments were performed in the
ion trap using helium as collision gas with voltage
ramping cycle from 0.3 up to 2 V. Maximum ac-
cumulation time of ion trap and the number of MS
repetitions to obtain the MS average spectra wer-
eset at 200 ms and 5, respectively.

Maced. J. Chem. Chem. Eng. 29 (2), 181-194 (2010)
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3. RESULTS AND DISCUSSION

Extraction experiments of phenolic com-
pounds from cultivated strawberries using 1 %
acetic acid in methanol and 1 % acetic acid in
acetone (V/FV) showed that acetone extracts con-
tained more polyphenols, especially conjugated
forms of ellagic acid and condensed tannins, and
B type proanthocyanidins, which are dimers,
trimers and tetramers of (epi)catechin and (epi)
afzelechin that linked in C4-C6 or C4-C8 [28].
This can be seen in the chromatograms obtained
using both extraction solvents at two wave-
lengths, 260 and 280 nm, given in Figure 2.

The different classes of phenolic com-
pounds exhibit absorbance maxima at different
wavelengths, so five wavelengths were selected
for detection: 260 nm for ellagic acid and ella-
gitannins, 280 nm for flavanols and proantho-
cyanidins, 320 nm for hydroxycinnamic acid
derivatives, 360 nm for flavonols, and 520 nm
for anthocyanins, for optimal selectivity and
sensitivity. For a more systematic discussion,
the phenolic compounds in strawberries were
grouped according to their structure features, i.e.
their UV-Vis spectra, as usually [20-23] into:
anthocyanins, flavonols, flavanols, proanthocya-
nidins, derivatives of hydroxycinnamic and hy-
droxybenzoic acids, and ellagitannins (Figure 1).

LC-MS and MS" detection in both positive
and negative ionization modes were used to ob-
tain more information on the structural features
of the conjugated forms of phenolic compounds.
Identification of most compounds was achieved
by consecutive MS? and MS? analyses. Howev-
er, high resolution “zoom scan” analyses were
necessary for characterization of the charge of
some ellagitannins. Zoom scan data were col-
lected using slower scans in a narrow mass range
to improve the resolution of the '?C/"*C isotope
ratio of an analyte [12].

Identification of the compounds within
each class, based on chromatographic behaviour,
UV-Vis and mass spectra, and comparison with
literature, is discussed below and summarized in
Tables 1 to 5, where the compounds are num-
bered according to their retention times in the
obtained chromatograms (Figure 2).

Maced. J. Chem. Chem. Eng. 29 (2), 181-194 (2010)

3.1. Identification of anthocyanins

The red colour of strawberries is due to
anthocyanins present in their flavylium forms.
Anthocyanins in strawberries are mostly glyco-
sides of pelargonidin and cyanidin. Identification
of their derivatives is based on retention times,
UV-Vis absorption maxima and mass spectra ob-
tained in positive mode by using their fragmen-
tation patterns and literature data [18, 21, 22].

Seven peaks with absorption maxima at
504 nm and MS fragmentation ions at m/z 271
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Fig. 2. Chromatograms of strawberry fruit (sample Maya
from Teranci, MT) extracts: A acetone extract, and B
methanol extract, detected at 260 nm and 280 nm. Peak
numbers correspond to numbers in Tables 1-5 (missing
numbers are for compounds identified in other samples)

were attributed to pelargonidin derivatives (Table
1). The peak 16 was confirmed as pelargonidin-
3-O-diglucoside with m/z = 595 and MS? ion at
271 due to a loss of 324 amu corresponding to two
glucose moieties. The fact that the ion at 271 is
the most abundant one in MS? indicates that the
two glucose moieties are linked to each other 1.e.
it is a diglucoside derivative of pelargonidin. Peak
38 with [M]" at m/z 433 and a fragment at 271
obtained after loss of 162 amu (hexose moiety)
was identified as pelargonidin-3-O-glucoside, the
major anthocyanin in strawberries. Peak 40 at m/z
579 and MS? fragments at 433 and 271 due to
loss of rhamnose (—146 amu) and rutinose (—308
amu), respectively, was identified as due to pelar-
gonidin-3-O-rutinoside. Peak 44 was attributed to
pelargonidin-3-O-malonylglucoside, by HPLC-
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DAD and HPLC-MS (m/z 519, MS? fragments at
433 and 271, corresponding to a first loss of 86
amu: malonyl moiety, and then 162 amu: hex-
ose moiety). The latter three types of conjugated
forms of pelargonidin were found in all sixteen
studied strawberries samples. Peak 49 was iden-
tified as pelargonidin-3-O-acetylglucoside (m/z =
475, MS? =271, loss of 204: acetyl-glucose moi-
ety). Peak 55 with m/z 503 and MS? = 271 after
loss of 232 amu, which can be due to either malo-
nyldeoxyhexose or succinylpentose suggesting
the presence of either pelargonidin-3-succinylar-
abinoside or pelargonidin-3-malonylrhamnoside,
as indicated in a recent publication [23].

Finally, peak 43 with absorption maxi-
mum at a lower wavelength, 492 nm, and [M]" at
m/z 501, with MS? ion at m/z 339 (loss of hexose
moiety) and MS® ion at m/z 295 (loss of CO,),

Table 1

was assigned as the pyrano form of pelargonidin-
3-O-glucoside, isolated from strawberries [11].
The extraction solvent in our study was acetone,
which has been shown to react with anthocya-
nins to produce pyranoanthocyanins [24].

The MS/MS analyses of anthocyanins con-
taining cyanidin aglycone would give a characteris-
tic fragment at m/z 287. The peaks giving this frag-
ment in our study were 35 and 42 (Table 1). Both
peaks exhibited absorption maxima at 518 nm, and
peak 35 had molecular ion at m/z 449, with MS?
fragment at m/z 287 (loss of hexose moiety), and
was identified as cyanidin-3-O-glucoside. This con-
jugated form of cyanidin was found in all cultivated
strawberries. Peak 42 was identified as cyanidin-
3-O-malonylglucoside (m/z = 535, MS? =449, 287,
first loss of 86 amu, and then 162 amu, correspond-
ing to malonyl and glucose moiety, respectively).

Identification of anthocyanins in strawberry fruits by HPLC-DAD, LC-MS, LC-MS/MS
and LC-MS/MS/MS data

: MS

MS?ions MS?®ions

Peak 7, (min) (Al”‘l}% MW (m/2) (m/p (m/2y Compounds Species
- MT, MZ, MS, MC,
16 185 04430sh, 595 595 433 59 pelargonidin-3-O- AC, AL.AS, RZ, RT,
330 sh, 278 [M] diglucoside RL.RS.TS
35 246 518,280 449 [‘1‘\‘,‘3 287 cyanidin-3-O-glucoside  all
504, 430 sh, 433 pelargonidin-3-O-
38203 3o BB oy glucoside all
504, 428 sh, 579 pelargonidin-3-O-
40271 Sy S0 v B3 rutinoside all
535 cyanidin-3-O- MT, MS, ML, AZ,
42 293 518,282 535 L 449,287 Y . AT, AC, AL, AS, RT,
M] malonylglucoside RL.TS
501 5- pyranopelargonidin- MT, AZ, AT, AC, AS,
43 299 492,358,282 501 [M]* 339, 295 295 3-O-glucoside RZ.RT
504, 426 sh, 519 pelargonidin-3-O-
44 304 332 sh, 270 sh >19 [M] 433,271 malonylglucoside all
. ML, MC, AZ, AT,
49 B B0 415 [‘1‘\75 7 ggg‘;%gﬁggi‘gf' AC, AL, AS, RZ, RT,
’ RC,RS, TS
largonidin-succinyl-
508, 432 sh, 503 perargon Y MC,AZ, AT, AC, AS,
55 36.8 334'sh, 220 503 [M]" 271 arabinoside or pelargon- RZ.RT, RC

idin-malonylrhamnoside

# sh, shoulder in the spectrum; ™* the most abundant ions are shown in bold;

4 MT, Maya from Teranci; MZ, Maya from Zrnovci; MC, Maya from Cesinovo; ML, Maya from Dolno Lisi¢e; MS, Maya
from Smolari; AT, Alba from Teranci; AZ, Alba from Zrnovci; AC, Alba from Cesinovo; AL, Alba from Dolno Lisi¢e; AS,
Alba from Smolari; RZ, Roxana from Zrnovci; RT, Roxana from Teranci; RC, Roxana from Cesinovo; RS, Roxana from
Smolari; RL, Roxana from Dolno Lisice; TS, Tudla from Smolari.

Maced. J. Chem. Chem. Eng. 29 (2), 181-194 (2010)
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3.2. Identification of flavonols

Quercetin and kaempferol derivatives are the
major flavonols found in strawberries [18-21, 29].
They exhibit UV-Vis absorption maxima at about
356 nm for quercetin and 348 nm for kaempferol
derivatives (Table 2). Peaks 45 and 48 had max ab-
sorption at 356 nm and a characteristic MS?* frag-
ment at m/z 301 in negative mode, which together
with the MS® specific fragments at m/z 179 and 151
confirms the identity of quercetin. Peak 45 was
identified as quercetin-3-O-glucuronide with m/z
477 and MS? fragment 301 after elimination of a
glucurone unit (176 amu), which has previously
been reported as major flavonol in strawberries [20,
25]. Peak 48 with m/z 463 giving the 301 fragment,
1.e. quercetin after losing a hexose unit (162 amu)
was identified as quercetin-3-O-glucoside.

Five peaks were identified as kaempferol
derivatives according to their UV spectra and MS
fragmentation leading to the kaempferol aglycone
at m/z 285 in negative mode. Peak 51, was identi-
fied as kaempferol-3-O-glucuronide with m/z 461
and MS? fragment at 285 obtained after loss of
176 amu (glucurone unit). Peak 53 had [M-H] at

Table 2

m/z 447 with fragment at m/z 285 (loss 162 amu:
hexose moiety), and was identified as kaempferol-
3-O-glucoside. Peak 54 had [M—H] ion at m/z 533
in the negative mode, which is consistent with a
kaempferol-3-O-malonylglucoside. The molecu-
lar ion fragmentation yielded fragment ions corre-
sponding to kaempferol glucoside (m/z 447) after
loss of the malonyl moiety (— 86 amu), and finally
to kaempferol after losing a hexose moiety (—162
amu). Peak 56 had [M—H] at m/z 489 with main
fragment at m/z 285 (after loss 204 amu: acetyl-
hexose) and was identified as kaempferol-3-O-
acetylglucoside.

Peak 52 was also identified as kaempferol
derivative according to the mass spectrum with
a distinctive fragment at m/z 285 even though it
had a maximum absorption at shorter wavelength
(314 nm), which on the other hand indicated
acylation of the sugar moiety on this flavonol
with hydroxycinnamic acid [26]. MS in negative
mode gave the base peak at m/z 593 and MS?
main fragment at m/z 285 (loss 308: coumaroyl-
glucoside moiety) corresponding to kaempferol-
3-O-coumaroylglucoside, which has previously
been reported in strawberries [21].

Identification of flavonols in strawberry fruits by HPLC-DAD, LC-MS, LC-MS/MS
and LC-MS/MS/MS data

. Al MS MS? ions MS? ions .
Peak 7, (min) (m) MW (m/2) (miz) (Y Compounds Species
356, 300 sh, quercetin-3-O-
45 322 256 478  477[M-H] 301 179, 151 olucuronide all
356,290 sh, i quercetin-3-O- AT,AL,AS, RL,
48 329 256 464 463 [M—H] 301 179, 151 alucoside RS, TS
- kaempferol-3-O- MS,MC,AZ, AT,
51 349 348,266 462 461 [M—H] 285 olucuronide AL, AS, RL, RS, TS
- kaempferol-3-O- AZ,AT,AC, AS,
52 35.1 314,266 594  593[M—H] 285 o oylglucoside RZ, RT, RC, TS
MC, ML, MS, MZ,
53 352 348’226960 U us arMemp 285 kf‘ecn;gfjé"l'w' MT, AT, AC, AL,
g AS,RZ,RT,RC, RS
348,290 sh, - kaempferol-3-O- MT, MZ, MS, ML,
>4 360 266,234 >34 S3[M-H] 447,285 285 malonylglucoside AZ,RL, TS
- kaempferol-3-O- AL, AS,RZ, RT,
56 375 352,266 490 489[M-H] 285 acetylglucoside RC

abed ag in Table 1

Maced. J. Chem. Chem. Eng. 29 (2), 181-194 (2010)
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3.3. Identification of flavan-3-ols and
proanthocyanidins

LC-DAD, LC-MS and MS-MS data (reten-
tion and spectral data given in Table 3 were used
for identification of the (+)catechin (peak 23), B
type proanthocyanidin dimers (peaks 11, 13, 25,
26,27, 32), B type proanthocyanidin trimers (peaks
1,2,3,12, 15,17, 22,28, 37) and B type proantho-
cyanidins tetramers (peaks 8, 9, 10, 14, 18, 21, 24).
These compounds have been described in several
previous studies [20-23, 30-33].

The mass spectrum in full scan mode showed
the deprotonated molecule [M — H] of catechin at
m/z 289 (peak 23) with the characteristic MS? ions
at m/z 245, 205 and UV maximum at 278 nm.

Peaks 11, 13, 26, 27 and 32 had [M — H]
at m/z 577 and main fragmentation with loss of
152 amu (characteristic fragmentation pathway
by retro Diels-Alder reaction) [27] were recog-
nized as proanthocyanidin dimers of the type (epi)
catechin-(epi)catechin. On the other hand, peak
25 had [M — H] at m/z 561 and MS? ions at m/z
543, 435 (loss of 126 amu indicating 1,3,5-trihy-
droxybenzene structure in ring A of the extension
unit) and 289 [loss of (epi)afzelechin, 272 amul].
The sequence in this dimer was identified as (epi)
afzelechin-(epi)catechin. The fragmentation path-
way of this dimer detected in strawberries was
also described in a previous study [28].

Peaks 2, 3, 22, 37, had [M — H] at m/z 849,
characteristic MS? ions at m/z 801, 697, 577 (base
peak obtained after loss of 272 amu), 559, 425,
407 and 287, and MS? spectra of the base peak
at m/z 577 gave ions at 425, 407 and 289 (losing
(epi)catechin, 288 amu) corresponding to B type
proanthocyanidin trimer of the type (epi)afzel-
echin-(epi)catechin-(epi)catechin [28].

Peaks 1, 12, 15, 17, 28 were identified as
B type proanthocyanidin trimers, due to pseu-
domolecular [M — H] ion at m/z 865, which
yielded MS? ions at m/z 739, 695, 577, 425 and
287 and MS? spectra of the ion at m/z 695 gave
ions at m/z 525, 407 and 289. The sequence in
this trimer was identified as (epi)catechin-(epi1)
catechin-(epi)catechin since the consecutive

losses of 288 amu were detected.

Peaks 8, 9, 10, 14 and 18, had [M — H]
ion at m/z 1153 and were tentatively identified
as isomers of a B type proanthocyanidin te-
tramer with characteristic MS? ions at m/z 983,
865, 695 and 577 [32] and composed of 4 (epi)
catechin units.

Peaks 21 had [M — H] ion at m/z 1137
with MS? fragmentation at m/z 847, 577 and
407 was identified as proanthocyanidin tetram-
er composed of 3 (epi)catechin and one (epi)
afzelechin unit, which has been described in a
previous study [28].

Peak 24 with [M —H] ion at m/z 1121 yield-
ed MS?ions at m/z 849, 831, 577 and 407, and was
also attributed to a proanthocyanidin tetramer, but
composed of 2 (epi)catechin and 2 (epi)afzelechin
units. The exact sequence of flavonol units, how-
ever, is not possible to be elucidated using mass
spectrometry [28]. NMR can give the sequence,
the regiochemistry and stereochemistry of the in-
ter flavanic bond but the structure elucidation is
very complex after the trimer [30].

No free epicatechin and epiafzelechin
were found in the samples in spite of the fact
that epicatechin was the major unit in the proan-
thocyanidins, which is also found in the work
of Seeram [21].

3.4. Identification of hydroxybenzoic
and hydroxycinnamic acid derivatives

The common hydroxycinnamic acids
found in cultivated strawberries are p-coumaric,
ferulic and caffeic acid, which are found in their
conjugated forms usually linked to sugars [10,
18-21]. p-Coumaric acid has maximum absorp-
tion at 311 nm, caffeic and ferulic acid have max-
imum absorption at 326 nm. Esterification with
sugars causes a bathochromic shift, whereas gly-
cosylation of the hydroxyl group in p-coumaric
acid causes a hypsochromic shift [10].

Similar consideration applies to hydroxy-
benzoic acid and its derivatives. Bathochromic
shift was observed for hydroxybenzoic acid de-
rivatives from 256 nm to 262 nm.
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Table 3 Identification of flavan-3-ols in strawberry fruits by HPLC—-DAD, LC-MS, LC-MS/MS
and LC-MS/MS/MS data

t . MS MS?ions  MS?ions . d
Peak (m‘fn) A l(m) MW (m/?) (m/2) (/) Compounds  Species
23 201 278,234 290 289[M—_H] 245,205 203,187 catechin all
Proanthocyanidin dimers
Il 172 278,234 578 S77[M-H] 425,407,280 285  Rroanthocyanidin yppniz Rz RT RC, TS
_ roanthocyanidin MT, MZ, MS, ML, MC,
13 180 278,234 578 577[M-H] 425,407,289 285  Proanthocy R A
.. MZ, MT, ML, MS, MC,
25 207 234,278 562 S61[M—HJ 543,435,289 245,205 Broanthocyanidin peR7 RT RL RS, AZ,
AT, AL.AS,TS,
26 210 278,234 578 577[M-—H]" 425,407,289 285 g{gf‘el}thocyamdm MT, MZ, AT, AL, AS, RC
27 212 278,234 578 S77[M-H] 425,407,280 285  Proanthocyanidin gy 7 gy g
32 230 278,234 578 S77[M-H| 425,407,280 285  hroanthocyanidin np 7 pg
Proanthocyanidin trimers
_ 739, 695, 525,407, proanthocyanidin MT, MZ, MS, ML, MC,
I 98 278,234 866 865SM-HI' 577,58 2%7 ~ 280 bimer AL RZ,RT,RC, TS
801, 697, >
2 131 278,234 850 849[M-HJ] 577,559, 4235407, proanthocyanidin yip ap g,
425, 407, 287
801, 697, .
30 133 278,234 850 849[M-H] 577,559, 425,407 proanthocyanidin ey
425,407, 287
_ 739, 695, 525, 407, proanthocyanidin MT, MZ, AZ, AT RZ, RT,
12176 278,234 866 S86S[M-H] 5505 25007 Proanthocy RS
.. MC, MS, MZ, MT, ML,
15 183 278,234 866 865M-HI 5557 “ome” {g?;grth"cyamdm AZ,AT, AL, AS, RZ, RT,
425, RC,RL, RS, TS
17 186 278,234 866 865 [M-HI 5o ye, i)l proanthocyanidin wip niz nvic
801, 697, . MT, MZ, MS, ML, MC,
22 199 278,234 850 849[M-H] 577,550, 425407, proanthocyanidin a7 AT "AS R7, RT,RL,
425,407, 287 RS, TS
28 216 278,234 866 865[M-HJ 1085 525407, proanthocyanidin i \z Mg RC,RL
801, 697, 5
37 253 278,234 850 849[M-H] 577,55, 423,407, proanthocyanidin np zg
425, 407, 287
Proanthocyanidin tetramers
695, 575, N
8 163 278,234 1154 1S3[M-H] oox 385 325,07 proanthocyanidin. g
o 166 278,234 1154 nsypM-mp 5837 57,431 proanthocyanidin g gy g
865,577, 575,451, proanthocyanidin MT, MZ, AZ, AT,RZ, RT,
10170 278,234 1154 US3M-H]  537%07 07,287 tetramer RC, TS
083,865, 695,575, proanthocyanidin AS, MT, TS, AZ, MC, AT,
14 182 278,234 1154 1S3[M-HI' 577457 4517 tetramer RS, AL,RZ. MZ
18 187 278,234 1154 US3M-H] 25885 577,287 proanthocyanidin pe iy
21 192 278,234 1138 1137[M-H] 847,577,407 425407 proanthocyanidin p gy 7,
24 204 278,234 122 1121M-H] 4583 proanthocyanidin g 7, TS, AS, AT
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Table 4

Identification of hydroxycinnamic acid and hydroxybenzoic acid derivatives in strawberry fruits
by HPLC-DAD, LC-MS, LC-MS/MS and LC-MS/MS/MS data

Peak (n?i{n) ()IL;E;; MW (lr\n/[/g) MS? ions (m/z)° M(SmB /;())? s Compounds Species?
6 159 262 300 299 M-HJ] 239,179,137 hydroxybenzoylhexsose MTMZ,
AZ,RL, TS
19 189 328,302sh,248 342 341 [M-H] 179, 161 135 caffeoylhexose MC, AZ, AC
30 22.1 316,236 326 325[M-HJ] 265,187,163,145 p-coumaroylhexose all
33 235 316,236 326 325[M-—H] 265,187,163,145 p-coumaroylhexose all
448,352 sh, ~ 431, 355, 329, ferulic acid hexose
39 267 3pphodgsh PO MIIMHE er060193 1 Gerivative all

abed ag in Table 1

Peak 6 (Table 4) was identified as hy-
droxybenzoylhexose with MS? ions at m/z 239,
179 and 137 (loss of hexose), as reported in lit-
erature [18].

In the negative LC-MS mode, caffeoyl-
hexose (peak 19) and isomeric forms of p-
coumaroylhexose (peaks 30 and 33) exhibited
deprotonated ions at m/z 341 and 325, respec-
tively. Peak 19 had main MS? fragment ion at
m/z 179 due to loss 162 amu (hexose moiety).
Peaks 30 and 33, had [M — H] at m/z 325 and
A, at 316 nm. These two p-coumaroylhexose
isomers produced MS? ions at m/z 265, 187,
163 and 145 (base peak) by losing hexose and
they were found in all samples.

Peak 39, was identified as ferulic acid
hexose derivative with [M — H]™ at m/z 449 giv-
ing MS? ions at m/z 431, 355, 329, 287, 269
and 193, (base peak 355) and MS? spectra of
the base ion (m/z 355) gave ions at m/z 193 (by
loss of hexose unit). These fragmentation ions
are in agreement with the previously published
data [18]. This compound was also detected in
all sixteen samples of cultivated strawberries.
Free caffeic, ferulic p-coumaric acid were not
etected in our samples.

3.5. Identification of free and conjugated
forms of ellagic acid

The free ellagic acid in the samples was
confirmed by its retention time, MS data and
MS/MS fragmentation peak 50, peaks 41, 46
and 47 were distinguished as ellagic acid de-
rivatives and peaks 4, 5, 7, 20, 29, 31, 34 and
36 were identified as ellagitannins on the basis
of almost identical UV-Vis spectra (Table 5) as
reported in literature [20].

Peak 50 had [M — H] at m/z 301 and
MS? fragmentation ions in negative mode at
m/z 257, 229 and 185, typical fragments of el-
lagic acid [12]. UV-Vis spectra of the peaks 41,
46 and 47 suggested glycosylated forms of el-
lagic acid [33]. On the basis of LC-MS, MS/
MS and MS/MS/MS data, peaks 41, 46 and 47
were identified as glycosylated forms of ellagic
acid. Peaks 46 and 47 had [M — H] at m/z 447
and MS? products for both ions were at m/z 301,
with MS? fragmentation at m/z 257, 229 and
185, corresponding to ellagic acid. The loss of
146 amu could be attributed to a deoxyhexoside
unit. Previously, ellagic acid deoxyhexoside
have been identified in strawberries [18]. Peak
41 with [M — H] at m/z 463 with fragmenta-
tion pattern of m/z 301 (loss of a hexose) was
tentatively identified as ellagic acid hexoside.
It is interesting to point out here that ellagic
acid hexose has previously not been reported in
strawberry fruits, but there are reports for it in
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strawberry flowers [34] and in blackberry fruits
as ellagic acid glucoside [35].

Ellagitannins are hydrolysable tannins
since they are esters of hexahydroxydiphenic
acid (HHDP: 6,6'-dicarbonyl-2,2',3,3",4,4'-
hexahydroxybiphenyl moiety) and a polyol,
usually glucose, and in some cases gallic acid
[2, 9]. High resolution “zoom scan” analyses
were performed for determination of the charge
state of some ellagitannins.

Peaks 4 and 5 with [M —H] at m/z 783 and
MS? fragments: 481 (loss of HHDP, 302 amu),
and 301 (loss of HHDP-glucose, 482 amu) as
a base peak, were identified as bis-HHDP-glu-
cose, previously found in strawberries [18, 21].
Peaks 7 and 20 had same [M — H] at m/z 633
but slightly different fragmentation ions. Peak 7
produced MS? 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).
Unlike, peak 20 had MS? fragments at m/z 463
(loss of gallic acid, 170 amu) and 301 (again
as the main fragment) after loss of galloylglu-
cose (332 amu). These peaks were identified as
HHDP-galloyl-glucose isomers differing in the
position of the galloyl unit on glucose [18].

Peaks 29, 31 and 36 were identified as
galloyl-bis-HHDP-glucose with [M — HJ at
m/z 935 and MS? fragment ions at m/z 633 (loss
of HHDP, 302 amu) and 301 (loss of galloyl-
glucose, 332 amu). Galloyl-bis-HHDP-glucose
(Figure 1) is a basic unit of many ellagitannins,
for example, sanguiin H-6 and lambertianin
C, containing 2 and 3 units, respectively [20].
Peak 29 was found in all strawberries extracts.

Peak 34 had [M — 2H]* 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 nega-
tive mode. The double-charged ion was identi-
fied 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 [12]. Fragmentation of double-charged

Maced. J. Chem. Chem. Eng. 29 (2), 181-194 (2010)

ions gave single-charged products at m/z 1567,
1265, 1085, 897, 783, 633, 451 and 301. This
peak was identified as sanguiin H-6, by com-
parison of its LC-MS/MS data with literature
reports [21] and it was detected in all studied
strawberries samples.

This study represents the first chemical
investigation of cultivated strawberries from
R. Macedonia and demonstrates the presence
of a variety of anthocyanins, flavonols, flavan-
3-ols, proanthocyanidins, conjugated forms of
hydroxycinnamic acids, free and conjugated
forms of ellagic acid and ellagitannins sepa-
rated and identified by HPLC-DAD-MS" in the
acetone extracts. For that purpose, HPLC gradi-
ent elution profile has bee n optimized, which
coupled to diode array and mass detection, ena-
bled identification of 56 phenolic compounds in
cultivated strawberries extracts.

Anthocyanins  (especially pelargonidin-
3-O-glucoside) and ellagitannins were the major
compounds, which is typical for strawberries. p-
Coumaroylhexose was the predominant hydroxy-
cinnamic acid derivative. Oligomers of (epi)cat-
echin and (epi)afzelechin have also been identi-
fied, the latter one being more specific since it is
not commonly detected in strawberries. Catechin,
galloyl-bis-HHDP-glucose, sanguiin H-6, p-
coumaroylhexose, ferulic acid hexose derivative,
quercetin-3-O-glucuronide, cyanidin-3-glucoside,
pelargonidin-3-glucoside, pelargonidin-3-rutino-
side and pelargonidin-3-malonylglucoside were
identified in all sixteen acetone extracts.

The identification of phenolic compounds
revealed some interesting differences in the ana-
lyzed samples in correlation to the variety and
place of growing. Higher variety of the phenolic
compounds was identified in the varieties Tudla
and Roxana, whereas significantly lower was
found in the varieties Maya and Alba.



192

Marina Kajdzanoska, Viktor Gjamovski, Marina Stefova

Table 5
Identification of free and conjugated forms of ellagic acid in strawberry fruits
by HPLC-DAD, LC-MS, LC-MS/MS and LC-MS/MS/MS data
. MS MS? ions MS? ions -
Peak (min) () MW (m/2) (m/zy’ (m/z) Compounds Species
4 139 234 784 783[M-H] 481,301 257,229,185 bis-HHDP- glucose MT, MC, AZ, RL, TS
5 152 234 784 783[M-H] 481,301 257,229,185 bis-HHDP- glucose MT, MC,AZ, RL, TS
7 160 286 634 633[M—H] 481,301 257,229,185 gﬁg‘;gaﬂoyl' RL, TS
. HHDP-galloyl-  AZ, AT, AL, AS, AR,
20 190 286 634 633[M-H 463,301 257,220,185 o RTRC.RL, RS.TS
29 219 236256 936 g3sMoH] 633,301 301 galloyl-bis-HHDP-
sh glucose
31 225 205N 936 g3svom] 633,301 301 galloykbisHHDP- 1y yig M, AS
236 glucose
1567, 1265, dimer of galloyl-
340241 20 1870 93241{[?24 = 1085,897,783, 257,229,185 bis-HHDP-glucose all
633,451, 301 (sanguiin H-6)
36 249 20N 936 o3spMob] 633,301 301 galloylbisHHDP- i o p oy Rg
236, glucose
41 286 368,252 464 463 [M-H] 301 257,229, 185 Cclagicacid hexo-  MT, MS, AT, AL, AS,
side RL, RS
~ ellagic acid deoxy- MT, MZ, ML, RZ, RT,
46 324 372,250 448 447[M-H] 301 257,229,185 || B0 RC.RL, RS, TS
~ ellagic acid deoxy- MT, MS, ML, MC,
47 327 372,250 448 447[M-H] 301 257,229,185 | 50 AZ AL RL
MT, MZ, MS, ML,
50 335 366,254 302 301[M-H] 257,229,185 ellagic acid AZ, AT, AL, AS, RZ,
RT,RC, RS, TS
abed 95 in Table 1
As for the locality of growing, the most di-
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verse group of phenolic compounds were identi-
fied in the samples cultivated in Smolari (south
part of R. Macedonia), and the least was found
in the samples from Dolno Lisic¢e (north part of
R. Macedonia), which emphasizes the role of the
local climate conditions apart from the genetic
ones characteristic for the variety.

The high diversity of the phenolic com-
pounds found in the studied strawberries samples
implies their potential beneficial effects for human
health and further studies should be carried out
for quantification of all these compounds, meas-
urement of their antioxidant potential and finally
study the evolution of the phenolic profile during
developing and ripening of the strawberries in or-
der to establish most suitable conditions for ob-
taining fruits with optimal phenolic composition.
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