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ABSTRACT

The Chilean strawberry (Fragaria chiloensis spp. chiloensis) is one of the progenitors of the cultivated strawberry, Fragaria * ananassa.
Recent studies have started to disclose the chemical composition of the native fruit, the secondary metabolite occurrence and distribution
in different plant parts as well as the biological activity of the main fruit constituents. This article revises the chemistry of the Chilean
strawberry and compares some of the most characteristic constituents with that of the highly cultivated and worldwide known F. x
ananassa. The main phenolic in the white strawberry are ellagic acid or hexahydroxydiphenolic acid-based hydrolysable tannins and pro-
cyanidins as well as flavonoid glycosides from quercetin and kaempferol. The general trend in the plant is the accumulation of condensed
tannins of increasing molecular weight in the rhizomes while the leaf contains mainly hydrolysable tannins and flavonoids.

Keywords: HPLC-DAD-MS, leaf, phenolics, rhizome, secondary metabolites
Abbreviations: DAD, diode array detector; DPPH, diphenylpicrylhydrazyl radical; ESI, electron spray ionization, HHDP, hexahydroxy-
diphenolic acid; HPLC, high performance liquid chromatography; LC, liquid chromatography; MS, mass spectrometry; MS/MS and

MS", mass spectrometry-mass spectrometry analysis; MW, molecular weight; UV-vis, ultraviolet visible
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INTRODUCTION

Gathering of wild fruits and berries for food was a relevant
activity for the hunter-gatherer societies that can be traced
back to prehistoric times all over the world. In Chile, col-
lection of wild fruits, berries and mushrooms was common
in pre-Colombian times and provided essential nutrients
during the summer and food reserves for the winter time.

In Southern Chile and the southern Andean region of
Argentina, the sweet and aromatic fruits from the native
strawberry (Fig. 1) known under the Mapuche name Kellén
or Llahuén were appreciated as food and medicine (de M6s-
bach 1992; Ladio et al. 2007). The Mapuche aborigines
consumed the fresh fruits during the summer time and dried
the berries for the winter season. The fruits were also fer-
mented to prepare “chicha”, a very popular alcoholic beve-
rage, which is still consumed. All parts of the plant were
considered to have medicinal properties. The leaves’ infu-
sion was used as a digestive, to stop bleeding and diarrhea
as well as to treat eye complaints (Murillo 1889); de Mos-
bach (1992) refers to the use of the flower calyx in infusion
to treat indigestion and diarrhea. The roots were indicated

as astringent, to treat dysentery and chronic diarrhea as well
as a diuretic. The root infusion was also recommended as
eye drops for sore eyes. The fruits were gathered as a sea-
sonal food by the already extinct ethnic groups of the
Kawashkar (“Alacalufes”) and Selknam (“Onas”) in the
southernmost part of America. At present, only the fruits are
considered of interest and peasants in the coastal region of
central Chile have selected the white variety as a crop for
several positive agronomic traits. F. chiloensis is charac-
terized for having an intense aroma, and a remarkable pest
and disease resistance spectrum, along with other charac-
teristics that makes it an attractive species for plant research,
such as, manipulation tolerance and long post-harvest life
(Potter and Dale 1994; Hancock et al. 1999). Indeed, re-
search on this species has been focused on its development
as a new exotic berry, as well as for genetic improvement of
F. x ananassa (Hancock et al. 2001; Retamales et al. 2005).
The Chilean native strawberry Fragaria chiloensis ssp.
chiloensis (L.) Mill. (Rosaceae) occurs in two different
botanical forms, namely f. patagonica and f. chiloensis. The
patagonica form has red-coloured fruits and grows in the
wild at latitudes from 35° to 45°, while the chiloensis form
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Fig. 1 (A) White strawberry culture in Contulmo, Region del Bio-Bio,
Chile. (B) Fruiting white strawberry. (C) Fragaria chiloensis ssp. chiloen-
sis f. chiloensis (white strawberry) fruit. (D) Flowering Fragaria chiloen-
sis ssp. chiloensis f. patagonica plant growing at the Andean slopes of
Chillan. A-C: Rudy Montenegro, D: Cristina Theoduloz.
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has white fruits and is cultivated by peasants in a small
coastal area in central Chile, between latitudes 35° and 39°.
F. chiloensis is one of the progenitors of the cultivated
strawberry Fragaria x ananassa Duch, originated by hyb-
ridization of the North American F. virginiana Mill. and F.
chiloensis (L.) Mill. (Retamales et al. 2005).

The chemistry of Fragaria chiloensis (L.) Duch.

Studies on chemical composition of the Chilean strawberry
were first focused on the fruit constituents using antioxidant
tests, some comparison by HPLC-UV-vis detection and bio-
assay-guided isolation of the bioactive compounds sear-
ching for differences in the antioxidant activity and phe-
nolic composition with the commercial and worldwide used
strawberry F. X ananassa. The ripe fruits of Fragaria chilo-
ensis subsp. chiloensis used for the studies were obtained
from commercial plantations located in the Province of
Arauco, VIII Region, Chile.

Early studies of the fruits

Cheel et al. (2005) reported the isolation and identification
of E-cinnamic acid glycosides, cyanidin-3-O-glucoside and
the amino acid tryptophan from the fruits of the “white”-
coloured F. chiloensis ssp. chiloensis. The free radical sca-
venging effect of the extracts and isolated compounds was
assessed by the bleaching of the diphenylpicrylhydrazyl
radical (DPPH), scavenging of the superoxide anion and
lipoperoxidation in human erythrocytes. The compounds
were also investigated for cytotoxicity on human lung fibro-
blasts (MRC-5, ATTC CCL-171). Most of the antioxidant
compounds were polar constituents with ellagic acid as the
most active product, followed by cyanidin-3-O-glucoside.
The E-cinnamic acid glycosides presented low antioxidant
effect and comprised 1-O-E-cinnamoyl-B-D-rhamnopyrano-
side, 1-O-E-cinnamoyl-o-xylofuranosyl-(1—6)-p-D-gluco-
pyranose and 1-O-E-cinnamoyl-B-D-xylopyranoside (Cheel
et al. 2005).

HPLC comparison of phenolics in receptacles
(thalamus) and achenes. Total content of
polyphenols and antioxidant activity

An HPLC comparison of the compounds’ distribution in the
fruit indicated that the red coloured cyanidin-3-O-glucoside
and free ellagic acid occurs mainly in the achenes while the
E-cinnamic acid glycosides and tryptophane in the thalamus
(Cheel et al. 2005). Further indication on the presence of
hydrolysable tannins in the thalamus was provided by the
identification of gallic acid from the hydrolyzed extract.
The total content of phenolics, anthocyanins and flavonoids
of the receptacles (thalamus) and the achenes from both
forms of F. chiloensis ssp. chiloensis (f. patagonica and f.
chiloensis) was compared with a commercial accession of
x ananassa and F. vesca (Cheel et al. 2007). Differences in
the phenolic contents were positively correlated with the
superoxide anion scavenging effect and antioxidant activity
measured by the DPPH discoloration assay. The total phe-
nolic, flavonoid and anthocyanin content in fruits of Fraga-
ria chiloensis ssp. chiloensis form chiloensis and the com-
mercial strawberry F. X ananassa is compared in Table 1.
The cultivars of F. X ananassa and the wild growing F.
chiloensis ssp. chiloensis f. patagonica contains 7-15 times
more anthocyanins than the f. chiloensis fruits. A clear com-
partmentalization can be observed for the different phenolic
antioxidants in the fruits, with most of the total anthocya-
nins (85%) and total flavonoids (77.2%) found in the
achenes of the f. chiloensis. For F. x ananassa and the f.
patagonica of the Chilean strawberry, most of the anthocya-
nins (99 and 81.6%) and flavonoids (74.7 and 66.5%), res-
pectively, occurs in the thalamus (Cheel et al. 2007).
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Table 1 Phenolic, flavonoid and anthocyanin content in fruits of Fragaria chiloensis ssp. chiloensis form chiloensis and the commercial strawberry F. x

ananassa. Data are presented as mg equivalent/100 g of fresh fruit.

F. chiloensis ssp. chiloensis F x ananassa

form chiloensis

Phenolic 106.3 mg gallic acid
equivalents (Cheel et al. 2007)
Flavonoid 30.0 mg quercetin equivalents

(Cheel et al. 2007)
2.3 mg cyanidin-3-glucoside
equivalents (Cheel et al. 2007)

Anthocyanin

159-289 mg catechin equivalents (Cordenunsi ez al. 2002)

161-330 mg gallic acid equivalents (Heinonen et al. 1998; Proteggente et al. 2002; Scalzo et al. 2005)
46.2 - 78.0 mg catechin equivalents (Meyers et al. 2003)

123.2 mg quercetin equivalents for . X ananassa cv. ‘Chandler’ (Cheel et al. 2007)

22.0 - 80.0 mg cyanidin 3-glucoside equivalents (Woodward 1972; Montero et al. 1996; Meyers et al.
2003; Skupien and Oszmianski 2004; Cheel ef al. 2007; Lopes da Silva et al. 2007)

13.0 - 55.0 mg pelargonidin 3-glucoside equivalents (Cordenunsi et al. 2002)

Full HPLC-DAD-ESI-MS" analysis

High performance liquid chromatography with diode-array
detector hyphenated with electrospray ionization mass spec-
trometry detector has been used and resulted an excellent
method for analysis and fast fingerprinting of red straw-
berry (Seeram et al. 2006; Aaby et al. 2007; Lopes da Silva
et al. 2007) and white strawberry polyphenols (Simirgiotis
et al. 2009, 2010). A comparison of the constituents of fruit
extracts from the forms chiloensis and patagonica of F.
chiloensis ssp. chiloensis was undertaken by HPLC-DAD
and HPLC-ESI-MS" (Simirgiotis et al. 2009, 2010). The
fruits of both forms of the Chilean strawberry contained fla-
vonoid glycosides, tannins (hydrolizable and condensed)
and ellagic acid derivatives (Table 2). The flavonoids were
identified as glycosides of kaempferol and quercetin. The
sugars moieties were identified as pentoses and hexoses but
also coumaroyl derivatives of kaempferol were identified
(Simirgiotis et al. 2009). A methyl quercetin glucuronide
and two quercetin glycosides were found only in the chilo-
ensis form. Anthocyanins found in both strawberry forms
included glycosides of cyanidine and pelargonidin as well
as the corresponding malonyl glucosides. Catechin occurred
in the chiloensis form while ellagic acid, its rhamnoside and
a pentoside were present in both forms. The hydrolysable
tannins in the fruit included several compounds based on
ellagic acid as well as on HHDP (hexahydroxydiphenolic
acid, the ellagic acid precursor), the number of compounds
detected were higher for the red coloured fruits of the
patagonica form. Condensed tannins including polymers of
flavan 3-ol monomeric units were present mainly in the
patagonica form. Overall, the main phenolic constituents of
the white fruits were ellagic acid and quercetin glucuronide.
The phenolics occurring in the fruits of the white and red
Chilean strawberries are summarized in Table 2 (Simirgi-
otis et al. 2009, 2010) Molecular weights (deprotonated
molecules) and diagnostic daughter ions obtained by MS-
MS can be found in our previous work (Simirgiotis et al.
2009, 2010). Relevant information on HPLC analysis of
phenolic compounds in berries can be found in Maita-
Riihinen et al. (2003) and Maati-Riihinen et al. (2004). The
phenolic constituents of the white strawberry leaf and rhi-
zomes are summarized in Table 3 (Simirgiotis et al. 2010).

Antioxidant properties and HPLC-DAD-ESI-MS"
analysis of leaves and rhizomes

The composition of polyphenols in rhizomes and leaves of
the wild growing F. chiloensis ssp. chiloensis was carried
out with samples collected in the western Andean slopes at
Las Trancas, Termas de Chillan, VIII Region, Chile, in the
distribution area of the plant.

The chemistry of the Chilean strawberry leaves was
determined by HPLC-DAD-ESI-MS" and comprised seve-
ral condensed and hydrolizable tannins. Four condensed
tannins, corresponding to procyanidin tetramers were iden-
tified in the leaves, one of them also occurring in rhizomes.
Procyanidin tetramers were the most frequent procyanidins
found in the rhizomes. The hydrolysable tannins occurring
in the leaves were ellagic acid or HHDP-based compounds
and include isomers of castalagin/vescalagin, casuarictin/
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potentillin, sanguiin H-6/lambertianin A and agrimoniin iso-
mers. Ellagic acid also occurred in the leaves and this oc-
currence can also be a consequence of hydrolysis during the
work-up of the samples. Two quercetins and a kaempferol
coumaroyl hexoside were also found in the leaves. The
quercetin (pentoside and glucuronide) derivatives occurring
in leaves and fruits were different from the derivatives
detected in the rhizomes (pentoside). However, kaempferol
coumaroyl hexosides were found in the three plant parts
studied, leaves, fruits and rhizomes. The total phenolic con-
tent of Chilean strawberry leaves was similar to that of cul-
tivars of Fragaria X ananassa Duch. (Skupien and Oszmi-
anski 2004).

The rhizomes presented mainly condensed tannins
based on cyanidin/procyanidin. Sixteen out of the nineteen
compounds identified in rhizomes were procyanidins. Three
procyanidin trimers, eight tetramers, a pentamer and four
hexamers were tentatively identified by HPLC MS-MS
(Simirgiotis et al. 2010). A quercetin pentoside and a
kaempferol coumaroyl hexoside are the flavonoid deriva-
tives identified from the rhizomes, the latter also occurring
in leaves and fruits. The general trend is the accumulation
of condensed tannins of increasing molecular weight in the
rhizomes (Table 3). Molecular weights (deprotonated mole-
cules) and MS" ions can be found in our previous work
(Simirgiotis et al. 2010). Several tannins have been iden-
tified in red strawberry fruits (Seeram et al. 2006; Aaby et
al. 2007) and red strawberry leaves (Oertel et al. 2001,
Hukkanen et al. 2007) including agrimoniin, sanguiin H-6,
and small ellagic acid derivatives.

Tannin-containing plants have been traditionally used to
cure diarrhea, relieve gastric complains and as astringent.
Ferreira et al. (2005), Haslam (2007), Yoshida et al. (2000)
and Yoshida ef al. (2005) revised relevant chemical and bio-
logical aspects of this group of natural products. The chemi-
cal compounds found in the leaves and rhizomes of the
Chilean strawberry can, at least in part, explain the tradi-
tional use of the herb infusion to treat indigestion, diarrhea
and dysentery. As further studies with the infusions and
proper biological assays should be undertaken to clearly
confirm the traditional indications of use, the association
with the tannin constituents should be considered a working
hypothesis.

The antioxidant properties of several cultivars of red
strawberries are well known (Asami et al. 2003; Skupien
and Oszmianski 2004). A comparison of the antioxidant
activity between the red strawberry cultivar Chandler and
the white strawberry growing in the same location in Chile
was reported (Simirgiotis et al. 2009). In different straw-
berry cultivars, Tulipani ef al. (2008) reported that the main
antioxidant compounds were derivatives of ellagic acid.
Flavonoids based on quercetin and kaempferol were also
detected, but they showed a moderate antioxidant effect.
Recently, newer approaches for the treatment of obesity
have involved inhibition of dietary triglyceride absorption
via inhibition of pancreatic lipase as this is the major source
of excess calories (Birari and Bhutani 2007). The activity of
extracts from different berries as inhibitors of pancreatic
lipase in vitro was recently published (McDougall et al.
2009). The tannin-rich strawberry extracts tested were rich
in polyphenols composed of ellagitannis and proanthocy-
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Table 2 Phenolic compounds identified in Fragaria chiloensis ssp.
chiloensis (f. chiloensis and f. patagonica) fruits by HPLC-DAD, LC-
MS and LC-MS/MS data. x: Presence

Tentative identification f. f.
chiloensis _ patagonica

Ellagitannin isomer 1 (MW = 784) X
Ellagitannin isomer 2 (MW = 784) X
Procyanidin tetramer isomer 1 (MW = 1154)
Procyanidin tetramer isomer 2 (MW = 1154)
Cyanidin-3-O glucoside* (MW = 449) X
Ellagitannin isomer 3 (MW = 934)

Ellagitannin isomer 4 (MW = 934)
Pelargonidin-3-O glucoside* (MW = 433) X
Catechin* (MW = 290) X
Ellagitannin isomer 5 (MW = 934)
Ellagitannin isomer 6 (MW = 934)
Cyanidin-malonyl-glucoside (MW = 534) X
Pelargonidin-malonyl- glucoside (MW = 518)
Ellagitannin isomer 7 (MW = 936)
Ellagitannin isomer 8 (MW = 936)
Ellagitannin isomer 9 (MW = 936)
Ellagitannin isomer 10 (MW = 936)

Ellagic acid pentoside (MW = 434)

Ellagic acid rhamnoside (MW = 448)

Ellagic acid* (MW = 302)

Quercetin hexoside (MW = 464)

Quercetin glucuronide* (MW = 478)
Quercetin pentoside (MW = 436)
Ellagitannin isomer 11 (MW = 934)
Quercetin pentoside (MW = 434)

Kaempferol glucuronide (MW = 462)
Methyl-quercetin-glucuronide (MW = 492)
Kaempferol coumaroyl-hexoside (MW = 594) X
Kaempferol coumaroyl-hexoside (MW =594)  x X

Fa T T B B B

>
Lol o T B B e R

Ll

X
X
X
X
X
X
X
X
X
X
X
X

*Identified by spectroscopic means and comparison with standard compounds.

anidins. Polyphenols contained in the diet plays a preven-
tive role against infections and improves oral health (Petti
and Scully 2009). However, studies on humans are needed
to confirm the studies published so far, including the posi-
tive impacts against periodontal diseases (Petti and Scully
2009). In a revision on the biological implications of ellagi-
tannins, Clifford and Scalbert (2000) critically examined the
evidence on absorption, bioavailability and effect of this
group of compounds in animals. As the hydrolysis product
of ellagitannins is usually ellagic acid, several effects as-
cribed to those hydrolizable tannins may have some rela-
tionship with this particular compound or its metabolites.

The main sources of ellagitannins in our diet are berries,
including strawberries. However, it is noteworthy that the
polyphenols that are the most common in the human diet
are not necessarily the most active within the body, either
because they have a lower intrinsic activity or because they
are poorly absorbed from the intestine, highly metabolized,
or rapidly eliminated (Manach et al. 2004). Extensive
knowledge of the bioavailability of polyphenols and the
effects of the food matrix of Chilean strawberry is thus
essential if their health effects are to be understood. Clifford
and Scalbert (2000) reported the occurrence of casuarictin
in strawberry fruits while other ellagitannins have been
found in the leaves, as sanguiin H-6, casuarictin, potentillin
and pedunculagin. The information available does not allow
a clear conclusion about the possible benefits, risks or harm
for human beings due to ellagitannins contained in food.
The beneficial effect of dietary flavonoids, however, is
better known. The antioxidant and chemopreventive effects
of anthocyanins is well documented and was recently re-
vised by Wang and Stoner (2008).

The potential benefit of strawberry extracts as ingredi-
ents in functional foods and cosmetics was considered to
develop a formulation of a synergistic blend (OptiBerry)
containing wild blueberry, bilberry, cranberry, elderberry,
strawberry, and raspberry seed extracts (Lau et al. 2009).
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Table 3 Compounds identified in Fragaria chiloensis ssp. chiloensis
leaves and rhizomes by HPLC-DAD, LC-MS and LC-MS/MS data. x:
Presence

Tentative compound identification Leaves  Rhizomes
Tetragalloylglucose (MW = 964) X
Procyanidin trimer isomer 1 (MW = 866) X
Procyanidin trimer isomer 2 (MW = 866) X
Bis-HHDP-glucose isomer 1 (MW = 784) X
Procyanidin tetramer isomer 1 (MW = 1154) X
Procyanidin tetramer isomer 2 (MW = 1156) X
Procyanidin tetramer isomer 3 (MW = 1154) X
Bis-HHDP-glucose isomer 2 (MW = 784) X
Procyanidin tetramer isomer 4 (MW = 1154) X
Procyanidin tetramer isomer 5 (MW = 1154) X
Procyanidin trimer isomer 3 (MW = 866) X
Procyanidin tetramer isomer 6 (MW = 1154) X

Castalagin or vescalagin (MW = 934) X
Procyanidin tetramer isomer 7 (MW = 1154) X
Procyanidin tetramer isomer 8 (MW = 1154) X X
Vescalagin or Castalagin (MW = 934) X
Procyanidin tetramer isomer 9 (MW =1154) X
Procyanidin tetramer isomer 10 (MW = 1154) X
Casuarictin or potentillin (MW = 936) X
Procyanidin tetramer isomer 11 (MW = 1154) X
Sanguiin H-6 or lambertianin A (MW = 1870) X
Procyanidin pentamer isomer 1 (MW = 1442) X
Agriimoniin isomer 1 (MW = 1870) X
Procyanidin hexamer isomer 1 (MW = 1730) X
Procyanidin pentamer isomer 2 (MW = 1442) X
Agriimoniin isomer 2 (MW = 1870) X
Procyanidin hexamer isomer 2 (MW = 1730) X
Agriimoniin isomer 3 (MW = 1870) X
Procyanidin hexamer isomer 3 (MW = 1730) X
Quercetin pentoside (MW = 434) X
Quercetin glucuronide (MW = 462) X

Quercetin pentoside (MW = 434) X
Kaempferol coumaroyl-hexoside (MW = 594) X X

The safety and efficacy properties of this formulation were
demonstrated using standard toxicology and whole-body
antioxidant status procedures (Yasmin ef al. 2003; Bagchi et
al. 2006). The benefit of Chilean strawberry on skin health
remains to be explored.

Oxidation of exogenous flavonoids by laccases secreted
by the roots can play a role in allelophatic plant interactions
(Pourcel et al. 2007). The autooxidation of quercetin can
led to the antifungal compound 3,4-dihydroxybenzoic acid
(Pourcel et al. 2007).

In the Rosaceae family, several ellagitannins are usually
based on a primary unit of bis-HHDP glucopyranose and
gallotannins on galloyl-bis-HHDP glucopyranose (Okuda et
al. 1992; Okuda 2005; Hager ef al. 2008). As in the Chilean
strawberry, Hager et al. (2008) found in blackberries a
series of tannins including castalagin/vescalagin, lamberti-
anin A/sanguiin H-6 but also pedunculagin, casuarictin/
potentillin, and most of the compounds were found in the
seed tissues. In the roots of medicinal Rosaceae plants,
Oszmianski ef al. (2007) found large amounts of procyani-
dins based either on (+) catechin or (-) epicatechin after
thioacidolysis of polymers of proanthocyanidins and ellagic
acid after acid hydrolysis of the plant material. A correlation
of the oxidative changes in hydrolysable tannins and the
plant evolution was published by Okuda et al. (2000) with
special emphasis in the subclass Rosidae.

One of the most important postharvest problems in
commercially cultivated strawberry is gray mold, caused by
the fungus Botrytis cinerea Pers (Gonzalez et al. 2009). The
antifungal activity against B. cinerea declines with advan-
cing strawberry fruit maturity (Terry et al. 2004). Schaefer
et al. (2008) reported that grape varieties infected with B.
cinerea decreased fungal damage with increasing anthocya-
nin content. Moreover, anthocyanin-enriched extracts
directly inhibited growth rates of nine fruit-rot fungi on agar
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plates. Anthocyanins reduced fungal growth by 50% in the
concentrations that typically characterise unripe black-
berries and by 95% in the concentrations that typify ripe
blackberries. Current control of Botrytis cinerea by pre-har-
vest fungicide application present some practical disadvan-
tages due to fungicide resistance and difficulties to target
the infection at the point of harvest (Wurms ef al. 1999). An
alternative approach is to improve host resistance, but re-
quires further research to realise its potential.

Studies on the enzymes involved in tannin biosynthesis
have shown the different steps in the formation of complex
molecules including gallotannins and ellagitannins (Grund-
hofer et al. 2001; Niemetz and Gross 2005; Gross 2008).
The proposed starting compound for the biosynthesis, —
glucogallin (1-O-galloyl-B-D-glucopyranose) led after spe-
cific galloylation steps to the different mono- to penta-
galloylglucoses. Enzyme studies with cell-free leaf extracts
from different tannin-rich plants and immunohistochemical
studies with antibodies allowed a much more complete
picture of the hydrolysable tannin biosynthesis. According
to Grundhofer er al. (2001), hydrolysable tannins are
formed in the walls of leaf mesophyll cells and the tannins
are deposited in these cells. In vitro acylation of glucose to
yield pentagalloylglucose is carried out by four galloyl-
transferases to derivatives with higher galloyl substitution.
For ellagitannins, Niemetz and Gross (2005) proved that a
partially purified enzyme fraction was able to catalyze the
oxidation of 1,2,3,4,6-pentagalloylglucose to tellimagrandin
II and the possible formation in vitro of casuarictin or
peduncularin. The hydrolysable tannins identified so far in
the white strawberry and the recent advances in enzymol-
ogy of both groups of hydrolysable tannins (ellagitannin
and gallotannin) opens new perspectives in molecular boil-
ogy studies looking for the genes regulating biosynthesis of
this group of compounds in strawberry. This approach was
applied to understand the flavonoid biosynthesis in F. chilo-
ensis (Saud et al. 2009) and correlate the chemical pheno-
type with the plant molecular background.

CONCLUSION

The information presented in this article can provide to che-
mists, plant breeders and molecular biologists information
on the secondary metabolism, antioxidant activity, chemical
diversity and distribution of different phenolic compounds
in the native white strawberry, opening possibilities for
more accurate studies on the biosynthesis of selected com-
pounds with desirable biological properties. Knowing the
type and quantity of beneficial compounds in this local
strawberry can be also a starting point for food and plant
biotechnologists, to produce a higher-antioxidant or high-
yield polyphenolic strawberry, managing phenol contents
by plant breeding and selection, to cope the local and par-
tially global demand for optimized levels of beneficial phe-
nolic compounds and nutraceutics in crop plants. However,
much more research work should be performed, including
fruits in different stages of development (immature, turning,
ripe fruits), influence of geographical location, environ-
mental conditions and different agronomic practices to ob-
tain a clear picture of the secondary metabolites variation
and content within the white strawberry. The difference in
fruit colour between the two botanical forms of Fragaria
chiloensis was recently shown to be coincident with dif-
ferent transcriptional patterns in the anthocyanin-related
genes (Salvatierra et al. 2010).
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