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Summary

Anthocyanins are one of the largest and most important group of water-
soluble pigments in most species in the plant kingdom. They are accumulated in
cell vacuoles and are largely responsible for diverse pigmentation from orange
to red, purple and blue in flowers, fruits, such as: blackberry, red and black
raspberries, blueberries, bilberries, cherries, currants, blood orange, elderberries,
grapes, and vegetables such as: red onion, radish, red cabbage, red lettuce, egg-
plant, red-skinned potato and purple sweet potato. Anthocyanins in fruits and
vegetables are present in glycosylated forms. The qualitative and quantitative
determination of anthocyanins in plant can be performed by classical (spectro-
photometric) or contemporary methods - HPLC coupled with a various types of
mass spectrometers or NMR apparatus. Anthocyanins are widely ingested by
humans, mainly due to consumption of fruits, vegetables and red wines. Depend-
ing on the nutritional habits, the daily intake of anthocyanins for individuals has
been estimated from several milligrams to hundreds of milligrams per person.
Anthocyanins as well as other flavonoids occuring in fruits, and vegetables are
protective against a variety of diseases, particularly cardiovascular disease and
some types of cancer. Also the visual acuity can be markedly improved through
administration of anthocyanin pigments to animals and humans.

key words: anthocyanins, fruits, vegetables, occurrence, analytical methods,
nutrition value

INTRODUCTION

Anthocyanins are generally accepted as the largest and most important
group of water-soluble pigments in nature (Harborne 1998, Eder 2000, Takeoka
& Dao 2002). The word anthocyanin derived from two Greek words: anthos,
which means flower, and kyanos, which means dark blue, reveals its important
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characteristic as a natural colorant (Eder 2000, Delgado-Vargas et al. 2000, Del-
gado-Vargas & Paredes-Lopez 2003). Anthocyanins are accumulated in cell
vacuoles and are responsible for diverse pigmentation from orange to red, purple
and blue in flowers, fruits and vegetables. Often, these compounds also occur in
leaves, stems, seeds, and other tissues. In general, pigments of pelargonidin and
cyanidin derivatives produce red and purple color, respectively, whereas those of
delphinidin show purple or blue color (Goto & Kondo 1991).

Contributing to the colorful appearance of flowers, fruits and vegetables,
anthocyanins help them to attract animals, leading to seed dispersal and polli-
nation (Harborne & Williams 2001). Mazza & Miniati (1993) reported that an-
thocyanins might be important in protecting plants against ultraviolet-induced
damage, as well. In addition, they play roles as anti-oxidants and in protecting
DNA and the photosynthetic apparatus from high radiation fluxes (Gould 2004).
Other possible functions of anthocyanins, such as the protection against cold
stress or providing drought resistance, are associated with activities restricted to
particular classes of plants (Chalker-Scott 1999).

Chemical structures of anthocyanins

The anthocyanidins are hydroxylated and methoxylated derivates of
phenyl-2-benzopyrylium or flavylium salts, regarded as flavonoid compounds
(Eder 2000). Their basic structure of the aglycone is a C-6 (A-ring)-C-3 (C-
ring)-C-6 (B-ring) carbon skeleton (shown in Fig. 1), figuring a chromane ring
bearing a second aromatic ring B in position 2. There is seventeen known natu-
rally occurring anthocyanidins, but only six of them are common in higher
plants - cyanidin (Cy), peonidin (Pn), pelargonidin (Pg), malvidin (Mv), del-
phinidin (Dp), and petunidin (Pt) (Eder 2000, Kong et al. 2003), with cyanidin
being the most common (Harborne 1998). Structures of the main anthocya-
nidins are shown on Fig. 1. The differences in chemical structure of these six
common anthocyanidins occur at the 3’ and 5’ positions of B-ring (Fig. 1).

Due to presence of eight conjugated double bonds carrying a positive
charge, anthocyanins are intensely red or orange under acidic conditions (below
pH 2), but in higher pH they are colorless and in alkaline conditions change
their colour into bluish (Fig. 2). Intensity and type of the color of anthocyanins
is affected by the number of hydroxyl and methoxyl groups: if more hydroxyl
groups, then the color goes toward a more bluish shade; if more methoxyl
groups, then redness is increased (Heredia ef al. 1998, Delgado-Vargas & Pare-
des-Ldpez 2003).

The aglycones (anthocyanidins) are found in fresh plant material only in
trace quantities, because they are quite unstable (Clifford 2000, Prior 2004).
The glycosides of anthocyanidins are called anthocyanins. Usually anthocya-
nidin glycosides are 3-monoglycosides and 3, 5-diglycosides as was shown in
Fig. 3. The most common sugar of anthocyanidin glycosides is glucose (Fig.
3B), but occur also rhamnose, xylose, galactose, arabinose, as well as rutinose
(6-O-L-rhamnosyl-D-glucose) (Fig. 3A).
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Fig. 1. Chemical structures of main anthocyanidins: 1 - pelargonidin (Pg); 2 - cyanidin
(Cy); 3 - peonidin (Pn); 4 - delphinidin (Dp); 5 - petunidin (Pt); 6 - malvidin (Mv)

The sugar residues may be further acylated with organic acids (Mazza &
Miniati 1993, Giusti ef al. 1998, Eder 2000). Common acylating agents include
cinnamic acid derivatives such as caffeic, p-coumaric, ferulic and sinapic acid,
as well as a range of aliphatic acids such as acetic, malic, malonic, oxalic, and
succinic. Since each anthocyanidin may be glycosylated and acylated by various
sugars and acids at different positions, a great number of chemical combinations
exist (Harborne 1998, Delgado-Vargas & Paredes-Lopez 2003). It was esti-
mated that more than 400 anthocyanins had been found in nature (Mazza &
Miniati 1993). Such variations together with the pH dependent and chelating
metal ion dependent color change reasonably elucidated the great variation of
natural colors (Hou 2003).

Stability of anthocyanins can be enhanced through so called copigmenta-
tion. Acylated anthocyanins containing two or more aromatic acyl groups may
affect the color through a mechanism called intramolecular copigmentation
(Dangles et al. 1993, Mazza & Miniati 1993, Harborne & Williams 2001). An-
thocyanins also interact with other flavonoids and related compounds to pro-
duce an increase in color intensity and a shift in the wavelength of maximum
absorbance toward higher wavelengths. Such a phenomenon is called intermo-
lecular copigmentation, which can take place in acidic, neutral and even slightly
alkaline aqueous solution (Mazza & Miniati 1993). Copigmentation plays a
crucial role in wine ageing and maturation (Brouillard & Dangles 1994).
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Fig. 2. Effect of pH conditions on color of anthocyanins or products its conversion
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Fig. 3. Chemical structures of pelargonidin 3-rutinoside (A) and cyanidin 3,5-
diglucoside (B)
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Distribution and content of anthocyanins in fruits and vegetables

Anthocyanins are water-soluble and vacuolar pigments found in most spe-
cies in the plant kingdom (Harborne 1998). They are accumulated in fruit plants
such as blackberry, red and black raspberries, blueberries, bilberries, cherries,
currants, blood orange, elderberries, grapes, and vegetables such as: red onion,
radish, red cabbage, fennel, red lettuce, eggplant, red-skinned potato and purple
sweet potato (Table 1). Anthocyanins can be found in all parts of the plants.
Although they are accumulated mostly in flowers and fruits, but are also present
in leaves, stems and storage organs (Brouillard 1982, Delgado-Vargas & Pare-
des-Lopez 2003). Among different plants or even cultivars in the same plant,
the total anthocyanin content varies considerably, affected by genes, light, tem-
perature, and agronomic factors. Presented in Table 1 data shown, in general,
that level of anthocyanins in fruits is much higher than in vegetables. Among
fruits richest in anthocyanins are various berries and black currants. There is
only one common vegetable which contain high level of anthocyanins — egg-
plant (Table 1).

Table 1. Total anthocyanin content in selected common fruits and vegetables

Total anthocyanin

N Literature sources
content (mgkg™) ! |

Fruit or vegetable

Apple (peel) 100 - 2160 Eder 2000
Bilberry 4600 Eder 2000
Blackberry 820 - 1800 Eder 2000, Clifford 2000
Timberlake & Henry 1988, Eder 2000,
Blueberry 825 -5300 Clifford 2000
Cherry 3500 - 4500 Eder 2000
Chokeberry 5060 - 10000 Clifford 2000
Cranberry 460 - 2000 Timberlake & Henry 1988, Eder 2000
Elderberry 2000 - 15600 Eder 2000, Clifford 2000
Grape (red) 300 - 7500 Timberlake & Henry 1988, Clifford 2000
Grape (blue) 80 - 3880 Eder 2000
Orange, blood 2000 Clifford 2000
Plum 19 - 250 Timberlake & Henry 1988, Eder 2000
Timberlake & Henry 1988, Eder 2000,
Raspberry (red) 100 - 600 Clifford 2000
Raspberry (black) 763 - 4277 Timberlake & Henry 1988, Clifford 2000
Strawberry 127 - 360 Timberlake & Henry 1988, Clifford 2000
Currant (black) 1300 - 4000 Timberlake & Henry 1988, Clifford 2000
Currant (red) 119 - 186 Clifford 2000
Cabbage (red) 250 Timberlake & Henry 1988
Eggplant 7500 Clifford 2000
Radish (red) 110 - 600 Giusti et al. 1998
Onion (red) up to 250 Timberlake & Henry 1988
Rhubarb up to 2000 Timberlake & Henry 1988
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Table 2. Content of main anthocyanidins in selected fruits (from database: USDA 2007)
(mg-100g™" fresh weight)

Species Cy Pg  Mv Pt Pn Dp Literature sources
Apples Arabbi et al. 2004,
Gala 1.5 Franke et al. 2004,
Golden delicious 2.0 Harnly et al. 2006,
Red delicious 6.1 Wu et al. 2006
Bananas 7.4 Harnly et al. 2006

Fan-Chiang & Wrol-
Blackberries 90.3 0.2 i;zfn%}?(z,al. 2006,

Wu et al. 2006
Bilberry 112.6 544 51.1 51.1 161.9 Kahkonen ef al. 2003
Blueberries 17.0 614 264 114 474 Frankeeral 2004,

Gao & Mazza 1994a

Slimestad et al. 2005,

Chokeberry 4358 1.4 Wu et al. 2004
. Harnly et al. 2006,
Cranberries 41.8 0.3 2.1 7T Ny et al. 2006
Iversen 1999,
Kahkonen et al. 2003,
Currant,black 856 1.2 3.9 0.7 I8LL \poatta er al. 2003,
Wu et al. 2004
Maatta et al. 2003,
Currant, red 12.9 Wu et al. 2004
Elderbertics 1585 L1 Kaack & Austed 1998,

Wu et al. 2004

Franke et al. 2004,
Red grape 1.5 1.1 347 29 2.1 3.7 Revillaet al. 1998,
Wu et al. 2006

Franke et al. 2004,

Plums 39.7 Harnly et al. 2006,
Wu et al. 2006

Pears 12.2 Harnly et al. 2006
Ancos et al. 1999,

Raspberries, red 358 19 0.7 0.3 Mullen et al. 2002,
Wu et al. 2006

Raspberries, black 323.5 Wu et al. 2006

Sour cherries 6.6 Wang et al. 1997
Gao & Mazza 19%4a,

Sweet cherries 752 0.5 4.5 Harnly ef al. 2006,

Wu et al. 2006

Franke et al. 2004,
Garcia-Vigera etal. 1998,
Harnly et al. 2006,
Wang et al. 2002,
Wang & Lin 2003,

Wu et al. 2006

Strawberries 20 313 03
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Mean distribution of the six most common anthocyanidins in the edible
parts of plants is following: cyanidin (50%), pelargonidin (12%), peonidin
(12%), delphinidin (12%), petunidin (7%), and malvidin (7%) (Kong et al.
2003). The three non-methylated anthocyanidins: cyanidin (Cy), delphinidin
(Dp) and pelargonidin (Pg) are the most widespread in nature. Most species
contain a limited number of anthocyanin pigments (apples, plums, pears), but in
some cases - like red grapes, may contain a mixture of more than 20 pigments
(Clifford 2000). Overall, cyanidin aglycone occurs in about 90% of fruits, and is
the most frequently appearing aglycone (Prior 2004) (Tables 2 & 3).

Anthocyanins in fruits and vegetables are present in glycosylated forms.
However, many of the analytical procedures convert the glycosides into agly-
cones and thus results in Tables 2 and 3 are reported as aglycones. Therefore
results summarized in both tables are after conversion the glycoside values into
aglycone forms based on molecular weight to make data consistent across the
database.

In plants the following three classes of anthocyanidin glycosides are com-
mon: 3-monoglycosides, 3-diglycosides, and 3,5-diglycosides. 3-Glycosides
occur about two and half times more frequently than 3,5-diglycosides (Kong et
al. 2003). Considering that glucoside form is the most abundant comparing to
other glycosides, cyanidin 3-glucoside is the most widespread anthocyanin in
nature (Prior 2004, Kong et al. 2003).

Table 3. Content of main anthocyanidins in selected vegetables (from database: USDA
2007) (mg-100g™ fresh weight)

Species Cy Pg Mv Pt Pn Dp Literature sources
Franke et al. 2004,
Bean, black 6.5 9.6 12.0 Romani et al. 2004,
Wu et al. 2006
Bean, red 1.2 2.4 Wu et al. 2006
Cabbage, red 72.9 0.1 Franke et al. 2004,

Wu et al. 2006
Franke et al. 2004,
Wu et al. 2006
Harnly et al. 2006,
Wu et al. 2006
Arabbi et al. 2004,
Franke et al. 2004,
Onion, red 6.2 1.2 2.3 Wuetal 2006,
Gennaro et al. 2002,
Ferreres et al. 1996
Harnly et al. 2006,
Wu et al. 2006

Eggplant 13.8

Lettuce, red 2.8

Radish 25.7

Stability of anthocyanins
Many factors, such like the pH, temperature, light, presence of other phe-
nolic compounds, enzymes, metal ions, sugars, ascorbic acid, and oxygen have
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impact on the stability of anthocyanins. In aqueous solution, anthocyanins un-
dergo structural transformations that are pH-dependent (Fig. 2) (Brouillard ef al.
1982). It has been found that four major anthocyanin forms exist in equilibria:
the red flavylium cation, the blue quinonoidal base, the colorless carbinol pseu-
dobase, and the colorless chalcone. At pH below 2, anthocyanins exist primarily
in the form of the red flavylium cation. Process of a flavylium salt salvation in a
slightly acidic or neutral aqueous solution results in formation of neutral and/or
quinonoidal bases (Takeoka & Dao 2002). Hydration of the flavylium cation
gives the colorless carbinol pseudobase at pH values ranging from 3 to 6. This
can further equilibrate to an open form, the colorless chalcone pseudobase.

Processing and storage under low temperature can improve the stability of
anthocyanins (Delgado-Vargas & Paredes-Lopez 2003). Temperature has been
reported to induce a slow destruction of the pigments (Delgado-Vargas et al.
2000). When temperature is increased, anthocanins can be transformed into
unstable formation of chalcone, and the chalcone is further degraded to brown
products.

Light is usually deleterious to anthocyanin components. Palamidis &
Markakis (1975) reported that grape anthocyanins in beverage had the half-life
of 416 days in dark against 197 days in daylight at 20°C. Acylated anthocyanins
are less affected by light, with only slight difference on pigment stability when
exposed to light as compared to stored in dark (Giusti ef al. 1999).

Oxygen and hydrogen peroxide can easily oxidize anthocyanins (Delgado-
Vargas & Paredes-Lopez 2003), and this mechanism is often accelerated by the
presence of ascorbic acid. The negative impact of ascorbic acid on anthocyanins
has been of great concern because of the universality of ascorbic acid in fruit and
vegetable juices (Francis 1989). The interaction of ascorbic acid and oxygen may
be mediated by H,O, because the mechanisms of ascorbic acid oxidation pro-
duces peroxide, and peroxide is known to destroy anthocyanins.

Increased sugar level may affect the rate of anthocyanin destruction (Del-
gado-Vargas & Paredes-Lopez 2003). It was found that sucrose addition im-
proved the color characteristics of frozen strawberries (Wrolstad et al. 1990).
The mechanism could be associated with the inhibition of enzymatic activities
of phenolooxidase and peroxidase (Delgado-Vargas & Paredes-Lopez 2003).

Anthocyanins are very reactive toward metals, and form stable complexes
with tin, copper, and iron (Francis 1989). For instance, cyanidin 3-glucoside
forms a stable colored complex in the presence of aluminum ions at pH 5.5.
Addition of AICI; is an analytical test for anthocyanidins which have two adja-
cent OH groups (Cy, Pt, Dp) and those which do not (Pg, Pn, Mv).

Determination of anthocyanins

The most widely used solvents for the extraction of anthocyanins are
aqueous solutions of acetone, methanol, and ethanol. The qualitative and quan-
titative determination of anthocyanins in plant extracts can be achieved by a
variety of classical (spectrophotometric) or contemporary methods — HPLC
coupled with a various types of mass spectrometers or NMR apparatus.
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Spectrophotometric measurements

As was described earlier anthocyanin absorption spectra depend on pH. At
pH equal or below 2, anthocyanin solutions show characteristic maxima of ab-
sorption, one in the ultraviolet region (approximately 260-280 nm) and two in
the visible region (approximately 415 and 490-540 nm). The wavelengths of
these absorbance peaks can differ slightly by a few nanometers among various
anthocyanins, depending on structure of each anthocyanin. However, it is not
possible to discriminate spectrophotometrically among the various anthocyanins
simply on the basis of their absorption spectra. The maximum of absorption at
520 to 540 nm in the visible region is the most common wavelength used in the
spectrophotometric measurement of total anthocyanins (Harborne 1958). The
solvent used for spectral determination affects slightly the position of the ab-
sorption bands, therefore it must be taken into consideration when comparing
available data.

In case of plant material containing anthocyanins and chlorophyll or prod-
ucts of its degradation, optical density at range 650-670 nm caused by their
presence have to be subtracted from values of optical density for anthocyanins.
The level of subtraction depends on species and kind of analysed plant tissue,
for instance in case of cabbage seedlings from absorbance for anthocyanins at
530 nm was subtracted 0.25 absorbance at 657 nm (chlorophylls and products
its degradation) (C = A530 — 0.25 - A657; Rabino & Mancinelli 1986). In an-
other paper value of anthocyanin absorbance was corrected by subtraction of
1.15 absorbance value at 640 nm (C = A535 — 1.15 - A640; Sheoran et al.
2006). Since spectrophotometric determination of anthocyanins is rapid and
easy, and can also be carried out in raw materials with no sample hydrolysis (or
even without homogenization of tissue), it is often adopted to perform a rapid
analysis of the total anthocyanin content in plant material. Spectral similarities
in the majority of anthocyanins make this determination relatively simple, with
the anthocyanins being reported as external standard equivalents; in most of
cases, cyanidin-3-glucoside (C3G) — most abundant anthocyanin in nature — is
the reference used.

Anthocyanin pigments undergo reversible structural transformations with a
change in pH manifested by different absorbance spectra. The colored oxonium
form predominates at pH 1.0, and the colorless hemiketal form at pH 4.5. This
phenomenon was used to more precise anthocyanins determination. The pH-
differential method is based on this reaction, and permits relatively accurate
measurement of the total anthocyanins, even in the presence of polymerized and
degraded pigments and other interfering compounds. A solution of sodium ace-
tate and 1N HCI is used as 4.5 pH buffer and a solution of 0.2N KCI and 0.2N
HCI is used for preparing 1.0 pH buffer (Vangdal et al. 2006, Wrolstad et al.
1982). Real absorbance caused by anthocaynins in sample is calculated using
following formula:

A = (Apmax— A700)pH 10— (Armax— A700)pH 45

Ajmax 1S absorbance at the wavelength maximum (for instance 530 nm), and A7y
value is subtracted due to presence various phenolics and other background
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substances. The total monomeric anthocyanins are calculated based on the mo-
lecular weight and extinction coefficient or molar absorptivity of the most
prevalent anthocyanin (usually cyanidin-3-glucoside).

Spectrophotometric procedures, however, are unsatisfactory for precise
characterization of the particular anthocyanins present in plant materials. Vari-
ability in the sample extraction media (water, acidic water, acidic organic sol-
vent, etc.), chemical properties of anthocyanins, and co-pigmentation of antho-
cyanins with other secondary metabolites present in the sample solution can
cause an inaccurate correlation between absorbance and actual anthocyanin
concentration (Bridle & Timberlake 1997). Moreover, the spectrophotometric
method does not provide any specificity as far as the molecular identity of the
anthocyanin composition present in the material is concerned.

Analysis of anthocyanins and anthocyanidins by HPLC

The difficulties related to anthocyanin determination are often associated
with sample preparation before analysis. Treatment of anthocyanin-containing
material before analysis is highly variable according to the plant material being
analysed, as well as the aim of the research. Extraction from dry tissues is usu-
ally carried out using water/methanol mixtures acidified by hydrochloric, tri-
fluoroacetic or formic acids, although, for some anthocyanins, excessive acidic
conditions may result in partial hydrolysis of the glycosidic moiety (Mazza et
al. 2004).

HPLC separation combined with diode array detection (DAD) is the most
common contemporary method for qualitative and quantitative analysis of an-
thocyanins (Gao & Mazza 1994a). Single wavelength detection is performed at
range 520-540 nm, while data acquisition between 200 and 800 nm is useful
when DAD detection is available. Although UV/visible spectra of anthocyanins
are quite similar, a tentative identification of compounds can be achieved by
comparison with the spectra of reference compounds.

Reversed-phase (RP) columns: 4.6 mm (internal diameter) and 100-300
mm (length), are the mostly used in HPLC analysis of anthocyanins. Columns
are usually maintained at ambient temperature, and elution systems are binary,
using aqueous acidified solvents such as acetic acid, perchloric acid, or formic
acid in an organic solvent such as methanol or acetonitrile (Dugo et al. 2001,
Zhang et al. 2004). In the reversed-phase system, the more polar phenolic acids
elute first, followed by the 3,5-diglycosylated anthocyanins, 3-mono-
glycosylated anthocyanins, aglycones, and last the acylated anthocyanins. An-
thocyanidins elution order on a reversed-phase column is delphinidin, cyanidin,
petunidin, pelargonidin, peonidin, and malvidin (Gao & Mazza 1994b). The
retention of glycosides in comparison to that of the aglycones is decreased by
the presence of sugars, with diglucosides preceding monoglucosides. Subse-
quently, acylation increases the retention time of anthocyanins. An examples of
HPLC analytical conditions for anthocyanins analyses in fruits and vegetables
have been summarized in Table 4.
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Table 4. Examples of contemporary HPLC analytical conditions useful for determina-

tion of anthocyanins in fruits and vegetables

Agalysed Extraction and pur}ﬁcatlon HPLC parameters Reference
tissue of anthocyanins
Extraction mixture: acetone- Detector: DAD; column:
methanol-water (35-35-30); RP-18, 5 um, 220 x 4.6 mm;
. . .l Krupa &
Blueberry Extract purification: Sep- eluent flow of 1 ml'min™. Tomala
fruits Pack cartridges. Anthocya- Mobile phase: water (A) : 2007
nins were eluted with 70%  formic acid (B) : acetonitrile
methanol (C), gradient A and C.
Extraction mixture: acetoni- ) ) .
Bilberry, trile - TFA - water Detector: DAD; column:
. Zorbax SB C18, 5 um, 150
blackcurrant (49.5:0.5:50); Extract purifi- ; )
S . x 4.6 mm. Mobile phase: Kahkonen
and cowberry  cation: Amberlite XAD-7 o o
. 10% formic acid (solvent A) et al. 2003
fruits column chromatography. o o
. and 100% acetonitrile (sol-
Anthocyanins were eluted ent B) (gradient elution)
with extraction mixture v £ "
Detector: DAD; Column:
Extraction mixture: ethanol: C18, 5 um (4.6 % 150 mm);
Cranberry 1.5 N HCI (85 : 15, v/v); Mobile phase: linear gradi- Zhou &
fruits filtration - no purification ent of (A) water - acetic acid Singh 2004
(10: 1) and (B) methanol-
acetic acid (10 : 1)
Detector: DAD; Column:
Mulberry juice was purified C18,.3 Hm (4'6. X 100 mm);
; Mobile phase: linear gradi-
on cross-linked polystyrene luti . A
., resins; Anthocyanins were ent elution W‘t(f‘ 25-85% . Liuetal
Mulberry fruits eluted from the resins with so!vent ? (1.5 A’ phgspho;q € 2004
.. 0 acid, 20% acetic acid, 25%
etanol acidified by 0.5% MR
hvdrochloric acid acetonitrile) in solvent A
4 (1.5% phosphoric acid) for
100 min.
Detector: DAD; Column:
Juices and concentrates were C18 reversed-phase, 5 um
Elderberry and diluted with water, and (250 x 4.6 mm); Mobile
blackberry purified on C18 Sep-Pack  phase: B (90/10 - acetoni-
juices; black  cartridges; anthocyanins trile/water) and A (10% Stintzing
carrot and red  were eluted from cartridges  aqueous formic acid). Sepa- et al. 2002

cabbage con-
centrates

with methanol containing
0.01% aqueous HC1

ration by linear gradient
starting with 93% A to 85%
A in 18 min, and then to
50% A in 7 min.

Another modern method uses electrospray ionization mass spectrometry
technique (ESI-MS) for anthocyanin characterisation in complex food matrices
(Giusti et al. 1999). The method is especially useful for detection of low level
anthocyanin metabolites in human plasma. This method uses low voltage as
well as atmospheric pressure, and is versatile as an ionisation technique. The
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positive charge of anthocyanins at low pH values permits their easy detection
using low voltages since other potentially interfering compounds are not usually
ionised. ESI-MS is a very powerful tool for anthocyanin characterization and
monitoring the authenticity of anthocyanin-containing fruit juices and vegetable
extracts.

Direct HPLC analysis of plant anthocyanins as glycosides could result in a
chromatogram with a large number of peaks, making it difficult to identify indi-
vidual components. Due to the huge variability of the sugars and organic acids
forming the glycosidic moiety, the number of anthocyanins present in a sample
can be even 15-20 times greater than the number of aglycone forms. It is possi-
ble to solve this problem by choosing a reference glycoside that has a known
molar extinction coefficient for calibration (Chandra ef al. 2001). In this case, it
is important to select a reference compound with the same aglycone moiety of
the predominant anthocyanin in the sample.

In order to measure the definitive anthocyanidins composition and con-
centration in a sample, is used a method to release the aglycone from an antho-
cyanin molecule by acid hydrolysis, which reduces the number of peaks on the
chromatogram. Optimal anthocyanin hydrolysis is carried out by heating sam-
ples in methanol containing 1-3M HCI, in a boiling water bath or heating blocks
for 20-60 minutes. Anthocyanidins from hydrolyzed samples can be extracted
with isoamyl alcohol (Mazza et al. 2004).

Many other details of contemporary, modern procedures of anthocyanins
analyses have been described in excellent review by Mazza et al. (2004). Liquid
chromatography with mass spectrometry (MS) and/or nuclear magnetic reso-
nance (NMR) spectroscopy are possibly the most powerful methods for the
structural elucidation of anthocyanins.

Daily intake and role of anthocyanins in maintaining health

Anthocyanins are widely ingested by humans, mainly due to consumption
of fruits, vegetables and red wines (Galvano et al. 2004). Depending on the
nutritional habits, the daily intake of anthocyanins for individuals has been es-
timated to range from several milligrams to hundreds of milligrams per person.
In USA, average daily intake of anthocyanins has been estimated at 215 mg
during summer and 180 mg during winter (Clifford 2000). The daily intake of
other flavonoids including quercetin, myricetin, kaempferol, luteolin and api-
genin is estimated to be only 20-22 mg-day™ in the US citizens (Sampson ef al.
2002, Kithnau 1976).

Intake of anthocyanin is increasing because extracts and juices with high
anthocyanin contents from fruits and vegetables are now much more commer-
cially available, than earlier. Due to the antioxidant and other potential benefi-
cial properties, grape, various berries, red cabbage and other anthocyanin rich
foods are becoming more popular. In the future, the production and adding of
anthocyanins as natural food colorants is expected to steadily increase, follow-
ing the current trend away from synthetic colors (Gao & Mazza 1994a).

Flavonoids (flavonols, flavones, anthocyanins) occuring in fruits and vege-
tables are protective against a variety of diseases, particularly cardiovascular dis-
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ease and some types of cancer (Ness & Powles 1997). Anthocyanins are impli-
cated in many biological activities that may impact positively on human health
(Lila 2004). Their use for therapeutic purposes has long been supported by epi-
demiological evidence, but only in recent years some of the specific, measurable
pharmacological properties of isolated anthocyanin pigments have been verified
by controlled in vitro, in vivo, or clinical research studies (Lila 2004).

These pigments may reduce the risk of coronary heart disease through in-
hibition of platelet aggregation (Rechner & Kroner 2005). Anthocyanins protect
in several ways. First, they neutralize enzymes that destroy connective tissue.
Second, their antioxidant capacity prevents oxidants from damaging connective
tissue. Finally, they repair damaged proteins in the blood-vessel walls.

In many other cases, the exact roles of the anthocyanins in human health
maintenance versus other phytochemicals in a complex mixture from a fruit
extract or whole food have not been completely sorted out. In fact, some reports
suggest that anthocyanin activity potentates when it is delivered in mixtures
(Stintzing et al. 2002). Visual acuity can be markedly improved through ad-
ministration of anthocyanin pigments to animals and humans, and the role of
these pigments in enhancing night vision or overall vision has been particularly
well documented (Lila 2004). Oral intake of anthocyanins from black currants
resulted in significantly improved night vision adaptation in human subjects
(Nakaishi et al. 2000). However others studies show that anthocyanins did not
improve three measures of night vision (Zadok et al. 1999). For instance in a
NASA study was found that daily using 40 mg bilberry anthocyanins had no
effect in night vision, visual acuity, or contrast sensitivity compared with pla-
cebo (Muth et al. 2000).

The antioxidant capacity of anthocyanins has been demonstrated with a
wide variety of assay methods. Berry extracts demonstrated potent antioxidant
activities that correlated with anthocyanin content (Olsson et al. 2004). According
to Cooke et al. (2005) the structure-antioxidant pattern indicates that potent anti-
oxidant activity is associated with presence of hydroxyl groups in the anthocyanin
B-ring. The antioxidant capacities of cyanidin and cyanidin 3-glucosides were
similar to a-tocopherol in assay systems of linolenic acid, liposomes, rabbit eryth-
rocyte membranes and rat liver microsomes (Tsuda et al. 1994).

In addition, anthocyanins could exert anticarcinogenic activities, reduce
inflammatory insult and also modulate immune response. All these effects might
be mediated by their antioxidant activity (Hou 2003). In the laboratory experi-
ments have been found that cyanidin and delphinidin inhibit epidermal growth
factor receptor in cancer cells,while malvidin is less effective (Meiers et al. 2001).
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ANTOCYJANY W OWOCACH I WARZYWACH — ICH WYSTEPOWANIE,
METODY ANALIZY I ROLA W ZYWIENIU CZLOWIEKA

Streszczenie

Antocyjany sa jedng z najwigkszych i1 najwazniejszych grup barwnikow, wyste-
pujacych w wigkszosci gatunkow roslin. Sa one akumulowane w wakuolach komorek
i odpowiadaja za réznorakie wybarwienie, od pomaranczowego do czerwonego i od
purpurowego do niebieskiego, kwiatow, owocow i warzyw, takich jak: jezyna, czarna
porzeczka, boréwka, wisnia, winogrona, cebula czerwona, rzodkiewka, kapusta czer-
wona, satata czerwona, oberzyna, stodkie ziemniaki. Antocyjany wystgpuja w owocach
i warzywach w formie glikozydéw. Metody ilosciowego i jakoSciowego oznaczania
antocyjanow obejmuja techniki spektrofotometryczne oraz chromatograficzne (HPLC)
potaczone z réznego rodzaju spektrometrami masowymi lub magnetycznym rezonan-
sem jadrowym. Gtéwnym zrodiem antocyjandow w pozywieniu sg owoce, warzywa oraz
czerwone wino. Zaleznie od nawykow zywieniowych dzienne spozycie antocyjandéw
jest oceniane na okoto kilkanascie do kilkuset miligramow na osobg. Antocyjany, po-
dobnie jak i inne flawonoidy, oddziatuja korzystnie jako czynnik zapobiegawczy, prze-
ciw chorobom uktadu krazenia oraz niektérym chorobom nowotworowym. Majg row-
niez wplyw na poprawe ostrosci wzroku.



