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Anthocyanin is a water-soluble pigment existing in plants, and has various health
benefits to humans. As far as that goes, the number and location of the hydroxyl
groups of the parent nucleus have significant effects on the anthocyanin activities.
This review summarizes anthocyanin content in fruits, the importance of
anthocyanin in relation to human health, some aspects of anthocyanin
biochemistry and their bioavailability, the distribution in some fruits, the
biosynthetic pathway, different extraction, separation and purification methods,
and also identification methods. Beneficial effects of anthocyanin pigments are
reported in the scientific literature and these compounds are nowadays recognised
as potentially therapeutic. The lack of antioxidant defense mechanisms in humans
is associated with the cardiovascular and coronary artery diseases, cancer and
diabetes, besides others.
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Introduction

Pigments from natural sources display a wide range of colors as secondary plant
metabolites. Among the many natural pigments, anthocyanins represent an
important group of water-soluble plant pigments. They are responsible for the red,
blue, purple, and even black colors of fruits, vegetables, grains, flowers, and other
plant tissues or products (Kong, et al., 2003). A research from 1997 demonstrated
that the bright color of anthocyanin made plants more outstanding, thus attracting
animals to spread pollens and seeds to aid in breeding. In addition, in their research
studies, De Pascual-Teresa and Sanchez-Ballesta, (2007) said that anthocyanins are
produced as a protective mechanism against environmental stress factors.

Anthocyanins are of great nutritional interest because they are particularly
abundant in plant-derived foods. Edible anthocyanin sources include colored fruits
such as berries, cherries, hawthorns, peaches, grapes, apples, and plums and some
dark-colored vegetables such as red onions, red radishes, black beans, eggplants,
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red cabbage, and purple sweet potatoes. Apart from the aforementioned fruits and
vegetables, anthocyanins also accumulate in grains such as black rice, red sorghum,
and purple maize.

Recently, numerous studies of Tsuda et al. (2000) have shown that anthocyanins
display lots of biological activities including antioxidant, anti-inflammatory
(Martin et al., 2003), anti-carcinogenic activities (Joseph et al., 2007) and many
others.

Biochemistry of anthocyanins

The name "anthocyanin” comes from the Greek word anthos, which means flower
and kyanos which means blue. They are a group of more than 500 compounds that
are present in the majority of vegetables and fruits (Andersen et al., 2006).
Anthocyanins belong to a large group of flavonoidic compounds, which are a
subgroup of polyphenols.

In 1988, it was demonstrated that anthocyanin are glycosylated derivatives of the
3,5,7,3 -tetrahydroxyflavylium cation. Anthocyanin compounds contain two
benzoyl rings A and B that are separated by a heterocyclic ring C (Figure 1).
According to Bueno et al. (2012), the difference between anthocyanins consists in
the number of hydroxyl groups, the nature, the number of sugar compounds, and
the position of these attachments.

Anthocyanidin Ry R;
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Delphinidin (Dp) | OH OH
Malvidin (Mv) OCH; | OCH;
Peonidin (Pn) OCH; H
Petunidin (Pt) OH | OCH;

Anthocyanidin

Figure 1. The flavylium cation (Mazza and Miniati, 1993)

Distribution of anthocyanins in fruits

In 1990, scientists found that most anthocyanin fruits contain two aglycones, out of
which cyanidin is being the most common. Anthocyanin content in fruits vary
along with the concentration values that range from 0.25 mg/100 g fresh weight in
pear peel, to >200 mg/100 g fresh weight in black fruits. Cultivars with bright red
peel were found to contain 30 mg anthocyanins/100 g peel, whereas dark red to
black cultivars where anthocyanins are located throughout the fruit contained 350—
450 mg/100 g fresh weight. At 4 mg/100 g fresh weight, anthocyanins levels in
pink cultivars were about 10-100 fold lower compared to red and black fruits,
respectively.

The anthocyanin content in different fruits is presented in the table below (Table
1).
The anthocyanin profile in different fruits is presented in the table below (Table 2).
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Table 1. Anthocyanin content in different fruits (Szajdek and Borowska, 2008)
Anthocyanins,

Species mg/100 g fresh weight References
Raspperry 351 -491 Pantelidis et al., (2007)
(Rubus idaeus)
Strawberry 39.08 Erkan et al., (2008)
(Fragaria x ananassa)
Plum (Prunus 225 Wu et al., (2006)
domestica)
Cherry (Plr_u)nus avium 2 - 450 Gao and Mazza, (1995)
Red grape (Vitis 30-750 Lamikanra, (1989)
vinifera)

Table 2. Anthocyanin profile in different fruits (Szajdek and Borowska, 2008)

Species Anthocyanin profile References
Raspberry (Rubus Cyanidin 3-sophoroside, cyanidin 3- Proteggente et al.,
idaeus) glucoside, cyanidin 3-glucorutinoside, (2002)

cyanidin 3-rutinoside, pelargonidin 3-
sophoroside, pelargonidin 3-glucoside

Strawberry Pelargonidin 3-glucoside, cyanidin 3- Skupien and
(Fragaria x glucoside, pelargonidin 3-arabinoside,  Oszmianski, (2004)
ananassa) pelargonidin 3-sukcynyloglucoside,
cyanidin 3-sukcynyloglucoside
Plum (Prunus Cyanidin 3-xyloside, cyanidin 3- Usenik et al.,
domestica) glucoside, cyanidin 3-rutinoside, (2009)
peonidin 3-glucoside, peonidin 3-
rutinoside
Cherry (Prunus Cyanidin 3-glucoside, cyanidin 3- Ballistreri et al.,
avium L.) rutinoside, pelargonidin 3-rutinoside, (2013)
peonidin 3-rutinoside
Red grape (Vitis Delphinidin 3,5-diglucoside, cyanidin Huang et al.,
vinifera) 3,5-diglucoside, petunidin 3,5- (2009)

diglucoside, peonidin 3,5-diglucoside,
malvidin 3,5-diglucoside

Biosynthesis of anthocyanins

The biosynthesis of anthocyanins has a generalized scheme realized by different
scientists since 1995 (Figure 2). Anthocyanins are synthesized by means of
flavonoids biosynthesis. According to Gou et al. (2011), the synthesis of all
flavonoids, including anthocyanins, involves the following three key enzymes,
namely chalcone synthase (CHS), chalcone isomerase (CHI), and flavonoid 3-
hydroxylase (F3H). CHS is responsible for the step by step condensation of the p-
coumaryl-CoA in order to produce naringenin chalcone. CHI is required to
isomerize the yellow-colored chalcone to its isomer, the naringenin flavanone. The
third step, the formation of dihydrokaemferol, is catalyzed by F3H. According to a
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study from 1994, the activity of dihydroflavonol 4-reductase (DFR) is required to
synthesize the leucoanthocyanidins, that can be transformed to anthocyanidins in a
reaction catalyzed by anthocyanidin synthase, which, then, undergo oxidation,
dehydration, and glycosylation, to form the anthocyanins perlogonidin, cyanidin,
and delphinidin.

According to the studies of Speciale et al. (2014) in the post-synthesis, cyanidin
can be methylated on its 3' hydroxyl group to form peonidin, while delphinidin can
be methylated on its 3' hydroxyl group to form petudinin or on both its 3' and 5'
hydroxyl groups to form malvidin.
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Figure 2. Anthocyanin biosinthesys pathway via the shikimic acid pathway (Holton and
Cornish, 1995)

Stability of anthocyanin compounds

According to different studies done along the years it has been concluded that the
stability of anthocyanin pigments is determined by the following factors: structure
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of the pigment, pH, temperature, light, copigments, metal ions, enzymes, oxygen,
ascorbic acid, sugars, among others.
a) Molecular structure

It has been generally known since 1982 until today that the molecular structure of
some anthocyanins is more stable than the others. Generally, increased
hydroxylation decreases stability, whereas increased methylation increases it. Some
determinations made by scientists in 1996 concluded that the colour of foods
containing anthocyanins that are rich in pelargonidin, cyanidin, or delphinidin
aglycones is less stable than that of food containing petunidin or malvidin
aglycones.

b) pH

The changes of the pH values may lead to changes in the molecular structure of
anthocyanins due to the ionic nature. At low pH values they are more stabile.
According to the studies of the researcher Musoke, (2002) it is known that in
aqueous media, four anthocyanin structures exist in equilibrium: flavylium cation,
carbinol pseudobase, quinonoidal base and chalcone.

At the pH 1.0 the predominant species is the red-colored flavylium cation. It has
been reported by scientists since 1998 that within the pH values of 2.0 and 4.0, the
uncharged blue quinonoidal unstable species prevails, and if the pH is increased, an
anionic quinonoidal species is formed. In 1993 it was reported that, at higher pH
values (5.0 and 6.0), the carbinol pseudobase and chalcone structures are formed.
Other researchers confirmed in 1998 that the unusual stability of acylated
anthocyanins is at pH over 5.0.

c) Light

Even if the light is an important factor in anthocyanins biosinthesys, it is also
known that light accelerates the degradation of anthocyanins, their colour being
better maintained in the dark. This adverse effect has been demonstrated in several
fruit juices and red wines. In 1996, researchers demonstrated that in fruit juices,
acylated anthocyanins are more stable than unacylated derivatives. In addition, the
absorbance of the juices tested was observed to increase after exposure to light.
Further investigations of Yoshida et al. (2003a, b) showed that anthocyanins
containing cinnamoyl derivatives are able to isomerize from trans to cis form,
meaning colour intensification and resistance to the pyrilium ring hydration.

d) Temperature

Bakowska et al. (2003) said that high temperature values represent another
important factor involved in the degradation of anthocyanins, wich leads to brown
products. Recently, thanks to the studies of Cavalcanti et al., (2011) it has been
demonstrated that anthocyanin content and antioxidant activity are better preserved
at lower temperature values.

e) Oxigen
Cavalcanti et al. (2011) also determined that in combination with high temperature
values the presence of oxigen is bad for the extracted anthocyanins for those
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identified in some juices from berries. However it has been demonstrated that, at
oxigen concentration values of 60-100 % for 0-7 days of storage in cold conditions,
an increase in anthocyanin and phenolic content can be noticed.

f) Sugars
The same recent study of Cavalcanti et al. (2011) talks about a low stability of
anthocyanin content due to sugar and its degradation products, and it was

demonstrated that sugar concentration higher that 20 % has a negativ effect on
anthocyanin content, while smaller concentration of sugar has an opposite effect.

g) Ascorbic acid

It was suggested that an increase in the degradation of anthocyanins was a result of
a condensation reaction between the anthoyanin molecules and the ascorbic acid. A
mechanism proposed by Cavalcanti et al. (2011) in which the color degradation of
anthocyanins is caused by the presence of ascorbic acid occurred due to the
oxidative cleavage of the pyrilium ring by a free radical mechanism, in which
ascorbic acid acts as an activator of molecular oxygen, producing free radicals.

h) Enzymes

The most common enzymes involved in the degradation of anthocyanins are
peroxidases and phenolases, such as phenol oxidases and polyphenol oxidases.
Glycosidases are equally common. They can break the covalent bond between the
aglycone of an anthocyanin and the glycosyl residue (Cavalcanti et al., 2011).

Extraction of anthocyanins

Anthocyanins are soluble in polar solvents and they are extracted from various
plant materials by using solid-liquid extraction with solvents such as methanol,
ethanol or water.

Anthocyanins are extracted with cold acidified solvents under mild conditions. The
solvent system which denatures the cell membranes, simultaneously dissolving the
anthocyanins and stabilizing them, is usually represented by methanol (or acetone,
ethanol, acetonitrile). In the studies of Nicoue et al. (2007), the acid employed in
the extraction of anthocyanins is usually acetic acid (= 7%) or trifluoroacetic acid
(TFA =~ 3%), whereas the organic solvent content varies from 50 to 100% of the
mixture. Dai and Mumper (2010) discovered that the use of mineral acid can lead
to the loss of attached acyl group.

Currently used methods for anthocyanin extraction are nonselective and result in
solutions with large amounts of undesirable products such as sugars, acids, amino
acids and proteins that require removal. For that, the crude extracts are purified
with C18 cartridges previously activated with methanol, followed by water or 0.01
% aqueous HCI or 3 % formic acid. Anthocyanins were recovered from diluted
fruit juice or wine by elution from a C18 cartridge with an aqueous eluent at a low
pH (Corradini et al., 2011).

Some of the non-conventional extraction methods that have been studied in the last

years are based on ultrasound studied by Ghafoor et al. (2010), supercritical fluids
analysed by Ghafoor et al. (2012), among others. But so far it can be said that the
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conventional extraction methods such as Soxhlet are still considered a reference
method.

Non-conventional extraction techniques

In a research from 1998 it was declared that the most important issues in terms of
conventional extraction are extended extraction time and high purity solvents,
among others. The new extraction techniques already mentioned are considered
green technologies, as they are in concordance with the standards required by the
USA Environmental Protection Agency.

Ultrasound-assisted extraction (UAE)

It has been well known since the year 1996 that the extraction mechanism by
ultrasound is based on two physical phenomena: diffusion across the cell wall and
clearing the contents after the wall breaking. The most important factors for the
action of ultrasound are temperature, pressure, frequency, and time of sonication.

Pulsed-electric field extraction (PEF)

The pulsed electric field (PEF) is a useful technology for many scientists, used to
improve processes like drying and extraction, etc. during the last decade.
According to Puertolas et al. (2010), PEF extraction technique can operate in both
mode, either continuous or batch.

Corralesa et al. (2008) found that the best extraction technology for the extraction
of anthocyanin monoglucosides is by PEF. The use of a pulsed electric field
treatment on the Merlot skin by Delsart et al. (2012) resulted in an increased
extraction yield of polyphenols and anthocyanins.

Enzyme-assisted extraction (EAE)

According to a research from 1996, EAE is a novel and effective treatment that
releases bounded compounds and increases the yield. Latif and Anwar (2009)
discovered that there are two types of enzyme-assisted extraction: enzyme-assisted
aqueous extraction (EAAE) and enzyme-assisted cold pressing (EACP).

EAE of phenolic compounds from grape pomace were tested and there was found a
correlation between the content of total phenols and the degree of plant cell wall
degraded by enzymes. Gomez-Garcia et al. (2012) extracted phenolic compounds
from grape waste using an enzyme called novoferm and EAE had the strongest
effect on phenolic release.

Microwave assisted extraction (MAE)

In 1994, scientists said about MAE that is a new extraction method that uses
microwaves. MAE has several advantages that have been described since 2008 and
these are quicker heating, reduced thermal gradients and equipment size, higher
extract yield. This type of extraction method is faster than conventional extraction
processes. It is a selective technique that extracts organic and organometallic
compounds.

Because it reduces the use of organic solvent, Alupului (2012) placed MAE in the
category of green technologies. Asghari et al. (2011) extracted bioactive
compounds from various plants under optimum conditions and showed that this
technology is faster and easier than conventional processes. MAE was applied to
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release bound phenolic acids from bran and flour fractions of sorghum and maize
of different hardness by Chiremba et al. (2012).

Pressurized liquid extraction (PLE)

PLE method was first described in 1996. According to Nieto et al. (2010), this
method is known by different names: pressurized fluid extraction (PFE),
accelerated fluid extraction (ASE), enhanced solvent extraction (ESE), and high
pressure solvent extraction (HSPE).

An advantage of PLE technique is that it requires small solvent amounts as a result
of the combination between high pressure and temperature, which provides faster
extraction yield.

According to Ibanez et al. (2012), PLE is also considered to be, like the other
extraction methods, a green technology. PLE has been successfully applied to
extract bioactive compounds from plant materials, thereby Erdogan et al. (2011)
recovered individual phenolic compounds such as catechin, caffeic acid,
chlorogenic acid, total phenolic contents and others from various parts of Anatolia
propolis using the PLE method at optimum condition (40 °C, 1500 psi for 15 min).

Supercritical fluid extraction (SFE)

A scientific study from 1999 showed that supercritical fluid possesses gas-like
properties of diffusion, viscosity, and surface tension, liquid-like density and
solvation power. According to the research of Ibanez et al. (2012), the most
important factors which influence the extraction efficiency are: temperature,
pressure, particle size and moisture content of feed material, extraction time, CO:
flow rate, and solvent-to-feed-ratio.

Separation and purification of anthocyanins from fruits

A research from 1980 highlighted that the extraction procedures are not selective
for anthocyanins and because of that a cleanup and/or fractionation step is
necessary to remove other materials present in the extract. For example, cross-flow
ultrafiltration is used to eliminate sugars, present at higher concentration than the
pigments in natural extracts. Another study realised later, in 1997, showed that
ultrafiltration on cellulose acetate membranes removes proteins and
polysaccharides, but some of the oligomeric pigments can form aggregates that
could be retained by this membrane.

Chromatographic separation

Further purification and separation are carried out by chromatography that relies
upon identical technologies and analytical methods, aiming at the isolation of pure
substances from a mixture.

a) Paper and thin-layer chromatography

TLC is using cellulose, silica, diol, and C-18 plates and a variety of solvents.
Studies from 1967 said that TLC is widely employed as it is fast, cheap and
resolutive. Anthocyanins, including those that fail to migrate, appear as colored
spots on the plate. High-performance TLC is used because of its increased speed
and resolution of the results and because some applications could be applied in the
separation, quantitative analysis, and purification of anthocyanins.
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b) High-performance liquid chromatography (HPLC)

HPLC is the most used technique for the separation of anthocyanins, due to its high
resolution. Reversed-phase C-18 columns are typically used, with different
gradients of methanol or acetonitrile in water. The elution solvents used are
acidified with formic or acetic acid (5—-10%) such as to ensure that all anthocyanins
are converted to flavylium cations, thereby improving the detection and the
chromatographic resolution.

The best advantage of HPLC is the rate of separation at the analytical scale. Better
than HPLC is the ultraperformance liquid chromatography (UPLC) because it uses
an increased speed and resolution.

c) Capillary electrophoresis

Several advantages for seldom analytical separations of anthocyanins like small
sample volume, low solvent consumption and short run times, are specific for the
capillary electrophoresis (CE). The first method described in 1997 uses capillary
zone electrophoresis with standard silica capillaries and borate running buffers at
pH 8.0, resulting in anthocyanin degradation and a very poor sensitivity. Better
resolution was obtained with capillary zone electrophoresis using acidic (apparent
pH of 1.5) phosphate buffer containing 30 % acetonitrile, but the detection limit is
rather high (25 mg/L).

Antocyanins identification and quantification

In chromatography, identification is classically based on the comparison of
retention times or Rf with those of the reference compounds. The identification of
anthocyanins requires a combination of spectrometric methods, the quantification
of these compounds relying on this type of measurements.

a) UV-visible spectrophotometry

This method is essential for anthocyanin identification since the different structures
show characteristic Amax. It has been known from different studies since 1990 that
the nature of the sugar substituents does not modify the absorption spectrum.
Acylation with cinnamic acids can be detected by the presence of a characteristic
shoulder at the maximum absorbance wavelength of the acyl moiety (310 nm for p-
coumaric acid, 320 nm for caffeic acid).

Quantification of anthocyanins is based on the measurement of their absorbance at
their maximum absorbance wavelength in the visible range. This requires the
establishment of calibration curves (or extinction coefficient), using anthocyanin
standards. Total anthocyanins are measured after acidification (pH 1.0). Two
methods are commonly known to be used for measuring and distinguishing
anthocyanins from other pigments. The first one calculates anthocyanin
concentration from the difference of absorbance values in the visible range at pH
4.5 and at pH 1.0:

A = (A — Azo)przo — (Aumax — Avoo)pras; [anthocyanin] (mol L™) =
(A-MW-DF)/e, where MW is the molecular weight, DF is the dilution factor and ¢
is the molar extinction coefficient of the major pigment in the extract.
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The second method used measures pigments before and after sulfite bleaching and
calculates the anthocyanin concentration from a calibration curve established using
the same protocol on a standard anthocyanin. Both methods are based on the
assumption that the color of genuine (monomeric) anthocyanins is modified by pH
and sulfites, while that of the derived (polymeric) anthocyanins is not.

b) Mass spectrometry

MS separates ionized molecules on the basis of their mass-to-charge ratio (m/z).
This implies that the molecular species of interest are charged and transferred into
the gas phase by the MS ionization source and then separated according to their
m/z by the mass analyzer. Anthocyanins from different sources are analyzed based
on desorption and spray ionization techniques, associated to quadrupole (Q), time-
of-flight (TOF), ion trap (IT), or Fourier transform ion cyclotron resonance (FT-
ICR) analyzers. Fast atom bombardment mass spectrometry (FAB-MS) uses xenon
or argon atoms to bombard the sample dissolved in a matrix (often glycerol).
Matrix-assisted laser desorption ionization (MALDI), mostly associated with the
TOF analyzer, is a soft ionization technique, in which the analyte, mixed with a
matrix, is desorbed and ionized on laser irradiation. MALDI-TOF-MS is sensitive,
fast and relatively tolerant to contaminants.

¢) NMR spectroscopy

NMR spectroscopy is essential for the formal identification of anthocyanins and
involves the complete assignment of all proton and carbon signals, based on the
chemical shifts and coupling constants of the one-dimensional (1D) 1H and 13C
spectra, and on the correlation of cross-peaks in 2D experiments. NMR spectra are
usually recorded in deuterated solvents (deuterated dimethylsufoxide - DMSO-dgsor
methanol - CD;OD) to avoid the overlap of the solvent and analyte signals.
Identification is normally performed on the flavylium cation, in acidified solvents,
for example, with deuterated trifluoroacetic acid, but NMR can also be used to
study the different anthocyanin forms.

d) Infrared, Resonance Raman and fluorescence absorption spectroscopies
Infrared (IR) and resonance Raman (RR) are two types of vibrational spectroscopy,
providing qualitative and quantitative information about the vibrations of the
chemical bonds of the molecules. The midinfrared, 4000-400 cm™* (30-2.5 pm),
based on the fundamental stretching and rotating vibrations of molecules, is of
limited use for anthocyanin identification.

Autofluorescence of anthocyanins has not been explored. However, a recent paper
of Poustka et al. (2007) has shown that anthocyanins exhibit autofluorescent
properties when excited with the helium-neon laser at 543 nm and used this
property to detect them in plants.

Bioactive properties and health promoting of anthocyanins

Bioactive properties are described in different ways. Anthocyanins, which are
water soluble vacuolar pigments that possess a lot of biological roles such as free
radical scavenging, protection against UV radiation and solar exposure, act as
powerful antioxidants (Bornsk et al., 2012).
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Antioxidant and antimicrobial activity

According to Yang et al. (2011), the antioxidant potential of anthocyanins depends
on their chemical structure. This property is also influenced by the number of
hydroxyl groups, the oxonium ion in the C ring, the hydroxylation, methylation,
acylation and glycosylation pattern, among others.

In their studies, many scientists measure the antioxidant activity of anthocyanidins
by using different assay methods. Using ferric reducing ability method, the 3-
glucosides of delphinidin, petunidin and malvidin were observed to have 2-2.5
times higher antioxidant activity than the ascorbic acid. Using Trolox or oxygen
radical-absorbing capacity (ORAC), the antioxidant capacity of anthocyanins was
3-6 times higher than that of the Trolox standard.

The antimicrobial activity of anthocyanins has been reviewed recently in the study
conducted by Cisowska et al. (2011). The study revealed that there are different
mechanisms by means of which anthocyanins can lead to microorganism toxicity.
From the studies carried out by Lacombe et al. (2010), anthocyanins may cause
cell deformation, destruction of their wall, and membrane condensation of cellular
material with the presence of the cytoplasmic material and membrane debris
outside the cells.

Despite these observations, Hidalgo et al. (2012) observed that incubating malvidin
3-O-glucoside with fecal bacteria resulted in mainly gallic, syringic, and p-
coumaric acids. All the anthocyanins and their metabolites tested enhanced
significantly the growth of Bifidobacterium spp. and Lactobacillus-Enterococcus
spp.

Cardiovascular properties

Due to a number of factors, cardiovascular diseases are in full development.
Epidemiological studies of Levantesi et al. (2013) suggested that the consumption
of red wine may be cardioprotective. The association between grape and phenolic
compounds from wine, and coronary heart disease has been proved by the studies
of different scientists, partly due to the presence of anthocyanin compounds.

Anti-inflammatory properties

Inflammations occur due to cyclooxygenase (COX) enzymes that convert
arachidonic acid to prostaglandins. A study from 2001 was able to determine the
decrease of COX activities by 52-74%. Delphinidin and cyanidin against
pelargonidin, peonidin, and malvidin have been shown to inhibit COX-2
expression. Hou et al. (2005) determined that only anthocyanins with the o-
dihydroxyphenyl structure may have anti-inflammatory properties.

Neuronal properties

Tsuda (2012) studied the beneficial effects of anthocyanin-rich fruit diets, in
combating cognitive decline and neurodegeneration associated with ageing. In
animal models, Shukitt-Hale et al. (2009) observed that blackberry and plum
anthocyanin extracts delay the onset of neural function decline and the cognitive
and motor function are improved, by inhibiting neuroinflammation and modulating
neural signaling. Spencer et al. (2010) said that there is another plausible
mechanism, and it may be an improvement in the cerebral blood flow.
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Kang et al. (2006) studied the neuroprotective effect of mulberry fruit extract with
a content of cyanidin 3-O-glucoside on a brain injury mouse model with middle
cerebral artery occlusion. A blueberry-rich diet tested in 2003 was demonstrated to
have a positive impact on neuronal functions and in the protection against
Alzheimer’s disease, preventing spatial memory deficits along with memory
enhancement.

Eyesight properties

The effect on vision was among the first reported property of anthocyanins. In a
study of Kramer (2004) it was suggested that by consuming fruit derived
anthocyanins, the vision may be enhanced.

Antitumoral potential

The anticancer properties of anthocyanins that may be attributed to multiple
mechanisms were established in a research of He and Giusti (2010), a study largely
based on in vitro evidence. Based on his research studies, Zhang et al. (2008)
discovered that anthocyanins isolated from strawberries can reduce the vitality of
human oral, colon, and prostate cancer cells at a dose of 100 pg/mL. Jing et al.
(2008) also observed that the most active against of all cancer cell lines was the
anthocyanin fraction plus proanthocyanidin.

Anti-diabetic and anti-obesity effects

In a study from 2004, scientists found out that vegetables and fruits may trim the
risk of obesity and diminish the incidence of type-2 diabetes. Ghosh and Konishi,
(2007) observed that, through pancreatic B-cells, dietary constituents can regulate
blood glucose levels or draw in insulin production in the case of type-2 diabetes.
For example, pelargonidin 3-O-galactoside and its aglycone, pelargonidin, caused a
1.4-fold increase in insulin secretion at 4 mM glucose concentration, while other
anthocyanins had only a marginal effect.

Conclusions

Anthocyanins are a group of water-soluble pigments found in various parts of
plants. These pigments possess beneficial properties for human health, because of
different biological activities and are able to provide protection against some
human pathological conditions (cardiovascular diseases, cancer, inflammation,
etc.).

The growing demand to extract plant bioactive compounds encourages the search
for new extraction methods. The advanced chromatography methods and the
environmental protection are two very important factors for the development of
non-conventional extraction processes. Proper choice of standard methods
influences the measurements of extraction efficiency. By far, the increasing
economic significance of bioactive compounds could lead to various extraction
methods in the future.

Maintaining the bioactive properties during raw material processing represents a
very important approach in order to establish the features of anthocyanins under
different physicochemical conditions, thus having an essential role in health
promoting foods.
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