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Anthocyanins'

nthocyanins (Greek anthos = flower and kydneos =
blue) are polyphenolic pigments that belong to
the flavonoid group and are responsible for many
of the red-orange to blue-violet colors present in plant
organs such as fruits, flowers, and leaves. To date, >700
structurally distinct anthocyanin derivatives of 27 aglycons,
known as “anthocyanidins,” have been identified in nature.
In addition to their multiple phenyl groups, anthocyanins
are rarely found as aglycons. The anthocyanidin is typically
attached to =1 sugar moieties commonly conjugated to
the C3 hydroxyl group in the C-ring, making them glyco-
sides. With the exception of the 3-deoxyanthocyanidins,
anthocyanins exist almost exclusively in the glycosylated
form; their anthocyanidin counterparts are not stable and
rarely found in nature (1). Six anthocyanidins are predom-
inant in nature (Figure 1) and represent ~90% of all antho-
cyanins identified to date. Adding to their natural diversity
in nature, anthocyanins can be acylated, by esterification of
a cinnamic or aliphatic acid to =1 of the sugar substitutions;
~50% of anthocyanins found in nature are acylated.
Anthocyanins have garnered recent interest from re-
searchers because of their potential preventative and/or
therapeutic effects on human health. Studies conducted
monitoring anthocyanin presence in plasma and urine after
dietary intake suggest poor bioavailability, on the order of
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Anthocyanidins Ry R, Apax (nm)
Pelargonidin H H 494 nm (orange)
Cyanidin OH H 506 nm (orange-red)
Peonidin OMe H 506 nm (orange-red)
Delphinidin OH OH 508 nm (red)
Petunidin OMe OH 508 nm (red)
Malvidin OMe OMe  510nm (bluish-red)
FIGURE 1  Anthocyanidins more commonly found in nature,

their B-ring conjugations (R1 and R2), and maximum absorbance.
H, hydrogen group; OH, hydroxy group; OMe, methoxy group.

<1%. However, the relative bioavailability of cyanidin-3-
glucoside, the most predominant anthocyanin found in
nature, was recently shown to be 124% = 1.38% in a
'3C-tracer study (2). The degree of absorption of anthocya-
nins into the circulation is highly dependent on their struc-
ture (3). Chronic consumption of anthocyanins and/or
anthocyanin-rich foods has been postulated to exert an ar-
ray of health benefits, including but not limited to cardio-
vascular protection, neuroprotection, vision improvement,
antidiabetic and antiobesity properties, anti-inflammatory
effects, and chemoprevention and cancer protection (4).

Deficiencies

Anthocyanins are not essential nutrients, and no deficiency
disorder has been associated with the lack of anthocyanin
consumption. The value of anthocyanins and other dietary
bioactive compounds may be their potential to promote
health maintenance throughout the life span. Regular intake
of colorful fruits and vegetables is an important component of
a healthy lifestyle that can confer protection against chronic
diseases. Low intakes of fruits and vegetables account for an
estimated 1.7 million deaths globally, including but not lim-
ited to those caused by gastrointestinal cancer (14%), ischemic
heart disease (11%), and stroke (9%) (5).

Dietary Recommendations

Dietary reference intakes do not currently exist for anthocyanins
and many other dietary bioactive compounds in the United
States, Canada, or the European Union. China has currently
defined a specific proposed level of 50 mg/d for anthocyanins
(6). Although current public health recommendations to in-
crease the consumption of colorful fruits and vegetables in the
United States are largely driven by the need to meet essential
nutrient intakes from foods, recommendations from policy
documents such as the Dietary Guidelines for Americans and
groups such as the National Fruit and Vegetable Alliance also
take into account the contribution of dietary bioactive com-
pounds such as anthocyanins (7).

A positive association between anthocyanin intake and diet
quality suggests that a diet high in anthocyanins is synony-
mous with greater compliance with national dietary guidance.
The dietary intake of anthocyanins, as reported in the 2007-2008
NHANES, has been estimated to be ~11.6 = 1.1 mg/d for indi-
viduals aged =20 y. Women, on average, had a higher daily intake
of anthocyanins (12.6 = 1.5 mg/d) compared with men (10.5 *
0.8 mg/d). Mean intakes of anthocyanins have also been shown to
be significantly different among various racial/ethnic groups, with
white individuals having higher mean daily intakes (12.5 £ 1.3
mg/d) than Hispanic (10.1 * 1.2 mg/d) and non-Hispanic black
(8.9 = 0.9 mg/d) populations in the United States (8).
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Clinical Uses

Anthocyanin-rich foods such as chokeberries and bilberries
have traditionally been recommended in Europe and Asia for
treatment of atherosclerosis, chronic venous insufficiency, and
other health effects. In World War II, British fighter pilots were
often administered bilberry jam for improved nighttime vision.
Despite traditional medicinal uses, anthocyanins are not cur-
rently being used for therapeutic uses in Western medicine.

Food Sources
Important sources of anthocyanins in the diet of US ad-
ults aged =20 y as reported in the USDA’s flavonoid database
include berries (20%), wine (16%), grapes (11%), red/purple
vegetables (8%), 100% noncitrus juice (6%), yogurt (6%),
and other food sources (33%) (6). Berries such as bilberries,
blueberries, blackberries, blackcurrants, chokeberries, straw-
berries, and elderberries are a rich source of anthocyanins.
Anthocyanins are increasing in popularity as colorants for
the food industry and may serve as alternatives to the use of
synthetic colorants. The replacement of red or blue dyes with
anthocyanin sources has potential to substantially increase an-
thocyanin consumption.

Toxicity

Anthocyanin toxicity, to our knowledge, has not been shown
in currently published human intervention studies. The risk
of toxicity from the food supply is minute given the low
bioavailability of anthocyanins. The Joint FAO/WHO Expert
Committee on Food Additives has established an acceptable
daily intake of 2.5 mg/kg per day for anthocyanins from
grape-skin extracts but not for anthocyanins in general. After
a request from the European Commission to the European
Food Safety Authority, the Scientific Panel on Food Additives
and Nutrient Sources Added to Food was asked to provide a
scientific opinion re-evaluating the safety of anthocyanins.
The panel concluded that the currently available toxicologic
database was inadequate to establish a numerically accept-
able daily intake for anthocyanins. The majority of toxico-
logic data are derived from grape-skin and blackcurrant
extracts, which were considered unlikely to be of safety con-
cern by the European Food Safety Authority (9). China, the
first country to define a recommended intake for anthocya-
nins, has not defined a Tolerable Upper Intake Level (6).
Animal studies have not identified any toxic effects of antho-
cyanins (from currants, blueberries, and/or elderberries) at
amounts of 20 mg/kg per day in rats, 25 mg/kg per d in mice,
>3 g/d for 15 or 90 d in guinea pigs and rats, >2.4% body
weight in beagle dogs, and 9 g/kg per day over 3 generations
in rats, mice, and rabbits (10).

Recent Research

Human studies have indicated that anthocyanins are rapidly ab-
sorbed, appearing in the bloodstream a few minutes after con-
sumption. Anthocyanin absorption can start as early as in the oral

cavity, where they can be taken up by tissues lining the oral cavity.
Degradation begins in the oral cavity and was recently shown to
be structure-dependent and mediated by oral microbiota (11).
Anthocyanins are absorbed throughout the gastrointestinal tract,
from the stomach and the intestines. Maximum blood concen-
trations are achieved at ~1 h. In both humans and animals, many
ingested anthocyanins can be absorbed intact, circulating in the
plasma and passing into urine without undergoing metabolic
changes. Until recently, only a few methylated and sulfoconju-
gated metabolites had been identified; however, new 13C-tracer
research has helped to identify many degradation products that
enter the circulation and are excreted via the urine and breath (2).
The ability of anthocyanins to target certain tissues appears lim-
ited; however, they have been shown to cross the blood-brain
barrier and to be taken up into human vascular endothelial cells.

The capacity of anthocyanins to affect mammalian metab-
olism was recently demonstrated in an investigation of metab-
olomic changes in adult rats after intravenous administration
of cyanidin-3-glucoside. It was shown that cyanidin-3-glucoside
alters important cellular metabolites such as bile acids, gluta-
thione, oxidized glutathione, and lipids in the blood, kidneys,
and liver of rats (12). Randomized controlled trials suggest
that purified anthocyanins and/or anthocyanin-rich extracts
exert a beneficial significant effect on LDL cholesterol among
individuals with hyperlipidemia. Less consistent (many non-
significant) beneficial trends for total cholesterol and HDL
cholesterol among those with hyperlipidemia have been re-
ported in the peer-reviewed literature (13).

For future work, a standardized set of analytical methodologies
that provide more homogeneous results would promote more
rapid and productive comparisons between studies. Current ana-
Iytical methodologies have limitations, such as underestimating
the concentration of anthocyanins, as well as metabolites and deg-
radation products, in the plasma, urine, and feces. Although re-
search on anthocyanins has rapidly expanded, more human
studies are needed with regard to their pharmacokinetics and to
identify the mechanisms involved in their biological activities.
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