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Berry fruit as ‘superfood’: 
hope or hype?
Berry fruit has recently been dubbed ‘superfood’ as a result of high antioxidant capacity 
and claimed efficacy in combating a series of degenerative diseases. Although the term has 
been valuable for marketing purposes, no clear scientific definition is available. This article 
examines the marketing ‘hype’ and reviews the evidence for the health benefits of berry fruit. 
Although there is significant ‘hope’ regarding these benefits, further research in the areas 
of human nutrition, physiology and pharmacokinetics is required before many marketing 
claims can be truly substantiated.  

Until 500 generations ago, all humans 
consumed only wild and unprocessed 
foods that were foraged from the 

environment: it is considered that many 
‘Western’ diseases such as cardiovascular 
diseases and certain cancers are the re-
sult of replacing the hunter-gatherer diet 
with processed foods. Throughout the grow-
ing season, berries were of great nutritional 
importance to the hunter-gatherer and 
evidence for berry consumption has been 
found in both prehistoric sites and amongst 
excavations of later civilisations such as 

those of the Greek and Roman empires. 
The medicinal value of berries was 

clearly recognised by the Greeks and the 
tradition continued into the Middle Ages 
with the works of medieval herbalists re-
porting the benefits of berry fruit for the 
treatment of such ailments as a ‘weyke 
stomach’, ‘hote agues’ and disorders of 
the mouth. More recently, epidemiological 
studies have pointed to the efficacy of 
compounds found at high concentrations 
in berries for the prevention of a number 
of chronic diseases. Further studies are 
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aimed at understanding the mechanisms 
of action of specific groups of phytochemi-
cals. Given that chronic disease is respon-
sible for 75% of deaths in the UK and the 
National Health Service bill for treating 
diet-related disease is £15 billion per an-
num, the importance of such research 
should not be underestimated.

The soft fruit industry has successfully 
exploited research supporting health 
benefits as a means of expanding the UK 
market to its current level of £460 million 
a year. Breeding targets have shifted from 
the purely agronomic (e.g. increasing pest 
and disease resistance) towards qual-
ity traits – including the maximisation of 
phytochemicals with either proven (e.g. 
vitamin C) or assumed (e.g. anthocyanins) 
health benefits. However, further research 
is required to substantiate the more op-
timistic claims and to support breeding 
programmes for substantiated and signifi-
cant health impacts. 

Here, we outline the data linking the 
consumption of berries with the promotion 
of human health, highlight the strengths 
and weaknesses of the evidence and pro-
pose areas which would benefit from fur-
ther research. Investment in such research 
will allow claims of health benefits to be 
made more strongly and will identify clear 
breeding targets. In addition, consumers 
of these products – and ultimately the 
nation as a whole – could enjoy reduced 
health care costs. In the longer term, such 
research may lead to the development of 

powerful new therapeutic agents derived 
from fruit phytochemicals.

Why ‘superfood ’?
Since the mid-1960s, the thesis has gained 
credence that many degenerative diseases 
associated with aging are caused by toxic 
oxygen radicals. Reactive oxygen species 
(ROS) are produced during normal me-
tabolism and unless rapidly neutralised 
react indiscriminately with cellular com-
ponents such as lipids, proteins and DNA. 
Over time, this damage can lead to degen-
erative disease (Figure 1). A large number 
of epidemiological studies have demon-
strated a link between a high intake of 
fruits and vegetables and reduced risk of 
such diseases (Stanner et al, 2003). Fruit 
and vegetables are known to contain high 
concentrations of antioxidants and it is 
proposed that these compounds decrease 
the damage caused by ROS by preventing 
their formation, scavenging those that 
are formed or promoting their decompo-
sition. Over the past decade or so, these 
ideas have moved from purely academic 
discourse into the popular imagination; a 
whole range of foods, dietary supplements 
and cosmetics are now marketed for their 
high antioxidant content.  

Berries exhibit antioxidant capacity 
up to four times greater than non-berry 
fruits, 10 times greater than vegetables 
and 40 times greater than cereals. Berries 
have high levels of vitamins A, C and E 
and very high levels of non-essential phe-
nolic compounds.  

The importance of phenolic compounds 
in providing antioxidant capacity is high-
lighted by the close correlation between 
berry total antioxidant capacity and phe-
nolic concentration across a range of spe-
cies and cultivars. In fact, phenolics can 
account for 90% or more of the overall 
antioxidant capacity found in berry fruit. 
These compounds form an extremely nu-
merous and structurally diverse group 
subdivided into several classes such as 
phenolic acids, flavonoids, anthocyanins, 
stilbenes, coumarins, tannins and lignans 
(Figure 2). They all contain at least one 
aromatic ring bearing one or more hydroxyl 
groups and it is this structure that im-
parts antioxidant capacity.  

Phenolic compounds are able to neutral-
ise ROS by donating hydrogen atoms from 
their phenolic hydroxyl groups. Different 
phenolic compounds have different abili-
ties to donate hydrogen atoms and hence 
different antioxidant potential. One of 
the features that distinguish berry fruits 
from other phenolic-containing plant foods 

Figure 1. Proposed aetiology of disease induced by reactive oxygen species. Reactive oxygen 
species (ROS) are produced as an inevitable part of life in an oxygenic atmosphere. Under 
normal physiological circumstances ROS production is tightly controlled and a complex network 
of antioxidants maintain low cellular levels of ROS. Under conditions of physiological stress, 
ROS production can exceed the cellular capacity for removal with the result that ROS will 
indiscriminately react with cellular components ultimately resulting in disease if the damage 
is not repaired. Many of the diseases described are induced by multiple mechanisms and only 
the most direct is shown here. Inflammation, a physiological response to cellular damage is 
implicated in the initiation or progression of many of the diseases listed.
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is their very high concentration of the 
strongly antioxidant anthocyanins. These 
pigments impart the deep, vibrant colours 
of berries and can be found at concentra-
tions of up to 500 mg 100 g FW-1 (Figure 3).  

There is extensive data to justify the 
statement that berries are high in anti-
oxidant compounds. However, many of the 
claims used in marketing go far beyond 
this simple statement and imply that 
berries can help prevent and combat car-
diovascular diseases and certain cancers, 
prevent and restore neuronal degeneration, 
fight infection and improve eyesight. The 
reactive oxygen theory of degenerative 
disease provides a potential rationale for 
these claims and generates testable hypoth-
eses. However, the scientific literature is in 
many cases contradictory and a great deal 
of further work needs to be undertaken.

Current evidence
Although a whole range of degenerative dis-
eases have been linked to oxidative stress 
(Figure 1), large scale epidemiological stud-
ies have focussed on a subset of these dis-
orders and generally favour the hypothesis 
that fruit and vegetable consumption has 
a protective effect – although only a few of 
these studies separate out any advantages 
specifically gained from fruit. 

In 128 of 156 studies, high fruit and veg-
etable intake had a significant protective 
effect against cancers including those of 
the lung, colon, breast, cervix, oesophagous, 
oral cavity, stomach, bladder, pancreas 
and ovary (Block et al, 1992). Similarly, 
27 of 45 studies on the impact of fruit and 
vegetable consumption on cardiovascu-
lar and related diseases found a protec-
tive effect (Ness and Powles, 1997). Very 
few epidemiological studies have investi-
gated specific associations between berry 
consumption and disease protection, al-
though a limited number of studies have 
suggested a cancer protective role (Cooke 
et al, 2005). More studies have correlated 
the total phenolic intake with disease risk 
and most have concluded that consump-
tion of diets high in plant phenols corre-
lates with protection from cardiovascular 
diseases (CVD), although the evidence for 
cancer prevention is much less convincing 
(Arts and Hollman, 2005).

In the absence of specific epidemio-
logical studies, intervention trials using 
specific antioxidants found in berries or 
whole berry fruit can provide data regard-
ing their potential benefits. Interventions 
with single antioxidants or small groups 
of antioxidants have in general not shown 
any positive effects: the findings have been 

used to stress the importance of consum-
ing whole foods that contain an array of 
synergistically acting antioxidants. 

A mixed picture has emerged from the 
limited number of intervention studies 
using whole berries or complex berry ex-
tracts. Again the focus has been on cancer 
and CVD; while some trials have shown 
benefits others have shown no impact of 
berry supplementation on human health 
parameters. Additionally, the likely under-
reporting of negative trials swings the 
balance towards a lack of efficacy.

Several studies examined the effect of 
short term dietary supplementation on bi-
omarkers of cancer risk such as levels of 
oxidised DNA in peripheral blood mono-
nuclear cells. Supplementation of the diet 
with a combined extract of aronia, blue-
berry and boysenberry for five weeks de-
creased this risk marker in healthy males. 
However, similar interventions with black-
currant juice failed to have any impact 
on the same parameter and no change in 
biomarkers were observed in men with 
prostate cancer after supplementation 
with cranberry juice. 

Conversely, intervention studies using 
black raspberry showed significant positive 
changes in markers of oxidative stress and 
cancer when consumed by patients with 
Barrett’s oesophagus, a premalignant con-

Figure 2. Structure of plant phenols. Several classes of antioxidant phenolic compounds 
found in plants are represented. All of the compounds share the presence of an aromatic ring 
structure (highlighted in red) with one or more attached hydroxyl groups (bold) which impart 
the antioxidant capacity.  
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dition. In addition to protection from dam-
age by ROS, fruit phytochemicals may 
reduce cancer risk by suppression of the 
production of potential carcinogens with-
in the body and one study showed that 
consumption of strawberries as part of a 
meal containing high concentrations of 
nitrates suppressed the formation of the 
carcinogen N-nitrosodimethylamine in the 
gastro-intestinal tract by 70%.

A small number of berry intervention 
studies have been undertaken to deter-
mine the impact on markers of CVD risk. 
The results have generally indicated a lack 
of short-term benefit for healthy volun-
teers although there may be benefits for 
those in high risk categories (Williamson 
and Manach, 2005). Many of these stud-
ies have shown that while dietary supple-
mentation with berries can significantly 
increase serum phytochemicals (e.g. fla-
vonoids, ascorbic acid, carotenoids), no 
impact on a number of CVD markers (e.g. 
low density lipoprotein oxidation, platelet 
aggregation and adhesion molecule ex-
pression) has been observed – with the 
exception of three small studies (20 par-
ticipants or fewer) in which blackcurrant 
and apple juice or purple grape juice sig-
nificantly affected a number of risk factors 
(Williamson and Manach, 2005).

Other areas where there may be bene-
fits from intervention with berries include 
immune function, night vision and visual 
acuity although further work needs to be 
undertaken to substantiate these claims.

One difficulty in interpreting human 
studies arises from the short term nature 
of the intervention and the short periods 
of follow-up, which do not simulate the 
likely long term benefits of healthy eating. 

Some of these difficulties can be overcome 
by working with animals, where interven-
tions equivalent to years or decades in 
humans can be undertaken in a matter 
of months. Although evolutionarily dis-
tant from humans, one such model ani-
mal is the nematode worm Caenorhabditis 
elegans. Supplementation of C. elegans 
cultures with blueberry extract increased 
mean lifespan by 30%, equivalent to an 
extra 20 years on top of the average male 
UK lifespan. 

Work more relevant to humans in the 
physiologically similar rat has also sug-
gested benefits in the prevention of aging 
associated declines. Long-term supple-
mentation of the diet in young rats delayed 
the onset of age-related cognitive deficits. 
Furthermore, supplementation of aged 
rats (19 months) for eight weeks actually 
reversed age-related declines (Lau et al, 
2005). The localisation of a number of 
blueberry anthocyanins in regions of the 
brain associated with learning and memory 
suggest a direct rather than indirect effect 
of fruit phytochemicals. Although similar 
research has yet to be undertaken with 
human subjects, epidemiological evidence 
suggests that such compounds may also 
benefit the human brain (Dai et al, 2006).

There is now a general consensus with-
in the scientific and medical communities 
that higher intakes of fruits and vegeta-
bles are beneficial for health. This has led 
to officially-sanctioned promotions to in-
crease fruit and vegetable consumption, 
such as the UK 5-a-day scheme that en-
courages citizens to consume at least five 
portions of fruit and vegetables each day. 
Although the evidence that berries have 
benefits over and above other fruits and 
vegetables is not forthcoming, locally pro-
duced berries can form a significant portion 
of overall consumption, particularly in ar-
eas such as Northern Europe and Scandi-
navia where climatic conditions preclude 
the cultivation of alternatives and where 
a culture of berry consumption has grown 
up over many years.

The ‘superfood’ claim 
Significant work has been conducted to 
investigate the mechanisms by which 
polyphenols exert their beneficial effects 
on health: in addition to their antioxidant 
capacity many of them have specific phar-
macological impacts. Table 1 provides ex-
amples of enzymes that are affected by 
berry phenolics in vitro. Many of these en-
zymes may be involved in pathways and 
signalling cascades associated with the 
diseases outlined in Figure 1. For exam-

Figure 3. Berry fruit are richly coloured. From top centre: raspberry (Rubus idaeus), blackcur-
rant (Ribes nigrum), blueberry (Vaccinium myrtillus), strawberry (Fragaria x ananassa) and 
gooseberry (Ribes uva-crispa) are illustrated. The deep red and blue hues are imparted by 
anthocyanins, antioxidant compounds in which berries are particularly rich.
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ple, inflammatory reactions are associated 
with CVD and enzymes involved in nucleic 
acid metabolism (such as topoisomerases) 
impact on gene expression and, potentially, 
cancer progression. In addition to these 
pathways, in vitro studies have revealed 
that berry phenolics may have a number 
of other potential health benefits. For ex-
ample, they inhibit various digestive en-
zymes (Table 1) and may affect the rate and 
degree of food absorption with potential 
benefits including weight control or modu-
lation of diabetes.

A number of cell culture-based stud-
ies support the conclusions drawn from 
studies of the interactions between berry 
phenolics and enzymes. For example, un-
fractionated berry extracts and anthocy-

anin-enriched fractions or individual 
anthocyanidins were able to inhibit prolif-
eration of colon and breast carcinoma cells. 
Plant phenolics appear to have multiple 
mechanisms of action in combating cancer 
as they have also been shown to inhibit 
angiogenesis (denying tumours the vas-
cular supply required for proliferation), 
inhibit tumour DNA synthesis, induce ap-
optosis and induce cellular differentiation 
inhibiting cancer progression.

Cell culture studies also support the 
role of berry phytochemicals in protecting 
against CVD. Incubation of human micro-
vascular endothelial cells with berry-de-
rived anthocyanins or hydroxycinnamic 
acids protected cells from hydrogen per-
oxide-induced membrane lipid oxidation, 

Table 1 – Effects of plant phenolics on activity of human enzymes in vitro.

The effects of plant phenolics on the activity of selected enzymes are listed.  Where available IC50 values representing the concentration 
required for 50% inhibition of enzyme activity is provided and likely metabolic impacts are proposed.  All data was obtained from 
Middleton et al. (2000).

Enzyme Class Affectors Comments Potential Impacts

Topoisomerases Quercetin Inhibition in some studies, Gene expression
 Myricetin activation in others
 Genistein

Kinases Quercetin IC50 30 µM Signal transduction
 Kaempferol IC50 0.45 µM
Cyclic nucleotide Quercetin IC50 13 µM Signal transduction
phosphodiesterase
Nitric oxide synthase Tannin IC50 2.2 µM Signal transduction
 Quercetin IC50 220 µM

Glyoxylases Quercetin Inhibitors Cell division
 Myricetin

Phospholipase A2 Quercetin IC50 12-18 µM Inflammation
 Kaempferol
Lipoxygenases Cirsiliol IC50 0.1 µM Inflammation
Cyclooxygenases

Sialidase Isocutellarein-8-
 O-glucuronide IC50 40µM Immunomodulation

Reverse transcriptases Quercetin IC50 0.1-0.5 µM Viral replication
 Myricetin
HIV-1 Proteinase Quercetin IC50 10-50 µM Viral replication
 Myricetin
HIV-1 Integrase Quercetin IC50 11 µM  (integration reaction), 
  19.4 µM (cleavage reaction) Viral replication

ATPases Quercetin Inhibitor Ion balance

Glutathione S-transferases Quercetin Inhibition in vitro, activation in vivo Detoxification
Epoxide hydrolase Flavones Activation in vivo and in vivo Carcinogen metabolism
Xanthine oxidase Quercetin Inhibitors Uric acid metabolism
 Baicalein
Aromatase Quercertin Inhibitors Oestrogen metabolism
 Kaempferol
 Apigenin
Catechol-O-methyltransferase Myricetin Inhibitor Neurotransmitter metabolism
Monoamine oxidase Flavones Inhibitors Neurotransmitter metabolism
 Coumarins
Alcohol dehydrogenase Daidzin Inhibitor Alcohol metabolism
Amylase Ellagitannins Inhibitors Starch metabolism
Aldose reductase Flavones Inhibitors Cataract formation
 Isoflavones
 Coumar 
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which in vivo can lead to the development 
of atherosclerosis.  Furthermore, fruit phy-
tochemicals had specific pharmacological 
effects such as inhibition of expression of 
intracellular adhesion molecule 1 (ICAM-
1), a protein implicated in the pathogen-
esis of atherosclerotic plaques.

Are berry phenolics active in vivo?
While in vitro data provides evidence and 
indicates potential mechanisms for the 
beneficial effects of berry phenolics, in-
tervention studies have been much less 
supportive. One possibility is that such 
studies have been poorly designed with, 
for example, too short an intervention pe-
riod. On the other hand, it is possible that 
in vitro studies, which have been designed 
to elicit a measurable response in a short 
time, do not reflect the conditions achiev-
able in vivo. Berry phytochemicals fre-
quently need to be present at concentra-
tions upwards of 10µM to have significant 
enzyme inhibitory action in vitro (Table 1) 
and in cell-based assay systems effective 
concentrations are frequently ten times 
higher. Studies examining the bioavaila-
bility and pharmacokinetics of berry phy-
tochemicals have usually recorded maxi-
mal plasma concentrations of less than 
1µM after a dose likely to be encountered 
in the course of a normal diet (Manach et 
al, 2005), raising the question of whether 
biologically significant concentrations are 
ever achieved in the bloodstream or in 
the tissues where they are presumed to 
exert their action. It is possible that plas-
ma levels have been underestimated, as 
many pharmacokinetic studies have only 
measured the levels of unmetabolised 
compounds while it is becoming increas-
ingly clear that many compounds undergo 
extensive metabolism not only by organs 
such as the liver but also by bacteria re-
siding in the gastrointestinal tract (Kay, 
2006). Therefore, determining parent-
compound to metabolite relationships can 
often be difficult. 

In addition, the majority of studies 
examining the pharmacokinetics of phe-
nolic uptake and metabolism have only 
looked at plasma and urine concentra-
tions. The result is that accumulation in 
tissues where the protective mechanism 
is proposed to occur is only very poorly 
understood. Specific phenolics or their 
metabolites may be actively accumulated 
in certain tissues or cell types. One of the 
very few studies to examine the distribu-
tion of radioactive polyphenols supplied in 
the diet of rats found that after one hour 
the vast majority of the radioactivity was 

still associated with the intestine (94%) 
while the majority of the remainder was 
distributed between the plasma (2.8%), 
muscle (1.4%), liver (1.2%) and kidneys 
(0.8%). Analysis of the radio-labelled com-
pounds isolated from the various tissues 
confirmed that significant metabolism of 
the parent compound had occurred. The 
spectrum of metabolites was more com-
plex in the liver and kidneys than in the 
intestine or plasma. These data illustrate 
the enormous complexity of phenolic me-
tabolism and suggest that much of the in 
vitro data should be re-evaluated in light 
of the compounds actually isolated from 
human and animal tissues.

Validating the ‘superfood’ claim
There is clearly a great deal left to discover 
regarding the uptake, metabolism and in 
vivo functions of a wide range of berry phy-
tochemicals and also how long term con-
sumption of berry fruits impacts on health. 
Research must therefore be prioritised to 
establish the beneficial credentials of berry 
consumption. Ultimately, it will be neces-
sary to conduct specific epidemiological 
studies to examine the impact of berry con-
sumption on long-term health outcomes 
and to determine whether berries have 
specific benefits over other fruit and veg-
etables.  

Given the statistical difficulties and long 
term nature of such studies, epidemiologi-
cal work should be supplemented by stud-
ies to examine the impact of longer-term 
interventions than previously conducted. 
This work will provide solid evidence for 
the benefits of berry consumption in a 
shorter time frame than epidemiologi-
cal studies. Although our knowledge of 
phenolic pharmacokinetics and metabo-
lism has expanded significantly in recent 
years, further work is required in order to 
understand the partitioning of these com-
pounds into different organs and tissues. 
Through this type of knowledge, more 
meaningful in vitro experiments looking 
at the mechanisms of action of the true 
phenolic metabolites at concentrations 
achieved within individual tissues can be 
designed.  

In addition work should be undertaken 
to chemically modify natural berry com-
pounds in order to improve their uptake 
and tissue distribution: such work may 
lead to novel drugs for the treatment of 
chronic diseases.  

Finally, significant differences between 
individuals regarding the uptake and me-
tabolism of plant phenolics are beginning 
to emerge and it will be important to link 
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this variation back to health benefits. By 
conducting the research outlined above it 
will finally be possible to dissociate the 
marketing ‘hype’ from the ‘hope’ that ber-
ry phytochemicals can provide significant 
health benefits. The availability of such 
data will allow the breeding of berry culti-
vars with improved nutritional character-
istics, enhancing the competitiveness of 
the British berry industry and improving 
the health of the nation.
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Biology in education
The Institute of Biology’s Journal of Biological 
Education has an international reputation for the 
latest and best in its subject. It covers the 
spectrum of biological education from primary 
school, through secondary education to tertiary 
level, and includes the latest in educational 
research,learning techniques and practical 
experiments. The latest edition contains papers on:

l	 genetics and inheritance
l	 ‘reading’ river ecosystems
l	 children’s ideas about animals
l	 teaching evolutionary theory
l	 experiments for early secondary students

For more information and to see some of these papers, 
please visit the website at:
www.iob.org
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