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Introduction

Berries already benefit from a “health halo” which is partly associated with a general recognition that
fruit is good for us and that they are popular and palatable way to increase intake. In addition soft fruit
and health have long established associations steeped in traditions with strong linkages to Scottish' and
world folklore (see http://www.fruit.cornell.edu/berry/production/pdfs/berryfolklore.pdf). Indeed,
many traditional or folk medicines have used berries in remedies for a range of health issues®. For

example, North American indigenous peoples have used berries from the Rubus species as treatments
against diarrhoea and for pain relief. However, evidence has accrued over the last twenty years
highlighting that components from berries have measurable beneficial effects on health®. This report
provides a short overview of the current evidence.

In botanical terms, “berries” are defined as a fleshy fruit that arises from the entire plant ovary that
surrounds the seeds and therefore true berries include bananas, grapes, blueberries, black currants and
coffee beans. In this review, we use the common usage of “berries” and this includes soft fruits with
multiple seeds including strawberries, raspberries, blueberries, black currants, blackberries etc.
Strawberries are the most popular berries in the UK market but there have been consistent increases in
sales of other berries (http://www.internationalsupermarketnews.com/news/4680) and indeed in a

range of “berry-plus” products.

The health beneficial components of berries can be split into nutritional and non-nutritional
components”. Nutritionally-speaking, berries are generally low in calories; fats and sodium but contain
essential minerals, dietary fibre (including soluble fibres such as pectins) and vitamin C (see Table 1).


http://www.fruit.cornell.edu/berry/production/pdfs/berryfolklore.pdf
http://www.internationalsupermarketnews.com/news/4680

Table 1 Nutritional components in selected berries

COMPONENT Black currant | Raspberry Strawberry Cloudberry Bilberry Cranberry Sea buckthorn
MACRO-COMPONENTS

Energy kJ (Kcal) 247 (59) 172 (41) 195 (47) 225 (54) 184 (44) 136 (33) 377 (90)
Carbohydrate, available (g) 7.8 4.1 8.4 7.8 6.4 35 6.3
Fat, total (g) 0.4 0.8 0.2 0.5 0.6 0.7 5.0
Protein, total 1.1 1.0 0.5 1.4 0.5 0.4 0.7
CARBOHYDRATE COMPONENTS (g)

Organic acids, total 2.7 2.0 1.6 0 1.4 1.4 2
Starch, total 0 0 0 0 0 0 0
Sugars, total 7.8 4.1 8.4 7.8 6.4 3.5 6.3
Sucrose 0.3 0.3 2.3 <0.1 0.5 <0.1 <0.1
Glucose 3.5 1.6 3.1 4.0 3.0 2.2 3.7
Fructose 4.0 2.2 3.0 3.7 2.9 1.2 2.5
Fibre, total 5.8 3.7 1.9 6.3 3.3 3.3 6
Fibre, water-insoluble 3.0 3.3 1.5 5.8 2.6 2.8 5.1
":'I::eje;:::;: polysaccharides, 1.9 0.4 0.9 0.5 05 0.5 0.9
FATS

Fatty acids, total (g) 0.1 0.2 0.2 0.3 0.4 0.3 2.9




Fatty acids, total saturated (g) <0.1 <0.1 <01 <0.1 <01 <0.1 0.8
Fatty acids, monounsaturated*® (g) <0.1 <0.1 <01 <0.1 <01 <0.1 1.6
Fatty acids, polyunsaturated (g) <01 0.1 0.1 0.2 0.2 0.3 0.3
Linoleic acid (mg) 45 55 64 84 123 125 250
a-linolenic acid (mg) 27 53 64 75 117 143 90
Cholesterol (mg) 0 0 0 0 0 0 0
Total sterols (mg) 8.8 27.4 10 17.8 26.4 17.8 17.8
MINERALS (mg)

Sodium 0.5 0.7 0.7 1.5 0.3 0.9 3.5
Salt 13 1.8 1.8 3.8 0.8 2.3 8.9
Potassium 340 220 190 170 110 25 133
Magnesium 24 25 15 29 9 8 30
Calcium 72 35 21 16 19 13 42
Phosphorus 58 37 30 36 20 10 8.6
Iron 1.2 1.1 0.5 0.7 0.6 0.7 0.4
Zinc 0.3 0.4 0.1 0.6 0.2 0.2 0.0
lodide (pg) 1.0 1.0 1.0 1.0 1.0 1.0 0.0
Selenium (ug) 0.1 0.1 0.1 0.1 0.1 0.1 <0.1
VITAMINS and OTHERS

;:'::’:;T :;tivity equiv. (ug)] 8.2 1.1 0.9 14.4 3.9 1.8 2.6
Vitamin D (ug) 0 0 0 0 0 0 0




Vitamin E [o-tocopherol (mg)] 2.2 0.9 0.6 3.0 1.9 0.9 3.0
Vitamin K (ug) 30 10.2 5.5 9.0 9.0 9.0 11.3
Vitamin C (ascorbic acid, mg) 120 38 60 100 15 20 165
Folate (ug) 7.7 33.0 35.6 30.0 11.5 2.0 10.0
Niacin equivalents (ug) 0.5 0.7 0.7 0.8 0.6 0.2 0.4
Riboflavin 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Thiamin (vitamin B1, mg) 0.05 0.01 0.03 0.06 0.04 0.05 0.18
Pyridoxine vitamers (mg) 0.08 0.09 0.06 0.09 0.06 0.06 0.13
Carotenoids (ug) 542.2 95.9 445 240.9 310.5 50.0 158.6

All data was extracted from the FINELI database - http://www.fineli.fi/foodlist.php?foodname=A%&lang=en

*_ all monounsaturated FA are in cis-form



http://www.fineli.fi/foodlist.php?foodname=A%25&lang=en

Most berries contain sugars such as glucose, fructose and sucrose which contribute to their sweetness.
All berries contain carotenoids, including components that are precursors of vitamin A. The levels of
some vitamins are nutritionally-significant e.g. black currants can supply 40 % RDA for vitamin K/100g.
In addition, raspberries, strawberries and cloudberries can supply approx. 15-18 % RDA for folate/100g.

Berries are best known for their accumulation of antioxidant components (mainly polyphenols,
carotenoids and vitamin C) and have amongst the highest antioxidant capacity of commonly-eaten
foods®. The amounts of these antioxidant components vary between berry species, between varieties
and can be influenced by growing conditions. For example, berry species differ greatly in their vitamin C
content with black currants and sea buckthorn containing levels that exceed the RDA in a single 100 g
portion (Table 1) whereas some berries (e.g. current commercial blueberries) can have negligible levels®.
Certain berries, such as sea buckthorn, are rich in carotenoids but also accumulate more fats. The vast
majority of these fats are unsaturated. Carotenoids, in addition to those that act as precursors for
vitamin A, contribute to the health benefits of berries’.

Total polyphenol content also can vary hugely between berry species, varieties and under different
growing conditions. Total polyphenol contents of 300-100 mg/100g are common for black currant,
raspberry and strawberry®. In addition, the levels of these antioxidant components can be heavily
influenced by post-harvest treatments and processing® so their levels must be validated in any product.

The composition of polyphenols can define the colour and palatability of different berry species and
influence their possible beneficial effects on health. Polyphenols are a diverse family of components
which differ in structure and potential bioactivity. The red-to-purple-to-blue colouration of berries is
due to the presence of polyphenol pigments called anthocyanins (Fig. 1).
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The ellagitannin, Sanguiin H-10, is one of the main antioxidant components in raspberry and contributes to its characteristic astringency.
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Their composition can vary greatly between berry species — the red-orange colour of strawberries is due
to the presence of pelargonidin-type anthoycanins in the flesh and skin whereas the deep purple-black
colour of black currants is due to the accumulation of high amounts of delphinidin and cyanidin-type
anthocyanins in the skin. The levels and composition of anthocyanins vary between species and
varieties, degree of ripening and growing conditions™.

Although the primary driver for flavour in berries is acid/sugar balance, polyphenol components can
influence taste or sensory perception. The presence of tannins, such as ellagitannins in raspberry or
ellagitannins and proanthocyanins in strawberry, contributes the characteristic astringency of these
berries'’. Flavonol components may also contribute the bitter undertones of certain berry taste profiles.
Berry species and varieties have characteristic compositions of polyphenols largely determined by
genetic parameters but these can be influenced by growth conditions.

Over the last twenty years, a concept has developed that the high antioxidant capacity of polyphenol
components could contribute to health benefits by acting to ameliorate the detrimental effects of
reactive oxygen species (ROS) generated in the body through metabolism with oxygen. It was proposed
that the polyphenols could act as chain-breaking agents preventing the ROS from instigating free radical
cascades that could damage cells, DNA and membranes and through accumulation causes diseases?.
However, this simple and attractive precept is not generally tenable and high antioxidant capacity in the
test-tube does not automatically translate into in vivo effectiveness. Although berry polyphenols may
have high antioxidant capacity in the test tube, their effectiveness is limited by their often low uptake
into the blood stream. Indeed, the effectiveness of even the small proportion taken up in to the serum
is exacerbated by further metabolism in the liver and excretion through the bile or urine®. In many
cases, the original components are effectively absent and their circulating metabolites may differ
greatly in structure and potential function. Again, it should be noted that different polyphenols have
different stabilities, bioavailability and therefore potential effectiveness.

Berry polyphenols that are not taken up into the blood stream could still have beneficial functions in the
gastrointestinal tract (GIT) as they pass through the digestive system such as preventing the formation
of oxidation products from foods in the stomach and GIT™ or by influencing food digestion, glucose
levels and calorie usage'®. Berry polyphenols that pass through the upper digestive tract and reach the
colon are subject to fermentation by bacteria and this produces phenolic metabolites that recirculate in
the bloodstream, which could be the causative agents for beneficial effects'*. Fermentation by colonic
bacteria also releases polyphenols tightly bound to the berry flesh or skin and are not released by
digestive processes.

Therefore the issue of bioavailability overshadows much work carried out in model systems [such as cell
lines, in vitro models and ex vivo (excised tissue) systems]. The issue can be framed as a simple question

“Can the berry polyphenol components reach their supposed targets in the body in sufficient amounts
to cause the beneficial effect?”

Nevertheless, many such studies using cell lines or in vitro model systems have provided useful
information. For example, such studies can precede and inform expensive and time-consuming human
studies and, in certain cases, indicate possible mechanisms of actions that underlie health benefits. For
example, studies on human cancer cells grown in culture can provide a means to assess possible



mechanisms of anti-cancer effects’ and in vitro assays carried out at physiologically-achievable
concentrations can confirm inhibition of key digestive enzymes by berry polyphenols®™.

The following section lays out the current evidence that berry intake can have beneficial effects on
cancers, cardiovascular disease (CVD), diabetes, neurodegenerative diseases and other conditions.

Cancers

There is considerable evidence that berry components from raspberries, black currants, strawberries
and other less common berries can influence the proliferation of human cancer cell lines grown in
model systems. Evidence of this type has been obtained from a range of cancer lines originating from
different organs and body locations from prostate to lung, breast to colon and blood to cervical cancers.

Many studies have not adequately defined their source material so making assumptions about effective
components is impossible and sometimes certain components are proposed to be causative without
sufficient evidence. Previous studies at the James Hutton Institute suggested that ellagitannins from
raspberry were particularly effective against cancer cells'® but others'® found that hexane extracts from
Rubus species were more effective than methanol or ethyl acetate extracts against colon, lung, breast
and gastric cancer cells. This suggested that non-polar components, such as fats or terpenes extracted
from the berry seeds, may also be effective anticancer agents.

Considering the problems of bioavailability outlined above, the use of cell lines derived from GIT cancers
which could be in contact with active components in the digestive trait could be more physiologically-
relevant models®. It is important to tease out that the effects of the berry components are specifically

|II

anti-cancer rather than generally cytotoxic. Studies on “normal” versus “tumourigenic” cells can be very

relevant in this regard®.

Cell-based models can be usefully employed to examine new and complex areas. For example, long-
term chronic exposure to low levels of environmental carcinogens could cause the transformation of
normal human breast epithelial cells into precancerous cells?® and it was noted that application of
proanthocyanidins could ameliorate this transformation. Researchers also noted that anthocyanidins
co-administered with paclitaxel, a mitotic inhibitor used in cancer chemotherapy, increased the
effectiveness of this anti-cancer drug by 5-8 fold in cell line models®. Cell line studies can be very
effective in defining possible mechanisms involved in anticancer effects. For example, signal
transduction events may be specifically triggered during anti-proliferative effects of berry
components®’.

Animal studies

There is substantial evidence that berries can inhibit the development of carcinogen-induced tumours in
animals (e.g. **). Much work has involved cancers of the oesophagus and freeze-dried powders of
strawberries, black raspberries, red raspberries, blueberries, Acai and wolfberry have been shown to be
effective®. As these berries vary widely in their phytochemical profiles, notably in their polyphenol
contents, the nature of the active ingredients remains obscure.



In addition, oral intake of raspberry extracts has been reported to inhibit carcinogen-induced liver
tumours®. Freeze-dried black raspberries and blueberries reduced B-estradiol-induced mammary
tumours in rats”’. Blueberry and black raspberry inhibited estrogen-induced mammary tumour
formation in rats’®. In a different model, oral administration of blueberry extract could significantly
inhibit the development of hemangioendotheliomas caused by injection of spontaneously-transformed
murine endothelial cells under the skin®. Positive effects have also been noted in the genetically-cancer
prone ApxMin/+ mouse model for bilberry extracts®®*! but also for freeze-dried bilberry, cloudberry and
lingonberry™.

Human studies
Understandably, there have been fewer studies on the effect of berries on human cancers.

An anthocyanin-rich bilberry extract (Vaccinium mytillus) orally-administered to colorectal cancer
patients prior to scheduled resection of primary tumour or liver metastases caused non-significant
reductions in tumour proliferation. Interestingly anthocyanin-derived metabolites were identified in
serum, urine and in colorectal tissues>. Other studies suggested that topically-applied bioadhesive gels
containing black raspberry could positively influence biomarkers for oral cancers®. A randomized phase
Il trial of freeze dried strawberry in patients with dysplastic precancerous lesion of the oesophagus was
reported®. Intake at 60 g/day (equivalent to ~750g FWt/day) over six months caused significant
improvement in the histological endpoints of the lesions in the majority (29/36) of the patients. The
intervention also beneficially altered the expression of other specific biomarkers.

Diabetes

The incidence of type 2 diabetes has reached near-epidemic proportions in the Western world.
Following the outline of Hanhineva®, there are four main areas where berries can beneficially influence
glycemic control are

Protection of pancreatic f-cells from glucose-induced toxicity and oxidative stress
Inhibition of starch digestion and absorption

Suppression of glucose release from the liver

Improvement of glucose uptake in peripheral tissues such as muscles

AWNR

Protection from glucose-induced toxicity and oxidative stress

In the prediabetic state, the pancreatic 3-cells (which secrete insulin) become dysfunctional and decline
in number *°. Considerable evidence has accrued that suggests that polyphenols found in berries can
maintain insulin secretion in B-cells grown in culture ¥, protect against oxidative damage induced by
elevated glucose in rats *® (which leads to reduced cell numbers) and modulate insulin secretion and

function in humans>> %,

Inhibition of digestion and absorption

As discussed above, the main part of dietary polyphenols are retained in the gastrointestinal tract and
pass through to the colon without substantial absorption. These components can interact and modulate
the digestion of crucial carbohydrates, namely starch and sucrose. Polyphenol-rich extracts from berries
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inhibit a-amylase and o-glucosidase in vitro*, the key enzymes involved in glucose production from
starch in the GIT. The degree of inhibition differed between the berries and was linked to their
polyphenol composition. Fractionation studies suggested that tannins (ellagitannins and
proanthocyanidins) were potent inhibitors of amylase®>. However, a range of polyphenols may be

43, 44

capable of inhibition of a-glucosidase . Interestingly, berry extracts acted synergistically with the

pharmaceutical inhibitor, acarbose, which is prescribed to control starch digestion and blood glucose

levels in type 2 diabetics*> **

. Depending on the phytochemical composition of the berries, it is possible
that specific berries could inhibit both amylase and glucosidase and synergistically reduce the pool of

glucose available for uptake into the blood.
Glucose uptake

Purified polyphenols can influence intestinal absorption of glucose through interaction with sodium-
dependent glucose transporter (SGLT1) and the glucose transporter, GLUT2?® in the human gut. In
addition, polyphenols from strawberry* decreased glucose transport across gut epithelial cells through
inhibition of both SGTL1 and GLUT2.

Effects on glucose uptake by muscle/fat cells

Polyphenols increased basal and insulin-stimulated glucose uptake in muscle cells®. Lingonberry
extracts stimulated basal glucose uptake by muscle cells through activation of the AMPK system®’. The
common berry anthocyanin, cyanidin-3-glucoside, (and its metabolite protocatechuic acid) exerted

insulin-like effects in a human adipocyte model®.

Effects on liver production of glucose

Polyphenols may interact with the insulin-sensing pathway and modulate glucose release from the liver
through reduction in glucose synthesis>®. Polyphenols appear to act on signal transduction pathways

and influence the phosphorylation status of key transcription factors such as FOXO1a**°.

Control of blood glucose levels

Positive effects of berry components on blood glucose levels in animal and human in vivo systems have
been reported.

Animal studies

Extracts of wild bilberry (Vaccinium myrtillus) reduced blood glucose levels and enhanced insulin
sensitivity in type 2 diabetic mice®®. Extracts from Vaccinium uliginosum (bog bilberry) and Empretrum
nigrum (crowberry) reduced serum blood glucose levels in C57BL/6J mice” by up to 45 %. An extract
from Maqui berry (Aristotelia chilensis) improved fasting blood glucose levels and glucose tolerance in
hyperglycaemic obese mice and showed positive anti-diabetic effects in a range of other models".

Human Studies

Results from human studies have been less consistent. Intake of a berry puree (bilberries, blackcurrants,
cranberries and strawberries) altered the glycemic responses in volunteers with similar carbohydrate
load>. An earlier study on sweetened cranberry juice showed different but not statistically significant
alterations in glycemic responses™. Sea buckthorn berry (Hippophae rhamnoides) caused significant
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changes in post-prandial glycemic and insulin responses after glucose intake and different berry formats
caused different levels of effect™. On the other hand, the addition of raspberries and/or blueberries did
not alter glycemic responses to a starch-rich meal in humans®. Supplementation of blackcurrant juice
with crowberry powder altered the glycemic and insulin responses of healthy subjects after sucrose-
sweetened juice intake™. In addition, berry intake has been shown to improve glycemic responses after
berry intake over controls®’.

Cardiovascular disease (CVD)

Substantial evidence has been provided that berry components can influence parameters relevant to
CVD in in- vitro studies and animal models. For example, berry extracts modulated endothelial function
in endothelial cells in vitro®. Raspberry juice reduced risk factors for atherosclerosis in
hypercholesterolemic hamster models™.

Retrospective epidemiological reviews suggest that intake of polyphenols commonly found in berries
can beneficially affect blood pressure in adults®. Polyphenols may aid the muscle layer of blood vessels
to relax (i.e. vasodilation). Endothelial cells, which make up the inner layer of blood vessels, produce
nitric oxide which regulates blood pressure. Polyphenols found in berries can increase the activity of
endothelial nitric oxide synthase (eNOS) to stimulate nitric oxide production and increase vasodilation®".

A review of human intervention studies with fruit polyphenols® found inconsistent but positive effects
on CVD risk factors and suggested that the inconsistency was due to differences in experimental design
and treatment groups. Since then further evidence has been presented that suggest that berry
components may beneficially influence clinical parameters associated with enhanced risk of CVD®.

Individuals with elevated cholesterol levels improved their endothelium-dependent vasodilation after
berry anthocyanin intake along with improved serum lipid profiles and decreased markers of
inflammation®. Indeed, berry intake has been shown to have anti-inflammatory effects® which may
underlie beneficial effects in a range of conditions where inflammation is part of the development of
disease. Intake of various berries was associated with decreased CVD risk factors in overweight
women®. However, a randomised trial® found no significant effect of berry supplements on endothelial
function. Nevertheless, CVD risk factors were decreased after blueberry intake in obese subjects with
metabolic syndrome, including significant decreases in blood pressure®.

In fact, there is substantial overlap in the development of CVD and type 2 diabetes and this has led to
the naming of the condition of Metabolic Syndrome which is characterized by a pre-diabetic state with
markers of the development of cv risk factors
(http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0004546/). As a result, there has also been
considerable research directed at the effects of berry intake on this new combination of conditions®.

Berries have also been implicated in the prevention of obesity’® perhaps through interference with lipid
digestion’* and/or modulation of lipid metabolism’®. Obesity is often associated as an underlying risk
factor in CVD, metabolic syndrome and diabetes.
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Neuroprotective effects

A body of evidence has developed that supports a role for berry polyphenol components in
neuroprotection (see’®). The berry components are proposed to protect against damage induced by
ROS, which are known to be implicated in the development of neurological conditions such as
Alzheimer’s disease’. The brain is a particularly active organ: it represents only 2% of the body weight;
it receives 15% of the cardiac output, 20% of total body oxygen consumption, and 25% of total body
glucose utilization. Consequently this energetic and highly oxygenated environment means that the
brain is particularly prone to damage induced by ROS. However, it has innately less-well developed
antioxidant mechanisms and brain/nerve cells cannot regenerate by cell division. In most cases, berry
components are proposed to mediate in cell signalling pathways that potentiate antioxidant
mechanisms and influence inflammatory responses. Once again, initial work on in vitro and cell-based
models laid the foundations for further work. For example, anthocyanin-rich extracts from black
currants protected against dopamine and amyloid-beta-induced oxidative stress in brain cell line
models”. In vitro studies have also been used to support the possibility that polyphenols found in
berries can beneficially remodel amyloid-beta aggregation’® in vitro, a process which ultimately causes
brain damage in Alzheimer’s disease. Blueberry extracts protected against inflammation-induced
damage in microglial cells through reduction in inflammatory mediators’’.

Animal studies

Dietary supplementation with blueberry, cranberry or black currant fruit for eight weeks improved
indicators of neuronal function in aged rats’®. Blackberry intake reversed declines in motor and
cognitive function in aging rats’. Importantly, these effects are accompanied by the detection of small
but measurable levels of anthocyanin metabolites which indicates that they cross the blood-brain
barrier and enter the brain after anthocyanin-rich blueberry intake in pigs®.

Human studies

There is some population-based epidemiological evidence that polyphenol intake may be protective
against Alzheimer’s and Parkinson’s disease®’ but the benefit could not be narrowed down to
polyphenol over general fruit and vegetable intake. However, intervention studies have shown positive
effects®. Blueberry intake has been shown to significantly improve memory in older adults®® which
could be beneficial in Alzheimer’s disease and other forms of dementia. Similar results have been
reported for strawberry intake®. Interestingly, many of the protective mechanisms targeted by
polyphenols in the amelioration of neurological conditions (stimulation of cell signalling pathways
involved in antioxidant and inflammatory responses) are common to those involved in diabetes®. In a
related study with Concord grape juice, which contains many polyphenol components also found in
berries, supplementation improved memory performance in older adults with pre-described mild
cognitive impairments, which was supported by studies on brain activity using functional magnetic
resonance imagingge.
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Other health effects

Berry preparations have been proposed to improve blood supply to the eye and thereby influence
vision®. Cranberry juice has been shown to reduce urinary tract infection probably due to its
proanthocyanidin content® and other berries may have other anti-microbial®® and anti-viral activities.
There have also been suggestions that berry intake may improve sports performance or recovery®™. The
anti-inflammatory effects of berries can also mediate inflammatory responses which directly influence
the development of arthritis in model systems®".

Conclusions

Berries have been implicated in health benefits relevant to a number of disease conditions. Much of the
evidence has focused on the polyphenol components but other components (such as carotenoids, fibres
and terpenes) may also have roles to play. The mechanisms underlying these health benefits vary from
inhibition of digestion in the GIT and stimulation or priming of endogenous antioxidant and anti-
inflammatory responses. These may occur at widely different concentrations. Due to metabolism and
differential bioavailability, the actual active components may differ greatly from the polyphenols
present in berries and metabolites derived from colonic fermentation may also play an important role in
long-term effects. It is clear that easy-to-measure criteria such as total antioxidant capacity, total
phenolic content or total anthocyanin content may only be linked to efficacy in health benefits. Further
research is only likely to extend the evidence for the health benefits associated with berry components.
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