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Abstract Berry fruits are rich sources of bioactive
compounds, such as phenolics and organic acids, which
have antimicrobial activities against human pathogens.
Among different berries and berry phenolics, cranberry,
cloudberry, raspberry, strawberry and bilberry especially
possess clear antimicrobial effects against, e.g. Salmonella
and Staphylococcus. Complex phenolic polymers, like
ellagitannins, are strong antibacterial agents present in
cloudberry and raspberry. Several mechanisms of action in
the growth inhibition of bacteria are involved, such as
destabilisation of cytoplasmic membrane, permeabilisation
of plasma membrane, inhibition of extracellular microbial
enzymes, direct actions on microbial metabolism and
deprivation of the substrates required for microbial
growth. Antimicrobial activity of berries may also be
related to antiadherence of bacteria to epithelial cells,
which is a prerequisite for colonisation and infection of
many pathogens. Antimicrobial berry compounds may
have important applications in the future as natural
antimicrobial agents for food industry as well as for
medicine. Some of the novel approaches are discussed.

Introduction
Berries are traditionally an important part of the Nordic
diet. About 50 different berries are grown in the northern
region, and about half of them are edible. The most well
known and also commercially most important wild berries
are lingonberry, bilberry, raspberry, cloudberry, cranberry,
buckthorn berry and crowberry. In Finland the annual
crops of lingonberry and bilberry has been estimated to be
as large as 500 million kg and 250 million kg, respectively
(Viljakainen 2003). Thus, wild berries in the Nordic region
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form an enormous natural source, only a fractional part of
which has been advantaged so far. In North America
cranberry along with blueberry are two important native
fruits which are commercially grown. Around 500 million
tons of cranberries are produced every year. Only 5% of
the annual crop is harvested for fresh fruit, and most of it is
used for processing. Cranberries are used as ingredients in
over 700 products. Cranberry juice is one of the important
products produced by food processing industry (Vattem
and Shetty 2003). Pomace is a by-product this industry,
which traditionally has been used as an ingredient in
animal feed or it has been disposed into soils, where it
poses (due to low pH) significant ecological problems.
Thus, potential new uses of cranberry pomace are being
explored (Zheng and Shetty 1998; Zheng and Shetty
2000).
Interest in the composition of berries has been
intensified because of the increased awareness of their
possible positive health effects. Berries are rich sources of
various bioactive compounds possessing interesting biological activities. They are rich in fibre, vitamins and
minerals, and especially wild berries are rich in various
phenolic compounds (Viberg and Sjöholm 1996; Törrönen
et al. 1997; Häkkinen et al. 1999, 2000; Vuorinen et al.
2000; Mullen et al. 2002) and organic acids (Viljakainen
2003). Bilberry, for example, has through the ages been
used as a medicinal herb for treatment of diarrhoea and to
improve night vision, and cranberry has been used for
urinary infections (Ulltveit 1998). Antimicrobial activity
of the berry compounds has attracted interest, because
recent studies suggest that they may affect the behaviour
of human pathogenic bacteria (Cavanagh et al. 2003;
Kontiokari et al. 2003; Puupponen-Pimiä et al. 2001,
2004b; Rauha et al. 2000; Vattem et al. 2004). Some
studies also indicate that bioactive berry compounds may
act as new type antimicrobials, which may control a wide
range of pathogens and may overcome the issue of
antibiotic resistance. Sometimes comparison of the studies
and results is difficult, since different authors have used
different experimental settings, or the used methods are
only partially reported (e.g. pH of the cultures and cell
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density of the target microorganisms). Limitations due to
the poor solubility of many phenolic compounds may also
cause some contradictions. For these reasons direct
comparisons of the minimum inhibitory concentrations
(MICs) are not appropriate. This review focuses on
antibacterial properties of phenolic compounds and organic acids present in berries and their effects on human
microflora.

Berry phenolics and organic acids
Phenolic compounds are secondary metabolites ubiquitous
in all higher plants. The role of these compounds in plants
is not fully understood. However, many of them act as
defence compounds, e.g. against plant pathogens, and they
are often induced as a response to various stress
conditions. Phenolics occur in plant tissues as simple
substituted phenols, mainly as glycosides, or as complex
polymerised molecules with high molecular weights.
Flavonoids, phenolic acids, lignans and complex phenolic
polymers (polymeric tannins) are typical for berries
(Fig. 1).
Berries are rich sources of flavonoids, such as flavonols.
High flavonol contents are found for example in cranberry,
lingonberry and black currant (50–200 mg kg−1 fresh
weight, Häkkinen et al. 1999). In fact, wild berries and
black currant contain more flavonols than many vegetables
and fruits commonly used. Anthocyanins (anthocyanidin
glycosides) are the predominating group of flavonoids
present in berries (up to 2,000–5,000 mg kg−1 fresh
weight, Määttä et al. 2001). They are good absorbers of
visible light, thus appearing as coloured substances,
responsible for the characteristic orange/red/blue colours
of berries, such as strawberries, raspberries, bilberries and
red- and black currants. For example in strawberry, 44% of
phenolic compounds are anthocyanins. More simple
phenolic acids, such as hydroxycinnamic acids and
hydroxybenzoic acids, are also common in many berries
(Herrmann 1989). Chlorogenic acid, which is an ester
between caffeic acid and quinic acid, is a commonly
occurring compound in many berries.
Flavonoids and phenolic acids form the building blocks
for polymeric tannins, which can be classified into
hydrolysable and condensed tannins. Hydrolysable tannins
are either gallotannins or ellagitannins. Upon hydrolysis
gallotannins yield glucose and gallic acid. Ellagitannins
contain one or more hydroxydiphenoyl residues which are
linked to glucose as a diester in addition to gallic acid.
Upon hydrolysis the hydrodiphenoyl residue undergoes
lactonisation to produce ellagic acid. Berries, especially of
family Rosaceae, genus Rubus (red raspberry, arctic
bramble and cloudberry), are rich in ellagitannins
(Häkkinen et al. 2000; Mullen et al. 2002). These berries
and strawberry produce only ellagitannins based on stable
glucose conformation. In addition to pentagalloylglucose,
these berries contain dimeric or polymeric ellagitannins
with only small amounts of monomers (Haslam 1989). All
Rubus berries contain a dimeric form called sanquin H6

(Haddock et al. 1982; Tanaka et al. 1993). According to
Tanaka et al. (1993), raspberries contain tetrameric
ellagitannin, lambertianin D. Ellagitannins are not found
in any other common foods in the Nordic diet, so these
berries remain the most important sources of them
(Häkkinen et al. 2000). Some berries, such as cranberry,
also contain condensed tannins, called proanthocyanidins,
which are polymers of flavan-3-ols and flavan-3,4-diols or
their mixtures (Chung et al. 1998a). These compounds
give a characteristic bitter taste to many berries (BateSmith 1973). Lingonberry, strawberry and cranberry are
examples of berries rich in diphenolic compounds called
lignans (10–15 mg kg−1 dry weight, Mazur et al. 2000).
Cultivar, seasonal and geographic origin contribute the
individual characteristics of sugar and acid composition in
berries. According to Viljakainen et al. (2002), the main
acids of the northern region wild-berry juices are
invariably citric and malic acids, even though their
concentrations varied widely from one berry to another
(2.9–16.2 g l−1 and 3.3–24.7 g l−1, respectively). In
addition, juices of lingonberry, cranberry, cloudberry and
black currant contain benzoic acid (0.1–0.7 g l−1). In
lingonberry especially, benzoic acid concentration is high
(up to 1.3 g l−1 free benzoic acid), and the pH is very low
(pH 2.6–2.9). The pH of berry juices is low (2.4–3.5),
which is advantageous in preventing microbial contaminations.

Mechanisms of antibacterial activity of berries
Currently relatively few data are available concerning the
antimicrobial mechanisms of purified berry-derived compounds. However, compounds originating from other
edible plants, such as tea and its catechins, have been
studied intensively. Much of the recent work has focused
to tea polyphenols, such as epigallocatechin gallate
(EGCG) and epicatechin gallate, which have the capacity
to modulate β-lactam resistance in methicillin-resistant
Staphylococcus aureus (MRSA) (Stapleton et al. 2004; Hu
et al. 2001; Hatano et al. 2003; Zhao et al. 2003). In
addition, the antimicrobial properties of plant-derived
essential oils have recently been reviewed by Burt (2004).
Therefore this chapter concerns also some general knowledge of the antimicrobial mechanisms.
Antibacterial effects at cellular level
The cytoplasmic membrane in microbes is composed
essentially of a phospholipid bilayer with embedded
proteins (Maillard 2002). It is semipermeable and
regulates the transfer of solutes and metabolites in and
out of the cell cytoplasm. It is also associated with several
important enzymes involved in various metabolic functions. The cytoplasmic membrane is often considered as
the major target site for biocides (Maillard 2002). Phenol,
also termed carbolic acid, and the phenol derivatives are
membrane-active microbicides (Paulus 1993). Phenolics
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Fig. 1 Chemical structures of the main classes of phenolic compounds in berries
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attack the cell wall and penetrate the cell, where they react
with the cytoplasma and the cellular proteins. Walsh et al.
(2003) also reported that membrane damage may account
for at least part of the mode of action of thymol and
eugenol, which are phenolic essential oil components.
Phenolics are optimally active in acid and neutral media, i.
e. in their undissociated state (Paulus 1993).
Ultee et al. (2002) studied the antimicrobial mechanisms of carvacrol, a phenolic essential oil component,
against Gram-positive Bacillus cereus. They hypothesised
that carvacrol destabilises the cytoplasmic membrane and,
in addition, acts as a proton exchanger, thereby reducing
the pH gradient across the cytoplasmic membrane. The
resulting collapse of the proton motive force and depletion
of the ATP pool eventually lead to cell death.
In Gram-negative species, an outer-membrane (OM) is a
fairly effective barrier for hydrophobic substances and
macromolecules, and a set of multidrug resistance pumps
(MDRs) extrudes amphipathic toxins across the outer
membrane (OM) (Poole 2004; Tegos et al. 2002; Nikaido
2003). OM permeability is regulated by hydrophilic
channels known as porins, which generally exclude the
entry of hydrophobic substances. However, it is possible
to specifically weaken the OM by various agents that
disintegrate the LPS layer. Such agents are collectively
termed as permeabilisers. Certain essential oil components, such as small terpenoid and phenolic compounds,
have been reported to be active upon OM (Helander et al.
1998). The components are small molecules with a
generally hydrophobic character, but their bactericidal
properties clearly demonstrate their membrane pertubing
or membrane rupturing characteristics (Brul and Coote
1999; Burt 2004). Helander et al. (1998) reported that the
phenolic components thymol and carvacrol were both
bactericidal and had OM-disintegrating properties. At
VTT we have studied the effects of phenolic extracts
derived from raspberry, strawberry and cloudberry on the
OM permeability of Salmonella, utilising a fluorescentprobe (a nonpolar hydrophobic probe, 1-N-phenylnaphtylamine) uptake assay (Alakomi et al. 2003; Helander and
Mattila-Sandholm 2000). We found that cloudberry and
raspberry, but not strawberry, extract clearly caused
permeabilisation of Salmonella (unpublished results).
Barber et al. (2000) studied the antimicrobial intermediates of the general phenylpropanoid- and ligninspecific pathways. They reported that hydroxycinnamaldehydes were the most effective, possessing both antifungal and antibacterial activity. Hydroxycinnamic acids were
generally antibacterial (mean MIC, 3.0 mM). Hydroxycinnamic acids, due to their propenoid side chain, are less
polar than the corresponding hydroxybenzoic acids, and
this property might facilitate the transport of these
molecules across the cell membrane (Campos et al.
2003). Polarity of the molecules only partially explains
that the different effects of the phenolic acids and
equilibrium between solubility in both lipid and aqueous
phases might be necessary to ensure the inhibitory activity
of hydroxycinnamic acids on bacterial growth (Campos et
al. 2003).

Scalbert (1991) reviewed the proposed mechanisms to
explain the antimicrobial activity of tannins include
inhibition of extracellular microbial enzymes, deprivation
of the substrates required for microbial growth or direct
action on microbial metabolism through inhibition of
oxidative phosphorylation. Complexation of metal ions in
bacterial growth environment by tannins could also be a
possible mechanism for their antimicrobial properties. The
mode of action of tannins probably depends on the
individual microorganism. In addition to this, Scalbert
(1991) reviewed toxicity of tannin for fungi, bacteria and
yeasts, and compared the toxicity to related lowermolecular-weight phenols. Kolodzeij et al. (2003) evaluated the antimicrobial activity of a total of 27 tannins and
related compounds and observed weak to moderate
antibacterial activities. Akiyama et al. (2001) examined
the antibacterial action of several tannins on plasma
coagulation by S. aureus, and the conventional chemotherapy combined with tannic acid below the MIC. They
found that all tannins inhibited coagulation at concentrations below the MIC, and suggested that mechanism in
antibacterial action was inhibition of fibrin formation by S.
aureus. Thus, tannic acid may be useful adjuvant agent for
treatment of S. aureus skin infections in addition to βlactam antibiotics.
Alberto et al. (2001) observed growth inhibition of
Lactobacillus hilgardii with high gallic acid concentrations (1,000 mg l−1), which they suggested resulted from
the toxic effect. It has been suggested that at lower
concentrations, phenolic compounds serve as oxygen
scavengers and reduce the redox potential, thus enhancing
the growth of some lactic acid bacteria (Alberto et al.
2001; Campos et al. 2003). In addition, the metabolism of
certain hydroxycinnamic acids can be a possible explanation for the beneficial effect of these compounds on
growth of Lb. hilgardii (Campos et al. 2003).
The efflux pumps contribute in a major way to the
resistance of microorganisms to antibiotics and biocides
(Levy 2002; Poole 2004). Tegos et al. (2002) reported that
use of multidrug pump inhibitors uncover activity of plant
antimicrobials. Recently it has been reported that phenolic
compounds, such as flavonoids, have the ability to inhibit
MDR in bacteria (Belofsky et al. 2004). Roccaro and coworkers (2004) found that the major green tea catechin,
epagallocatechin-gallate, dramatically enhanced tetracycline activity against tetracycline-resistant staphylococcal
isolates. The phenomenon was caused by impairment of
tetracycline efflux pump activity and increased intracellular retention of the drug. Flavonoids have also shown
direct activity against methicillin-resistant S. aureus
(MRSA) (Nanayakkara et al. 2002). Lately the effect of
gallic acid and gallic acid derivatives on drug metabolising
enzymes has also been studied (Ow and Stupans 2003).
According to Kubo and co-workers (2002) alkyl
gallates, which are currently permitted for use as antioxidant additives in food (Aruoma et al. 1993), show
antibacterial activity against Gram-positive bacteria,
including MRSA strains. This antimicrobial activity has
been shown to be due to interaction of the amphipathic tail
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of these molecules with the cytoplasmic membrane,
resulting in an inhibition of oxygen consumption and
disruption of the membrane-located respiratory chain
(Kubo et al. 2003).
Yoda et al. (2004) examined antimicrobial activity of
the major green tea polyphenol, EGCG, against various
Staphylococcus strains and Gram-negative rods. MICs
were much higher for Gram-negative rods (≥800 μg/ml)
compared to S. aureus strains (50–100 μg/ml). This
suggested that the structure of the bacterial cell wall and
the different affinities of EGCG with the various cell wall
components are responsible for the different susceptibilities. Zhao et al. (2001b) studied 25 clinical isolates of
MRSA and found that EGCG and β-lactams attach the
same site: peptidoglycan on the cell wall. EGCG
synergises the activity of β-lactams against MRSA,
owing to interference with the integrity of the cell wall
through direct binding to peptidoglycan. Another hypothesis to explain β-lactam resistance-modulating activity is
that the molecules interact with cytoplasmic membrane
and membrane lipids (Caturla et al. 2003). However, in a
recent study Zhao et al. (2003) observed no restoration of
antimicrobial activity by the combination of β-lactams and
EGCG against Gram-negative rods. The differences of
combinational effects were confirmed to be related to the
cellular locations of the enzymes.
Zhao et al. (2001a) have reported an interesting
phenomenon: tea EGCG blocks or significantly diminishes the transfer of the conjugative R plasmid in
Escherichia coli. Conjugative plasmid-mediated resistance
to antibiotics, especially among enteric bacteria, is one of
the major causes of the widespread increase in resistant
bacteria.
Effects of pH on antibacterial activity of berries
Many parameters govern the survival and growth of
microorganisms in food, one of which is pH. The
microbicidal acids belong to the membrane-active substances, which damage the inner cell membrane. The
mode of action of antimicrobially active acids is based on
the ability of their undissociated forms to interact with or
to pass through the membrane of the microbial cell, which
normally is negatively charged. Thus, the membrane acts
as a barrier for the negatively charged forms of acids. In
their undissociated state (in pH below the pKa value of the
acid), the acids may alter the membrane permeability of
the microbial cell and interfere with many enzymatic
processes in the cell (Doores 1993). The pKa of most of
organic acids lies between pH 3 and pH 5. Since the
cytoplasmic pH is generally higher than that of the growth
medium, the weak acid dissociates, releasing the proton
and leading to acidification of the cytoplasm (Cotter and
Hill 2003). However, to protect themselves from the
challenge posed by low-pH environments, microbes have
developed different acid tolerance mechanisms (reviewed,
e.g. by Cotter and Hill 2003 and Audia et al. 2001). The
OM of Gram-negative bacteria is able to exclude external

hydrophobic molecules, and experiments have shown that
Gram-negative bacteria are inherently resistant to many
external agents (Paulus 1993). Weak organic acids, like
citric and lactic acid, in addition to their antimicrobial
property due to the lowering of the pH, also function as
permeabilisers of the Gram-negative bacterial OM. Therefore they may increase the effects of other antimicrobial
substances (Brul and Coote 1999; Alakomi et al. 2000).
Friedman and Jürgens (2000) demonstrated that caffeic,
chlorogenic and gallic acids are not stable at high pH and
that the pH- and time-dependent spectral transformations
are not reversible. Pure phenolic acids, such as hydroxycinnamic acids, have been recently shown both bactericidal and bacteriostatic activity against several strains of
Listeria monocytogenes. The nature of the antimicrobial
effect was contingent upon the medium pH. For example,
all the hydroxycinnamic acids were bactericidal at pH 4.5,
and only bacteriostatic at higher pH. In contrast,
chlorogenic acid inhibited the growth of L. monocytogenes
only at pH 6.5 (Wen et al. 2003). Medium pH also affects
the antimicrobial activity of caffeic, p-coumaric and ferulic
acids towards E. coli and S. aureus. Inhibition of both
species increased as pH of the bacterial growth medium
decreased from pH 7.0 to pH 5.0 (Herald and Davidson
1983). Thus, when evaluating the antimicrobial efficacy of
phenolic compounds either in food matrices or in human
body, pH is a very important parameter to be considered.
Bacterial antiadhesion activity of berries
Bacterial adherence to mucosal surfaces is generally
considered to be an important prerequisite for colonisation
and infection. Adherence of bacteria to epithelial cells has
been shown to correlate with virulence in infections of the
genitourinary tract, gastrointestinal tract and respiratory
tract. In the view of the importance of bacterial adherence
in colonisation and infection, attempts have been made to
block the attachment of harmful bacteria to mucosal
surfaces.
Bacteriostatic effects of berries due to antiadhesion have
been demonstrated so far only with cranberry. The
antibacterial properties of cranberry juice have been
known for a long time, and the effects have been
associated with inhibition of E. coli adherence to
uroepithelium and multiplying by cranberry juice (Sobota
1984; Zafriri et al. 1989; Ofek et al. 1991; Reid et al.
2001). Recent research has demonstrated that a bacterial
antiadhesion mechanism is responsible. Proanthocyanidins
(condensed tannins) with unique molecular structures have
been isolated from cranberry fruit that exhibit potent
bacterial antiadhesion activity (Howell et al. 1998 and
Howell 2002). Reed et al. (2003) compared differences in
structure and bacterial antiadhesion activity of cranberry
proanthocyanidins to proanthocyanidins from other foods,
such as grape and apple juices. They found that only
cranberry juice elicited bacterial antiadhesion activity in
human urine after consumption. Cranberry proanthocyanidins are also compositionally different from proantho-
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cyanidins from other foods, characterised by a series of
oligomers based on a repeating unit structure of catechin
with one or more A-type linkages. The A-type linkages in
cranberry proanthocyanidins are associated with antiadhesion activity (Reed et al. 2003). Mice-feeding experiments
with cranberry proanthocyanidins suggest that a bioactive
proanthocyanidin metabolite is present in urine, or
properties of the urine are altered by the proanthocyanidins
in such a way that adhesion is inhibited (Howell et al.
2001). Zafriri et al. (1989), have given an interesting
hypothesis that cranberry compounds could also be active
in the colon. The metabolites of proanthocyanidins (e.g.
released oligomers) could act on the colonic bacterial
receptors, making bacteria not capable to bind any more to
the uroepithelium and proliferate (Harmand and Blanquet
1978).
High-molecular-weight constituents of cranberry juice
have recently shown to inhibit adhesion of Helicobacter
pylori to immobilised human mucus, erythrocytes and
cultured gastric epithelial cells. Different isolates of
Helicobacter pylori differed in their affinity to the
cranberry juice constituents (Burger et al. 2002). It was
suggested that cranberry juice may also inhibit adhesion of
bacteria to the stomach in vivo, and may prove useful for
the prevention of stomach ulcer that is caused by H. pylori.
Inhibitory effects of a high-molecular-weight constituent of cranberry on the adhesion of oral bacteria, such as
Streptococcus mutans, have recently been demonstrated
(Weiss et al. 2002). The high-molecular-weight material
from blueberry also inhibited adhesion, although its
activity was weaker. In preliminary clinical test these
cranberry constituents also reduced S. mutans counts in
saliva. Thus antiadhesion activity of cranberry juice also
has a potential for altering the oral microflora, resulting in
improved oral hygiene.
Before these findings related to antiadhesion activities
of berry phenolics on harmful bacteria in gastrointestinal
tract may lead to new therapeutic strategies, it must be
verified that influence on colonisation is selective to
pathogenic strains and colonisation of beneficial bacteria
is not inhibited. To our knowledge there are no reports so
far on any antiadhesion activity of berry compounds on
beneficial gastrointestinal bacteria, such as lactic acid
bacteria. In our laboratory such experiments with various
purified phenolic fractions of berries are just going on.

Antibacterial activity of berry fruits
The antimicrobial activities of the naturally occurring
phenolics from tea, olives and wine have been widely
studied (Ikigai et al. 1993; Toda et al. 1989; Vivas et al.
1997). However, there is very little information about
antimicrobial capacity of phenolics present in berries. We
have extensively studied the antimicrobial effects of
Nordic berries, focusing to the effects of berry compounds
on human gastrointestinal bacteria. Antibacterial activity
of 17 pure phenolic compounds representing flavonoids
and phenolic acids, and eight extracts from common

Finnish berries against selected Gram-positive and Gramnegative bacterial species, including probiotic bacteria and
a variety of intestinal pathogens and food poisoning
bacteria, have been determined (Puupponen-Pimiä et al.
2001, 2004a, b).
According to our results, the degree of hydroxylation
might affect the antibacterial activity of pure phenolic
compounds. Flavonol myricetin (three hydroxyl groups in
the B ring) was the only compound which showed strong
inhibitory effects on the growth of lactic acid bacteria
derived from the human gastrointestinal tract, as well as
Gram-positive Enterococcus faecalis and Bifidobacterium
lactis. Gram-negative Salmonella was not affected by
myricetin. The other flavonols were more lipophilic in
nature (less hydroxyl groups in the B ring than in
myricetin) and were not active against lactic acid bacteria.
The flavone luteolin (two hydroxyl groups in the B ring)
showed bacteriostatic effects against lactic acid bacteria, as
well as against Ent. faecalis and B. lactis. However, no
such effects were found with more lipophilic flavones.
Thus, the number of hydroxyl groups in the B ring in
flavonols and flavones seems to be associated with the
antimicrobial activity against lactic acid bacteria. The
phenolic acids (cinnamic acid, 3-coumaric acid, caffeic
acid, ferulic acid and chlorogenic acid) showed activity
only against Gram-negative bacteria. These variations in
sensitivities against pure phenolic compounds may reflect
differences in cell surface structures between Grampositive and Gram-negative bacteria (Puupponen-Pimiä
et al. 2001).
In general, in our studies phenolic berry extracts of
Nordic berries inhibited the growth of Salmonella,
Escherichia and Staphylococcus species but not Lactobacillus and Listeria species. Salmonella and Staphylococcus
strains were the most sensitive bacteria, and cloudberry
and raspberry the most efficient berries. Sea buckthorn
berry and black currant showed the least activity against
Salmonella and Escherichia strains (Puupponen-Pimiä et
al. 2001, 2004b). Rauha et al. (2000) have also studied
antimicrobial effects of some Finnish berry extracts
against food poisoning bacteria. They found that the
widest bacteriocidal activity was also expressed by berries
belonging to the genus Rubus (cloudberry and raspberry),
which are rich in ellagitannins. Cavanagh et al. (2003)
confirmed that several fresh berries (liquefied with a
blender), including raspberry and black currant, inhibited
the growth of wide range of human pathogenic bacteria,
both Gram-negative and Gram-positive. In their experiments mulberries and boysenberries did not inhibit any
bacteria.
In our study (Puupponen-Pimiä et al. 2004b) isolated
ellagitannin fractions from cloudberry and raspberry were
highly efficient against S. aureus (Fig. 2a). The antimicrobial properties of tannins present in many plant foods
have been well documented (Chung et al. 1998b).
According to Beuchat and Heaton (1975) tannins were
bacteriostatic and/or bacteriocidal for Staphylococcus
aureus, Streptococcus pneumonia, Bacillus anthracis,
Shigella dysenteriae and Salmonella ser. Senftenber.
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Human intestinal bacteria such as Bacteroides fragilis,
Clostridium perfringens, E. coli and Salmonella ser.
Typhimurium, but not Bifidobacterium infantis and Lactobacillus acidophilus, were also inhibited by tannins
(Chung et al. 1998a). Many pathogenic bacteria were
affected by tannins, such as cariogenic bacteria S. mutans
and S. sobrinus (Hada et al. 1989), and pathogens causing
diarrhoea (Toda et al. 1989). Chung et al. (1993)
demonstrated that tannic acid, but not gallic acid, was
inhibitory to a variety of food born bacteria, such as E.
coli, Salmonella ser. Enteritidis, Salmonella ser. Paratyphi
and S. aureus. They found that inhibitory effects were
associated with the ester linkage between gallic acid and
polyols. Antibacterial properties of tannins present in other
berries than cranberry have rarely been reported.
In our experiments (Puupponen-Pimiä et al. 2004b)
growth inhibition of Salmonella was only partly caused by
the berry phenolics, and most of the inhibition seemed to
originate from other compounds, such as organic acids
(Fig. 2b). Berry phenolics seem to affect the growth of
different bacterial species in different mechanisms, yet it is
not well understood. There seem to be complex interactions between pH of the growth media and antimicrobial
effects of the berry phenolics varying in different bacterial
species and in different phenolic compounds.

Processed berries
Due to the short harvesting time of berry fruits, most of the
crop is processed for further use. Berry juices and cordials
are the main products. Raspberry and black currant
cordials (100% fruit) display good antibacterial activity
against various bacteria, such as Enterococcus, Escherichia, Mycobacterium, Salmonella and Staphylococcus
species, whereas Mycobacteria phlei appeared to be
susceptible to all the products (Cavanagh et al. 2003). In
addition, M. phlei showed varying susceptibilities to
different raspberry cordials. The variation in activity may
be a result of variations in the preparations of the cordials,
or alternatively differences in the raspberry varieties used
in the production. Ryan et al. (2001) compared antibacterial properties of raspberry juice cordial, raspberry juice,
raspberry leaf extract and a commercial brand of raspberry
tea against human pathogenic bacteria. Raspberry cordial
and juice significantly reduced the growth of several
bacterial species, including Salmonella, Shigella and E.
coli. However, no antibacterial activity was detected in the
leaf extract or tea. Cavanagh et al. (2003) hypothesised
that although the origin of antimicrobial activity of
raspberry and other berry products was unknown, they
may have potential for example as a means of purifying
drinking water at areas where drinking water resources
may have contaminated with harmful bacteria (Cavanagh
et al. 2003).
Transportation and storage of berry juice concentrates at
low temperatures prior to final packaging is a common
practice in the juice industry and introduces a potential risk
for postconcentration contamination with pathogenic bac-

teria. However, Nogueira and co-workers (2003) have
evaluated the likelihood of E. coli O157:H7, L. monocytogenes and Salmonella to survive in cranberry juice
concentrates at or above temperatures used for transportation or storage. Cranberry juice possessed intrinsic antimicrobial activity that will eliminate these bacterial
pathogens in the events of postconcentration recontamination. At least a 5-log reduction of all these bacteria was
demonstrated.
Berry pomace is a by-product of the juice-pressing
industry. Due to its low pH value it may posses significant
ecological and environmental problem. Berry pomaces
containing the berry skins are, however, very rich sources
of phenolic compounds. Vattem et al. (2003, 2004) and
Vattem and Shetty (2003) have recently shown that solidstate bioprocessing of cranberry pomace, using food-grade
fungus Rhizopus oligosporus or Lentinus edode, resulted
in enrichment of total soluble phenolics and of ellagic
acid. They also found that bioprocessing improved the
antimicrobial activities of the extracts against important
food borne pathogens L. monocytogenes, Vibrio parahaemolyticus and E. coli O157:H7. Tested microorganisms
showed different sensitivities to various functional properties of the extracts, which may indicate different mechanisms of action in the antimicrobial activity. Antimicrobial
activity against L. monocytogenes by the extracts correlated well with the increase of soluble phenolics, antioxidant activity and enrichment of ellagic acid during
bioprocessing. Inhibition of V. parahaemolyticus and E.
coli O157:H7 correlated with highest ellagic acid concentration and/or antioxidant activity. The two suggested
mechanisms of action were disruption of the plasma
membrane by localised hyper-acidification, and disruption
of membrane-transport and/or electron transport. They
hypothesised that the profile of phytochemicals that are
present in natural sources confer a broad spectrum
antimicrobial capacity and potentially limit the development of antimicrobial resistance because of their possible
differences in modes of action. Thus, bioprocessing of
cranberry and also other berries may offer an innovative
approach to produce broad spectrum antimicrobials
against important pathogens.

Conclusion
In recent years knowledge about bioactive berry compounds, especially the phenolic compounds, has increased
a lot. Several studies show that berry compounds inhibit
the growth of human pathogenic bacteria, such as
Salmonella, staphylococcus, Helicobacter and E. coli
O157:H7. Utilisation of antimicrobial activity of berry
phenolic compounds as natural antimicrobial agents may
offer many new applications for food industry and
medicine. Functional foods targeted for gut well-being
and balanced gut microflora form a very important group
of novel products. Natural food preservatives targeted to
foods which are easily contaminated by bacteria, such as
Salmonella and Staphylococcus, are highly desired. A
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Fig. 2 Comparison of antimicrobial activity of berries, extracts and fractions of cloudberry on bacterial growth. aStaphylococcus aureus VTT E70045: (◆) control growth
curve, (▴) freeze-dried cloudberries 10 mg ml−1, (•) cloudberry extract 1 mg ml−1, (▪)
cloudberry ellagitannin fraction
1 mg ml−1. bSalmonella enterica sv. Typhimurium VTT E981151: (◆) control growth
curve, (▴) freeze-dried cloudberries 10 mg ml−1, (•) cloudberry extract 1 mg ml−1, (▪)
cloudberry ellagitannin fraction
1 mg ml−1
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concrete example in the food industry is utilisation of
berry phenolics, dried berry powder or concentrated berry
juice in chicken, meat and seafood marinades and
dressings or in food packages. Capsules containing berry
powder or berry concentrate that balance gut microflora or
even prevent diarrhoea are examples in health care area. In
medicine, antiadhesion therapy by the berry compounds to
prevent, relieve and even cure microbial diseases seems to
be a very promising approach. Development of alternative
regimen using berry compounds for the prevention and
control of infections caused by bacteria resistant to
antibiotics will also be very important issue in the future.
Recent findings reinforce the suggestions that berryderived antimicrobials might act on a broad spectrum of
bacteria and could be included as an effective addition to
traditional antimicrobial compounds and treatments. However, further studies concerning safety, toxicology, combined use with traditional medicines and legislation are
needed.
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