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Abstract

The use of natural antimicrobial compounds, especially extracted from plants, as food preservatives is nowadays widely used, since plant
matrices possesses antimicrobial natural products to protect themselves from microbial infection and deterioration. Plant phenolics are currently of
growing interest due to their likely human health benefit properties.

In the present study, the antimicrobial activities of two waste-derived extracts—from olive oil and wine production—, both rich in
polyphenols, and three standard well recognized antioxidants (quercetin, hydroxytyrosol and oleuropein) were investigated against five microbial
species (Escherichia coli, Salmonella poona, Bacillus cereus, Saccharomyces cerevisiae and Candida albicans). The tests were carried out using
a microplate photometer assay. The results obtained suggest that the natural extracts may have important applications in the future as natural
antimicrobial agents for food industry as well as for medical use. The natural extracts showed more antimicrobial activity than shown by the
selected antioxidants alone against all microorganisms.
© 2007 Elsevier Ltd. All rights reserved.
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Industrial relevance: This manuscript is a step forward in the development of effective natural preservatives for food. It is focused on the
antimicrobial activity against five microbial species (Escherichia coli, Salmonella poona, Bacillus cereus, Saccharomyces cerevisiae and Can-
dida albicans) of two waste-derived extracts—from olive oil and wine production— and three standard well recognized antioxidants (quercetin,
hydroxytyrosol and oleuropein).
1. Introduction

Food-borne illness resulting from the consumption of foods
contaminated with pathogenic bacteria and yeasts have been of
great concern for public health. Currently there is a worldwide
effort to minimize the use of chemical preservatives due to
consumer preferences towards more natural and healthier
products. Consequently, we are assisting to an increasing sci-
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entific interest in the searching for natural antimicrobial com-
pounds as biopreservatives. Antimicrobial effects of various plant
extracts against certain pathogens have been studied by a number
of researchers (Rauha et al., 2000; Ahmad & Beg, 2001; Ebi,
2001; Puupponen-Pimia et al., 2001; Fukai, Marumo, Kaitou,
Kanda, Terada, & Nomura, 2002; Erasto, Bojase-Moleta and
Majinda, 2004; Tepe, Deferera, Sokmen, Polissiou, & Sokmen,
2004). For instance, residues obtained during olive oil production,
as well as their extracts, have been investigated regarding anti-
bacterial activity against Bacillus megaterium) (Rodriguez,
Perez, Ramos-Cormenzana, & Martinez, 1988). Also, grape
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seeds and bagasse extracts have been studied for their anti-
microbial activity and preservative properties (Jayaprakasha,
Selvi, & Sakariah, 2003; Baydar, Ozkan, & Sagdiç, 2004).
Recently Rhodes, Mitchell, Wilson and Melton (2006) reported
antilisterial activity of a grape juice and skin and seed extract of a
Vitis vinifera variety.

Polyphenols of plant origin have been reported to have a variety
of biological effects, including antioxidant, anticarcinogenic,
antiinflammatory and antimicrobial activities. Specifically some
phenolic compounds such as resveratrol, hydroxytyrosol, oleur-
opein, quercetin and a number of phenolic acids have
been reported to inhibit various pathogenic microorganisms
(Aziz, Farag, Mousa, & Abo-Zaid, 1998; Bisignano, et al, 1998;
Papdopoulou, Soulti, & Roussis, 2005).

Olive oil and wine production wastes constitute a cheap source
of phenolic compounds and are rich in such components.
Hydroxytyrosol has been referred as a potent chemo-preventive
agent (D'Angello et al., 2005), and is considered as a highly potent
antioxidant. Activity of hydroxytyrosol was firstly attributed, to its
ability to prevent the oxidation of the low density lipoprotein
(LDL) (Visioli, Bellomo, Montedoro, & Galli, 1995) and the
aggregation of blood platelet (Petroni, et al., 1995).

Quercetin is a flavonol that occurs widely in plants and is
significantly present in grapes and red wine. Recently, quercetin
Fig. 1. HPLC profiles at 280 nm of (A) natural
has been shown to confer many beneficial effects in human and
animalsmodels due to its strong antioxidant activity (Miller, 1996).
For example, quercetin prevents LDL oxidation (Howard, et al.,
2002), cardiovascular diseases (Hertog, Feskens, & Hollman,
1993), diabetes (Vessal, Hemmati, & Vasei, 2003), and cancer
(Ginter, 1995). Moreover, quercetin has demonstrated antimicro-
bial activities against human pathogens (Aziz et al., 1998).

This paper presents results concerning the antimicrobial ac-
tivities against several food-borne pathogenic microorganisms, of
two natural extracts obtained with integrated clean technologies
from residues of winery and olive oil industries. The olive extract
(OE) was isolated from olive oil semi-solid residues, obtained from
a modern two-phase processing technique for olive oil production.
The grape extract (GE), was isolated from residues of white wine
production, especially grape skins and seeds. Due to their phenolic
content, the above mentioned natural extracts have demonstrated a
positive bioactivity, such as high antioxidant capacity.

Five different microbial species were used (Escherichia coli,
Salmonella poona, Bacillus cereus, Saccharomyces cerevisiae
and Candida albicans). For comparison, the antimicrobial ac-
tion of three standard antioxidants (quercetin, hydroxytyrosol
and oleuropein) was also investigated.

Of the species used,B. cereus is one of the most common gram-
positive bacteria often associated with two kinds of food-borne
grape extract and (B) natural olive extract.
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illness, a diarrhoeal and an emetic syndrome (Valero and Giner,
2006). Gram-negative bacteria are represented by E. coli and S.
poona.E. coli belongs to the normal flora of humans, but there is an
enterohaemorrhagic strain that has caused serious cases of food
poisoning (Rahua et al., 2000). Infection may produce mild
diarrhoea, or a severe fatal illness. Salmonella is reported as the
most frequent cause of food-borne outbreaks of gastroenteritis in
the world. Diet contamination with S. cerevisiae and C. albicans
are commonly observed and they are causative agents of
opportunistic mycoses and mouth infections, respectively (Rahua
et al., 2000).

Quercetin and hydroxytyrosol were chosen as standards
because they are the major phenolic compounds identified in GE
and OE, respectively, and have been reported as having
antimicrobial action against various pathogens (Aziz et al., 1998
andBisignano et al., 1999). Oleuropein (the bittermolecule present
in large amounts in olives) was also studied as this compound can
produce hydroxytyrosol by acidic or enzymatic hydrolyses.

2. Materials and methods

2.1. Natural extracts

2.1.1. Preparation of natural extracts
Both natural extracts were recovered from the residues of

olive oil and white wine production, using clean technologies,
namely extraction with biocompatible solvents followed by a
membrane-based process.

Grape aqueous extractwas prepared from grape residues (grape
skins and seeds) of Arinto variety (Bucelas, Portugal) at room
temperature. The liquid obtained was centrifuged at 9000 rpm at
Fig. 2. Antibacterial effect of natural extracts (GE and OE) and standard antioxidants (
bacteria strains on Nut medium at 18 h with or without (control) NE or standard antio
20 °C during 15 min and concentrated by rotary evaporator. The
extract was filtered before storage at −20 °C.

The olive extract was obtained from olive oil semi-solid
residues (Moura, Portugal) through a patented process (Duarte,
et al., 2006).

2.1.2. Analysis of phenolics
The total concentrations of phenolic compounds present in

the natural extracts were determined according to the Folin–
Ciocalteu colorimetric method (Singleton and Rossi, 1965).
Briefly, the appropriate diluted solutions of extracts were
oxidized with a Folin–Ciocalteu reagent (Panreac, Spain) and
the reaction was neutralized with sodium carbonate. The ab-
sorbance of the samples was measured at 765 nm on a Spec-
trophotometer (Genesys™ 10UV) after 30 min at 40 °C. Gallic
acid (Fluka, Germany) was used as standard, and the result was
expressed as means of three replicates (mg of gallic acid equiv/
L of extract — mg GAE/L).

The phenolic composition of natural extracts was ana-
lysed by HPLC, coupled with a UV detector (Bravo, Silva,
Coelho, Boas, & Bronze, 2006). Quercetin and hydroxytyr-
osol were quantified at 280 nm. Mass spectroscopy was used
to confirm the identification of quercetin glycosides (Silva,
et al., 2005).

2.2. Antioxidants

Hydroxytyrosol and Oleuropein were purchased from
Extrasynthèse (Genay, France). Quercetin dihydrate was ob-
tained from Sigma–Aldrich (Madrid, Spain).
Q, HTand OL) on (A) E. coli, (B) S. poona and (C) B. cereus. Growth of the three
xidants. The results are the difference between the 18 h and the 0 h absorbance.
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2.3. Antimicrobial activity tests

2.3.1. Microbial strains
All microorganisms, bacterial strains (E. coliC7085L, S. poona

C6009L and B. cereus C1220) and yeasts (S. cerevisiae C8201L
and C. albicans C1503L) used for the assay were recovered from
culti-loops purchased from Oxoid (Hampshire, England).

2.3.2. Culture media and inoculum
Bacterial strains were maintained in Mueller–Hinton (MH)

(Biokar Diagnostic, France) and Nutrient (Nut) broth. Nutrient
brothwas preparedwith Bacto Tryptone (BD, Sparks,USA),Meat
Extract dry (Merck KGaA, Darmstadt, Germany) and Sodium
Chloride (Panreac, Química SA, Barcelona, Espanha). Yeasts
were grown on Potato Dextrose broth (PDB) (Merck KGaA,
Darmstadt, Germany) and on a commercially available apple juice.

Each microorganism was suspended in 5 mL broth and
incubated overnight at 37 °C for Gram(–) bacteria, 30 °C for B.
cereus and 25 °C for yeasts.

Cultures growth was followed by the turbidity measurement
at 620 nm and adjusted to obtain an inoculum of 108 cfu/mL.

2.3.3. Antimicrobial assay
A microplate photometer method (Devienne and Roddi,

2002) was used to determine the antimicrobial activity of the
natural extracts and standard antioxidants. Briefly, the wells of
96-well plate were filled with 100 μL of growing culture (10 and
Fig. 3. Effect of natural extracts and antioxidants on the growth kinetics of E. coli. Bact
The results are the difference between the 18, 24, 48 and 72 h with the 0 h absorban
103 cfu/mL) and added with 100 μL of various concentrations of
natural extract or standard antioxidant. Controls were prepared
adding 100 μL of culture medium instead of extract. The assay
was performed inMH and Nut broth for bacteria and in PDB and
apple juice for yeasts.

Plates were incubated at specific conditions according to the
microbe under assay (37 °C for Gram(–) bacteria, 30 °C for B.
cereus and 25 °C for yeasts). At different times (18, 24, 48 and
72 h) plates were agitated and the absorbance was read at 620 nm.

The results presented correspond to at least three repetitions.
The mean values and the standard deviation were calculated

from the data obtained and the maximum experimental error
associated was b5%.

3. Results and discussion

3.1. Phenolic content

The natural extracts obtained from olive and grape residues
presented a high content of total phenolics — GE: 3400 mg
GAE/L; OE: 400 mg GAE/L.

Chromatograms presented in Fig. 1 were obtained for grape
and olive natural extracts using UV–VIS detection. Quercetin
glycosides, kaempferol and resveratrol were identified in the
grape extract (Fig. 1A). Quercetin content in the GE was found
to be 100 mg/L and hydroxytyrosol was the major compound
present in OE (Fig. 1B), with a concentration of 280 mg/L.
eria strain was grown in nutrient culture mediumwith an inoculum of 103 cfu/mL.
ce.
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3.2. Effect of natural extracts and standard antioxidants in
bacterial growth

Antimicrobial activities of the two natural extracts (OE and GE)
and the standard antioxidants against E. coli, S. poona and B.
cereus are presented in Fig. 2. Results obtained show that, within
the compounds assayed, GE was the most effective antibacterial
agent. This natural extract inhibited drastically the growth of the
three bacteria strains in a dose dependent-manner, and the
inhibitory effect was more efficient in Gram(+) strain B. cereus
(Fig. 2C) than Gram-negative E. coli (Fig. 2A) and S. poona
(Fig. 2B). These results were in agreement to those obtained by
Jayaprakasha et al. (2003). They reported that acetone:water:acetic
acid and methanol:water:acetic acid extracts from grape seeds
inhibited more easily Gram(+) bacteria such as S. aureus,B. cereus
and B. subtilis than Gram(−) ones such as E. coli.

In addition, GE exhibited higher antimicrobial activity than
pure quercetin for the same concentration. For example, in the
case of B. cereus, GE with a quercetin content of 20 mg Q/L,
totally inhibited bacteria growth in both different inoculums
(Fig. 2C), whereas the same concentration of synthetic
quercetin still allowed some bacterial growth. This result
suggests there might be a positive synergetic effect within the
constituents of GE that reinforce the response and/or the natural
extract contains other components in the matrices with
antimicrobial activity.
Fig. 4. Effect of natural extracts and antioxidants on the growth kinetics of S. poona. B
mL. The results are the difference between the 18, 24, 48 and 72 h with the 0 h abs
Some authors attributed the extent of the inhibitory effects of
the extracts to their total phenolic concentration and composi-
tion. For example, Baydar et al. (2004) found that grape seed
extract exhibited a significant antibacterial activity in contrast to
grape bagasse extracts; and those results coincided with higher
polyphenolic content existent in the first extract. Our grape
extract was obtained from residues of white wine production,
containing grape seeds and skins. In terms of total phenolic
compounds, GE inhibited bacterial growth at concentrations of
680 mg GAE/L and 1360 mg GAE/L for Gram(+) and Gram(−)
bacteria, respectively. Comparing these results with those
previously reported by Jayaprakasha et al. (2003), also using
grape seeds extracts, their extracts seem to be more effective
antibacterial agents than GE. In their study a minimal inhibitory
concentration of 340−390 mg GAE/L and 475−575 mg GAE/L
was obtained for Gram(+) and Gram(−) bacteria, respectively.
These differences might be attributed to a different extraction.

Olive extract, synthetic HTand OL showed lower antimicrobial
activity against E. coli and S. poona than againstB. cereus (Fig. 2),
suggesting that Gram(−) bacteria were more resistant to olive
phenolics than Gram(+) strains. This observation has been reported
for olive oil waste waters by Moreno, Quevedo-Sarmeinto, and
Ramos-Cormenzana (1989), and can be attributed to differences in
the structure of bacteria cell wall. The less complex structure of the
cell wall in the Gram(+) bacteria makes it more permeable to the
antimicrobial compounds.
acteria strain was grown in nutrient culture medium with an inoculum of 103 cfu/
orbance.



Fig. 5. Effect of natural extracts and antioxidants on the growth kinetics of B. cereus. Bacteria strain was grown in nutrient culture medium with an inoculum of
103 cfu/mL. The results are the difference between the 18, 24, 48 and 72 h with the 0 h absorbance.

Fig. 6. Antimicrobial activity of natural extracts (GE and OE) and standard antioxidants (Q, HTand OL) on the growth of (A) E. coli, (B) S. poona and (C) B. cereus at
18 h in Muller–Hinton (MH) and Nutrient broth (Nut). The results are the difference between the 18 h and the 0 h absorbance.
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3.3. Effect of the natural extracts and antioxidants on the
growth kinetics of bacteria

The effect of natural extracts and standard antioxidants on
the growth kinetics of the three bacteria strains (inoculum of
103 cfu/mL) was evaluated during 72 h (Figs. 3, 4 and 5).

3.3.1. Gram(−) strains
Figs. 3 and 4 show the results for the Gram(−) strains. For E.

coli and S. poona, respectively, GE was the most powerful
antimicrobial agent inhibiting the bacteria growth during 72 h in
a dose dependent-manner. Total inhibition was only obtained
with 40mg Q/L during the 3 days. With 20 and 5 mg Q/L, the
same natural extract also exhibited antibacterial activity re-
ducing the bacteria density during that time. Indeed, for these
two concentrations the bacterial growth stopped after 18–24 h
as in the control experiment. Olive extract and standard HT did
not show antibacterial activity during the 3 days. Growth ki-
netics curves for E. coli and S. poona obtained with OE and HT
were equivalent to the control. Antimicrobial activity during
24 h was obtained with oleuropein at concentrations of 500 and
700 mg/L.

3.3.2. Gram(+) strain
Concerning to B. cereus, a more significant antimicrobial

activity was obtained for both natural extracts (Fig. 5). Herein
GE achieved the best result where a concentration of 40 mgQ/L
totally inhibited B. cereus growth during a 72 h period. Also,
20 mgQ/L of GE strongly reduced bacterial growth during 48 h.
After that, B. cereus proceeded to replicate in a normal fashion
approach. The same concentrations of synthetic quercetin did
not show such remarkable effect in bacterial growth.

The natural extract OE reduced bacteria growth in a weaker
manner; a strong effect was observed at concentrations equivalent
Fig. 7. Antiyeast activity of natural extracts (GE and OE) and standard antioxidants (Q
broth (PDB) and apple juice. The yeast inoculum's is about 106 cfu/mL. The results
to 75 mg/L of HT. After 48 h of exposure, the bacteria recovered
its growth ability. The same concentration of hydroxytyrosol
tested alone did not have such effect. Above 500 mg/L,
oleuropein alone showed totally inhibition of B. cereus growth.

3.4. Effect of culture medium in antibacterial activity of natural
extracts and antioxidants

In order to access if the culture medium is an important factor
for the antimicrobial activity of natural extracts, the assay was
performed in two different media — MH and Nut broth — for
the three bacteria strains. The results are presented in Fig. 6.

Considering results of the control experiments (bacteria
growing in MH and Nut broth without natural extracts and
synthetic antioxidants), dependence of the composition of culture
medium in bacteria growth is clearly evident. All microorganisms
exhibited a fast growth on the most nutritious medium–MH.

Figs. 6A and B show that the culture medium did not affect
the antimicrobial behaviour of NE and standard antioxidants on
the growth of Gram(−) strains. For E. coli and S. poona, the
highest concentrations of GE studied strongly inhibited bacteria
growth in both culture media while OE did not show
antimicrobial activity, under the same conditions.

For the Gram(+) strain studied (Fig. 6C), the media showed to
interfere with the OE and standards antioxidants antimicrobial
activity. In the more nutritious medium, the antibacterial effect
was null. In contrast, GE showed strong antimicrobial action in
both culture media.

3.5. Effect of natural extracts and antioxidants on yeast growth

Antimicrobial activity against two yeasts strains of S.
cerevisiae and C. albicans, was also studied. For this assay,
both yeasts were grown during 18 h in PDB medium with
, HT and OL) C. albicans and (B) S .cerevisiae growth at 18 h in potato dextrose
are the difference between the 18 h and the 0 h absorbance.
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natural extracts and synthetic antioxidants taken individually.
Control experiments were done only in culture medium. The
results are present in Fig. 7.

The results revealed that natural extracts were the most
powerful anti-yeast agents. GE and OE strongly inhibited S.
cerevisiae and C. albicans growth in a dose dependent-fashion.
The same concentration range of quercetin and hydroxytyrosol
did not show the similar effect. This result suggests that it is
likely to exist a positive synergetic effect within the constituents
of natural extracts that reinforce the response. In case of
oleuropein, the three concentrations studied did not inhibit yeast
growth.

Taking into account the data presented in this work and
considering that yeasts are one of the most contaminant
microorganisms responsible for fruit juice deterioration, we
considered interesting to analyze the anti-yeast effect of these
natural extracts and antioxidants on apple juice. The assay was
performed using the same methodology described previously
but using apple juice as culture medium. Results are also shown
in Fig. 7. Control experiments showed that yeast growth is
lower in apple juice than in culture medium. This fact may be
attributed to the difference between composition and pH of the
two media (pH 7 for PDB and pH 4 for apple juice).
Antimicrobial activity of NE in juice was also verified and
found to be stronger than in PDB.

4. Conclusions

Antimicrobial activities of a grape extract (GE), an olive
extract (OE), both rich in polyphenols, and three standard well
recognized antioxidants (quercetin, hydroxytyrosol and oleur-
opein) were investigated against five microbial species (E. coli,
S. poona, B. cereus, S. cerevisiae and C. albicans).

The natural extracts showed an evident antimicrobial
effect against yeast and bacteria in a dose dependent-manner.
GE, the natural extract from wine production wastes, was
the most effective antimicrobial agent for all food-borne
bacteria studied. OE is more specific for Gram(+) bacteria.

The action of the synthetic antioxidants alone was much less
effective than NE, suggesting i) a positive synergetic effect
within the constituents of GE, that reinforce the response and/or,
ii) the presence of other components in the matrices with
antimicrobial activity.

From the results presented above, we can assume that the
natural extracts GE and OE are promising natural preservatives,
with application in food industry.
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