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In vitro modulatory effects of colonic microflora by olive oil iridoids
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Abstract
The Mediterranean diet, rich in fruits, vegetables, and grains as well as olive oil and olives, has been associated with a lower
risk of coronary heart disease and cancer. The beneficial role of olive oil has been related to its fatty acid composition and
the presence of phenolic compounds. The present research aimed to study the biological activity of some olive oil iridoids,
such as hydroxytyrosol and tyrosol, as microbial inhibitors and their in vitro effects on modulation of human intestinal
microflora. Among the tested strains, Bifidobacterium longum , Lactobacillus salivarius , and Bacteroides vulgatus showed the
highest sensitivity to the tested compounds; however, the inhibitory effect of iridoids seemed to be more effective when a mix
of olive oil iridoids, instead of pure hydroxytyrosol, was used. The fermentation experiments showed that olive oil iridoids
modulate the intestinal microflora, leading to a higher production of total short chain fatty acids and in particular of
butyrate. These are important conditions well known to be associated with a protective effect against colon cancer
development.
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Introduction

Olive oil is one of the principal sources of fat in the

Mediterranean diet, which is normally associated

with a lower incidence of important pathologies, e.g.

coronary heart disease and breast and colon cancer,

all generally associated with a high consumption of

animal fats and proteins.

Virgin olive oil contains an abundance of phenolic

compounds, including simple phenols (hydroxytyr-

osol, tyrosol), aldehydic secoiridoids (oleuropein),

flavonoids, and lignans � responsible for its peculiar

pungent taste and its stability � that have been

demonstrated, both in vitro and in vivo, to have

antioxidant properties (1�4).

Despite their proven health-promoting properties,

the extent of degradation and absorption of phenol

compounds within the intestinal tract, a critical point

in the understanding of further systemic effects, is

almost unknown (5�7), especially in humans (8,9).

A study by Visioli et al. (8) showed that olive oil

phenolics, namely tyrosol and hydroxytyrosol,

are dose-dependently absorbed in humans after

ingestion and that they are excreted in urine during

the next 24 h, as glucuronide conjugates in a

percentage that is about 20�60% of the ingested

dose. However, Visioli et al. (8) calculated the

recovery of tyrosol and hydroxytyrosol in urine as

the percentage of tyrosol and hydroxytyrosol intake

but did not take into account the possible hydrolysis

of oleuropein aglycone in the body. Vissers et al. (7)

estimated that the apparent absorption of olive oil

phenols was at least 55�66% of the ingested dose,

and 5�16 mol/100 mol were re-excreted as tyrosol

and hydroxytyrosol in urine, and it is a significantly

lower amount than was reported by Visioli et al. (8).

The same authors found similar or lower levels of

tyrosol and hydroxytyrosol in urine of subjects with a

colon than in subjects without a colon, suggesting

that olive oil phenols are absorbed mainly in the

small intestine, rather than in the colon (7). It has

been demonstrated that a fraction of dietary olive

oil phenols can escape from digestion in the upper

gastrointestinal tract, reach the colon and be

degraded by colonic microflora (5,6).
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There is also evidence for the antimicrobial

activity of olive oil phenols against a variety of

microorganisms, also pathogens for humans

or plants (10�12). Antimicrobial activity potentially

alters the composition of the gut microflora and its

metabolic activities (13). The biological significance

of changes in the gut microflora might be expressed

either by suppression of harmful microorganisms

or stimulation of organisms such as lactic acid-

producing bacteria (LAB), which contribute in a

positive way to the nutrition and health of human

beings � e.g. the prevention of genotoxicity in colon

cells (14,15). Short chain fatty acid (SCFA) con-

centration could be considered as an indicator of

microbiota alterations induced by olive oil phenols.

Primarily acetic, propionic and butyric acid may

directly influence the colonic mucosa, in particular

butyric acid, resulting in changes in cell proliferation

rates, apoptosis, and differentiation (16). In addi-

tion, SCFA production can lead to a decrease in pH

values, resulting in an inhibition of enzymatic

transformation of primary into secondary bile acids

(BAs), which are thought to possess tumor-promot-

ing activity (17).

The aim of this work was to test several iridoids

from virgin olive oil, such as hydroxytyrosol and

tyrosol, as microbial inhibitors and also to study their

effects on the modulation of human colonic micro-

flora and its metabolic activities, relating to human

health, utilizing a semi-continuous culture system of

human fecal bacteria.

Materials and methods

Antimicrobial properties of iridoid compounds

A raw olive oil phenolic extract (Table I) and pure

hydroxytyrosol, were tested. Hydroxytyrosol was

synthesized using the procedure of Montedoro

et al. (18) and stored at �/258C under nitrogen.

Stock solutions (20 mg ml�1) in dimethylsulfoxide

(DMSO), were diluted 1:1 (v/v) in sterile dilution

blanks (19). The procedures for extraction, separa-

tion, and quantitative evaluation of phenolic com-

pounds from olive oil were reported previously (18).

The sensitivity to iridoids of several human fecal

bacterial strains was tested. The choice of bacteria

was based on the most representative species re-

ported by Moore and Moore (20) and Rowland (17)

from human fecal samples. Six bacterial strains

(Bacteroides vulgatus, Bifidobacterium adolescentis,

Clostridium clostridiiforme, Clostridium perfringens, En-

terococcus faecalis, Lactobacillus salivarius) identified

by conventional procedures (confirmed by the API

system, bioMérieux, Marcy-l’Etoile, France), were

used.

Each bacterial strain was inoculated in 3 ml of

tryptone soya broth (TSB), and incubated overnight

at 378C. Before use, the overnight cultures were

diluted 1:10 (v/v) with nutrient broth (NB). Serial

dilution plate counts in nutrient agar (NA) were

performed for each culture to ensure that the

densities of diluted cultures were all within the range

of 107�/108 CFU ml�1.

All culture media utilized were obtained from

Oxoid Unipath Ltd (Basingstoke, UK).

Susceptibility to iridoids

The substances were tested by the broth-microdilu-

tion method (21) to determine minimal inhibitory

concentration (MIC) values, using brain heart infu-

sion broth (BHI). Final concentrations from 0.005

to 5000 mg ml�1 were tested for each substance,

using a standard 5�/105 CFU ml�1 inoculum. The

tubes were incubated at 378C for 24 h. MIC was

defined as the lowest concentration of substance that

inhibited visible bacterial growth after incubation for

24 h. All determinations were performed in tripli-

cate.

Table I. Olive oils phenolic composition and raw olive oil phenolic extract composition characterized by HPLC analysis.

Iridoids

Original olive oil*

(mg kg�1oil)

Impoverished olive oil$

(mg kg�1oil)

Raw phenolic extract

(mg 100 mg�1 extract)

Hydroxytyrosol (3,4-DHPEA) 4 �/ 0.10

Tyrosol (p-HPEA) 5 � 0.18

3,4-DHPEA-EDA 783 91 34.20

p-HPEA-EDA 71 17 18.20

p-HPEA-derivative 27 8 1.84

3,4-DHPEA-EA 247 63 16.90

Total 1137 179 71.42

3,4-DHPEA, 3,4 dihydroxyphenylethanol; p-HPEA, p-hydroxyphenylethanol; 3,4-DHPEA-EDA, 3,4-dihydroxyphenylethyl-3

formylmethyl-4-hexenoate; p-HPEA-EDA, p-hydroxyphenylethyl-3 formylmethyl-4-hexenoate; 3,4-DHPEA-EA, dihydroxyphenylethanol-

elenolic acid.

*Extra virgin olive oil unmodified.
$Extra virgin olive oil containing a reduced quantity of iridoids.
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Semi-continuous fermentation of a human complex fecal

microflora

The interactions between human gut microflora and

olive oil iridoids were evaluated, using a semi-

continuous culture system (bioreactor), optimized

in our laboratory (22). Anaerobic semi-continuous

culture fermentation was conducted as reported by

Zampa et al. (22). The medium used in this

fermenter system was complex and designed to

mimic either ileostomy fluid or ileal chyme, and

was based on that formulated by Duncan

and Henderson (23) using additional trace elements

and vitamin solution, largely derived from Balch

et al. (24) and Rumney et al. (25). In addition, a

source of nitrogen (urea) is supplied and fecal fluid is

also included to supply the bacteria with any other

unknown components that may not otherwise be

provided. The carbohydrate supplied (10% w/v) was

cornstarch (Laboratori Dottori Piccioni, Gessate,

MI, Italy) (26).

Two types of olive oil were tested: one was

designated as ‘impoverished’ (low level of phenols)

and one as ‘original’ (Table I). The fermentation

process was designed to mimic first, the olive oil

transit in the stomach, where oil is challenged

by acids, then in the colon, where bacteria can

degrade it.

Olive oil samples

The olive oil samples, the phenolic extract, and the

pure hydroxytyrosol were characterized and pro-

vided by Prof. Servili’s team, University of Perugia,

Italy. The extra virgin olive oil samples were from

olives of the Moraiolo cultivar. One part of the

sample contained a reduced quantity of iridoids,

impoverished, the other one was unmodified,

original. The olive oil’s phenolic content was char-

acterized by HPLC analysis (Table I) (18).

Impoverished olive oil

The procedure for the selective removal of iridoids

was optimized after some evaluations regarding the

types of solvent and the number of extractions to

perform. The obtained results, evaluating both

efficiency and selectivity of extraction, were used to

define the following procedure. Distilled water

(100 ml) was added to the virgin olive oil (100 g).

The mix was stirred by Ultraturrax at 15 000 rpm for

60 s and then centrifuged at 3500 rpm. Extraction

was repeated four times. The remaining oil was then

filtered by ammonium sulfate to remove the residual

water, after separation by centrifugation.

Olive oil addition

The total amount of daily addition of olive oil in the

fermentation broth was 20 g/day. Addition of

olive oil was programmed to simulate the two

main, daily meals of a typical Mediterranean diet,

immediately after the morning feeding and the

evening one, at a flow rate of 1 ml min�1 (at this

flow rate the addition of oil does not disturb the

system). The concentration of oil in the fermenter

under constant conditions was 0.03 g/ml. The first

addition of oil was 8 h after bacterial inoculation.

Before addition to the fermentation broth, the oil

was treated to mimic acid challenge in the stomach

by addition of HCl (stock solution of 36%) to pH 2

followed by incubation at 378C for 35 min.

Experimental design

Three experiments were performed: (i) a fermenta-

tion with daily additions of unmodified olive oil

(original) to the broth, (ii) a fermentation with daily

additions of impoverished olive oil (impoverished) to

the broth, and (iii) a fermentation with no addition

of olive oil (control). Each fermentation experiment

was conducted in duplicate.

The sampling was carried out twice daily, just

before fermenter feeding, at 8 h intervals. Each

sample was used for bacteriological analysis, and

for SCFA analysis.

Bacteriological analysis

A total viable bacteria count (aerobes and anae-

robes) was routinely estimated by spreading 10-fold

dilutions of the original sample (10�1�/10�9) onto

nonselective medium � Columbia agar�/5% sheep

blood (bioMérieux). The same dilutions were spread

onto selective media: Rogosa agar (Oxoid) for

Lactobacillus counts, Beerens agar (27) for Bifido-

bacterium counts, MacConkey agar (bioMérieux)

for enterobacteria counts and Clostrisel agar (BBL

Microbiology Systems, Cockeysville, MD, USA)

for Clostridium counts. The bacteria were identified

by various study parameters, such as Gram’s

stain, colony and cell morphology, and biochemical

tests using different enzymatic kits from the API

strip system (bioMérieux). The bacteriological

analysis was performed at different times of fermen-

tation: immediately after inoculation (0 h), at

24 h, at 144 h, and at 288 h after the inoculation.

The agar plates, all spread in duplicate, were

incubated in aerobic (aerobic total count) and

anaerobic conditions (all the other counts) at 378C
for 3 days.

Colonic microflora and olive oil iridoids 149
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SCFA analysis

The production of SCFAs, their types, and propor-

tions were studied. To detect SCFAs, the daily

samples of the culture contents were analyzed

by gas chromatography, as described by Cresci

et al. (28). Each sample was analysed in duplicate.

Results

Antimicrobial properties of iridoid compounds

Table II shows the results of MICs carried out with

hydroxytyrosol and with raw phenolic extract. The

tested strains of Lactobacillus salivarius, Bifidobacter-

ium adolescentis , and Bacteroides vulgatus, were highly

sensitive to both hydroxytyrosol (MIC value between

0.05 mg ml�1 and 0.5 mg ml�1) and raw phenolic

extract (MIC value 0.5 mg ml�1), while the strain of

Clostridium perfringens showed moderate sensitivity

only to phenolic extract (50 mg ml�1). The tested

strains of Clostridium clostridiiforme and Enterococcus

faecalis did not demonstrate any susceptibility

to hydroxytyrosol and raw phenolic extract (MIC]/

500 mg ml�1).

Semi-continuous fermentation of a human complex fecal

microflora

Table III presents the results obtained from bacterial

counts (log CFU ml�1) at 24, 144, and 288 h of

fermentation. The data indicate that the addition of

olive oil to the fermentation broth led to a modula-

tion of the intestinal microflora, promoting the

growth of total anaerobes, enterobacteria, bifidobac-

teria, and clostridia, whose counts, both for the

original and for the impoverished olive oil, were

always higher than for the control. On the contrary,

lactobacilli were inhibited by addition of olive oil

(both impoverished and original) to the fermentation

broth, always giving lower counts with respect to the

control. Significantly higher counts (p B/0.05), with

respect to the control, were obtained for enterobac-

teria and clostridia at 24, 144, and 288 h of

fermentation, and for bifidobacteria at 144 and

288 h (for both the original and the impoverished

olive oil).

Significantly higher counts (p B/0.05) were ob-

tained for clostridia, at 144 and 288 h, during the

fermentation with addition of original olive oil with

respect to the fermentation with impoverished olive

oil. In this case original olive oil iridoids also

promoted the growth of enterobacteria and inhibited

the growth of bifidobacteria. Furthermore, in vitro

growth of lactobacilli did not seem to be affected

by the presence of isolated iridoids in the original

olive oil.

Figure 1 compares SCFAs (acetic, propionic,

butyric acid, and total SCFA, respectively) produced

at different times during the fermentation of a fecal

microflora which has had daily additions of olive oil

to the fermentation broth � original or impover-

ished. The concentrations of iso-butyrate, valerate,

and iso-valerate were very low (B/2 mmol ml�1) and

were therefore not shown.

When olive oil (original or impoverished) was

added to the fermentation broth, total SCFA pro-

duction was always significantly higher (mean value

about 54 mmol ml�1 for the original olive oil, and

52 mmol ml�1 for the impoverished olive oil) with

respect to the control (mean value about

38 mmol ml�1) (Figure 1D). Acetic acid and pro-

pionic acid production, for both the original and the

impoverished olive oil (Figure 1A and B), were also

significantly higher than the control (p B/0.05).

An increase of total SCFA production was in-

duced by original olive oil iridoids (Figure 1D) as

compared to the impoverished olive oil fermenta-

tion. It is important to note a significantly higher

production of butyric acid (p B/0.05) shown during

fermentation with original olive oil (Figure 1C).

Discussion

Interestingly, as would be expected from previous

studies (29,30) our current findings show the high

antimicrobial activity of olive oil catechol derivatives

(hydroxytyrosol, tyrosol, and oleuropein), against

some gram-positive and one gram-negative bacteria.

With regard to the mechanism of action of the

antimicrobial activity of olive oil iridoids, it is known

that they penetrate the structurally different cell

membranes of both gram-negative and gram-positive

bacteria. Phenolic compounds are known to cause

destruction of cell peptidoglycans or damage the

cell membrane, or both (29). However, although

these biophenols (hydroxytyrosol and oleuropein)

have an o-diphenolic system (responsible for the

Table II. Minimal inhibitory concentration (MIC) of hydroxyty-

rosol and raw phenolic extract from extra virgin olive oil, cultivar

Moraiolo, against tested bacterial strains.

MIC values (mg ml�1)

Bacterial strains Hydroxytyrosol

Raw phenolic

extract

Bacteroides vulgatus 0.50 0.50

Bifidobacterium adolescentis 0.05 0.50

Clostridium clostridiiforme NA 5000

Clostridium perfringens NA 50

Enterococcus faecalis NA 500

Lactobacillus salivarius 0.05 0.50

NA, not active at the highest concentration tested.

150 A. Zampa et al.
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antibacterial activity of olive polyphenols) on their

backbone structure (11), we reported a different

inhibitory effect between hydroxytyrosol and raw

phenolic extract against the tested strains, in parti-

cular Cl. clostridiiforme and Ent. faecalis (normally

considered not beneficial for host health). One

hypothesis is that a synergistic action of raw phenolic

iridoids extract takes place against these two strains.

On the other hand, the stronger inhibitory effect of

raw phenolic extract against these two species could

be due to a different phenolic compound, oleuropein

(3,4-DHPEA-EDA) or another catechol derivative,

present in the extract itself.

The antimicrobial activity of iridoids potentially

alters the composition of the microflora and its

metabolic activities (13). The addition of olive oil

iridoids, promoting the growth of bifidobacteria by

two or three orders of magnitude, revealed a

property of virgin olive oil as bifidogenic substance.

Several important health benefits may be associated

with bifidogenesis (31). At the same time as this

bifidobacterial predominance, a stable number of

Lactobacillus was present that did not seem to be

affected by the olive oil iridoids. However, olive oil

iridoids increased enterobacteria and clostridia by

one order of magnitude (log CFU ml�1). The

increased number of clostridia was considered to

be involved in the high production of butyrate

detected in the fermentation system. The significant

increase of SCFA production, particularly n-buty-

rate, induced by the addition of original olive oil to

the fermentation broth, compared with the control,

is indicative of a further possible benefit of olive oil

iridoids to the host.

SCFAs are rapidly and efficiently taken up by the

epithelial cells which line the colonic lumen. SCFAs,

with their presence, provide a powerful driving force

for movement of water out of the colonic lumen and

consequently, may constitute an important protec-

tion against diarrhea (32). Butyrate serves as

an energy-yielding substrate in the colonocytes

and, additionally, affects several cellular functions

(proliferation, membrane synthesis, apoptosis,

differentiation). Propionate and acetate are released

by the basolateral membrane to the portal circula-

tion and may have effects far from their production

site (32).

Butyrate is known to play a key role in the energy

metabolism of colonic epithelial cells and is thought

to be important in the maintenance of colonic health

in humans. In particular, its ability to modify nuclear

architecture (hyperacetylation of histones), to inhibit

growth of human colon cancer cell lines, and to

induce death by apoptosis in colon cancer cells, is of

great interest (31,33,34).T
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Furthermore, the higher production of total

SCFAs, induced in this study by original olive oil

iridoids (Figure 1D) may lead, if found in vivo, to a

decrease in pH values, resulting in an inhibition of

the enzymatic transformation of primary into sec-

ondary bile acids, which are thought to posses

tumor-promoting activity (17).

In conclusion, the data indicate that olive oil might

be considered a potential source of promising anti-

bacterial agents for treatment of intestinal infections

in man and one may speculate that dietary intake of

polyphenols contained in olive oil reduces the risk

of bacterial infection in the intestinal tract (11).

Additionally this study showed that polyphenols

contained in the virgin olive oil modulate human

intestinal microflora toward a health-promoting

condition for the host. A similar effect has also

been found in polyphenol-treated animals (35). At

last the health-promoting condition is confirmed by

SCFA composition, which describes the metabolic

activity resulting from all the species growing in the

fermenter.
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