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SCIENTIFIC OPINION

Scientific Opinion on the substantiation of health claims related to
polyphenols in olive and protection of LDL particles from oxidative damage
(1D 1333, 1638, 1639, 1696, 2865), maintenance of normal blood
HDL-cholesterol concentrations (ID 1639), maintenance of normal blood
pressure (ID 3781), “anti-inflammatory properties” (ID 1882), “contributes
to the upper respiratory tract health” (ID 3468), “can help to maintain a
normal function of gastrointestinal tract” (3779), and “contributes to body
defences against external agents” (ID 3467) pursuant to Article 13(1) of
Regulation (EC) No 1924/2006"

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA)?* 3
European Food Safety Authority (EFSA), Parma, Italy

SUMMARY

Following a request from the European Commission, the Panel on Dietetic Products, Nutrition and
Allergies was asked to provide a scientific opinion on a list of health claims pursuant to Article 13 of
Regulation (EC) No 1924/2006. This opinion addresses the scientific substantiation of health claims in
relation to polyphenols in olive and protection of LDL particles from oxidative damage, maintenance
of normal blood HDL-cholesterol concentrations, maintenance of normal blood pressure, “anti-
inflammatory properties”, “contributes to the upper respiratory tract health”, “can help to maintain a
normal function of gastrointestinal tract”, and “contributes to body defences against external agents”.
The scientific substantiation is based on the information provided by the Member States in the
consolidated list of Article 13 health claims and references that EFSA has received from Member
States or directly from stakeholders.

1 On request from the European Commission, Question No EFSA-Q-2008-2070, EFSA-Q-2008-2374, EFSA-Q-2008-2375,
EFSA-Q-2008-2432, EFSA-Q-2008-2615, EFSA-Q-2008-3598, EFSA-Q-2008-4195, EFSA-Q-2008-4196, EFSA-Q-
2008-4498, EFSA-Q-2008-4500, adopted on 12 November 2010.
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The food constituent, which is the subject of the health claims, is polyphenols (e.g. hydroxytyrosol and
oleuropein complex) in olive (olive fruit, olive mill waste waters or olive oil, Olea europaea L. extract
and leaf).

The Panel considers that polyphenols in olive (olive fruit, olive mill waste waters or olive oil, Olea
europaea L. extract and leaf) standardised by their content of hydroxytyrosol and its derivatives (e.g.
oleuropein complex) are sufficiently characterised in relation to the claimed effects.

Protection of LDL particles from oxidative damage

The claimed effects are “reduces oxidative stress”, “antioxidant properties”, “lipid metabolism”,
“antioxidant activity, they protect body cells and LDL from oxidative damages”, and “antioxidant
properties”. The target population is assumed to be the general population. In the context of the
proposed wordings, the Panel assumes that the claimed effects refer to the protection of low-density
lipoproteins (LDL) particles from oxidative damage. The Panel considers that protection of LDL
particles from oxidative damage may be a beneficial physiological effect.

In weighing the evidence, the Panel took into account that a well conducted and powered study, and
two smaller-scale studies, showed a dose-dependent and significant effect of olive oil polyphenol
consumption (for three weeks) on appropriate markers of LDL peroxidation (oxLDL), that these
results were supported by one short-term and one acute study, and by supportive markers of LDL
peroxidation (conjugated dienes, ex vivo resistance of LDL to oxidation) going in the same direction,
and that evidence for a biologically plausible mechanism by which olive oil polyphenols could exert
the claimed effect has been provided.

On the basis of the data presented, the Panel concludes that a cause and effect relationship has been
established between the consumption of olive oil polyphenols (standardised by the content of
hydroxytyrosol and its derivatives) and protection of LDL particles from oxidative damage.

The Panel considers that in order to bear the claim, 5 mg of hydroxytyrosol and its derivatives
(e.g. oleuropein complex and tyrosol) in olive oil should be consumed daily. These amounts, if
provided by moderate amounts of olive oil, can be easily consumed in the context of a balanced diet.
The concentrations in some olive oils may be too low to allow the consumption of this amount of
polyphenols in the context of a balanced diet. The target population is the general population.

Maintenance of normal blood HDL-cholesterol concentrations

The claimed effect is “lipid metabolism”. The target population is assumed to be the general
population. In the context of the proposed wording, the Panel assumes that the claimed effect refers to
the maintenance of normal blood HDL-cholesterol concentrations. The Panel considers that
maintenance of normal blood HDL-cholesterol concentrations (without increasing LDL-cholesterol
concentrations) is a beneficial physiological effect.

In weighing the evidence, the Panel took into account that the results from the studies provided are
inconsistent, and that no evidence for a biologically plausible mechanism by which olive oil
polyphenols could exert the claimed effect has been provided.

On the basis of the data presented, the Panel concludes that the evidence provided is insufficient to
establish a cause and effect relationship between the consumption olive oil polyphenols (standardised
by the content of hydroxytyrosol and its derivatives) and maintenance of normal blood
HDL-cholesterol concentrations.
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Maintenance of normal blood pressure

The claimed effect is “contributes to the maintenance of a normal blood pressure”. The target
population is assumed to be the general population. The Panel considers that maintenance of normal
blood pressure is a beneficial physiological effect.

No human studies were provided from which conclusions could be drawn for the scientific
substantiation of the claimed effect.

On the basis of the data presented, the Panel concludes that a cause and effect relationship has not
been established between the consumption of polyphenols in olive (olive fruit, olive mill waste waters
or olive oil, Olea europaea L. extract and leaf) standardised by the content of hydroxytyrosol and its
derivatives (e.g. oleuropein complex) and maintenance of normal blood pressure.

“Anti-inflammatory properties”

The claimed effect is “a potent source of olive biophenols with anti-inflammatory properties”. The
target population is assumed to be the general population. In the context of the proposed wordings, the
Panel considers that the claim refers to diseases such as osteoarthritis or rheumatoid arthritis, in which
a reduction of inflammation would be a therapeutic target for the treatment of the disease.

The Panel considers that the reduction of inflammation in the context of diseases such as osteoarthritis
or rheumatoid arthritis is a therapeutic target for the treatment of the disease, and does not comply
with the criteria laid down in Regulation (EC) No 1924/2006.

“Contributes to the upper respiratory tract health”

The claimed effect is “contributes to the upper respiratory tract health”. The target population is
assumed to be the general population.

The claimed effect is not sufficiently defined and no clarification has been provided by Member
States. The Panel notes that different health outcomes were mentioned in the information provided,
and that it was not possible to establish which specific effect is the target for the claim.

The Panel concludes that the claimed effect is general and non-specific, and does not refer to any
specific health claim as required by Regulation (EC) No 1924/2006.

“Can help to maintain a normal function of gastrointestinal tract”

The claimed effect is “can help to maintain a normal function of gastrointestinal tract”. The target
population is assumed to be the general population.

The claimed effect is not sufficiently defined and no clarification has been provided by Member
States. The Panel notes that different health outcomes were mentioned in the information provided,
and that it was not possible to establish which specific effect is the target for the claim.

The Panel concludes that the claimed effect is general and non-specific, and does not refer to any
specific health claim as required by Regulation (EC) No 1924/2006.

“Contributes to body defences against external agents”

The claimed effect is “contributes to body defences against external agents”. The target population is
assumed to be the general population.

EFSA Journal 2011;9(4):2033 3
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The claimed effect is not sufficiently defined and no clarification has been provided by Member
States. The Panel notes that different health outcomes were mentioned in the information provided,
and that it was not possible to establish which specific effect is the target for the claim.

The Panel concludes that the claimed effect is general and non-specific, and does not refer to any
specific health claim as required by Regulation (EC) No 1924/2006.

KEY WORDS

Olive, polyphenols, LDL, HDL, cholesterol, oxidative damage, blood pressure, inflammation, upper respiratory
tract, gastrointestinal tract, body defences, external agents, health claims.
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INFORMATION AS PROVIDED IN THE CONSOLIDATED LIST

The consolidated list of health claims pursuant to Article 13 of Regulation (EC) No 1924/2006"
submitted by Member States contains main entry claims with corresponding conditions of use and
literature for similar health claims. EFSA has screened all health claims contained in the original
consolidated list of Article 13 health claims which was received by EFSA in 2008 using six criteria
established by the NDA Panel to identify claims for which EFSA considered sufficient information
had been provided for evaluation and those for which more information or clarification was needed
before evaluation could be carried out>. The clarifications which were received by EFSA through the
screening process have been included in the consolidated list. This additional information will serve as
clarification to the originally provided information. The information provided in the consolidated list
for the health claims which are the subject of this opinion is tabulated in Appendix C.

ASSESSMENT

1. Characterisation of the food/constituent

The food constituent that is the subject of the health claims is polyphenols (e.g. hydroxytyrosol and
oleuropein complex) in olive (olive fruit, olive mill waste waters or olive oil, Olea europaea L. extract
and leaf).

The conditions of use specify 200 mg/day of polyphenols (ID 1638, 1882, 2865), 2-15 mg per day of
hydroxytyrosyl or oleuropein complex (ID 1638, 1639, 1696), and 250-500 mg of an Olea
europaea L. extract standardised to 4-23% oleuropein (ID 3467, 3468, 3779, 3781).

Polyphenols comprise a very wide group (several thousands of compounds) of plant secondary
metabolites including flavonoids, isoflavonoids, phenolic acids, proanthocyanidins and other tannins,
and lignans with different biological activities. The major polyphenols in olive oil are phenolic acids
(e.g. hydroxytyrosol and tyrosol), secoiridoids (e.g. oleuropein) and lignans (e.g. pinoresinol). Table
olives typically contain hydroxytyrosol, tyrosol, caffeoylquinic acid, verbacoside, luteolin and rutin.
Hydroxytyrosol, a major polyphenol typically present in olives, is also present in olive mill waste
water. In nature, hydroxytyrosol is found in olives in the form of its elenolic acid ester, oleuropein.
These polyphenolic compounds can be measured in foods by established methods.

Total polyphenols are usually expressed as gallic acid equivalents (GAE), but other phenolic
compounds such as catechin/epicatechin or caffeic acid have also been used for standardisation. This
standardisation refers to the traditional spectrophotometrical measurement of total polyphenols using
the Folin-Ciocalteau method (Singleton and Rossi, 1965), which is based on reducing capacity. The
method is not specific for polyphenols because other reducing compounds such as ascorbic acid,
sugars and proteins will also be included in the quantification, thus leading to an overestimation of the
actual polyphenol content. The total polyphenol content assessed with this method is not suitable for
characterisation of polyphenols in foods.

The Panel considers that polyphenols (e.g. hydroxytyrosol and oleuropein complex) in olive (olive
fruit, olive mill waste waters or olive oil, Olea europaea L. extract and leaf) can be characterised by
their content of hydroxytyrosol and its derivatives (e.g. oleuropein complex).

The Panel considers that the food constituent, polyphenols in olive (olive fruit, olive mill waste waters
or olive oil, Olea europaea L. extract and leaf) standardised by their content of hydroxytyrosol and its
derivatives (e.g. oleuropein complex), which is the subject of the health claims, is sufficiently
characterised in relation to the claimed effects.

* Regulation (EC) No 1924/2006 of the European Parliament and of the Council of 20 December 2006 on nutrition and
health claims made on foods. OJ L 404, 30.12.2006, p. 9-25.

5 Briefing document for stakeholders on the evaluation of Article 13.1, 135 and 14 health claims:
http://www.efsa.europa.eu/en/ndameetings/docs/ndal00601-ax01.pdf
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2. Relevance of the claimed effect to human health

2.1. Protection of LDL particles from oxidative damage (ID 1333, 1638, 1639, 1696, 2865)

2 (13

The claimed effects are “reduces oxidative stress”, “antioxidant properties”, “lipid metabolism”,
“antioxidant activity, they protect body cells and LDL from oxidative damages”, and “antioxidant
properties”. The Panel assumes that the target population is the general population.

In the context of the proposed wordings, the Panel assumes that the claimed effects refer to the
protection of low-density lipoprotein (LDL) particles from oxidative damage.

Reactive oxygen species (ROS) including several kinds of radicals are generated in biochemical
processes (e.g. respiratory chain) and as a consequence of exposure to exogenous factors
(e.g. radiation and pollutants). These reactive intermediates can damage molecules such as DNA,
proteins and lipids if they are not intercepted by the antioxidant network which includes free radical
scavengers such as antioxidant nutrients.

The Panel considers that protection of LDL particles from oxidative damage may be a beneficial
physiological effect.

2.2. Maintenance of normal blood HDL-cholesterol concentrations (ID 1639)

The claimed effect is “lipid metabolism”. The Panel assumes that the target population is the general
population.

In the context of the proposed wording, the Panel assumes that the claimed effect refers to
maintenance of normal blood HDL-cholesterol concentrations.

High-density lipoproteins (HDL) act as cholesterol scavengers and are involved in the reverse
transport of cholesterol in the body (from peripheral tissues back to the liver). Conversely, low-density
lipoproteins (LDL) carry cholesterol from the liver to peripheral tissues, including the arteries.

The Panel considers that maintenance of normal blood HDL-cholesterol concentrations (without
increasing LDL-cholesterol concentrations) is a beneficial physiological effect.

2.3. Maintenance of normal blood pressure (1D 3781)

The claimed effect is “contributes to the maintenance of a normal blood pressure”. The Panel assumes
that the target population is the general population.

Blood pressure is the pressure (force per unit area) exerted by circulating blood on the walls of blood
vessels. Elevated blood pressure, by convention above 140 mmHg (systolic) and/or 90 mmHg
(diastolic), may compromise normal arterial and cardiac function.

The Panel considers that maintenance of normal blood pressure is a beneficial physiological effect.

2.4. “Anti-inflammatory properties” (ID 1882)

The claimed effect is “a potent source of olive biophenols with anti-inflammatory properties”. The
Panel assumes that the target population is the general population.

Inflammation is a non-specific physiological response to tissue damage that is mediated by the
immune system. Adequate inflammatory responses are of primary importance for the defence against
injury of any origin. Whether or not reduction of inflammatory markers is considered beneficial would
depend on the context in which the claim is made. In the context of the proposed wordings, the Panel
considers that the claim refers to diseases such as osteoarthritis or rheumatoid arthritis, in which a
reduction of inflammation would be a therapeutic target for the treatment of the disease.

EFSA Journal 2011;9(4):2033 8
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No clarification has been provided by Member States in relation to the scope of this claim.

The Panel considers that the reduction of inflammation in the context of diseases such as osteoarthritis
or rheumatoid arthritis is a therapeutic target for the treatment of the disease, and does not comply
with the criteria laid down in Regulation (EC) No 1924/2006.

2.5. “Contributes to the upper respiratory tract health” (ID 3468)

The claimed effect is “contributes to the upper respiratory tract health”. The Panel assumes that the
target population is the general population.

The claimed effect is not sufficiently defined and no clarifications have been provided by Member
States. The Panel notes that different health outcomes were mentioned in the information provided,
and that it was not possible to establish which specific effect is the target for the claim.

The Panel concludes that the claimed effect is general and non-specific, and does not refer to any
specific health claim as required by Regulation (EC) No 1924/2006.

2.6. “Can help to maintain a normal function of gastrointestinal tract” (ID 3779)

The claimed effect is “can help to maintain a normal function of gastrointestinal tract”. The Panel
assumes that the target population is the general population.

The claimed effect is not sufficiently defined and no clarifications have been provided by Member
States. The Panel notes that different health outcomes were mentioned in the information provided,
and that it was not possible to establish which specific effect is the target for the claim.

The Panel concludes that the claimed effect is general and non-specific, and does not refer to any
specific health claim as required by Regulation (EC) No 1924/2006.

2.7. “Contributes to body defences against external agents” (ID 3467)

The claimed effect is “contributes to body defences against external agents”. The Panel assumes that
the target population is the general population.

The claimed effect is not sufficiently defined and no clarifications have been provided by Member
States. The Panel notes that different health outcomes were mentioned in the information provided,
and that it was not possible to establish which specific effect is the target for the claim.

The Panel concludes that the claimed effect is general and non-specific, and does not refer to any
specific health claim as required by Regulation (EC) No 1924/2006.

3. Scientific substantiation of the claimed effect

3.1. Protection of LDL particles from oxidative damage (ID 1333, 1638, 1639, 1696, 2865)

The vast majority of the references provided for the scientific substantiation of this claim included
narrative reviews, human intervention studies, animal studies and in vitro experiments on food/food
constituents other than olive polyphenols, and/or on effects other than protection of lipids, including
LDL particles, against oxidative damage. The latter include references on blood pressure, vasodilation,
allergenicity, inflammation, immunotherapy, antimicrobial properties, renal disorders, gut disorders,
postprandial absorption, carbohydrate and lipid metabolism, obesity, diabetes, and oxidative damage
to molecules (e.g. DNA and proteins) other than LDL particles. The Panel considers that no
conclusions can be drawn from these references for the scientific substantiation of the claimed effect.

In a randomised, @Single-blind, cross-over trial, 25 healthy male and female smokers consumed olive
oil with low (3 mg/day) or high (21.6 mg/day) phenolic content for three weeks (Moschandreas et al.,

EFSA Journal 2011;9(4):2033 9
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2002). Total plasma resistance to oxidation, and the ferric reducing ability of plasma, as markers of the
antioxidant capacity of plasma, concentrations of protein carbonyl as a marker of protein oxidation,
and malondialdehyde (MDA) and lipid hydroperoxides measured with a kit assay as markers of lipid
peroxidation, were assessed. The Panel notes that no valid markers of lipid (or LDL) peroxidation
were used in this study, and considers that no conclusions can be drawn from this study for the
scientific substantiation of the claimed effect.

In a randomised, sequential cross-over acute study, 21 hypercholesterolaemic volunteers (16 female)
received two breakfasts with olive oil (phenolic content 400 mg/kg olive oil, i.e. 14 mg/day or
80 mg/kg olive oil, i.e. 2.8 mg/day) (Ruano et al., 2005). Postprandial plasma concentrations of
lipoperoxides (LPO, colorimetric assay) and 8-epi-prostaglandin-F,, (immunoenzymatic assay) were
obtained at baseline and 2 hours after consumption of the meal. The Panel notes that this was an acute
study, that the phenolic composition of the olive oils used is not sufficiently characterised, that LPO
measured by a colorimetric assay is not a reliable marker of lipid peroxidation, and that no markers of
peroxidation of LDL particles were assessed. The Panel considers that no conclusions can be drawn
from this study for the scientific substantiation of the claimed effect.

In a multicentre (six centres in Finland, Denmark, Germany, Italy and Spain), randomised, cross-over,
controlled human intervention study, olive oils with high (366 mg/kg olive oil, i.e. 8.0 mg/day;
hydroxytyrosol content 63.5 mg/L, tyrosol 24.4 mg/L, and oleuropein derivatives 327.2 mg/L as
measured by HPLC) moderate (164 mg/kg olive oil, i.e. 3.6 mg/day, hydroxytyrosol content approx.
28.5 mg/L), and low (2.7 mg/kg olive oil, i.e. 0.1 mg/day, no hydroxytyrosol) phenolic content were
consumed (25 mL/day) by 200 male subjects for three weeks (Covas et al., 2006b). The phenolic
composition and content of the olive oils used in this study are reported by de la Torre-Carbot et al.
(2010). Oxidative damage to lipids was assessed by measuring plasma-circulating oxidised LDL
(oxLDL, immunoenzymatic assay), plasma total F,,-isoprostanes (HPLC, stable isotope-dilution and
MS), plasma C18 hydroxy fatty acids (GC-MS) and serum LDL cholesterol un-induced conjugated
dienes. Hydroxytyrosol and tyrosol excretion in urine were measured to assess compliance. A
significant linear decrease in biomarkers of lipid peroxidation (conjugated dienes, hydroxy fatty acids
and oxLDL) was observed in association with the increasing phenolic content of the olive oils. oxLDL
significantly increased with the low phenolic-containing olive oil, and significantly decreased with the
medium and high phenolic-containing olive oils (p<0.014). No consistent change was observed in
plasma total F,,-isoprostanes. The Panel notes the large sample size of this multicentre study, the
sufficient characterisation of polyphenols in the olive oils used, the use of valid biomarkers to assess
lipid peroxidation, and in particular the peroxidation of LDL particles, and the dose-dependent
response observed between the intake of polyphenols in olive oil and the decrease in LDL
peroxidation.

Agsubsample from the study by Covas et al. (2006b) consisting of 36 males recruited from the six
centres (participating in the trial and consuming olive oils with high (366 mg/kg olive ail, i.e.
8.0 mg/day, hydroxytyrosol content 63.5 mg/L) or low (2.7 mg/kg olive oil, i.e. 0.1 mg/day, no
hydroxytryrosol) phenolic content for three weeks (25 mL/day) were further investigated regarding the
effect of specific metabolites in olive oil phenols on human LDL lipid composition and peroxidation
(de la Torre-Carbot et al., 2010). The concentrations of hydroxytyrosol monosulfate and homovanillic
acid sulphate (but not of tyrosol sulphate) in LDL particles significantly increased (p<0.05), whereas
the concentration of circulating markers of lipid peroxidation, including LDL particles (oxLDL,
conjugated dienes and hydroxy fatty acids), significantly decreased (p<0.05) after ingestion of olive
oil with high phenolic content. The Panel notes the inverse relationship between the concentrations of
phenolic metabolites in LDL particles and the degree of LDL peroxidation.

A (controlled; double-blind, cross-over, randomised, clinical intervention using three olive oils
(refined, common and virgin, 25 mL/day) with increasing phenolic concentrations (from 0 to 150
mg/kg, i.e. up to 3.3 mg/day of which 3 % tyrosol, 7 % hydroxytyrosol, 42 % oleuropein aglycones
and 14 % ligstroside aglycones) was conducted in 30 healthy male volunteers for three weeks

EFSA Journal 2011;9(4):2033 10
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(Marrugat et al., 2004). Urinary tyrosol and hydroxytyrosol were measured as markers of compliance.
In vivo plasma oxLDL (measured by a sandwich ELISA procedure using the murine monoclonal
antibody, mAb-4E6) significantly decreased (p=0.006 for linear trend), and ex vivo resistance of LDL
to oxidation significantly increased (p=0.012 for linear trend) with the phenolic content of the olive
oils administered. The Panel notes the use of a valid biomarker to assess LDL peroxidation (oxLDL),
the inclusion of a supportive marker (ex vivo resistance of LDL to oxidation), the sufficient
characterisation of polyphenols in the olive oils used, and the dose-dependent response observed
between the intake of polyphenols in olive oil and the decrease in LDL peroxidation.

Twelve healthy men participated in a double-blind, randomised, cross-over study in which three olive
oils with low (10 mg/kg, i.e. 0.2 mg/day), moderate (133 mg/kg, i.e. 2.9 mg/day), and high
(486 mg/kg, i.e. 10.7 mg/day) phenolic content were consumed for four days (Weinbrenner et al.,
2004). Percentages of individual phenolic compounds present in the olive oil were approximately 6.5
% hydroxytyrosol, 5.5 % tyrosol, 40 % oleuropein aglycones, 26 % ligstrosid aglycones, 12 % luteolin
and 3 % apigenine as measured by HPLC. Consumption of olive oils significantly decreased plasma
oxidised LDL (oxLDL measured by the ELISA method) and MDA in urine (HPLC-UV), and
significantly increased glutathione peroxidase activity (p<0.05 for linear trend for all) in a dose-
dependent manner in relation to the phenolic content of the olive oil administered, whereas plasma 8-
oxo-prostaglandin F,, (HPLC and stable isotope dilution MS) was not affected. The Panel notes the
use of a valid biomarker to assess LDL peroxidation (oxLDL), the sufficient characterisation of the
olive oil polyphenols, and the dose-dependent response observed between the intake of polyphenols in
olive oil and the decrease in LDL peroxidation.

In an acute, cross-over study design, olive oils with high (366 'mg/kg, i.e. 13.2 mg/day), moderate
(164 mg/kg, 'i.e. 5.9 mg/day), and low (2.7 mg/kg, 0.2 mg/day) phenolic content were consumed
(40'mL/day) by 12 malersubjects’(Covas et al:;’2006a). Outcome variables were assessed in blood
samples at 2, 4 and 6 hours after consumption of the olive oils. Total phenolic compounds in LDL
increased at postprandial state in a direct relationship to the phenolic compounds content of the olive
oil ingested (p<0.05). A significant decrease in plasma oxidised LDL (oxLDL, measured by a
sandwich ELISA procedure using the murine monoclonal antibody mAb-4E6) was observed at 4 and 6
hours post-prandial, in a dose-dependent manner in relation to the phenolic content of the olive oils
administered (p=0.43 and p=0.28 for linear trend, respectively). No dose-response relationships were
observed between the phenolic content of the olive oils and linear trends for changes in total plasma
8-iso-prostaglandin F,, (measured using HPLC-MS) at any time point. The Panel notes that this is an
acute study which provides insufficient characterisation of the olive oil polyphenols. However, the
Panel assumes that these oils were the same used in another study by the same authors published the
same Yyear, with exactly the same phenolic content (Covas et al., 2006b), and notes the dose-dependent
response observed between the intake of polyphenols in olive oil and the decrease in LDL
peroxidation.

A few studies addressed the bioavailability of polyphenolic compounds in olive showing that the
absorption of olive oil phenolics is probably larger than 55-66 mol%, and that the absorption of
hydroxytyrosol is dose-dependent, suggesting that olive oil phenolics are absorbed from the intestine,
that tyrosol and hydroxytyrosol are incorporated in lipoprotein fractions, and that hydroxytyrosol is
excreted in urine as glucuronide conjugate (Bonanome et al., 2000; de la Torre-Carbot et al., 2010;
Edgecombe et al., 2000; Miro-Casas et al., 2003; Visioli et al., 2001; Vissers et al., 2002). The
incorporation of phenolic compounds from olive oil in LDL particles has been proposed as the
mechanism by which olive phenolics may protect LDL particles from peroxidation.

The Panel notes that most of the human intervention studies described have been conducted in males
(aged 20-60 years) using a wide range of daily doses of polyphenols in olive oil (from 0.1 to
10.7 mg/day expressed as total polyphenolic content measured spectrophotometrically), and with a
content of hydroxytyrosol and its derivatives measured by HPLC up to 10 mg/day. The Panel also
notes that only studies on polyphenols present in (and consumed with) olive oil have been provided for
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the substantiation of the claimed effect, and that no data are available for other food matrices (e.g. leaf
tea or tea extract).

The Panel notes that polyphenols naturally occurring in olive oil were shown to significantly decrease
the amount of circulating oxidised LDL particles in vivo in a dose-dependent manner in one large
(n=200, Covas et al., 2006b) and three small scale (12 subjects, (Weinbrenner et al., 2004), 30
subjects, (Marrugat et al., 2004), and 36 subjects, (de la Torre-Carbot et al., 2010), respectively)
human intervention studies, one of which was short-term (four days, Weinbrenner et al., 2004). A
dose-dependent decrease in the amount of circulating oxidised LDL particles in vivo was also found in
one small scale (n=12) acute post-prandial study (Covas et al., 2006a). The lowest daily dose of
hydroxytyrosol and its derivatives (measured by HPLC) in olive oil which showed a significant effect
on in vivo LDL peroxidation was 5 mg (Covas et al., 2006b). A significant decrease in relation to
consumption of olive oil polyphenols was also reported for serum LDL un-induced conjugated dienes
(Covas et al., 2006b; de la Torre-Carbot et al., 2010) and for ex vivo resistance of LDL to oxidation
(Marrugat et al., 2004), which can be considered as supportive markers to assess peroxidation of LDL
particles. The Panel also notes that a significant decrease in plasma C18 hydroxy fatty acids (Covas et
al., 2006b; de la Torre-Carbot et al., 2010) and urinary MDA (Weinbrenner et al., 2004) was observed
following consumption of olive oil polyphenols, but that olive oil polyphenols do not appear to have
an effect on F,,-isoprostanes (Covas et al., 2006a; Covas et al., 2006b; Weinbrenner et al., 2004).

In weighing the evidence, the Panel took into account that a well conducted and powered study, and
two smaller-scale studies, showed a dose-dependent and significant effect of olive oil polyphenol
consumption (for three weeks) on appropriate markers of LDL peroxidation (oxLDL), that these
results were supported by one short-term and one acute study, and by supportive markers of LDL
peroxidation (conjugated dienes, ex vivo resistance of LDL to oxidation) going in the same direction,
and that evidence for a biologically plausible mechanism by which olive oil polyphenols could exert
the claimed effect has been provided.

The Panel concludes that a cause and effect relationship has been established between the
consumption of olive oil polyphenols (standardised by their content of hydroxytyrosol and its
derivatives) and protection of LDL particles from oxidative damage.

3.2. Maintenance of normal blood HDL-cholesterol concentrations (ID 1639)

In the multicentre, randomised, cross-over, controlled human intervention study in 200 healthy male
volunteers over three weeks described in section 3.1 (Covas et al., 2006b), a significant linear
dose-dependent increase in HDL-cholesterol concentrations was observed for low- (+0.025 mmol/L,
95 % CI=0.003 to 0.05 mmol/L), medium- (+0.032 mmol/L, 95 % CI=0.005 to 0.05 mmol/L), and
high-polyphenol olive oil (p per trend 0.018). Total cholesterol to HDL cholesterol ratio decreased
linearly with the phenolic content of the olive oils (p per trend 0.013).

Another randomised, controlled, double-blind, cross-over intervention using three olive oils (refined,
common and virgin) with increasing phenolic concentration in 30 healthy volunteers over three weeks,
described in section 3.1 (Marrugat et al., 2004), showed a significant increase in HDL-cholesterol
concentrations after consumption of the extravirgin olive oil with the highest polyphenol content
(p=0.029), whereas no significant effect was observed with the common or the refined olive oils. The
Panel notes that between-group comparisons were not reported, and that no dose-response relationship
was observed between the consumption of olive oil polyphenols and changes in HDL-cholesterol
concentrations.

The Panel notes that no evidence for a biologically plausible mechanism by which olive oil
polyphenols could exert the claimed effect has been provided. The Panel also notes that only studies
on polyphenols present in (and consumed with) olive oil have been provided for the substantiation of
the claimed effect, and that no data are available for other food matrices (e.g. leaf tea or tea extract).
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