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A B S T R A C T

Defining and characterising the active ingredient is the first criterion in reviewing scien-

tific substantiation of health claims by the European Food Safety Authority under the Nutrition

and Health Claim Regulation. This study analyses three health claim dossiers where the

active ingredient is directly connected to the food item containing the bioactive. Since this

bioactive itself is held responsible for the effect, the association of the food item and the

bioactive is not always justifiable. This association is shown to be influenced by both the

type of claim and the substantiating evidence. We argue that it would be preferable to more

precisely chemically define the active ingredients. Claims could then be based on a bioactive

constituent without the necessity to connect the claim to a specific matrix, becoming more

transparent and relevant to both the industry and consumers. Characterisation and defin-

ing the bioactive should therefore be central in the health claim.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Following various food scares in the 1990s such as the Bovine
Spongiform Encephalopathy (BSE) crisis and the dioxin crisis,
the EU’s approach to food and food safety was radically trans-
formed from an economic perspective to a more consumer-
centred policy (de Boer, Vos, & Bast, 2014; Hoad, 2011). One of
the 84 proposed actions described in the European Commis-
sion (EC)’s White Paper on Food Safety, to achieve ‘the highest
possible level of health protection’, resulted in the development

of the Nutrition and Health Claim Regulation (NHCR) in 2006
(European Commission, 2000; European Parliament and Council
of the European Union, 2006). Next to improving the function-
ing of the internal market by harmonisation of laws, the NHCR
aims to protect consumers from being misled (European
Parliament and Council of the European Union, 2006). It there-
fore regulates communication about the nutritional content
and/or health benefits of a product (European Parliament and
Council of the European Union, 2006; Gilsenan, 2011).
Scientific substantiation of proposed health claims is as-
sessed by the European Food Safety Authority (EFSA). When
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deciding upon authorisation of a health claim, the EC takes
into account the scientific opinion of EFSA (de Boer et al., 2014).

EFSA considers three criteria in reviewing the scientific sub-
stantiation for a health claim: (i) definition and characterisation
of the food or functional ingredient; (ii) definition of the (ben-
eficial physiological) claimed effect; and (iii) establishment of
a cause and effect relationship between consumption of the
food or functional ingredient and the claimed effect (de Boer
et al., 2014; EFSA NDA Panel, 2011a). Subsequent to these cri-
teria, other issues are considered for a claim, .e.g. whether the
proposed wording of a claim reflects the provided scientific evi-
dence and whether specific conditions to use a claim on a food
product are appropriate (EFSA NDA Panel, 2011a). Following au-
thorisation by the EC, the claim and its accompanying
conditions for use can be found in the so-called positive list
in the Annex of Regulation 432/2012 (European Commission,
2012b). These specific conditions for use focus on different
aspects as the required consumed amount of the food con-
taining the active substance to see the effect, the source of the
active ingredient, as well as the matrix in which the active in-
gredient is presented (European Commission, 2012b).

In this contribution, three health claim dossiers of ap-
proved health claims are analysed. We review how the first
assessment criterion of defining and characterising the food
or functional ingredient for a health claim has been applied
by studying these three dossiers. Since from a chemical point
of view it would be preferable to focus on a single active com-
ponent of the functional food or ingredient bearing the claim,
we also describe what the result would be of such a novel ap-
proach within studying this application of the first assessment
criterion.

2. Olive oil polyphenols

In 2011, the EC authorised an article 13.1 health claim on the
effect of polyphenols in olive oil. The claim states that ‘olive
oil polyphenols contribute to the protection of blood lipids from oxi-
dative stress’. Although the claim names olive oil polyphenols
as active component, the polyphenol content is standardised
as hydroxytyrosol and its derivatives (EFSA NDA Panel, 2011c).
As a consequence, the claim is exclusively valid for olive oil
that contains at least 5 mg of hydroxytyrosol and its deriva-
tives per 20 g of olive oil (EFSA NDA Panel, 2011c). When these
polyphenols are standardised as ‘hydroxytyrosol and its de-
rivatives’ without defining them, in the claim, consumers will
not be made aware about the active component nor why this
component is related to the matrix.

Polyphenols, a group of secondary metabolites, are known
to protect against oxidative stress and to elicit cardio protect-
ing and anti-inflammatory activity (Hu, He, Jiang, & Xu, 2014;
Li et al., 2014). The main sources of polyphenols are fruits, veg-
etables, cocoa, tea and olive oil (Hu et al., 2014). Olive oil has
been associated with a decreased incidence of cardiovascu-
lar disease and lower blood pressure (Storniolo, Roselló-Catafau,
Pintó, Mitjavila, & Moreno, 2014). As such, the health effects
of the Mediterranean diet have been attributed to the high con-
sumption of olive oil (Klonizakis, Alkhatib, & Middleton, 2014;
Widmer, Flammer, Lerman, & Lerman, 2014).

2.1. Hydroxytyrosol

The main phenolic compound present in olive oil is
hydroxytyrosol (Bast & Haenen, 2014), together with oleuropein
and tyrosol (Hu et al., 2014) and has been considered as a good
natural antioxidant (Achmon & Fishman, 2015). As part of olive
oil, hydroxytyrosol is the most abundant and most potent
antioxidant, which can be present in several forms
(Fernández-Mar, Mateos, García-Parrilla, Puertas, & Cantos-Villar,
2012; Torres de Pinedo, Peñalver, & Morales, 2007). During the
maturation of olives and storage of olive oil, oleuropein is hy-
drolysed into hydroxytyrosol, which is therefore mostly present
in olive oil and olive mill waste waters (Hu et al., 2014). In ad-
dition, hydroxytyrosol can be present both in the free form and
as hydroxytyrosol acetate (Fernández-Mar et al., 2012). Hydro-
lysis of oleuropein into hydroxytyrosol continues after ingestion
of the olive oil, increasing the proportion of hydroxytyrosol in
olive oil even more inside the body (Rietjens, Bast, & Haenen,
2007). Hydroxytyrosol is not only abundant in olive oil, but it
can be easily obtained from olive leaf and mill waste water,
which is a by-product of olive oil production (Bast & Haenen,
2014; de Bock et al., 2013; Yuan, Wang, Ye, Tao, & Zhang, 2015).
Via these routes, consumption of hydroxytyrosol can be en-
hanced by using it as a preservative or as active ingredient in
functional foods, pharmaceuticals or cosmetics to prevent oxi-
dation (Bast & Haenen, 2014). The free radical scavenging
capacity of hydroxytyrosol can be attributed to its molecular
structure, i.e. two phenolic hydroxyl groups. These hydroxyl
groups are known for their ability to donate hydrogen atoms
to the free radical and thereby terminate the oxidation process
(Torres de Pinedo et al., 2007). Currently, hydroxytyrosol and
its derivatives as present in olive oil, and related products, is
the only phenol recognised by EFSA as a protector of blood lipids
from oxidative damage (Achmon & Fishman, 2015).

2.2. Chemically produced hydroxytyrosol

Where hydroxytyrosol in this claim is directly (connected to)
olive oil and related products, hydroxytyrosol is found in other
natural sources and can even be produced synthetically
(Achmon & Fishman, 2015; Fernández-Mar et al., 2012).

Because of its antioxidant capacity, hydroxytyrosol is an in-
teresting food preservative in other products other than olives.
Research into the production of a chemical form of
hydroxytyrosol, as a cheap and more convenient alternative
to be used as preservative, has led to the development of
hydroxytyrosol acetate (Gordon, Paiva-Martins, & Almeida, 2001;
Trujillo et al., 2006). Hydroxytyrosol in its free form and
hydroxytyrosol acetate are very much alike and are both present
in olive oil and related products (Hu et al., 2014). In the diges-
tive tract, hydroxytyrosol acetate is easily converted into
hydroxytyrosol, similar to the form in olive oil, and acetic acid.

2.3. The claim

The health effect of olive oil polyphenols as described in the
claim involves the protection of low-density lipoprotein (LDL)
particles from oxidative damage, which can be attributed to
the potency of hydroxytyrosol to scavenge free radicals. Still
the active ingredient in the claim is defined as ‘olive oil poly-
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phenols’, which is later standardised by the content of
hydroxytyrosol and its derivatives. The potency of
hydroxytyrosol, which can also be obtained from other natural
and chemical sources, to scavenge free radicals is not limited
to its activity in olive oil. By emphasising in the opinion the
importance of hydroxytyrosol and its derivatives, from a chemi-
cal perspective it would be more accurate to define these
specific components in the claim instead of defining them as
‘olive oil polyphenols’.

3. Cocoa flavanols

The health claim ‘cocoa flavanols help maintain the elasticity of
blood vessels, which contributes to normal blood flow’ was autho-
rised for use in 2013 by the EC, as an article 13.5 claim on the
effects of cocoa flavanol consumption (European Commission,
2013). Flavanols are one of the eight subclasses of flavonoids
(Aron & Kennedy, 2008).Various compounds belong to this group
of active substances, varying in their degree of polymerisation
from monomeric structures to polymers (de Pascual-Teresa,
Moreno, & García-Viguera, 2010; Donovan et al., 2002).

3.1. Epicatechin

In characterising cocoa flavanols, the bioactive components are
considered to be the monomeric catechins (primarily
epicatechin) and oligomeric flavanols (procyanidins) (EFSA NDA
Panel, 2012). In the opinion, only monomers and rarely dimers
are considered to be absorbed after oral consumption, attrib-
uting the acute effect of cocoa flavanols on blood vessels to
those components and not to the unabsorbed procyanidins
(EFSA NDA Panel, 2012). The potential health effects of these
procyanidins are highly debated, suggesting procyanidins are
degraded by the gut microbiota, which results in new bioactive
components possibly affecting health (Aron & Kennedy, 2008;
de Pascual-Teresa et al., 2010).The evidence to substantiate this

potential long-term health effect is not considered to be suf-
ficient to substantiate a health claim (EFSA NDA Panel,
2012).

Flavanols can be found in cocoa as well as in various other
dietary sources such as wine, tea and fruit (de Pascual-Teresa
et al., 2010). The intake of monomeric flavanols is mainly at-
tributable to chocolate and green tea (Arts, Hollman, &
Kromhout, 1999; Manach, Scalbert, Morand, Remesy, & Jimenez,
2004; Song & Chun, 2008). Of the total amount of flavanols in
chocolate, 34–37% are monomeric flavanols (EFSA NDA Panel,
2012). In grape seed extracts, this amount is approximately 25%
with (-)-epicatechin being almost half of these monomeric
flavanols (Weseler et al., 2011).

3.2. The claim

In the opinion, the claimed health effect is attributed to mo-
nomeric flavanols as epicatechin, leading to specific conditions
of use of the claim: the claim can only be used on cocoa prod-
ucts containing at least 34–37% epicatechin. When the claimed
health effect would be solely attributable to these mono-
meric flavanols, it would be preferable from a chemical
perspective to specifically define these flavanols instead of using
this generic term.This would give rise to the possibility of other
products containing 34–37% monomeric flavanols (in their total
flavanol content) to be allowed to make a similar claim.

4. β-Glucans

Four health claims on the effects of β-glucans naturally present
or added to foods are authorised for use in the EU: two article
13.1 claims and two article 14.1(a) claims, as described in Table 1
(European Commission, 2011, 2012a, 2012b). The source of
β-glucan is specified in either the wording of claims or the con-
ditions for use and is either barley or oats.

Table 1 – β-Glucan health claims.

Claim type Suggested wording of claim Conditions

Art 13.1 Regular consumption of β-glucans contributes to
maintenance of normal blood cholesterol
concentrations.

Food bearing claim must contain ≥1 g of β-glucans from oats, oat
bran, barley, barley bran, or mixtures of these sources per quantified
portion.
Information must be provided that the beneficial effect is obtained
with a daily intake of 3 g of β-glucans from oats, oat bran, barley,
barley bran, or from mixtures of these beta-glucans.

Art 13.1 Consumption of β-glucans from oats or barley
contributes to the reduction of the glucose rise after
a meal.

Food bearing claim must contain ≥4 g of β-glucans from oats or barley
for each 30 g of available carbohydrates in a quantified portion.
Information must be provided that the beneficial effect is obtained by
consuming the β-glucans from oats or barley as part of the meal.

Art 14.1(a) Oat β-glucan has been shown to lower/reduce blood
cholesterol. Blood cholesterol lowering may reduce
the risk of (coronary) heart disease.

Foods which provide ≥1 g oat β-glucans per quantified portion may
use the claim.
Information must be provided that the beneficial effect is obtained by
a daily intake of 3 g of oat β-glucan.

Art 14.1(a) Barley β-glucans have been shown to lower/reduce
blood cholesterol. High cholesterol is a risk factor in
the development of coronary heart disease.

Foods which provide ≥1 g barley β-glucans per quantified portion may
use the claim.
Information must be provided that the beneficial effect is obtained by
a daily intake of 3 g of barley β-glucan.
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4.1. (1→4) (1→3) β-D-glucan

Glucans are non-starch polysaccharides found in various plants,
algae and fungi (Synytsya & Novak, 2014).These soluble dietary
fibres consist of glucose polymers, linked by different glyco-
sidic bonds between the monomers (Synytsya & Novak, 2014).
Glucans vary highly in structure, due to differences in e.g. po-
sition and distribution of glycosidic bonds or molecular size
(Synytsya & Novak, 2014). The β-glucans considered in these
claims are linear mixed (1→4) (1→3) linkages β-D-glucan, which
are mainly found in plants as part of the cell wall of the bran
(Skendi, Biliaderis, Lazaridou, & Izydorczyk, 2003; Synytsya &
Novak, 2014). Mixed β-(1→4) (1→3) linkages indicate that the
polymers are built of blocks of 2 up to 4 glucose units linked
by β-(1→4) bonds (approximately 70% of the mixture), gener-
ally separated by 1 β-(1→3) linked glucose molecule
(approximately 30% of the mixture) (EFSA NDA Panel, 2009;
Skendi et al., 2003).

The health effects of β-glucans (reducing serum choles-
terol levels and post-prandial glucose rise) are ascribed to
various physical properties as water solubility, viscosity and
gelation properties. These properties are influenced by struc-
tural aspects of the molecule such as the molecular weight,
the ratio of tri- to tetramers and the ratio of β-(1→4):β-(1→3)
linkages (Lazaridou & Biliaderis, 2007; Synytsya & Novak, 2014).
The dietary fibres form a highly viscous solution in the gut,
encapsulating bile acids in the mean bolus. These bile acids
become inaccessible for reabsorption, requiring increased bile
acids synthesis to replenish the decreased amount of bile acids.
Such synthesis leads to decreasing concentrations of circu-
lating LDL cholesterol (EFSA NDA Panel, 2009; Lazaridou &
Biliaderis, 2007). The formation of viscous bulk also delays the
rate of nutrient absorption, resulting in lower post-prandial
glucose peaks in the blood (EFSA NDA Panel, 2011b).

4.2. The claim

Various studies showed differences between the molar ratio
of tri- and tetramers of β-glucan and subsequently their in-
solubility (Lazaridou, Biliaderis, Micha-Screttas, & Steele, 2004).
Increasing the ratio of tri- to tetramers led to an increased rate
of gel structure development (Lazaridou et al., 2004). These
structural properties are suggested to lead to specific physi-
cal effects, suggesting that this ratio of tri- to tetramers is
important for the elicited health effects of β-glucans. The ratio
of 70% (1→4) to 30% (1→3) links is established in β-glucans from
oat and barley. However, not this apparent important ratio but
the specific source of β-glucans is specified in the claim. De-
fining this ratio in the claim could increase the possibility to
use a claim on β-glucans from other sources, which do have
similar ratios and can subsequently give rise to comparable
physical effects.

5. Discussion

Under the NHCR, the EC approved various nutrition and health
claims following an assessment of their scientific substantia-
tion by EFSA.The first criterion in EFSA’s assessment procedure

is the definition and characterisation of the active ingredient
(EFSA NDA Panel, 2011a). The defined active ingredient is gen-
erally associated with the food item carrying the claim, which
is justified when this matrix influences the efficacy of this
bioactive component (e.g. plant sterols) (Jones & Jew, 2007).
However, as exemplified with the analysed health claims, the
functionality of the bioactive component does not have to depend
on the source in which it has been characterised.Therefore, from
a chemical perspective it would be preferable to build the claim
exclusively on the bioactive when the matrix is not influential,
rather than on the food item comprising this bioactive.

5.1. The analysed claims

The discussed article 13.1 claim on olive oil polyphenols defines
hydroxytyrosol and its derivatives as the responsible bioactives.
Literature agrees upon the beneficial effect of hydroxytyrosol,
because of its prominent amphiphilic antioxidant character-
istics (Rietjens et al., 2007). In the claim however the generic
term of ‘olive oil polyphenols’ is used to describe the active
components, where in the conditions of use of the claim the
specific amount of hydroxytyrosol is used to standardise these
olive oil polyphenols.

As described in the opinion on this health claim, most re-
search on hydroxytyrosol has been performed with olive oil
containing hydroxytyrosol (EFSA NDA Panel, 2011c). Although
this justifies linking hydroxytyrosol to olive oil, the effects of
hydroxytyrosol from other sources should not be ignored
immediately.

The article 13.5 claim on cocoa flavanols identifies
epicatechin as bioactive responsible for the claimed benefi-
cial health effects. When this health effect would also be
attributed to specifically epicatechin in the wording of the claim,
next to the conditions of use, new claim possibilities would
arise for other products containing this bioactive compound.
Next to increasing the opportunity to use epicatechin in food
products, the transparency upon the real active ingredient
would be increased, in this case epicatechin and not the broad
category of cocoa flavanols but also in the previous claim of
hydroxytyrosol instead of olive oil polyphenols.

In the case of the article 13.1 and 14.1(a) claims on the health
effects of the dietary fibre β-glucan, substantiating evidence
was found for the effects of (1→4) (1→3) β-glucan on main-
taining cholesterol levels and lowering the glucose rise. The
positive health effects are specifically attributed to the ratio
of tri- and tetramers, as found in β-glucan from oat and barley
(EFSA NDA Panel, 2009, 2011b). However, the ratio of these
β-glucans in other cereals is not known. When this ratio would
have been studied in other sources of β-glucan by focussing
on the chemical composition of the bioactive ingredients, more
information would have been available on the potential effects
of other cereals. Transparency of the claim and its functional
ingredient could be increased by specifying the ratio of β-glucans
in the claim.

5.2. Type of claim and scientific substantiation

These examples indicate two elements which influence whether
the active ingredient is linked to a specific food component or
food matrix in the authorised health claims: (i) the type of claim
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considered; and (ii) the substantiating evidence available and
delivered in the dossier.

Within the NHCR, three types of health claims are defined:
(i) article 13.1 claims: general function claims which imply a
health benefit based on generally accepted scientific evi-
dence; (ii) article 13.5 claims: new function claims which imply
a health benefit based on newly developed scientific evi-
dence, where the opportunity is given to request protection of
proprietary data; and (iii) article 14.1 claims: claims on (a) the
reduction of disease risk, describing the positive effect of con-
sumption on a risk factor of a disease or on (b) children’s
development and health (de Boer et al., 2014; European
Parliament and Council of the European Union, 2006).

In the assessment procedure of the article 13.1 claims on
both olive oil polyphenols and β-glucans, all generally ac-
cepted scientific evidence is required to be considered. In case
of an article 13.5 or 14.1 claim however, the claim is assessed
through a specific question. This can lead to the interpreta-
tion becoming as narrow as the question itself: when the
presented evidence is based only on the active ingredient in
a specific matrix, an article 13.5 or 14.1 claim is likely to include
this matrix in either the conditions of the claim or in the claim
itself (EFSA, 2015).This is seen in the article 13.5 claim on cocoa
flavanols, in which epicatechin is the bioactive responsible for
the health effect. The studies however all focussed on cocoa
flavanols containing 34–37% monomeric flavanols, and not on
epicatechin from other sources.

When the generally accepted scientific evidence to sub-
stantiate an article 13.1 claim is only focussed on the bioactive
within a specific matrix as hydroxytyrosol in olive oil poly-
phenols, it is reasonable to focus the claim or its conditions
on the active ingredient within this matrix. However, such a

general function claim should give rise to the opportunity of
using the bioactive from and in other matrices as well.The food
industry would be less restricted in using existing as well as
new claims, thereby stimulating innovation (de Boer & Bast,
2015; Moors, 2012).

Next to increasing the opportunities for food industrials to
innovate with these well-defined bioactive components, claims
also become more transparent by defining the specific bioactive.
Thereby understanding of consumers on health enhancing
effects of bioactive ingredients might increase. Clarifying com-
munication about specific bioactive ingredients to consumers
could gain more understanding upon the effects of nutrition
on health. By allowing broader use of more unambiguous
claims, consumers will be exposed to more nutrition infor-
mation and gain more experience with claims, which is
suggested to lead to increased relevance of such claims (Dean
et al., 2012; van Trijp, 2009). From a chemical perspective it
would therefore be preferable to focus research on health effects
of food on specific bioactive ingredients. As depicted in Fig. 1,
this would subsequently lead to transparent claims on
bioactives instead of vague food item claims.

6. Conclusion

From a chemical point of view, it would be advisable to
standardise an active ingredient to the real bioactive sub-
stance such as hydroxytyrosol in the case of olive oil
polyphenols, instead of mentioning the broad category of ‘olive
oil polyphenols’. Authorising the claim for olive oil polyphe-
nols based on its hydroxytyrosol contents narrows the

Fig. 1 – Claim possibilities when focussing on bioactives.
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possibilities for using hydroxytyrosol in other products while
the name of the authorised claim is too generic, possibly leading
to consumer confusion. Therefore, standardisation of a health
claim via one bioactive ingredient could enhance the oppor-
tunities to use such an ingredient in different products. This
would be a novel and more practical approach in studying and
authorising health claims. When health claims are based on
the bioactive constituent without having to be linked to a spe-
cific source, claims could be more valuable for both the industry
and consumers by stimulating innovation and increasing their
relevance. Therefore, characterisation and defining the active
ingredient should be central in the health claim.
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