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Abstract

This paper describes current views on the association of coffee consumption with various health factors, and
illustrates how the composition of coffee can be engineered through manipulation of the roasting process; the
possibility of using this information to improve health-related properties of the beverage is then discussed. It is also
noted that although several bioactive compounds have been identified in coffee, there are other poorly defined
compounds that may be involved in health effects associated with coffee consumption, and which are difficult to
measure and define. In this short review, we consider specifically the antioxidant properties of the beverage, for
which a large number of assays have been published. However, such assays produce values that are dependent on
the chemical basis of the methodology, and it is considered important to use a platform of analytical assays to obtain
a true picture of the antioxidant components the beverage; one such platform based on our own research is
described and applied to demonstrating the influence of roasting conditions on different types of antioxidant in the
coffee beverage. The contents of other bioactive molecules are also influenced by the roasting conditions, and with
appropriate control, the roasting process can be used to optimize the balance of beneficial components and
minimize the contents of undesirable components. Unfortunately, at the present time we lack important information
that would allow us understand the effects of varying the balance of the various bioactive components, since reports
of the health effects of the beverage generally neglect details of both the bean genetics and the various processes
that contribute to the beverage composition. Thus although we now have the ability to refine the composition of the
coffee beverage to generate products with optimized contents of various specific components, we still lack the basic
knowledge of their biological consequences that is needed to develop products with improved abilities to act as
functional foods.

Keywords: Coffee; Health; Antioxidants; Roasting; Chlorogenic
acids; Melanoidins

Introduction

Links between coffee consumption and health
Over the past century a vast amount of literature has been generated

on the links between coffee consumption and health. Some studies
claim beneficial effects, whilst others claim that it is detrimental, and
there has been overall an element of confusion concerning the health
effects of regular consumption of the beverage. However, several recent
books and reviews on the impact of coffee and health [1-4], show
growing evidence from epidemiological studies that regular
consumption of moderate amounts of coffee can provide a degree of
protection against several diseases and physiological disorders,
although there are some health problems that are directly associated
with coffee consumption. Examples from the mainly recent literature
are presented in Table 1. Notable amongst these are links with
decreased development of various types of liver disease [5,6], Type 2
diabetes [7-9], neurodegeneration [10,11], and cancer [12]. It is
perhaps significant that most recent papers on the links to
cardiovascular disease show beneficial effects [13-15], even though
coffee consumption is associated with elevated blood pressure [16] and
cholesterol levels [17]. Furthermore, coffee has anti-inflammatory
properties [18], and has been linked with decreased incidence of

bronchial asthma [19], increased alertness [20] and a lower incidence
of suicide [21]. Also, although coffee decreases the risk of gout in men
[22], it is associated with an increased risk of rheumatoid arthritis [23].
Other detrimental associations with coffee consumption include sleep
disorders [24], an increased risk of miscarriage [25], and low birth
weight of babies [26]. Although associations between coffee
consumption and some types of cancer were made in the older
scientific literature, recent studies tend to indicate either a beneficial
effect or no effect. Examples of benefical effects include lower incidents
of cancers of the mouth/pharynx [27,28], oesophagus [29,30], stomach
[31,32], colon/rectum [33,34], liver [6,35,36], pancreas [29,37], bladder
[38], prostrate [39,40], endometrium [41], and brain [42]. Green coffee
(i.e. a drink made from unroasted coffee beans) has also been
considered for use in weight loss [43]. However, it should be noted that
as with other aspects of life, different people are likely to respond
differently to consumption of the beverage, depending on their genetic
make-up and other aspects of their diet and lifestyle. Furthermore, it is
often inappropriate to attribute biological effects to a single compound,
except when it is seriously detrimental (i.e. toxic), and the beneficial
effects of individual components of a balanced diet/lifestyle usually
cannot be quantified, except when they contribute to an essential
function that would be impaired in their absence (i.e. behaving as
functional foods). As an example, small-to-moderate alcohol
consumption is known to benefit the cardiovascular system, whilst
having a detrimental effect on liver disease, and cancers of the upper
and lower digestive system [44]. However, these are diseases to which
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coffee exhibits a degree of protection, and it has been suggested that it
could be beneficial to balance the consumption of these beverages [45].

Organ or health problem Effect Reference

Liver Lowered levels of liver carcinoma and disease in general [5,6]

Type 2 diabetes Decreased incidence of Type 2 diabetes [7-9]

Neurodegeneration
Decreased risk of Parkinson’s disease [10]

Decreased risk of dementia [11]

Cancer Overall risk of cancer decreased [12]

CVD & blood pressure

Moderate coffee consumption associated with decreased CVD risk [13]

Increased plasma antioxidant capacity [14]

Decreased risk of heart failure and stroke [15]

Coffee consumption raises blood pressure [16]

Coffee increases cholesterol levels [17]

Anti-inflammatory properties Lower levels of systemic immune and inflammatory markers in serum [18]

Asthma Decreased incidence of bronchial asthma. [19]

Mental state
Increased alertness [20]

Lower risk of suicide [21]

Arthritis
Decreased risk of gout [22]

Increased risk of rheumatoid arthritis [23]

Sleep Increased in sleep disorders [24]

Miscarriage/low birth rate
Increased risk of miscarriage [25]

Maternal consumption linked to low birth weight in babies [26]

Table 1: Selected papers describing the association of coffee consumption with various disease risks and functional disorders.

Coffee components associated with its health effects
Coffee beans contain several specific compounds that have been

shown individually to have bioactivity, including various alkaloids,
such as caffeine (1,3,7-trimethylxanthine), trigonelline (1-
methylpyridinium-3-carboxylic acid), and nicotinic acid (pyridine-3-
carboxylic acid), which is also known as niacin or Vitamin B3, the
chlorogenic acids (CGA), which are esters of quinic acid and various
trans-cinnamic acids, and the diterpenes, kahweol and cafestol [46].
The contents of these compounds vary according to the plant genetics;
for example Robusta contains higher levels of caffeine than Arabica
coffee, whereas Arabica coffee generally contains more trigonelline
[47]. Furthermore, cafestol occurs in both Arabica and Robusta beans,
whereas kahweol is mainly in Arabica beans, and 16-O-methylcafestol
is found only in Robusta [46]. Methods for quantifying these groups of
compounds in a coffee matrix have been reviewed recently [48,49].
However, it is important to recognize that consumption of bioactive
compounds in a coffee matrix may produce different physiological
effects than in pure solutions [50], and the complexities of the chemical
composition of whole foods suggest that it may often be inappropriate
to extrapolate the health effects of individual chemical compounds to
those experienced by their consumption in food where there may be
interactions between various other dietary components in addition to

those with the digestive system. Thus in the context of physiological
and health effects on consumers, data on exposure to bioactive
compounds during consumption of the brews are most relevant.

Many changes in the composition of coffee beans occur during
processing, storage, and especially roasting. Furthermore, the
composition of the beverage is also influenced by the method of
extraction from the roasted and ground beans. Consequently, there is a
question as to the extent to which changes in coffee composition
determined by the roasting and preparation conditions of the beverage
can be linked to specific health effects of coffee consumption. This is
further complicated by the fact that roasting affects various bioactive
compounds differently in Robusta and Arabica coffees [51], and new
bioactive compounds are generated during the roasting process. These
include 1-methyl pyridinium, and the dimethyl pyridiniums which are
formed by the breakdown of trigonelline, and acrylamide which is
formed from a Maillard reaction between asparagine and reducing
sugars [52]. The dimethyl pyridiniums show mild antithrombotic
properties [53] 1-methyl pyridinium may have anticancer properties
[54] whereas acrylamide is considered to be a potential carcinogen
[55]. In addition to the discrete molecules mentioned above, coffee also
contains many poorly defined compounds which may be bioactive. An
example is the melanoidins, which are formed by the Maillard and
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caramelization reactions during the roasting process, and have been
associated with antimicrobial, anticarcinogenic, anti-inflammatory,
antihypertensive, and antiglycative activities [56].

It is clear from the discussion above that the sources of the
beneficial health effects of coffee consumption are chemically complex
and multifactorial. However, one important contribution to health is
associated with antioxidant activity, which controls potentially-
damaging oxidative processes. Since coffee makes a major contribution
to the dietary antioxidant intake in many populations [57,58], we
consider that improving our knowledge of the antioxidant properties
of coffee represents an important step in understanding its
contribution to a healthy lifestyle. This is addressed in the following
sections.

Some background information on antioxidants in coffee
• First it is important to clarify some definitions.
• An antioxidant either prevents or inhibits oxidation processes.
• A pro-oxidant stimulates oxidation processes.
• A free radical is a molecule that contains an unpaired electron.

Various types of chemical assay are used to measure antioxidant
properties, and these are discussed in more detail in the following
section. However, it is important to recognize that in a biological
system an antioxidant can function either by inhibiting the formation
of an oxidizing agent, or by scavenging reactive oxygen species (ROS),
and thereby breaking oxidative chain reactions. In the latter
mechanism an oxygen-derived radical abstracts a hydrogen atom from
the antioxidant, and produces an antioxidant-derived radical which is
much less reactive than the original ROS. Such relatively stable radicals
then have the ability to react more specifically, and could themselves
also be bioactive. In biology, antioxidant behavior is often equated to
free radical scavenging activity, because of the roles played by O2

-

derived free radicals such as O2
-, HO2., and HO. in biological oxidation

processes. However, not all reactive oxygen species (ROS) are free
radicals, and not all free radicals are oxidizing agents, so caution must
be exercised in the use of these terms.

The major antioxidants in unroasted (green) coffee beans are the
CGAs, which account for ∼10% of the dry weight. These phenolic
acids are highly bioavailable [59], and their health effects have been
reviewed recently [60], specifically in the context of the implications of
coffee consumption. Consumption of CGAs has been linked to weight
loss through their effects on glucose absorption, and extracts of
unroasted coffee beans or CGA-supplemented beverages could be used
for treating obesity [61]. However, it should be noted that the name
chlorogenic acid corresponds to a wide range of compounds; around
70 different derivatives have been described in green coffee beans [62],
and it is likely that not all of these will exhibit similar bioactivity.

The CGAs are not stable to high temperatures, and during coffee
roasting they are transformed into various low and high molecular
mass products. Thus CGA contents of coffee beans are decreased as a
result of roasting, but their diversity increases, and around 200 such
compounds have been identified in roasted coffee beans [62]. As
mentioned in the previous section, roasting also results in the
formation of melanoidins, which have poorly defined structures that
are mainly made up of fragments from polysaccharides and proteins,
but which may also incorporate some CGA molecules [63]. The CGA
and melanoidin components account for most of the total antioxidant
potential of roasted coffee, but whereas the CGA contents decline as a
result of roasting, the melanoidins are produced specifically during the

roasting process. Furthermore, although both groups of molecule are
classified as antioxidants, their chemical properties are distinctly
different, and thus it seems probable that their biological properties
will also differ. Consequently, as we attempt to refine our knowledge of
the mechanisms through which coffee consumption has an impact on
health, it is important to be able to discriminate between these two
groups of antioxidant compound in analyses of the beverage.

Assays for the determination of antioxidant properties
The scientific literature contains a plethora of assays for measuring

antioxidant properties of biological materials and food products.
However, all are based on chemical reactions carried out in vitro,
which immediately raises questions about their biological relevance,
since they give no consideration to bioavailability, in vivo stability,
retention by tissues, and reactivity in tissues [64]. Furthermore,
reactions may occur with digestive fluids, other components of a
product that is consumed alone, such as milk or sugar in the case with
coffee, or other foodstuffs that make up a meal.

Antioxidant assays can involve either competitive or non-
competitive reactions [65]. In competitive reactions, the target species
and the antioxidant compound compete for reaction with an oxidizing
agent, whereas in non-competitive assays, the antioxidant reacts
directly with oxidizing agent. Thus in competitive antioxidant assays,
the values for the antioxidant capacity are dependent on the relative
concentrations of the antioxidant and target species, and on their
reaction rates with the oxidizing agent. Furthermore, in order to select
appropriate assays for antioxidant measurements, it is important to
understand their chemistry and relevance to the application; for
health-related investigations assays should be biologically relevant
wherever possible. Unfortunately, this is not the case in many
commonly-used assays based on electron transfer reactions, such as
the in vitro quenching of stable radicals (e.g. DPPH, ABTS, TEMPO,
DMPD), where the chemistry is fundamentally different from that of
the small oxygen-derived radicals that initiate oxidative reactions in
vivo. Nevertheless, such assays could have some relevance to the
scavenging of the relatively stable secondary radicals that are produced
after primary reactions involving highly reactive species, such as the
hydroxyl radical. Also, methods based on the reduction capacity of a
food product (e.g. Folin-Ciocalteu, FRAP, CUPRAC) are far too crude
to provide a direct correlation with health effects, although they may
have some biological relevance. Other methods that may be more
biologically relevant (e.g. ORAC, TRAP) are time consuming, and still
far removed from reactions in living systems.

It should also be noted that different assays show different
sensitivities towards different types of antioxidant compound. Even
different compounds in the same class can produce distinctly different
values in antioxidant assays, as seen for example for the polyphenols
gallic acid and caffeoylquinic acid [66]. Consequently, the use of a
single assay can produce misleading conclusions. A combination of a
few assays that involve different types of chemical reaction provides a
more realistic overview of the antioxidant properties of a complex
sample such as a food product. Even then such data should be used
with caution, and it should be borne in mind that there is no such
thing as a single antioxidant value that can be linked directly to
biological properties.

The adaption and validation of three complementary assays (Folin-
Ciocalteu (FC), ABTS and ORAC) for the routine assessment of
antioxidant capacity of beverages has been described recently by Opitz
et al. [66,67], and examples are presented in the following sections of
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their applications to understanding the effects of roasting conditions
on the antioxidant properties of coffee samples. The experimental set-

ups are illustrated in Figure 1, which also shows the measurement of
experimental values relative to those of a gallic acid standard.

Figure 1: Experimental set-ups for automatic analyses of antioxidant values for solutions using the Folin-Ciocalteau, ABTS and ORAC
methods along with illustrations of analytical results for coffee samples and a gallic acid (GA) standard. Note that the signal intensity increases
with increasing antioxidant content with the Folin-Ciocalteau, but decreases with increasing antioxidant content with the ABTS and ORAC
methods.
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Determining the effects of roasting on coffee antioxidants
The antioxidant values for samples of unroasted Robusta coffee are

usually higher than those from Arabica samples, and Opitz et al. [66]
used the antioxidant platform described above to investigate extracts
from coffee beans at different stages in the roasting process in order to
understand the evolution of the antioxidant properties. They observed
a progressive increase in antioxidant capacity during roasting to a light
roast state, but with darker roasts the antioxidant values decreased
towards slower and darker roasting degrees. These results were
interpreted as showing that in the early stages of roasting the
production of melanoidins had a higher antioxidant effect than that
lost by degradation of CGAs, whereas with the darker roasts and
slower roasting times, degradation of CGAs had the biggest effect on
the overall antioxidant properties. In this work, the antioxidant values
for brews from Robusta beans were consistently higher than those
prepared from Arabica beans under equivalent roasting conditions, but
as illustrated in Figure 2, major differences were observed in both the
absolute antioxidant values and the trends with roasting conditions
according to the method used.

Figure 2: Influence of roasting conditions (4 different speeds, 3
different roast degrees) on the antioxidant values (expressed as
gallic acid equivalents) of Robusta and Arabica coffee brews
determined using the Folin-Ciocalteau, ABTS and ORAC methods.

More direct information on the relative contributions of the CGAs
and melanoidins to the overall antioxidant properties of the beverage
can be obtained by coupling assays on-line to high performance size
exclusion chromatography (HPSEC). This then allows the
contributions of the high (melanoidin) and low (CGAs) mass products

to be determined separately within the same brews [68-70]. As
illustrated in Figure 3, the high molecular weight fraction consistently
increased with roast degree, although there was a small loss with the
darkest roasts. In contrast, the low molecular weight fraction decreased
progressively starting at relatively mild roasting conditions, but some
was still present even in the darkest roasts. Thus by combining
chromatographic procedures with on-line assays, we are now
developing a more differentiated view of the antioxidant properties of
coffees, which is necessary for future engineering of special coffee
products.

Figure 3: Determination by the (a) ABTS and (b) Folin-Ciocalteau
methods of the contributions of high molecular weight
(melanoidins) and low molecular weight (primarily chlorogenic
acids) coffee fractions to the total antioxidant capacity of coffee
brews according to the speed of roasting and roast degree. Note that
the values are presented as CGA (5-caffeoylquinic acid) equivalents.

Free radical processes in coffee
It is unfortunate that there is a commonly-held view that free

radicals are universally damaging for health. All aerobic organisms
have a metabolism that is based on O2, the most stable form of which,
3O2, is a diradical, and its 1-electron reduction results in the formation
of free radicals, such as .O2

-, .OOH, and .OH. These free radicals are
highly reactive and play many important roles – some beneficial and
some detrimental - in biological processes. Indeed, in the functioning
of the immune system, free radicals are used in the killing of invading
pathogens, and one of the most important reactions in all of biology,
photosynthesis, proceeds via a cascade of free radical reactions.
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Furthermore, free radical centres are not restricted to oxygen atoms,
and radicals occur in which the unpaired electron is based on C, N, or
other atoms. It should also be noted that a huge range of reactivities is
exhibited by different types of free radical; for example, although HO.
has a half-life in vivo of ~10-9 s [71], stable radical centres are
observed in minerals [72] and have been used for dating in
archaeology [73]. Nevertheless, many important reactions in food
processing proceed via oxidative free radical processes, an example
being the formation of the melanoidin component during coffee
roasting [74], and appropriate control of such free radical reactions
should in principle influence the formation of both beneficial and
detrimental compounds. However, the free radical processes that occur
during the roasting of food products are exceedingly complex, and at
the present time we still have difficulty in understanding even the
simplest systems, but there is clearly the potential to manipulate the
composition of coffee products in a desirable way, as we gain more
knowledge of the reactions involved.

One approach that can be used for samples in which free radicals
are stable, or have sufficiently long half-lives is to characterize their
electronic structures by electron paramagnetic resonance (EPR)
spectroscopy. One example, is the investigation of the free radical
dynamics in real time during the roasting process [75]. Large
differences were observed for different types of bean, and there were
appreciable differences in different beans from the same batch, which
illustrates the point made by Illy [76] about the importance of green
bean selection on the quality of the final coffee product. It should also
be noted that the environmental conditions during coffee roasting are
essentially anaerobic, because of the release of CO2 during thermally-
induced breakdown of various components of the green bean, and the
roasting induced radicals have EPR spectra consistent with C-centres;
however, access to O2 during the cooling phase results in a huge
increase in free radical generation [75], thus illustrating the
importance of O2 to the free radical content of the melanoidin
component. At present we do not understand the significance of this
observation, but the presence of small amounts of O2 in the
atmosphere during roasting could be the reason for differences in the
product properties from fast and slow roasting protocols described in
the previous paragraph. EPR has also made some other important
contributions to our understanding of free radical processes in coffee
products, including variations in free radical signal intensities in coffee
solutions as a function of temperature [77], and changes in the
intensities of the free radical EPR signal during the storage of roasted
coffees and coffee extracts [78-80] which illustrate the role of O2 in
storage-induced changes in coffee products.

The EPR measurements described in the previous paragraph were
only able to detect free radicals with half-lives that are sufficiently long
to allow their signals to be recorded, and it is not possible to detect
very short-lived radicals directly using this technique. However, the
generation and identification of short-lived radicals can sometimes be
achieved by combining EPR spectroscopy with spin trapping
technology. An example of the use of this approach is the observation
of a temperature-dependent turnover of short-lived radicals (probably
involving HO.) in soluble coffee solutions [77]. Reactions of such
radicals may be the explanation for the deterioration in taste during
storage of hot brewed coffee prior to consumption.

Controlling production to produce coffees with specific
properties

As described briefly in this article, we are gaining more knowledge
of the chemical and biochemical reactions that occur during the
various stages of coffee production, and it is now possible to alter the
concentrations of specific components, or groups of component by
controlling various processing conditions. As illustrated in Figure 2,
both the time and temperature of roasting, in addition to the darkness
of the final roast, influence the antioxidant contents of prepared coffee
brews. We also know that the roasting conditions can be manipulated
to influence the relative concentrations of the CGA and/or melanoidin
components (Figure 3). Since considerable knowledge is also being
generated on the influence of coffee bean genetics, environmental
conditions, agronomic practices, and coffee fruit processing
procedures on the composition of green coffee beans, we are now
establishing a foundation from which products can be prepared with
specific ranges of concentrations of bioactive compounds or their
precursors. Essentially, we have the potential to generate a family of
novel functional food products. However, a major obstacle at the
present time is a lack of basic knowledge of the influence of the
brewing and preparation processes on beverage composition
(including the effects of additives, such as milk and sugar) and on the
mechanisms of action of various potentially bioactive compounds,
especially in the context of whole meals. This complex problem is
especially difficult for poorly defined components that may yield
bioactive compounds when broken down in the digestive tract. Yet this
is precisely the type of information that is needed for the development
of functional food products, and there is a danger that commercial
pressures will bring about the introduction of new products before
obtaining a proper understanding of their effects.

Information needed for future developments
Although we have the potential to control various aspects of coffee

production, including the genetic composition of the plants,
cultivation conditions, harvesting and extraction of the green beans,
post-harvest storage, roasting conditions, and storage of the roasted
products, in addition to blending and extraction procedures to
produce the beverage, we still lack much important information on
their impacts on the properties of the beverage that relate to consumer
health. Seldom is any attention given to these aspects of coffee
production in studies of relationships between coffee consumption and
health. Such investigations need to recognize that coffee is indeed a
complex product, and that clinical studies should provide full
descriptions of the beverage used, including its source, method of
preparation, and timing of consumption. Over time such information
may be useful for identifying the potential impact of various factors
that have not hitherto been considered. In cohort studies,
questionnaires should seek more detailed information on coffee
consumption habits, though it is recognized that these are likely to be
quite variable. However, the lack of information on the composition of
coffee products may account for some of the conflicting evidence in
the scientific literature, since there have been marked changes in coffee
production technology and consumer habits over the past half century,
in addition to there being distinct regional preferences for different
coffee products.

More knowledge is also needed on the chemistry of individual
components or simplified fractions of the beverage, because much of
the scientific literature is based on informed speculation rather than
hard facts. As an example consider the chemical behavior of
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polyphenols, which are generally considered to represent important
dietary antioxidants. With transition metals, polyphenols can react in
various ways depending on the pH of the medium, and result in
complexation, or redox reactions which could be followed by
polymerization of the metal and either polymerization of breakdown
of the polyphenol. In addition, when polyphenols react with transition
metal ions in reduced oxidation states, they can produce .OH radicals
via the Fenton reaction [81], and thus behave as pro-oxidants. Quite
clearly, a number obtained in a simple chemical assay falls far short of
providing an understanding how polyphenols might behave in a
complex biological system, and as observed for the different
physiological effects of caffeine taken from pure solution compared to
coffee, it is important to study reactions in appropriate matrices. A
specific chemical example taken from the literature is the reaction of
Cu(II) with solutions of the green tea polyphenols [82] where the
products are different from those observed with actual tea extracts
[83], even though such polyphenols are generally assumed to be
responsible for much of the biological activity of green teas.
Furthermore, the generally assumed redox reaction between Cu(II)
and these polyphenols has been shown to be unimportant at
physiological pH values [82], so clearly even some of the most
fundamental chemical reactions of bioactive compounds in foods and
beverages are still not fully understood. In the case of coffee, there is
little evidence of the actual chemical mechanisms in which the
individual CGAs may be involved after consumption. However, CGAs
also occur in a wide range of plant products that are used in traditional
medicines, so understanding their biological reactions has wider
implications beyond coffee chemistry, and it may be significant that
caffeoylquinic acid derived free radicals have been identified during
antioxidant reactions of Ilex latifolia and Ilex kudincha [84]. In
addition, it must be borne in mind that there are other components of
coffee brews, many of which are not currently characterized, that could
be bioactive, and thus responsible for some of the observed effects of
the beverage.

Finally, in addition to considering the conditions for optimizing the
contents of bioactive compounds with beneficial properties, it is
important not to ignore the production of compounds that are
potentially detrimental to health, and minimizing their production
needs to receive particular attention when engineering coffee products
for improved health properties. One molecule that has received
considerable attention during the past decade is acrylamide which is
formed by a Maillard reaction between asparagine and reducing sugars
in the early stages of coffee roasting [52]. Acrylamide levels tend to be
higher for Robusta than Arabica coffees [85], and decrease with
increasing temperature and time of roasting for a similar roast degree.
Thus they roughly parallel the CGA levels and illustrate the types of
compromise that will need to be undertaken when developing
functional foods from coffee. At present the production of high quality
coffee is regarded as an art, but with increased knowledge of the
relevant reactions it can be increasingly more of a science, and this
science should lead to the development of beverages that make
increasingly valuable contributions to health as well as having pleasant
sensory properties.
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