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Abstract

Calendula (Calendula officinalis L.) belongs to the Asteraceae family. It is a medicinal plant and its flowers are used as important
ingredient of pharmaceutical and food production. Most calendula research has been focused on extraction and pharmaceutical
properties of bioactive compounds from flowers. Fresh calendula flowers are suggested to use as edible flowers but dried flowers —
as an herbal tea and as condiment of food. Calendula accumulates large amounts of carotenoids in its flowers. The yellow and orange
colour of petals is mostly due to the carotenoids and the shade depends on the quantity and composition of pigments. Carotenoids are
known as biologically active compounds with multiple applications in therapy. It is important to humans as precursors of vitamin A
and retinoids. Major factors that impact differences in the amount of total carotenoids in calendula flowers is reported to be the plant
variety, colour of the ligulate and tubular florets, the place of cultivation and time of harvesting. Nowadays many important
carotenoids are used as pigments — food colorants in the food industry. Carotenoids composition in calendula flowers has been
recently begun to explore and in future the scientific research on calendula will be increased. In this review, existing information of
carotenoids composition in calendula flowers depending of variety are explored, as well as carotenoids multi-activity and usage of

calendula flowers are highlight.
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Introduction

Calendula (Calendula officinalis L.) belongs to the
Asteraceae family. Depending on variety and culture,
the plants grow up to 60 cm. Flowers color varies from
yellow to orange and they bloom from June until late
autumn (Kemper, 1999; Mills, 1999). Calendula is a
native of southern Europe but on commercial scale it is
cultivated in all around the world. Calendula is a
medicinal plant and its flowers are used as important
ingredient of pharmaceutical, cosmetic and food
production (Cromack, Smith, 1998; Rubine, Enina,
2004). Most calendula research has been focused on
extraction and pharmaceutical properties of bioactive
compounds from flowers. The name carotenoids, is
derived from the fact that they constitute the major
pigment in the carrot root, Daucus carota, are
undoubtedly among the most widespread and important
pigments in living organism. Carotenoids are the
pigments responsible for the colors of many plants
(Eldahshan, Singab, 2013). The yellow and orange
color of flower petals is mostly due to the carotenoids
and the shade depends on the quantity and composition
of pigments (Faulks et al., 2005; Fernandez-Garcia et
al., 2012; Tanaka et al., 2008; Zhu et al., 2010).

In this review, there are explored the composition of
carotenoids in calendula flowers in order to compare
existing information on this plant and its different
varieties as well as highlight its multi-activity.

Characterization and health applications of
carotenoids

Carotenoids are tetraterpenoids synthesized in plants
and microorganisms. They can also be found in many
animal species and are important colorants in birds,
insects, fish and crustaceans. However, animals and
humans cannot synthesize carotenoids and their level in

body depends on dietary supply (Britton, 1995; Olson,
Krinsky, 1995). Up to now, more than 750 different
carotenoids have been isolated from natural sources
and new carotenoids continue to be identified
(Ramawat, Merillon, 2013). However, only about
40 carotenoids can be absorbed, metabolized, and used
in human body. That number is reduced to 6 if the
carotenoid profile that is usually detected in human
blood plasma is considered. This group includes a-
and B-carotene, lycopene, B-cryptoxanthin, zeaxantin
and lutein, which are regularly presented in food list of
human diet (Britton, Khachik, 2009).

From the chemical point of view, structurally
carotenoids are divided into two major groups:
carotenes and xanthophylls. Firstly, carotenes or
exclusively hydrocarbon carotenoids only composed of
carbon and hydrogen atoms, examples of these
compounds are o-carotene, B-carotene, lycopene, etc.
Secondly, xanthophylls are known as oxygenated
hydrocarbon derivatives that contain at least one
oxygen function such as hydroxyl, keto, epoxy,
methoxy or carboxylic acid groups. Examples of these
compounds are a zeaxanthin and lutein (hydroxy),
spirilloxanthin (methoxy) and antheraxanthin (epoxy),
etc. (Ramawat, Merillon, 2013).

Many research results shows, that the consumption of a
diet rich in carotenoids has been epidemiologically
correlated with a lower risk for several diseases (Faulks
et al., 2005). Carotenoids are considered as important
to humans as precursors of vitamin A and retinoids.
The major provitamin A carotenoids in Western diet is
B-carotene, but also a-carotene, and B-cryptoxanthin
contribute to vitamin A supply and may prevent
vitamin A deficiency (Olson, Krinsky, 1995; Het Hof
et al., 2000). The importance of carotenoids in food
goes beyond as natural pigments and biological
functions and actions have increasingly been attributed
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to these pigments (Faulks et al., 2005). Carotenoids in
tissues reflect food choices too (Rock, 1997).
Epidemiologic evidence links higher carotenoid intakes
and tissue concentrations with reduced cancer and
cardiovascular disease risk (Rock, 1997; Mayne, 1996).
There is convincing evidence that carotenoids are
important components of the antioxidant network
(Rock, 1997). Photooxidative damage is suggested to
be involved in the pathobiochemistry of several
diseases affecting the skin and the eye, and carotenoids
may protect light-exposed tissues.

Lutein and zeaxanthin are the predominant carotenoids
of the retina and are considered to act as
photoprotectants preventing retinal degeneration. The
unique distribution, localization and high levels of both
carotenoids within the macula lutea as well as their
physicochemical properties make them suitable
candidates for photoprotection (Laurence et al., 2000;
Stahl, Sies, 2005; Richar, 2013). There are few reports
on the toxicity studies of lutein and histopathological
analysis of the organs supported the nontoxicity of
lutein and its ester form (Harikumar et al., 2008).
B-carotene is one of the most abundant carotenoids in
the human body. Comparing to carotenoids that can be
metabolized into vitamin A, B-carotene has the highest
provitamin A activity (Krinsky, Johnson, 2005).
According to the researches, B-carotene is widely used
as an oral sun protectant for the prevention of sunburn
and has been shown to be effective either alone or in
combination with other carotenoids or antioxidant
vitamins (Sies, Stahl, 2004; Stahl, Sies, 2005;
Berneburg, Krutmann, 2000; Stahl et al., 2000).
Protective effects are also achieved with a diet rich in
lycopene. Many studies suggest that eating lycopene
rich foods or having high lycopene levels in the body
may be linked to reduced risk of cancer, heart disease,
and age-related eye disorders. However, measures of
lycopene intake have been based mainly on eating
tomatoes and other products with high lycopene
content, not on the use of lycopene supplements
(Krinsky, Johnson, 2005; Rock, 1997; Sies, Stahl,
2004).

Carotenoids in calendula flowers

The several investigations of carotenoids compositions
of calendula petals have been reported although the
researches on it has been recently begun to investigate.
Some report refers to qualitative aspects as separation
and identification of carotenoids, and others to
quantitative determination as total carotenoids.
According to the researches, there are found out that
calendula accumulates large amounts of different
carotenoids in its flowers.

Bako et al. (2002) have studied the composition of
carotenoids in calendula petals that were obtained from
commercial garden in Pécs (southern Hungary) and
found about 18 different types of carotenoids:
neoxanthin, (9°Z)-neoxanthin, violaxanthin,
luteoxanthin, auroxanthin, (9°2)-violaxanthin,
flavoxanthin, mutatoxanthin, (9 Z)-antheraxanthin,
lutein, (9/9°Z)-lutein, (13/13°Z)-lutein, a-carotene,
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B-carotene. Kishimoto et al. (2005) were analyzed three
orange flowered cultivars (‘Alice Orange’, ‘Orange
Star’ and ‘Orange Zem’) and three yellow flowered
cultivars (‘Alice Yellow’, Gold Star’ and ‘Golden
Zem’) of calendula in their researches, grown in
Tsukuba, Japan. They have identified 19 different
carotenoids in  their  researches, such as,
(8 'R)-luteoxanthin, lutein-5,6-epoxide, flavoxanthin,
(8R/8'R)-auroxanthin, (9°Z)-lutein-5,6-epoxide, lutein,
antheraxanthin,  (92)-lutein, (5'Z/9°Z)-rubixanthin,
a-carotene, P-carotene, (5°Z)-rubixanthin, &-carotene,
(52/92/5°2/9°Z)-lycopene, y-carotene, (5°Z)-y-carotene,
(52/9Z/5Z)-lycopene, (52/9Z)-lycopene, all-E-
lycopene. Two carotenoids of them ((5°Z)-y-carotene
and (5°Z/9°Z)-rubixanthin) have never been before
identified. However, they have not identified numerous
of carotenoids that have been found in by other
researcher from other countries. From these results we
can find out that the place of cultivation impact
composition of different carotenoids in calendula
flowers.

Carotenoids are generally responsible for petal colors
in the yellow to red range and the wide range of petal
colors in various varieties of calendula originates
mainly from combinations of these pigments. Verghese
(1998) has reported that marigold (Tageteserecta)
flower petals are a significant source of the xanthophyll
and have a much higher concentration of this pigment
compared to other plant materials. Moehs et al. (2001)
have reported that in marigold (Tageteserecta), the
differences in petal color from pale-yellow to orange-
red are caused by different levels of accumulation of
yellow carotenoid lutein.

Kishimoto et al. (2005) have shown that distinctive
differences in carotenoids content (characterized by
HPLC chromatograms) were found between orange
flowered varieties and yellow flowered varieties. In all,
19 carotenoids where observed in orange flowered
varieties, and of these, 10 carotenoids were detected
only in orange flowered varieties. They have found out
that yellow colored petals don’t contain (5°Z/9°Z)-
rubixanthin, a-carotene, (5°Z)-rubixanthin, d-carotene,
(52/92/5°2/9°Z)-lycopene, y-carotene, (5°Z)-y-carotene,
(52/9Z/5Z)-lycopene, (52/9Z)-lycopene, all-E-
lycopene. Therefore we can consider that these
carotenoids are responsible for the orange color
formation of the petals. The similar results have shown
Pintea et al. (2003) in their researches of four calendula
varieties — two orange flowered (‘Double Esterel
Orange’ and ‘Radio Extra Selected’) and two yellow
flowered  (‘Bonbon  Abricot” and  ‘Double
EsterelJaune’). They have found out that the
composition of different carotenoids increases with
color intensity, the dark orange variety being the
richest one. The dark flowered variety (‘Double Esterel
Orange’) is the richest in rubixanthin, lycopene and
y-carotene, but yellow flowered variety (‘Bonbon
Abricot’) contains important amount of B-carotene, but
very low amountof y-carotene and it is especially low
in lycopene. Kishimoto et al. (2007) have reported, that
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orange and yellow flowered cultivars of O. ecklonis
(Compositae family) showed the same composition, the
proportions of three reddish carotenoids — 5°Z-y-
carotene, 5Z/9Z7/5°Z-lycopene, and lycopene — were
higher in the orange flowered cultivar. In general, there
is found out that orange flowered cultivars of calendula
accumulate more reddish carotenoids than yellow
flowered varieties (Kishimoto, Ohmiya, 2009). The
color intensity of orange flowered varieties is primarily
due to lycopene, which is absent from yellow flowered
varieties. Lutein and [-carotene were the most
abundant carotenoids in the Italian type of calendula,
grown in Ravenna, northern Italy (Piccaglia et al.,
1999).

More reports refer only to quantitative determination as
total carotenoids. The major factors that impact
differences in the amount of total carotenoids in
calendula flowers is reported to be the plant variety,
color of the ligulate and tubular florets, the place of
cultivation and time of harvesting (Bako et al. 2002;
Kishimoto et al. 2005; Kishimoto et al. 2007;
Kishimoto, Ohmiya, 2009; Pintea et al., 2003; Raal et
al., 2009), as well as, environmental factors, such as
soil mineral composition, temperature, oxygen and
light (Piccaglia et al., 1999).

A wide range of calendula varieties were analyzed in
Estonia. Raal et al. (2009) and Toom et al. (2007) have
found out that the total carotenoids content varied in
the investigated 42 samples from 200 to
3510 mg 100 g dried flowers. The highest total
carotenoids content (3510 mg 100 g™) was found in
brownish-yellow flowered variety ‘Golden Emperor’
(Table 1.). The lowest sum of pigments was found in
the variety ‘Touch of Buff’ (200 mg 100 g™), with a
very unconventional combination of flowers color — its
tubular florets were sorrel, but the ligulate ones were
maroon in the top and cream colored in the bottom. In
their studies, they have observed that usually canary
yellow, carnation-yellow and yellow flowered cultivars
contain total carotenoids of less than 1000 mg 100 g™
while cultivars with orange flowers contain pigments
between 1000-2000 mg 100 g™ or even more. Pintea et
al. (2003) have found the highest total carotenoids
content in fresh flowers of orange flowered cultivar
‘Double Esterel Orange’ with a total content
276 mg 100 g, but lowest in yellow-orange flowered
cultivar ‘Bonbon Abricot’ — 48.2 mg 100 g™. Also
Kishimoto et al. (2007) have found differences in total
carotenoids content between orange and yellow
flowered cultivars.

In general, that the richest in total carotenoids content
are brownish-yellow and orange flowered calendula
varieties. The total carotenoids content also depends on
region of cultivation. The same variety grown in
different regions has shown different content of total
carotenoids. For example, variety ‘Fiesta Gitana’,
grown in Central Estonia (Jirvamaa) has shown
1060 mg 100 g™,but towards to the south Estonia
(Viljandimaa) total carotenoids content has increased
to 1440.0 mg 100 g™ (Raal et al., 2009). Pintea et al.

(2003) have reported that the values of quantitative
determinations are very different from one variety to
another. Anyhow, the interconnection between
calendula varieties and content of total carotenoids is
not satisfactorily clear and therefore there more
researches in future are needed.

Table 1
Amount of total carotenoids in flowers of calendula
(Calendula officinalis L.) varieties

Variety Carotenoids, Place of cultivation
(color of flowers) mg 100 g™ (region, country)

Fresh flowers

Alice Orange 170* Tsukuba, Ibaraki,

(orange) Japan

Alice Yellow 125* Tsukuba, Ibaraki,

(yellow) Japan

Bonbon Abricot 48** Cluj-Napoca,

(yellow-orange) Romania

Double EsterelJaune Q7** Cluj-Napoca,

(lemon yellow) Romania

Double Esterel 276** Cluj-Napoca,

Orange (dark orange) Romania

Gold Star (yellow) 126* Tsukuba, Ibaraki,
Japan

Golden Gem 118* Tsukuba, Ibaraki,

(yellow) Japan

Orange Gem 107* Tsukuba, Ibaraki,

(orange) Japan

Orange Star (orange) 145* Tsukuba, Ibaraki,
Japan

Ponpon Orange 119* Tsukuba, Ibaraki,

(orange) Japan

Ponpon Yellow 109* Tsukuba, Ibaraki,

(yellow) Japan

Radio Extra Selected 112** Cluj-Napoca,

(orange) Romania

Dried flowers

Apricot Beauty (dark 530*** Jérvamaa, Central

orange-canary Estonia

yellow)

Apricot Beauty 430*** Viljandimaa,
(yellow, top orange) Southern Estonia
Art Schades (canary 1780*** Jérvamaa, Central
yellow-light orange) Estonia

Art Schades 840*** Viljandimaa,
(yellow-orange) Southern Estonia
Balls Orange 2000- Viljandimaa,
(orange) 2240%*** Southern Estonia
Balls Orange 1150*** Jarvamaa, Central
(orange) Estonia

Balls Supreme 1750*** Viljandimaa,
(orange) Southern Estonia
Cremeweiss (canary 370*** Viljandimaa,
yellow) Southern Estonia
Cremeweiss (canary 270*** Pérnumaa, South-
yellow) Western Estonia
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Fiesta Gitana
(orange- yellow-
canary yellow)

Fiesta Gitana
(orange- yellow-
canary yellow)

Fiesta Gitana
(orange-yellow-
canary yellow)

Golden Emperor
(brownish-yellow)

Golden Emperor
(brownish-yellow)

Kablouna (yellow-
orange)

Kablouna (yellowish)

KablunaOranz
(orange)

Medetkos (orange)

NizkyPInokvety
(orange-canary
yellow)

Orange King
(orange)

Pacific Beauty
(goldenrod)

Pacific Beauty
(orange-yellow)

Pacific Deep Orange
(dark orange)

Pacific Lemon
Yellow (lemon
yellow)

Pink Surprise
(carnation-yellow)

Pomyk (orange)

PrinzesGenischt
(yellow-orange)

RozovoiSjurpris
(carnation-orange)
RusskiiRazmer XXL
(orange)

Tokaj (brownish-
yellow)

Touch of Buff (top
maroon, bottom
cream-colored)

Touch of Red
(orange from upper,
brown from
underside)

Touch of Red
(orange from upper,
brown from
underside)

1440%%

1140%**

1060***

3510***

3420***

1460***

770***

1840***

890***

650***

1630-
27504
2100%*
760-
10607+
1190+

1480***

960***

1680***

1330***

630***

2970***

1600***

200%**

2050%**

1610***

Viljandimaa,
Southern Estonia

Pérnumaa, South-
Western Estonia

Jarvamaa, Central
Estonia

Viljandimaa,
Southern Estonia
Jarvamaa, Central
Estonia
Viljandimaa,
Southern Estonia
Jdarvamaa, Central
Estonia
Viljandimaa,
Southern Estonia

Parnumaa, South-
Western Estonia

Parnumaa, South-
Western Estonia

Viljandimaa,
Southern Estonia
Jdarvamaa, Central
Estonia
Viljandimaa,
Southern Estonia
Parnumaa, South-
Western Estonia
Viljandimaa,
Southern Estonia

Viljandimaa,
Southern Estonia
Parnumaa, South-
Western Estonia
Viljandimaa,
Southern Estonia
Viljandimaa,
Southern Estonia
Viljandimaa,
Southern Estonia

Jarvamaa, Central
Estonia

Pdrnumaa, South-
Western Estonia

Viljandimaa,
Southern Estonia

Jarvamaa, Central
Estonia

Unknown, Hungarian T70**** Pécs, Southern
type of calendula Hungary

(orange)

VysokyKablouna 1560*** Pérnumaa, South-
(canary yellow- Western Estonia
yellow)

ZeljonoeSertse 1490*** Viljandimaa,
(orange) Southern Estonia
Zjelt’ IGigant 2510*** Jarvamaa, Central
(goldenrod) Estonia
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* Kishimoto et al., 2007; ** Pintea et al., 2003; *** Raal et
al., (2009); **** Bako et al., 2002.

Usage of calendula flowers

Calendula is with huge potential in medicine, food and
cosmetic production (Rubine, Enina, 2004; Sausserde,
Kampuss, 2014). It is used as therapeutically plant
from ancient time. In human medicine calendula
flowers are used in tea, infusions, tinctures etc.
(Loranty et al., 2010; Rubine, Enina, 2004). It was
efficient for liver illness, cramps, ulcers, jaundice,
hemorrhoids, internal healing, skin cancer treatment
(Khalid, Jaime, 2012; Muley et al., 2009; Preethi et al.,
2009) and also with wide spectra of action, such as,
choleretic, antispasmodic, bactericidal, anticancer,
wounds, frostbite, burns, acne. Calendula is applied in
a form of lotion for skin illness, ulcerations, frostbites,
burns, fungus (Jorge et al., 1996; Preethi et al., 2009).
Extracts derived from dried flowers inhibit the
replication of HIV-1 (Kalvatchev et al., 1997). In
veterinary medicine the raw material of calendula
flowers is used for the preparation of different tinctures
(Grela, Sembratowicz, 1998).

Dried and fresh flowers of calendula are widely used as
food. In many parts of the world people continues to
prepare food with old traditions. More and more the
assortments of foodstuffs produced begin to be
markedly extended with edible flowers. And these
flowers could be potential rich resources of natural
antioxidants and carotenoids and could be developed
into functional foods, which increases and improves
the appearance, taste and aesthetic value of these
foodstuffs (Tanji, Nassif, 1995; Mlcek, Rop, 2011; Li
et al., 2014). According to the researches, calendula
flowers accumulate high amount of different
carotenoids. Since the content of these compounds are
not very high in the majority of food stuffs (Mlcek et
al., 2011), calendula flowers as edible flowers could be
one of the sources of valuable substances. Fresh
flowers are served as garnish and trimming of various
meals and cold buffet food, and petals are used to
decorate salads, sweet meals, fruit and ice-cream
sundae, drinks, etc. In addition to the esthetic
appearance they also correspond to specific taste and
smell of served food (Rubine, Enina, 2004; Scherf,
2004). It has long been shown in human studies that fat
enhances the absorption of carotenoids (Castenmiller,
West, 1998). In recent studies, greater absorption of
carotenoids was observed when salad was consumed
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with full-fat than with reduced-fat salad dressing
(Brown et al., 2004; Rodriguez-Amaya, 2010).
Calendula flowers can be also dried, soaked in alcohol
or sugar, frozen either directly or in form of ice cubes,
added in to cocktails, etc. The freeze drying is not cost
effective but preserves the original appearance, color,
shape, and gloss of flowers (Mlcek et al., 2011;
Mohammad, Kashani, 2012; Rubine, Enina, 2004).

At the beginning of the food industry, pigments —
natural of synthetic, were used to give an attractive
appearance, perception of freshness, taste, and quality
of food. Today, natural colorants are emerging globally
due to the perception of its safer and eco-friendly
nature (Pratheesh et al., 2009; Abbey et al., 2014).
Carotenoids pigments are of interest to the food
scientists, nutritionists and food industries due to their
positive impact on human health and their economic
benefits. Carotenoids are responsible for the attractive
color of many plant foods, which is perhaps the first
attribute that consumers assess when determining
the quality and appearance of a product, and
therefore conditions of its acceptability (Fernandez-
Garcia et al., 2012).

Conclusions

Nowadays many important carotenoids are used as
pigments — food colorants in the food industry
Calendula accumulates large amount of different
carotenoids in its flowers, therefore its promising plant
for condiment of food production, as well as — food
colorants in the food industry. Nowadays, a trend
towards researches of calendula represents a challenge
for food manufactures, because of its widely
therapeutically applications, and diet rich in
carotenoids represents lower risk for several diseases.
The addition of many colors to healthy food and food
products may become superfluous in the future. In
collaboration ~ of  specialists  of  agriculture,
bioengineering and food science it is possible to
develop innovative techniques to produce foods that
could be potential rich of natural carotenoids and to
find out good colorants and to improve retention of
total carotenoids pigments, as well as flavors and
nutrients in cooked food.
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