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Summary

Belgian-Swiss cocoa company Barry Callebaut has recently revealed the fourth type of chocolate - Ruby chocolate
characterized by the fresh berry taste and reddish color. Since there is no published data about its bioactive content, the aim of
this study was to compare Ruby chocolate with different, well-known types of chocolates (dark, milk, semisweet and white)
according to bioactive content and sensory attributes. Dark chocolate exhibited the highest total phenolic content and
antioxidant capacity followed by semisweet chocolate, while Ruby chocolate, regarding total phenolic content, was ranged
between milk and white chocolate, but exhibited higher antioxidant capacity than milk chocolate, probably due to the higher
content of flavan-3-ols and proanthocyanidins. Semisweet and dark chocolate obtained the highest score in chocolate
distinctive odour, while for the same attribute, Ruby chocolate was estimated as least preferable chocolate. White chocolate
with strawberry was used because of similar sensory characteristics as Ruby chocolate, regarding taste and fruity odour, and
was rated with a higher score compared to Ruby. The highest intensity of acidity was determined in Ruby chocolate, which is
its main characteristic. All estimated sensory attributes were scored the best for the semisweet chocolate, while Ruby chocolate
was least acceptable chocolate.
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Introduction

Cocoa (Theobroma cacao), known as the chocolate
tree, belongs to the genus Theobroma and subfamily
Sterculioidea of the mallow family Malvaceae
(Afoakwa, 2016a), and its seeds, cocoa beans,
contained in the tree fruit — the cocoa pod, are the
main ingredient for chocolate production. Three
morphogenetic groups of cocoa beans are Forastero,
Criollo and their hybrid Trinitario (Qin et al., 2016).
The estimated world total production of cocoa beans
in 2017/2018 was 4 649 000 tones from which about
75% was located in Africa where the biggest
producers are Ivory Coast, Ghana, Cameroon, and
Nigeria (ICOO, 2019). Main nutritional ingredients
of cocoa beans are fat, carbohydrates, proteins, fibers
and minerals (K, P, Mg, Ca), but recently, more
attention has been paid to the bioactive compounds -
vitamins, sterols, phospholipids, alkaloids and
polyphenols (Torres-Moreno et al., 2014; Todorovic
et al., 2015). Unfermented cocoa beans are rich in
polyphenols (12 — 18% of dry matter) (Kim and
Keeney, 1984), natural antioxidants characterized by
the aromatic feature and conjugated system with
hydroxyl groups enabling them to neutralize reactive
oxygen species and other free radicals which results
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in various health benefits (Zhang and Tsao, 2016).
The most abundant polyphenols in cocoa beans are
proanthocyanidins (58%), flavanols (37%), and
anthocyanins (4%) (Di Mattia et al., 2017). From the
group of alkaloids, the most represented is
theobromine (2 - 3%), while caffeine and
theophylline are found in low content (Aprotosoaie et
al., 2015). Raw cocoa beans undergo different
processes before including in chocolate formulation -
fermentation, drying, roasting, grinding, conching
and tempering, which all contribute to the chemical
and bioactive content of the final product - chocolate
(Di Mattia et al., 2017; Todorovic et al., 2015).

Chocolate can be defined as a semi-solid suspension
of fine solid particles from sugar, cocoa and milk
powder (depending on the type) in a continuous fat
phase of cocoa butter (Afoakwa, 2016b) that melts at
oral temperature and generates a smooth suspension
(Ostrowska-Liggza et al., 2019). Chocolate is
consumed largely worldwide, and it is known as one
of the most craved foods. Comparing to the highest
chocolate consumption (9 kg/year) reported in
Switzerland (Wickramasuriya and Dunwell, 2018), in
Croatia it was noted to be 2.2 kg/year (GAIN, 2016).
According to today’s  scientific  research,
consumption of cocoa and cocoa-related products has
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numerous health benefits, but cocoa is known as a
medicine for thousands of years. Swedish scientist C.
Linnaeus in 1753 named Theobroma cacao “food of
the gods” (Lippi, 2015). Consumption of chocolate
activates pleasure centers of the human brain and has
stimulant, relaxing and antidepressive effects mostly
due to the content combination of theobromine and
caffeine deriving from cocoa beans, which results in
unique psychopharmacological properties (Thamke et
al 2008; Judelson et al., 2013; Tuenter et al., 2018).
Meier et al. (2017) have reported that eating
chocolate increases positive mood, particularly when
it is eaten mindfully. Besides its psychological effect,
chocolate consumption is related to other health
benefits. According to Seem et al. (2019), among
different types of chocolates and cocoa powders, dark
chocolate, after unsweetened cocoa powder, has the
biggest effect in supporting and preserving bone
health. Preventive effects of cocoa polyphenols in
cancer (Martin et al., 2013) and cardiovascular
diseases (Kerimi and Williamson, 2015) has been
extensively revised. In a scientific opinion stated by
EFSA (2014), flavanols from cocoa beans contribute
to the maintenance of normal endothelium-dependent
vasodilation. Examples of commercial products that
carry this claim are Acticoa™ cocoa powder and
chocolate (Barry Callebaut, Switzerland).

Main categories of chocolate are dark, milk and
white, corresponding to the content of cocoa solids,
milk fat and cocoa butter, (Afoakwa, 2016b;
Ostrowska-Ligeza et al., 2019), regulated by the EU
Directive 2000/36/EC of the European Parliament
and the Council relating to cocoa and chocolate
products intended for human consumption. With the
mentioned three types of chocolate, Barry Callebaut,
Belgian-Swiss cocoa company, has recently released
the fourth type of chocolate - Ruby chocolate. Ruby
chocolate is characterized by fresh berry taste and
reddish color. In a patent by Dumarche et al. as
inventors and Barry Callebaut as assignee (US
9107430, 2015), it is claimed that red or purple
cocoa-derived materials can be produced by treating
cocoa nibs, obtained from raw cocoa beans which
have higher polyphenol content than a fermented
cocoa beans, with an acid with the suitable pKa
value. It is preferred that cocoa beans are
unfermented and dried in the sun. Acidic conditions
(pH, water content, temperature and length of
reaction) must be controlled in order to preserve
polyphenols to a particular degree in nibs - at least
20 mg/g, but most preferably 40 to 60 mg/g (US
9107430, 2015). Ruby chocolate was presented at a
launch event in Shanghai (China) in September 2017,
but so far there is no literature data about its bioactive
content.

90

Therefore, this study aimed to investigate the
bioactive content and sensory characteristics of Ruby
chocolate and compare them to the same parameters
of already known types of chocolates.

Materials and methods
Chemicals and materials

In this study, six different types of chocolate were
used - dark with 72% of cocoa parts (DC), semisweet
with 38% of cocoa parts (SC), milk with 32% of
cocoa parts (MC), Ruby (RC), white (WC) and white
chocolate with strawberries (WSC), obtained in the
local supermarket.

All chemicals used for experimental procedures were
of analytical grade.

Sample preparation

Preparation of chocolate samples was carried out as
described by Guyot et al. (1998) and Hammerstone et
al. (1999), with some modifications. Firstly,
chocolate samples were manually grated. In order to
eliminate lipids, each sample was extracted with n-
hexane. The phenolic compounds were extracted
from defatted cocoa solids in the ultrasonic bath
(Elma sonic S 60 Hz, Elma, Germany) with aqueous
methanol (70%) (Adamson et al., 1999), and then
centrifuged on SL8R centrifuge (Thermo Fisher
Scientific). The supernatant was decanted and
collected in a volumetric flask. Extracts were kept at
+4 °C until use.

Total polyphenol content (TPC) and total flavonoid
content

Total phenolic content in chocolate extracts was
determined spectrophotometrically (Genesys 10S
UV-VIS  Spectrophotometer, Thermo  Fisher
Scientific, US) following a modified method of
Lachman et al. (1998). Gallic acid was used for
calibration and the results were expressed as gallic
acid equivalents (GAE) per gram of original
chocolate product (mg GAE/g) (Kramling and
Singleton, 1969).

The determination of total flavonoid content was
carried out according to the method of Ough and
Amerine (1988). After precipitation and separation of
flavonoid compounds with formaldehyde in acidic
conditions, remaining non-flavonoid phenolics were
measured using Folin-Ciocalteau reagent as described
above (determination of total phenolic content).
Flavonoid content was calculated as the difference
between total phenolic and non-flavonoid content.
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Since gallic acid was used as the standard in
phenolics and-non-flavonoids determination, the
content of flavonoids was also expressed as mg
GAE/g of original chocolate product (Kramling and
Singleton, 1969). All measurements were performed
in triplicate.

Determination of antioxidant capacity

Antioxidant capacity of the chocolate extracts was
determined using DPPH radical scavenging assay
(Brand-Williams et al., 1995) and ABTS radical
cation (ABTS") decolourization assay (Re et al.,
1999). AIll measurements were performed in
triplicate. For both assays, Trolox was used as the
standard and the results were expressed as pmol
Trolox equivalents per g of chocolate product
(uM Trolox/g).

Determination of flavan-3-ols by vanillin and
4-dimethylaminocinnamaldehyde (p-DAC) assays

Chocolate extracts were analysed for their flavan-3-
ols content by vanillin assay as described by Di
Stefano et al. (1989) using 4% vanillin solution in
methanol.

The content of flavan-3-ols was also determined by
p-DAC assay, due to differences in used reagents and
mechanisms of reactions. A standard procedure
reported by Di Stefano et al. (1989) was used to
estimate the flavan-3-ol content. Dissolved p-DAC in
concentrated HCI and methanol was used as a
reagent.

For calibration, (+)-catechin (CAT) standard was
used. All measurements were performed in triplicate
and the results were expressed as mg (+)-catechin per
gram of chocolate product (mg (+)CAT/qg).

Quantitative determination of proanthocyanidins

Proanthocyanidins (i.e. condensed tannins) were
analysed by n-butanol/HCI assay of Bate-Smith
(1973), with minor modifications. Solutions of
cyanidin chloride were used for the construction of
standard calibration curves and the results were
expressed in mg of cyanidin chloride equivalents
per g of chocolate product (mg CyE/g). All
measurements were performed in triplicate.

Sensory evaluation

Chocolate samples were evaluated for sensory
properties using quantitative descriptive analysis
method, following ISO standards (International
Standard 1SO 8586/2012, 2012) and corresponding
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literature data on sensory evaluation, with some
modifications (Camu et al., 2008; Luna et al., 2002).
The sensory evaluation was conducted on six
experimental samples using the internal sensory
panel of researchers from the Faculty of Food
Technology and Biotechnology with experience in
sensory evaluations. The panel was formed of 20
trained personnel, 15 female and 5 male members,
who had previous experience in the assessment of
confectionery products. All panel members exhibited
a good score in a taste sensitivity test and showed the
ability to identify 5 of 7 commonly found food
flavours. Firstly, they had undergone extensive
training during two sessions to familiarize with
similar samples and to reach a consensus of
guantification of previously selected sensory
attributes. During training sessions, a list of reference
intensities ratings was developed in order to properly
evaluate all sensory attributes of experimental
samples. Proper conditions in the partitioned booth of
sensory laboratory required for sensory evaluation
were obtained, including equilibration of encoded
samples served in Petri dishes at room temperature
(22 °C) with white light illumination. For the
experimental chocolate samples, three sessions in a
period of one month were held. Followed attributes
were evaluated for all six chocolates: milk, fruity and
chocolate distinctive odour, mouthfeel, after taste,
sweetness, acidity, milk taste, bitterness and
astringency, with overall acceptability of each
chocolate sample. Attention was especially focused
on the sensory evaluation of Ruby chocolate,
comparing its overall acceptable grade and individual
parameters, such as acidity, fruity and milk odour, to
other chocolate samples. The sensory attributes were
assessed on a 1/9 point scale, defined as: 1; very
weak, 5; moderate and 9; very strong. The average
point number was calculated for each of the
attributes.

Statistical analysis

All results expressed as the mean value + standard
deviation with Correlations between assays were
performed using Microsoft Excel (MS Office 2010).

Results and discussion

Total phenolic content (TPC) of investigated
chocolates - dark (DC), semisweet (SC), milk (MC),
Ruby (RC), white (WC) and white chocolate with
strawberry (WSC) is shown in Fig. 1. Among
investigated samples, DC contained the highest TPC
(8.11 mg GAE/g) with high correlation (0.98) with
antioxidant capacity (DPPH: 40.75 umol Trolox/g;
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ABTS: 57.67 umol Trolox/g) (Fig. 2), due to the
highest content of cocoa solids, while the lowest
values of TPC and antioxidant capacity were
determined in WC (TPC: 0.36 mg GAE/g; DPPH:
2.85 umol Trolox/g; ABTS: 0.64 umol Trolox/g) and
WSC (TPC: 0.04 mg GAE/g; DPPH: 0.51 pmol
Trolox/g; ABTS: 1.75 pmol Trolox/g ) (Fig. 1;
Fig. 2). Todorovic et al. (2015) also reported higher
TPC in dark (11.99 mg GAE/g) than in milk
chocolates (2.70 mg GAE/g), as well as Lali¢i¢-
Petronijevi¢ et al. (2016), who detected a higher TPC
in dark (8.4 mg GAE/g) than in semisweet
(6.4 GAE/g) and milk (1.6 mg GAE/g) chocolates.
Similar results were also reported by da Silva
Medeiros et al. (2015) and Bels¢ak-Cvitanovié et al.
(2012). The lower values of TPC and antioxidant
capacity of milk chocolate compared to dark and
semisweet chocolates can be attributed to the
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formation of cocoa polyphenols-milk protein
complexes through non-covalent hydrophobic
interactions  stabilized by hydrogen bonding
(Jakobek, 2015), and to a smaller content of cocoa
solids. For Ruby chocolate, as the most interesting
chocolate due to the lack of data about its bioactive
content, measured TPC was 1.35 GAE/g (Fig. 1),
antioxidant activity 8.21 pumol Trolox/g determined
by the DPPH method and 10.63 umol Trolox/g
determined by the ABTS method (Fig. 2). The values
of antioxidant capacity of investigated samples
determined by the ABTS method are in high
correlation with TPC (0.98), and slightly higher
compared to values obtained by the DPPH method
which can be explained by the ability of ABTS
radical to react with a broader range of antioxidative
compounds (Marecek et al., 2017).

DC

w
(]

wC WSC

Oflavonoids @ nonflavonoids

Fig. 1. Total flavonoids and non-flavonoids content (mg GAE/g chocolate + SD) of analysed chocolates

In the investigated chocolates, as can be seen in
Fig. 1, flavonoids are predominant among the
polyphenolic compounds. The values of flavonoids
ranged between 0.04 mg GAE/g for WSC and
6.28 mg GAE/g for DC. According to the literature,
one of the most abundant subgroups of flavonoids in
chocolate are flavan-3-ols, especially (-)-epicatechin
and (+)-catechin, which can group together to form
oligomeric and polymeric proanthocyanidins -
polyphenolic compounds that contribute the most to
the antioxidant capacity of chocolate (Di Mattia et
al., 2017). The results for total flavan-3-ols and
proanthocyanidins content of investigated chocolates
are presented in Table 1. Flavan-3-ols content
determined with vanillin assay exhibited up to
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3.00 mg CAT(+)/g (DC) and, determined by p-DAC
assay, up to 2.91 mg CAT(+)/g (DC). The highest
content of proanthocyanidins was observed in DC
(0.80 mg CyE/qg), while their presence in WC and
WSC was not observed. Similar results were reported
by Bels¢ak-Cvitanovi¢ et al. (2012; 2015), Todorovic
et al. (2015) and Lali¢i¢-Petronijevi¢ et al. (2016). It
is worth to highlight higher values of antioxidant
capacity and higher content of flavan-3-ols (1.02 mg
CAT(+)/g; 0.90 mg CAT(+)/qg) and
proanthocyanidins (0.10 mg CyE/g) of RC compared
to MC (0.06 mg CAT(+)/g; 0.31 mg CAT(+)/g;
0.06 mg CyE/g) (Table 1), even though MC turned
out to be richer in total polyphenols (Fig. 1). The
high correlation between total proanthocyanidins and
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total flavan-3-ols content using both vanillin and p-
DAC assays (0.98) can be explained due to the
chemical composition of proanthocyanidins since
they are oligomeric and polymeric flavan-3-ols. The
lower values measured by p-DAC assay may be the
consequence of different structural requirements for

70,00

pumol Trolox/g

obtaining a reaction and assay sensitivity. Thus, p-
DAC reagent reacts only with a hydroxyl group at the
C-6 position in the benzene ring, while vanillin
reagent bonds on hydroxyl groups at C-6 and
C-8 positions in molecules of flavan-3-ols (Porter et
al., 1986).

B DPPH

B ABTS

Fig. 2. Antioxidant capacity of analysed chocolates determined by ABTS (umol Trolox/g chocolate + SD)
and DPPH assays (umol Trolox/g chocolate + SD)

Table 1. Total flavan-3-ols (mg CAT(+)/g + SD) and proanthocyanidins (mg CyE/g + SD content in analysed chocolates

Sample Total flavan-3-ols'(mg Total flavan-3-ols? (mg Total proanthocyanidins
CAT(+)/g) CAT(+)/g) (mg CyE/qg)
DC 3.71+0.03 2.91+0.72 0.80+0.02
SC 2.83+0.02 1.94+0.32 0.56+0.02
MC 0.06+0.01 0.31+0.06 0.06+0.00
RC 1.02+0.01 0.90+0.16 0.10+0.10
WC n.d. 0.02+0.00 n.d.
WSC 0.03+0.00 n.d. n.d.

n.d.= not detected

CAT (+)=catechine, CyE=cyanidin chloride equivalent
Determined using vanillin and p-DAC assay

Results are expressed as the mean value + standard deviation

Fig. 3a-b illustrate the score for evaluated sensory
attributes in the analyzed chocolates. According to
obtained results in odour attributes (Fig. 3a), WC
showed the highest score in terms of milk odour,
while WSC expressed the most dominant fruity odour
among all samples. As expected, SC and DC
obtained the highest score in chocolate distinctive
odour, while for the same attribute, RC was estimated
as at least preferable chocolate. In terms of fruity
odour, WSC exhibited the highest score, while this
attribute was less pronounced in RC. Also, various
taste attributes were tested in order to rank the
acceptability of RC among other, commonly
consumed chocolates. As can be seen in Fig. 3b, SC
and DC were the highest ranked samples in
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mouthfeel taste, described as one of the most
significant sensory categories for chocolates
(Diirrschmid et al., 2006). WC, WSC and RC were
evaluated with lower scores than MC for the same
attribute. Although it was expected for MC to exhibit
the highest grade in milk taste, WC was evaluated
with the highest score, while RC received an average
score. Except for WSC, scores for aftertaste did not
vary significantly between the samples, while
sweetness and acidity were scored in a wider value
range, as expected. WC and WSC showed the highest
score in sweetness, while the lowest score was
obtained for DC. The intensity of acidity was the
highest in RC, followed by WSC and DC, which
corresponds to data presented on Barry Callebaut
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official web site (Anonymus, 2019) reporting the
acidity as one of the prominent sensory attributes of
Ruby chocolate, along with sweetness, sourness,
creamy and red fruit flavour. The presence of
bitterness and astringency was the most dominant in
chocolates with the highest content of cocoa solids,

milk odour

SC and DC, since those sensory attributes are related
with methylxanthines (caffeine and theobromine) and
polyphenolic compounds, such as proanthocyanidins
and flavan-3-ols in cocoa (Misnawi et al., 2003;
Wollgast and Anklam, 2000; Luna et al., 2002;
Belsc¢ak-Cvitanovi¢ et al., 2012).

a)
chocolate
distinctive odour

— T tssses wsC

b)
astrigency
bitterness
milk taste
— O seeses WsC

fruity odour
MO =R e cessse DC
mouthfeel
aftertaste
sweetness
acidity
MC RO omemem§C = =DC

Fig. 3. Spider chart representing mean scores of the evaluated sensory attributes (a) odour attributes and (b) taste attributes for
white chocolate (WC), white chocolate with strawberry (WSC), milk chocolate (MC), Ruby chocolate (RC),
semisweet chocolate (SC) and dark chocolate (DC)

The overall acceptability, as a useful guideline in the
final chocolate product assessment, was also
evaluated and the best assessed was SC with the
highest score (7.9), followed by DC (7.6) and MC
(6.7) and further WC and WSC with average scores
(5.4 and 6.1, respectively) while RC was at least
acceptable chocolate (5.2).
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Conclusions

According to results of bioactive potential of
different chocolates, dark chocolate showed the
highest value of total phenolic content correlated well
with antioxidant capacity as expected, while Ruby
chocolate exhibited moderate results of total phenolic
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content ranging between milk and white chocolate,
although showing higher antioxidant capacity
compared to the milk chocolate. The highest content
of flavan-3-ols and proanthocyanidins  was
determined in dark chocolate, while Ruby chocolate
showed higher values of mentioned phenolic
compounds than milk chocolate. A sensory
evaluation assessed the semisweet chocolate with the
highest score in terms of overall acceptability, while
Ruby chocolate was least acceptable chocolate. Due
to the lack of data about the bioactive composition
and sensory assessment of Ruby chocolate, it is
necessary to continue the examination in order to
confirm the obtained results.

References

Adamson, G.E., Lazarus, S.A., Mitchell, A.E., Prior, R.L.,
Cao, G., Jacobs, P.H. (1999): HPLC method for
quantification of procyanidins in cocoa and chocolate
samples and correlation to total antioxidant capacity,
J. Agric. Food Chem. 47, 4184-4188.

Afoakwa, E.O. (2016a): History, origin and taxonomy of
cocoa. In: Chocolate Science and Technology,
Afoakwa, E.O. (ed.), Oxford, United Kingdom:
Wiley Blackwell, pp. 1-15.

Afoakwa, E.O. (2016b): Industrial chocolate manufacture-
processes and factors influencing quality. In: Chocolate
Science and Technology, Afoakwa, E.O. (ed.), Oxford,
United Kingdom: Wiley Blackwell, pp. 117-152.

Anonymus (2019): Ruby Chocolate A True gift from
nature. https://www.barry-callebaut.com/en/ruby-
chocolate-true-gift-nature. Accessed on the 5th of
June, 2019.

Aprotosoaie, A.C., Luca, S.V., Miron, A. (2015): Flavor
Chemistry of Cocoa and Cocoa Products-An
overview, Compr. Rev. Food Sci. F. 15 (1), 73-91.

Bate-Smith, E.C. (1973): Tannins in herbaceous
leguminosae, Phytochemistry 12, 1809-1812.

Belsc¢ak-Cvitanovi¢, A., Komes, D., Durgo, K., Vojvodic,
A., Busi¢, A. (2015): Nettle (Urtica dioica L.) extracts
as functional ingredients for production of chocolates
with improved bioactive composition and sensory
properties, J. Food Sci. Technol. 52 (12), 7723-7734.

Bels¢ak-Cvitanovi¢, A., Komes, D., Benkovi¢, M.,
Karlovi¢, S., He¢imovié, 1., Jezek, D., Bauman, I.
(2012): Innovative formulations of chocolates
enriched with plant polyphenols from Rubus idaeus
L. leaves and characterization of their physical,
bioactive and sensory properties, Food Res. Int. 48
(2), 820-830.

Brand-Williams, W., Cuvelier, M. E., Berset, C. (1995):
Use of a free radical method to evaluate antioxidant
activity, Lebensm Wiss. Technol. 28, 25-30.

Camu, N., de Winter, T., Addo, S. K., Takrama, J. S.,
Bernaert, H., de Vuyst, L. (2008): Fermentation of
cocoa beans: Influence of microbial activities and
polyphenol concentrations on the flavour of
chocolate, J Sci Food Agric. 88, 2288-2297.

95

Da Silva Medeiros, N., Marder, R.K., Wohlenberg, M.F.,
Funchal, C., Dani, C. (2015): Total Phenolic Content
and Antioxidant Activity of Different Types of
Chocolates, Milk, Semisweet, Dark, and Soy, in
Cerebral Cortex, Hippocampus, and Cerebellum of
Wistar ~ Rats,  Biochem.  Res. Int.  doi:
10.1155/2015/294659

Di Mattia, C.D., Sacchetti, G., Mastrocola, D., Serafini, M.
(2017): From Cocoa to Chocolate: The Impact of
Processing on In Vitro Antioxidant Activity and the
Effects of Chocolate on Antioxidant Markers In Vivo,
Front. Immunol. 8, 1207.

Di Stefano, R., Cravero, M., Gentilini, N. (1989): Methods
for studying polyphenols in wine, L'Enotecnica 25,
83-89.

Dumarche, A., Troplin, P., Bernaert, H., Lechevalier, P.,
Beerens, H., Landuyt, A. (2015): Process for
producing red or purple cocoa-derived material, US
patent 9107430.

Diirrschmid, K., Albrecht, U., Schleining, G., Kneifel, W.
(2006): Sensory evaluation of milk chocolates as an
instrument of new product development. World
Congress of Food Science & Technology. Food is
life. Nantes: IUFoST.

EFSA (2014): Scientific Opinion on the modification of
the authorisation of a health claim related to cocoa
flavanols and maintenance of normal endothelium-
dependent vasodilation pursuant to Article 13(5) of
Regulation (EC) No 1924/20061 following a request
in accordance with Article 19 of Regulation (EC) No
1924/2006. EFSA Journal 12:3654.

European Parliament and Council (2000): Directive
2000/36/EC of the European Parliament and of the
Council of 23 June 2000 relating to cocoa and
chocolate products intended for human consumption,
Off. J. Eur. Com. L197, 19-25.

GAIN (2016): Consumer Food-Patterns of Food
Expenditures and Imports in Croatia, USDA Foreign
Agricultural ~ Service, GAIN Report Number:
HR1602.

Guyot, S., Marnet, N., Laraba, D., Sanoner, P., Drilleau, J. F.
(1998): Reversed-phase HPLC thiolysis for quantitative
estimation and characterization of the four main classes of
phenolic compounds in different tissues zones of French
cider apple variety (Malus domestica var. Kermerrien), J.
Agric. Food Chem. 46, 1698-1705.

Hammerstone, J. F., Lazarus, S. A., Mitchell, A. E., Rucker, R.,
Schmitz, H. H. (1999): Identification of procyanidins in
cocoa (Theobroma cacao) and chocolate using high-
performance liquid chromatography/mass spectrometry,
J. Agric. Food Chem. 47, 490-496.

ICCO (2019): Quarterly Bulletin of Cocoa Statistics, 45
(1), Cocoa year 2018/2019.

ISO (2012): 1SO 8586:2012 - Sensory analysis -- General
guidance for the selection, training and monitoring of
assessors -- Part 2: Expert sensory assessors.
<https://www.iso.org/standard/45352.html.>

Jakobek, L. (2015): Interactions of polyphenols with
carbohydrates, lipid and proteins, Food Chem. 175,
556-567.



Danijela Seremet et al. | RUBY CHOCOLATE — BIOACTIVE POTENTIAL... (2019) 8 (2) 89-96

Judelson, D.A., Preston, A.G., Miller, D.L., Munoz, C.X.,
Kellogg, M.D., Lieberman, H.R. (2013): Effects of
Theobromine and Caffeine on Mood and Vigilance,
J. Clin. Psychopharmacol. 33, 499-506.

Kerimi, A., Williamson, G. (2015): The cardiovascular
benefits of dark chocolate, Vasc. Pharmacol. 71, 11-15.

Kim, H., Keeney, P.G. (1984): (-) Epicatechin content in
fermented and unfermented cocoa beans, J. Agri.
Food Chem. 47, 3693-3701.

Kramling, T.E., Singleton, V.E. (1969): An estimate of the
nonflavonoid phenols in wines, Am. J. Enol. Viticult.
20 (2), 86-92.

Lachman, J., Hosnedl, V., Pivec, V., Orsak, M. (1998):
Polyphenols in cereals and their positive and negative
role in human and animal nutrition. Proceedings of
Conference Cereals for Human Health and Preventive
Nutrition, Brno, Czech Republic pp. 118-125.

Lali¢i¢-Petronijevi¢, J., Komes, D., Gorjanovi¢, S.,
Bels¢ak-Cvitanovi¢, A., Pezo, L., Pastor, F., Ostojic,
S., Popov-Ralji¢, J., Suznjevi¢, D. (2016): Content of
Total Phenolics, Flavan-3-Ols and
Proanthocyanidins,  Oxidative  Stability  and
Antioxidant Capacity of Chocolate During Storage,
Food Technol. Biotechnol. 54 (1), 13-20.

Lippi, D. (2015): Sin and pleasure: the history of chocolate
in medicine, J. Agric. Food Chem. 63, 9936-9941.

Luna, F., Crouzillat, D., Cirou, L. C., Bucheli, P. (2002):
Chemical composition and flavor of Ecuadorian cocoa
liquor, J. Agric Food Chem. 50, 3527-3532.

Marecek, V., Mikyska, A., Hampel, D., Cejka, P,
Neuwirthova, J., Malachova, A., Cerkal, R. (2017):
ABTS and DPPH methods as a tool for studying
antioxidant capacity of spring barley and malt, J.
Cereal Sci. 73, 40-45.

Martin, M.A., Goya, L., Ramos, S. (2013): Potential for
preventive effects of cocoa and cocoa polyphenols in
cancer, Food Chem. Toxicol. 56, 336-351.

Meier, B.P., Noll, S.\W., Molokwu, O.J. (2017): The sweet
life: The effect of mindful chocolate consumption on
mood, Appetite 108, 21-27.

Misnawi, S. J., Jamilah, B., Nazamid, S. (2003): Effects of
incubation and polyphenol oxidase enrichment on
colour, fermentation index, procyanidins and
astringency of unfermented and partly fermented
cocoa beans, Int. J. Food Sci.Tech. 38, 285-295.

Ostrowska-Ligeza, Marzec, A., Goska, A., Wirkowska-
Wojdyla, M., Bry$, Rejch, A., Czarkowska, K.
(2019): A comparative study of thermal and textural
properties of milk, white and dark chocolates,
Thermochim. Acta 671, 60-69.

Ough, C.S., Amerine, M.A. (1988): Methods for analysis
of musts and wines, 2nd ed., New York: John Wiley
and Sons.

Qin, X.W., Lai, J.X., Tan, L.H., Hao, C.Y., Li, F.P., He,
S.Z., Song, Y.H. (2016): Characterization of volatile
compounds in Criollo, Forastero and Trinitario cocoa
seeds (Theobroma cacao L.) in China, Int. J. Food
Prop. 20 (10), 2261-2275.

96

Porter, L.J., Hrstich, L., Chan, B.G. (1986): The
conversion of procyanidins and prodelphinidins to
cyanidin and delphinidin, Phytochemistry 25,
223-230.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang,
M., & Rice-Evans, C. (1999): Antioxidant activity
applying an improved ABTS radical cation
decolorisation assay, Free Radical Bio. Med. 26,
1231-1237.

Seem, S.A., Yuan, Y.V, Tou, J.C. (2019): Chocolate and
Chocolate Constituents Influence Bone Health and
Osteoporosis Risk, Nutrition 65, 74-84.

Thamke, 1., Diirrschmid, K., Rohm, H. (2008): Sensory
description of dark chocolate by consumers, Food
Sci. Technol. 42, 534-539.

Todorovic, V., Rajdocic Redovnikovic, 1., Todorovic, Z.,
Jankovic, G., Dodevska, M., Sobajic, S. (2015):
Polyphenols, methylxanthines, and antioxidant
capacity of chocolates produced in Serbia, J. Food
Compos. Anal. 41, 137-143.

Torres-Moreno, M., Torrescana, E., Salas-Salvado, J.,
Blanch, C. (2014): Nutritional composition and fatty
acids profile in cocoa beans and chocolates with
different geographical origin and processing
conditions, Food Chem. 166, 125-132.

Tuenter, E., Foubert, K., Pieters, L. (2018): Model
Components in Cocoa and Chocolate: The Mood
Pyramid, Planta Med. 84, 839-844.

Wickramasuriya, A.M., Dunwell, J.M. (2018): Cacao
biotechnology: current status and future prospects,
Plant Biotechnol. J. 16, 4-17.

Wollgast, J., Anklam, A. (2000): Review on polyphenols
in Theobroma cacao: Changes in composition during
the manufacture of chocolate and methodology for
identification and quantification, Food Res. Int. 33,
423-447.

Zhang, H., Tsao, R. (2016): Dietary polyphenols, oxidative
stress and antioxidant and anti-inflammatory effects,
Curr. Opin. Food Sci. 8, 33-42.



