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Abstract Pursuant to the tendencies of producing functional
foods, attractive to a wide range of consumers, in this study
chocolates enriched with freeze dried (FD) and concentrated
(CE) nettle extracts were formulated, and their polyphenolic
and antioxidant capacity stability evaluated during 12 months
of storage. A simple aqueous extraction procedure of nettle
was developed, and the defined extract evaluated for its cyto-
toxic and antioxidant/prooxidant activity on human colon can-
cer cell line (SW 480). An increase in total polyphenolic con-
tent, chlorogenic acid and flavonoid derivatives (originating
from nettle extract) contents was achieved in enriched choco-
lates. Implementation of FD extract enabled higher increase of
polyphenolic content in comparison to CE extract. During
storage, fluctuations of polyphenolic content were observed,
but the final bioactive parameters did not differ (or increased)
from the initial ones. Nettle enriched chocolates exhibited
more intense bitterness and astringency, while dark chocolates
were preferred over milk and semisweet ones.
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Introduction

A growing body of evidence documents positive health ben-
efits from food components not considered nutrients in the
traditional definition. Medicinal plants are a very rich source
of such compounds, as well as the richest bio-resource of
drugs of traditional medicine systems, food supplements,
pharmaceutical intermediates and chemical entities for syn-
thetic drugs (Ncube et al. 2008), since they contain a broad
range of bioactive compounds such as lipids, phytochemicals,
pharmaceutics, flavors, fragrances and pigments (Wang and
Weller 2006). With an emphasis on quality and standardiza-
tion, food manufacturers may find medicinal plants to be the
new source of functional ingredients.

Functional foods enriched with herbal ingredients are not
new in the marketplace, since herbal additives have begun to
appear in conventional foods ranging from teas and juices to
snack chips and energy bars. Different medicinal plants and
their extracts have been used to fortify and enhance the
antioxidant capacity of cheese (El-Aziz et al. 2012), jelly
(Skouroliakou et al. 2009), candies (Gramza-Michalowska
and Regula 2007), bread (Glei et al. 2006) and meat products
(Ryan et al. 2009). However, little scientific data exists regard-
ing the development and efficiacy of functional confectionery
products, one of the most commonly consumed foods today,
among consumers of all ages. Chocolate is a unique food prod-
uct, presenting both a confectionery treat often avoided due to
the high calorific value (imparted to high sugar and fat content),
but is also promoted as a functional food product with potential
health benefits, attributed to its rich bioactive profile. Regardless
of its nutritional and phytochemical aspects, the popularity of
chocolate has a continous tendency, which makes this product
ideal for modifications and development of new products. So
far, chocolates enriched with phytosterols (Borges Botelho et al.
2014), probiotics, maltodextrin and lemon fibers (Erdem et al.
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2014), dried fruits (Komes et al. 2013) and stevia or other natural
or bulk sweeteners (Belščak-Cvitanović et al. 2015) have been
produced, while only one study has assessed the potential of
using medicinal plant extracts aimed to improve the functional
properties of chocolate (Belščak-Cvitanović et al. 2012).

In order to obtain dosage forms of plant materials for their
implementation in the production of food products, an extrac-
tion step is reqired. Extraction techniques have been extensively
investigated in order to obtain valuable natural compounds from
plants for commercialization (Wang and Weller 2006), but em-
phasis has been given to polyphenolic compounds extracted
with the use of innovative extraction techniques and organic
solvents, while the conventional water-based extraction tech-
niques and the potential effect of other bioactive compounds
that are extracted in that way was not clarified. The aim of this
study was to develop and characterize water-based polypheno-
lic extracts of nettle (Urtica dioicaL.), a traditional, widely used
medicinal plant and to incorporate the obtained extract in the
production of enriched, functional chocolates. Phytochemical
constituents of Urtica dioica are of medical interest, as extracts
of the roots and leaves are widely used in traditional medicine in
many areas of the world. High levels of iron and vitamin C in
nettle preparations confirm the rationale for its traditionally
proclaimed value in the treatment of numerous diseases, such
as anaemia and eczema (Pinelli et al. 2008), rheumatism (Jaric
et al. 2007), treatment of urinary, bladder and kidney problems
(Guarrera and Savo 2013), but could also support the use of this
plant for improvement of functional properties of food products.

In this study, in order to avoid the application of organic
solvents for the extraction of polyphenols and to ensure a simple
extraction technique with low economical costs, infusion, mac-
eration and decoction of nettle were prepared and the extracts
examined for their cytotoxic and antioxidative/prooxidative ef-
fects on human colon cancer cell line (SW 480), polyphenolic
content and profile. Extract which providedmaximum polyphe-
nolic content andwas validated for its biological activity in vitro
was implemented in the production of three types of chocolates
and the stability of bioactive compounds of the enriched choc-
olates was evaluated during 1 year of storage.

Materials and methods

Chemicals

All chemicals used for the experimental procedures were of
analytical grade.

Extraction efficiency of polyphenolic compounds
from nettle

Dried nettle (Urticae folium) was purchased at a local herbal
market specialized for organic food. Moisture (6.89 %),

extractable fat (1.32 %), crude fibre (8.87 %), protein
(25.43 %) and ash (15.36 %) contents were determined on a
dry weight basis as described in AOAC methods (1995). The
total carbohydrates content amounted to (25.63 %). Mineral
analysis, the content of soluble polysaccharides (15.01%) and
tannins (0.04 %) were determined as presented in the paper by
Belščak-Cvitanović et al. (2011). For the extractions, dried
nettle was ground to powder using a mortar and pestle and
sieved to produce plant material of unified particle size. In
order to obtain an extract with the best extraction efficiency
of polyphenols, aimed for food purposes, infusion (2.0 g of
plant sample was extracted in 200 mL of distilled water
(80 °C) and stirred with a glass rod for 10 or 30 min), macer-
ation (2.0 g of sample was extracted in 200 mL of distilled
water (room temperature) during 24 h with occasional stirring)
or decoction (2.0 g of plant was subjected to boiling in 200mL
of distilled water during 20 min) of dried plant sample were
prepared. The final extract used for chocolate production was
prepared by pouring 200 mL of boiling water over 10 g of
plant sample and extracted for 30 min, without maintaining
the water temperature. After extraction, all extracts were fil-
tered through a tea strainer and analyzed.

Determination of biological activity of nettle extract
in vitro

Human colon-cancer cells (SW480) were provided as a gift by
the Rudjer Boskovic Institute, Zagreb, Croatia. Cells were
grown as monolayer cultures in DMEM (GIBCO, USA), sup-
plemented with 10 % of the foetal bovine serum (GIBCO,
USA), 4500 mg/L of glucose and 1 % of penicillin/streptomy-
cin. The final concentration of nettle extract obtained for the
experiments on SW480 cells (10 g of plant material in 200 mL
of water), expressed as the extraction yield, ranged from 17.5 to
176 g/L (concentrations provided for the range of 0.5x – 5x).

Cytotoxicity of nettle extract was determined spectropho-
tometrically by the neutral red (NR) assay, as described by
Belscak-Cvitanovic et al. (2014). SW480 cells were seeded
in wells (2·104 per well) of 96 well plates. Cells were treated
with the extract in different concentration ranges (0.5-5x of
concentration present in originally prepared extract) for 1 and
2 h, with and without subsequent recovery period. After the
treatment, the NR assay was carried out, as described by
Babich and Borenfreund (1990). Cell viability was calculated
using the following equation:

% cell viability ¼ ABSsample=ABSCtrl � 100%

where ABSsample is the spectrophotometrically determined ab-
sorbance of cells treated with extracts and ABSCtrl is the ab-
sorbance of corresponding vehicle control (growth medium).

Reactive oxygen species (ROS) formation in the cells after
the treatment with nettle extract was determined by
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dichlorohydrofluorescein assay using microplate reader
(Wang and Joseph 1999), as described by Belscak-
Cvitanovic et al. (2014). SW480 cells were seeded in wells
(2·104 per well) of 96 well black plates and subsequently
treated with different concentrations of extract (0.5-5 x of
the concentration present in originally prepared extract) for 1
and 2 h, with and without subsequent recovery period. Since
H2O2 is an important ROS which acts as a pro-oxidant in the
cells affected by a certain imbalance, it initiates a cascade of
reactions leading to oxidative stress related changes in the
cells (Akyol et al. 2014). In order to determine the nettle ex-
tract’s antioxidative/prooxidative nature in the cells in which
oxidative stress is already induced, cells were treated with
250 μM H2O2 for 30 min, in order to induce oxidative stress.
Each extract concentration was tested in quadruplicate, and
each experiment was repeated three times. Data are reported
as fluorescence intensity in relation to cell survival data ob-
tained according to the equation:

fluorescence arbitrary units ¼ dichlorofluorescein fluorescence

intensity= ABSsample=ABSCtrl
� �

where ABSsample is the absorbance of cells treated with ex-
tracts and ABSCtrl is the absorbance of corresponding vehicle
control (growth medium).

Formulation of experimental enriched chocolates

The experimental enriched chocolates were produced as de-
scribed by Belščak-Cvitanović et al. (2012), through a classi-
cal technological process in the confectionery factory
(Zvečevo, Požega, Croatia). The addition of two different
forms of polyphenolic extract from nettle was evaluated.
The strained extracts were freeze-dried (FD) or concentrated
(C) by evaporation to thickness of syrup (containing 21.13 %
of dry matter, determined by dry matter determination in an
oven at 105 °C until constant weight (AOAC, 1995)). The
addition of 2 % of freeze dried (FD) and 2 % of concentrated
extracts (CE) to milk (M), semisweet (S) and dark chocolates
(D), containing 30, 38 and 72 % of cocoa parts, respectively,
was evaluated (based on the findings previously established
by Belščak-Cvitanović et al. 2012).

All three types of chocolates were refined in two phases:
preliminary grinding on two-roll press (Carle & Montanari,
Italy) and grinding on five-roll press (Carle & Montanari,
Italy). The conching phase was undertaken for a total of
24 h (dry conching for 4 h and liquid conching for 20 h) in a
Carle & Montanari conch (Italy). After 16 h of liquid
conching, the remaining cocoa butter, emulsifier (soy lecithin)
and vanilla flavour were added. The prepared chocolate
masses were tempered in a SeedMaster tempering machine
(Bühller, Switzerland). 2 kg portions of all chocolates were
then excluded, and the above mentioned quantities (2 % of

FD, 2 % of CE) of nettle polyphenolic extracts were added in
laboratory conditions, followed by moulding into plastic
moulds. The moulded chocolates were placed in a
temperature-controlled room at 15 °C for 30 min before de-
moulding and the finished bars were wrapped in aluminium
foil and stored in a refrigerated chamber at 10–18 °C until
analysed. In order to examine the stability of polyphenols in
the enriched chocolates, polyphenolic content and antioxidant
capacity were determined each fourth month during 1 year
(shelf life of chocolates).

Determination of bioactive parameters of chocolates

Determination of polyphenolic compounds content

Chocolate extracts were prepared as described by Belščak-
Cvitanović et al. (2015), using aqueous methanol (70 %, v/v)
as the extraction solvent. Total phenol content (TPC) of choc-
olate extracts was determined spectrophotometrically by the
Folin-Ciocalteu reagent, according to a modified method of
Lachman et al. (1998). In order to determine flavonoids, the
formaldehyde precipitation was used and the flavonoid con-
tent calculated as the difference between total phenol and
nonflavonoid contents. All determinations were carried out
in triplicates and the results were expressed as mg gallic acid
equivalents (GAE)/g of sample. The content of flavan-3-ols
was determined using the vanillin assay and the reaction with
p-dimethylaminocinnamaldehyde as described by Di Stefano
et al. (1989), and expressed as mg (+)-catechin/g.
Proanthocyanidins (i.e. condensed tannins) were analysed by
the procedure described by Porter et al. (1986), with some
modifications and determined from a standard curve of
cyanidin chloride treated with BuOH-HCl-FeIII mixture. The
results were expressed as mg cyanidin chloride equivalents
(CyE)/g sample. HPLC analysis of polyphenolic compounds
and methylxanthines in the formulated chocolates was con-
ducted according to the method described by Belščak-
Cvitanović et al. (2015). All measurements were performed
in triplicate.

Determination of antioxidant capacity

The ferric reducing/antioxidant power (FRAP) assay was car-
ried out according to a standard procedure by Benzie and
Strain (1996). Aqueous solutions of FeSO4×7H2O (100–
1000 μmol/L) were used for the calibration and the results
are expressed as mmol Fe(II)/L.

The Trolox equivalent antioxidant capacity (TEAC) of
chocolate extracts was also estimated by the ABTS radical
cation decolorization assay (Re et al. 1999). The results, ob-
tained from triplicate analyses, were expressed as Trolox
equivalents, and derived from a calibration curve determined
for this standard (100–1000 μmol Trolox /L).
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Sensory evaluation

Chocolates were evaluated using quantitative descriptive anal-
ysis procedure excerpt from the literature data on sensory eval-
uation of chocolate (Camu et al. 2008) and according to ISO
standards (International Standard ISO 8586-2/2008 2008). The
experimental samples were subjected to sensory evaluation
using the internal sensory panel of Faculty of Food Technology
and Biotechnology and Zvečevo food industry d.d. The sensory
panel was comprised of 15 people, 9 female and 6 male mem-
bers, who had undergone extensive sensory training and had
previous experience in the assessment of chocolates.

The panellists were first trained and calibrated during two
sessions in which the judges discussed and familiarized them-
selves with similar samples, as well as with the scale until
reaching a consensus of the sensory attributes and their quan-
tification. The sensory properties were presented on a 10-point
scale, according to which 10 meant extremely desired quality
and 1 was for a defective product. All samples were evaluated
in partitioned booths of sensory laboratory under white light
illumination at room temperature. Specimens with a size of
20×20 mm were separated from the chocolate bars with a hot
knife. For sensory analysis, the samples were equilibrated to
room temperature (22 °C) and served in Petri dishes encoded
with random alphabet letters. For the experimental samples, a
total of three sessions in a period of 1 month were held. Ses-
sions were held once a week, and during each session one type
of plain and enriched chocolates was evaluated (plain, CE and
FD – in this order) in order to reduce perception fatigue. Eight
attributes were evaluated for all chocolates (gloss, surface,
breakage, melting, odour, mouthfeel, aftertaste and herbal),
while additional two attributes were evaluated specifically
for each type of chocolate (sweetness and milk taste for milk
chocolate, sweetness and bitterness for semisweet and bitter-
ness and astringency for dark chocolate) and the average
scores were calculated. Warm water was provided for rinsing
between samples.

Statistical analysis

Statistical analysis was performed using the SPSS v. 8.0
(SPSS Inc., Chicago, IL, USA). A three-way (and
subsequently two-way) ANOVA analysis was used for inves-
tigation of the effects of three different factors (type of choc-
olate, extract form and storage time) and their interactions on
dependent variables (the evaluated bioactive properties). One-
way analysis of variance (ANOVA) was employed to deter-
mine whether the means obtained with various groups differ
significantly from each other. The significance was
established using Tukey post-hoc test. The probability level
of p<0.05 was considered significant.

Results and discussion

Comparison of different extraction techniques of nettle

Due to safety concerns associated with the use of organic
solvents which can cause toxic effects and solvent residues
in the extract, and to assure a cost-effective and feasible ex-
traction procedure, several extraction procedures of nettle
were compared and a water-based extract developed, which
enables its application in food and pharmaceutical sector. As
can be seen in Table 1, prolonged extraction (to 30 min) with
water heated to 80 °C using stirring to enhance the extraction
process, increases the polyphenolic content and antioxidant
capacity of nettle. Maceration at room temperature results
with the lowest polyphenolic compounds yield, while decoc-
tion at 100 °C during 20 min yields lower polyphenolic con-
tent in comparison to infusions. Based on the obtained results
it can be observed that the content of specific subclasses of
polyphenols differentiates depending on the extraction proce-
dure. A low and insignificant (p>0.05) content of
proanthocyanidins was observed among the 10-min extracted
infusion and macerate, while longer extraction time allowed

Table 1 The effect of different aqueous extraction techniques on polyphenolic profile and antioxidant capacity of nettle

Infusion10′ Infusion30′ Maceration Decoction Final extract

Polyphenolic composition

TPC (mg GAE/g dw) 27.23±1.22 31.25±0.25a 9.09±0.77 18.68±2.38 32.09±0.54a

TFC (mg GAE/g dw) 21.32±0.71b 21.47±0.38b 7.27±0.39 13.12±0.94 19.13±0.82

Flavan-3-ols (VI) (mg CE/g dw) 2.25±0.04 2.75±0.15c 1.04±0.00 3.02±0.28c 3.48±0.03

Flavan-3-ols (p-DAC) (mg CE/g dw) 1.72±0.01d 1.99±0.10d 0.97±0.02 2.66±0.02e 2.42±0.19e

Proanthocyanidins (mg CyE/g dw) 0.03±0.01f 0.13±0.02g 0.04±0.00f 0.09±0.01 0.14±0.01g

Tannins (%) 0.74±0.08 0.84±0.06 1.25±0.02 0.30±0.01 0.44±0.00

Antioxidant capacity

ABTS (mM Trolox) 2.25±0.08 4.01±0.28 0.28±0.02 1.83±0.09 5.75±0.29

FRAP (mM Fe(II)) 5.47±0.15 9.27±0.32 2.38±0.03 4.88±0.03 13.47±0.69

Values in the same row superscripted with the same alphabet are not significantly (p>0.05) different
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the extraction of a higher content of these compounds (infu-
sion30′ and final extract). Similarly, a high content of tannins
was obtained by maceration of nettle, while employing higher
temperature resulted with a decrease in their content, which is
favourable since these compounds provide bitterness and
astringency to the extract. Katsube et al. (2009) determined
that polyphenolic compounds and their antioxidant capacity in
plant substrates are stable up to temperatures of 70–80 °C,
whereas above temperatures of 80 °C they start to deteriorate
and consequently loose their activity. Themost probable cause
for a higher polyphenolic content at high temperature is the
breakage of bonds between various phenolics (analytes) and
the plant matrix (Palma et al. 2001). However, in this study
higher solvent (100 °C) temperature and prolonged extraction
time (30 min) were selected to obtain the nettle extract for
further use. Despite the higher starting extraction temperature
(100 °C), it was not maintained during extraction, since due to
stirring it decreased and reached 46 °C at the end of extraction.
The final extract was characterized with an insignificant con-
tent of total phenols when compared to infusion30′, but exhib-
ited higher antioxidant capacity, which indicates that the ap-
plied extraction procedure yielded specific polyphenolic com-
pounds with strong radical scavenging properties.

Cytotoxic and antioxidant/proroxidant activity of nettle
extract on SW480 cell line

Cytotoxicity of the final nettle extract (Fig. 1a) obtained after
the extraction comparisons, was in dependence of the extract
concentration and treatment duration (1 or 2 h). Nettle extract
treatment of SW 480 cells caused a dose–response decrease in
cell survival during both 1 and 2 h of incubation. The cyto-
toxic effect of the extract was exerted by higher nettle extract
concentrations (2.5x and 5x), while prolonged incubation
(2 h) with the highest extract concentration (5x) caused a
lower but insignificant decrease in cell survival (in compari-
son to 1 h treatment). After 2 h of incubation with nettle
extract (5x), the cell survival exhibited only 32 %, indicating
the cytotoxic effect of nettle extract on SW480 colon cancer
cell line. The recovery period of 24 h (denoting one cell cycle
period) had no significant effect (p<0.05) on the cell survival
of SW 480 cells.

Conversely to the cytotoxic effects, the antioxidant/
prooxidant activity (ROS formation) was more affected by
the recovery period than the incubation (treatment) time.
Noncytotoxic concentration of nettle extract (1x) slightly in-
creased ROS formation after 1 h of incubation (Fig. 1b),
which was also observed in the case of 2 h of incubation.
Increasing the concentrations of nettle extract (2.5x and 5x)
exhibited antioxidant activity, which is in correspondence to
the exerted cytotoxic effect by these extract concentrations,
but can not be attributed to the ROS scavenging activity. After
the recovery period of 24 h (Fig. 1c), ROS formation was

decreased upon the treatment with all nettle extract concentra-
tions, but a proportional relation between the extract concen-
tration and ROS level can be observed since higher extract
concentrations caused lower ROS levels. In case of previous
treatment of SW 480 cells with hydrogen peroxide, antioxi-
dant activity of nettle extract was pronounced, since a de-
crease of ROS levels was observed after the extracts treatment
(regardless of the extract dose) in comparison to control. A
slight increase of ROS formation was observed only after the
tretament with 0.5x concentration of nettle extract, indicating
the prooxidant activity, which was already established for
non-H2O2 pretreated cells. The prooxidant effect of lower
concentrations of ground ivy and hawthorn extracts was also
assessed by Belscak-Cvitanovic et al. (2014). Since a correla-
tion between the cytotoxicity and ROS formation was ob-
served, meaning that higher nettle extract concentrations exert
a high cytotoxicity and a decrease of ROS levels, the results
indicate that different cellular responses are attributed for the
observed effects. Due to the complex nettle extract composi-
tion, comprising polyphenols, minerals, vitamin C, soluble
polysaccharides and other bioactive compounds that were
not determined in this study, it seems that the combination
of all these bioactive compounds may exerted the observed
effects on the examined model SW 480 cell line.

Bioactive compounds and antioxidant capacity
of chocolates enriched with nettle extract during storage

Since the results of toxicological evaluations on SW480 cell
line revealed that the concentration of 5x is the most appro-
priate to induce potent cytotoxic and antioxidative effects, the
obtained final nettle extract in that concentration was freeze
dried, or even further concentrated to examine its potential for
enrichement of chocolate polyphenolic content. The analysis
of TPC and antioxidant capacity of enriched chocolates
(Fig. 2a–c), revealed that an increase of these parameters
was achieved by the addition of nettle extracts to chocolates,
regardless of the extract form (CE or FD extracts) or the type
of chocolate (cocoa parts content). Three way ANOVA (per-
formed by taking into account the extract form, type of choc-
olate and storage time as independent variables (factors) and
the measured parameters as dependent variables) confirmed
significant (p<0.05) interactions between these three factors
regarding the TPC and antioxidant capacity of formulated
chocolates. Consequently, two-way and one way ANOVA
analysis also revealed significant (p<0.05) effects of all three
individual factors (extract form, type of chocolate and storage
time) on the TPC and antioxidant capacity of chocolates. The
results displayed on Fig. 2a show a higher TPC of chocolates
enriched with freeze dried nettle extract (FD) in comparison to
chocolates enriched with concentrated extract (CE), however
more pronounced differences and a higher increase were ob-
served in enriched semisweet and dark chocolates. This
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implies that the presence of water in the extracts aimed for
fortifying chocolate based products adversely affects the bio-
active compounds and indicates that dehydrated extracts
should be employed for that purpose.

Regarding the stability of polyphenolic compounds and
antioxidant capacity during the storage period of 12 months
(the shelf life of chocolates), an increasing tendency in the
TPC and antioxidant capacity (Figs. 2a–c) of enriched choc-
olates during the storage time was established, although fluc-
tuations in the periodically determined parameters can be ob-
served. Available literature data on the stability of polypheno-
lic compounds during storage of various plant substrates and

food products reveal very contradictory results, however in
dependence of the plant substrate (polyphenols source) and
type of polyphenolic compound. Hurst et al. (2009) evaluated
the stability of polyphenolic antioxidants and flavan-3-ols
from milk and dark chocolates over time and determined their
stability, i.e. no marked differences in their levels during stor-
age. Conversely to these results, our study indicated a slight
increase of these parameters, which is supported by the study
of Mazur et al. (2014), who determined an increase in total
phenols during 6 months of storage of raspberry jams. Ac-
cording to the authors explanation, the release of certain poly-
phenolic compounds after hydrolysis during storage may be
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the cause of the observed increase, since in their free forms
polyphenols can exhibit higher reducing capacity, thus con-
tributing more to TPC. However, since in the present study
marked fluctuations of the polyphenolic content was ob-
served, it seems that degradation of these compounds may
have also occured. The reduction of total phenol content dur-
ing storage may be the result of degradation processes that
occur in the more complex substrates and oxidation activities
that modify their structure. Namely, previous studies
(Galmarini et al. 2013) have reported about the significant
decrease in the content of catechins during storage. The ob-
served fluctuations can also be attributed to the presence of
sugars, polysaccharides and proteins in the chocolates, since
polyphenols can bind with proteins and peptides forming

soluble and insoluble complexes through hydrophobic inter-
action and hydrogen bonding (Jobstl et al. 2006), which may
interfere during analytical determination. According to Jobstl
et al. (2006) polyphenols also have the ability to bind to iron
and reduce its availability. Nettle leaves were noted for their
particularly high content of some metals (Se, Zn and Fe, Mg)
(Rzemykowska and Ostrowska 1994). Due to the presence of
these compounds in enriched chocolates, deriving from both
chocolate (sugars, proteins) and nettle (polysaccharides,
metals) the observed fluctuations of polyphenolic content
could have occured.

Despite the observed fluctuations the final TPC and anti-
oxidant capacity of enriched chocolates, obtained after
12 months of storage are higher than the initial values (after
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the production). The same was observed for specific sub-
classes of polyphenolic compounds, flavonoids, flavan-3-ols
and proanthocyanidins (Table 2). The percentage increase af-
ter the implementation of nettle extracts, calculated as the ratio
between the polyphenolic content of enriched chocolate (in a
certain storage time) and plain milk chocolate after production

(0 month) was the highest in case of total flavonoids, even up
to 34.5 % (enriched milk chocolate after 12 months of stor-
age). Although cocoa parts are the major source of flavan-3-
ols and proanthocyanidins, marked fluctuations during the
storage period of 12 months were established. This is not
surprising if taking into account that catechins can undergo

Table 2 The content of total
flavonoids (mg GAE/g
chocolate), flavan-3-ols (mg CE/g
chocolate) and proanthocyanidins
(mg CyE/g chocolate) of
experimental chocolates affected
by storage time

Flavonoids Flavan-3-ols (mg CE/g chocolate) Proanthocyanidins

mg GAE/g chocolate Vanillin index p-DAC mg CyE/g chocolate

Milk chocolate

0 month M 1.19±0.15 0.83±0.02 0.44±0.09 0.26±0.06

M CE 1.25±0.07 1.05±0.04 0.48±0.01 0.35±0.09

M FD 1.58±0.10 1.05±0.01 0.47±0.01 0.39±0.00

4 month M 1.35±0.12 0.86±0.08 0.43±0.00 0.32±0.05

M CE 1.56±0.21 1.11±0.13 0.48±0.03 0.38±0.03

M FD 1.82±0.13 1.27±0.08 0.55±0.00 0.38±0.07

8 month M 1.44±0.11 1.45±0.17 0.53±0.02 0.30±0.02

M CE 1.67±0.10 1.31±0.15 0.51±0.01 0.43±0.01

M FD 1.90±0.17 1.66±0.19 0.54±0.02 0.44±0.01

12 month M 1.42±0.15 1.55±0.04 0.64±0.04 0.40±0.07

M CE 1.58±0.14 1.32±0.03 0.69±0.05 0.58±0.08

M FD 2.17±0.09 1.82±0.06 0.65±0.01 0.55±0.03

Semisweet chocolate

0 month S 5.48±0.85 2.77±0.11 1.61±0.01 1.14±0.01

S CE 5.59±1.77 2.35±0.19 1.63±0.00 1.28±0.06

S FD 6.20±1.11 2.64±0.02 1.58±0.00 1.66±0.15

4 month S 6.25±0.19 2.41±0.10 1.52±0.06 1.32±0.26

S CE 6.30±0.13 2.94±0.04 1.65±0.00 1.30±0.23

S FD 6.35±0.31 2.62±0.47 1.68±0.04 1.65±0.05

8 month S 7.05±0.42 2.90±0.15 1.55±0.04 1.32±0.02

S CE 6.02±0.19 2.86±0.48 1.71±0.07 1.83±0.07

S FD 7.11±0.34 2.69±0.04 1.63±0.01 1.63±0.04

12 month S 7.91±0.27 2.93±0.01 1.69±0.02 1.33±0.05

S CE 8.39±0.22 3.19±0.07 1.67±0.06 1.84±0.17

S FD 8.68±0.19 3.34±0.17 1.61±0.03 1.81±0.21

Dark chocolate

0 month D 6.45±0.26 4.32±0.06 1.79±0.33 1.62±0.23

D CE 6.98±0.66 4.55±0.29 1.70±0.01 1.75±0.01

D FD 7.61±0.76 4.72±0.11 2.01±0.01 1.77±0.13

4 month D 7.41±0.13 4.21±0.34 1.81±0.01 1.85±0.14

D CE 8.09±0.35 4.83±0.02 1.87±0.08 2.09±0.84

D FD 8.84±0.05 4.61±0.65 1.93±0.09 2.17±0.25

8 month D 7.66±0.66 4.13±0.13 1.91±0.02 1.91±0.04

D CE 7.89±0.21 4.58±0.05 2.01±0.10 1.97±0.01

D FD 8.80±0.34 4.67±0.03 2.10±0.03 2.32±0.04

12 month D 8.89±0.18 4.22±0.16 2.06±0.05 1.94±0.05

D CE 8.07±0.21 4.64±0.20 2.09±0.05 2.03±0.08

D FD 9.80±0.43 4.95±0.07 2.26±0.06 2.27±0.09

M milk chocolate, S semisweet chocolate, D dark chocolate
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degradation, oxidation, epimerization and polymerization
(Ananingsih et al. 2011) and many factors could contribute
to these chemical changes.

The analysis of specific polyphenolic compounds per-
formed using HPLC-PDA (Table 3), revealed extensive fluc-
tuations in the identified specific polyphenols, affected by
both the form of nettle extract and storage duration. The

content of all identified compounds increases with the in-
crease of cocoa parts content of chocolates, i.e. in the follow-
ing ranking: milk>semisweet>dark chocolate, indicating the
prevalence of cocoa-derived polyphenolic compounds in the
TPC (rather than the ones from nettle extract). Generally, epi-
catechin (−)-EC, catechin (+)-C and procyanidin B2 (Proc B2)
were identified among flavan-3-ols, with EC being the most

Table 3 Content (mg/g
chocolate) of flavan-3-ols
[epicatechin (EC), catechin (C),
procyanidin B2], sum of phenolic
acids and the sum of flavonoid
derivatives [ Flavonoid D] in the
formulated enriched chocolates
during 12 months of storage*The
standard deviation of all
measurements amounts to<10 %
of the mean value

Flavan-3-ols ∑ Phenolic acids Flavonoid D

(−) – EC (+)- C Proc B2

0 month Mplain 0212 n.d. 0223 0.288 0027

M CE 0183 0023 0081 0.06 0036

M FD 0231 0021 0110 0.083 0050

4 month Mplain 0209 0024 0095 0.121 0020

M CE 0220 0035 0097 0.088 0035

M FD 0296 0028 0179 0.13 n.d.

8 month Mplain 0245 0060 0156 0.285 0058

M CE 0163 0038 0106 0.132 0033

M FD 0235 0036 0053 0.123 0050

12 month Mplain 0136 0045 0076 0.099 traces

M CE 0254 0039 0061 0.154 0533

M FD 0294 0041 0087 0.126 0125

0 month Splain 0227 0137 0358 0.053 0245

S CE 0296 0113 0299 0.068 0191

S FD 0241 0110 0315 0.066 0089

4 month Splain 0336 0094 0252 0.152 0211

S CE 0274 0134 0199 0.201 0270

S FD 0225 n.d. 0179 0.052 n.d.

8 month Splain 0342 0139 0237 0.083 0141

S CE 0247 0158 0119 0.164 0331

S FD 0140 0121 0234 0.04 n.d.

12 month Splain 0385 0094 0271 0.089 0166

S CE 0169 0158 0223 0.046 0164

S FD 0260 0118 0094 0.079 0090

0 month Dplain 0923 0211 0718 0.184 0185

D CE 1386 0217 0569 0.088 0422

D FD 1887 0209 0317 0.476 1028

4 month Dplain 1186 0219 0640 0.28 0163

D CE 0875 n.d. 0520 0.294 n.d.

D FD 1189 n.d. 0459 0.28 n.d.

8 month Dplain 1923 0386 0959 0.261 0192

D CE 1064 0312 0825 0.34 0432

D FD 2258 0289 0587 0.383 0448

12 month Dplain 0732 0257 0486 0.317 n.d.

D CE 1546 0369 0714 0.565 0498

D FD 2076 0444 0779 1.099 0543

M milk chocolate, S semisweet chocolate, D dark chocolate

*The values on figures b and c superscripted with the same alphabet (a–f) are not significant (p>0.05)

*The TPC values on figure a) superscripted with the same alphabet (a–o) are significant (p<0.05)
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abundant compound (followed by proc B2). The content of
flavonoid derivatives (ΣFlavonoidD) was expressed as the
sum of identified quercetin derivatives, since this was the
dominant flavonoid compound (other than flavan-3-ols) iden-
tified in both chocolate and nettle. The HPLC analysis per-
formed in this study revealed an increase of quercetin deriva-
tives in nettle-enriched chocolates (regardless of the extract
dosage form) in comparison to plain chocolates, which con-
firms that the addition of nettle to chocolates enhances its
polyphenolic profile. This is also applicable to the content of
flavonoid derivatives since an increase in the overall flavonoid
derivatives content of both enriched chocolates (CE and FD)
was observed when compared to plain chocolates (Table 3).

Among the phenolic acids displayed as a sum in Table 3,
chlorogenic acid (ChlA) was the most abundant, followed by
caffeic acid (CA), while gallic (GA) and protocatehuic acids
(PA) were quantitatively least represented in formulated choc-
olates. The addition of nettle extracts to chocolates regardless
of the type of chocolate (cocoa parts content) generally in-
creased the content of specific phenolic acids, although dis-
crepancies can be observed. With regard to extract form, the
addition of freeze dried (FD) extract resulted with slightly
higher content of specific phenolic acids in enriched choco-
lates in comparison to concentrated extract (CE), which is in
agreement with the results obtained for TPC and antioxidant
capacity.

Sensory properties of chocolates enriched with nettle
extract

Based on the results displayed on Fig. 3a–c, as a general trend
it can be observed that plain chocolates (regarding of the type
of chocolate) were preferred by the panel in terms of taste and
aftertaste, over the nettle-enriched chocolates. The textural
properties (surface, breakage, structure and melting) of plain
chocolates did not differ significantly (p<0.05) from the choc-
olates enriched with freeze dried extract (FD), regardless of
the chocolate type, while the addition of concentrated extract
(CE) decreased the scores of all sensory properties of choco-
lates. The obtained results indicate that the use of concentrated
extracts adversely affected taste and flavour of chocolates,
suggesting the use of freeze dried extract for that purpose. This
was also confirmed by the more pronounced bitterness and
astringency of semisweet (Fig. 3b) and dark (Fig. 3c) choco-
lates enriched with concentrated extract (CE), in comparison
to freeze dried extract. Since the water infusions of nettle are
well known for their salty and astringent sensory profile
(Kavalali 2003) which can be attributed to the nutritional
and phytochemical composition of this plant, the bitterness
and astringency of enriched chocolates may be derived (and
synergistically enhanced) from both nettle and cocoa. While
the bitterness is a univocal criterion, the recent study by Childs
and Drake (2010) reported that the degree of astringency
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considered by the subjects as desirable or undesirable attribute
of a food product is a person-specific feature. The results
obtained in the present study indicate that the addition of nettle
extract to chocolates decreased their sensation of sweetness
and augmented their astringency and bitterness, which may be
regarded as unfavourable by consumers.

Dark chocolate (Fig. 3c) enriched with both forms of
nettle extract (CE and FD) exhibited the least changes in
sensory properties when compared to plain chocolate,
which may be attributed to the higher cocoa parts content
of that type of chocolate and consequently more intensive
cocoa flavour which supressed the flavour of nettle. How-
ever, the addition of freeze dried extract to all three types
of chocolates augmented the herbal aroma intensity, in
comparison to plain chocolates. This outcome is in agree-
ment with the previous results of Belščak-Cvitanović
et al. (2012), where freeze dried extract of raspberry leaf
also provided the most pronounced herbal aroma in
enriched chocolates.

Conclusions

In this study, chocolates enriched with nettle extract were pro-
duced and their bioactive and sensory profile were evaluated
upon production, and during storage period of 12 months. By
comparing conventional extraction techniques (maceration,
infusion and decoction), the best extraction procedure of nettle
polyphenolic compounds was established, consisting of infus-
ing nettle leaves during 30 min. The obtained nettle extract
exhibited cytotoxic and antioxidative properties on human
colon cancer cell lines (SW480) at higher extract concentra-
tions. Implementation of freeze dried nettle extract to choco-
late enables a higher increase of polyphenolic content and
their better sensory properties, than the addition of concentrat-
ed extract. Marked fluctuations of polyphenolic compounds in
enriched chocolates during 12 months of storage were ob-
served, but all enriched chocolates exhibited higher polyphe-
nolic content and antioxidant capacity than plain, control
chocolates after the 12 months of storage. Dark chocolates
enriched with nettle extracts was preferred over milk and
semisweet chocolates. In general, using freeze dried extract
of nettle, produced by a simple, infusion based extraction
procedure enables to produce chocolates with an enhanced
and stable polyphenolic profile during 12 months of storage,
but further optimization of their sensory properties must be
conducted in future.
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