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Featured Application: The application of yellow tea components in confectionery indicates a
new direction in functional foods’ design process as it influences the antioxidant activity, sensory
value and health promoting value of the final product.

Abstract: Chocolate and tea leaves are considered the most valuable sources of highly bioactive
polyphenols due to their potential anti-cancer properties and beneficial effects on the cardiovascular
and nervous systems. The objective of the present study was the development of a sensory profiling
modality that is correlated with the taste of the chocolate enriched with yellow tea phytochemicals.
The additive concentration was optimized in white chocolate and the designed product was evaluated
using the sensory profiling method. It was shown that the yellow tea extract in chocolate had a
significant effect on the taste and color of the product. Addition of 2.0% yellow tea powdered extract
increased the value of color acceptance and caused an intensification of the aromas, particularly
the leafy taste, compared to the control samples. The next step of the study was to determine the
influence of tea addition in white, milk and dark chocolate subjected to 6 months of storage. The
designed chocolates were tested for their activity as antioxidants (DPPH, ABTS and ORAC assay)
and cholinesterase inhibitors (AChE, BChE assay). It was confirmed that the yellow tea addition
affected the activity of prepared chocolates with respect to radical scavenging activity and was highest
for dark chocolate with yellow tea where the values were as follows: 4373 mg Tx/100 g (DPPH),
386 mg Tx/100 g (ABTS) and 4363 µM Tx/100 g (ORAC). An increase in the anti-radical activity
of chocolate with yellow tea was found after 3 months of storage, but the subsequent 3 months of
storage resulted in its reduction. AChE values ranged from 0.118 to 0.730 [µM eserine/g dw] and
from 0.095 to 0.480 [µM eserine/g dw] for BChE assay. Total capacity to inhibit AChE and BChE
differed depending on the type of chocolate and was negatively influenced by the half-year storage.
Summarizing tested values for individual samples were higher, with increasing content of cocoa
liquor and yellow tea extract in the product. The results of the research show that the use of yellow
tea in confectionery is promising and may appoint a new direction in functional foods.

Keywords: chocolate; Camelia sinensis; yellow tea; antioxidants; cholinesterase; radicals

1. Introduction

The beginning of the 21st century is characterized by a sudden increase in the number
of people suffering from excessive oxidative stress. This could be related to, among
others, a large intake of sweets and confectionery and a decrease in the consumption of
polyphenol-rich foods [1,2]. Results showed that Western Europe and the United States
citizens consume the highest amount with nearly 9 kg/y in Switzerland and 4.3 kg/y in the
United States [3]. Due to the fact that the consumer does not want to give up the pleasure
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of eating certain products, food technologists design various types of food enriched with
bioactive substances, or modify the composition of the products. Therefore, the production
of chocolate with the addition of plant components is worth considering [4].

Results of much research showed that chocolate appears to increase positive mood,
when it is eaten mindfully and that it can be enhanced with intention [5–8]. Chocolate’s
popularity has increased, along with the consumption of healthy snacks and confectioneries
including probiotics, prebiotics and high phenolic content components [9–13]. This product
is characterized by a low or medium glycemic index, depending on the product recipe, and
exceptional presence of bioactive substances such as polyphenols, e.g., flavonoids such as
catechins and notably, procyanidins, lipids, dietary minerals and methylxanthines [14–16].
Chocolate as functional food or nutraceutical is due to the positive relationship between
its consumption and its effect upon health. Chocolate containing cocoa in its composition
has many health-promoting properties, including reduced risk of cardiovascular disease,
osteoporosis, cancer, neurodegenerative and central nervous system disorders, diabetes,
obesity and metabolic syndrome [15,17–20].

Cocoa, a major chocolate ingredient, has the highest flavanol content among foods
and contributes to higher flavonoid intake than tea or fruits and vegetables [18]. Therefore,
tea leaves (Camellia sinensis) beverages are the most popular that are widely consumed by
humans and well known for their beneficial properties [21,22]. They have been reported to
be the beverage with some of the highest antioxidant content [23], depending on tea kind
and processing conditions [24–27]. One of the most important compounds that exhibit
biological activities with significantly strong antioxidant activity are plant polyphenols.
The main antioxidants present in tea are flavonoids and phenolic acids, whose high content
influences the consumers health and food products shelf life. Numerous studies reported
that regular intake of tea components is associated with an improved antioxidant status
in vivo conditions. Systematic delivery of substances with high antioxidant potential
may contribute to the lowering risk of coronary heart disease, stroke, atherosclerosis,
certain types of cancer, increasing insulin sensitivity properties, and protection against
inflammation, bacteria or neurodegenerative diseases [22,28–33].

Health-promoting properties of chocolate and tea components are well known, nev-
ertheless, the deteriorating environmental conditions that cause significant stress to the
human body have resulted in the increased interest in the functional food. The food market
offer has increased significantly, especially considering the snacks enriched with bioactive
components from the so-called superfood. Previous research reported the influence of
consumer attitudes towards healthy food choices and purchase intentions [34]. Consumer
attitudes toward product-related information are important factors to consider because they
will determine the acceptance of food products, and the final decision of product purchase.

The consumer’s need to live a healthy life increased an interest in food with the
addition of tea components, mainly green, among which the confectionery products are
the most popular and well-studied. Tea confectionery products include, but are not
limited to, donuts, cookies, biscuits, popsicle, candies, bars, ice cream, milk and white
chocolate, chewing gum or jelly candies, thereby giving the consumer a healthier product
with the desired quality and sensory value [35–46]. The literature describes in detail the
antioxidant and free radical scavenging properties as well as the antimutagenic properties
that characterize the extracts of all types of tea and chocolates. Therefore, the subject
of this work is chocolate, a popular product willingly and often chosen by consumers,
which for the first time has been combined with yellow tea aqueous extract to increase the
antioxidant and health-promoting potential of the designed product. The objective of the
present study was to develop a sensory profiling modality that is correlated with the taste
of the chocolate enriched with yellow tea phytochemicals, its chemical composition and
antioxidant activity.
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2. Materials and Methods
2.1. Sample Preparation

The research material was commercially available: yellow tea leaves Camellia sinensis,
cultivar China Kekecha (Guangzhou province, China, supplied by Gemini, Poland) and
chocolate (Belcolade, Belgium), a high quality product offered on the market for a wide
variety of applications in the bakery, patisserie and chocolate sectors. Therefore, tested
samples were an innovative confectionery product, which consisted of white, milk and
dark chocolate to which powdered yellow tea extract was added. The yellow tea (Camellia
sinensis, var. Kekecha) aqueous extract was prepared according to previously published
procedure [47]. Briefly, 100 g of dried tea leaves were ground and extracted with ddH2O at
80 ◦C for 15 min. Then, the extract was filtered and lyophilized to produce the powdered
extract which was kept frozen and further analyzed.

Initially, chocolate callets were subjected to a tempering process, which is essential
for obtaining desired hardness, shine and breaking characteristics. The process involved
the pre-crystallization of the cocoa butter in the chocolate, thereby transforming it into
a stabile crystalline form. After tempering, the powdered yellow tea extract was added,
then the chocolate was crystalized and subjected to sensory evaluation. The scheme of the
conducted research is presented on Figure 1.
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Figure 1. Scheme of the conducted research.

2.2. Preliminary Sensory Evaluation

In the first stage of the research, sensory analyses were carried out in order to select the
most acceptable concentration of yellow tea extract addition to chocolate. Commercially
available white chocolate callets were used as a carrier due to their low aroma and light
color compared to chocolates containing cocoa liquor. A total of seven concentrations
of tea extract used for different features were: 0.0%, 0.1%, 0.2%, 0.5%, 1.0%, 1.5%, and
2.0% according to chocolate dry mass. These selected samples were prepared by adding
the respective mass of tea extract to 100 g of white chocolate (Belcolade, Belgium). The
chocolate was tempered using a chocolate melting pot (Hendi, Poland) while stirring until
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it reached 40–42 ◦C, then the powdered tea extract was added and thoroughly mixed until
a smooth and homogeneous consistency. Then, enriched chocolate was poured into round
molds and kept in a cooler at 4 ◦C for 20 min to solidify. Consumer assessment of aroma,
color, taste, texture and overall acceptability was carried out in the sensory evaluation
laboratory [48]. The developed chocolate samples were evaluated in a focus group (n = 10
of sensory trained professionals from The University of Life Sciences in Poznań) to select
the most acceptable concentration of tea extract based on sensory descriptors intensity [49].
Participants were given two pieces of coded samples of chocolate from each extract’s
concentration and were asked initially to identify the intensity of taste. Evaluation was
conducted under red light in order to mask color differences between food samples and
avoid sample color suggestion. Once identified, they had to rate the sensory evaluation
criteria of aroma, color, taste, texture and overall acceptability on a 10-point hedonic scale
with boundary indications: “I do not like it extremely” (1) to “I like it extremely” (10).
Finally, the most liked samples out of seven concentrations for yellow tea extract were
selected for further analyses. The data were expressed as the medians of all the scores.

2.3. Proper Sensory Evaluation

In the second stage of the research, sensory analyses were carried out in order to
evaluate the most acceptable chocolate with addition of yellow tea extract in a concentration
receiving the highest acceptability in a preliminary sensory evaluation. For the research,
0.2% addition of yellow tea extract was chosen and subjected to further analyses. White
(WCC), milk (MCC) and dark chocolate (DCC) (Belcolade, Belgium) were subjected to
tempering process (white 38 ◦C, milk 40 ◦C and dark 43 ◦C). After tempering, the powdered
yellow tea extract was added and thoroughly mixed in order to receive the homogenous
consistency and tea extract’s even dispersion. As a result, white (WCT), milk (MCT)
and dark (DCT) chocolates with the addition of yellow tea extract were prepared. Next,
enriched chocolate was poured into shaped molds and left to crystalize during 12 h, at
16–18 ◦C with an average humidity below 60%, then stored in a dark place at 18 ◦C in order
to solidify. Consumer assessment of aroma, color, taste, texture and overall acceptability
was carried out in the sensory evaluation laboratory and evaluated in a focus group (n = 20
of sensory trained consumers) using the scaling method [50]. Participants were given two
pieces of coded samples of each kind of chocolate with yellow tea extract and were asked to
rate the sensory evaluation criteria of aroma, color, taste, texture and overall acceptability
on a 10-point hedonic scale with boundary indications: “I do not like it extremely” (1) to “I
like it extremely” (10).

2.4. Chemical Composition

The basic chemical composition of the chocolates with yellow tea leaves extract
included total fat, protein, ash, moisture and carbohydrate content. Total fat content was
determined with the Soxhlet method using Soxtec-HT6 System (Foss Tecator, Hoganas,
Sweden) [51], the protein content was determined by the Kjeldahl method using Kjeltec-
2200 System (Foss Tecator, Sweden) [52], the ash content was determined after samples
complete burning in an oven [53]. The total carbohydrates content was calculated according
to using the equation: total carbohydrates = 100 − (fat + protein + water + ash). Energy
value of chocolates was evaluated according to [54].

2.5. Sample Extraction Procedure

Chocolate samples (20 g) were subsequently extracted using a three-step extraction
procedure (ASE 350 Dionex, Thermo Fisher Scientific, Waltham, MA, USA). In the first
step, the sample was extracted with 40 mL of chloroform for 20 min cycle on a multi-
rotator (300 rpm). Then, 40 mL of 60% methanol was added and extracted for 30 min (the
process was repeated). The supernatants were filtered (Whatman 1:11 µm), and centrifuged
(1.5 min, 2697 g). Then, the fat and protein layers were separated. The sample was washed
once again with chloroform in an amount of 1/4 of the volume of the resulting solution.
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The solution was subjected to the centrifugation process again. After collecting the upper
layer, the supernatant was placed in a rotary evaporator to remove remaining chloroform.
Then, the extracts were combined and stored in a dark, cool place prior to further analysis
of total phenolic content, DPPH, ABTS radical scavenging activity, ORAC, chelating activity,
AChE and BChE.

2.6. Total Phenolic Content

The amount of total phenolics (TPC) in the chocolates was determined using Folin–
Ciocalteau colorimetric assay [55] and expressed as catechin equivalent (C) in mg per
100 g product of powder, using the calibration curve over the range of 0–600 mg/mL
(y = 2.4797× − 0.0039, R2 = 0.9936).

2.7. Antioxidant Activity

DPPH radical scavenging activity: The analysis was carried out using the DPPH radical
scavenging assay [56]. The DPPH radical scavenging activity was expressed as Trolox
equivalent (Tx) in mg per 100 g of product, using the calibration curve over the range of
0–1 mg/mL (y = 334.81×, R2 = 0.9636).

ABTS cation radical scavenging activity: The analysis was carried out using the ABTS
radical cation decolorization assay [57]. The ABTS radical cation scavenging activity was
expressed as Trolox equivalent (Tx) in mg per 100 g of product, using the calibration curve
over the range of 0–1 mg/mL (y = 182.97×, R2 = 0.9953).

ORAC activity: Oxygen Radical Absorbance Capacity Assay (ORAC) was assayed
using a method described by Gramza-Michałowska et al. [58]. Results were expressed as
µmol of Trolox equivalents (Tx) per 100 g of product, using the calibration curve over the
range of 0–120 µmol (y = 0.2697× + 1.1888, R2 = 0.9834).

Peroxide value (PV): The influence of additives on lipid oxidation stability was mea-
sured according to PN-EN ISO 3960: 2009 [59].

2.8. Cholinesterase Inhibition

The activity of the chocolate with yellow tea extracts as acetylcholinesterase (AChE)
and butyrylcholinesterase (BChE) inhibitors was assayed using a method described by
Ellman et al. [60] and with modification of Kobus-Cisowska et al. [61]. Results were
expressed as µmol of eserine equivalents per 1 g of a product, using the calibration curve
over the range of 0.09–6.10 µM for AChE and 0.09–8.57 µM for BChE.

2.9. Statistical Analysis

All experiments were performed in triplicate and the results are mean SD. Data were
analyzed using one-way analysis of variance (ANOVA), followed by Tukey’s post-hoc test.
The significance level of statistical differences was calculated at p < 0.05 and marked by
superscript letters. All statistical analyses were performed using Statistica 13.3 software
(StatSoft, Kraków, Poland).

3. Results
3.1. Optimization of Yellow Tea Extract Concentration in Confectionery

The process of sensory optimization allowed for the production of chocolates enriched
with plant extract, which were subjected to qualitative analyses in subsequent stages of
the work. To determine the concentration of the additive with highest acceptation of
the consumers, a series of enriched chocolate products sensory analyses were conducted.
The research was preceded by the evaluation of sensory acceptance of white chocolate
with a sequence of yellow tea extract six concentrations 0.1, 0.2, 0.5, 1.0, 1.5 and 2.0%.
Consumer assessment of formulated chocolates included such features as: aroma, color,
taste, texture and overall acceptability (Figure 2). In the scaling method assessment of the
investigated factors, the highest grade was characterized by chocolate with 0.2% addition
of yellow tea extract, while the lowest with 2.0% (m/m). The aroma, color, texture and
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overall acceptability were evaluated with highest scores compared to other concentrations
of yellow tea extract. Based on the above results, a 0.2% concentration of the yellow tea
extract was selected for subsequent testing, which was applied in white, milk and bitter
chocolate samples.
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3.2. Basic Chemical Composition of Designed Confectionery

Following the optimization process, white, milk and dark chocolates were mixed with
a selected concentration of powdered yellow tea extract to evaluate the sensory attributes
and antioxidant activity of obtained confectionery. The composition and total polyphenols
content of chocolates are presented in Table 1. Analysis of the basic chemical composition of
confectionery without and with the fortification of yellow tea extract did not differ within
total fat, protein, ash and carbohydrates content. The differences have been noticed between
the type of chocolates, which mainly resulted from different proportions of fat, sugar, cocoa
and milk. As expected, white and milk chocolates were of slightly highest energy value,
while dark one was the lowest. It was found that functional additive accounting for 0.2%
of dry mass of chocolates did not influence the basic chemical composition, however, it
significantly influenced total polyphenols content (TPC) in samples with yellow tea extract
addition (p < 0.05). The average content of TPC in samples with 0.2% of yellow tea extract
increased by 180% for white chocolate (WCT), 70% for milk (MCT) and 40% for dark
chocolate (DCT) in comparison to control samples of chocolates with no additives.
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Table 1. Basic chemical composition of designed chocolates.

Component Unit WCC WCT MCC MCT DCC DCT

Total fat [g/100 g] 29.74 ± 0.36 a 28.43 ± 0.41 a 31.98 ± 0.97 a 32.29 ± 2.55 a 28.53 ± 0.24 a 27.98 ± 1.35 a

Protein [g/100 g] 5.96 ± 0.06 a 5.99 ± 0.12 a 7.78 ± 0.032 c 7.66 ± 0.09 c 6.75 ± 0.15 b 6.52 ± 0.24 b

Ash [g/100 g] 1.36 ± 0.01 a 1.37 ± 0.02 a 1.86 ± 0.01 c 1.87 ± 0.01 c 1.76 ± 0.03 b 1.73 ± 0.02 b

Carbohydrates [g/100 g] 61.97 ± 0.27 ab 63.41 ± 0.19 b 57.08 ± 0.21 a 57.46 ± 0.21 a 61.91 ± 0.18 ab 62.19 ± 0.19 b

Moisture [g/100 g] 0.95 ± 0.01 b 0.79 ± 0.01 a 1.29 ± 0.02 c 1.71 ± 0.01 e 1.32 ± 0.02 c 1.56 ± 0.02 d

Energy value [kcal/100 g] 539 533 547 542 528 526
[kJ/100 g] 2255 2231 2286 2265 2212 2203

TPC [mg C/100 g] 311.80 ± 1.24 a 882.15 ± 2.15 c 764.25 ± 3.01 b 1269.95 ± 5.01 d 1791.32 ± 4.92 e 2424.13 ± 3.28 f

Results are mean values of three determinations ± SD; values sharing the same letter in verse are not significantly different (p > 0.05).
Abbreviations: white chocolate control (WCC), white chocolate with tea (WCT), milk chocolate control (MCC), milk chocolate with tea
(MCT), dark chocolate control (DCC), dark chocolate with tea (DCT), total polyphenols content (TPC), catechin (C).

3.3. Sensory Analysis of Designed Confectionery

Consumer perception of a food product should be regarded as a key strategy in the
development of innovative food products. That is why white, milk and dark chocolate
was chosen to reflect their ability to mask the sensory properties of a yellow tea extract.
Next, the chocolates were subjected to consumer analysis, which covered quality-related
properties including visual properties (color uniformity, color, surface), sensory attributes
(aroma, taste, mouthfeel), and overall acceptability. The sensory panel scores are presented
in Figure 3. Results showed that the yellow tea extract addition increased the value of color
acceptance significantly (p < 0.05).
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tea; DCC—dark chocolate control; DCT—dark chocolate with tea.

The appearance of the chocolates, including the uniformity of the color on the surface,
was the highest for white chocolate without tea extract addition: 9.1 on a scale from 1 to 10.
The lowest uniformity, according to the respondents, was characteristic for dark chocolate
with 0.2% yellow tea extract (2.8). The color of the chocolate was characterized by the
greatest differentiation among the distinguishing features. Dark chocolate with an addition
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was rated the most brown (8.2), and white chocolate with no additive as the cream color
(1.1). The vast majority of chocolates were rated as not glossy on the surface, because their
scores were below 5.0. Only the control white chocolate and the control milk chocolate
were rated at 5.6 and 5.4 points of 10 points scale. The aroma features defined as cocoa,
dairy, leafy and foreign aroma were evaluated as imperceptible (1.0) to intense (10.0). It
was found that the addition of yellow tea extract caused an intensification of the aromas
compared to the samples without the additive. The highest values for cocoa aroma were
recorded for milk chocolate enriched with tea extract (7.0) and dark chocolate with tea (5.7)
in the case of dairy aroma white chocolate with tea extract (7.2) and white chocolate (6.3).
The leafy aroma resulted in a lower assessment of all the samples with the addition of tea,
but these values were insignificantly higher than the controls and rated as imperceptible
(1.1–2.2). Yellow tea extract, the additional source of polyphenols in our chocolates, showed
that the “foreign” aroma negatively influenced the acceptance of the products. Probably,
the leafy and astringent aftertaste was perceived.

The taste features defined as astringent, bitter, sweet, milky, leafy and foreign taste
were evaluated as imperceptible (1.0) to intense (10.0). It was found that the addition
of yellow tea extract did not influence the astringent and bitter taste of chocolates in
comparison to the control samples. As expected, these undesirable organoleptic properties
were slightly higher with increasing cocoa content and were highest for dark chocolate.
The perception of sweet taste was higher for white and milk chocolate with yellow tea (7.2)
in comparison to dark chocolate (2.8). It was found that the addition of yellow tea extract
caused an intensification of the leafy taste for approximately 20%, however, it did not
influence the foreign taste occurrence, except the white chocolate (2.8) as compared with
control sample (1.1). The mouthfeel features defined as hard, soft, coarse and melt rate were
evaluated. Results showed that the addition of yellow tea extract softened the mouthfeel of
chocolates where the lower values indicated crumbly chocolate (white chocolate and dark)
and higher values indicated the malleable consistency (milk chocolate with tea). The melt
rate of chocolates has not changed significantly in the presence of tea extract. The highest
intensity of coarse mouthfeel was evaluated in white chocolate control and with tea extract
(7.5 and 5.5, respectively) and dark chocolate with tea extract (5.3).

The best results of overall acceptability were observed in samples of milk chocolate
with and without tea extract addition (6.9 and 6.8, respectively). The remaining choco-
lates with addition of tea extract obtained 17% lower consumer ratings in comparison
to control samples. No chocolate was rated as not liked. The supplemented chocolates
were well accepted by the panelists; however, higher overall acceptability was noted for
milk chocolate.

3.4. Storage Influence on Total Phenolic Content and Antioxidant Properties of
Designed Confectionery

The samples of chocolate with an addition of yellow tea extract were tested for antiox-
idant activity in free radical tests (DPPH• and ABTS•+) and ORAC test during 6 months of
storage at ambient temperature. The obtained results are presented in Figure 4. DPPH• and
ABTS•+ as stable radicals are widely used to evaluate the antioxidant activity of various
compounds and thus acting as antioxidants [62]. All analyzed samples showed higher
activity in DPPH radical scavenging compared to ABTS assay. The highest activity toward
radical, measured in Trolox (Tx) equivalents, was found in samples of dark chocolates,
which were found to differ significantly between other samples (p < 0.05).
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ing storage.

The results demonstrate that the addition of yellow tea extract powder was a successful
attempt at increasing the antioxidant potential of enriched chocolates. The highest activity
in scavenging the DPPH radical was determined for the samples of dark chocolate with
yellow tea (4373 mg Tx/100 g) and the control sample (4012 g of Tx/100 g). The lowest
activity was found for the control sample of white chocolate (23 mg Tx/100 g) and white
chocolate with yellow tea extract (100 mg Tx/100 g). Among the samples of chocolates, a
decrease in anti-radical activity was observed with the storage time (p ≤ 0.05). The DPPH
radical scavenging activity decreased the most in samples stored for 6 months without
the addition of yellow tea, and by 87% for WCC, 37% for MCC, and 29% for DCC. In the
chocolates with the addition of yellow tea extract, the above decrease in anti-radical activity
was significantly lower (p < 0.05) and amounted to 5% (MCT), 13% (DCT) and 14% (MCT).

ABTS radical cation scavenging activity showed the opposite trend compared to DPPH
assay within examined samples. The highest activity was determined for the samples of
dark chocolate with yellow tea (386 mg Tx/100 g) and without additive (285 g of Tx/100 g).
The lowest activity was found for the white chocolate (3.7 mg Tx/100 g) and white chocolate
with yellow tea extract (30 mg Tx/100 g). The storage time of chocolate samples resulted
in the significant increase of anti-radical activity (p < 0.05). The ABTS radical scavenging
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activity increased the most in samples stored for 6 months with the addition of yellow
tea, and amounted to 43% for MCT, 14.8% for WCT, and 12.8% for DCT. In the chocolates
without the addition of yellow tea extract, decrease in anti-radical activity was evaluated
(64% for WCC, and 56% for MCC), only in dark chocolate an increase of 34% scavenging
activity was noticed.

The highest ORAC value was evaluated for the samples of dark chocolate with
yellow tea (4363 µM Tx/100 g) and without additive (4403 µM of Tx/100 g). The lowest
value was found for the white chocolate (107 µM Tx/100 g) and white chocolate with
yellow tea extract (110 µM Tx/100 g). The results showed no significant loss of oxygen
radical scavenging ability during 6 months of chocolate samples storage (p > 0.05). Stable
oxygen radical absorbance capacity could be a result of beneficial confectionery product
composition which, besides yellow tea leaves extract, also included cocoa butter and cocoa
solids, known for their high antioxidative potential [14].

Summarizing, the highest antioxidant activities were evaluated for the chocolates
supplemented with 0.2% of yellow tea extract, at both DPPH and ABTS assay, however no
changes were present in ORAC assay, regardless of chocolate kind and 6 months of storage.
Therefore, it was noticed that yellow tea extract increased the amount of compounds
reacting with Folin-Ciocalteu phenolic reagent, which may indirectly indicate antioxidant
activity. Total content of phenolic compounds differed depending on the type of chocolate
and was as follows: bitter (DCC) > milk (MCC) > white (WCC). The addition of 0.2% yellow
tea extract increased the initial content of these compounds by an average of 283% for
white (WCT), 166% for milk (MCT) and 135% for dark chocolate (DCT) (Figure 3). During
the storage of chocolates, a decrease in the content of phenolic compounds was noted,
however the highest losses were found in the samples with the addition of tea extract
stored for 6 months. The highest losses were evaluated in samples of MCT (20%), DCT
(19%), and the lowest WCT (3%) as compared to fresh samples. That effect may indicate
interactions between chocolate compounds and those contained in yellow tea extract. The
results of the statistical analysis showed that the calculated correlation indicates a high
relationship between the DPPH radicals scavenging activity and the content of phenolic
compounds determined by the TPC assay (r2 = 0.981, p ≤ 0.05). A similar correlation was
found between the results of ABTS and TPC assay (r2 = 0.784, p ≤ 0.05). Moreover, the
calculated correlation shows no relationship between the results obtained with the ORAC
assay and TPC (p ≥ 0.05).

Yellow tea extract increased total polyphenols content in tested chocolate samples,
however did not protect them from lipid oxidation process (Figure 5). There are no studies
in the literature where the antioxidant activity of yellow tea extract in chocolates has been
tested, which was the main subject of this study. Results showed that addition of tea
extract enhanced antioxidant activity regardless of chocolate kind and was stabile during
three months of storage, then activity found to be decreased in all samples except white
chocolate. During storage, the peroxide value was evaluated and an increase in the level of
primary lipid oxidation products was found in all tested samples. It was confirmed that the
addition of yellow tea extract slowed down the lipid oxidation process during 6 months
of storage. The rate of oxidation process inhibition in the chocolates fortified with yellow
tea components was 50% for milk, 42% for dark and 12% for white chocolate compared to
pure chocolates.
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3.5. Cholinesterases (ChE) Inhibition by Designed Confectionery

The confectionery products, different chocolates with yellow tea extract, were char-
acterized in terms of their capacity to inhibit the activity of cholinoesterases (ChEs), i.e.,
acetylocholinoesterase (AChE) and butyrylcholinoesterase (BChE) (Figure 6). The inhibi-
tion capacity of chocolates with and without addition of yellow tea extract was expressed
as eserine equivalents per 1 g of product. Results showed that all chocolates exhibited
cholinesterases inhibition capacity in a concentration-dependent manner. Confectionery
products inhibited AChE to a greater extent than BChE. In the initial stage of storage, it
was dark chocolate without addition and milk chocolate with yellow tea that inhibited
AChE to the greatest extent, while white chocolate with and without addition to the lowest
degree. Total capacity to inhibit AChE differed depending on the type of chocolate and
was as follows: WCT = WCC < MCT = DCT = MCC < DCC. However, the 6-month storage
influenced the AChE inhibitory capacity for dark and milk chocolate, both with yellow tea.
The lowest activity was found for white chocolate with the addition of yellow tea. After
the end of storage, total capacity to inhibit AChE was as follows: WCT < MCT = DCC =
MCC < WCC < DCT.

The assessment of the activity of the chocolates against BChE showed different trends.
Before the storage, it was dark chocolate and milk chocolate with yellow tea and milk
chocolate without additive that inhibited BChE to the greatest extent, while, similarly to
AChE capacity, white chocolate with and without addition to the lowest degree. Total
capacity to inhibit BChE differed depending on the type of chocolate and was as follows:
WCT = WCC < DCC < DCT = MCC < MCT. Further storage resulted in changes of the
BChE inhibitory capacity for examined chocolates. Completion of the 6-month storage
process resulted in the following sequence: WCT < WCC < DCC = DCT < MCT = MCC.
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4. Discussion

Functional food production is becoming more and more popular. This food is dedi-
cated to various social problems related to nutrition, e.g., people exposed to stress. Enrich-
ing food with plant extracts is very common, but adding green tea ingredients, especially
matcha powder used in tea ceremonies, is very popular in Japan [63,64]. The truth is that
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it was Japan that inspired many to use powdered tea as an addition to numerous food
products, including chocolate [65–69].

Today’s consumer is looking for additives that are natural, perceived as safe and, more-
over, introduce pro-health compounds into the product, increasing its functionality [70].
One of best-studied plants are tea leaves (Camelia sinensis L.), known for their sensory and
outstanding pro-health value, but also for their strong antioxidant properties. The value
of tea results from the compounds present, among which are polyphenols, commonly
known as flavonols or catechins [71]. Antioxidant properties of tea preparations are due
to the presence of catechins: (-)-epigallocatechin (EGC), (-)-epicatechin (EC), (-)- -catechin
(C), (-)-epicatechin gallate (ECG), (-)-epigallocatechin gallate (EGCG) [64]. The individual
composition of tea leaves differs with production technique and fermentation process
conditions [21]. Yellow tea next to green and black starts to be appreciated by the science.
Tea leaves manufacturing processes differ within the region and type of tea. The main
division is based on the degree of leaves fermentation, which recognizes white and green
(non-fermented), yellow (partly fermented), oolong (semi-fermented), and black tea (fully
fermented) [72]. The processing of tea leaves consists of several steps including withering,
rolling, fermentation, postfermentation and drying [21,73]. The main active components
of tea leaves are flavan-3-ols, phenolic acids, tannins (condensed and hydrolysable), and
purine alkaloids, which after processing go through several steps leading to the formation
of theaflavins, thearubigins, and flavan-3-ols derivatives with a corresponding decrease in
catechins concentrations [74]. Results indicate that yellowing time, a key factor in yellow
tea processing, improves quality and biological activity of the final product [75,76]. Yellow
tea has numerous health-promoting values, which mainly come from the presence of
flavonoids and offer antioxidant, antihyperglycemic, antihyperlipidemic, and anticancer
activity [75,77–80]. Yellow tea exhibits strong antioxidant activity in in vitro systems, e.g.,
fats, emulsions, foods and other systems [39,58,80–82]. Although epigallocatechin-3-gallate
(EGCG) is the most studied catechin in the group of secondary metabolites of tea, the
results showed however that its bioavailability was reduced since most of EGCG was not
absorbed in intestinal and blood environment [83,84]. Despite the fact that EGCG is a very
powerful antioxidant, research has indicated that it is pure compounds that can exhibit
toxic effects, which was not found in water extracts from tea leaves [85,86]. Therefore,
it was found that the appropriate addition of aqueous extract, which is a concentrated
infusion, is safe.

Previous studies have focused on phenolic content and antioxidant activity of yellow
tea and chocolate either separately or mixed with other ingredients, but no research has
been found combining these two products. The functional properties of tea and chocolate
have encouraged the development of products and their combination as confectionery
shown to be a promising market [87]. New formulations need the quantitative characteri-
zation of the sensory features of the product with the participation of trained panel and
proper principles of the study. In present study, the addition of 0.2% yellow tea extracts into
white chocolate showed that aroma, color, texture, and overall acceptability were highly
scored in comparison to other concentrations. Therefore, this concentration was decided
for subsequent testing, which was applied in white, milk and bitter chocolate samples.

Today’s market strategy for the development of innovative food products is primarily
focused on a positive perception by the consumer, especially in terms of sensory values.
Therefore, in our research we used different chocolates in order to reflect the possible ability
to mask the sensory properties, mostly bitterness of yellow tea extract. The consumer
analysis covering quality related properties including visual, and sensory attributes, as
well as overall acceptability of enriched chocolates showed satisfactory rating of all the
products, however milk chocolate was the highest rated.

Results of our studies showed that functional additive of yellow tea extract accounting
for 0.2% of dry mass of chocolates did not influence the basic chemical composition, how-
ever it significantly influenced total polyphenols content (TPC) in all the samples (p < 0.05).
Therefore, it was noticed that the amount of phenolic compounds significantly shaped the
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antioxidant activity of enriched chocolates (p < 0.05). Other studies have confirmed that
the antioxidant capacity of tea and chocolate could be a result of favorable composition of
polyphenolic compounds such as flavonoids [14,25]. Therefore, it is promising to enrich the
product with ingredients derived from yellow tea leaves, which may increase the supply of
these compounds in the diet.

Polyphenols are plant origin antioxidants which control or prevent the oxidation
process by scavenging of radicals [88]. General classification of antioxidants include
primary and secondary natural antioxidants, differing within the mechanism of action [89].
Primary antioxidants, including phytochemicals as flavonoids present in coca and tea, are
the chain breaking antioxidants donating the electrons and reacting with lipid radicals,
and therefore converting them into more stable products. Secondary antioxidants include
phenolic compounds performing the function of capturing free radicals, chain reaction
catalysts, and therefore stopping the chain reactions. Antioxidants such as polyphenols
may be present in foods as endogenous agents or may be added in order to preserve their
lipid components from deterioration. BHA (butylated hydroxyanisole), BHT (butylated
hydroxytoluene) or PG (propyl gallate) are synthetic antioxidants commonly used in
food products, however, due to safety concerns, the attention of today’s consumer is
focused on natural antioxidants perceived as safe, but nevertheless requiring further safety
research [90]. To meet the consumer’s needs, herbal extracts such as tea extracts have been
widely commercialized for applications in food and nutraceutical [91]. However, it should
not also be forgotten that plant extracts are the mixture of different properties constituents,
which is why its antioxidant activity could vary according to the reaction environment [92].
All of tea polyphenols, particularly catechins, possess antioxidant activity; however, it
particularly depends on its proportions [93]. Partially fermented yellow tea consists of, e.g.,
catechins, gallic acid and theaflavins, which are more effective in bulk oils [94]. However,
studies show that many phenolic antioxidants can also exhibit pro-oxidant behavior under
certain conditions dependent on solubility characteristics, chelating behavior or pH [95,96].

Present research found that all the tested samples showed higher activity in DPPH
radical scavenging compared to ABTS assay. The highest activity toward radical, measured
in Trolox equivalents, was found in samples of dark chocolates, which differed significantly
from other samples (p < 0.05). Our results of ABTS and DPPH radical scavenging assay
demonstrate that the addition of yellow tea extract powder increased the antioxidant
potential of enriched chocolates. As expected, based on the content of active ingredients
in chocolates, anti-radical activity of those enriched with tea product was correlated with
polyphenol content. The highest activity in DPPH and ABTS assay was determined for
the samples of dark chocolate with yellow tea, and did not decrease significantly during
storage. What was also found is that ORAC value was highest for the samples of dark
chocolate with yellow tea, and six months of storage did not result in significant loss
of oxygen radical scavenging ability. The literature values for tea and chocolate ORAC
capacity are high, nevertheless, observing the results from our study in ORAC values, no
increase in total antioxidant capacity that would result from the addition of yellow tea
extract was observed. The obtained effect may suggest that the above activity is masked by
the fat present in the chocolate. Results of Żyżelewicz et al. examined the chocolates with
addition of cocoa liquor from roasted beans and concluded that the cocoa liquor type used
induced minor changes in the polyphenol and fatty acid composition [97]. Moreover, they
found that those chocolates were characterized by the highest DPPH radicals scavenging
activity. However, contrary to our research, they also found that antioxidant activity
determined by the ORAC-FL method increased with increasing polyphenol content in the
chocolates. Todorovic et al. examined the addition of raspberries to dark chocolates [98].
Results showed no influence on total polyphenol, flavonoid and proanthocyanidin contents
in the chocolates, statistical analysis, however, showed significant increase (p < 0.05) in the
antioxidant capacity evaluated in ABTS, DPPH and ORAC assay, of dark chocolates with
raspberry compared to plain dark chocolates.
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Progressive neurodegenerative disease is mainly characterized by abnormally low
levels of the neurotransmitter acetylcholine in the brain, therefore acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE) inhibitors are promising tools in the treatment
process of Alzheimer’s disease [99]. Research shows that tea components serve as a
rich source of cholinesterase inhibitors, mainly EGCG, which play a significant role in
Alzheimer’s disease treatment by enhancing of cholinergic neurotransmission [30,100].
There are studies which evidence that cocoa and tea flavonoids can acutely improve
cognitive function in humans, by means of increased cerebral blood flow [101,102]. Lamport
et al. research showed that dark chocolate (70% of cocoa) consumption has a positive effect
on verbal episodic memory, confirming that everyday consumption of dark chocolate
benefits to the brain in healthy consumers [102]. As the research shows, consuming cocoa
beans has a beneficial effect on cardiovascular diseases. In human studies, ACE inhibition
was found to be 18% on average. Based on the research, it was found that the consumption
of chocolate with a high content of cocoa mass increases the inhibition of ACE activity,
which was confirmed by in vitro and in vivo studies [103]. Inhibition of BChE is also
important in the treatment of neurodegenerative diseases such as Alzheimer’s disease. The
conducted research indicates the inhibitory effect of tea polyphenols on BChE. It was also
found that raw materials rich in flavonoids can be an excellent material for their production.
This, in turn, could be used to compose drugs for neurodegenerative diseases [104].

Our results showed that cholinesterases inhibition capacity of chocolates with and
without addition of yellow tea extract was greater for AChE than BChE. Total capacity
to inhibit AChE differed depending on the type of chocolate and was highest for dark
chocolate. However, a negative effect of storage time was observed. The results of BChE
inhibition showed similar trends. Due to the higher activity against AChE and BChE of
chocolate with the addition of yellow tea compared to the control samples, yellow tea
extract may be a potential functional food ingredient in the treatment of neurodegener-
ative diseases, including Alzheimer’s disease. Therefore, the antioxidant potential and
health-promoting properties of chocolate and tea ingredients described in the literature are
probably sufficient justification for their use as bioactive food additives [4,105].

Chocolate is one of the foods that contain high fat content [14]. Despite the fact that
it contains polyphenolic compounds from cocoa, it undergoes the process of oxidation
like other products. This process is particularly noticeable in chocolates containing lower
amount of cocoa, e.g., white and milk chocolate. The lipid oxidation process is a free radical
chain reaction leading to sudden increase in reactive radicals and hydroperoxides content
and thereby further deterioration reactions [106]. The negative effect is mainly associated
with the sensory properties’ deterioration, e.g., change of color, consistency and rancidity,
however the progress of this process significantly affects the nutritional value and increases
the health risk [107]. One of the most efficient ways to protect lipid containing products
is application of antioxidative components [108]. The presence of antioxidants allows to
balance the chemical reactions, and therefore limit the unfavorable changes influencing
the quality and stability of a final product. Carrizo et al. examined the antioxidant activity
of tea chemicals as a packaging component, and showed that tea catechins could be
incorporated in the adhesive applied for building the laminates [109]. They demonstrated
good antioxidant performance and long shelf life of tested food, such as peanuts and cereals
covered by chocolate, packed within the designed material. Jongberg et al. showed that
green and Maté tea, rich in polyphenols, are a good source of antioxidants for protection of
both lipids and proteins in chill-stored pork chops [110]. Our results showed that during
storage the peroxide value increased in all tested samples, however, it was limited in
samples enriched with the addition of yellow tea extract. Our previous research showed
that tea extracts were good sources of antioxidants, and yellow tea extract affected the
reduction of oil polymerization changes during frying [81].
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5. Conclusions

The food market in the twentieth century is strongly interested and determined to give
to the consumers tasty, inexpensive products, which apart from strong antioxidative activity
would bring pro-health charge and functionality. The addition of yellow tea powdered
extract had a certain effect on antioxidant capacity of enriched chocolates, which was first
noticed as an increase in the total polyphenols content in the product. After 6 months
of storage these features were affected according to applied assay. Yellow tea extract
in different chocolates did not affect sensorial characteristics remarkably, but did affect
visual and olfactory characteristics of enriched chocolates to varying degrees. Chocolates
with tea extract exhibited a more attractive color, while their texture was slightly harder
in comparison to the control sample. A stronger effect was observed in confectioneries
obtained by addition of yellow tea extract into a dark chocolate. Confectioneries with tea
extract addition exhibited better storage stability, what was especially important in the case
of high level of fat where oxidative deterioration is most significant. The best effect was
observed when yellow tea extract was used as additive in dark instead of white and milk
chocolates. Recipe enrichment with yellow tea extract allowed to obtain confectioneries
with acceptable sensory attributes and stable antioxidative quality during storage.

The results of the experiment showed that the addition of powdered tea extract
into formulation used for confectionery preparation is a promising approach towards
the improvement of the functionally of sweets and other confectionery products. Our
findings provide a clue for the design of the functional products, however, further research
considering the changes in polyphenolic compounds is required.
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In Vitro screening for acetylcholinesterase and butyrylcholinesterase inhibition and antimicrobial activity of chia seeds (Salvia
hispanica). Electron. J. Biotechnol. 2019, 37, 1–10. [CrossRef]

62. Ácsová, A.; Martiniaková, S.; Hojerová, J. Selected in vitro methods to determine antioxidant activity of hydrophilic/lipophilic
substances. Acta Chim. Slovaca 2019, 12, 200–211. [CrossRef]

http://doi.org/10.4103/2277-9175.135159
http://www.ncbi.nlm.nih.gov/pubmed/25161989
http://doi.org/10.4172/2157-7110.1000579
http://doi.org/10.1016/j.foodchem.2016.05.048
http://doi.org/10.15237/gida.GD16072
http://doi.org/10.19080/GJPPS.2019.07.555714
http://doi.org/10.1002/jsfa.9855
http://doi.org/10.7318/KJFC/2020.35.5.459
http://doi.org/10.30574/wjarr.2020.8.1.0354
http://doi.org/10.31665/JFB.2020.11240
http://doi.org/10.17306/J.AFS.2015.4.33
http://www.ncbi.nlm.nih.gov/pubmed/28068039
http://doi.org/10.1007/978-1-4419-7452-5_7
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R1169&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R1169&from=EN
http://doi.org/10.1007/s11694-019-00091-x
http://doi.org/10.1002/(SICI)1097-0010(199802)76:2&lt;270::AID-JSFA945&gt;3.0.CO;2-9
http://doi.org/10.1016/S0891-5849(98)00315-3
http://doi.org/10.1515/pjfns-2017-0009
http://doi.org/10.1016/0006-2952(61)90145-9
http://doi.org/10.1016/j.ejbt.2018.10.002
http://doi.org/10.2478/acs-2019-0028


Appl. Sci. 2021, 11, 4123 19 of 20

63. Iwatani, S.; Yamamoto, N. Functional food products in Japan: A review. Food Sci. Hum. Wellness 2019, 8, 96–101. [CrossRef]
64. Kochman, J.; Jakubczyk, K.; Antoniewicz, J.; Mruk, H.; Janda, K. Health benefits and chemical composition of matcha green tea:

A review. Molecules 2020, 26, 85. [CrossRef]
65. Lu, T.M.; Lee, C.C.; Mau, J.L.; Lin, S.D. Quality and antioxidant property of green tea sponge cake. Food Chem. 2010, 119, 1090–1095.

[CrossRef]
66. Ahmad, M.; Baba, W.N.; Wani, T.A.; Gani, A.; Gani, A.; Shah, U.; Wani, S.M.; Masoodi, F.A. Effect of green tea powder on

thermal, rheological and functional properties of wheat flour and physical, nutraceutical and sensory analysis of cookies. J. Food
Sci. Technol. 2015, 52, 5799–5807. [CrossRef]

67. Gramza-Michalowska, A.; Kulczynski, B.; Yuan, X.; Gumienna, M. Research on the effect of culture time on the kombucha tea
beverage’s antiradical capacity and sensory value. Acta Sci. Pol. Technol. Aliment. 2016, 15, 447–457. [CrossRef]

68. Phongnarisorn, B.; Orfila, C.; Holmes, M.; Marshall, L.J. Enrichment of biscuits with matcha green tea powder: Its impact on
consumer acceptability and acute metabolic response. Foods 2018, 7, 17. [CrossRef] [PubMed]

69. Yu, K.; Zhou, H.-M.; Zhu, K.-X.; Guo, X.-N.; Peng, W. Water cooking stability of dried noodles enriched with different particle
size and concentration green tea powders. Foods 2020, 9, 298. [CrossRef] [PubMed]

70. Bogue, J.; Collins, O.; Troy, A.J. Market analysis and concept development of functional foods. In Developing New Functional Food
and Nutraceutical Products; Bagchi, D., Nair, S., Eds.; Academic Press: Cambridge, MA, USA, 2017; pp. 29–45. [CrossRef]
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97. Żyżelewicz, D.; Budryn, G.; Oracz, J.; Antolak, H.; Kręgiel, D.; Kaczmarska, M. The effect on bioactive components and

characteristics of chocolate by functionalization with raw cocoa beans. Food Res. Int. 2018, 113, 234–244. [CrossRef] [PubMed]
98. Todorovic, V.; Radojcic Redovnikovic, I.; Todorovic, Z.; Jankovic, G.; Dodevska, M.; Sobajic, S. Polyphenols, methylxanthines, and

antioxidant capacity of chocolates produced in Serbia. J. Food Comp. Anal. 2015, 41, 137–143. [CrossRef]
99. Polito, C.A.; Cai, Z.-Y.; Shi, Y.-L.; Li, X.-M.; Yang, R.; Shi, M.; Li, Q.-S.; Ma, S.-C.; Xiang, L.-P.; Wang, K.-R.; et al. Association of tea

consumption with risk of Alzheimer’s disease and anti-beta-amyloid effects of tea. Nutrients 2018, 10, 655. [CrossRef]
100. Ali, B.; Jamal, Q.M.S.; Shams, S.; Al-Wabel, N.A.; Siddiqui, M.U.; Alzohairy, M.A.; Al Karaawi, M.A.; Kesari, K.K.; Mushtaq, G.;

Kamal, M.A. In silico analysis of green tea polyphenols as inhibitors of AChE and BChE enzymes in Alzheimer’s disease
treatment. CNS Neurol. Disord. Drug 2016, 15, 624–628. [CrossRef]

101. Ma, Q.P.; Huang, C.; Cui, Q.Y.; Yang, D.J.; Sun, K.; Chen, X.; Li, X.H. Meta-analysis of the association between tea intake and the
risk of cognitive disorders. PLoS ONE 2016, 11, e0165861. [CrossRef]

102. Lamport, D.J.; Christodoulou, E.; Achilleos, C. Beneficial effects of dark chocolate for episodic memory in healthy young adults:
A parallel-groups acute intervention with a white chocolate control. Nutrients 2020, 12, 483. [CrossRef]

103. Persson, I.A.; Persson, K.; Hagg, S.; Andersson, R.G. Effects of cocoa extract and dark chocolate on angiotensin-converting enzyme
and nitric oxide in human endothelial cells and healthy volunteers—A nutrigenomics perspective. J. Cardiovasc. Pharmacol. 2011,
57, 44–50. [CrossRef] [PubMed]

104. Katalini, M.; Bosak, A.; Kovarik, Z. Flavonoids as inhibitors of human butyrylcholinesterase variants. Food Technol. Biotechnol.
2014, 52, 64–67.

105. Ide, K.; Matsuoka, N.; Yamada, H.; Furushima, D.; Kawakami, K. Effects of tea catechins on alzheimer’s disease: Recent updates
and perspectives. Molecules 2018, 23, 2357. [CrossRef] [PubMed]

106. Frankel, E.N. Lipid Oxidation; The Oily Press: Dundee, UK, 1998.
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