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Abstract: White chocolate is considered an unhealthier product than dark and milk chocolate due to
the absence of cocoa solids containing polyphenols and other valuable components such as minerals
and dietary fiber. This paper aimed to improve the nutritional value of white chocolate (C) by adding
blueberry bioactive compounds. Since natural polyphenols are easily degradable because of their
sensitivity, whey, as a rich source of proteins, was used as a material for encapsulating blueberry
juice. Whey proteins protect blueberry anthocyanins and increase their bioaccessibility in the human
body. Blueberry juice encapsulates (B) were added to white chocolate, replacing 8% (C-B8) and
10% (C-B10) of white chocolate mass. Blueberry encapsulates significantly (p < 0.05) increased the
viscosity of chocolates (from 0.63 Pa·s in C to 1.13 Pa·s in C-B8 and 1.40 Pa·s in C-B10) with no
significant impact on their melting peak. Both enriched chocolates had significantly (p < 0.05) higher
protein and dietary fiber content and lower fat content than white chocolate. The total polyphenol
content increased 3.7-fold, while antioxidant capacity increased 5.2-fold in C-B10. The oxidation
stability, determined by pressurized accelerated oxidation, was also improved in enriched chocolates.
Blueberry juice encapsulated in whey positively influenced the color and sensory characteristics of
fortified white chocolates, where C-B10 had higher sensory scores for blueberry odor and taste than
C-B8. The obtained results open up a possible pathway and indicate opportunities and limitations for
the incorporation of other materials, such as various dietary/fruit components, in white chocolate.

Keywords: white chocolate; whey; blueberry polyphenols; rheology; textural characteristics; melting
behavior; color; antioxidant capacity; oxidation stability; sensory characteristics

1. Introduction

The primary chocolate categories are dark, milk, and white, which differ in the con-
tent of cocoa solids, cocoa butter, and milk fat. Chocolates with a high content of cocoa
solids make a positive contribution to human nutrition through the provision of antiox-
idants, principally polyphenols, including flavonoids such as procyanidins, epicatechin,
and catechin [1]. Numerous studies have shown that cacao products have a much greater
antioxidant capacity and more flavonoids per serving than tea, fruits, red wine, vegetables,
and berries, which are renowned for their rich flavonoids [2]. White chocolates differ from
milk and dark through the absence of cocoa solids, which reduces the nutritional properties
of chocolate [1] since phenolic compounds are powerful antioxidants and play a crucial
role in preventing diseases [3]. Improving the health properties of white chocolate was
demonstrated by Muhammad et al. [4]. A 2l2-fold improvement of phenolic content and
52-fold increase in antioxidant activity was achieved by supplementation with cinnamon
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extracts. Didar [5] used free and encapsulated pomegranate extract to enhance the func-
tionality of white chocolate in terms of antioxidant activity. Altınok et al. [6] utilized grape
pomace powder in white chocolate formulation for the partial replacement of sucrose.

Blueberries are considered “superfruits”, which provide many health benefits in
human nutrition due to the high content of polyphenols, especially anthocyanins [7].
Anthocyanins are responsible for the blue, violet, and red colors of fruits [8]. They are a
class of water-soluble natural pigments in plants that have a strong antioxidant capacity
and anti-cancer, blood pressure lowering, and blood vessel-softening, functions [9].

Natural polyphenols are easily degradable during processing and storage because of
their sensitivity to heat, oxygen, light, and pH [10], so the technique of encapsulation is
often used to cover an active compound with a protective wall material and to impart some
degree of protection against evaporation, reaction, or migration in food [11]. Lang et al. [12]
found that α-casein and β-casein protect blueberry anthocyanins under simulated digestive
conditions, as well as their antioxidant capacity, increasing their bioaccessibility during
intestinal digestion. Other proteins, including whey protein, showed similar effects on
the stability of blueberry anthocyanins [13], anthocyanins-based color in model beverage
systems [14], grape skin anthocyanin extracts [15], and blueberry anthocyanins under
illumination conditions [16]. Whey is a natural by-product of cheese production where the
cheese-making process produces large amounts of whey. Liquid whey makes up almost
90% of the milk used for cheese production. Although the whey is nutritionally very
valuable, a large amount is disposed of as wastewater. On the other hand, whey represents
an excellent source of functional proteins and a rich source of vitamins B, lactose, and
minerals (Ca, P, Na, K, Cl−, Fe, Cu, Zn, and Mg). For this reason, 50% of the obtained whey
is recycled for the production of high-value food and chemical products [17,18].

The trend for functionally enhanced traditional products has also expanded to the
chocolate market. So far, existing functional chocolate products include chocolate with
glucomannan and insoluble cocoa fibers [19], whey chocolate produced without sugar,
only with whey proteins [20], multi-vitamin dark chocolates with chamomile, B, C, and
D vitamins [21], chocolate with ginseng, green tea, Ginkgo biloba, guarana, etc. Belscak-
Cvitanovic et al. [22] explored the possibility of using an aqueous extract of red raspberry
leaf to produce functional chocolate. Although the polyphenolic content and antioxidant
activity were increased, the resulting chocolate products were harder and with higher
viscosity, as well as having rough and coarse product surfaces with numerous bumps and
protrusions, resulting in an unattractive and sensorily unacceptable product. In addition to
these drawbacks, polyphenol compounds could be deteriorated during chocolate process-
ing at high temperatures but also during product storage. Encapsulation offers protection
and concentration of these valuable compounds, as well as their easier dosing and, finally,
controlled release. Furthermore, whey proteins as carriers offer additional functionality
compared to commonly used polysaccharides for encapsulation purposes. Therefore, the
addition of blueberry juice encapsulated in whey proteins has many advantages.

In contrast to our previous studies in which green tea extract and blackberry juice were
encapsulated on maltodextrin [10,23] and considering the functional properties of whey
and its positive effect on polyphenols bio-accessibility, this research examined the effect
of blueberry juice encapsulated in whey on the physical properties, polyphenol content,
sensory characteristics, and oxidation stability of white chocolate.

2. Materials and Methods
2.1. Chocolate Ingredients

The experiments in laboratory conditions included white chocolate with 34.8% of
cocoa butter, provided by Eugen chocolate Ltd., Gložan, Serbia, as well as blueberry juice
(Nectar, Backa Palanka, Serbia) encapsulated in whey (Olimp, Debica Laboratories, Debica,
Poland) (B).
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2.2. Spray-Drying Process

The whey protein concentrate was purchased from Olimp Laboratories (Debica,
Poland), with 77% minimum protein content. Whey protein (7 g) was dissolved in 40 mL of
water at 60 ◦C and kept under stirring until the temperature reached 30 ◦C and then mixed
with 21 mL of blueberry juice to reach the ratio 75:25. The mixture was spray-dried using
a lab-scale spray dryer (Büchi mini B-290, Büchi Labortechnik, Flawil, Switzerland) at an
inlet temperature of 130 ◦C and an outlet temperature of 65 ± 2 ◦C. The spraying air flow
rate and rate of liquid feed were 600 L/h and 8 mL/min, respectively. The spray-dried
encapsulates, with 5.1% moisture and 69.6% protein content, were stored at −20 ◦C until
further use.

2.3. Tempering Chocolate

Tempering of chocolate mass was carried out in a modified Brabender farinograph
(Duisburg, Germany), as described in our previous research [10]. First, 120 g of white
chocolate (control sample—C) were poured into the kneader and tempered according to
the following three-stage procedure: (1) Melting for 30 min at 42 ◦C, (2) stirring for 60 min
at 42 ◦C, and (3) stirring for 60 min at 29.5 ◦C. After tempering, the white chocolate mass
was poured into plastic molds that held 50 g of chocolate and cooled for 90 min at 5 ◦C in a
refrigerator.

The results of our previous investigations of the production of white chocolate with
blackberry juice encapsulated on maltodextrin in laboratory conditions [10] indicated that
the amount of encapsulate should not exceed 8% since 10% caused a matte color on the
chocolate surface. On the other hand, the production of white chocolate with encapsulated
green tea extract in maltodextrin in industrial conditions [23] showed that 10% of the
encapsulate did not impair the surface appearance of the enriched chocolate and, moreover,
it maximized the content of polyphenol content. Accordingly, we decided to produce
the white chocolate with the addition of 8% (C-B8) and 10% (C-B10) of blueberry juice
encapsulated in whey. The enriched samples were tempered under the same conditions as
the control sample, where the encapsulate was dosed immediately before stirring.

2.4. Particle Size Distribution (PSD) in Encapsulates and Chocolates

The particle size analyzer based on laser diffraction, Mastersizer 2000 (Malvern Instru-
ments, Malvern, UK), was used for the determination of particle size distribution in B, C,
C-B8, and C-B10. The encapsulates were dispersed in the air using the Scirocco dispersion
unit, while chocolates were dispersed in sunflower oil in the Hydro 2000 µP dispersion
unit. The results were expressed as the volume-based PSD and described by PSD param-
eters obtained using the Mastersizer 2000 software: d[4,3], volume mean diameter, and
parameters d(0.1), d(0.5), and d(0.9) that represent the particle sizes where 10, 50, or 90% of
the total sample volume consists of particles smaller than that size.

2.5. Rheological Properties of Chocolate Mass

The rheometer, Rheo Stress 600 (Haake, Vreden, Germany), equipped with Z20DIN
coaxial cylinders, was used for the determination of the rheological properties of chocolate
samples at the temperature 40 ± 1 ◦C [24]. The shear rate was varied in three successive
steps: (1) increasing from 0 s−1 to 60 s−1 for 180 s, (2) keeping constant for 60 s at 60 s−1,
(3) reducing from 60 s−1 to 0 s−1, in a period of 180 s.

2.6. Chocolate Hardness

The texture analyzer TA.HD Plus (Stable Micro Systems, Godalming, UK) was used to
determine chocolate hardness using the method 3-Point Bending Rig (HDP/3PB) according
to Baycar et al. [25].
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2.7. Melting Properties of Chocolates

The thermal profile of white chocolate and fortified white chocolates was determined
by differential scanning calorimetry DSC 910, Thermal analyzer 990, and dynamic mechani-
cal analyzer (TA Instruments, New Castle, DE, USA). Then, 5 mg of the sample was placed
into pans and sealed with lids using a sample press. Pans were heated from 20 to 50 ◦C at
5 ◦C/min [10].

2.8. Color of Encapsulates and Chocolates

The color on the surface of blueberry encapsulates and chocolate samples was mea-
sured by the MINOLTA Chroma Meter CR-400 (Minolta Co., Ltd., Osaka, Japan) using D
65 lighting, a 2◦ standard observer angle, and an 8 mm aperture in the measuring head.
The Chroma Meter was calibrated using a Minolta calibration plate (No. 11333090; Y = 92.9,
x = 0.3159; y = 0.3322). The color was interpreted using the obtained values of CIELab color
coordinates: L*—lightness, a*—redness to greenness, and b*—yellowness to blueness.

2.9. Sensory Evaluation

Chocolate samples were evaluated in the laboratory for sensory evaluation at the
Faculty of Technology Novi Sad 24 h after sample preparation. A sensory panel of 8 trained
panelists was selected according to the guidelines of the standard ISO 8586:2012 [26]. The
sensory evaluations were conducted in individual cabinets designed in accordance with
standard ISO 8589:2007 [27]. During training sessions, the panelists were introduced to the
terms that can be used to evaluate chocolate [28]. The panelists developed a 7-point scale
(1 = the least intensity and 7 = the most intensity) with the following sensory attributes:
color intensity (light to dark), glow (mat to shiny), surface appearance (unacceptable to
distinctive), hardness (soft to hard), melting (slowly to quickly), smoothness (very even to
very granular), blueberry odor (light to distinct), blueberry taste (light blueberry notes to
distinct blueberry notes), and sweetness (lightly sweet to very sweet) [29]. Each chocolate
sample was labeled with a three-digit code and served on a plastic plate.

2.10. Chemical Composition of Chocolates

The chemical composition of chocolate was defined by determining the content of
moisture, protein, total fat, ash, and dietary fiber using the standard AOAC methods:
No. 931.04, No. 939.02, No. 963.15, No. 930.22, and No. 985.29, respectively [30]. The
non-fiber carbohydrate content was determined by the following calculation [31]:

%Total Carbohydrate = 100 − %(Protein + Fat + Moisture + Ash + Fiber) (1)

2.11. Total Polyphenol Content and Antioxidant Capacity Assay

For the extraction of chocolate samples, the methods determined by Belščak-Cvitanović
et al. [32] were applied. Briefly, a 2.0 g sample was defatted with 10 mL of n-hexane three
times and left to air dry for 24 h. Then, 2 × 10 mL of 70% methanol was used for extraction
for 30 min in an ultrasonic bath in two consecutive extractions. Each extraction was fol-
lowed by centrifugation for 10 min at 3000 rpm. Filtered supernatants were used for the
determination of polyphenols and antioxidant capacity.

The polyphenol content in chocolate was determined using the Folin–Ciocalteau spec-
trophotometrical method, adjusted to a microtiter plate [33]. Reaction mixtures containing
15 µL of extract, 170 µL of distilled water, 12 µL of Folin–Ciocalteu’s reagent (2M), and
30 µL of 20% sodium carbonate were applied to microtiter plate wells, shaken, and left in
the dark for 1 h. Water was used as a blank. The absorbances were read at 750 nm, and
results were expressed using gallic acid for calibration.

For the determination of the antioxidant capacity (AC) of chocolate samples, a DPPH
assay adjusted to a microtiter plate was used [34], described in our previous paper [23].
Briefly, 250 µL of DPPH• solution in methanol (0.89 mmol/L) were mixed with 10 µL of
chocolate extract in the microplate well and left in a dark at room temperature. After 50 min,
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absorbances were read at 515 nm using methanol as a blank. The AC of the chocolate
samples was calculated as follows:

AC (%) = 100 − (AS/A0) × 100 (2)

where AS is the absorbance of the reaction mixture with the sample, and A0 is the ab-
sorbance of the initial DPPH• solution. Trolox was used for calibration.

2.12. Oxidation Stability of Chocolate Samples

The chocolate samples were analyzed for oxidation stability using RapidOxy 100
(Anton Paar, Blankenfelde-Mahlow, Germany). First, 3 g of finely chopped chocolate
sample were placed in a glass dish and placed in the sealed instrument chamber. The
samples were tested with a user-defined program at a test temperature of 120 ◦C and
700 kPa filling pressure until a pressure drop of 10% below maximum pressure (pmax) was
detected. The induction period represents the time in minutes elapsed between the start of
the test when oxygen pressure is stabilized at 700 kPa to the pressure drop of 10% from the
recorded maximum pressure at 120 ◦C [35].

2.13. Statistical Analysis

All data are presented as mean values of three values (except the results of sensory
analyses, 8 values) along with their standard deviations (SD). Means were compared by
Duncan’s multiple range test with a confidence interval of 95% (p < 0.05). Statistical analysis
was carried out using Statistica 13.0. (StatSoft, Inc., Tulsa, OK, USA).

3. Results and Discussion
3.1. The Impact of Encapsulates on Particle Size Distribution and Rheology of White Chocolate

With improvements in chocolate quality through new product development, it is
necessary to control the rheological properties of chocolate mass due to their reflection on
production cost and quality of the final product. The viscosity of chocolate is important
in the manufacturing process for obtaining final products with well-defined textures.
Chocolates with high viscosity have a pasty mouthfeel and melt slowly in the mouth
when consumed [1]. Chocolate viscosity (flow) is directly influenced by the particle size
distribution (PSD) of solids and the composition of chocolate. In addition to the fact that
the PSD directly affects the viscosity and texture of chocolate, it also has a direct influence
on its sensory properties [36].

Figure 1a presents the particle size distribution of the control sample of white chocolate
(C), blueberry encapsulates (B), and enriched white chocolate with 8% (C-B8) and 10%
(C-B10) of B.
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Even 40.72% of B volume is consisted of particles in the range of 10 to 20 µm, as
shown by Mastersizer 2000 software (version number 5.60, Malvern, UK). This results
in increasing the volume of enriched chocolates that have particle sizes in that range,
according to the added amount of B. Table 1 represents the particle size parameters of the
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encapsulate, control sample of white chocolate, and chocolates with 8% and 10% of B. The
volume-weighted mean d[4,3] parameter of blueberry juice encapsulated in whey amounts
to 16.15 µm, which is almost two times lower value compared to the encapsulates we used
in our previous investigations when we used maltodextrin as a carrier material [10,23].
Accordingly, the d[4,3] values of enriched chocolates also have lower values.

Table 1. Particle size distribution and rheological parameters of chocolates.

Sample
Parameters of Particle Size Distribution (µm)

d(0.1) d(0.5) d(0.9) d[4,3]

B 4.56 ± 0.05 b 13.25 ± 0.13 c 28.58 ± 0.14 a 16.15 ± 0.10 c

C 2.59 ± 0.04 a 9.18 ± 0.13 a 29.35 ± 0.20 c 13.06 ± 0.02 ab

C-B8 2.55 ± 0.10 a 9.34 ± 0.07 a 28.86 ± 0.11 b 12.76 ± 0.17 a

C-B10 2.63 ± 0.16 a 9.86 ± 0.11 b 28.78 ± 0.13 ab 13.18 ± 0.26 b

Sample
Rheological Parameters (40 ◦C)

Yield Stress—Casson (Pa) Viscosity—Casson (Pa·s)

C 4.11 ± 0.09 a 0.63 ± 0.05 a

C-B8 6.43 ± 0.38 b 1.13 ± 0.08 b

C-B10 6.13 ± 0.24 b 1.40 ± 0.15 c

Values represent average of triplicates ± SD. Means with different letters in superscript in columns are significantly
different (p < 0.05).

The addition of 8% and 10% of B did not have a significant effect on the volume-
weighted mean d[4,3] in enriched chocolates (12.76 µm in sample C-B8 and 13.18 µm in
sample C-B10) compared to the control sample of white chocolate (13.06 µm). Assuming
that chocolate particles must be below 30 µm [37], it is obvious that B can be used as a
supplement in chocolate production with no possibility of causing a gritty mouth feeling
during consummation. The addition of 8% and 10% of B to white chocolate had no
significant impact on parameter d(0.1), while it significantly (p < 0.05) increased parameter
d(0.5) in sample C-B10 and significantly (p < 0.05) decreased parameter d(0.9) in enriched
chocolates C-B8 and C-B10 compared to control sample of white chocolate.

Figure 1b represents the impact of added blueberry juice encapsulated in whey (B)
on the rheological properties of enriched chocolates. All chocolate samples exhibited a
thixotropic flow where the addition of B increases the viscosity of enriched white chocolate
mass in accordance with the added amount. Considering the smaller particles of the
encapsulate where whey is the carrier of blueberry juice, the viscosity values are higher
compared to our previous research where maltodextrin was used as a carrier for blackberry
juice and green tea extract. The obtained flow curves were fitted using the Casson model to
determine the following parameters: Cason yield stress (Pa) and Casson viscosity (Pa·s).
The values of Cason yield stress (Pa) and Casson viscosity (Pa·s) are presented in Table 2.
Both amounts of B significantly increased (p < 0.05) the values of Casson yield stress and
Casson viscosity in enriched chocolate samples (1.13 Pa·s in C-B8 and 1.40 Pa·s in C-B10)
compared to the control sample of white chocolate (0.63 Pa·s). While the Casson yield stress
values did not differ significantly between samples C-B8 and C-B10, the value of Casson
viscosity was significantly (p < 0.05) higher in sample C-B10 compared to sample C-B8.
The lubricating effect of the cocoa butter and lecithin affects the flow behavior of white
chocolate, decreasing its viscosity [38], whereas reducing the fat content in chocolate causes
a significant increase in chocolate viscosity [39]. Additionally, increasing solid concentration
in chocolate results in higher viscosity and yield stress because of interactions between
the suspended particles and increased surface area of the particles in contact with cocoa
butter [40]. Accordingly, the increase in viscosity occurred since the amount of cocoa butter
and milk fat decreased in chocolate samples with increasing amounts of B. An investigation
by Baycar et al. [25] also showed significant but tolerable changes in increasing yield stress
and viscosity in the white spread and compound chocolate samples with black carrot
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extract. On the other hand, in another investigation, encapsulated pomegranate extract
reduced the Casson yield stress while it also increased the Casson viscosity of fortified white
chocolate [5]. Our previous research [10,23] also showed the increase in Casson viscosity
with the addition of blackberry juice and green tea extract encapsulated in maltodextrins.

Table 2. Textural and thermal properties of chocolates.

Textural Properties (25 ◦C) Melting Properties

Samples Hardness (kg) Tonset (◦C) Tpeak (◦C) Tend (◦C)

C 4.04 ± 0.08 b 28.99 ± 0.26 b 33.82 ± 0.40 a 40.99 ± 0.51 a

C-B8 3.96 ± 0.12 b 28.70 ± 0.47 b 33.78 ± 0.24 a 41.16 ± 0.16 a

C-B10 3.57 ± 0.13 a 27.74 ± 0.37 a 33.56 ±0.32 a 41.09 ± 0.25 a

Values represent average of triplicates ± SD. Means with different letters in superscript in columns are significantly
different (p < 0.05).

3.2. The Impact of Encapsulates on Textural and Thermal Properties of Chocolates

In addition to particle size distribution and rheological measurements, differential
scanning calorimetry (DSC) has also been used to study the melting characteristics of
chocolates produced with supplements or processed under different conditions [36]. The
DSC parameters, onset temperature (Tonset), peak temperature (Tpeak), and conclusion
temperature (Tend), are presented in Table 2.

The addition of 8% of B to white chocolate did not have a statistically significant
influence on the Tonset of enriched chocolates, while the addition of 10% of B significantly
(p < 0.05) decreased the Tonset value of C-B10. This sample started to melt earlier, probably
due to the lower fat phase content and the highest encapsulates content. Didar [5] showed
that encapsulated pomegranate extract decreased the Tonset and Tpeak values of fortified
white chocolate. However, there was no significant effect of both amounts of B on the Tpeak
and Tend values in enriched chocolates.

While the course of DSC melting curves of chocolates depends on numerous factors
such as the presence and quality of the fat phase, the amount of sugar, emulsifiers and
particle size distribution in chocolate, the texture of the chocolate is a combination of triglyc-
eride packing structures (polymorphs), microstructural properties, dispersed particulates,
particle size distribution, and solid fat content (SFC), as well as the ratio of solid to liquid
fat in a product [41]. The addition of 8% of B to white chocolate did not significantly affect
the hardness of C-B8, while 10% of B significantly (p < 0.05) lowered the hardness of C-B10
due to the reduction in the amount of fat phase in that sample.

3.3. The Impact of Encapsulates on Color of Chocolate Samples

In recent years, the official rules of the European Union (EU) and the United States
have restricted the use of synthetic colorants (especially red ones) as food additives because
of their potential adverse health effects [42]. Baycar et al. [43] used betalains and beetroot
powder in the production of white compound chocolate and chocolate spread as a source
of bioactive components and coloring effects.

The blueberry juice encapsulated in whey as a natural colorant, changed the color of
fortified white chocolates. The photograph of chocolates, indicating the impact of 8% and
10% of B on their color, is presented in Figure 2. Enriched chocolates have a purple color
and the color intensity increases with increasing amounts of encapsulates. Figure 2 also
represents the values of lightness (L*), a* (red tone), and b* (yellow tone) measured on the
surface of B and its further influence on the surface color of enriched chocolates. The control
sample of white chocolate has significantly (p < 0.05) higher L* and b* values compared
to C-B8 and C-B10, indicating the bright surface with a high share of a yellow tone on the
chocolate surface. At the same time, C has significantly (p < 0.05) the lowest a* value on its
surface, where a negative value indicates the presence of green tones. Enriched chocolates
have negative values of b*, or the presence of blue tones on their surface, significantly
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(p < 0.05) more pronounced in samples C-B8. The addition of both amounts of B to white
chocolate influenced the increase in a* tone values on C-B8 and C-B10 whose values do
not differ significantly between each other but differ significantly (p < 0.05) compared to B
and C.
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Figure 2. (a) The photograph and (b) color of white chocolate (C), blueberry encapsulates (B) and
enriched chocolates C-B8 and C-B10. Values represent average of triplicates ± SD. Means with
different letters (a, b, c, and d) for each parameter are significantly different (p < 0.05).

3.4. The Impact of Encapsulates on the Chemical Composition of Chocolate Samples

The basic chemical composition, total polyphenol content, and antioxidant capacity in
chocolate samples are presented in Table 3.

Table 3. Basic chemical composition, polyphenol content, and antioxidant capacity of chocolates.

C C-B8 C-B10

Moisture (%) 0.67 ± 0.04 a 1.28 ± 0.06 b 1.34 ± 0.09 b

Proteins (%) 5.94 ± 0.06 a 6.11 ± 0.05 b 6.24 ± 0.06 c

Total fats (%) 37.58 ± 0.12 c 36.83 ± 0.04 b 35.76 ± 0.09 a

Total dietary fiber (%) 1.02 ± 0.05 a 1.38 ± 0.14 b 1.48 ± 0.09 b

Ash (%) 1.09 ± 0.05 a 1.14 ± 0.08 a 1.16 ± 0.04 a

Carbohydrates (%) 54.79 ± 0.18 c 53.26 ± 0.15 a 54.02 ± 0.24 b

Total polyphenols (g GAE kg−1) 0.41 ± 0.01 a 1.05 ± 0.01 b 1.10 ± 0.01 c

Antioxidant capacity (mmol TE kg−1) 1.22 ± 0.06 a 6.01 ± 0.03 b 6.31 ± 0.05 c

Values represent average of triplicates ± SD. Means with different letters in superscript in rows are significantly
different (p < 0.05).

The addition of 8% and 10% of blueberry juice encapsulated in whey to white chocolate
significantly (p < 0.05) increased the moisture content in fortified chocolates, where the
values for C-B8 and C-B10 did not significantly differ. The protein content was also
significantly (p < 0.05) increased from 5.94% in C to 6.11% in C-B8 and 6.24% in C-B10, with
a statistically significant difference (p < 0.05) between the values for C-B8 and C-B10. It
was expected that the protein content would increase to a greater extent; however, it did
not happen, probably because the addition of encapsulates also reduced the share of milk
powder in enriched chocolates, which are also rich with proteins. On the other hand, C had
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significantly (p < 0.05) higher content of total fats (37.58%) compared to enriched chocolates,
while C-B10 had significantly (p < 0.05) lower fat content (35.76%). The addition of 8% and
10% of B to white chocolate significantly (p < 0.05) increased the content of total dietary
fiber in both enriched chocolates; however, there was no significant difference between
the values in fortified chocolates (1.38% in C-B8 and 1.48% in C-B10). However, research
conducted by our team [44] showed that the dietary fiber content in white chocolate could
be increased up to 9.76% using 15% of resistant starch in the raw composition of white
chocolate. Both amounts of B significantly (p < 0.05) reduced the values of carbohydrates,
where C-B8 had significantly (p < 0.05) lower value (53.26%).

3.5. The Impact of Encapsulates on Total Polyphenol Content and Antioxidant Capacity
of Chocolates

Following the addition of the blueberry encapsulate to the chocolate samples, polyphe-
nol contents and antioxidant capacity increased with the increase in the encapsulate amount.
Similar to our previous research [10,23], where the polyphenol content of white chocolate
was increased with the addition of blackberry juice and green tea extract encapsulated in
maltodextrins, the addition of blueberry juice encapsulated in whey significantly (p < 0.05)
increased the polyphenol content and antioxidant capacity of enriched chocolates com-
pared to white chocolate, where the values of polyphenol content and antioxidant capacity
of C-B10 significantly (p < 0.05) differed from the values of C-B8. While the polyphenol
content in C-B10 (1.10 g GAE kg−1) was increased 2.7 times compared to white chocolate
(0.41 g GAE kg−1), the antioxidant capacity (6.31 mmol TE kg−1) was increased 5.2 times.
The research of Kaur et al. [45] also showed that the addition of up to 3% raspberry and
blueberry extract significantly increased the antioxidant potential (DPPH-radical scaveng-
ing and total-phenolic content), lipid oxidative stability, and the microbial and sensory
quality of calcium and chicken protein fortified milk chocolate.

3.6. The Impact of Encapsulates on Oxidation Stability of Chocolate Samples

The impact of both amounts of B on the oxidation stability of fortified white chocolates
is presented in Figure 3.
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All chocolate samples had good oxidation stability, given the fact that cacao butter
contains a low content of unsaturated fatty acids and a high content of natural antioxi-
dants [46]. With the addition of 8% and 10% of encapsulated blueberry juice in whey, the
induction period of enriched chocolates was additionally increased from 632.28 min in
C to 652.97 min in C-B8 and 679.18 min in C-B10. The statistically significantly different
(p < 0.05) increase in oxidation stability between chocolate samples probably occurred due
to the increase in the content of polyphenols with the addition of encapsulates in white
chocolate.

3.7. The Impact of Encapsulates on Sensory Evaluation of Chocolate Samples

The influence of blueberry juice encapsulated in whey on the sensory characteristics
of fortified white chocolates C-B8 and C-B10 is presented in Figure 4.
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The addition of B affected the chocolate’s appearance in terms of color; however, it did
not adversely affect the appearance of the chocolate. All samples were free of damage and
bubbles. The samples had a purple color, and the intensity significantly (p < 0.05) increased
with a higher amount of encapsulates.

The sensory panelists did not notice significant differences in the chocolate hardness.
The sample C-B10 had the fastest melting in the mouth when consumed, while the addition
of both amounts of B did not affect the smoothness significantly.

The addition of both amounts of B to white chocolate had a significant impact (p < 0.05)
on the chocolate aroma. The intensity of blueberry odor and taste increased (not signifi-
cantly) with a higher amount of B. On the other hand, the intensity of sweetness significantly
(p < 0.05) decreased with both amounts of B, where the sample C-B10 had significantly
(p < 0.05) lower sweetness compared to C and C-B8.

4. Conclusions

The addition of 8% and 10% of blueberry juice encapsulated in whey to white chocolate
significantly (p < 0.05) increased the content of proteins and total dietary fiber and signifi-
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cantly (p < 0.05) reduced total fats in enriched chocolates. Both amounts of encapsulates
significantly (p < 0.05) reduced the value of the volume-weighted mean in enriched choco-
lates C-B8 and C-B10 and significantly (p < 0.05) increased Casson yield stress and Casson
viscosity in accordance with the added amount. However, the increase in viscosity did
not cause a major problem when dosing the chocolate mass into the molds. Encapsulates
did not significantly affect the melting peak in C-B8 and C-B10 and significantly (p < 0.05)
lowered the hardness in C-B10. Total polyphenols content and antioxidant capacity in
enriched chocolates were significantly (p < 0.05) increased compared to white chocolate
(up to 2.7-fold improvement of phenolic content and up to 5.2-fold increase in antioxidant
activity). Oxidative stability was also significantly (p < 0.05) increased in fortified white
chocolates in accordance with the added amount of blueberry juice encapsulated in whey.
Blueberry juice encapsulated in whey did not impair the sensory characteristics of enriched
chocolates; moreover, it reduced the sweetness of white chocolate and contributed to the
pleasant blueberry flavor.
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18. Zandona, E.; Blažić, M.; Režek Jambrak, A. Whey Utilization: Sustainable Uses and Environmental Approach. Food Technol.
Biotechnol. 2021, 59, 147–161. [CrossRef]

19. CaDiGroup Farmaceutici, CaDicioc: The Only “Functional Chocolate” that Combines the Beneficial Properties of Glucoman-
nan Fiber (Type E425) with Those of Cocoa. Available online: http://cadigroup.eu/en/chi-siamo-cadigroup/ (accessed on
5 May 2011).

20. Defense Nutrition. Whey Chocolate. Available online: http://www.defensenutrition.com/whey_chocolate_bites (accessed on
5 May 2011).

21. Glaberson, H. New Multi-Vitamin Dark Chocolate Range. [News Headlines]. Available online: http://www.confectionerynews.
com/Markets/New-multi-vitamin-dark-chocolate-range (accessed on 5 May 2011).
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