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Abstract
White compound chocolate (CC) and chocolate spread (CS) do not contain cocoa solids and thus they have deficiency of 
antioxidant activity. So, paprika extract (PE) was used to develop the visual and functional features of compound chocolate 
(CC) and chocolate spread (CS). Color stability of both chocolate samples was investigated for 12 weeks under accelerated 
shelf-life conditions and using PE significantly increased + a*, C*, and h° values of chocolate samples (P < 0.05). Also, at 
the end of shelf life, ΔE values were determined as > 2.83 and > 3.74 for CC and CS samples, respectively. Using PE in the 
production of CC and CS samples significantly increased antioxidant activity for pre-and post in vitro digestion, except for 
post digestion of S025 samples (P < 0.05). General acceptability of the CS samples decreased with increasing of PE ratios, 
for CC samples it was increased except for C100. The results showed that PE can be used in the production of functional 
chocolate with high antioxidant activity and as a natural coloring agent.
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Introduction

Carotenoids are antioxidant compounds that are in charge of 
the color of numerous fruits and vegetables and which have 
beneficial effects on human welfare [1]. Paprika is a spice 
produced from the peels of Capsicum annuum and it is rich 
in carotenoids, and about half of these carotenoids are cap-
santhine, but also contains capsorubin, violaxanthin, zeaxan-
thin, β-cryptoxanthin and β-carotene [2]. Paprika extract, the 
earliest and the most considerable inherent carotenoid food 
colorants, is used in the production of foods and beverages 

[3]. One of the main approaches in functional food develop-
ment studies is to add bioactive compounds to foods [4]. So, 
paprika may be an important potential in the development of 
functional food and as a food additive due to the antioxidant 
and positive effects on health of its carotenoid compounds 
[5]. Bioavailability of bioactive components of foods could 
be linked on several factors like food formulation, food 
matrices, kind of nutrients, process conditions and as well as 
gastrointestinal conditions [6]. Carotenoids have lipophilic 
characteristics and chocolate is formed from fat emulsions 
[6], so chocolate formulation could affect bioavailability of 
carotenoids. Therefore, it will be considerable to identify the 
bioavailability of these compounds used in functional food 
development studies.

The confectionery industry, especially in relation to cocoa 
products like chocolate, has gained active alterations within 
last decades, and the needing for innovative food produced 
with natural ingredients is increasing day by day [7]. There-
fore, it is essential to identify the main characteristics of 
functional chocolate products developed with natural ingre-
dients, such as color, water activity (aw), moisture content, 
texture, flow behavior, melting profile, rheology and sensory 
analysis [8]. On the other hand, a limited number of works 
on white chocolate containing natural ingredients such as 
paprika extract have been carried out. Mainly studies on the 
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white chocolate concern: rheological characteristics [9, 10], 
color loss kinetics [11], flavonoid content [12], their acute 
effect on coronary circulation [13], browning [14], increase 
in flow features [15], and the interaction of white chocolate 
casein and phenolic compounds during the storage process 
[16]. This study, hence, will fill the gap about functional 
white chocolate containing natural ingredients in the con-
fectionery literature and industry as well.

This study aimed to develop functional white compound 
chocolates and chocolate spreads containing natural paprika 
extract. So, effect of using paprika extract on the principal 
characteristics of chocolate products such as aw values, mois-
ture content, color, texture, flow behavior, melting profile, 
rheology and sensory analysis was investigated to determine 
the acceptability of developed products by consumers. Fur-
thermore, total antioxidant capacities of paprika extract and 
functional chocolate samples produced with using paprika 
extract were determined under in vitro conditions for before 
and after digestion and bioavailabilities were calculated.

Materials and methods

Chocolate spread and compound chocolate 
production

Using paprika extract chocolate spread and compound choc-
olate samples were manufactured properly to the our previ-
ous study [17]. Chocolate samples were produced by con-
sidering the same ingredients, production steps and ratios.

aw values and moisture content

One day after the production, the aw value of each chocolate 
samples (CS and CC) was determined at room temperature 
(25 ºC) by using Lab-Master aw (Novasina, Switzerland) 
[18]. The moisture content value of chocolate products (CS 
and CC) and components were obtained with the methodol-
ogy explained by [19].

Color properties

Color characteristics (L*, a* and b*) of chocolate prod-
ucts (CS and CC) were determined with colorimeter device 
(Chroma Meter CR-400, Konica Minolta, Japan). Equa-
tions 1, 2, 3 and 4 were used to calculate the chroma (C*), 
hue (hº), whiteness index (WI*) and color stability (∆E) 
of the samples, respectively [20]. The CS and CC products 
were stored after the production under accelerated shelf-life 
(ASL) situations (25 °C–75% RH) [20]. The color param-
eters of the products were measured at weekly intervals for 
12 weeks.

Sensory evaluation

The sensorial assessment of CS and CC samples were real-
ized in accordance with the procedure defined before by [17] 
with 40 panelists (25 females, 15 males, 18–33 age). The 
goal of the work was clarified to the panelists with an infor-
mation text. A confirmation form was signed by the pan-
elists, if they accepted the aim of the study. Before assess-
ment, each panelists was trained about sensorial analysis, 
chocolate samples and methodology. Asked to the panelists 
for cleaning their mouth with water between each sample. 
The panelists were asked to scored the samples from 1 to 5 
by using the Multiple Comparison Technique, taking into 
account the sensorial parameters represented in the Fig. 3. 
All CS and CC samples were scored in 4 meetings consecu-
tively in 5 days.

Texture analysis

To determine the hardness value of the CC samples, a tex-
ture analyzer was used and methodology was adapted pre-
viously described by [18]. Analysis was done 5 replicates 
and results were stated as the average value. Also, a method 
previously mentioned by [21] was used to perform the tex-
ture features of the CS samples.

Melting behavior

The melting parameters of the CC products were specified 
with DSC (TA Q20, USA) in accordance with the procedure 
informed by [22]. Tonset, Tpeak, Tend and Δh (J/g) values of the 
products were figured out from thermograms.

Rheological properties

The rheological analysis of the CC products was applied 
with using a temperature controlled rheometer (Anton Paar, 
MCR 302, Austria) and the procedure defined by [23] was 
applied. Using the below expressed equation (Eq. 5) the Cas-
son model parameters were calculated:

(1)C
∗=

√

a∗2 + b∗2

(2)h
◦= arctan (b∗∕a∗)

(3)WI = 100 −
[

(100 − L)2 + a2 + b2
]1∕2

(4)DE =
[

(

DL
∗
)2

+
(

Da
∗
)2

+
(

Db
∗
)2
]1∕2
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τ, γ, τ0 and ηpl have indicated shear stress (Pa), shear 
rate (s−1), yield stress (Pa) and plastic viscosity (Pa s), 
respectively.

Sample extraction

Methanol was used as a solvent for extraction of the CC, CS 
and PE samples and extraction was carried out with ultra-
sonication and Ultraturrax (IKA Labortechnic, Staufen, Ger-
many) in accordance with the methodology declared by [24].

Antioxidant activity

DPPH radical scavenger method was used to determination 
of antioxidant capacity of the samples [25]. 0.1 mL of the 
extract was diluted in certain ratios and was mixed with pre-
pared 2.9 mL of DPPH radical solution and 6 × 10–5 mM 
methanol. The solution was stored in the darkness place for 
25 min at room temperature and the absorbance values were 
obtained at 517 nm. Gallic acid was used as a standard and 
using created calibration curve DPPH antioxidant capacity 
of the products was calculated.

Determination of bioavailability

The total antioxidant capacity of pre-digested and in vitro 
post-digested CC and CS samples and PE were analyzed for 
Bioavailability investigation. The Bioavailability of these 
two parameters was tested as well. The pre-digestion anti-
oxidant determination of the CC and CS samples was con-
ducted by means of a chemical extraction method illustrated 
in 2.9. Digestion simulation was determined with a method 
described by [26]. Briefly, 5 g of ground CC or CS samples 
were taken into centrifugal tube and mixed with 5 mL of 
the oral fluid. About 12 mL of purified water was added and 
were hold in a water bath for at 37 °C for 4–5 min. After the 
completion of the mouth digestion 10 mL of stomach fluid 
was put into the mix and incubated in the shaking incubator 
for 2 h at 37 °C. pH of the samples was set to neutral pH 
values by addition of bile salts. This mixture was mixed 
with 10 mL of intestine fluid and hold in water bath for 2 h 
at 37 °C. After pancreatic digestion, 50 mL distilled water 
added to the samples and centrifuged (13,000 rpm, 5 min). 
The resulting fluid was carefully taken out and filtered by 
a 0.45 µm filter. The DPPH capacity of the samples was 
calculated with gallic acid standard. The bioavailability of 
the samples was given as the ratio of the result found by the 
chemical extraction method to the result obtained by the 
in vitro digestion simulation method.

(5)�
0.5 = �

0.5

0
+ �pl

.

�
n Statistical analysis

Statistical differences of the samples were determined using 
MINITAB 16.0 software programme. The data were given 
as average value and standard deviation. ANOVA was per-
formed to specify statistical importance and significance 
level was determined with Tukey's test (P < 0.05).

Results and discussion

Water activity and moisture content

The moisture content and aw values of chocolate products 
are important parameters due to the shelf life and impact 
on hardness, viscosity and melting properties, and also 
chocolate products has low moisture content and water 
activity [27]. As shown in Fig. 1, aw and moisture content 
(g/100 g) of CC and CS samples were found as 0.25–0.37 
and 0.31–0.45, and 0.77–2.10 and 1.46–1.80 (g/100 g), 
respectively. Using PE at various levels resulted high water 
activiy and moisture content for both CC and CS samples, 
but only moisture content of CS samples found to be sta-
tistically unimportant. The aw values of the samples were 
in agreement with the values stated in the literature (0.3 
and 0.5) [19, 27]. Also, the moisture content of the sam-
ples were in agreement with literature except C100 sample. 
The increase in aw and moisture content of chocolate sam-
ples is related to the use of paprika extract. However, there 

Fig. 1   Water activity and moisture content of compound and spread 
chocolate samples. Different superscript lowercase letters show the 
significant differences for each sample group (P < 0.05). All experi-
ments were performed in triplicate. All data are represented as 
means ± standard deviation. (C000 and S000: Compound and Spread 
Chocolate Control, C025 and S025: Compound and spread chocolate 
including 0.25 paprika extract (g/100 g), C050 and S050: Compound 
and Spread Chocolate including 0.50 paprika extract (g/100 g), C075 
and S075: Compound and Spread Chocolate including 0.75 paprika 
extract (g/100 g), C100 and S100: Compound and Spread Chocolate 
including 1.0 paprika extract (g/100 g))
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was no negative increase in the aw and moisture content of 
all samples at a level that would have affected the quality 
parameters of the samples. [17] reported that using beetroot 
powder and black carrot extract didn’t significantly affect 
the aw and moisture content of chocolate samples, whereas 
[28] reported that using different plant extract significantly 
affected the moisture content of dark chocolate.

Color properties and stability

Color not only affects sensory characteristics, but also 
affects perceptions and attitudes in chocolate samples 
[29, 30]; hence, it is a parameter that should be taken into 
account when producing new chocolate samples [30]. 
Using PE in the production of CC and CS samples resulted 
lower L*, h° and WI values, while a*, b* and C* values 
of the samples increased (Fig. 2). Generally, chocolate 
products have middle or extended shelf life [31]. However, 
white chocolate and its products contain less antioxidant 
activity compared to other chocolate categories, they may 
tend to lose color during shelf life [32, 33]. Therefore, sub-
stances containing natural antioxidant compounds such as 
paprika may contribute to the shelf life of white chocolate. 
All chocolate samples were stored for 12 weeks under ASL 
conditions and color properties were determined weekly, 
with each week under ASL conditions representing a 
period of 1 month [20]. Since the ΔE value above 3.0 
represents a noticeable color change in the samples [34], 
the ΔE values of all samples were calculated (Table 1). ΔE 
values of CC and CS samples were determined as between 
0.6–3.16 and 0.86–4.96, respectively. However, ΔE values 
above 3.0 were not found, except for a few samples of CC 

and CS. As a result, using PE in the production of CC and 
CS samples ensured favorable color stability throughout 
samples' shelf life.

Sensory features

Appearance, flavour, aroma, texture, color are important 
parameters for consumer acceptance [35]. In this work, 
the sensorial parameters, shown in the Fig. 3, were evalu-
ated by the panelists for all chocolate samples. In the CC 
samples, using PE resulted better appearance and color 
properties set against to the control and it was found that 
the general acceptability scores of all CC samples were 
similar compared to the control. However, although a very 
small difference was determined in terms of melting in 
the mouth and buying intense, no significant difference 
was determined in terms of brightness, sweetness, odor-
taste and aroma. Using PE at high ratio (1 g/100 g) in the 
production of CS samples resulted negatively in terms of 
appearance, melting in mouth, taste, buying intense and 
general acceptance. However, using PE at other ratios 
(0.25, 0.50 and 0.75 g/100 g) in the production CS samples 
resulted better scores. This study has shown that although 
the use of PE at different ratios may cause negative effects 
on some sensory properties of CS samples, these can be 
ignored or improved, and thus PE can be used in the pro-
duction of CC and CS samples with high sensory liking. 
In parallel to our study, [10] reported that the use of black-
berry extract in white chocolate production did not affect 
negatively sensory features of chocolate samples.

Fig. 2   Color properties of compound and spread chocolate samples 
after production. WI: Whiteness index. Different superscript lower-
case letters show the significant differences for each sample group 
(P < 0.05). All experiments were performed in triplicate. All data are 
represented as means ± standard deviation. (C000 and S000: Com-
pound and Spread Chocolate Control, C025 and S025: Compound 

and Spread Chocolate including 0.25 paprika extract (g/100 g), C050 
and S050: Compound and Spread Chocolate including 0.50 paprika 
extract (g/100 g), C075 and S075: Compound and Spread Chocolate 
including 0.75 paprika extract (g/100 g), C100 and S100: Compound 
and Spread Chocolate including 1.0 paprika extract (g/100 g))
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Textural properties

Hardness, which is one of the principal textural features of 
chocolate products, can be linked with the ingredients of 
the chocolate and the production steps [36] and it should 
be important in chocolate manufacturing [37]. As seen in 
the Fig. 4, the hardness values of CC samples were found 
between as 4413–8141 g and using PE in the production CC 
of samples resulted higher hardness values and the results 
were found to be statistically important compared to the con-
trol (P ≤ 0.05). [10] stated that blackberry extract can have 
an important effect on the hardness values of white choco-
late and that increasing the extract concentration increases 
the hardness values. The textural features of the chocolate 
spread, shown in Fig. 4, are closely related to the sensory 
properties [38]. It was determined that these parameters 
changed between 588 and 8868 g, (-611)-(-1669) g/min, 
(-268)-(-476) and 480–7504 g/min g, respectively and using 
PE in the production of chocolate spread increased textural 
values of CS samples (P ≤ 0.05). It is found that although 
using of PE at low ratios did not cause a significant change, 
using PE at high ratios increased these quality parameters 
and this may be related to the using PE in liquid form.

Flow behaviour

Rheological features of chocolate are effective on getting 
high quality products and inform about sensorial proper-
ties of chocolate [39]. The yield stress and plastic viscos-
ity values of the CC samples were calculated with obtained 
data of shear stress and shear rate by adapting to the Cas-
son model, and R2 values were indicated the compatibility 
of the obtained data with the Casson model (Table 2) and 
these values of control sample and CC samples includ-
ing PE were determined in the range of 1.68–6.93 Pa and 
2.09–3.81 Pa s, respectively. It was determined that using 
PE in the production of CC samples importantly increased 
yield stress and plastic viscosity of the samples (P ≤ 0.05). 
These results are in accordance with moisture content, as 
the increasing moisture increases rheological parameters 
[39]. [10] reported similar results to our study, and it was 
stated that the use of blackberry extract in white chocolate 
production significantly raised the yield stress values of the 
chocolate samples (P ≤ 0.05).

Melting behaviour

Melting behavior of chocolate is a considerable parameter 
that affects consumer behavior [22]. Melting parameters of 
Tonset, Tpeak, Tend and Δh were determined as 20.7–22.0 °C, 
31.9–33.1 °C, 40.2–40.8 °C, and 33.2–35.3 j/g, respec-
tively by using DSC technique and statistically signifi-
cant weren’t found (P > 0.05) (Table 2). However, only the Ta
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Tonset value of C050 and C100 products were determined 
as statistically important (P ≤ 0.05). Contrary to our study 
[10] reported that using blackberry extract in white choco-
late production resulted in significantly lower Tonset values 
compared to the control sample (P ≤ 0.05). This situation 
may be related to the using different formulations of choc-
olate samples (which we developed compound chocolate 
and spreadable chocolate), the different extracts used, or 
the different methodology used to determine the melting 
profile.

Bioavailability properties

One of the main goals of this study is to increase anti-
oxidant activity of white CC and CS samples by using 
PE as a natural coloring agent. Since, white chocolate 
derivatives are lack of antioxidant activity because it does 
not contain cocoa mass and solids. In this study, CC and 
CS samples were subjected to in vitro digestion of the 
mouth, stomach and intestine and antioxidant activities 
were determined by using DPPH method and values were 

Fig. 3   Sensorial evaluation of compound chocolate and spread choc-
olate samples. (C000 and S000: Compound and Spread Chocolate 
Control, C025 and S025: Compound and Spread Chocolate includ-
ing 0.25 paprika extract (g/100 g), C050 and S050: Compound and 

Spread Chocolate including 0.50 paprika extract (g/100  g), C075 
and S075: Compound and Spread Chocolate including 0.75 paprika 
extract (g/100 g), C100 and S100: Compound and Spread Chocolate 
including 1.0 paprika extract (g/100 g))

Fig. 4   Texture properties of compound and spread chocolate sam-
ples. Different superscript lowercase letters show the significant dif-
ferences for each sample group (P < 0.05). All experiments were 
performed in triplicate. All data are represented as means ± stand-
ard deviation. (C000 and S000: Compound and Spread Chocolate 
Control, C025 and S025: Compound and Spread Chocolate includ-

ing 0.25 paprika extract (g/100 g), C050 and S050: Compound and 
Spread Chocolate including 0.50 paprika extract (g/100  g), C075 
and S075: Compound and Spread Chocolate including 0.75 paprika 
extract (g/100 g), C100 and S100: Compound and Spread Chocolate 
including 1.0 paprika extract (g/100 g))
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given as gallic acid equivalent (mg Trolox Equivalent/
mL) (Table 2). Also, bioavaillibities were calculated by 
comparing the obtained results. As expected, antioxidant 
activities of CC and CS samples increased with increasing 
PE concentration, and the highest antioxidant value was 
determined for all samples at the highest concentration of 
PE extract (1 g/100 g). In general, the antioxidant activity 
of the samples were increased more than 2 times at used 
the highest PE concentration compared to control sample. 
In addition, it was found that the antioxidant values of all 
samples in terms of gallic acid equivalent increased for 
post-digestion compared to pre-digestion. The antioxidant 
activity of both CC and CS samples was found to be sta-
tistically significant in parallel with the increase in PE 
concentration (P ≤ 0.05). Although it has been reported 
that the utilization of plant extract in chocolate production 
has improved the antioxidant activity of chocolate samples 
[10, 17, 40–42], some studies have reported that antioxi-
dant activity may decrease due to the use of plant extract 
[43, 44]. This may be depend on the extraction method, 
the chocolate formulation or the type of plant extract used.

Conclusion

Carotenoids are significant food ingredients due to their 
both coloring and bioactivity effects. The effect of color-
ants used in functional product development on the qual-
ity and visual properties of foods are important. In this 
study, the use of PE as a source of carotenoids in CC and 
CS samples was investigated. Results showed that using 
PE extract there was no significant effect on the physico-
chemical, texture, flow, and melting features of CC and 
CS products. The use of PE was dispersed homogeneously 
in fat-phase chocolate without the need for encapsulation 
and metal chelation techniques. CC and CS samples have 
shown sufficient color stability throughout their shelf life. 
In addition, the use of PE extract in the production of 
CC and CS samples increased the antioxidant activities 
of the samples. Finally, sensory evaluation showed that 
PE extract can be used in the production of CC and CS 
samples with high consumer appeal.

Acknowledgements  The authors thank Tayas Food Company (Kocaeli, 
Turkey) for the pilot scale production of the samples.

Author contributions  HG: software, writing—original draft. AB: 
ınvestigation, formal analyses. NK: project administration. MY: data 
curation. OS: project administration.

Funding  No external fund was received for this research.

Data availability  The data that support the findings of this study are 
available from the corresponding author upon reasonable request.

Declarations 

Conflict of interest  The authors declare no conflict of interest.

References

	 1.	 M. Rodriguez-Concepcion et al., A global perspective on carot-
enoids: metabolism, biotechnology, and benefits for nutrition and 
health. Prog. Lipid Res. 70, 62–93 (2018)

	 2.	 A. Mortensen, Carotenoids and other pigments as natural color-
ants. Pure Appl. Chem. 78, 1477–1491 (2006)

	 3.	 S. Kiokias, C. Proestos, T. Varzakas, A review of the structure, 
biosynthesis, absorption of carotenoids-analysis and properties of 
their common natural extracts. Current Res. Nutr. Food Sci. J. 4, 
25–37 (2016)

	 4.	 L. Day, R.B. Seymour, K.F. Pitts, I. Konczak, L. Lundin, Incor-
poration of functional ingredients into foods. Trends Food Sci. 
Technol. 20, 388–395 (2009)

	 5.	 H. Hong, Y.-J. Son, S.H. Kwon, S.-K. Kim, Biochemical and 
antioxidant activity of yogurt supplemented with paprika juice of 
different colors. Food Sci. Anim. Resour. 40, 613 (2020)

	 6.	 C. Paz-Yépez, I. Peinado, A. Heredia, A. Andrés, Lipids digest-
ibility and polyphenols release under in vitro digestion of dark, 
milk and white chocolate. J. Funct. Foods. 52, 196–203 (2019)

	 7.	 A. Belščak-Cvitanović et al., Physical, bioactive and sensory qual-
ity parameters of reduced sugar chocolates formulated with natu-
ral sweeteners as sucrose alternatives. Food Chem. 167, 61–70 
(2015)

	 8.	 N. Konar et al., Conventional and sugar-free probiotic white 
chocolate: effect of inulin DP on various quality properties and 
viability of probiotics. J. Funct. Foods. 43, 206–213 (2018)

	 9.	 V. Glicerina, F. Balestra, M. DallaRosa, S. Romani, Microstruc-
tural and rheological characteristics of dark, milk and white choc-
olate: a comparative study. J. Food Eng. 169, 165–171 (2016)

	10.	 I. Lončarević et al., Enrichment of white chocolate with black-
berry juice encapsulate: impact on physical properties, sensory 
characteristics and polyphenol content. LWT. 92, 458–464 (2018)

	11.	 D.C. Jardim, A.G. Orse, P. Efraim, S.C. de Moura, Kinetic of 
white chocolate color loss. Proc. Food Sci. 1, 1026–1030 (2011)

	12.	 F.A. Pimentel, J.A. Nitzke, C.B. Klipel, E.V. de Jong, Chocolate 
and red wine—a comparison between flavonoids content. Food 
Chem. 120, 109–112 (2010)

	13.	 Y. Shiina et al., Acute effect of oral flavonoid-rich dark chocolate 
intake on coronary circulation, as compared with non-flavonoid 
white chocolate, by transthoracic Doppler echocardiography in 
healthy adults. Int. J. Cardiol. 131, 424–429 (2009)

	14.	 A. Vercet, Browning of white chocolate during storage. Food 
Chem. 81, 371–377 (2003)

	15.	 G. Ziegleder, A. Amanitis, H. Hornik, Thickening of molten white 
chocolates during storage. LWT-Food Sci. Technol. 37, 649–656 
(2004)

	16.	 S. Zhou, S. Seo, I. Alli, Y.-W. Chang, Interactions of caseins with 
phenolic acids found in chocolate. Food Res. Int. 74, 177–184 
(2015)

	17.	 A. Baycar, N. Konar, E.S. Poyrazoglu, H. Goktas, O. Sagdic, 
Using white spread and compound chocolate as phenolic com-
pound delivering agent: a model study with black carrot extract. 
J. Food Process. Preserv. 45, e15392 (2021)

	18.	 N. Konar, Influence of conching temperature and some bulk 
sweeteners on physical and rheological properties of prebiotic 
milk chocolate containing inulin. Eur. Food Res. Technol. 236, 
135–143 (2013)



3412	 H. Goktas et al.

1 3

	19.	 N. Konar, I. Bingol, Effect of ball-mill process on some quality 
parameters of chocolate and compound chocolate: a modeling 
approach. J. Food Process. Eng. 42, e13154 (2019)

	20.	 P. Subramaniam, Determining shelf life of confectionery products. 
Manufact. Confect. 87, 85 (2007)

	21.	 J. McGill, R.W. Hartel, Investigation into the microstructure, tex-
ture and rheological properties of chocolate ganache. J. Food Sci. 
83, 689–699 (2018)

	22.	 N. Konar et al., Rapid tempering of sucrose-free milk chocolates 
by β V seeding: textural, rheological and melting properties. Eur. 
Food Res. Technol. 243, 1849–1860 (2017)

	23.	 O.S. Toker, O. Sagdic, D. Şener, N. Konar, T. Zorlucan, O. 
Dağlıoğlu, The influence of particle size on some physicochemi-
cal, rheological and melting properties and volatile compound 
profile of compound chocolate and cocolin samples. Eur. Food 
Res. Technol. 242, 1253–1266 (2016)

	24.	 J. Wollgast, The contents and effects of polyphenols in chocolate: 
qualitative and quantitative analyses of polyphenols in chocolate 
and chocolate raw products as well as evaluation of potential 
implications of chocolate consumption in human health. Gießen, 
Univ., Diss. 2005, (2004)

	25.	 M. Gültekin-Özgüven, İ Berktaş, B. Özçelik, Influence of pro-
cessing conditions on procyanidin profiles and antioxidant capac-
ity of chocolates: optimization of dark chocolate manufacturing 
by response surface methodology. LWT-Food Sci. Technol. 66, 
252–259 (2016)

	26.	 M. Yaman, Ö.F. Mızrak, J. Catak, H.S. Sargın, In vitro bioacces-
sibility of added folic acid in commercially available baby foods 
formulated with milk and milk products. Food Sci. Biotechnol. 
28, 1837–1844 (2019)

	27.	 A.B. Verde, I.D. Alvim, V. Luccas, R.M.V. Alves, Stability of 
milk chocolate with hygroscopic fibers during storage. LWT-Food 
Sci. Technol. 137, 110477 (2021)

	28.	 S. Poliński, S. Kowalska, P. Topka, A. Szydłowska-Czerniak, 
Physicochemical, antioxidant, microstructural properties and 
bioaccessibility of dark chocolate with plant extracts. Molecules 
26, 5523 (2021)

	29.	 S.-T. Wei, L.-C. Ou, M.R. Luo, J.B. Hutchings, Optimisation of 
food expectations using product colour and appearance. Food 
Qual. Prefer. 23, 49–62 (2012)

	30.	 N. Konar, O.S. Toker, S. Oba, O. Sagdic, Improving functionality 
of chocolate: a review on probiotic, prebiotic, and/or synbiotic 
characteristics. Trends Food Sci. Technol. 49, 35–44 (2016)

	31.	 D. Genc Polat, Y. Durmaz, N. Konar, O.S. Toker, I. Palabiyik, 
M. Tasan, Using encapsulated Nannochloropsis oculata in white 
chocolate as coloring agent. J. Appl. Phycol. 32, 3077–3088 
(2020)

	32.	 B. Minifie, Chocolate, Cocoa and Confectionery: Science and 
Technology (Springer, New York, 2012)

	33.	 S.T. Beckett, M.S. Fowler, G.R. Ziegler, Beckett’s İndustrial 
Chocolate Manufacture and Use (Wiley, Hoboken, 2017)

	34.	 A. Periche, A. Heredia, I. Escriche, A. Andrés, M. Castelló, Poten-
tial use of isomaltulose to produce healthier marshmallows. LWT-
Food Sci. Technol. 62, 605–612 (2015)

	35.	 A. Shakerardekani, R. Karim, H.M. Ghazali, N.L. Chin, Textural, 
rheological and sensory properties and oxidative stability of nut 
spreads—a review. Int. J. Mol. Sci. 14, 4223–4241 (2013)

	36.	 N.V. Rezende, M.T. Benassi, F.Z. Vissotto, P.P. Augusto, M.V. 
Grossmann, Effects of fat replacement and fibre addition on the 
texture, sensory acceptance and structure of sucrose-free choco-
late. Int. J. Food Sci. Technol. 50, 1413–1420 (2015)

	37.	 D.S. Atik, E. Bölük, O.S. Toker, I. Palabiyik, N. Konar, Investigat-
ing the effects of lecithin-PGPR mixture on physical properties of 
milk chocolate. LWT-Food Sci. Technol. 129, 109548 (2020)

	38.	 M.A. Bouaziz, F. Abbes, A. Mokni, C. Blecker, H. Attia, S. Bes-
bes, The addition effect of Tunisian date seed fibers on the quality 
of chocolate spreads. J. Texture Stud. 48, 143–150 (2017)

	39.	 E.O. Afoakwa, A. Paterson, M. Fowler, Factors influencing rheo-
logical and textural qualities in chocolate–a review. Trends Food 
Sci. Technol. 18, 290–298 (2007)

	40.	 A. Belščak-Cvitanović et al., Innovative formulations of choco-
lates enriched with plant polyphenols from Rubus idaeus L. leaves 
and characterization of their physical, bioactive and sensory prop-
erties. Food Res. Int. 48, 820–830 (2012)

	41.	 D. Komes, A. Belščak-Cvitanović, S. Škrabal, A. Vojvodić, A. 
Bušić, The influence of dried fruits enrichment on sensory prop-
erties of bitter and milk chocolates and bioactive content of their 
extracts affected by different solvents. LWT-Food Sci. Technol. 
53, 360–369 (2013)

	42.	 S. Martini, A. Conte, D. Tagliazucchi, Bioaccessibility, bioactivity 
and cell metabolism of dark chocolate phenolic compounds after 
in vitro gastro-intestinal digestion. J. Funct. Foods 49, 424–436 
(2018)

	43.	 D. W. Ningsih, Uji antioksidan dan fitokimia cokelat kelor (Mor-
ingaoliefera) hasil ekstraksi ultrasonik dengan variasi pengerin-
gan. Universitas Islam Negeri Maulana Malik Ibrahim. (2021)

	44.	 M.T. Rashid, A. Belščak-Cvitanović, S. Karača, H. Ma, D. Komes, 
Longan (Dimocarpus longan) and lychee (Litchi chinensis): func-
tional ingredients in chocolate pralines. J. Food Biochem. 43, 
e12811 (2019)

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Using paprika extract in chocolate spread and white compound chocolate: effects on color stability and bioavailability
	Abstract
	Introduction
	Materials and methods
	Chocolate spread and compound chocolate production
	aw values and moisture content
	Color properties
	Sensory evaluation
	Texture analysis
	Melting behavior
	Rheological properties
	Sample extraction
	Antioxidant activity
	Determination of bioavailability
	Statistical analysis

	Results and discussion
	Water activity and moisture content
	Color properties and stability
	Sensory features
	Textural properties
	Flow behaviour
	Melting behaviour
	Bioavailability properties

	Conclusion
	Acknowledgements 
	References


