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Abstract

In this study, sugared and sugar-free toffee type soft candy samples were produced by means of using a plant-based latex
obtained from Gundelia tournefortii L. (known as kenger gum) with a new process. As a natural blue color source, dif-
ferent amounts of phycocyanin (0.1, 0.3, and 0.5 g/100 g) were added to candy samples, and various quality parameters
were examined by comparing with the conventional toffee sample. According to the results, water activity of all samples
belonging to control, kenger gum-added sugared (KS) and sugar-free (KSF) groups were found as 0.5745-0.5957, 0.6297—
0.6388, 0.5471-0.5570, respectively. There were significant differences between the L*, a*, and b* values of phycocyanin-
free control, KS, and KSF samples. However, phycocyanin was more stable especially in KS group (AE, 1.46-2.71)
during the storage compared to other two groups. Textural parameters of the samples changed depending on difference in
the compositions i.e., kenger gum and sugar alcohols, regardless of phycocyanin concentration. High consumption appeal
was achieved by the integration of kenger gum and phycocyanin in toffee type soft candy production. According to the
outputs, kenger gum can be effectively employed as a base ingredient in such products and phycocyanin can serve as a
natural blue color in the production.

Highlights

A special plant latex (kenger gum) was used in toffee type candy production with a new process.
Phycocyanin was added to the candy samples as a natural blue color source.

Phycocyanin was found to be quite stable in novel samples produced with plant latex.

The use of phycocyanin in toffee type soft candy production resulted in high consumption appeal.
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In this context, it is seen that the use of a wide variety of
extracts, polysaccharides and gum-like materials obtained

Abbreviations
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KS Kenger gum-added sugared soft candy from different plants is commonly evaluated. Within this
KSF  Kenger gum-added sugar-free soft candy perspective, Gundelia tournefortii L., a thorny, flower-
TPA  Texture profile analysis ing plant from the Asteraceae family, is recognized for its
UK  United Kingdom medicinal properties and is native to the temperate regions
USA  United States of America of Western Asia. This unique plant, is also known by vari-

ous names like kangar, kenger, kengel, and kengir. It has

versatile uses in the regions where it grows, for instance,
Introduction its stems, roots, leaves, and young buds can be consumed

Sugar-based confectionery products encompass a wide
variety of high-calorie foods that are chart-topping among
people of all ages. Soft candy products, in particular, can
be categorized into various sub-groups depending on the
ingredients, manufacturing process, texture, and distinctive
level of chewiness. This sub-grouping typically includes a
diverse range of aerated confections, from lightly aerated
candies like toffee/taffy to more heavily aerated marshmal-
low-type products (Gunes et al. 2022; Hartel et al. 2018).
Gelatin is commonly used in these products as a stabilizer to
achieve a gummy and elastic texture. However, alternative
approaches are often considered due to religious and dietary
preferences (such as vegan and vegetarian), potential aller-
gic reactions, and health concerns like Bovine Spongiform
Encephalopathy (BSE) (Nhari et al. 2012). As a result,
recent years have seen numerous studies focused on find-
ing alternatives to gelatin in these products, leading to the
development of innovative production techniques.
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in various ways and even serve as animal feed. During the
summer months (especially July and August), the aboveg-
round parts of the plant dry out and when the part of the
plant close to the root is cut during this period, it exudes a
viscous white liquid. This substance, when left to solidify,
forms a material similar to chewing gum base and is utilized
for various purposes by local communities (Coruh et al.
2007; Evin 2012). Kenger gum is characterized as a plant-
based latex composed of high molecular weight polymers
structured by the bonding of isoprene units. This organic
polymer is insoluble in water, ethyl or methyl alcohol, and
acetone. As a result, the structure of kenger gum is primarily
understood through empirical methods, particularly using
elemental analysis with the FTIR technique. In this regard,
it has been determined that kenger gum consists of 60.1%
carbon, 8.8% hydrogen, and 30.1% oxygen (Cakmakci and
Dagdemir 2013). However, scientific research on the appli-
cation of kenger gum in food production remains quite lim-
ited (Palabiyik et al. 2018).
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Today, the use of synthetic blue dyes in the food industry
is restricted and the interest in the use of its natural coun-
terpart is increasing day by day (Jespersen et al. 2005). In
this regard, several studies have focused on using Arthro-
spira (Spirulina) platensis directly in powder form or the
blue pigment (phycocyanin) that can be extracted from it as
a natural food coloring. However, phycocyanin shows low
stability to temperature (Mysliwa-Kurdziel and Solymosi
2017) and it is stated that critical temperature for the pig-
ment is 47-50 °C (Jespersen et al. 2005). In the production
of toffee type candy, colorants are added at high tempera-
tures after the sugar syrup is cooked. For this reason, since
high temperatures will negatively affect phycocyanin in the
conventional production, it is necessary to carry out this
stage at lower temperatures with an innovative approach or
to develop new production techniques. In line with all these,
in the present study, production of sugared and sugar-free
toffee type soft candy with a new process using kenger gum
and a laboratory type mixer (z-blade kneading machine)
was performed. In addition, the use of phycocyanin as a nat-
ural blue colorant was tried for the first time in these novel
samples and then, various quality parameters of the samples
were examined by comparing with the conventional control
sample during 5 months storage period at 20+2 °C.

Materials and methods
Materials

The plant latex (kenger gum) was obtained from local mar-
keters in Malatya, located in the Eastern Anatolia region
of Tirkiye. Phycocyanin powder used as a natural blue
colorant in candy samples was purchased from Meilleur du
Chef (Tiirkiye). A temperature-controlled laboratory size
z-blade mixer was developed by Tulpar Machinery (Istan-
bul, Tiirkiye) for use in the novel candy production method.
Additional ingredients like 42 DE glucose syrup, sorbitol
(powder), xylitol (powder), and isomalt (powder) used in
the formulations were purchased from Smart Chemistry
(Izmir, Tiirkiye).

Methods

Production of conventional and Kenger gum-added toffee
type soft candy samples

The control group formulation includes the following ingre-
dients; 15.10 g of water, 42.70 g of sugar, 3.10 g of sorbi-
tol, 0.8 g of citric acid anhydrate, 31.50 g of glucose syrup,
0.045 g of glycerol monostearate, 0.035 g of soy lecithin,
5 g of hydrogenated vegetable oil, 1.5 g of bovine gelatin

(Type A, 250 Bloom), and 0.02 g of salt per 100 g of sam-
ple. First, water, sugar, and glucose syrup (42 DE) cooked
to 100 °C in a Thermomix (TM5, UK) at 200 rpm. Then,
the temperature was increased to 120 °C, and hydrogenated
vegetable oil, lecithin, sorbitol, salt, and gelatin were added.
Heating and stirring at 200 rpm were kept until the soluble
solid concentration reached 90.0+£2.00 °Brix. The mixture
was then cooled to 90 °C before adding citric acid anhy-
drate. Subsequently, the mass temperature was decreased
to around 50 °C, and 0.20 g/100 g of liquid blueberry fla-
vor was added. Thereafter, the candy dough was rolled and
kneaded for 6-8 min using KitchenAid (USA) equipment.
Upon completion, the mass was poured into a flat silicon
mold, allowed to cool at room temperature, and then cut
into equal pieces (1.5 cm % 1.5 cm % 0.5 cm, 2.5 g) (Hartel
et al. 2018).

In novel samples containing kenger gum, two different
productions (sugared and sugar-free) were conducted. The
amounts of kenger gum and other components used in the
production of these samples were explained in the previous
publication of the authors (Gunes et al. 2024), and a similar
path was followed in the current study. Briefly, the compo-
sition of kenger gum-added sugared sample (KS) included
2.16 g of kenger gum, 46.72 g of powder sugar, 48.92 g of
glucose syrup, 2 g of squalene and 0.2 g of blueberry aroma
as per 100 g of sample. On the other hand, the final compo-
sition of kenger gum-added sugar-free sample (KSF) con-
sisted of 2 g of kenger gum, 55.81 g of isomalt, 15.00 g of
powder sorbitol, 19.99 g of maltitol syrup, 5 g of xylitol, 2 g
of squalene, and 0.2 g of blueberry aroma as per 100 g of
sample. Considering the production step, the components of
the novel samples (100 g for each batch) were weighed and
transferred to the chamber of a z-blade mixer. After that, the
cooking process was applied at 120 °C for 40 min. Squalene
was added to the mixture starting in the 5th min of cook-
ing. At the end of the cooking process, the temperature of
the mixture was reduced to 70 °C while stirring continued.
Meanwhile, thanks to the stirring provided by the z-blade
mixer, the pulling step was also carried out on the cooled
candy dough. As a result of this process, the pre-cooking of
kenger gum with other ingredients was completed and the
candy dough was taken from the mixer (Gunes et al. 2024).

Addition of phycocyanin to the candy products

Considering the amount of coloring additives in soft confec-
tionery products, powder phycocyanin (E18, moisture <8%,
pH=06) was added to the control sample at the rates of 0.1,
0.2, 0.3, 0.5, and 0.8 g/100 g (w/w) in the pulling process
(approximately 50 °C) for the preliminary trial purposes. As
a result of this preliminary trial, the rates of 0.1, 0.3, and
0.5 g/100 g remained constant. Unlike the control group,
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phycocyanin was added to the candy dough of kenger gum-
added samples (100 g) at 40 °C, thanks to the advantage of
the novel process carried out with the z-blade mixer, and
mixing process was applied in the mixer for 1 min. Then, all
sample doughs were kept at room temperature for approxi-
mately 3—4 h and cut equally (1.5 cm X 1.5 cm % 0.5 cm,
2.5 g). The samples were first wrapped in non-stick food
wrapping paper and then metallic-coated polyethylene
wrappers. Finally, the samples were packed in plastic bags
(polyethylene, PE, 200 G/50 p) and stored at 2042 °C for
5 months.

Water activity (a,,) analysis

The water activity values of all samples were determined
using an a,, meter (Labswift, Novasina, Switzerland) imme-
diately after production (1st), 90th and 150th days (Samsiah
et al. 2009).

Color analysis

The color properties of all samples were determined using a
color measuring device (Konica Minolta, Bench-top Color-
imeter CR-5, Tokyo, Japan). The L* (brightness), a* (£red-
green) and b* (xyellow-blue) values were recorded for at
least 3 samples in the analysis. Then, AE values were cal-
culated by using these obtained values according to Eq. (1)
(Pathare et al. 2013).
AE = [(AL*) + (Aa*)’ + (Ab*]'2 (1)

Texture analysis

The instrumental textural characteristics of all samples were
analyzed using a Texture Analyzer (TA.HDPlus, Stable
Micro Systems, Godalming, Surrey, UK) with P/2E probe
(2 mm Dia Cylinder Stainless Extended, 2 mm diameter
and 3.14 mm? contact area). First, samples were taken into
3.5 mL containers (1.5 cm diameter and 1.5 cm length)
and tested with a 50 kg load cell, 5 mm/s test speed of, 5 g
(0.05 N) trigger force, 3 mm depth, and 5 s delay between
the first and second penetration. Then, the total work applied
was recorded using the force-time curves, and hardness (N),
chewiness (N), cohesiveness, adhesiveness (N.sec) values
of the samples were determined. The texture analysis was
repeated on immediately after production (1st), 90th, and
150th days (Altinok et al. 2020).

Sensory analysis
In the sensory analysis, the color, taste, hardness, stickiness,

and general acceptability characteristics of the samples
were examined by 40 experienced panelists (20 females
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and 20 males, aged 22-36 years) using a 9-point hedonic
scale (Shah et al. 2010). For the color, taste, and general
acceptability parameters the scale was 1 =dislike extremely,
9=like extremely; for the hardness parameter it was
1 =extremely soft, 9=extremely hard; and for the stickiness
parameter it was 1=not sticky, 9=extremely sticky. Dur-
ing the sensory analysis, samples were categorized using a
randomly chosen number, and water and crackers were pro-
vided in between each evaluation. The study was authorized
by Tekirdag Namik Kemal University, and each panelist
provided informed consent before taking part in the study.

Statistical analysis

The data obtained from the analysis studies were used to
determine whether there was a statistical difference between
the groups using the Windows-based SPSS 17.0.1 (SPSS
Inc., Chicago, Illinois, US) and one-way ANOVA Tukey
test (p<0.05).

Results and discussion
Water activity results

The water activity (a,,) values of the samples are given in
Table 1 during the storage period. Considering the results,
the highest a,, values were recorded in the samples belong-
ing to the KS group, followed by the samples in the con-
trol group and the samples in the KSF group, respectively
(»<0.05). Except for the KSF group, the values of all
samples in the control and KS groups decreased from the
first day to the end of the storage period, indicating that
the samples lost moisture during storage. Similarly, in the
study conducted by Kaur et al. (2023), it was stated that the
slight decrease in water activity in pumpkin-based toffees
produced with non-refined sugar obtained from sugar cane
may be due to moisture loss at ambient temperature. On the
other hand, in the KSF group, after the 90th day, all samples
gained moisture and an increase in a,, values was observed
(Table 1).

The a,, values of soft confectionery products are gener-
ally between 0.45-0.60 according to softness or hardness
state (Ergun et al. 2010), and in the current study, except for
the KS samples, the a,, values are within the specified range
in other samples. The properties of the components used in
the formulation, such as solubility, boiling point, molecu-
lar weight, each have an effect on a . Therefore, monitoring
the product moisture is critical for producing high-quality
soft confectionery with a long shelf life (Cano-Lamadrid
et al. 2020; Hartel et al. 2018). In this respect, the use of
kenger gum and the new production process did not cause
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Table 1 Water activity values of Sample a,, value (25 °C)

soft candy samples Ist day 90th day 150th day
CPCO 0.5957+0.0013P%! 0.5361+0.0013P! 0.4824+0.0011P¢!
CPCO.1 0.5812+0.0016" 0.5278+0.0009%°2 0.4744+0.00087
CPCO03 0.5745+0.00109* 0.5155+0.0009* 0.4693+0.00189¢3
CPCO0.5 0.5886+0.0020%2 0.5242+0.0014Fb3 0.4788+0.0010%!
KS PC 0 0.6388+0.001942! 0.5595+0.00144°! 0.4959+0.00155¢!
KS PC 0.1 0.6314+0.0015%* 0.5431+0.0011%3 0.4907+0.0012¢¢2
KSPCO0.3 0.6297+0.0010¢%3 0.5524+0.0013Bb2 0.4977+0.0014AB¢!
KSPCO0.5 0.6345+0.001383 0.5558+0.0016"B%12 0.4992+0.00114°!
KSF PC 0 0.5517+0.0016'% 0.4151+0.0018%°! 0.4593+£0.0007°!
KSF PC 0.1 0.5471+0.0012" 0.4030+0.00201¢ 0.4411+0.0002°%3
KSF PC 0.3 0.5570+0.00141! 0.4104+0.00245H<2 0.4445+0.0010™2
KSF PC 0.5 0.5523+0.0017" 0.4063 +0.0005M1%3 0.4358+0.0009%%*

Data represent average values=+standard deviation of three independent samples

A-B Values with different letters in the same column indicate significant difference at »<0.05

5 Values with different letters in the same line indicate significant difference at p<0.05

1.2 Values with different numbers in the same column in the same sample group on the same day indicate

significant difference at p<0.05

C: Control candy; KS: Kenger gum-added sugared candy; KSF: Kenger gum-added sugar-free candy; PC:
Phycocyanin; 0, 0.1, 0.3, 0.5: Phycocyanin additive percentage

C C C C C C

PCoO PCo.1 PCO0.5

PC0.3

PCo0.2

PCo0.8
KS KS KS KS
PCO PC0.1 PC03 PCOS

KSF KSF KSF KSF
PC0 PCO01 PCO03 PCO5

Fig. 1 Surface appearance of phycocyanin-free and phycocyanin
added soft confectionery products. C: Control, KS: Kenger gum-added
sugared toffee type soft candy, KSF: Kenger gum-added sugar-free tof-
fee type soft candy. 0, 0.1, 0.2, 0.3, 0.5, 0.8: Phycocyanin additive per-
centage. The additives of 0.2% and 0.8% phycocyanin powder were
added to the control sample only for trial purposes, and then, the ratios
0f 0.1%, 0.3% and 0.5% were kept constant in all productions

any negative effects on the a,, values of the products. It was
ensured that the phycocyanin addition could be included
in the production in ‘powder’ form, and this prevented the
a,, values of the products to go beyond the critical limits
during the storage period. However, it was determined that
the a,, values of the samples in KSF group increased due

to moisture migration after the 90th day due to the use of
sweeteners such as sorbitol and maltitol syrup, which have
high hygroscopicity. The results obtained in similar prod-
uct studies in the literature are consistent with the data in
the present research (Da Silva et al. 2016; Thanusan et al.
2018).

Color analysis results

The surface appearances of all samples are given in Fig. 1,
and the L*, a* b*, and AE values are given in Table 2.
First, considering the phycocyanin-free samples in all three
groups; it was determined that the L* value of the control
toffee sample was the highest, followed by KS and KSF
samples, respectively (p<0.05). A similar result was also
observed in the a* values of the samples (p<0.05). While
the control sample had the highest value in terms of +b*
value (p<0.05), it was determined that there was no statisti-
cal difference between the sugared and sugar-free samples
produced with kenger gum (p>0.05). These results proved
that the confectionery matrix and its compounds were
effective in changing the color parameters (Koohestani et
al. 2019). Depending on the storage time, L*, a*, and b*
values of phycocyanin-free control and KS samples did not
change much, while L* value increased significantly and
-a* and +b* values decreased in phycocyanin-free KSF
sample. In the literature, differences in perceivable color
are analytically classified as very distinct AE>3 (i), distinct
1.5<AE<3 (ii) and small difference AE<1.5 (iii) (Adekunte
et al. 2010). In this context, the AE values of the phycocya-
nin-free control and KS samples were found to be in a small

@ Springer
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difference, while the difference in the perceivable color of
the phycocyanin-free KSF sample was analytically very sig-
nificant (4.63—10.77) (Table 2). According to these findings,
the difference in the color values of phycocyanin-free KS
and KSF samples compared to the control toffee was due
to the use of kenger gum in the production, and the use of
sugar alcohols in the KSF sample had an effect on the color
parameters as well.

Considering the color analysis results of the samples
colored with 0.1, 0.3, and 0.5 g/100 g of powder phyco-
cyanin, it was observed that as the amount of phycocya-
nin increased, the L* values in the samples included in all
groups decreased significantly (p<0.05). While there was
no statistical difference between the L* values of the control
and KSF samples with the same phycocyanin content, the
values were lower in the samples belonging to the KS group
and this situation did not change during storage. However, it
was determined that the L* values of the samples decreased
depending on the storage time in all groups (p<0.05). On
the other hand, the increase in the addition of phycocyanin
increased the a* values of all samples in the negative direc-
tion (greenness), and at 0.5 g/100 g concentration, contrary
to the expectations, the -a* values of the samples decreased
compared to the 0.3 g/100 g concentration. In addition,
it was determined that the -a* values of the colored sam-
ples in all groups increased depending on the storage time
(»<0.05).

In the study, the natural blue color provided by the phy-
cocyanin addition to the samples can be evaluated with the
-b* (blueness) value. As seen in Table 2, it was determined
that -b* values increased in parallel with the increase in the
amount of phycocyanin additive in colored samples in all
groups (p<0.05). According to the results, it was deter-
mined that the -b* values on the first day decreased in the
control and KS samples towards the end of the storage
period, while it increased in contrast to the trend observed
in the KSF samples, which was assumed to be caused by the
different sweetening agents in the formulation (Table 2). In
the meantime, the AE values of the samples belonging to all
three groups increased with the storage time and the greatest
change was observed in the KSF samples.

There is great demand to limit the use of artificial colo-
rants in confectionery products or switch to natural ones
in conjunction with the shift in consumer preferences and
expectations. In this regard, it is stated that stable microal-
gae-based colorants have an important commercialization
potential in the confectionery industry (Konar et al. 2022).
Considering the results obtained in the present study, it was
determined that blue colored phycocyanin, which is a pro-
tein structure compound of microalgae origin, can be used
in conventional toffee type soft candies if the temperature
is controlled by adding it during the pulling step, and thus,

it can preserve its natural blue color for a long time during
storage. However, from a sectoral point of view, homoge-
neous dispersibility of the phycocyanin powder should be
investigated due to the high viscosity of candy mass in the
pulling step. On the other hand, in the new production tech-
nique discovered using kenger gum, phycocyanin can be
successfully used in the process at low temperatures thanks
to the z-blade mixer without any negative effects on its col-
oring capacity and homogeneity concerns.

Texture analysis results

The texture profile analysis (TPA) results of the samples are
given in Table 3. The production of soft confectionery with
optimum hardness value is a critical factor in terms of con-
sumer appeal and sales strategy. In this regard, considering
the hardness results, the values of the phycocyanin-free con-
trol, KS, and KSF samples were determined as 15.039 N,
5.068 N, and 18.387 N, respectively (p<0.05). In a study,
Da Silva et al. (2016) emphasized that chewy candy sam-
ples containing isomalt and maltitol combination had high
hardness, which adversely affected the chewiness and prod-
uct texture, despite having appropriate water activity values.
Similarly, in the present study, the highest hardness values
were obtained in the samples belonging to the KSF group
since the formulation consisted entirely of polyols. How-
ever, it was observed that the addition of phycocyanin did
not cause a difference in the hardness values of the samples
in the same group (p>0.05). In addition, it was determined
that there was a linear increase in the hardness values of
all samples depending on the storage time (p<0.05), which
coincides with previous studies showing that moisture con-
tent plays a pivotal role in determining the hardness of tex-
ture (Delgado and Bafion 2015; Kaur et al. 2023).
Chewiness is the another parameter affecting the prod-
uct appeal in soft candies. Similar to the hardness results,
the highest chewiness values were also in KSF samples,
followed by the samples in the control and KS groups
(»<0.05). It was determined that the use of phycocyanin
did not cause any difference in the chewiness values of the
samples within the groups (p>0.05), however the values
increased depending on the storage period and the highest
results were recorded on the 150th day (p<0.05) (Table 3),
indicating that more energy would be required to chew the
samples (Aggarwal et al. 2022). The cohesiveness values
varied between samples due to differences in the product
formulation (p<0.05). During the storage period, the cohe-
siveness values of the samples decreased in all groups and
KSF samples had the highest values throughout the entire
period (p<0.05). Based on the findings from different prod-
ucts in the literature, some studies indicate that there is a
negative (Clarke and Farrell 2000), positive up to a critical
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point (Tobin et al. 2017), or completely proportional (Zheng
et al. 2016) relationship between the product’s cohesiveness
and moisture content. From this point of view, considering
the current results, it was seen that the cohesiveness values
of the samples in all groups decreased in response to the
decrease in water activity values, which was consistent with
the results of Kaur et al. (2023). As the last parameter, the
highest adhesiveness values were found in the KSF group
(»<0.05) on the first day, while the samples in the con-
trol and KS groups were detected to be similar (p>0.05).
Although there were differences in the adhesiveness value
of the samples depending on the storage, the same trend
was observed at the end of the period and the highest val-
ues were determined on the 150th day in the samples in the
KSF group (p<0.05). In addition to all these, there was no
statistical finding that the amount of phycocyanin addition
had an effect on the cohesiveness and adhesiveness values
of the samples.

Sensory analysis results

Sensory analysis results of all samples during the 5-month
storage period are given in Fig. 2. As shown in Fig. 2a, it
was determined that the color scores of phycocyanin-free
control (PCO0), KS (PCO0), and KSF (PC0) samples changed
between 7.4-6.9, 6.0-6.2 and 6.1-5.5, respectively, during
the storage period. Meanwhile, there was a slight decrease in
scores over time, but no significant difference was observed
in the scores between the samples (p>0.05). The unique
color of the kenger gum and the difference in the composi-
tion of these novel samples compared to the control sample
may have influenced the color scores of the panelists. On the
other hand, the use of phycocyanin as a natural blue colorant
was appreciated by the panelists in all three groups, and as
the amount of phycocyanin additive increased in the formu-
lation, the color liking of the samples increased compared to
the phycocyanin-free samples (p<0.05). It should be noted
that the color scores of all phycocyanin-added samples were
in the high score category (6.7-8.9) throughout the study. In
addition, during the entire storage period, there was no sig-
nificant change in the scores of all colored samples belong-
ing to the all groups (p>0.05), except for a slight decrease
in the scores of KS (PC0.3) and KSF (PCO0.1) samples
(»<0.05) (Fig. 2a).

Considering the taste scores (Fig. 2b), phycocyanin-free
KS and KSF samples were statistically similar in taste but
slightly lower than the control sample. It can be stated that
this situation is caused by kenger gum and squalene, which
have a unique flavor, found in the composition of these two
samples. Apart, it was determined that there was no change
in the taste of all samples belonging to the groups, except
sample C (PC0), during the storage period (p<0.05). It is

known that modifications to the formulation and production
process have a significant effect on the final product’s physi-
cal, textural, sensory, and aroma release qualities (Konar et
al. 2022).

According to the sensory hardness (Fig. 2¢), it was deter-
mined that the samples in the KSF group (5.0-8.4) had the
highest scores during storage, followed by the samples in
the control (3.0-5.7) and KS (1.9-4.8) groups, respectively.
This situation is caused by the significant effect of sugar
alcohols in the formulation of KSF samples on the prod-
uct texture. Depending on the storage period, there was a
gradual increase in the hardness scores towards the end of
the period in all samples belonging to the control and KS
groups, while in the samples from the KSF group, there was
a decrease in sensory hardness scores on the 150th day after
the increase on the 90th day, but it was observed that the
scores in these samples were higher at the end of the storage
period than on the first day (Fig. 2¢) (p<0.05). These results
were closely related to the a,, results of the samples and
were consistent with the data obtained in Table 1. In other
words, the decrease in a,, values of the samples belonging
to the KSF group until the 90th day and the increase on the
150th day had an effect on the sensory hardness results. In
the meantime, the amount of phycocyanin did not alter the
sensory hardness scores of the samples within the groups.

The sensory stickiness scores of the samples in the con-
trol (2.1-4.9) and KS (2.6-5.5) groups were found to be
similar and the highest scores were given to the samples
belonging to the KSF (5.4-8.1) group (Fig. 2d). Accord-
ing to the storage time, the scores of all samples decreased
and this was associated with moisture loss of the samples.
Although these results are seen as an advantage, the use of
additives that stabilize the moisture balance of kenger gum-
added samples may be essential in future studies. On the
other hand, it can be stated that the increase in phycocyanin
concentration did not change the sensory stickiness scores
of the samples within the groups.

Considering the general acceptability scores, first, the
phycocyanin-free KS (5.8-6.5) and KSF (5.2-6.0) samples
were found to be relatively lower than the control sample
(6.7-7.4) (Fig. 2e). It was concluded that the differences in
composition such as kenger gum, squalene and sugar alco-
hols, which were effective factors in other sensorial param-
eters, as well as the instrumental hardness and adhesiveness
values of these novel samples, affected the perception of
the panelists. On the other hand, as the amount of phyco-
cyanin usage increased in all groups, it was determined that
the samples with intensifying blue color density were better
appreciated by panelists and the general acceptability scores
increased. In contrast, there was a decrease in the general
acceptability scores of all samples except for the colored
samples of the KS group and KSF PC0.3 and KSF PC0.5
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Fig. 2 Sensory analysis results of candy samples. C: Control candy;
KS: Kenger gum-added sugared candy; KSF: Kenger gum-added
sugar-free candy; PC: Phycocyanin; 0, 0.1, 0.3, 0.5: Phycocyanin
additive percentage. The bars represent the average values+standard

samples during the storage period (p<0.05). Kaur et al.
(2023) found that all sensory parameters evaluated in toffee
samples decreased consistently as storage time increased.
However, considering that this decrease remained above 5
points on the hedonic scale, it can be stated that the use of
both kenger gum and phycocyanin in toffee type soft candy
production provides high consumption appeal.

Conclusion

In the present study, kenger gum was utilized in the produc-
tion of toffee type soft candy and phycocyanin powder was
added to the samples as a natural blue color source. Within
the scope, various quality analyses were carried out on the
samples during the 5-month storage period at 20+2 °C.
According to the results, it was determined that the

@ Springer
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deviation of the relevant sensory scores. Different capital letters above
the bars indicate statistical significance between different storage times
of the same sample (p<0.05)

differences in the water activity of the samples were due to
the component differences in the formulation rather than the
use of kenger gum. Considering the color analysis results,
adding phycocyanin at low temperature (40 °C) to the
samples using a z-blade mixer provided a great advantage
in terms of pigment stability during storage. In the texture
analysis, KSF samples were recorded as the hardest samples
due to the presence of sugar alcohols in the production. The
use of both kenger gum and phycocyanin in soft candies
was found to be acceptable by the panelists. However, using
various additives such as preservatives, humectants, antiox-
idants, fats, and emulsifiers to increase the product’s appeal
in toffee type soft candy samples with kenger gum should
be investigated, and future studies should focus on the func-
tional characteristics of phycocyanin-added confectionery
products. As a result, it can be stated that kenger gum was
effectively employed in the manufacturing of toffee type
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soft confectionery, and a novel product was introduced to
the sector.
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