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ABSTRACT

This study aimed to investigate the properties of gluten-free puddings, in which antioxidant activity was
enhanced by adding aronia powder and aronia fiber powder. The coconut flour in the control sample was
partially substituted with aronia derivatives at 0.25%, 0.5%, and 1.0% concentrations. Increasing the
substitution levels resulted in a decrease in Brix, L*, and b* values, and an increase in the a* and AE* values,
total phenolic content and antioxidant activity of the puddings (P <0.05). The results obtained showed that
the highest concentrations of aronia derivatives substantially (P <0.05) increased the syneresis index;
however, there were no significant differences at low substitution levels. Besides, aronia derivatives did not
cause a substantial change in the sensory properties of the puddings, except for the consistency in the mouth.
Since coconut flour and aronia were found compatible with each other sensorily, they may be valorized
together in the development of different food products.
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ARONYA TUREVLERI ILE URETILEN GLUTENSIZ PUDINGLERIN
FIZIKOKIMYASAL, DUYUSAL ve BIYOAKTIF OZELLIKLERI

oz

Bu ¢alisma aronya tozu ve aronya lifi tozu ilave edilerek antioksidan aktivitesi artirtlan glutensiz
pudinglerin 6zelliklerini arastirmayt amaclamistir. Kontrol 6rnegindeki hindistan cevizi unu, aronya
tiirevleri ile %0.25, %0.5 ve %1.0 konsantrasyonlarinda kismen ikame edilmistir. [kame seviyesinin
artirllmasi 6rneklerin Briks, L*, ve b* degerinde azalisa, a* ve AE* degeri, toplam fenolik madde
icerigi ve antioksidan aktivitesinde artiga yol agmistir (P <0.05). Elde edilen sonuglar, aronya
tirevlerinin en yitksek konsantrasyonunun sinerez indeksini 6énemli 6lgide (P <0.05) artirdigini;
ancak distik ikame seviyelerinde 6nemli bir farklilik olmadigini géstermistir. Ayrica, aronya tiirevleri
agizdaki kivam disinda, pudinglerin duyusal 6zelliklerinde 6nemli bir degisiklige neden olmamisgtir.
Hindistan cevizi unu ve aronya tirevlerinin birbirleriyle duyusal olarak uyumlu olduklart
bulundugundan, bunlar farkli gida triinlerinin gelistirilmesinde birlikte degerlendirilebilirler.
Anahtar kelimeler: Aronya, hindistan cevizi unu, glutensiz, puding
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INTRODUCTION

Gluten is a protein complex, composed of two
fractions called glutenin and gliadin, which is
found in certain cereals such as wheat, rye, and
batley. It is an important compound that
determines the technological properties of bakery
products thanks to its ability to form a three-
dimensional protein network (de Lorgeril and
Salen, 2014; Smidova and Rysov4, 2022). On the
other hand, there are also some health issues
detived from gluten. According to the
terminology and classification proposed in a
conference held in London in February 2011,
celiac disease (CD), gluten ataxia, dermatitis
herpetiformis, wheat allergy, and non-celiac
gluten sensitivity are the gluten-related disorders
(Sapone et al., 2012; Tovoli et al., 2015). The most
well-known gluten-related disorder, CD, which
has an increasing prevalence rate worldwide, is a
common immune-based disorder triggered by
gluten intake, especially in genetically predisposed
individuals (Gatti et al., 2020). Apart from CD,
there is also an increase in the number of
individuals suffering from non-celiac gluten
sensitivity and wheat allergy (Mansueto et al.,
2014). The treatment that could be applied for
gluten-related disorders is to follow a gluten-free
diet. Except for people who suffer from gluten-
related disorders, there is also a growing increase
in the number of healthy individuals adopting
gluten-free nourishment as a lifestyle (Sabenca et
al., 2021). Therefore, developing gluten-free
products which are acceptable to consumers, and
have gained functional properties, is becoming
the interest of food manufacturers, scientists, and
health professionals dramatically (IKhoury et al.,
2018).

Even though there is not a commonly recognized
definition, functional foods are generally defined
as processed or natural foods that have potentially
positive effects on health when consumed
regularly, beyond basic nutrition. They may
reduce the risk of noncommunicable diseases.
However, to be regarded as functional, their
safety and functionality should be proved by
clinical and experimental trials and should be
compatible with the regulations of the country
(Granato et al. 2020, Alongi and Anese 2021).

One of the most important issues regarding the
functional foods is since they do not heal or
prevent diseases, they should not be qualified as
medications. The most described and studied
functional ingredients are polyunsaturated fatty
acids, probiotics, prebiotics, synbiotics, and
antioxidants (Granato et al. 2020).

Coconut flour is generally obtained by milling the
residue of the coconut which remains after the
extraction of coconut milk and the subsequent
defatting process (Bawalan, 2000; Gunathilake et
al., 2009). According to another procedure, it may
also be produced without the defatting process
(Hopkin et al., 2022). Coconut flour is rich in
dietary fiber, which makes it a potential functional
food (Trinidad et al., 2000), is gluten-free, has a
comparable  protein  content to  wheat
(Ramaswamy, 2014), and is also free of trans-fatty
acids (Adeloye et al., 2020). It can be used in the
production of several products such as bread,
cookies, cake, noodles, and desserts, either alone
or blended with other flour samples up to a
certain level, and as a filler and bulking agent in
the products (Gunathilake and Abeyrathne,
2008).

Fruits in the berries class are known as rich in
phenolic compounds, which exhibit high
antioxidant activity (Oszmiadski and Wojdylo,
2005). In several studies, aronia (Aronia
melanocarpa), known as black chokeberry, has also
been reported to have high antioxidant activity,
which arises from its phenolic compounds
(Oszmianski and Wojdylo, 2005; Gralec et al.,
2019; Meng et al., 2019; Rodriguez-Werner et al.,
2019; Banach et al., 2020). Due to its bioactive
compounds, especially phenolic compounds,
aronia also has antidiabetic, antimutagenic,
hepatoprotective, and  immunomodulatory
properties and may be beneficial for health by
protecting against several chronic diseases such as
heart diseases, cancer, diabetes, etc. (Kulling and
Rawel, 2008; Gajic et al., 2020). Its functional
properties make aronia a good candidate for using
it, its powder, or other derivatives as an ingredient
in foods, juices, and drinks (Du and Myracle,
2018; Rodriguez-Werner et al., 2019; Vidovi¢ et
al,, 2019).
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Several studies on the usage of coconut flour in
the production of bread (Gunathilake et al., 2009),
biscuits (Jiamjariyatam et al,, 2021), cookies
(Paucean et al, 2017; Marikkar et al., 2020),
noodles (Gunathilake and Abeyrathne, 2008),
cake (Hopkin et al., 2022), snacks (Mihiranie et al.,
2017), or breakfast cereal (Okafor and Usman,
2014; Usman and Okafor, 2016) are available.
Coconut flour was generally used as a dietary fiber
source and the compositional, textural, and
sensory qualities of the products were determined
in these studies. It was reported that using
coconut flour up to a certain level depending on
the product type was found advantageous and
feasible. However, no study that valorized
coconut flour as the main thickening agent in
pudding production could be found. On the other
hand, only one study could be found in the
literature that used aronia extract in puddings (Lee
and Choi, 2020), and one used aronia juice
concentrate in agar gels (Jakubczyk and
Kaminska-Dwérznicka, 2021); however, thetre
were no data for total phenolic or antioxidant
activity in these studies. Due to the consumer

demand for healthy foods, the aim in this study
was to produce an acceptable coconut flour-based
gluten-free pudding in which antioxidant activity
was enhanced by the addition of aronia powder
(AP) and aronia fiber powder (AFP) at different

substitution levels.

MATERIALS AND METHODS

Materials

The ingredients used for the pudding production
were: coconut flour (Degirmencibasi, Smart
Kimya, [zmir, Tiirkiye), xanthan gum (Tito, Smart
Kimya, Izmir, Turkiye), freeze-dried aronia
powder (Mor Aronya Gida ve Saglik, Tstanbul,
Thrkiye), aronia fiber powder (100% micronized
organic aronia pulp; Mor Aronya Gida ve Saglik,
Istanbul, Tiirkiye), UHT milk (Icim, Tiirkiye), and
granulated refined sugar (Migros, Turkiye). The
composition of the ingredients specified by the
manufacturers are shown in Table 1. All the
chemicals used for the analysis were of analytical

grade.

Table 1. Nutritional values of the ingredients

Coconut flour AP AFP UHT milk

(3/100g) (8/100g) (3/100) (g/100ml)
Carbohydrate 64.0 73.0 13.61 4.7
-Sugar 18.7 41.0 1.11 N
Protein 19.0 2.5 6.94 3.0
Fat 16.0 1.0 3.61 3.0
-Saturated fat 3.0 0.0 0.28 3.0

Fiber N 19.0 70.0 -

The data given in the table were obtained from the product labels.

N: not declared;

Methods

Preparation of puddings

The composition of the pudding samples is given
in Table 2. All the dry ingredients were added to
the UHT milk, and the mixture was heated with
continuous stirring. Cooking was terminated after
5 min of boiling and cooked puddings were
transferred into small cups before cooling. After
cooling at room temperature, pudding samples
wete stored at 4 °C overnight before analysis.

In preliminary studies, it was determined that
coconut flour was adequate for gelation, however;
xanthan gum was also used in the formulation
since it made the puddings smoother. Since
coconut flour was the primary thickening agent in
the formulation, substituting the coconut flour
with higher AP and AFP concentrations than
1.0% affected the storage stability and consistency
adversely. Therefore, 1.0% was determined as the
maximum inclusion level for both AP and AFP.
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Table 2. The composition of the pudding samples (g/100g)

C AP1 AP2 AP3 AFP1 AFP2 AFP3
UHT milk 81.8 81.8 81.8 81.8 81.8 81.8 81.8
Coconut flour 8.00 7.75 7.50 7.00 7.75 7.50 7.00
Sugar 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Xanthan gum 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Aronia powder - 0.25 0.50 1.0 - - -
Aronia fiber powder - - - - 0.25 0.50 1.0

C, control sample; AP, samples containing aronia powder; AFP, samples containing aronia fiber powder

Physicochemical properties of puddings
Total soluble solids content. The method of Lee and
Choi (2020) was slightly modified for the
determination of total soluble solids. Twenty
grams of sample was mixed with 40 ml of distilled
water and agitated at 130 rpm for an hour at room
temperature. Then the mixture was transferred
into centrifuge tubes and centrifuged (3000 X g, 4
°C) for 20 min (Nuve NF 800R, Ankara, Tirkiye).
The supernatants were filtered through a filter
paper (47 um pore size) and the total soluble
solids content (°Brix) was measured with a
refractometer (RHB-80ATC, USA).

Color. The color of the puddings was measured
using a spectral colorimeter (CHN CS-410,
China) with a D65 illuminant and an observing
angle of 10° and expressed using CIELab
parameters (L*, a*, b* values). A white plate was
used as the calibration standard (IL* = 98.55, a* =
0, b* = 1.32). The measurements for each
formulation were made on five different points of
three puddings. The total color difference (AE*)
between the control pudding (C) and the aronia-
enriched puddings (A) was also calculated using
equation (1) (Baixauli et al., 2008). The formulas
used for calculating the hue angles considering the
different quadrants to express the hue angle as
positive numbers (McLellan et al, 1995) are
shown in equation (2a-c).

AE* = [(L¢" — L") + (ac” —ag")* +
(be" — by")?]Y/? )

15t quadrant (+a*, +b*)
h® = ArcTan(b */a *)

(22)

27 quadrant (-a*, +b*) and 3 quadrant (-a*, -b*)

h° =180 + ArcTan(b */a *) (2b)

4% quadrant (+a*, -b*)
h® = 360 + ArcTan(b */a *)

(20)

Syneresis index. The syneresis index of the puddings
was determined by the method of Valencia et al.
(2016) with some modifications. Pudding samples
of 15 g were weighed into a 50 ml centrifuge tube
and centrifuged at 3000 X g for 30 min at 5 °C.
The syneresis index was expressed as a percentage
by dividing the supernatant weight by the sample
weight.

Storage stability. Ten grams of pudding sample in a
pre-weighed plastic cup was stored at 4 °C for 72
h after being wrapped with aluminum foil. Next,
the leaching water was removed, and the cup was
re-weighed. The ratio of the final weight of the
sample to the initial weight of the sample as a
percentage was evaluated as the storage stability
(Moin et al., 2017).

Total phenolic content and antioxidant
activity of puddings

Extraction of the pudding samples and analysis of
antioxidant activity were done according to the
methods of Sun et al. (2007) with some
modifications. Pudding samples of 10 g were
mixed with 20 ml of 99.8% ethanol, and vortexed
for approximately 30 s until a homogenized
mixture was obtained. Then, the mixture was
centrifuged at 3000 X g for 10 min (Nuve NF
800R, Ankara, Ttrkiye), and the supernatant was
filtered through a quantitative filter paper of 4-7
um pore size. Supernatants were maintained at
—20 °C until the analyses were performed.
Dilutions of the extracts were made with 75%
ethanol, and 75% ethanol was also used as blank.
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Total phenolic content. The extract (250 ul) was
mixed with 1250 pl of Folin—Ciocalteu’s phenol
reagent (10-fold diluted with distilled watet, v/v)
and 1000 ul of 7.5% sodium catbonate and
incubated at 50 °C for 15 min in a datk place,
which was followed by measuring the absorbance
with a spectrophotometer (Shimadzu UV-1800,
Kyoto, Japan) at 750 nm for the determination of
total phenolic content (Ramirez-Maganda et al.,
2015). Results were calculated as mg gallic acid
equivalent/100 g sample by using a calibration
curve (y=11.176x+0.0038, R? = 0.9994)
generated with the gallic acid standard (5-60
mg/L).

DPPH analysis. The DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay was carried out by mixing 2
ml of extract or Trolox standard (6-40 pM) with
350 pl of 0.5 mM DPPH solved in 99.8% ethanol,
and measuring the absorbance value at 517 nm
with a spectrophotometer (Shimadzu UV-1800,
Kyoto, Japan) after 30 min incubation at room
temperature.

ABTS analysis. To perform the ABTS (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid))
assay, ABTSe+ radical, which was generated by
holding the 7 mM ABTS stock solution
containing 2.45 mM potassium persulfate for 12—
16 h at room temperature, was diluted with 99.8%
ethanol to an absorbance of 0.70 * 0.02 at
734 nm. Then, 900 ul of ABTSe+ radical was
mixed with 100 ul of extract or Trolox standard
(10-280 uM), and the absorbance was measured at
734 nm after 6 min from initial mixing.

The scavenging effect was calculated with
equation (3) and using the calibration curve
(y=2.4966%-6.6229, R? = 0.9994 for DPPH, and
y=0.2994x+7.2901, Rz = 0.9998 for ABTS
methods) obtained with the Trolox standard;
antioxidant activity results are given as mg Trolox
equivalent/100 g sample.

Scavenging ef fect (%) = 453 plank—Abssampte 11 () 3

ADS piank

Sensory analysis of puddings
Sensory evaluation was carried out by 13
untrained panelists comprising male and female

undergraduate students and staff in the Faculty of
Engineering at Zonguldak Bilent Ecevit
University; the pudding samples were coded with
random letters. Panelists were asked to grade
puddings with a 5-point hedonic scale ranging
from 1 (dislike extremely) to 5 (like extremely) for
each parameter. The parameters were color, taste,
odor, consistency (both appearance and in the
mouth), and overall appreciation (Gurmeric et al.,
2013; Moin et al., 2017).

Statistical analysis

The effect of the substitution level of AP and
AFP on the response values (Brix, color, syneresis
index, total phenolic content, antioxidant values,
sensory analysis) of the pudding samples was
evaluated. The statistically significant differences
between the pudding samples were analyzed by
performing an analysis of variance (ANOVA) on
data wusing SAS System Software (SAS
OnDemand for Academics). The parameters
determined as significant at the 95% confidence
level were evaluated by Duncan’s multiple range
test. All experiments were performed in three
replicates and the results of the analysis were
given as mean 1 standard error. Pearson’s
correlation coefficients (r) between variables were
determined with Minitab Statistical Software
(Academic version, Minitab Inc. USA).

RESULTS AND DISCUSSION
Physicochemical properties

The total soluble solids content (Brix) and color
values of the pudding samples in which coconut
flour was partially substituted with AP (aronia
powder) and AFP (aronia fiber powder) are
shown in Table 3. Increasing the substitution level
resulted in a decrease in Brix value and the
difference was statistically significant when
compared to the control sample (P <0.05). This
was probably related to the decrease in the
amount of coconut flour in the formulations
including AP or AFP. Distinctly from this study,
Lee and Choi (2020) determined an increase in the
total soluble solids content of puddings with
increasing aronia concentration. However, they
decreased the amount of milk on increasing the
aronia concentration and did not change any
other solid ingredient in their formulation.
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Table 3. Total soluble solids content and color values of pudding samples.

Brix (°Bx) L* a* b AE* h*
C 783 +0.17 8661*+044 0.779%003 11.86* * 0.09 - 9371 £ 0.15
APl 7000 £000 73.01b+0.11 418004  324c+005 1685 £0.10  37.779 % 0.38
AP2  657°£0.07 654794019 546 +£0.08 108 £0.06  24.549+025 1117+ 0.60
AP3 6500000 5850°+0.09 64204006  -1.10:£003 3178 +0.10  350.272 + 0.29
AFP1  7.00b £0.00 6875+ 0.19 435004 3570 +£0.04 2035027  39.36¢ + 0.34
AFP2  6.67<£0.17  60.39¢+023 5566 £0.06 24094005 2858054  23.36¢ £ 0.39
AFP3 657007 51.9464022  6400+0.04  131¢£0.03 3694+ 051  11.57°%0.23

C, control sample; AP1, AP2, and AP3, samples containing 0.25%, 0.5% and 1.0% aronia powder, respectively; AFP1, AFP2,
and AFP3, samples containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively. Results are given as mean * standard

€error.

Means with a different superscript letter within a column indicate significant differences (P < 0.05) among the samples.

The L*, a*, and b* values represent darkness—
lightness (from 0 to 100), greenness—redness
(from negative to positive), and blueness—
yellowness  (from negative to  positive),
respectively (Durmus, 2020). The addition of
increasing levels of AP or AFP made the
puddings darker (P <0.05) and caused an increase
in the redness (P <0.05) and a decrease in the
yellowness (P <0.05) of the puddings. The results
were similar to the findings of Lee and Choi
(2020), who observed lower L* and b*, and higher
a* values with an increasing concentration of
aronia extract. It was observed that the effect of
AFP on the datkness of the puddings was
substantially larger (P <0.05) than that of AP, and
the yellowness of the AFP-containing puddings
was higher (P <0.05) at the same substitution
level.  According to the manufacturer’s
declaration, AP is produced by grinding the
freeze-dried whole fruit. On the other hand, AFP
is produced by drying and grinding the remained
aronia pulp at a low temperature after the fruit
juice is obtained. The darker color for AFP-
containing puddings probably arose from drying
process applied. Chen and Martynenko (2018)
also determined lower L* values for blueberry
leathers dried from two different purees using
forced air drying compared to the freeze-drying
method. The color difference of the puddings was
statistically significant (P <0.05) and increased
with an increasing AP or AFP concentration. It
was determined that AFP is more effective than
AP in increasing the color difference. The red
color is represented by the hue angles of 0° and
360° while the yellow, green, and blue colors are
represented by the 90°, 180°, and 270°,
respectively (Milovanovic et al., 2020). The hue

angles are given in Table 3. These values showed
that the control sample had a yellowish color
while AP and AFP-containing samples had
reddish colors. Images of the pudding samples are
given in Figure 1.

The results for the syneresis index of puddings are
shown in Figure 2. The control sample showed no
syneresis. However, syneresis was observed for
AP- and AFP-containing samples, probably due
to the decrease in starch and fiber content, which
was caused by lowering the amount of coconut
flour. The effect of AP and AFP at lower
concentrations (0.25% and 0.5%) on the syneresis
index of puddings was not statistically significant
and could be considered as negligible. On the
other hand, the syneresis indices were calculated
as 6.20% and 12.14% for AP- and AFP-
containing samples at the concentration of 1%,
respectively (P <0.05). Puddings are generally
known as milk protein-based starch paste (Lim
and Narsimhan, 2000). The reorganization of the
starch or retrogradation during gel or paste
formation is the main cause of syneresis (Ribotta
etal., 2012) and the syneresis phenomenon occurs
as a result of the loss of unbound water (da Silva
Costa et al, 2020). According to the
manufacturer’s declaration on the packages, the
fiber content of AFP is approximately 3.7-fold
higher than that of AP, and AP contains 2.6-fold
more sugar (Table 1). AFP was expected to bind
water more than AP due to its fiber content.
However, the higher sugar content of AP might
have prevented starch retrogradation to some
extent (Dello Staffolo et al., 2017), thus giving
more positive results in terms of syneresis.
Moreover, it has also been reported that
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chokeberry fiber increases the syneresis in  pootly soluble and its tannins may precipitate
fermented milk samples since its dietary fiber is ~ proteins (Szajnar et al., 2021).

AP3

CONTROL

‘

AFP1 AFP2 AFP3

Figure 1. Pudding samples after held in a refrigerator overnight. AP1, AP2, and AP3, samples
containing 0.25%, 0.5% and 1.0% aronia powder, respectively; AFP1, AFP2, and AFP3, samples
containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively.

14.000
12.138 a

12.000
10.000
8.000

6.258b
6.000

Syneresis (%)

4.000 3.157bc
1.409C 1.693C 1.706 €

osone ooy —

C AP1 AP2 AP3 AFP1 AFP2 AFP3
Pudding samples

2.000

0.000

Figure 2. Syneresis index of pudding samples. Different lowercase letters shown with mean values
represent significant differences (P <0.05). AP1, AP2, and AP3, samples containing 0.25%, 0.5% and
1.0% aronia powder, respectively; AFP1, AFP2, and AFP3, samples containing 0.25%, 0.5% and 1.0%

aronia fiber powder, respectively.

249



250

F. Erem

Good storage stability is an important indicator to
obtain preferable puddings (Lim and Narsimhan,
2006). While syneresis is calculated depending on
the water released from samples under centrifugal
forces, storage stability is calculated according to
the water expelled from a paste after refrigeration
or the freeze—thaw cycle (Moin et al., 2017). The
storage stability of the puddings was determined
after 72 h storage at 4 °C. For each formulation,
three different cups were used for the analysis.
After storage, free water was observed only in one
cup for AP3 and AFP2, and in two cups for
AFP3. The storage stability was calculated as
3.2%, 3.1%, and 4.2% for the mentioned samples,
respectively, and the pudding samples could be
considered to have good storage stability.

Total phenolic content and antioxidant
activity of puddings

The total phenolic content and antioxidant
activity results of the pudding samples are shown
in Figure 3. It was found that increasing the
concentration of AP or AFP increased the total
phenolic content and antioxidant activity of the
samples significantly (P <0.05). In addition, the
effect of AP on the mentioned values was higher
than that of AFP. AP3 was determined to have
the highest total phenolic content and antioxidant
activity (with both DPPH and ABTS methods)
among the others (P <0.05), with values of 23.77
1 0.66 mg GAE/100 g sample, 26.91 £ 0.17 mg
TE/100 g sample, and 37.18 + 2.42 mg TE/100
g sample, respectively. AP3 was followed by
AFP3 > AP2 >AFP2 > AP1 > AFP1 > C in
terms of total phenolic content. However, there
were no significant differences between AFP3
and AP2, or between AFP2 and AP1. This result
shows that pudding samples had the statistically
same total phenolic content when using AP at half
the concentration of AFP. In terms of antioxidant
activity determined by the DPPH method, the
order of samples was AP3, AFP3, AP2, AFP2,
AP1, AFP1, and C from highest to lowest value.
The order is also the same according to the ABTS
method; however, the effect of AP and AFP on
antioxidant activity was determined to be
statistically the same at 0.25% and 0.50%
concentrations.

The heat application in food production is the
main handicap to obtaining products rich in
antioxidant activity due to the sensitivity of
phenolic compounds to heat (Albuquerque et al.,
2021); even so, AP or AFP addition resulted in a
remarkable increase in the antioxidant activity of
the puddings. There were no data for total
phenolic or antioxidant activity of aronia-
enriched puddings in the literature; however, the
antioxidant activity of bakery products (bread,
mini baguette, and biscuit) fortified with aronia
has been reported to range between 19.1 and 34.2
mg TE/100 g (Catana et al., 2018). Lee and Choi
(2016) and Lee and Yoon (2016) found elevated
scavenging activity for cookies incorporating an
increasing level of AP.

The relationship between total phenolic content,
antioxidant activity, aronia concentration, and
color wvalues was evaluated with Pearson’s
correlation (Table 4) and the correlations were
found to be strong for both AP- and AFP-
containing puddings. It was observed that total
phenolic content was highly correlated with
antioxidant activity (P <0.01), indicating that the
phenolic compounds in the pudding samples
were the primary sources of antioxidant activity.
Furthermore, DPPH and ABTS results were also
positively correlated with each other (P <0.01).
The correlation coefficient between total phenolic
content and the DPPH test of aronia berries in
different stages of development determined by
Gralec et al. (2019) (r = 0.7) shows them to be
positively correlated.

Correlation analysis revealed that there was a
strong relation between color values and other
parameters  (total phenolic content and
antioxidant activity). L* and b* values were
negatively correlated with other parameters, while
a* values were positively correlated. Comert et al.
(2020) reported that the color of fruits and
vegetables is compatible with their antioxidant
content, and fruits and vegetables containing
higher amounts of anthocyanins and total phenols
also have a high antioxidant content. They also
found that most fruits and vegetables whose hue
values are above 180° and below 20° have high
antioxidant capacity. When considering the hue
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angles (Table 3) and antioxidant activity values
(Figure 3) together, the results are consistent with
the findings of Comert et al. (2020).
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Figure 3. Total phenolic content and antioxidant activity of pudding samples. Different letters for the
same-colored bars refer to significant differences (P <0.05) among the samples. AP1, AP2, and AP3,
samples containing 0.25%, 0.5% and 1.0% aronia powder, respectively; AFP1, AFP2, and AFP3,
samples containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively.

Table 4. Pearson’s correlation coefficients

Concentration TPC DPPH ABTS L* a*
TPC 0.973*
DPPH 0.991* 0.967*
Aronia  ABTS 0.965* 0.950* 0.965*
Powder L -0.949* -0.919* -0.950* -0.890*
a* 0.860* 0.832* 0.862* 0.795* -0.974*
b* -0.878* -0.851* -0.880* -0.816™ 0.980** -0.998*
TPC 0.931*
Aronia DPPH 0.978* 0.919*
Fiber ABTS 0.964* 0.878* 0.978"
Powder L* -0.936* -0.859* -0.953* -0.982*
a* 0.842 0.768" 0.868" 0.932 -0.975*
b* -0.807* -0.729* -0.831* -0.908* 0.957* -0.996*

TPC:Total Phenolic Content; DPPH:2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2"-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)

TAP or AFP concentration in the formulation of puddings.

“The correlation is statistically significant (P <0.01)
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Sensory analysis

Consumer demand for nutritious and functional
foods, especially those high in antioxidant activity,
has been growing day by day. However, one of
the primary properties that affect consumers’
acceptance of a food is its sensory characteristics.
The sensory properties of pudding samples are
shown in Table 5. Although the panelists did not
know the ingredients of the puddings at first,
except for the aronia, they all perceived the
coconut from its distinct flavor. According to raw
data, control sample had the highest odor score
probably due to this distinct and well-known
flavor. As noted above, coconut flour was the
primary thickening agent, and replacing the
coconut flour with AP and AFP, especially at
higher concentrations, probably decreased the
starch and dietary fiber content. The effect of this
decrease was observed on the syneresis and
storage stability of the puddings. Therefore, the
control sample was expected to have the highest
consistency score. However; no significant
differences were observed for the consistency of
the appearance while AP-containing samples were

determined to have the highest scores in terms of
consistency in the mouth. Although there were no
statistical ~ differences between the pudding
samples except for the parameter consistency in
the mouth, AP-containing samples were liked
more than AFP-containing samples. Addition of
1% AFP caused a substantial decrease in the
consistency score (P <0.05); however, all the
samples were found acceptable by the panelists.
The panelists expressed that coconut flour and
aronia were compatible with each other and they
could buy all the puddings in case of being
commercial products. Considering the overall
appreciation of raw data, AP3 was the most
preferred sample, which differs from the results
of Lee and Choi (2020) who reported that the
overall acceptance score of the puddings was
decreased for samples containing more than 0.5%
aronia extract. Probably, since coconut flour
repressed the astringency of aronia, puddings
containing AP and AFP at concentrations of 1%
were also liked.

Table 5. Sensory analysis results of pudding samples.

Color Taste Odor Consistency Ove'ral.l

Appearance In mouth appreciation
C 392+£0.33 385%+0.27 385%+0.19 377%£032 3.69+024 3.62%0.29
AP1 3621029  392+024 3.69%+021 3.69%0.18 4.000 £ 0.23 4.00 £ 0.20
AP2 400=*£0.25 3.69%+029 377£0.17 3.69£0.18 3.852+ 0.25 4.08 + 0.24
AP3 4151022 4151025 3771017 3921014  4.00:+0.25 423+ 0.26
AFP1  3.69%026 3.62%+0.18 3.62+024 354%£024 331+029 3.62%0.18
AFP2 3541027 339+027 331+031 339+027 339 +031 354+£027
AFP3  415+0.22 323+034 3.69+024 4.00=*0.23 292>+ 0.37 354 £0.35

C, control sample; AP1, AP2 and AP3, samples containing 0.25%, 0.5% and 1.0% aronia powder, respectively;
AFP1, AFP2 and AFP3, samples containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively. Results
are given as mean ¥ standard error.
Different letters in a column refer to significant differences (p<<0.05), which were observed just for consistency

in mouth.

CONCLUSION

Consumers show growing interest in functional
foods and gluten-free foods for health problems
or just aiming for healthy nutrition. Consumer
demands for healthy foods have impelled experts
to develop novel food products. In this study,
gluten-free puddings prepared with coconut flour
were evaluated as a control sample and their
antioxidant activity was enhanced by substituting

the coconut flour with AP or AFP. Although all
samples were acceptable sensorily, puddings with
added AP were more preferable. Aronia or its
derivatives (powder, extract, etc.) when used at
the right concentrations could be good
ingredients to develop different food products
high in antioxidant activity without affecting the
product negatively. Future studies could be done
intended for determining the shelf-life of the
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puddings. Microbiological analyses, textural and
rheological measurements in addition to
compositional and physicochemical analyses
could be carried out for this purpose. Moreover,
performing in vitro bioaccessibility studies could

be beneficial.
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