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1 | INTRODUCTION

Abstract

The objectives of the study were to evaluate the physicochemical characteristics
of puddings fortified with 0.01% mandarin melon berry (Cudrania tricuspidata) and
0%-1.0% aronia (Aronia melanocarpa) extracts and to assess the effects of the fortifi-
cation on consumer acceptance. The soluble solid content of pudding significantly in-
creased as aronia concentration increased, whereas pH levels significantly decreased
in a similar concentration-dependent manner. The texture profiles of hardness, cohe-
siveness, and chewiness increased significantly in the pudding fortified with 0.01%
mandarin melon berry extract compared to those of the control pudding, and these
profiles decreased with increasing aronia concentration. One hundred consumers
evaluated ten puddings, both with and without acid treatments, in two sessions.
Overall acceptance, taste acceptance, and texture acceptance showed no significant
differences until 0.1% aronia concentration was reached. However, these differences
decreased significantly in the pudding fortified with 0.5% and 1.0% aronia extract.
The results demonstrate that the potential application of mandarin melon berry and
aronia extract fortification in pudding products should be limited to 0.01% mandarin

melon berry and 0.1% aronia concentrations.
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Youn, 2011; Lin, Lee, Chang, & Yang, 1999; Park et al., 2006; Seo
et al., 2000).

Mandarin melon berry (Cudrania tricuspidata) is a member of the
mulberry family and is widespread throughout East Asia. The
mandarin melon berry is a common medicinal ingredient in China
and Korea due to its bioactive constituents, including polypheno-
lic compounds, organic acids, and other phytochemicals (Li et al.,
2020). Studies have reported antioxidant, anti-obesity, anti-in-
flammatory, anti-atherosclerotic, and anti-diabetic properties
related to mandarin melon berry (Jo et al., 2017; Kang, Kim, &

Aronia (Aronia melanocarpa), also known as black chokeberry, is
a deciduous plant of the family Rosaceae and has been cultivated
around North African and Eastern European regions (Wu, Gu, Prior,
& McKay, 2004). Aronia is known to have antioxidant, anti-diabetic,
and antiallergic properties, and the use of aronia in food is being
emphasized (Jeong, 2008; Kulling & Rawel, 2008; Lee et al., 2013;
Li & Jeong, 2015; Malik et al., 2003; Oszmianski & Wojdylo, 2005).
Multiple studies have evaluated the effects of aronia fortification
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on foods such as pork patties, yokan, yogurt dressing, makgeolli, and
muffin (Chung, 2014; Hwang & Lee, 2013; Kim, Joo, & Choi, 2015;
Lee et al., 2014; Park, Kwon, & Moon, 2015).

Although both mandarin melon berry and aronia have gained
interest for their multitude of health benefits, these fruits in their
raw form have distinctive flavors that can be off-putting. Mandarin
melon berry has a sweet and bland taste, which is related to its high
sugar content (16.29 °Brix) and a relatively high pH of 6.5 (Suh,
Jung, Lee, & Lee, 2018). Aronia had 16-18 °Brix total soluble sol-
ids, containing glucose (30-60 g/L) and fructose (28-58 g/L), and a
low pH of 3.6 in freshly pressed juice (Kulling & Rawel, 2008). When
consumed raw, aronia is more astringent and has a more sour per-
ception than sweet, due to its tannin concentration (Oszmianski &
Wojdylo, 2005). Among the multiple factors that contribute to prod-
uct acceptance, sensory stimulations, such as taste, smell, and tex-
tures, play a vital role (Lawless & Heymann, 2013).

The aims of this study were as follows: (a) determine the physi-
cochemical characteristics of ten puddings prepared with mandarin
melon berry extract (0% and 0.01%) and aronia extract (0%, 0.1%,
0.5%, and 1.0%), with and without acid treatment; (b) determine
the sensory acceptance level of the puddings fortified with man-
darin melon berry and aronia extracts. For this study, pudding was
chosen as a food matrix owing to its familiarity among consumers.
Commercial puddings have a high sugar content that contributes
to their sweet taste and high energy density. Pudding samples in
the study had less sugar content than that of commercial puddings,

which may have affected the general acceptance levels.

2 | MATERIALS AND METHODS
2.1 | Sample preparation

Mandarin melon berry and aronia were supplied by Sunchang

Research Institute of Health and Longevity in Sunchang, Jeollabukdo,
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Korea, in 2016. The mandarin melon berry and aronia were frozen
and stored at —20°C until transferred for freeze drying. An extract of
the berry was prepared by adding 50 g of berry powder to 1,000 ml
of deionized water. The supernatant was further freeze-dried to
obtain freeze-dried berry extracts. Fructooligosaccharide, gelatin,
agar, and low-fat milk were bought from the local market in lksan,
Jeollabukdo, Korea. Gelatin (1.3%) and agar (0.1%) were used as gel-
ling agents. Fructooligosaccharide (5%) and citric acid (0.1%) were
used as a sweetener and acidifier, respectively. In the preliminary
experiment, the respondents indicated that the puddings were too
astringent and had a hard texture when the mandarin melon berry
extract content exceeded 0.01%. Furthermore, the aronia extract
content was set from 0.0% to 1.0% due to its strong sourness, as-
tringency, and bitter almond-like smell when the aronia content ex-
ceeded 1.0% in concentration.

The ingredients of the puddings were measured accord-
ing to the ratio given in Table 1. Pudding samples were prepared
based on the method described by Jeong and Kim (2008). Gelatin,
Fructooligosaccharide, citric acid, carrageenan, and agar were dis-
solved in milk before heating up to 60°C. At 60°C, mandarin melon
berry and aronia extracts were added and pasteurized for 10 min at
80°C, poured into the pudding mold, and then cooled down at room
temperature of 25°C. The pudding samples were stored in the refrig-

erator at 4°C until physicochemical evaluation.

2.2 | Determination of physicochemical properties

Total soluble solids of the puddings were quantified by adding deion-
ized water (20 ml) to samples (10 g) and mixing in a shaker ((SHO-2D,
DaiHan Scientific Co.) at the room temperature for 1 hr. Next, the
samples were centrifuged (centrifuge 5810f, Eppendorf) at 3,100 g
for 5 min, and supernatants were collected. The supernatant was then
measured using a digital refractometer (N-1E, Atago, Tokyo, Japan), and

the pH was determined using a pH meter (Corning 530, Corning Inc.).

TABLE 1 Formula of pudding preparations fortified with mandarin melon berry (Cudrania tricuspidata) and aronia (Aronia melanocarpa)

Ingredient (g) Con® MAO0.0 MAO0.1 MAO0.5
Mandarin melon berry 0.0 0.01 0.01 0.01
Aronia 0.0 0.0 0.1 0.5
Sugar 5.0 5.0 5.0 5.0
Acid 0.0 0.0 0.0 0.0
Gelatin 1.3 1.3 1.3 1.3
Carrageenan 0.4 0.4 0.4 0.4
Agar 0.1 0.1 0.1 0.1
Milk 93.2 93.19 93.09 92.69
Total 100 100 100 100

MA1.0 aCon aMA0.0 aMA0.1 aMAO0.5 aMA1.0
0.01 0.0 0.01 0.01 0.01 0.01
1.0 0.0 0.0 0.1 0.5 1.0

5.0 5.0 5.0 5.0 5.0 5.0

0.0 0.1 0.1 0.1 0.1 0.1

1.3 1.3 1.3 1.3 1.3 1.3

0.4 0.4 0.4 0.4 0.4 0.4

0.1 0.1 0.1 0.1 0.1 0.1
92.19 93.1 93.09 92.99 92.59 92.09
100 100 100 100 100 100

3Con: without berry and without acid; MA0.0:0.01% Mandarin melon berry extract without acid; MA0.1:0.01% Mandarin melon berry extract and
0.1% Aronia extract and without acid; MA0.5:0.01% Mandarin melon berry extract and 0.5% Aronia extract without acid; MA1.0:0.01% Mandarin
melon berry extract and 1.0% Aronia extract without acid; aCon: without berry and with acid; aMA0.0:0.01% Mandarin melon berry extract and with
acid; aMAO0.1:0.01% Mandarin melon berry extract and 0.1% Aronia extract and with acid; aMA0.5:0.01% Mandarin melon berry extract and 0.5%
Aronia extract and with acid; aA1.0:0.01% Mandarin melon berry extract and 1.0% Aronia extract and with acid
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Color values of puddings were examined using a spectrophotom-
eter (Color-Eye 3,100, Macbeth) tristimulus color analyzer, which was
calibrated with a white porcelain reference plate with an L* value of
98.75, a* value of -1.02, and b* value of 1.10. The reflectance and chro-
maticity determined the color coordinates of the uniform Hunter color
space L, a¥ and b*. The L* value indicates the brightness ranging from
black (L* = 0) to white (L* = 100). The a* value indicates the redness
ranging from green (-60) to red (60), and the b* value indicates the
yellowness ranging from blue (-60) to yellow (60).

The texture parameters of hardness, cohesiveness, chewiness,
springiness, and adhesiveness of the pudding samples were mea-
sured in triplicate with texture profile analysis (Nishinari, Kohyama,
Kumagai, Funami, & Bourne, 2013) by utilizing the texture analyzer
(Compac-100 I, Scientific). Each pudding was compressed in two cy-
cles, using a cross-head speed of 1.0 mm/s, to 40% of their original
size. This was carried out using a 25 mm diameter cylindrical probe.
The compression of the sample in two cycles reflects two human bites
and addresses hardness (the required force to compress food at the
first bite), representing the peak force of the first cycle. Cohesiveness
reflects that the internal structure of a sample withstands compression
and is calculated as the ratio of work during compression of the second
cycle divided by the first cycle. Chewiness reflects the work required
to chew the solid food to a state in which it is ready to be swallowed
and is calculated as the multiplication of hardness, cohesiveness, and
springiness. Springiness reflects the extent to which compressed food
returns to its original size after the load is removed. It is calculated as
the ratio of the distances of the time to reach the maximum force in
the second compression to the time to reach the maximum force in the
first compression. Adhesiveness reflects the work required to over-
come the attractive forces between the surface of the food and the
surface of other materials, such as teeth, tongue, and palate, and is cal-
culated as the negative area of the first compression.

2.3 | Consumer acceptance

A total of 102 consumers ranging from 20 to 26 years of age (31
males and 71 females) participated. Two consumers returned insuf-
ficient responses and thus have been excluded. Participants were
mostly students who were recruited through e-mail and flyers. The
participants were provided with a gift as an incentive for participa-
tion. They were asked to refrain from smoking and eating at least 1 hr
before the test. The acceptance test was conducted at the sensory
laboratory in the human ecology building of Wonkwang University,
Iksan, South Korea. The consumers participated in two sessions,
which were composed of pudding samples with and without added
acid. The first 50 consumers evaluated 5 pudding samples that con-
tained added acid during the first session and evaluated 5 pudding
samples without added acid after a 5 min break. The remaining 50
consumers evaluated 5 pudding samples without added acid in the
first session and evaluated 5 pudding samples with added acid in the
second session, after a 5 min break. They evaluated the samples at
am (10:00-11:00 a.m.) or pm (3:00-4:00 a.m.) to avoid lunch hours.

Each sample was coded by a different three-digit number to prevent
response bias, and room temperature (20 + 2°C) water was also pro-
vided to rinse the mouth between samples. All samples within each
session were presented in the simultaneous presentation manner,
in a balanced order, based on the mutually orthogonal latin squares
(MOLS) design, which is balanced for k-1 carryover effects, where
k is the number of samples presented to each subject (Wakeling &
MacFie, 1995).

Prior to the evaluation, consumers were given instructions re-
garding evaluation procedures, rinsing method, and rating method
and asked to complete an informed consent form. The consumers
participated in two sessions, one with acid-pudding and the other
without acid-pudding, with one break between sessions. In each
session, participants evaluated the samples for overall acceptance,
followed by acceptance of color, aroma, taste, and texture, using a
9-point hedonic scale anchored on the left with “dislike extremely”
and on the right with “like extremely” (1 = dislike extremely, 9 = like
extremely). Consumers were required to expectorate into a spit cup
with a cap and rinse their mouth with deionized water before the
first sample and between samples. Each session lasted about 20 to
30 min, and the two sessions combined averaged a total of 50 to
60 min.

2.4 | Statistical analysis

XLSTAT software (2015, Addinsoft) was used for statistical analysis.
The data from the physicochemical analyses were analyzed using
analysis of variance (ANOVA), with mean separation using Fisher's
least significant difference (LSD) at a significance level of 0.05.
Ratings of overall acceptance, color acceptance, aroma acceptance,
taste acceptance, and texture acceptance of each sample were ana-
lyzed by analysis of variance (ANOVA), with mean separation using
Fisher's least significant difference (LSD) at a significance level of
0.05. Data visualization was achieved using principal component
analysis (PCA).

3 | RESULTS AND DISCUSSION
3.1 | Physicochemical properties of pudding

Total soluble solids and pH levels of the puddings fortified with man-
darin melon berry and aronia extracts are provided in Table 2. Total
soluble solids of the puddings fortified with aronia increased with
increase in aronia concentration (MA0.0 = 3.83 °Bx, MAO.1 = 4.00
°Bx, MAO.5 = 4.20 °Bx, MA1.0 = 4.40 °Bx; aMAO = 3.60 °Bx,
aMAO0.1 = 3.77 °Bx, aMA0.5 = 3.80 °Bx, aMA1.0 = 3.90 °Bx).
Skupienn and Oszmianski (2007) have shown that soluble solids of
aronia fruits were 24.1 °Bx, and reducing sugar was 19.35 g/100 g
FW. Kulling and Rawel (2008) have also shown that the content of
reducing sugar in fresh aronia berries was between 16%-18% and

the sum of glucose and fructose was between 13-17.6 g/100g FW.
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The pH of the pudding fortified with mandarin melon berry and aro-
nia decreased as aronia concentration increased. It has been shown
that the total content (1%-1.5% of FW) of organic acid in aronia is
relatively low when compared to other berries, and the main organic

acids identified are citric acid and malic acid, with pH 3.3-3.9 (Kulling

The color parameters of pudding fortified with different concen-
trations of mandarin melon berry and aronia extracts are shown in
Table 2. The L* value and b* value of pudding with acid treatment de-
creased with increasing concentration of aronia extract, while the a*
value of pudding increased. Con (control pudding without acid) and
aCon (control pudding with acid) without mandarin melon berry and
aronia fortifications had the lowest a* values of -1.17 and -1.14, re-
spectively. In contrast, MA1.0 (pudding with 0.01% mandarin melon
berry and 1.0% aronia) and aMA1.0 (acid treated pudding with 0.01%
mandarin melon berry and 1.0% aronia) had the highest level of a*
values of 2.30 and 3.20, respectively. Denev Kratchanov Ciz Lojek and
Kratchanova (2012) reviewed the antioxidant activities of aronia in
respect of its major anthocyanins, such as cyanidin-3-arabinoside (94
to 582 mg/100 g), cyanidin-3-galactoside (101 to 1,282 mg/100 g),
cyanidin-3-glucoside (1.7 to 38 mg/100 g), and pelargonidin-3-arab-
inoside (2.3 mg/100 g). The quinoidal blue species are predominant
in acidic conditions at pH 2 to 4; meanwhile, four structural forms of
anthocyanins, such as red flavylium cations, colorless carbinol base,
pale yellow chalcone, and anhydrous quinoidal base, have been ob-
served at pH 4-6 (Castaneda-Ovando, Pacheco-Hernandez, Paez-
Hernandez, Rodriguez, & Galan-Vidal, 2009). Under more acidic
conditions, the amount of red flavylium cations increases, but when
the pH increases the amount of pale yellow chalcone also increase
(Castaneda-Ovando et al., 2009). In this study, a* values (redness) of
each sample increased both as aronia concentrations increased and
with acid treatments to the puddings. The b* values (yellowness) of
each sample decreased with increasing aronia concentrations, related
to the increase of acidic conditions. The b* values were at their high-
est in puddings fortified with mandarin melon berry only (MAQ.O, and
aMAQ0.0), whereas the pudding fortified with 1.0% aronia with acid
(aMA1.0) had the lowest b* values and pH (pH 5.86). This pattern is in
accordance with the findings of the study by Hwang and Lee (2013),
who reported significant decreases in L* values and b* values, as well

as increases in a* values, with the increase of anthocyanin concentra-

The texture profiles of the puddings fortified with mandarin melon
berry and aronia are shown in Table 2. In both the puddings with and
without acid treatment, hardness, cohesiveness, and chewiness sig-
nificantly increased in the puddings treated with 0.01% mandarin
melon berry only (MAOQ.0 and aMAO0.0) when compared to the control
puddings (Con and aCon). A study by Jung Ju Choi You and Noh (2013)
has reported that mandarin melon berry had 9.3 mg% of Fe, which is
higher than 0.4 mg% of Fe in aronia (Kulling & Rawel, 2008). When
added to milk, iron reacts with organic and inorganic phosphates of
casein micelles and causes an increase in aggregation (Broyard &

Gaucheron, 2015). In this study, one of the ingredients of pudding
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preparation was milk, and mandarin melon berry may therefore
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have reacted with the casein micelles in milk and led to increased
values for hardness, cohesiveness, and chewiness. In the puddings
without acid treatments (Con, MA0.0, MAO.1, MAO.5, MA1.0), hard-
ness, chewiness, and adhesiveness were significantly higher than
the puddings with acid treatment (aCon, aMAQ.0, aMA0.1, aMAQ.5,
aMA1.0). Furthermore, hardness, cohesiveness, chewiness, and ad-
hesiveness decreased in a concentration-dependent manner as aro-
nia concentrations increased (p < .05). Another ingredient used in
pudding preparation was gelatin (1.3%) for improving texture profiles.
Gelling of gelatin is correlated to the temperature, sugar content, and
pH level (Djagny, Wang, & Xu, 2001; Gioffre, Torricelli, Panzavolta,
Rubini, & Bigi, 2012). The firmness of gelatin gels with milk protein
was influenced by pH (Pang, Deeth, Sopade, Sharma, & Bansal, 2014).
Li and Gu (2011) has shown that particles of gelatin solution with
pH less than 6.0 had small particle sizes. However, fast increases of
particle size were observed in pH 6.0 and above, results which are re-
lated to weak zeta-potential and a decrease of repulsion among par-
ticles. In this study, the pH values decreased from 6.68 (Con) to 6.45
(MA1.0) in puddings without acid treatment as aronia concentration
increased. In comparison, the pH values decreased from 6.11 (aCon)
to 5.86 (aMA1.0) in puddings with acid treatment. The decreasing
pH in puddings with acid treatments might have resulted in the de-
creasing texture profiles when compared with puddings without acid

treatment.

3.2 | Consumer acceptability

The mean scores of 100 consumers’ ratings of overall acceptance and
acceptances of color, aroma, taste, and texture for puddings forti-
fied with mandarin melon berry and aronia with and without acid
treatments are shown in Table 3. There were significant differences
in overall, taste, and texture acceptance for pudding samples both
without (Con, MAO.0, MAO.1, MAOQ.5, MA1.0) and with acid treat-
ments (aCon, aMAO0.0, aMAO.1, aMAOQ.5, aMA1.0), with aroma ac-
ceptance being the exception to this trend. The scores of color

acceptance significantly increased in puddings fortified with man-
darin melon berry and aronia in concentration-dependent manners.
In contrast, the scores of overall acceptance significantly decreased
in the puddings with more than 0.5% aronia concentration (MAO.5,
MA1.0, aMAO.5, and aMA1.0) compared to the puddings with less
than 0.5% aronia concentration (Con, MA0.0, MAO.1, aCon, aMAO0.0,
and aMAQO.1). The pudding group with acid had slightly higher mean
scores compared to those of the pudding group without acid, under
the same concentration conditions, but the difference was not sig-
nificant. For the puddings fortified with mandarin melon berry and
aronia, a high concentration of aronia (MAOQ.5, aMAO0.5, MA1.0,
aMA1.0) led to a significant decrease in both overall and texture ac-
ceptance, similar to the patterns seen in the texture analysis data.
Furthermore, although the puddings fortified only with mandarin
melon berry (MAO0.0, aMAO.0) showed significantly higher values for
hardness and cohesiveness in the texture analysis, they did not influ-
ence the consumer acceptance test as significantly as the addition of
aronia concentration did (Figure 1).

To examine the consumer acceptance patterns toward the pud-
ding samples, overall acceptance ratings were visualized using PCA
(Figure 2). From Figure 2a, the PCA biplot represented 68.54% of the
total variation (F1 = 46.32% and F2 = 22.23%). All puddings were lo-
cated on the positive side of the F1-axis, but only MA1.0 and MAO.5
were located on the positive side of the F2-axis, both of which ob-
tained lower overall acceptance scores than those of other puddings
(MAO0.0, MAO.1, Con). From Figure 2b, the PCA biplot represented
63.47% of the total variation (F1 = 44.79% and F2 = 18.67%). All
puddings were located on the positive side of the Fl-axis, but the
puddings fortified with low concentration of aronia (MA0.0, MAO.1,
Con) were located on the negative side of the F2 axis. The PCA re-
sults of pudding with acid treatment had shown similar patterns to
those of puddings without acid treatment.

The limitation of this study is that the consumer acceptance
questions did not determine the sensory intensities, such as
sweetness, sourness, and smoothness, to clarify their correlation
with physicochemical characteristics. Therefore, future consumer

TABLE 3 Mean scores for consumer

Overall Color Aroma Taste Texture acceptability of the puddings fortified
Pudding® acceptance acceptance acceptance acceptance acceptance R P y. P g X
with mandarin melon berry (Cudrania
Con 6.2 +1.7° 4.6 +1.3° 5.2+ 1.6° 6.0+2.1° 6.1 +1.8° tricuspidata) and aronia (Aronia
MA0.0 59+ 1.7 5.2 + 1.3° 5.4+ 1.5 57 +1.4° 6.0+ 1.5 melanocarpa) extracts without and with
MAO.1 6.0+ 1.4° 54411 545202 55+15% 59 417% acid treatment
MAO.5 54 +1.5° 5.6+ 1.2 55+1.3° 5.2 4 1.5% 5.6 + 1.7
MA1.0 49+ 1.7 58+ 1.9 5.6+1.7° 49 + 1.6 5.3+ 1.6¢
aCon 6.2+ 17° 4.8+21% 53+ 1.4% 6.0 +1.8° 6.1+1.8°
aMAO0.0 6.0 + 1.6° 51 +2.1“ 5.3 +2.0° 5.8+ 1.8° 6.2+21°
aMA0.1 6.1+1.5° 5.4+ 1.7° 54+14° 5.7 + 2.0° 5.9 + 1.6%°
aMAO0.5 5.5 + 1.5 5.6 +1.8%° 5.5+1.7° 5.5+ 1.9% 5.5 + 1.4
aMA1.0 49 +1.8¢ 57 +1.6%° 5.6+1.8° 5.2 + 1.8 5.2+1.8¢

Note: The same letters present not significantly different values determined by the least significant

difference (LSD) mean separation test between sample group.
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FIGURE 1 Photograph of the pudding fortified with mandarin melon berry (Cudrania tricuspidata) and aronia (Aronia melanocarpa)

without and with acid treatment
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FIGURE 2 Principal component analysis (PCA) biplot of overall acceptance ratings by 100 consumers for puddings fortified with
mandarin melon berry (Cudrania tricuspidata) and aronia (Aronia melanocarpa) extracts without (a) and with acid treatment (b)

acceptance, including attribute intensity with descriptive analysis,
would be helpful to determine attribute characteristics with inten-

sities of products containing berries.

4 | CONCLUSIONS

This study evaluated the physicochemical properties and consumer
acceptance of ten puddings fortified with varying concentrations of
mandarin melon berry and aronia extracts, under conditions with
and without acid treatment. Texture profiles of hardness, cohesive-
ness, chewiness, and adhesiveness significantly increased in the
puddings fortified with 0.01% mandarin melon berry (MAO0.0 and
aMAO0.0) and decreased with increasing aronia concentration. The
consumer acceptance scores showed no significant differences in
the puddings for Con, MAO0.O, and MAO.1 samples. Overall, taste
and texture acceptances decreased in MAOQ.5 and MA1.0, while
color acceptance increased as aronia concentrations increased.
Similar patterns were also observed in the puddings treated with
acid. The results indicate that the application of mandarin melon

berry and aronia extract into pudding products should be limited

to 0.01% mandarin melon berry and 0.1% aronia concentrations to
prevent a significant decrease in overall acceptance. One of the limi-
tations of the study is that there were no significant differences be-
tween the texture and consumer acceptance test results of MAO.O
and aMAQO.0, despite the significant changes in values of texture
analysis. Other limitations of the study include that the sensory dis-
cussions did not clarify the correlation of sensory intensities with
physicochemical characteristics. Therefore, further studies could
be useful in determining optimal mandarin melon berry and aronia
concentrations and the correlation between consumer acceptance

and sensory intensities.
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