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Abstract

The effect of fat content and added yoghurt, honey and pomegranate juice concentration on the overrun, and the
physicochemical, rheological and sensory properties of frozen yoghurt samples was investigated, aiming in the
production of a novel low-fat and functional dairy fermented frozen dessert. For this purpose, the methodology
of mixture experiment was applied to twenty samples, while a control sample (without using honey and
pomegranate juice) was also produced. According to the results, the increase in yoghurt concentration resulted in
increasing pH, overrun, brightness, elastic modulus (G7) determined at -2 °C and sensory hardness of the
samples, while it reduced color parameters a* and b*, creaminess, sweetness and fattiness. Increasing honey
concentration reduced lactic acid concentration, G at -2 °C, hardness, sensory acidity, and to a lesser extent pH,
while increased color parameter b*, overrun, sensory color intensity, creaminess, sweetness, and fattiness of the
samples. The increase in pomegranate juice concentration resulted in decreasing pH, brightness and b*, as well
as increasing a*, color intensity, creaminess and sensory acidity. Finally, fat, by interacting with one or two of
the three constituents (yoghurt, honey and pomegranate juice), decreased pH, creaminess and fattiness, while
increased lactic acid concentration, b*, color intensity and to a lesser degree the overrun level of the samples.
Overall acceptability of the samples indicated that it is possible to use honey and pomegranate juice in the
production of low-fat frozen yoghurt with favorable sensory properties.
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1. Introduction

Yoghurt, a fermented dairy product, is known for its health promoting properties and its high nutritional value.
The increased value of yoghurt, when compared to milk, is due to the presence of beneficial bacteria and specific
bioactive compounds. These ingredients, together with the nutritional profile of yoghurt, make it a particularly
important dairy product, which is widely accepted worldwide and associated with a healthy diet (Tamime &
Robinson, 2007; Fernandez et al., 2017).

Ice cream is a dairy product that is consumed as an ice cream dessert and is prepared by freezing the ice cream
mixture, with constant stirring (Deosarkar et al., 2016). It contains dairy and non-dairy ingredients (including
sweetening agents) (Goff & Hartel, 2013) and is proposed as an effective means of growth of probiotic
organisms (Cruz et al., 2009). It is of great value, as it contains high quality protein and calcium, which is easily
assimilated by the body. Today, ice creams of a wide variety of flavors are available (Deosarkar et al., 2016).

Frozen yoghurt is a complex dairy fermented frozen dessert. The increasing interest in frozen yoghurt is due to
its desirable properties, as well as its nutritional value. It combines the cooling effect of ice cream with the
sensory and nutritional properties of fermented milk products (Tamime & Robinson, 2000; Pinto et al., 2012).

Consumers trends for a healthier diet has turned researchers interest in developing functional dairy desserts with
low-fat content that are sugar-free and are further enriched with nutritional-functional additives.

Honey is a natural sweetener that can substitute sugar in many dairy products (Dimitreli et al., 2019; Sarkar &
Chandra, 2019), including frozen yoghurt, the use of which has not been reported so far. Honey has been used
since ancient years due to its nutritional and therapeutic properties. Among other things, honey plays an
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important role as an antioxidant, anti-inflammatory and antibacterial agent (Meo et al., 2017).

Frozen yoghurt may contain numerous flavoring agents including fruit juices. Pomegranate is very popular, due
to its biological effects, as it contains phenolic compounds, which account for strong antioxidant activity and
specific physiological functions (antitumour, anti-inflammatory) (Gil et al., 2000; Karimi et al., 2017).
Pomegranate juice have been used in many dairy and no-dairy beverages (Dimitreli et al., 2019), however, its
use in frozen yoghurt has not been reported yet.

Therefore, the aim of the present work was to evaluate the effect of yoghurt concentration, honey and
pomegranate juice addition, as well as fat content on the physicochemical, rheological and sensory properties of
frozen yoghurt samples. The idea for this project came from the need to develop a functional low-fat, sugar-free,
dairy dessert, which would combine the high nutritional value of yoghurt and the appealing characteristics of ice
cream. For this reason, honey was used, instead of sugar, as a sweetening agent, while the nutritional value of the
product was further enriched with the addition of pomegranate juice.

2. Materials and Methods
2.1 Materials

Semi-skimmed (1.5% fat) pasteurized and homogenized bovine milk, milk cream, milk powder, pine honey,
pomegranate juice and bottled water were purchased from the local market. For the preparation of pomegranate
juice, the fruits are washed, drained, cut up and finally pressed. The extracted juice is filtered, pasteurized at
72 <C for 15 s and then packaged. Commercial Direct Vat Set type starter culture, consisting of Lactobacillus
delbrueckii subsp. bulgaricus ko Streptococcus thermophilus (Jointex X3, Dosi 4; CSL Centro Spermentale, de
Latte S.P.A, Zelo Buon Persico, Italy), and stabilizer (Cream Gold 50, Technoblend, Zona industrial JESCE sn,
Matera, Italy) were also used for yoghurt and frozen yoghurt samples production, respectively.

2.2 Preparation of Yoghurt

The milk was heat treated at 95 <C for 5 min with constant stirring, cooled to 42 <C, inoculated with the starter
culture (according to the manufacturer's instructions) and incubated at 42 <C for about 6 h until the pH reached 4.6.
Following fermentation, the yoghurt was cooled to room temperature (approximately 20 °C), stirred and placed at
4 <C for 24 h before further using.

2.3 Frozen Yoghurt Samples Production

The chemical composition of the raw materials used for frozen yoghurt production is given in Table 1. The
preparation of the frozen yoghurt samples was based on the design of the mixture experiment, presented in Table
2. The amounts of the ingredients added (per 110 g of sample) ranged from 57 to 80 g for yoghurt, 6 to 18 g for
honey and 0 to 15 g for pomegranate juice. Fat content was adjusted at two different percentages (levels) 1% and
3%. The final proportion of the ingredients of the ice cream mixture (Table 3) was obtained by taking into
account the chemical composition of the raw materials (Table 1) (yoghurt, milk cream, skimmed milk powder,
honey) and the following equation that calculates the milk solids-not-fat content of each sample (honey
concentration was expressed in dry basis):

Milk solids-not-fat (%) = [100 - (Fat % + Honey % + Stabilizer %)] / 7 1)

where Fat % is the final fat content of the samples, Honey % and Stabilizer % are the percentages of the
ingredients added in the ice cream mixture. Equation 1 calculates the milk solids-not-fat that contribute to the
freezing point depression, as a function of fat and non-dairy ingredients (sweetening agents, stabilizers)
concentration, so as a balance of the ice cream mixture to be achieved.

For the needs of the experiment an additional sample (control) was prepared using sugar, as a sweetening agent,
instead of honey (Table 3). Stabilizer was added at a percentage of 2.5% to all frozen yoghurt samples.

The ingredients of the ice cream mixture were mixed in the following order: water and milk cream were first
mixed and heated at 50 °C. The milk powder and the stabilizer were then added with simultaneous stirring until
dissolve. The honey was incorporated into the mixture, which was then heat treated at 72 °C for 10 min and
cooled to ambient temperature before yoghurt and pomegranate juice addition. The ice cream mixture was then
placed at 4 °C for 24 h. Following ripening, the mixture was frozen at —6 °C under continuous stirring, using a
laboratory ice cream maker (Grand Gelato GIRMI). The frozen yoghurt samples were packaged into 200mL
plastic cups and stored at —18 °C until further analysis. For oscillatory testing, the samples were placed into
special made containers (see 2.6 subsection). Frozen yoghurt samples were produced in duplicate.
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2.4 Physicochemical Analysis

Physicochemical analysis of the frozen yoghurt samples involved pH (using a laboratory pH meter, GP353 ATC,
EDT Instruments, Kent U.K.), acidity (expressed as lactic acid concentration %, AOAC, 1998) and color
determination using a tristimulus colorimeter (Micro Color LMC, Dr. Bruno Lange GmbH, Dusseldorf,
Germany). The color components evaluated were L* (brightness), a* (+ red to — green component) and b* (+
yellow to — blue component) of the CIE Lab scale (Hunter Lab format). Physicochemical measurements were
conducted in triplicate.

Table 1. Chemical composition of the raw materials used for the production of frozen yoghurt
Dry matter (%) Fat (%)

Raw materials

Yoghurt 10.10 1.4
Milk cream 40.50 35.0
Skimmed milk powder 82.10 0.8
Honey 82.74 -

Pomegranate juice 13.30 -

Table 2. The mixture experiment design

Sample Yoghurt (g)* Honey (g)* Pomegranate juice (g)* Fat (%)

1 80.0 6.0 4.0 1.0
2 69.0 6.0 15.0 1.0
3 57.0 18.0 15.0 1.0
4 80.0 10.0 0.0 1.0
5 72.0 18.0 0.0 1.0
6 71.6 11.6 6.8 1.0
7 75.8 8.8 5.4 1.0
8 70.3 8.8 10.9 1.0
9 64.3 14.8 10.9 1.0
10 71.8 14.8 3.4 1.0
11 80.0 6.0 4.0 3.0
12 69.0 6.0 15.0 3.0
13 57.0 18.0 15.0 3.0
14 80.0 10.0 0.0 3.0
15 72.0 18.0 0.0 3.0
16 71.6 11.6 6.8 3.0
17 75.8 8.8 5.4 3.0
18 70.3 8.8 10.9 3.0
19 64.3 14.8 10.9 3.0
20 71.8 14.8 3.4 3.0

* The amount of each component (except fat) is expressed as g / 110 g of sample

2.5 Overrun Determination

The overrun of the frozen yoghurt samples was calculated, as described in Goff and Hartel (2013), according to
equation 2.

Overrun %=[(W; — W,) / W,]><100 2
where W1 is the weight of the ice cream mixture and W, the weight of the same volume of ice cream.
2.6 Rheological Measurements

Rheological measurements of the frozen yoghurt samples were performed, using a DMA rheometer (Bohlin
C-VOR 150, Malvern Instruments, Ltd, Worcestershire, UK), over a temperature range of —2 °C to 30 °C,
stimulating the conditions that the sample melts into the mouth. A Peltier plate system (-30 to + 180 °C),
adapted to the rheometer, was used for temperature control. Rheological measurements were conducted in
triplicate.

For oscillatory testing a serrated plate and plate geometry was used in order to avoid slip effects. The upper plate
that had a diameter of 40 mm was lowered toward the upper surface of the sample which was placed into
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specially made aluminium containers (10 mm height and 40 mm diameter). The height of the samples inside the
containers was approximately 2000 pm. A strain deformation of 1.5 x 10°, which was within the linear
viscoelastic region, at a frequency of 1 Hz was applied and the elastic (G”) and viscous (G"”) moduli of the
samples over the set temperature range were recorded. From the derived mechanical spectra, the G™and the loss
tangent (tan 3) at —2 °C and 28 °C were obtained.

The apparent viscosity of the samples was determined using a plate and cone geometry. Particularly, the
instrument was equipped with a 4stainless steel cone that was lowered to the measuring position set at a 150
um gap, after the sample was placed between the cone and the parallel plate-base of the rheometer. The applied
strain was 40 s™ (corresponding approximately to the strain applied to the sample during swallowing) (Omar et
al., 1995). The apparent viscosity at —2 °C and 28 °C was obtained.

Table 3. The final ratio of the ingredients of the ice cream mixture (in g), corresponding to each sample (total
mass: 100 g)

Sample Milk  Yoghurt Water Honey Pomegranate Skimmed milk Stabilizer

cream Juice powder
1 - 72.8 8.6 6.6 3.6 5.9 2.5
2 0.3 62.8 7.4 6.6 13.7 6.7 2.5
3 0.9 51.9 5.3 19.7 13.7 6.0 2.5
4 - 72.8 8.3 10.9 - 5.5 2.5
5 0.3 65.5 7.0 19.7 - 5.0 2.5
6 0.3 65.2 7.3 12.7 6.2 5.8 2.5
7 - 69.0 8.1 9.6 4.9 5.9 2.5
8 0.3 64.0 7.4 9.6 9.9 6.3 2.5
9 0.6 58.5 6.4 16.2 9.9 5.9 2.5
10 0.3 65.3 7.2 16.2 3.1 5.4 2.5
11 5.7 72.8 3.4 6.6 3.6 5.4 2.5
12 6.0 62.8 2.4 6.6 13.7 6.0 2.5
13 6.6 51.9 0.3 19.7 13.7 53 2.5
14 5.7 72.8 3.3 10.9 - 4.8 2.5
15 6.0 65.5 1.9 19.7 - 44 2.5
16 6.0 65.5 2.2 12.7 6.2 5.2 2.5
17 5.7 69.0 3.0 9.6 4.9 53 2.5
18 6.0 64.0 2.4 9.6 9.9 5.6 2.5
19 6.3 58.5 1.3 16.2 9.9 53 2.5
20 6.0 65.3 2.2 16.2 3.1 4.7 2.5

Sample 21/ Control sample: Milk cream: 0.3 g; Yoghurt: 65.5 g; Water: 10.3 g; Sugar: 16.4 g; Pomegranate juice:
0.0 g; Skimmed milk powder: 5.0 g; Stabilizer: 2.5 g.

2.7 Sensory Analysis

The sensory analysis design was a randomized balanced incomplete block design (BIB), which is characterized
by the following parameters: t = 21 treatments (samples), k = 5 treatments assessed by each panelist, b = 21
panelists, n = 5 replicates of each treatment in the design and A = 1 pair of similar treatments. The design in
question was carried out twice, so that totally 42 samples (including the control sample) were assessed by the
panelists.

The sensory profile of the samples was evaluated by determining seven objective sensory variables (intensity of
color, hardness, creaminess, intensity of typical yoghurt taste, sweetness, acidity and fattiness) and one
subjective / “hedonic” variable (overall acceptability of the product). Trained panelists were asked to express
their opinion for each sample and variable by ticking on an unstructured linear scale, whose length was 15 cm
and whose left end (0 cm) was assigned as “not at all intensive” and the right end (15 cm) was assigned as “very
intensive”, except for the intensity of color (whose left end was assigned “very pink”, its center was assigned “no
color-white” and its right end was assigned as “very yellow-brown”). Both the order of the panelists and the
sequence of the samples on each plate were previously randomized to avoid statistical bias.

Prior to the analysis, the samples were placed into cups made of Styrofoam, at a temperature range between —10
°C and -6 °C. Additionally, bottled water in a plastic glass was provided to each panelist in order to clean his
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palate during the time period between the samples.
2.8 Statistical Analysis

In the context of the statistical analysis, a mixture experiment design was utilized. Thirteen statistically
significant response variables were analyzed and additionally three design variables / factors (yoghurt, honey and
pomegranate juice) and one process variable (fat) were included in the design. Each response variable was
regressed against the design variables and the process variable by applying the special cubic polynomial model,
which is the most suitable model regarding the mixture experiment designs. All the terms were subjected to the
forward selection model and only the statistically significant terms (including the factors which are always used)
were included in the final equations. Reliability and validity of the regression equations were evaluated by
observing the determined (R?), the adjusted (Rzadj) and the predicted regression coefficients (Rzpred) and the lack
of fit test value (P > 0.05), respectively. It should be noted that the coefficients R* and R?q should differ by a
percentage lower than 20 % in order to ensure an adequate reliability of the model.

In addition, main effect plots (corresponding to the process variable), contour plots and Cox response trace plots
corresponding to the response variables were utilized to examine the particular trends that are developed between
the response variables and the factors.

Finally, the method of MaxDiff was used, so as to find the most acceptable samples according to panelists’
preference, and a proportion preference (Best-Worst scaling) for all treatments was derived.

3. Results and Discussion

The mean values of the physicochemical characteristics and overrun are shown in Table 4, while the mean values
of the rheological and sensory properties are presented in Tables 5 and 6, respectively. Based on the results of the
forward selection, reducing models in the form of polynomial equations were formed (Table 7).

Table 4. Mean values of the physicochemical properties and overrun of the frozen yoghurt samples

Sample pH Acidity (% lactic acid) L* a* b* Overrun (%)
1 496 1.075 78.745 0.270 8.920 33.75
2 468 1.180 73.115 3.145 7.370  35.75
3 4.76 1.000 67.100 3.120 10.100 40.60
4 499 0.850 88.355 —2.490 13.045 37.70
5 511 0.495 84.070 —1.940 15.210 39.95
6 4.86 0.920 74.280 1.220 9.230 36.55
7 497 0.720 77.295 0.810 9.080 35.35
8 457 1.005 74.645 1.850 8.210 36.40
9 475 1.045 72.820 1.900 9.625 38.00
10 4.94 0.920 75.185 0.260 10.850 37.15
1 501 0.925 79.975 0.110 9.560 37.10
12 467 1.125 72.025 2.740 8.190 41.65
13 452 1115 64.675 3.560 10.830 44.40
14 492 0.890 86.515 —2.020 14.500 40.75
15 485 0.875 82.205 —-1.700 16.955 42.45
16 478 1.015 74.630 0.880 10.905 40.90
17 483 0.985 77.110 0.405 10.280 35.35
18 481 1.080 73.320 1.570 9.595 37.90
19 465 1.015 69.875 2.125 10.980 41.70
20 482 1.050 75.650 0.480 12.005 36.80
21* 5.12 0.700 89.240 —4.420 13.665 54.20

*Sample 21 is the control frozen yoghurt sample

3.1 Physicochemical Properties

The pH values of the samples ranged from 4.52 to 5.12, while their acidity expressed as lactic acid
concentration %, ranged from 0.495% to 1.180% (Table 4). In general, samples with increased percentage of
added yoghurt or/and increased pomegranate juice concentration exhibited lower pH values and increased lactic
acid concentration, due to the low pH values of yoghurt and pomegranate juice (the pH values for yoghurt and
pomegranate juice were 4.6 and 3.1, respectively).
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Table 5. Mean values of the elastic modulus (G”), tand and apparent viscosity of the frozen yoghurt samples at
two different temperatures (=2 °C and 28 °C).

Sample G~ G~ tand tand Viscosity Viscosity
(=2°C)(Pa) (28°C)(Pa) (-2°C) (28°C) (=2°C)(Pa-s) (28°C)(Pa-s)
1 81.7 8.0 0593 0.599  0.354 0.100
2 73.7 7.4 0.683 0.700 0.145 0.081
3 36.3 5.7 0.619  0.663  0.109 0.059
4 66.5 10.6 0.721 0.728 0.122 0.075
5 42.8 5.0 0.651 0.685  0.118 0.062
6 63.0 104 0.691 0.700  0.217 0.076
7 67.5 6.7 0.692 0.699  0.124 0.068
8 68.4 6.9 0.706 0.717 0.121 0.062
9 49.3 8.6 0.705  0.713  0.164 0.093
10 50.3 8.9 0.678  0.684  0.169 0.081
11 70.6 7.6 0779  0.790  0.266 0.084
12 68.9 8.2 0.703  0.720  0.238 0.103
13 36.4 53 0.677 0.694  0.129 0.067
14 63.0 9.5 0.708  0.723  0.123 0.066
15 35.4 6.0 0.620 0.660  0.120 0.063
16 64.6 9.8 0.700 0.714  0.129 0.068
17 70.1 8.2 0.663  0.673  0.128 0.066
18 67.4 9.1 0.686  0.845  0.125 0.078
19 49.7 7.7 0.574  0.600 0.158 0.082
20 53.2 9.2 0.616  0.626  0.132 0.080
21 69.6 13.3 0.880  0.901  0.229 0.093

*Sample 21 is the control frozen yoghurt sample

Table 6. Mean values of the sensory (objective) variables of the frozen yoghurt samples

Sample Color Hardness Creaminess Yoghurttaste Sweetness Acidity Fattiness

1 6.7 9.6 3.0 4.6 3.8 6.7 3.1
2 25 10.8 3.8 75 3.8 8.4 5.0
3 59 1.6 10.8 5.8 10.2 6.7 7.6
4 8.0 7.8 7.0 55 4.7 3.9 4.8
5 8.2 4.2 115 4.9 10.9 4.2 11.7
6 55 9.8 8.2 10.6 7.0 8.7 9.4
7 8.4 11.0 5.2 6.9 5.2 7.7 5.4
8 6.7 8.3 6.9 4.8 5.0 7.1 4.9
9 4.9 4.7 115 54 8.5 9.5 6.1
10 7.4 5.0 11.6 6.1 7.8 45 9.6
11 7.4 11.9 5.5 6.3 1.8 6.8 15
12 5.6 10.8 3.8 75 2.9 9.1 2.4
13 125 24 6.4 4.3 10.6 6.1 7.0
14 8.1 13.1 53 7.0 2.8 4.7 3.0
15 8.6 3.3 8.4 6.8 111 4.2 7.7
16 8.4 9.0 4.7 7.2 6.0 7.3 59
17 7.1 11.0 4.1 7.6 4.7 8.1 5.0
18 55 12.3 4.2 6.5 2.3 7.4 3.4
19 8.7 5.7 8.3 6.9 8.1 7.3 5.8
20 8.2 7.2 9.1 6.9 10.2 4.7 6.5
21 7.7 6.7 10.7 7.0 11.0 3.6 8.9

*Sample 21 is the control frozen yoghurt sample

As it can be seen in Cox response trace plots for pH shown in Figure 1 (A and B), fat significantly affected the
change in pH, regulating the action of yoghurt and honey. Particularly, the increase in fat content from 1% to 3%
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followed by the simultaneously increase in the concentration of added yoghurt resulted in increasing the pH of
the samples. Furthermore, increasing fat and honey concentration resulted in reducing samples pH, however this
change was weaker than the change caused by the yoghurt-fat interaction (Table 7). At an individual level,
yoghurt increased samples pH regardless fat content, but this happened more strongly at 3% fat concentration.
Pomegranate juice had a permanent negative effect, which was strong in both 1% and 3% fat content. Finally,
honey raised the pH at 1% fat content but when the amount of the latter was increased the change was reversed,
resulting in a pH decrease. The effect of honey, yoghurt, pomegranate juice and fat on the pH of the samples
depends on the pH value of these ingredients, their concentration in the ice cream mixture, as well as the
concentration of the other ingredients that also affect pH. The pH values of all ice cream mixture components
were: yoghurt 4.6, honey 5.0, pomegranate juice 3.1, cream 6.7 and water 7.8. Regarding the effect of fat, it is
worth noting that the increase in its concentration, which was achieved by the addition of milk cream, reduced
the amount of water required. As water has a fairly high pH value (the largest of all the ingredients) reducing its
percentage in the ice cream mixture resulted in reducing the pH value of the samples.

Figure 1 (C and D) shows a clear increase in acidity when the amount of pomegranate juice increases and the
concentration of yoghurt and honey decreases. Pomegranate juice affected samples acidity the most (Table 7),
while the change caused by it was of the same intensity in both 1% and 3% fat content. In addition, increasing
the percentage of fat and reducing the percentage of yoghurt and honey caused an increase in acidity and, if they
were accompanied by an increase in the pomegranate juice concentration, led to quite high levels of lactic acid
concentration. Yoghurt slightly reduced acidity at 3% fat content, but practically did not change it at all when the
fat content was reduced (1%). Finally, increasing honey concentration reduced samples acidity regardless of the
fat content, however, the change was relatively stronger at 1% fat content. The acidity of the samples was
affected by their pH value. Therefore, reduced pH values led to an increase in samples acidity. However, the
action of the various components on the acidity of the samples did not correspond exactly to the action on their
pH, due to the presence of milk proteins into the ice cream system that possess strong buffering capacity (Salatn
et a., 2005).

Table 7. The polynomial equations and the R? and R2p coefficients that correspond to the statistically significant
response variables

Response variable Polynomial equation R*(%) R% (%)
pH 5.06x; + 4.48x, + 3.09x;3 + 0.07x,V — 0.80x,V 91.83  89.34
Acidity (% lactic acid)  0.93x; + 0.14x, + 2.63X3 + 0.53x;X,V 65.52 56.82
L* 87.49x, + 54.39x, — 2.24X; 85.07 8251
a* — 1.54x; — 0.87%, + 27.05x%3 92.77 91.61
b* 9.32x; + 37.12%, — 17.81X3 + 0.77X,V 84.97 81.20
Overrun (%) 33.02x; + 68.32X, + 44.43x3 63.29  55.80
GT(-2°C) 96.30x; — 177.10%, + 71.90x3 93.11 91.85
Hardness 18.14x, — 55.08x, + 8.50%3 85.10 82.86
Creaminess 1.85x; + 44.58x, + 0.46X5 — 9.98x,V 73.03 65.72
Color 7.30%; + 16.65%, — 5.02X3 + 36.05X,X3V 4151 23.19
Sweetness —1.90%; +59.97x, + 1.21X5 86.90 84.78
Sensory Acidity 7.32%x1 — 12.92x, + 28.99x5 61.52 54.58
Fattiness 0.59x; + 39.20%, + 1.82%3 — 9.73X:1 X,V 80.26  71.73

GT{~2 °C) is the elastic modulus measured at — 2 °C; R?, is the predicted R®

According to the results shown in Table 4, the brightness of the samples ranged from 64 to 89. In general the
samples could be characterized from moderate to quite white. As it concerns the color parameter a*, its values
ranged from negative (—4.42) (increased green color intensity) to positive (3.56) (increased red color intensity)
values. Finally, all samples showed positive values of the parameter b*, which ranged from 7.3 to 16.9. This
implies that all samples exhibited yellow color.

As shown in Figure 2A, the increase in the amount of added yoghurt significantly increased samples brightness,
while a reverse change of slightly greater intensity was observed with increasing pomegranate juice
concentration and reducing yoghurt and honey concentration (Table 7). In addition, by consulting the Cox
response trace plot of Figure 2A and the regression coefficients of Table 7 for L*, honey and fat had no effect on
samples brightness. The increase in white color intensity with increasing yoghurt concentration is due to the
presence of caseins, which are present in the frozen yoghurt system in the form of casein micelles. Increasing the
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concentration of casein micelles increases the reflection of light (Walstra et al., 2006) resulting in increased
samples brightness. The red color of the pomegranate juice was responsible for reducing samples brightness.
Reduced values of brightness in kefir-type products with increasing pomegranate concentration were also
reported by Dimitreli et al. (2019).
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Figure 1. The Cox response trace plots at 1% and 3% fat content levels corresponding to pH (A and B,
respectively) and acidity (% lactic acid) (C and D, respectively). The effect of yoghurt is marked in blue, the
effect of honey is marked in red and the effect of the pomegranate juice is marked in green

Pomegranate juice was almost entirely responsible for the change of a* (Figure 2B, Table 7), the increase of
which significantly increased the variable, enhancing the presence of red color in the samples. On the other hand,
honey practically did not affect the response variable at all, while the increase in yoghurt concentration and the
corresponding reduction of pomegranate and honey slightly reduced the value of a*. This resulted in reducing
red color intensity of the samples and enhancing green color intensity (leading the variable in negative values).
The red color of pomegranate juice is responsible for increasing the intensity of the red color of frozen yoghurt
samples. Similar results concerning pomegranate juice were reported by Dimitreli et al. (2019) for kefir-type
products. The decrease in the values of a* to negative values with the increase in yoghurt concentration, is due to
the presence of riboflavin in milk. Riboflavin is a pigment, which has a yellow-green color (Walstra et al., 2006).

As shown in Figure 2 (C and D) and Table 7, the interaction of yoghurt with fat (the increase in fat content from
1% to 3% in combination with yoghurt increase) had a positive effect on b*. The yellow color intensity was also
enhanced by the increase in honey concentration and the parallel decrease in the percentages of the other
ingredients. On the contrary, the increase in pomegranate juice concentration resulted in reduced values of b*,
and the same change but of lesser intensity, was observed when the concentration of yoghurt increased. The
increase in yellow color intensity with the interaction of fat and yoghurt can be attributed to the presence of
carotenes into the milk, which are yellow in color and are found in fat globules (Walstra et al., 2006). The milk
cream, which increases the fat content of the samples, contains higher concentration of carotenes than milk and
therefore has a more significant effect on the yellow color intensity of the samples when compared to yoghurt.
This means that the decrease in yoghurt concentration in combination with the decrease in the percentage of
pomegranate juice (which also affects negatively the intensity of yellow color) and the simultaneous increase in
the percentage of honey increase the intensity of the yellow color of yoghurt samples. Honey increases yellow
color intensity due to the increased values of b* that exhibits (Karabagias et al., 2014).
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Figure 2. The Cox response trace plot corresponding to L* (A) and a* (B), as well as the Cox response trace
plots at 1 % and 3 % fat content levels corresponding to b* (C and D, respectively). Graphs A and B present the
same effect of the factors on each response variable at both the fat levels (1% and 3%). The effect of yoghurt is
marked in blue, the effect of honey is marked in red and the effect of the pomegranate juice is marked in green

3.2 Overrun

As it can be seen in Table 4, the control sample showed the highest value of overrun (54.20%). In general, the
overrun level of frozen yoghurt samples ranged from 33.75% to 44.40%. Similar overrun levels (49.5 £1.5%)
are reported in the literature for frozen yoghurt samples made with caprine milk (Martinou-Voulasiki &
Zerfiridis, 1990).

The interaction of yoghurt with pomegranate and fat benefited the slightly increase of the overrun levels,
especially when the fat content increased from 1% to 3% and the concentration of pomegranate juice was also
increased (Figure 3A and B). Increasing the amount of honey led to a definite increase in overrun, especially at 1%
fat concentration. Yoghurt sharply reduced overrun when the percentage of fat increased to 3%, while its effect
was less at 1% fat content. Finally, pomegranate juice reduced the overrun at 1% fat concentration and increased
it at 3%. The increase was aided by the interaction with fat, which exerts a positive effect on the response
variable. The positive effect of fat on the overrun levels of the samples may be due to the presence of proteins
into the membrane of fat globules, which have the ability to incorporate air bubbles into the mixture (Walstra et
al., 2006). The increase in overrun values with increasing honey concentration might be probably also attributed
to the presence of proteins into the honey. As it concerns the effect of yoghurt, by reducing its percentage into the
ice cream mixture, an additional amount of skimmed milk powder is required to be used, which in turn increases
the percentage of proteins into the ice cream system, thus resulting in increased air bubbles incorporation.
Pomegranate juice affects the overrun in different ways depending on the fat content of the samples. This is
probably due to the variation in the concentration of the other ingredients that affects overrun levels, due to the
addition of juice.

3.3 Rheological Properties

As it can be seen in Table 5, G"at —2 °C ranged from 81.7 Pa to 35.4 Pa, while temperature increase (28 °C)
resulted in decreasing values of elasticity for all frozen yoghurt samples. This is due to the melting of the
samples resulting in increasing their viscous behavior. As for tand, its values at —2 °C, ranged from 0.570 to
0.880, indicating that frozen yoghurt samples can be described as elastic, since they exhibited tan 6 values lower
than one. However, with temperature increase, the values of tand did not show a significant increase, as would be
expected. This can be probably attributed to the presence of proteins and stabilizers into the ice cream system
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that form strong intermolecular interactions and help maintain the elasticity of the samples regardless
temperature increase.
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Figure 3. The Cox response trace plots at 1% and 3% fat content levels corresponding to overrun (A and B,
respectively), as well as the Cox response trace plot corresponding to sensory acidity (C) and G(D). Graphs C
and D present the same effect of the factors on each response variable at both the fat levels (1% and 3%). The
effect of yoghurt is marked in blue, the effect of honey is marked in red and the effect of the pomegranate juice

is marked in green

G’ is the elasticity modulus (G’) at— 2 °C

The apparent viscosity of the samples at —2 °C ranged from 0.354 Pa - s to 0.109 Pa - s, while temperature
increase resulted in decreasing viscosity values for all frozen yoghurt samples (Table 5). With the temperature
increase, the mobility of the molecules also increases, as a result of which they show reduced resistance to flow
and thus reduced viscosity.

Among rheological properties only G™at —2°C exhibited a reliable model and was further analyzed (in order for
the specific cubic equation to fit the elements of a dependent variable, R must be at least 40 %).

The most important role in the change of G was played by honey, the increase of which led to a sharp decrease
of the variable response (Figure 3D, Table 7). The effect of yoghurt was smaller, the increase of which resulted
in increasing G~ when its concentration was increased at the expense of the amounts of other ingredients. The
increase in pomegranate concentration had a negligible effect in G~ in relation to yoghurt and honey. Fat, as a
process variable, did not affect the change of G at all, since no interaction of it with any of the components was
found to be statistically significant. The increase in honey concentration causes the decrease in the freezing point
of the ice cream mixture, and thus results in the formation of reduced number of ice crystals. The ice cream in
this case appears soft with reduced hardness-consistency (Walstra et al., 2006). The formation of increased
number of ice crystals contributes to an increase in the hardness-consistency of the samples. On the contrary, the
increase in consistency caused by the increase in yoghurt concentration can be attributed to the decrease in honey
concentration, which as mentioned above plays the most important role in the change of G~

3.3 Sensory Properties
The complete analysis of the model, regarding the change of sensory acidity (Table 7, Figure 3C), is mainly
based on the fact that yoghurt, had little effect on the acidity of the product, when compared to honey and
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pomegranate, while pomegranate exerted the greater action. Fat did not interact with any of the components and
had no effect on samples acidity. Particularly, honey reduced samples acidity, pomegranate drastically increased
their acidity and yoghurt increased acidity in a lesser degree. Panelists could distinguish to a significant extent
the positive contribution of pomegranate juice to the acidity of the samples and to a lesser extent the decrease in
acidity caused by the increase in the concentration of honey.

Regarding the individual action of the ingredients and that of the interaction in the color of the samples (Table 7,
Figure 4A and B), honey increased color intensity of the samples to yellow-brown, while pomegranate
contributed in increasing pink color intensity. Yoghurt had a limited effect, in relation to pomegranate and honey,
on color change, and at the lower level of fat content slightly increased the color, while at the upper level of its
addition it decreased it more strongly. Honey, at 3% fat concentration, increased the color more intense when
compared to 1% fat content. On the other hand, the effect of increasing pomegranate concentration was
practically similar between the two fat levels, reducing the color by a large step. Among other things, changing
the amount of fat affects the color change and, when it interacts with honey and pomegranate, increases it. In
addition, it affects the action of honey and pomegranate, since, at 1% fat content, honey mainly determines the
color change, while when added at 3%, pomegranate assumes this role. In addition, the positive effect of the
interaction leads to increased color values, as shown in the Cox trace, especially in the maximum amount of
honey and pomegranate added to frozen yoghurt samples. This effect is so important that gives the impression to
the panelists that e.g. two samples with 15% pomegranate juice concentration and different fat content (1% and
3%) will be rated as "pink™ and "white", respectively, as well as two samples with 18% honey concentration and
different fat content (1% and 3%), may be rated as "white" and "yellow-brown", respectively. The results of the
sensory evaluation are in agreement with those of the color measurement, in terms of the individual action of the
different components. The interaction of fat with pomegranate and / or honey indicates the important role of fat
in color. In particular, when fat content is high in the presence of honey, the carotenes that fat globules contain
will increase the intensity of the yellow color. Conversely, when the fat content is high in the presence of
pomegranate juice (which exhibits red color) it will increase the brightness of the samples due to increased light
reflection caused by fat globules. Fat globules reflect light, increasing this way the intensity of white color of the
samples (Walstra, et al., 2006).

Examining and describing the model that focuses on the variable of creaminess (Table 7, Figure 4C and D), one
concludes that honey sharply increased the variable, when its concentration increased and those of pomegranate
and yoghurt decreased. Pomegranate and yoghurt (pomegranate at a slower rate) reduced the creaminess and
even faster at 1% fat content. In addition, at 3% fat concentration, honey increased creaminess at a slower rate
than that at 1% fat content. Fat had a significant effect on the change of creaminess, as at 3% concentration the
maximum value of creaminess (at 18% honey concentration) was significantly reduced (8.5 points) compared to
the maximum value corresponding to 1 % fat content (12.7 points). The decrease in fat content results in
increasing the amount of the skimmed milk powder to be added in the ice cream mixture, as it can be seen in
Table 3, and thus increasing the protein content of the samples. The proteins are well known for their ability to
contribute to a smooth texture at the ice cream, through emulsification of the fat, foam formation and stability of
the air bubbles (Goff & Hartel, 2013). On the other hand, fat is responsible for a solid structure to be formed
during freezing and therefore for consistency, appearance (dryness), and melting resistance. Thus, the increased
fat content can results in the appearance of a granular texture in the ice cream, while low fat content contributes
to a uniform creamy texture (Walstra et al., 2006). The simultaneously decrease in fat content and increase in
protein concentration resulted in increasing the perception of samples creaminess by the panelists. As it concerns
honey, the reduction of its addition rate leads to the formation of an increased number of ice crystals, and the
possibility of creating a sandy texture that the panelists perceived as a lack of creaminess is increased. The
decrease in creaminess with increasing yoghurt concentration is due to the possible decrease in honey
concentration.
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Figure 4. The Cox response trace plots at 1% and 3% fat content levels corresponding to color (A and B,
respectively) and creaminess (C and D, respectively). The effect of yoghurt is marked in blue, the effect of honey
is marked in red and the effect of the pomegranate juice is marked in green

The typical yoghurt taste of frozen yoghurt samples did not exhibit a reliable model and was not further
analyzed.

By consulting Figure 5A, it becomes apparent that yoghurt increased the hardness of the samples, while honey
reduced it (when the amount of yoghurt and pomegranate were reduced). Pomegranate, despite the size of the
partial regression coefficient, had a negligible effect on hardness. Fat, as a process variable, did not affect the
change in the variable response, as it did not interact with any of the components of the linear model (Table 7).
The results of the sensory evaluation regarding the effect of the ice cream mixture ingredients on the hardness of
the frozen yoghurt samples are in agreement with those of the rheological measurements.

As it can be seen in Figure 5B and by consulting the polynomial equation shown in Table 7, honey played a
dominant role in increasing frozen yoghurt samples sweetness, while the action exerted by yoghurt (negative)
and pomegranate (positive) in it was small to minimal, compared to that of honey. The fat did not affect the
change in sweetness or the action of the terms of the linear model, as it did not interact with them and was not
statistically significant. Based on the above, the panelists distinguished almost completely the change in
sweetness depending on honey concentration. On the contrary, they did not discriminate the effect of
pomegranate addition on samples sweetness, while they could notice the small reduction in samples sweetness
caused by yoghurt. The sweet taste of frozen yoghurt samples is mainly due to the presence of honey. The slight
decrease in sweetness intensity with yoghurt increase can be attributed to its acidic taste.

According to the Cox traces shown in Figure 5 (C and D) honey sharply increased the fattiness of the samples,
with a relatively lower rate at 3% fat content. On the other hand, fattiness decreased when the amount of the
added yoghurt was increased. Pomegranate caused a slight reduction in fattiness at both fat levels. The
interaction of yoghurt with honey and fat had a negative effect on fattiness, which is indicated by the negative
regression coefficients (Table 7), and this happens when fat content increases from 1% to 3%, leading to reduced
fattiness of the samples. This means that panelists evaluated a sample, with 1% fat content, as more fatty, while
the sense of fattiness was reduced, when it had 3% fat. Since the effect of pomegranate on fattiness was very low
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compared to that of the other ingredients, increasing honey and decreasing yoghurt concentration increases the
fattiness of the samples and the reverse change occurs when the percentage to yoghurt increases and that of
honey decreases. The increase in fattiness with decreasing fat content may be attributed to the increase in
creaminess caused by fat content reduction, as already explained. The same stands for yoghurt and honey effect
on fattiness. In particular, the increase in the honey concentration and the decrease in the percentage of yoghurt
led to an increase in creaminess and thus in fattiness.
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Figure 5. The Cox response trace plot corresponding to hardness (A) and sweetness (B), as well as the Cox
response trace plots at 1 % and 3 % fat content levels corresponding to fattiness (C and D, respectively). Graphs
A and B present the same effect of the factors on each response variable at both the fat addition levels (1 % and

3 %). The effect of yoghurt is marked in blue, the effect of honey is marked in red and the effect of the
pomegranate juice is marked in green

The proportion preference (Best-Worst scaling) for all treatments is shown in Figure 6. As it can be seen, sample
5 and control were the most preferable samples followed by samples 20, 9, 13, 10, 6, 3 and 8. These results
indicate that frozen yoghurt samples with honey and pomegranate juice addition were acceptable by the panelists.
Furthermore, it seems that fat reduction did not affect panelists’ preference, since the most acceptable frozen
yoghurt sample (5) had 1% fat content and most of the preferred samples had low fat content (9, 10, 6, 3, 8).
However, further statistical analysis is required so as to find the optimum concentration of the ice cream mixture
ingredients, according to panelists’ preference.
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Figure 6. The proportion preference per treatment (Best-Worst scaling). The positive values of the first column
(Marginal Utility) correspond to the most preferable samples

4. Conclusion

Yoghurt, honey, pomegranate juice and fat content significantly affected frozen yoghurt properties. There was a
good agreement between sensory evaluation results and instrumental measurements. Panelists’ preference
revealed that frozen yoghurt samples with honey and pomegranate juice addition exhibited favorable sensory
properties. Fat reduction, followed by an increase in the amount of added skimmed milk powder and thus protein
content, contributed in increasing samples creaminess and perception of fattiness, and at the same time did not
affect panelists’ preference. Further statistical analysis is required so as to find the optimum concentration of
yoghurt, honey, pomegranate juice and fat in the novel dairy fermented frozen dessert.
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