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Abstract  Özet 

In this study, a total of 36 samples of each type of ice cream 

were collected from four different ice cream producers and 

determined some of the rheological and chemical properties 

at three different times. In regard the different flavors of ice 

cream, the differences between the pH, dry matter, fat, 

protein, overrun, first trickle of melting time, L *, a * and 

b* values were found to be statistically significant. All the 

samples displayed non-Newtonian behavior and 

pseudoplastic flow behavior. The apparent viscosity at       

20 oC under a shear rate of 50 s-1 was determined to be 7.72-

2.17 Pa•s, 0.14-0.85 Pa•s and 0.59-1.28 Pa•s for the 

chocolate, strawberry, and vanilla ice cream samples, 

respectively. According to the principal component 

analysis (PCA) and hierarchical cluster analysis (HCA), it 

was determined that the ice creams were produced with 

different properties although the typical characteristics of 

the ice creams were the same 

 Bu çalışmada, dört farklı dondurma üreticisinden her bir 

dondurma çeşidinden toplam 36 numune toplanmış ve üç 

farklı zamanda bazı reolojik ve kimyasal özellikler 

belirlenmiştir. Dondurmanın farklı aromaları açısından pH, 

kuru madde, yağ, protein, hacim artışı, ilk damlama 

zamanı,  L *, a * ve b * değerleri arasındaki farklar 

istatistiksel olarak anlamlı bulunmuştur. Tüm örnekler, 

Newton yasalarına uygun olmayan davranış ve 

psödoplastik akış davranışı göstermektedir. 20 °C'de 50 s-1 

kesme hızı altında görünen viskozite, çikolata, çilekli ve 

vanilyalı dondurma örnekleri için sırasıyla 7.72-2.17 Pa•s, 

0.14-0.85 Pa•s ve 0.59-1.28 Pa•s olarak belirlenmiştir. 

Temel bileşen analizi (PCA) ve hiyerarşik küme analizine 

(HCA) göre, dondurmaların çeşit özellikleri aynı olsa da 

dondurmaların farklı özelliklerde üretildiği belirlenmiştir. 

Keywords: Flavored ice cream, Rheological properties, 

Sensory evaluation 

 Anahtar kelimeler: Aromalı dondurma, Reolojik 

özellikler, Duyusal değerlendirme 

1 Introduction 

Ice cream is a dairy product with refreshing features, 

pleasing aroma and appearance as a result of the addition of 

different fruit, which can be consumed in every season. In 

addition, ice cream can be produced as a plain product and 

its nutritional value and functional properties improved upon 

the addition of any flavor. A flavored ice cream has one or 

several flavored ingredients. Its flavor comes from a mixture 

of one or more products, such as cream, fruit, fruit juice, fruit 

pulp or paste, fruit juice concentrate, soluble coffee, ground 

cocoa, vanilla, vanillin, and processed hazelnut, which are 

commonly used in milk-based ice cream [1]. In addition, the 

increased consumption of ice cream in the summer months, 

especially for individuals who do not have milk drinking 

habits, is beneficial in terms of both nutrition and the dairy 

sector. 

The direction of the recently reported studies has focused 

on the development of ice cream formulations for the market. 

Therefore, researchers have begun to study the detection of 

the sensory and rheological properties of ice creams 

produced using these new formulations. The investigation of 

the rheological properties of foods is of the utmost 

importance for process regulation, evaluation, structural 

organization of foods and consumer pleasure [2, 3]. 

Tekinsen [4] states that 240 kinds of ice cream can be 

found in the ice cream sector. The most consumed types of 

ice cream contain vanilla (or vanillin), chocolate (or cocoa) 

and fruit (strawberry, lemon, etc.). There are many studies 

on the development of new ice cream formulations with 

different ingredients, such as cola extract [5], black tea and 

herbal tea [6], being used. There are also studies on how 

different substances affect the consistency of ice cream [3, 

7] and how fat substitutes affect the freezing properties of ice 

cream [8].  

Although the chemical, structural and microbiological 

properties of ice creams vary according to the parameters 

used in their production, the structural and chemical 

properties of the flavorings used in the production of ice 

cream and their effect of the usage rates are very important. 

The aim of this study is to identify and compare some of the 

chemical, sensory, textural, and rheological properties of ice 

creams containing different flavors that are presently 

consumed in the current market. 

2 Material and methods 

2.1 Materials 

All research materials were obtained from four small and 

medium-sized ice cream producers located in Isparta 

https://orcid.org/0000-0002-7497-1542
https://orcid.org/0000-0003-0047-273X
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Province-Turkey. Three samples of flavored ice cream were 

collected from each producer on three different occasions: 

Vanilla (or vanillin), chocolate and strawberry. With this 

arrangement, a total of 36 samples were analyzed.  

The samples were placed in sterile glass jars and the 

rheological, physical, and chemical analyses were carried out 

immediately after they were brought to the laboratory in 

accordance with Turkish Standard [9]. 

2.2 Methods 

2.2.1 Physicochemical analysis 

The total solids, fat, and protein content in the ice cream 

samples were analyzed according to Official Methods of 

Analysis [10]. The pH values of the ice cream samples were 

measured using a pH-meter combined with a glass electrode 

(WTW pH 315 (Weilheim, Germany). 

2.2.2 Melting characteristics 

Melting behaviour which indicative of the melting 

properties and first dropping time, were detected using 

samples stored at –20 oC. The melting properties were 

carefully analysed in the ice cream samples weighing about 

60 g which placed onto a 1 mm stainless steel screen placed 

over a cup. The amount of ice cream drained into the cup was 

measured at 26 ±0.5 °C. The first dropping time of samples 

was also determined [11]. The melting time was calculated 

according to the amount of melted ice cream collected after 

the first drop over 4 h [12].  

The overrun was calculated as the ratio of the weight of 

the ice cream mix to its weight after freezing. The formula 

given as follows was used in the calculate of overrun; 

Overrun (%) = (weight of ice cream mixture) – (weight 

of ice cream) × 100 × (weight of ice cream)−1  [13]. 

2.2.3 Color measurements 

The color of the ice cream samples was measured using 

a colorimeter (Minolta (CR-400), Japan) as the L* (the 

lightness from black to white on a 0–100 scale), a* (red (+) 

or green (-) ) and b* (yellow (+) or blue (-)) values. 

2.2.4 Textural analysis 

Samples were stored at –15 °C for 24 hours before 

determining the hardness in ice creams. A texture analyser 

(Stable Microsystems Ltd, TA-XT2i, Surrey, UK) was used 

to determine the textural properties of the samples. 

Measurements were determined in five measurements with a 

36 mm stainless steel cylindrical probe (P / 36R) attached to 

a 2 kg load cell. The penetration depth was set to 10 mm and 

the penetration speed to 2.0 mm / s in the analyses. 

2.2.5 Rheological measurements 

A rotational viscometer (Model DV-II-pro; Brookfield 

Engineering Inc., MA, USA) equipped with a UL small 

sample adapter was used to measure the viscosity of samples. 

The viscosity measurements were carried out in all ice cream 

samples at 10 °C. 

The shear rate, shear stress and apparent viscosity value 

of samples were determined. Consequently, the consistency 

index and power law model (Eq (2)) were recorded [14]: 

 

η = Кγn-1 (1) 

where η is the apparent viscosity (Pas), К is the 

consistency coefficient (Pa sn), γ is the shear rate (s-1) and n 

(dimensionless) is the flow behaviour index. 

The apparent viscosity of the ice cream samples was 

calculated at a shear rate of 50 s-1 (10 °C), which represents 

the sensing shear rate in the mouth of low viscosity foods 

[15]. 

2.2.6 Sensory assessment 

Eleven experienced panelists were selected and trained to 

evaluate their sensory characteristics (two sessions) [16-18]. 

While the texture, appearance, and flavor of the samples 

were evaluated together, their melting properties were 

determined separately. Ice cream samples, coded using 

random numbers, were evaluated by panellists in special 

cabinets.  

The ice cream was preserved at -15 for 24 hours before 

being the sensory evaluation. The samples were given to the 

panellists in plastic plates in the form of two balls in 

approximately 20 g portions. The intensity of the flavor was 

evaluated by its sweet, acidic, insipid, milk and cream 

characteristics. The texture was evaluated using five 

descriptors including gummy, stickiness, fragile, frosted and 

orodispersible structure. The appearance was evaluated 

using the terms glossy, moire and granular.  

To determine the melting quality, 10 g of each ice cream 

sample was left at room temperature for 15 minutes to thaw. 

In addition, the appearance, texture, odor, flavour, and 

general acceptability of ice cream samples were evaluated 

using a 5-point scale (1 = unpleasant, non -acceptable, 5 = 

pleasant, no criticism). 

2.2.7 Statistical analyses 

All analyzes applied to ice cream were repeated three 

times. SPSS 17.0 was used for the statistical evaluation of 

the analyzes. Variance analysis was applied to the results, 

and Tukey test was used to determine the differences within 

the groups. In addition, the statistical evaluation of the data 

was made with one-way ANOVA.  

Principal component analysis and cluster analysis were 

implemented to investigate the correlation between the 

instrumental and sensory properties and used to find the 

similarities between the flavored ice cream samples.  

3 Results and discussion 

3.1 Chemical and physical properties 

While ice cream is a dairy product with high nutritional 

value, its chemical properties may vary depending on the 

ingredients used in its production. In particular, the quality 

of the flavorings as well as the composition and freshness of 

the milk used in the production of ice cream directly affect 

the product’s properties. The materials used in the 

production of ice cream can affect the acidity of the ice 

cream mixture. In this study, it was observed that the pH 

values of the ice creams obtained from the different 

manufacturers varied between pH 3.49 and 7.37 (Table 1). 

The pH value of the strawberry ice cream samples was 

significantly different from those of the vanilla and chocolate 
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ice cream samples (p <0.05). The main reasons for this 

difference can be ascribed to the use of fruit, the acidity and 

the amount of the fruit used in production and the use of 

cocoa or chocolates from different sources [19]. It is also 

thought that the use of cocoa in the production of ice cream 

obtained from different sources creates this difference. The 

acidity of the ice cream mixture is affected because alkaline 

cocoa powder adjusted to pH 8.0 is commonly used instead 

of natural cocoa powder, which has a pH value of 5.0-5.8. 

The composition and processing of the mixture used in 

ice cream production is extremely important in terms of the 

ice cream’s quality. It would be good to comment the results 

of overrun, fat and dry matter according to the Turkish Food 

Codex. The dry matter values of the ice cream samples used 

in the study were determined to be between 32.13 and 

44.09% (Table 1). In a study on fruit ice cream, it was 

determined that the dry matter contents changed between 

29.64 and 34.36% in strawberry ice [20]. In the same study 

it was also found that the dry matter values varied between 

27.72 and 37.79% in lemon ice cream, 29.38-40.33% in sour 

cherry ice cream. The dry matter values of the samples vary 

depending on the composition of the milk and the materials 

used during the production process, depending on whether 

the flavoring is fibrous or juicy, the use ratio or the powder 

form, which can increase the dryness as well as the 

pasteurization temperature and duration.  

Milk fat is an important component in the structure and 

flavor of ice cream. The lowest fat level in the ice cream 

samples studied was 0.10% (C3). The fat content in the 

strawberry ice cream samples was significantly different to 

those of the other samples (p <0.05). In a study on fruit ice 

cream, it was determined that the fat content of the samples 

varied between 0.5-2.6% in lemon ice cream, 0.6-3.8% in 

sour cherry ice cream and 0.2-2.4% in strawberry ice cream 

[20]. 

Another important component in addition to the fat 

content in regard the structural properties of ice cream is the 

protein content. In our study it was determined that the 

protein content of chocolate ice cream was higher than those 

of the other ice cream samples. The highest protein content 

was found in the K1 sample (5.503%) and the lowest protein 

content was found in strawberry ice cream (0.631%) (Table 

1). The use of milk and/or dairy products in the ice cream 

mixture also affects the protein content. In a study on 

Kahramanmaras type ice cream, it was reported that the 

protein content changed between 3.49 and 3.60% [21]. In a 

study on fruit ice cream, it was determined that the protein 

content in the samples studied varied between 0.62 and 2.6% 

in lemon ice cream, 0.71-3.8% in sour cherry ice cream and 

0.21-2.4% in strawberry ice cream [20]. 

During the production of ice cream, the overrun refers to 

the increase in volume when the liquid is mixed with air 

during the churning process. In the ice cream samples 

studied, the overrun varied between 28.42 and 46.97% in 

vanilla ice cream, 24.02-33.73% in chocolate ice cream and 

30.86-32.67% in strawberry ice cream (Table 1). In our 

study, there was no statistically significant difference 

between the overrun values obtained for the other ice creams 

samples except for vanilla ice cream (p <0.05). Celik et al. 

(2010) determined the overrun was 35.93-48.94%, while 

Tekinsen & Karacabey [4] determined the overrun value in 

ice cream was between 27% and 38%. In Kahramanmaras 

type ice cream, Guven et al. [22] determined the overrun to 

be 21.74%. 

When the first dripping property was examined, and its 

durability during consumption, it was determined that the 

samples showed a value between 8.24-17.92 min (Table 2). 

In general, it was observed that the vanilla and chocolate ice 

creams tend to melt faster than strawberry ice cream. Atsan 

and Caglar [23] found that the first dripping time in the 

control sample was 58.97 min in their study on the effects of 

different emulsifiers during ice cream production. 

Similarly, it was also stated that the different fat 

substitutes added to the ice cream mixture have a significant 

effect on the penetrometer values of Maras ice cream, 

including the first dripping times and complete melting 

times, and the melting rates [24].  

The full melting values of the ice creams obtained from 

the different places of production are given in Table 2. The 

complete melting values of samples varied between 45.39 

and 61.13 min and the statistical difference between the 

samples was significant (p <0.05). Antepuzumu (2005) 

determined the full melting value as 2.72-41.24 min in ice 

creams prepared with the addition of different honey 

components, while the stabilizers used in different types of 

ice cream is especially important, it is stated that the fat 

content in the ice cream composition is also an important 

factor for its melting time [25].  

The color obtained from ice cream technology should 

also reflect the product's characteristics. Nowadays, as color 

analysis, most CIE L *, a * and b * color values are 

examined. As shown in Table 2, the L* value ranged from 

71.26 to 86.39 in vanilla ice cream, 34.62-44.38 in chocolate 

ice cream and 46.67-82.16 in strawberry ice cream. Our 

statistical evaluation showed that the L* values varied 

between the varieties (p <0.05), whereas the L* values 

obtained for the ice cream samples from the different 

manufacturers were not statistically significant (p >0.05). 

In some previous studies, the L* values of lemon fiber 

ice creams were measured to be 78.21-85.57 (Dervisoglu & 

Yazici, 2006) and strawberry flavored ice creams containing 

soy concentrate were measured to be between 72.34 and 77.7 

ice cream are especially important, it is stated that the fat 

content in the ice cream composition is also an important 

factor for its melting time [26].  

The a * values obtained from the measurements made 

from the outer section of the flavored ice creams produced 

by the different manufacturers are given in Table 2. The a* 

values of the samples were found to change between 1.99 -

5.94 in vanilla ice-cream, 11.61-13.13 in chocolate ice-

cream and 20.68-35.14 in strawberry ice-cream. This value 

was determined by Dervisoglu and Yazici [5] to be between 

3.55-4.43 in fruit-fiber ice cream 

The b * values were determined to be between 9.53 and 

23.47 for vanilla ice cream, 6.80-9.82 for chocolate ice 

cream and 4.28-23.47 for strawberry ice cream (Table 1). 

The b * value in kefir ice cream was measured to be between 

1.41 and 6.58 [27]. In a study on fruit-flavored yogurt, the b 
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* values were found to be in a narrower range (0.74 and 3.46) 

than those observed in our study [28]. The formulation of the 

ice cream mixture, the coloring ability of the fruit used in the 

product, the manner in which the flavors are obtained and 

their coloring properties, the maturity ratings of the fruits, 

the heat treatment grades and times applied during 

processing, the product preservation conditions, and the 

chemical degradation of the fruits affect the color quality of 

the final product.  

It has been reported that there is an inverse relationship 

between the overrun and hardness, and ice cream samples 

with low overrun values show harder structures [29]. The 

hardness measurement results obtained using the texture 

analyzer are given in Table 2. According to the hardness 

measurements, the chocolate sample K2 (144.18 N) and the 

vanilla sample V2 (144.19 N) have the highest values. The 

lowest hardness value was detected in strawberry ice cream 

sample C2 (38.47 N). 

The hardness values of the ice cream types differed 

according to the statistical evaluation (p <0.05), but it was 

determined that there was no significant difference between 

the hardness values observed for the different manufacturers.  

Table 1. Physicochemical properties of flavored ice cream samples 

Sample pH Total Solid % Fat% Protein % Overrun % 

V1 6.31±0.38b 37.38±0.77bc 3.65±0.70a 4.84±1.17a 28.42±1.74b 

V2 6.56±0.08ab 33.94±0.35c 3.21±0.25a 4.16±1.13a 46.97±3.50a 

V3 6.48±0.38ab 34.84±0.49c 3.78±0.51a 4.38±0.66a 30.97±2.30b 

V4 6.66±0.06ab 35.21±0.93c 3.60±0.52a 4.29±0.22a 31.74±5.19b 

K1 6.68±0.43ab 44.09±1.44bc 4.10±0.65a 5.50±0.93a 28.02±2.20b 

K2 7.32±0.08a 35.37±0.29c 3.08±0.42a 3.92±0.52ab 33.73±6.61b 

K3 6.47±0.40ab 36.65±0.66c 3.51±0.52a 4.33±0.19a 28.65±4.83b 

K4 7.37±0.10a 37.52±0.19c 3.11±1.05a 4.29±0.22a 24.67±2.72b 

C1 4.22±0.31d 34.21±3.81a 0.73±0.45b 1.16±0.67bc 32.25±5.81b 

C2 5.26±0.70c 34.63±3.58ab 4.36±1.27a 2.81±1.00abc 31.83±1.18b 

C3 3.49±0.05d 32.13±0.93a 0.10±0.0b 0.63±0.35c 30.86±4.52b 

C4 5.27±0.10c 34.51±0.35bc 2.93±0.50a 4.63±2.11a 32.67±1.87b 

V: vanilla ice cream, K: chocolate ice cream, C: strawberry ice cream 

* a, b, c Means within a row with different lowercase letters show significant differences between ripening materials, P < 0.05 

 

Table 2. Melting, color and hardness properties of ice cream samples 

Sample 

First 

Dripping 

time (min) 

Melting time 

(min) 
L* a* b* Hardness (N) 

V1 8.24±3.45 48.15±4.82bc 84.75±0.45a 2.73±0.09d 9.53±0.64ab 90.75±93.38ab 

V2 9.20±6.89 53.75±2.56abc 83.19±0.53a 2.17±0.11d 9.93±1.15ab 144.19±82.44ab 

V3 8.71±3.63 58.50±3.47ab 71.26±20.08ab 1.99±0.94d 9.48±5.17ab 77.49±25.46ab 

V4 12.24±2.19 57.82±5.91ab 86.39±1.14a 5.94±0.40d 13.47±2.04ca 74.85±68.25ab 

K1 13.00±6.67 45.39±1.20c 34.62±2.51c 11.92±0.14cd 6.80±2.25cd 85.93±68.25a 

K2 14.07±3.71 56.54±2.86abc 39.80±3.63c 13.13±1.63bcd 8.18±1.67c 144.18±75.87a 

K3 19.68±5.07 50.05±2.69abc 44.38±1.82c 12.94±0.74bcd 9.82±1.78ab 113.37±13.41a 

K4 15.37±2.16 50.62±0.74abc 37.34±3.64c 11.61±1.69cd 7.58±0.97cd 115.53±27.44a 

C1 13.88±2.77 52.37±3.48abc 50.20±12.85bc 33.73±3.89ab 12.92±1.41b 42.83±34.01b 

C2 12.76±0.93 55.15±2.51abc 69.47±6.04ab 20.68±13.37abc 4.28±7.30d 38.47±25.93b 

C3 17.92±1.79 61.13±4.29a 46.67±1.55c 35.94±0.40a 13.47±2.04a 69.89±28.24b 

C4 16.24±0.28 52.99±6.48abc 82.16±1.76a 31.19±0.36ab 9.00±0.52cd 50.70±50.27b 

V: vanilla ice cream, K: chocolate ice cream, C: strawberry ice cream 
* a, b, c Means within a row with different lowercase letters show significant differences between ripening materials, P < 0.05 
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Using different stabilizers, Badem [30] determined the 

effect of these stabilizers on the ice cream quality and found 

that the hardness value of the ice cream prepared with 0.2% 

carrageenan was 157.316 N, followed by the carrageenan ice 

cream (140.286 N) and carrageenan-free ice cream (93.299 

N). 

3.2 Rheological properties 

The consistency index and flow behavior index of the 

samples were calculated according to the power low model 

and apparent viscosity (Table 3). It was used to determine 

the flow characteristics of mixtures. All samples were found 

to exhibit pseudoplastic flow, where n <1 (Figure 1). 

The apparent viscosity decreased with an increase in the 

shear rate (Figure 2). The highest apparent viscosity value 

was found between 0.59 and 1.28 Pa.s in the vanilla ice 

cream samples, 0.14-0.85 Pa•s in the strawberry ice cream 

samples and 2.17-7.73 Pa•s in the chocolate ice cream 

samples on the first day of storage at 10 oC at 50 s-1. 

 

Table 3. The consistency coefficient and flow behavior 

index values of the ice cream mix samples at 10oC 

 К n R2 

V1 32.0 0.62 99.28 

V2 33.8 0.65 99.57 

V3 34.6 0.67 99.46 

V4 31.8 0.61 99,34 

K1 1748 0.30 98.55 

K2 1695 0.33 99.17 

K3 1847 0.32 98.76 

K4 1715 0.34 98.97 

C1 518 0.23 99.79 

C2 532 0.24 99.68 

C3 545 0.28 99.47 

C4 498 0.22 99.86 

Errors in η, К and n were ±1%, ±1%, and ±2%, respectively 

V: Vanilla ice cream C: Strawberry ice cream, K: chocolate ice cream 
 

The visible viscosity values in the chocolate frost 

samples were determined to be higher than the other 

samples. Dervisoglu and Yazici [5] reported that they 

determined the apparent viscosity values to be 0.18-1.091 

Pa•s at 20 oC; Karaman and Kayaciger [6] measured the 

apparent viscosity to be 1.13 Pa•s at 10 oC.  

The flow behavior index was found to be 0.61-0.67 in 

vanilla ice cream at 10 oC, 0.30-0.34 in chocolate ice cream 

and 0.22-0.28 in strawberry ice cream in the yoghurt ice 

cream samples (Table 3). 

The flow behavior index was the highest in vanilla ice 

cream and the lowest in strawberry ice cream. Kaya and 

Tekin [3] determined the n value to be between 0.77 and 0.96 

in sahlep ice cream with different ratios. Karaman and 

Kayaciger [6] reported that the flow behavior index in ice 

cream mixtures ranged from 0.269 to 0.356 at 20 °C.  

 
V: vanilla ice cream, K: chocolate ice cream, C: strawberry ice cream 

Figure 1. Apparent viscosity and share rate relationship 

of ice cream samples  

 

 
V: vanilla ice cream, K: chocolate ice cream, C: strawberry ice cream 

Figure 2 Apparent viscosity and share rate relationship of 

ice cream samples  

 

The consistency index was the lowest in the vanilla ice 

cream samples (31.8-34.6 Pa•s) followed by strawberry ice 

cream (518-545 Pa•s) and chocolate ice cream (1695-1847 

Pa•s). The difference between the K and n values was 

evaluated by variance analysis and the difference was found 

to be statistically significant (p <0.05). The value of the 

consistency index in chocolate ice cream was significantly 

higher than the other samples. Kaya and Tekin [3] reported 

that the consistency index was determined to be between 

66.65 and 540.62 in samples containing 0.78% sahlep. 

Karaman and Kayaciger [6] determined the consistency 

index was 11-19.90 Pa•s at 20 oC in ice creams containing 

different aroma compounds (herbal tea and black). 

3.3 Sensorial properties 

Some sensory properties (color, appearance, texture, 

odor and taste) of flavored ice cream are given in Table 4. 

While the statistical difference between the color 

appearance, odor and taste properties is not significant 
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between the samples, it was seen that the difference between 

the texture properties was significant (p <0.05).  

Principal component analysis was applied to demonstrate 

the state of the properties of the ice cream samples and 

shown in Figure 3. The variance of the first two axes is 

greater than 1, the eigenvalue value of the first principal 

component is 7.422 and explains 42.47% of the total 

variance. Axis 2 (PC2) describes 20.50% of the variance. 

The sum of the first two axes describes 62.97% of the 

variance.  

The primary major component has the same sign and was 

sorted by the distance from zero corresponding to the frosted 

structure (-0.35), smooth structure (-0.34), acidic flavor         

(-0.27), milk flavor (0.35), creamy flavor (0.35) 

orodispersibility (0.33), gummy structure (0.29) and sticky 

structure (0.25). The second major component is the insipid 

flavor (-0.32), glossy appearance (0.55), moire appearance 

(0.53) and granular appearance (0.40).  

According to these results, the major component scores 

for the vanilla ice cream samples were positive (2.87, 0.95, 

2.30 and 3.17), the chocolate ice cream samples were 

negative and positive (0.15, -1.80, 0.14 and -2.22) and the 

strawberry ice cream samples were positive and negative      

(-1.37, 5.93 and 0.85), while the second component scores 

were positive in the V1, C1, C3, V4 and K4 samples (1.98, 

3.43, 0.18, 1.62 and 1.11) and have negative values in the 

other samples. According to these results, while the vanilla 

ice cream samples (V1, V4) were granular in appearance and 

gummy and fragile in structure (orodispersibility), the milk 

taste was creamy and without a sticky structure; the most 

prominent features in the K1, K3, V2, C2, C4 and V3 sampl 

The C1 and K4 samples were moire, glossy, acidic and sweet 

flavored, whereas K2 had an insipid flavor with a smooth 

structure. 

In the cluster analysis used to determine the degree of 

closeness of the ice cream samples taken from the different 

types and different manufacturers, it was seen that the 

samples can be divided into 3 groups. When the related 

dendrograms were examined, the first group consists of the 

sample areas C1, C2, C4, C3 and V4 in I1, V1, K3, K1 and 

V3 in I2 and the other groups V2, K2 and K4 in I3.  

 

Table 4. Sensory results of flavored ice cream 

 Color and 

Appearance 
Structure 

Odor and 

Flavor 
Total 

V1 4.40±0.51 3.63±0.44ab 3.65±0.71 11.69 

V2 4.16±0.32 3.66±0.35ab 3.98±0.36 11.82 

V3 3.38±0.57 3.50±0.07ab 3.61±0.32 10.50 

V4 4.29±0.63 4.21±0.32a 3.70±0.63 12.21 

K1 3.95±0.50 3.75±0.66ab 3.67±0.09 11.38 

K2 3.67±0.36 3.66±0.45ab 3.17±0.43 10.52 

K3 3.27±0.14 3.40±0.22ab 3.53±0.34 10.21 

K4 4.34±0.67 4.38±0.64a 4.11±0.48 12.84 

C1 3.84±0.35 3.92±0.53ab 4.16±0.40 11.94 

C2 3.69±0.82 4.11±0.48ab 3.85±0.65 11.66 

C3 3.27±0.28 2.90±0.29b 2.94±0.27 9.11 

C4 3.61±0.65 4.11±0.33ab 3.60±0.62 11.34 

V: Vanilla ice cream C: Strawberry ice cream, K: chocolate ice cream 
* a, b: Means within a row with different lowercase letters show significant differences 

between ripening materials, P < 0.05 

 

 

 

 
V: Vanilla ice cream C: Strawberry ice cream, K: chocolate ice cream 

Figure 3. Principal components analysis of ice cream (sensory attributes data) as they affected by different flavor (vanilla, 

chocolate, and Strawberry) presence and storage time  
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While the vanilla and chocolate samples were found to 

be partially related to each other due to their sensory and 

textural properties, the strawberry ice cream samples showed 

similarity among themselves.es were the cream and milk 

flavor, and sticky structure. The C1 and K4 samples were 

moire, glossy, acidic and sweet flavored, whereas K2 had an 

insipid flavor with a smooth structure. 

In the cluster analysis used to determine the degree of 

closeness of the ice cream samples taken from the different 

types and different manufacturers, it was seen that the 

samples can be divided into 3 groups. When the related 

dendrograms were examined, the first group consists of the 

sample areas C1, C2, C4, C3 and V4 in I1, V1, K3, K1 and 

V3 in I2 and the other groups V2, K2 and K4 in I3. While 

the vanilla and chocolate samples were found to be partially 

related to each other due to their sensory and textural 

properties, the strawberry ice cream samples showed 

similarity among themselves. 

It has been determined that the vanilla, chocolate, and 

strawberry ice creams from four different producers have 

different flavor profiles from each other and are located 

separately in Figure 4. The samples with similar aroma 

profiles were determined at different locations in close 

proximity to each other as a result of the basic component 

analysis and at different locations for the ice cream samples 

with different aroma profiles.  This shows us that different 

types of formulations can be used to produce ice cream even 

if the type properties are the same. 

 

 
V: Vanilla ice cream C: Strawberry ice cream, K: chocolate ice cream 

Figure 4. Inspection of the similarities among flavoured 

ice cream based on sensory properties data using cluster 

analysis 

 

Soukoulis et al. [15] used key component and cluster 

analyses to determine the characteristics of ice cream and 

determine the degree of closeness in their studies. This 

explains the relationship between an ice cream’s features and 

stabilizers. 

4 Conclusions 

Producers are producing ice cream with different 

characteristics and varieties according to consumer demand. 

In this study, the chemical, rheological, textural and sensory 

properties of vanilla, chocolate and strawberry flavored ice 

cream in the market, which is thought to be widely produced, 

were determined and compared. Strawberry ice cream has a 

low fat and protein content and a relatively high acidity. It 

has been determined that there are very different color 

changes in the similar types of ice cream, and that the 

hardness properties show similarity between their types. In 

all the types of ice cream studied, a non-Newtonian 

pseudoplastic flow type was determined but different 

consistency coefficients were measured. Our sensory 

analyzes and statistical evaluations suggest that ice creams 

were produced with different properties, even if they have 

the same type characteristics. 
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