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Abstract: This study investigated the physicochemical properties of non-fat yogurt produced with 

0.5% fruit seed extracts, including those from date, rosehip, black grape, pomegranate, and 

grapefruit. The analysis focused on the yogurt samples' pH, titration acidity, total phenolic 

compound, and antioxidant capacity using various methods (DPPH, ABTS, CUPRAC, and FRAP) 

and sensory analysis. The results revealed that the functional properties of yogurt could be 

enhanced by adding fruit seed extracts, with black grape seed extract showing a particularly 

positive effect on the phenolic components. Moreover, adding date palm seed extract and rosehip 

seed extract resulted in higher DPPH radical scavenging activity than the other samples. Based on 

the CUPRAC and FRAP methods, yogurt with date seed extract exhibited the highest antioxidant 

activity. In contrast, the ABTS method indicated that the yogurt samples containing black grape 

seed extract and rosehip seed extract exhibited the most significant antioxidant activity. Overall, the 

antioxidant activity of the yogurt samples with added fruit seed extracts was significantly higher 

than that of the control sample. Additionally, differences in antioxidant activity among the yogurt 

samples were observed based on the method used for measurement. This study indicates that 

yogurt can be developed as a functional product featuring bioactive components, such as 

antioxidants and phenolics, by enhancing its technological properties by incorporating fruit seed 

extracts. 

Keywords: yogurt; fruit seed extract; date; rose hip; black grape; pomegranate; grapefruit; total 
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1. Introduction 

Yogurt is a dairy product produced with or without sugar and is obtained as a result of 

fermentation using bacterial cultures. The bacterial cultures used in fermentation convert lactose into 

lactic acid and other derivatives. Therefore, fermented products are considered to have a higher 

nutritional value compared to their raw materials. Although yogurt is similar to milk in terms of its 

chemical composition, it is known to be more nutritious than milk due to the increased dry matter 

ratio during production. Although the chemical composition of yogurt varies depending on the type 

of milk and the technological processes applied, it generally consists of 80-86% water, 14-20% dry 

matter, 2-8% fat, 4-8% protein, 2-5% milk sugar, 0.8-1.2% mineral substances [1]. 

With the formation and increase in consumers' awareness of healthy nutrition, different 

expectations have come to the agenda in addition to meeting basic nutritional needs. In particular, 

the findings that excessive fat consumption leads to various health problems and the 

recommendations of nutritionists to reduce animal fat consumption have led manufacturers to 

produce foods with reduced fat [2]. In recent years, there has been a significant increase in the 

consumption of functional foods in Turkey. The demand for functional food products has also 

increased, especially with consumers' awareness of healthy living. For this reason, many companies 

have started to increase the production of functional foods [3]. Still, it has been observed that some 

deficiencies in taste, aroma, and textural properties of low-fat and/or fat-free yogurts have been 
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observed due to the decrease in fat content [4, 5, 6, 7]. A critical method has been used in low-fat and 

fat-free yogurt production to overcome these deficiencies and increase the amount of dry matter. 

However, recent studies suggest using substances that increase fat stability to overcome these 

problems [2]. The literature review on yogurt shows that functional studies have been carried out to 

improve the nutritional quality and give different properties to yogurt with new techniques [8]. 

Recently, yogurts flavored with fruit or fruit seeds have started to be produced in Turkey and the 

world to increase yogurt's consumption and nutritional value. Consumers prefer yogurt not only for 

its bioavailability of essential nutrients but also for its wide variations in texture, taste, and content 

profiles [9]. Numerous scientific and clinical studies support the benefits of fermented dairy products 

for human health. These studies indicate that fermented dairy products have an innovative 

dimension [10]. Generally, yogurt is enriched with omega-3 fatty acids [11], phytosterols [12], and 

antioxidant food ingredients such as green and black teas [13], herbal extracts [14, 15], fibers [16], and 

fruit seeds [17]. 

Many studies have been conducted from the past to the present to benefit from the positive 

effects of phenolic compounds on human health and to understand the interactions of these 

compounds with other molecules. Phenolic compounds show hydrophobic and hydrophilic 

interactions due to aromatic rings and hydroxyl groups in their structures and can bind to fats, 

proteins, and cell walls through various interactions. Fruits and vegetables, in particular, contain high 

amounts of phenolic compounds [18]. Phenolic compounds are of great interest today due to their 

antioxidant properties. However, they also have antiallergic, anti-inflammatory, antidiabetic, 

antimicrobial, antipathogenic, antiviral, and antithrombotic properties. In addition, phenolic 

compounds have protective effects against cardiovascular diseases, cancer, osteoporosis, and 

diabetes [19]. This study aimed to increase the amount of phenolic compounds naturally present in 

fruit seeds by adding various fruit seed extracts before yogurt fermentation, increase the amount of 

phenolic substances in yogurt by various interactions occurring during the yogurt production 

process, and determine the changes in chemical and physical quality parameters and sensory 

properties of fermented fat-free yogurt enriched with different fruit seed extracts. 

2. Materials and Methods 

2.1. Materials  

In this study, the thermophilic YoFlex® company supplied the CHR-Hansen culture and 

contained Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus bacterial strains were 

used as starter cultures in yogurt production. In addition, date palm seed extract was purchased from 

İzmit Can Şifa, rosehip seed extract was purchased from Istanbul Ayhan Ercan, black grape seed 

extract was purchased from Istanbul Arifoğlu Baharat ve Gıda San. Ltd. Şti, pomegranate seed extract 

from Germany Natur Foods, grapefruit seed extract from Istanbul BioFenast and skim milk powder 

from Enka Süt ve Gıda Mam. San. Tic. A.Ş. Yogurt production was conducted at Balıkesir Milk 

Producer Association Food Control and Analysis Laboratory. 

While creating the trial samples, ten different (0.1%, 0.2%, 0.3%, 0.3%, 0.4%, 0.5%, 0.5%, 0.6%, 

0.7%, 0.8%, 0.9%, 1.0%) amounts of fruit seed extract were tested separately for each variety. After 

sensory controls, pH and SH values were evaluated, and 0.5% fruit extract was added. During yogurt 

production, three replicates were used as control samples (C): yogurt sample with 0.5% date seed 

extract (DS), yogurt sample with 0.5% pomegranate seed extract (PS), yogurt sample with 0.5% 

rosehip seed extract (RS), Eighteen yogurt samples were made from reconstituted milk with a dry 

matter content of approximately 11.5% w/w, including a yogurt sample with 0.5% black grape seed 

extract (BG) and a yogurt sample with 0.5% grapefruit seed extract (GS). During yogurt production, 

the milk was heated at 90°C for 10 minutes, then cooled to 42°C, and 0.5% fruit seed extracts were 

added to 5 samples except the control sample. After adding 2% Lactobacillus delbrueckii subsp. 

bulgaricus and Streptococcus thermophilus yogurt culture to all samples, the samples were incubated at 

42°C until pH 4.6 was reached. After the incubation period was completed, the yogurts were brought 

to room temperature (20°C) and stored in cold storage at 4±1°C. During the storage period, pH and 

titration acidity were determined on days 1, 7, 14, and 21. In addition, total phenolic matter, 
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antioxidant capacity analysis (DPPH (2-2-Diphenyl-2picrylhydrazyl), CUPRAC, FRAP, and ABTS 

methods), and sensory analysis were performed on each yogurt sample.  

Titration acidity (% lactic acid equivalent) was determined by titrating with 0.1 N NaOH and 

using a Hanna HI11310 pH digital pH meter. The total phenolic compound was determined in yogurt 

samples using a modified microscale Folin Ciocalteau method. The results were evaluated using a 

gallic acid (GA) calibration curve and reported as mg GA/100 g. Antioxidant activity assays were 

performed by DPPH (2,2-Diphenyl-1-picrylhydrazyl), CUPRAC (Cupric Reducing Antioxidant 

Capacity), ABTS [(2,2-azino-di-(3-) ethylbenzothialosin-sulfonic acid)], FRAP (Ferric Reducing 

Antioxidant Power) method. After producing yogurts enriched with fruit seed extract at ten different 

concentrations during preliminary trials, it was concluded that 0.5% extract provided the best sensory 

properties. Six yogurt samples were created using five different fruit seed extracts and a control 

sample and were presented to experienced panelists for sensory evaluation. The yogurt samples were 

randomly coded and presented to the panelists randomly. The samples were served with water and 

bread in well-lit conditions and evaluated using a 9-point hedonic scale, where the most liked yogurt 

sample received 9 points, and the least liked one received 1 point. The evaluation focused on various 

attributes: color, odor, taste, consistency, coagulation, serum separation, coarseness, citrus flavor, 

acetaldehyde aroma, granular structure, overall acceptability, and homogeneity. 

2.2. Statistical Analysis 

Statistical analyses were carried out according to the “Factorial Experiment Plan in Coincidence 

Plots” (5 × 4 × 3) (Fruit Seed Extract Type x Storage Time x Repetition). The data obtained in the study 

were analyzed using SPSS Statistics (Statistical Package for Social Sciences) for Windows 25.0. 

Descriptive statistical methods (median, mean, and standard deviation) were used to evaluate the 

data. The Shapiro–Wilk test was used to test whether the variables were suitable for normal 

distribution. According to the results of the Shapiro–Wilk test, it was determined that the variables 

did not show normal distribution, and accordingly, nonparametric tests were preferred. The 

Kruskal–Wallis test was applied to compare two or more independent groups, and the Friedman test 

was applied to compare two or more dependent stages. In cases where differences were detected, 

significance was tested using Bonferroni, a post hoc pairwise comparison method. 

3. Results and Discussion 

Lactic acid bacteria have an important place in food technology. They are known to be 

responsible for forming aroma and texture in the foods they are involved in. On the other hand, they 

are of particular importance to human health due to their ability to inhibit the development of some 

pathogens in foods [20]. Most lactic acid bacteria are microbial agents found in natural environments 

where humans and animals live, as well as in plant environments. They can be isolated from these 

environments and used in biotechnological studies and many industrial fields. Streptococcus 

thermophilus (S. thermophilus) and Lactobacillus delbrueckii subsp. bulgaricus are the main lactic acid 

bacteria generally used as yogurt starter bacteria and responsible for yogurt production [21]. During 

yogurt fermentation, metabolic activity is very high; when the incubation period is completed and 

the yogurt is allowed to cool at storage temperature, the number of lactic acid increases, and the pH 

value decreases [22]. These changes are essential to incubation temperature, storage temperature, and 

fermentation time [23, 24]. In addition, lactic acid value has an important place in terms of yogurt's 

aroma, taste, and flavor characteristics [25]. 

In our study, the pH values of the yogurt samples ranged between 4.17 and 4.68. The lowest 

value was 4.18 on the 21st day of the storage period in the yogurt sample with grapefruit seed extract, 

and the highest value was 4.68 on the 7th day of the storage period in the yogurt sample with date 

seed extract (Table 1). In previous studies, the pH value of yogurt generally varies between 4 and 

4.46, while the titration acidity is known to be in the range of 0,6-1,5% as an acceptable value 

[22,24,26]. The titration acidity values of the yogurt samples varied between 0.95%-1.45 (%) and the 

highest value was 1.45 (%) in the yogurt sample with grapefruit seed extract at the end of the 21st 

day of storage, while the lowest value was 0.95 (%) in the yogurt sample with date seed extract at the 
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end of the 1st day of storage. As a result, the yogurt samples' pH and titration acidity values differed 

between the control and fruit-extracted yogurts during the storage period. It is seen that there is a 

statistically significant difference between the pH and titration acidity values on the 1st, 7th, 14th, 

and 21st day of storage of 6 different samples: pomegranate seed extracted, black grape seed 

extracted, date seed extracted, grapefruit seed extracted, rosehip seed extracted and control (p<0.05). 

Ibrahim et al. [27] showed that the pH values of yogurt samples with pomegranate seeds 

addition decreased, and titration acidity values increased during 21 days of storage. Similarly, Bchir 

et al. [28] found that the pH of yogurt samples with pomegranate seeds decreased, and titration 

acidity values increased during 28 days of storage. Felix da Silva et al. [29] found that the pH value 

increased from 4.63 to 4.65, and titration acidity decreased from 92.70 to 92.10 during the fermentation 

period of yogurt samples with grape seed addition. Abdollahzadeh et al. [30] observed that the pH 

value decreased and titration acidity increased during the 14-day storage period in yogurt samples 

with palm seeds addition. Qin et al. [31] reported that grapefruit-added yogurt samples had lower 

pH and higher titration acidity than control samples. Şahingil and Hayaloğlu [32] found that the pH 

values of yogurt samples with rosehip pulp addition decreased, and titration acidity values increased 

during the 15-day storage period. 

Guggisberg et al. [33] examined the effects of inulin addition to yogurt samples with different 

fat contents on the chemical composition, pH, textural and microstructural properties of yogurt, and 

it was found that the addition of inulin to yogurt samples during the 6-day storage period had a 

significant effect on sensory analysis and rheological properties. In addition, while no significant 

difference was detected in pH values in yogurt samples, it was reported that the effect of inulin on 

microstructure may result from protein-protein interaction consisting of milk proteins Guggisberg et 

al. [34] examined sugar changes in yogurt set with stevia and stevia or palatinose in combination with 

twilight. They found that adding sweeteners did not negatively affect the yogurt-making process or 

pH development. The study determined no difference in the sensory analysis of sweetener-added 

samples. 

In contrast to our study, Hassan et al. [34] investigated the physicochemical properties of yogurt 

by incorporating guar gum and cress seed mucilage. There was no significant difference in pH values 

on the 1st, 5th, 10th, and 15th days; however, the concentration of acetaldehyde, one of the taste 

components, increased during storage. As a result, similar to the studies in the literature, it was 

concluded that the pH values of yogurt samples with pomegranate, grape, date, grapefruit, and 

rosehip seed extracts decreased, and titration acidity values increased during the storage period 

(Table 1). 

Table 1. The analysis of the yogurt samples obtained pH and titration acidity values. 

Varia

ble 

Yogurt 

Type 

1  7  14  21 Test 

Value 
p 

Bonferro

ni Med 𝑋 SD Med 𝑋 SD Med 𝑋 SD Med 𝑋 SD 

pH 

C  4.60 4.60ab 0.03 4.53 4.53ab 0.02 4.51 4.51ab 0.02 4.44 4.43ab 0.02 8.200*** 0.042* 1>21 

PS  4.47 4.48bc 0.03 4.47 4.47bc 0.02 4.31 4.31bc 0.02 4.33 4.33bc 0.02 8.200*** 0.042* 7>14 

BGS  4.28 4.28c 0.06 4.31 4.31c 0.01 4.35 4.35bc 0.02 4.26 4.27bc 0.02 7.000*** 0.072  

DS  4.59 4.59ab 0.03 4.68 4.68a 0.02 4.64 4.64a 0.04 4.69 4.69a 0.04 6.600*** 0.086  

GS  4.43 4.43ba 0.02 4.35 4.35bc 0.02 4.22 4.21c 0.05 4.17 4.18c 0.02 8.200*** 0.042* 1>21 

RS  4.64 4.64a 0.03 4.56 4.56ab 0.02 4.46 4.47ab 0.03 4.45 4.45ab 0.04 8.200*** 0.042* 1>21 

Test 

value 
15.596** 16.392** 16.309** 16.249** 

 p 0.008* 0.006* 0.006* 0.006* 

Bonferro

ni 
6>3 4>3 4>5 4>5 

Titrati

on 

Acidit

y (%) 

C  1.02 1.03bc 0.03 1.08 1.08bc 0.01 1.10 1.09bc 0.03 1.16 1.17bc 0.02 8.200*** 0.042* 21>1 

PS  1.17 1.17ab 0.02 1.16 1.16ab 0.02 1.19 1.19bc 0.02 1.23 1.23ab 0.02 5.444*** 0.142  

BGS 1.27 1.27a 0.02 1.27 1.27a 0.03 1.36 1.36a 0.01 1.39 1.39ab 0.02 8.143*** 0.043* 
21>1. 

21>7 

DS  1.03 1.03bc 0.03 0.97 0.97c 0.02 0.98 0.98c 0.01 0.95 0.95c 0.02 7.000*** 0.072  
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GS  1.04 1.04bc 0.02 1.29 1.29a 0.03 1.34 1.33ab 0.02 1.45 1.45a 0.02 8.200*** 0.042* 21>1 

RS  0.99 0.99c 0.01 1.06 1.06bc 0.01 1.12 1.12bc 0.02 1.16 1.16bc 0.02 9.000*** 0.029* 21>1 

Test 

value 
14.693** 16.075** 16.350** 16.145**  

 

 

 

p 0.012* 0.007* 0.006* 0.006* 

 
Bonferro

ni 
3>6 3>4, 5>4 3>4 5>4 

*p < 0.05, **Bonferroni test, C: Control, PS: fat-free yogurt with 0.5% Pomegranate Seed, BGS: fat-free yogurt with 

0.5% Black Grape Seed, DS: fat-free yogurt with 0.5% Date Seed, GS: fat-free yogurt with 0.5% Grapefruit Seed, 

RS: fat-free yogurt with 0.5% Rosehip Seed. 

In our study, when the total phenolic compound values of the control and 0.5% fruit seed-

extracted yogurt samples were examined, the highest total phenolic compound value was 215,22 mg 

GAE/kg in yogurt with black grape seed extract, and the lowest value was 52,11 mg GAE/kg in the 

control sample. The total phenolic compound of the yogurt with rosehip seed extract, yogurt with 

date seed extract, yogurt with grapefruit seed extract, yogurt with pomegranate seed extract, yogurt 

with grapefruit seed extract, yogurt with pomegranate seed extract, and yogurt with grape seed 

extract, respectively, from the lowest to the highest total phenolic compound, and there was a 

statistically significant difference between the total phenolic compound values (p<0.05). As a result, 

it is seen in Table 2 that the addition of fruit seed extract from yogurt varieties increased the total 

phenolic compound 3-4 times compared to the control yogurt variety. 

Similar to our study, Mercan et al. (2018) examined the effects of different concentrations of 

grape seed addition on the development of starter bacteria in yogurt samples and their 

physicochemical, texture, and sensory properties during 21 days of storage. They found that yogurt 

samples with grape seed addition had significantly higher total phenolic compounds than control 

samples [35]. Yadav et al. (2017) also examined the physicochemical properties, total phenol 

compound, and antioxidant activity of yogurt samples with encapsulated and non-encapsulated 

grape seed extract. They found that yogurt samples with encapsulated and non-encapsulated grape 

seed extract had higher total phenol compounds and antioxidants than control yogurt samples. In 

addition, the total phenolic compound of encapsulated yogurt samples increased three-fold, and 

antioxidant activity increased four-fold [36]. 

Table 2. Total phenolic compound values obtained as a result of the analysis applied to yogurt 

sample. 

Variable Yogurt Type Med 𝑿 SD Test Value p Bonferroni 

TPC  

C  52.11 52.11c 2.93 

16.579** 0.005* 3 > 1 

PS  201.19 201.19ab 0.32 

BGS  215.22 215.22a 1.46 

DS  156.56 156.56bc 3.22 

GS  186.43 186.43ab 6.96 

RS  114.21 114.21bc 3.83 

*p < 0.05, **Bonferroni test, TPC: Total phenolic compounds, C: Control, PS: fat-free yogurt with 0.5% 

Pomegranate Seed, BGS: fat-free yogurt with 0.5% Black Grape Seed, DS: fat-free yogurt with 0.5% Date Seed, 

GS: fat-free yogurt with 0.5% Grapefruit Seed, RS: fat-free yogurt with 0.5% Rosehip Seed. 

In our study, when examined using the DPPH radical scavenging activity method, the highest 

value was determined in 41/.21 mg/100 mL yogurt with date seed extract addition. The lowest value 

was determined in the 14.37 mg/100 mL control sample. When the antioxidant activity value was 

analyzed by the CUPRAC method, the highest value was determined in 42.73 mg/100 mL yogurt 

with date seed extract addition, and the lowest value was determined in the 18.44 mg/100 mL control 

sample. When the antioxidant activity value was evaluated using the FRAP method, the highest value 
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was determined in 60.05 mg/100 mL yogurt with date seed extract addition, and the lowest value was 

measured in a control sample of 6.29 mg/100 mL. When the antioxidant activity values were 

calculated using the ABTS method, the highest value was 31.56 mg/100 mL in the yogurt sample with 

rosehip seed extract. The lowest value was 13.13 mg/100 mL in the control sample. When the 

antioxidant activity value was analyzed statistically, it was seen that there was a statistically 

significant difference between the yogurt varieties, DPPH, CUPRAC, FRAP, and ABTS methods 

(p<0.05). According to the DPPH method, the antioxidant activity value was statistically higher in 

yogurt with date seed extract and rosehip seed added yogurt compared to other samples. According 

to CUPRAC and FRAP methods, the amount of antioxidant activity was statistically higher in the 

yogurt sample with date seed extract addition. According to the ABTS method, the amount of 

antioxidant activity was statistically higher in the yogurt sample with black grape seed extract 

addition and in the yogurt sample with rosehip seed extract addition. As a result, it is seen in Table 

3 that the addition of fruit seed extract from yogurt varieties increased the amount of antioxidant 

activity 2-3 times compared to the control yogurt variety. 

Van Nieuwenhove et al. [17] examined the pH value and antioxidant capacity values of 

pomegranate and jacaranda seed-added yogurt samples using the DPPH method; no significant 

difference was found in pH analysis in control, pomegranate, and jacaranda seed-added yogurt 

samples. As a result of antioxidant analysis by the DPPH method, statistically significant differences 

were reported between all samples, but no change was found in antioxidant levels according to 

storage time. The antioxidant values of the samples were listed as pomegranate seed, jacaranda seed, 

and control sample. 

Akan [37] investigated the antioxidant activity capacity of blackberry and oat bran in addition 

to probiotic yogurt by different methods. DPPH, ABTS, and CUPRAC methods were used to examine 

the antioxidant activity during the 21st day of storage, and it was found that storage time had no 

significant effect on the amount of antioxidants. In addition, antioxidant activity capacity was 

evaluated between the methods, and it was observed that there was a difference between the methods 

that were similar to our study. Similar to our study, Lejko et al. [38] examined the acidity, antioxidant 

value, and sensory properties of yogurts enriched with various vegetables (carrot, pumpkin, broccoli, 

red pepper) and in the light of their study when the samples were compared during the storage 

period, a decrease in pH value and an increase in titration acidity were observed during the storage 

period. Compared to the control sample, the antioxidant capacity value was lower in carrot and 

pumpkin-enriched yogurts and higher in broccoli and red-pepper-enriched yogurts. 

Table 3. Antioxidant capacity values obtained as a result of the analysis applied to yogurt sample. 

Variable Yogurt Type Med. 𝑿 SD Test Value p 
Bonferro

ni 

Antioxidant 

capacity DPPH 

(% Inhibition rate) 

C  14.37 14.44c 0.51 

15.409** 0.009* 4 > 1, 6 > 1 

PS  21.32 22.17bc 3.04 

BGS  31.22 31.58ab 1.94 

DS  41.21 40.81a 1.56 

GS  22.32 22.92bc 1.54 

RS  39.63 38.23a 5.61 

Antioxidant 

capacity CUPRAC 

(mg/100 mL) 

C  18.44 18.42c 0.06 

13.304** 0.021* 4 > 1 

PS  37.24 37.50bc 5.68 

BGS  32.46 31.93bc 1.63 

DS  42.73 41.67a 2.90 

GS  32.63 31.75bc 2.27 

RS  42.56 42.26ab 1.78 

Antioxidant 

capacity FRAP  

(mg/100 mL) 

C  6.29 6.27c 0.05 

15.690** 0.008* 4 > 1 PS  21.17 21.68bc 2.75 

BGS  29.83 29.90bc 2.28 
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DS  60.05 60.38a 0.74 

GS  57.23 55.55ab 3.90 

RS  59.36 59.33ab 8.15 

Antioxidant 

capacity ABTS  

(mg/100 mL) 

C  13.13 13.12c 0.07 

15.784** 0.007* 3 > 1.6 > 1 

PS  25.35 26.19ab 3.36 

BGS  31.14 31.52a 1.09 

DS  21.17 20.85ab 1.50 

GS  19.78 19.33ab 2.07 

RS  31.56 31.85a 1.80 

*p<0.05, **Bonferroni test, C: Control, PS: fat-free yogurt with 0.5% Pomegranate Seed, BGS: fat-free yogurt with 

0.5% Black Grape Seed, DS: fat-free yogurt with 0.5% Date Seed, GS: fat-free yogurt with 0.5% Grapefruit Seed, 

RS: fat-free yogurt with 0.5% Rosehip Seed. 

This study examined the sensory properties of yogurt samples. A total of thirteen experienced 

panelists participated in the sensory evaluations. Panelists conducted the sensory test by tasting 

yogurt samples on the 1st, 7th, 14th, and 21st day. Panelists evaluated yogurt samples based on 

twelve criteria: color, odor, taste, consistency, coagulation, serum separation, coarseness, citrus taste, 

acetaldehyde aroma, granular structure, homogeneity, and general acceptability. The panelists 

evaluated the yogurt samples on a scale from 1 to 9, where 1 indicated poor quality, and 9 indicated 

excellent quality. The data were tabulated by averaging the evaluations. The sensory test of the 

control sample on the 7th day received the highest overall acceptability rating. The evaluation of 

yogurt samples, as presented in Tables 4 and 5, reveals a statistically significant difference (p <0,05) 

in several attributes, including color, odor, taste, consistency, coagulation, serum separation, 

lumpiness, citrus flavor, acetaldehyde aroma, granular structure, overall acceptability, and 

homogeneity. 

Table 4. Sensory analysis values (color, odor, taste, consistency, coagulation, serum separation) were 

obtained as a result of the analysis applied to yogurt samples. 

Variable ST Color Odor Taste Consistency Coagulation Serum Separation 

C 

1st 8.46±0.09b 8.84±0.19a 8.84±0.19a 8.76±0.25a 8.41±0.02a 8,49±0,10b 

7th 8.65±0.56a 8.61±0.40a 8.90±0.67a 8.61±0.51b 8.33±0.31a 8,41±0,26b 

14th 8.73±0.64a 8.53±0.32a 8.76±0.51b 8.69±0.59a 8.46±0.44a 8,76±0,61a 

21st 8.62±053a 8.76±0.55a 8.61±0.36ab 8.53±0.43b 8.30±0.28a 8,61±0,46a 

PS 

1st 8.08±0.01c 8.25±0.04c 7.69±0.56c 8.33±0.23b 8.41±0.39a 8,46±0,31b 

7th 8.25±0.16b 8.07±0.14c 7.61±0.64d 8.38±0.28b 8.25±0.23a 8,92±0,77 a 

14th 8.53±0.44a 8.15±0.06c 7.84±0.41d 8.15±0.05b 8.25±0.23a 8,76±0,61 a 

21st 8.15±0.06b  8.07±0.14c 7.53±0.72d 8.23±0.13 b 8.07±0.05b 8,69±0,54 a 

BGS 

1st 7.61±0.48c 8.46±0.25b 8.38±0.13bc 7.84±0.26c 7.92±0.10b 7,69±0,46d  

7th 7.46±0.63c 8.61±0.40a 8.53±0.28 b 7.53±0.57c 7.84±0.18b 7,76±0,39 d  

14th 7.38±0.71c 8.25±0.04c 8.61±0.36 b 7.61±0.49c 7.61±0.41c 7,61±0,54 d  

21st 7.46±0.63c 8.33±0.12c 8.33±0.08 bc 7.15±0.95c 7.53±0.49b 7,53±0,62 d  

DS 

1st 7.46±0.63c 7.53±0.68e 8.25±0.00 bc 7.61±0.49c 7.53±0.49b 7,84±0,31d  

7th 7,61±0,48c 7.61±0.60e 8.31±0.06 bc 7.84±0.26c 7.30±0.72c 7.91±0.24d 

14th 7,69±0,40c 7.46±0.75d 8.38±0.13 bc 7.69±0.41c 7.07±0.95c 8.08±0.07c 

21st 7,53±0,56c 7.38±0.83e 8.46±0.21 b 7.74±0.36c 7.23±0.79c 8.25±0.10c 

GS 

1st 8,15±0,06b 7.92±0.29e 7.84±0.41 d 8.33±0.23b 8.07±0.05b   7.76±0.39d 

7th 8,23±0,14b 8.07±0.14d 8.38±0.13 bc 8.46±0.36b 8.46±0.44a 7.84±0.31d 

14th 8,07±0,02c 7.84±0.37d 8.25±0.00 bc 8.15±0.05b 8.15±0.13b 7.46±0.69d 

21st 8.08±0.01c 7.76±0.45e 8.46±0.21 b 8.25±0.15b 8.25±0.23a 7,61±0,54d 

RS 

1st 8.53±0.44c 8.84±0.63a 8.07±0.18 d 8.15±0.05b 8.46±0.44a 8,38±0,23d 

7th 8.61±0.52a 8.61±0.40a 8.46±0.21 b 8.38±0.28b 8.15±0.13b  8,53±0,38 b 

14th 8.46±0.37a 8.53±0.32b 7.92±0.33 d 8.07±0.03b 8.25±0.23a 8,15±0,00c 

21st 8.41±0.32a 8.46±0.25b 7.61±0.64 d 7.84±0.26c 8.07±0.05b 8,07±0,08c 
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Test 

Value 
20.425** 20.791** 17.230** 19.704** 17.485** 20.041** 

P 0.001* 0.001* 0.004* 0.001* 0.004* 0.001* 

Bonferronni 
1>3.1>4. 

6>3 
1>4. 6>4 1>2 1>3. 1>4 1>4 2>3. 2>5 

Med 8.09 8.20 8.25 8.09 8.01 8.14 

𝑿̅ 8.15 8.25 8.35 8.15 8.15 8.11 

*p<0,05, ** Kruskal Wallis test, C: Control, ST: Storage Time, PS: fat-free yogurt with 0.5% Pomegranate Seed, 

BGS: fat-free yogurt with 0.5% Black Grape Seed, DS: fat-free yogurt with 0.5% Date Seed, GS: fat-free yogurt 

with 0.5% Grapefruit Seed, RS: fat-free yogurt with 0.5% Rosehip Seed. 

Table 5. Sensory analysis values (roughness, citrus taste, acetaldehyde aroma, granular structure, 

general acceptability, homogeneity) were obtained as a result of the analysis applied to yogurt 

samples. 

 Variabl

e 
ST 

Roughnes

s 

Citrus 

Taste 

Acetaldehyde 

Aroma 

Granular 

Structure 

Homogeneit

y 

General 

Acceptability 

C 

1st 8.53±0.26a 7.92±0.85b 8.69±0.02ab 7.23±0.70 d 8.76±0.30 a 8.84±0.08 a 

7th 8.76±0.13a 7.53±0.63a 8.71±0.29a 7.69±0.10bc 8.84±1.12 a 8.92±0.53 a 

14th 8.69±0.06ab 6.92±1.24c 8.84±0.42a 7.07±0.52d 8.69±0.97 a 8.76±0.37 ab 

21st 8.30±0.37c 7.23±0.93b 8.76±0.34a 7.23±0.36d 8.61±0.89 a 8.69±0.30 ab 

PS 

1st 8.46±0.26c 8.53±0.37a 8.38±0.04bc 7.92±0.33ab 7.61±0.11 d 8.46±0.07 b 

7th 8.53±0.42bc 8.46±0.60 a 8.46±0.04 bc 8.07±0.48 a 7.76±0.04 c 8.69±0.30 a 

14th 8.61±0.34bc 8.76±0.53a 8.53±0.96ab 8.00±0.41 a 7.92±0.20 c 8.38±0.01 ac 

21st 8.46±0.49c 8.69±0.30a 8.61±1.05ab 7.61±0.02cd 7.23±0.49 d 8.31±0.08 c 

BGS 

1st 8.76±0.34ab 8.46±0.37a 8.00±1.35c 7.30±0.29 d 6.84±0.88 d 7.92±0.47 d 

7th 8.92±0.29a 8.53±0.45a 8.07±1.13c 7.23±0.36 d 6.92±0.80 d 8.00±0.39 c 

14th 8.84±0.11a 8.61±0.22a 8.46±0.02bc 7.69±0.10 bc 6.76±0.96 d 7.61±0.78 d 

21st 8.76±0.19a 8.38±0.69a 8.38±0.04bc 7.15±0.44 d 6.46±1.26 d 7.69±0.70 d 

DS 

1st 8.84±0.42a 7.69±1.01b 8.31±0.15c 7.53±0.06 cd 7.07±0.65 d 8.15±0.24 c 

7th 8.76±0.57ab 7.30±1.54 b 8.46±0.20bc 7.15±0.44 d 7.15±0.57 d 8.07±0.32 c 

14th 8.69±0.03bc 7.23±1.0 b 8.53±0.67ab 7.23±0.36 d 6.92±0.80 d 7.96±0.43 d 

21st 8.61±0.50bc 7.15±1.50b 8.07±0.99c 7.53±0.06 cd 6.84±0.88 d 8.15±0.24 c 

GS 

1st 8.53±0.04bc 8.46±0.23a 8.53±1.81ab 8.07±0.48 a 7.76±0.04 c 8.46±0.07 b 

7th 8.46±0.34c 8.53±0.26 a 8.46±1.55bc 8.00±0.41 a 8.07±0.35 c 8.53±0.14 b 

14th 8.69±0.19bc 8.38±0.31a 8.69±0.15ab 8.15±0.56 a 7.53±0.19 c 8.61±0.22 b 

21st 8.76±0.12ab 8.31±0.08a 8.46±0.28b 7.92±0.33 ab 7.92±0.20 c 8.69±0.30 ab 

RS 

1st 8.53±0.34bc 8.76±0.59 a 8.07±0.99c 7.61±0.02 cd 8.31±0.59 c 8.76±0.37 ab 

7th 8.30±0.50c 8.84±0.65 a 8.38±0.81bc 7.53±0.06cd 8.53±0.81 c 8,69±0,30 ab 

14th 8.61±0.88bc 8.69±0.48 a 7.92±0.50c 7.69±0.10bc 8.46±0.74 b 8,61±0,22 ab 

21st 8.69±0.34bc 8.53±0.28a 8.31±0.23c 7.76±0.17bc 8.38±0.66 c 8,46±0,07 b 

Test 

Value 
12.026** 18.943** 16.499** 19.948** 21.608** 19.754** 

P 0.034* 0.002* 0.006* 0.001* 0.001* 0.001* 

Bonferronni 3>2 6>1. 6>4 1>3. 1>6 1>3. 1>4 1>3. 1>4. 6>3 1>3. 1>4 

Med 8.62 8.16 8.42 7.59 7.72 8.39 

𝑿̅ 8.65 8.46 8.46 7.61 7.76 8.46 

*p<0,05, ** Kruskal Wallis test, C: Control, ST: Storage Time, PS: fat-free yogurt with 0.5% Pomegranate Seed, 

BGS: fat-free yogurt with 0.5% Black Grape Seed, DS: fat-free yogurt with 0.5% Date Seed, GS: fat-free yogurt 

with 0.5% Grapefruit Seed, RS: fat-free yogurt with 0.5% Rosehip Seed. 

In evaluating color, the control sample achieved the highest score on the 14th day, with 8.73 

points, while the yogurt sample with grape seed addition received the lowest score of 7.38 points. 
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Upon analyzing the odor values, it was found that the highest reading was from the control sample 

on the first day, measuring 8.84. In contrast, the lowest reading was recorded for the yogurt sample 

with date seed addition, which occurred on the twenty-first day, scoring 7.38 points. When the tasting 

was evaluated, the control sample received the highest score of 8.92 on the 7th day, while the yogurt 

sample with pomegranate seeds received the lowest score on the 21st. When considering consistency, 

the control sample on day 1 had the highest value of 8.76, while the yogurt with grape seed addition 

recorded the lowest value of 7.15. The highest coagulation value was recorded at 8.46 in three 

different yogurt samples: the control sample on the 14th day, the yogurt sample with grapefruit seed 

added on the 7th day, and the yogurt sample with rosehip seed added on the 1st day. The yogurt 

sample with date seed addition showed the lowest value of 7.07 on the 14th day. The highest serum 

separation value recorded was 8.92 in the pomegranate seed yogurt sample on the 7th day, while the 

lowest value was 7.53 in the grape seed yogurt sample on the 21st day. When assessing roughness, 

the yogurt with grape seed addition on the 14th day had the highest value of 8.84, which was also 

matched by yogurt with date seed addition on the 1st day. Regarding citrus flavor, the highest score 

was 8.84 for yogurt with rosehip seed addition on the 7th day, whereas the lowest value was 7.30 for 

yogurt with date seed addition. Regarding acetaldehyde flavor, the control sample achieved the 

highest score of 8.84 on the 14th day, while the lowest score of 7.92 was recorded in yogurt with 

rosehip seed addition. For granular structure, the yogurt with grapefruit seed addition on the 14th 

day had the highest value of 8.07, compared to the control sample, which recorded the lowest value 

of 7.07 on the 14th day. Regarding general acceptability, the control sample received the highest score 

of 8.92 on the 7th day, whereas the yogurt with grape seed addition recorded the lowest score on the 

14th day. Finally, when evaluating homogeneity, the control sample again had the highest score of 

8.84 on the 7th day, while the yogurt with grape seed addition received the lowest score of 6.46.  

Mercan et al. [40] investigated the effects of different concentrations of grape seed (0.5%, 1%, 

and 1.5%) on the growth of starter bacteria in yogurt samples, as well as their physicochemical, 

textural, and sensory properties over a 21-day storage period. The study found that yogurt samples 

with added grape seed had significantly higher total phenolic compound content than the control 

samples. Additionally, no significant differences were observed in sensory properties between the 

grape seed yogurt and the control. These findings suggest that yogurt incorporating grape seed could 

be a functional food beneficial to human health. 

Domagala et al. [41] investigated the texture, viscosity, and sensory properties of yogurts with 

varying levels of milk fat (1, 2, and 3 kg per 100 kg of milk) and maltodextrin (1, 2, and 3 kg per 100 

kg). The study found that replacing milk fat with maltodextrin in yogurt samples did not lead to 

significant differences in sensory analysis, rheological properties, or texture parameters; however, it 

did increase viscosity. 

Hassan et al. [42] investigated the physicochemical properties of yogurt made from 3.2% fat milk 

with the addition of 0.025% and 0.05% guar gum, as well as 0.10% cress seed mucilage. The study 

analyzed various physicochemical properties, including pH values, taste components, and viscosity, 

at temperatures of 5±2°C on the 1st, 5th, 10th, and 15th days. The results showed no statistically 

significant difference in pH values between the samples (p> 0.05). The taste components, 

acetaldehyde, and diacetyl, were also assessed, with findings indicating that acetaldehyde levels 

increased during storage. Furthermore, the study reported a positive and statistically significant 

improvement in the quality and sensory properties of yogurt samples containing guar gum and cress 

seed mucilage (p <0.05). 

4. Conclusions 

Using fruit seed extracts in food products offers positive health benefits for consumers. These 

extracts enhance the nutritional value of functional foods and contribute to product diversity. 

Moreover, a significant amount of fruit seeds are discarded globally. We can reduce food waste by 

conducting such studies and effectively utilize fruit seed extracts. This study investigated the effect 

of adding fruit seed extract on the physicochemical properties of yogurt samples. Using fruit seed 

extracts in food products has positive health effects on consumers. Adding fruit seed extract 
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positively impacted pH and total acidity values and increased total phenolic matter and antioxidant 

capacity. With the findings obtained, experimental analyses will be carried out to increase the product 

diversity of the world's yogurt industry by adding fruit seeds to yogurt production. The aim is to 

improve the texture and technological properties of yogurt produced with reduced fat content and 

fruit seeds and increase its antioxidant and functional properties. 

Author Contributions: For research articles with several authors, a short paragraph specifying their individual 

contributions must be provided. The following statements should be used “Conceptualization, S.E. and V.U.; 

methodology, S.E.; software, S.E.; formal analysis, S.E.; investigation, S.E. and V.U.; resources, S.E.; data curation, 

S.E.; writing—original draft preparation, S.E.; writing—review and editing, S.E.; visualization, S.E.; supervision, 

V.U. All authors have read and agreed to the published version of the manuscript. Authorship must be limited 

to those who have contributed substantially to the work reported. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable.  

Informed Consent Statement: Not applicable. 

Acknowledgments: This study was derived from the doctoral thesis of Selin Elmas under the supervision of 

Vildan Uylaşer. 

Conflicts of Interest: The authors declare no conflicts of interest.  

References 

1. Kızılaslan, N,. Küçükakgül, C., Korkmaz, N. (2016). Süt ürünlerinin besin değeri. Süt Teknolojisi Dergisi, 

29(3), 45-57. 

2. Küçükakgül, C., Kızılaslan, N., Korkmaz, N. (2009). Yağ içeriği azaltılmış yoğurtlarda kalite iyileştirme 

yöntemleri. Gıda Mühendisliği Dergisi, 33(4), 56-64. 

3. Hacıoğlu, M., Balaban, G., Demir, E., Özkan, İ. (2003). Türkiye’de fonksiyonel gıdalar ve bu ürünlere 

yönelik tüketici bilinci, 37(2),27-35. 

4. Harte, F., Muthukumarappan, K., Gadi, R. (2003). Effect of cold storage on the physical properties of low-

fat yogurt. Journal of Food Science and Technology, 68(9),2824-9. 

5. Everett, D.W., McLeod, R.E. (2005). Interactions of polysaccharides and milk proteins: Implications for the 

development of high quality yogurt and other dairy products International Dairy Journal, 15(10),941-

https://doi.org/10.1016/j.idairyj.2004.08.022 

6. Folkenberg, D.M., Dejmek, P., Skriver, A., Guldager, H.S., Ipsen, R. (2005). Sensory and rheological 

screening of exopolysaccharide producing strains of bacterial starter cul-tures in fermented milk products. 

Journal of Dairy Science, 88(12),3896-https://doi.org/10.3168/jds.S0022-0302(05)73075-0 

7. Saint-Eve, A., Levy, C., Le Moigne, M., Ducruet, V., Souchon, I. (2006). Quality changes in yogurt during 

storage: Impact of packaging Journal of Dairy Science, 89(1),25-36. 

8. Peker, H. (2012). Yoğurt üzerine fonksiyonel çalışmalar ve yeni teknolojik yaklaşımlar. Süt Teknolojisi 

Dergisi, 29(4),32-40. 

9. Köse, E., Ocak, B.(2014).Yoğurdun tüketici tercihleri ve kalite özellikleri açısından değerlendirilmesi. Gıda 

Teknolojisi Dergisi, 39(1):42-8. 

10. Khurana, H., Kanawjia ,S. (2007). Recent trends in development of fermented milks. Current Nutrition & 

Food Science, 3(1):91-108. 

11. McCowen, K.C., Woodhouse, S., Peck, M.D.(2010). Omega-3 fatty acids and their potential role in the 

treatment of metabolic disorders. Journal of Clinical Nutrition, 91(6):1804-10. 

12. Hansel, B., Nicolle, C., Lalanne, F., Tondu, F., Lassel, T., Donazzolo, Y., et al. (2007). Effect of low-fat, 

fermented milk enriched with plant sterols on serum lipid profile and oxidative stress in moderate 

hypercholesterolemia. The American Journal of Clinical Nutrition, 86(3),790-6. 

13. Jaziri, I., Slama, M.B., Mhadhbi, H., Urdaci, M., Boudabous, A. (2009). Antimicrobial and antioxidant 

activities of green and black teas. Journal of Food Biochemistry, 33(3),240-63. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 December 2024 doi:10.20944/preprints202412.1757.v1

https://doi.org/10.1016/j.idairyj.2004.08.022
https://doi.org/10.20944/preprints202412.1757.v1


 11 

 

14. Cossu, M., Zurru, R., Caredda, S., Piga, A., Roggio, T. (2009). Use of grape pomace as functional ingredient 

in yogurt production. Journal of Food Science and Technology, 44(3),536-40. 

15. Karaaslan, M., Ozden, M., Vardin, H., Turkoglu, H.(2011). Phenolic fortification of yogurt using grape and 

callus extracts LWT - Food Science and Technology, 44(4),1065-72. 

16. Sendra, E., Fayos, P., Lario, Y., Fernández-López, J., Sayas-Barberá, M.E., Pérez-Alvarez, J.A.(2008). 

Incorporation of citrus fibers in fermented milk containing probiotic bacteria. Food Microbiology, 25(1),13-

2. 

17. Van Nieuwenhove , C., Oliszewski, R., González, S.N., Pérez Chaia, A.(2019).  Influence of inulin and 

bovine milk fat on conjugated linoleic acid production by Lactobacillus strains in vitro and in yogurt. Food 

Research International, 39(4),651-7. 

18. Karabulut, G., Yemi̇ş, O.(2019). Bound Forms of Phenolic Compounds and their Bioavailability. Akademik 

Gıda, 17(4), 526–https://doi.org/10.24323/akademik-gida.667270 

19. Kolaç, N., Özdemir, D., Ünver, Y. (2017). Fenolik bileşiklerin antioksidan ve antimikrobiyal aktiviteleri. 

Gıda ve Beslenme Bilimleri Dergisi, 5(2),14-21. 

20. Yılmaz, A., Temiz, A.(2003). Laktik asit bakterileri ve yoğurt üretiminde kullanımları. Süt Teknolojisi 

Dergisi, 30(2), 15-20. 

21. Gezginç, Y., Akyol, P.(2010). Yoğurt üretiminde laktik asit bakterilerinin önemi ve kullanımı. Süt 

Teknolojisi Dergisi, 25(3),34-42. 

22. Tavşanlı, H., İrkin, R., Kısadere, İ.(2019). The effects of different organic acid treatments on some microflora 

and pathogen listeria monocytogenes of white brine cheese. Kafkas Universitesi Veteriner Fakultesi Dergisi, 

25(2), 201-7. 

23. Yaygın, H.(1999). Fermente süt ürünleri ve teknolojisi. Süt Bilimi ve Teknolojisi Dergisi, 21(3):10-17. 

24. Mavuş, A., Kılıç, M., Güngörmüş, C.(2020). Yoğurt üretiminde inkübasyon süresi ve depolama koşullarının 

etkisi. Gıda Teknolojisi, 45(1): 52-59. 

25. Fermente Süt Ürünleri Tebliği. (2019). Resmi Gazete, https://www.resmigazete.gov.tr/ 

26. Aksoy, A.(2021). Süt ürünlerinin pH ve titrasyon asitliği özellikleri. Journal of Dairy Research, 58(2), 97-

102.  

27. Ibrahim, S.A., Yang, H., Seo, C.W., Noh, H.(2020). Physicochemical properties and antioxidant activities of 

yogurt enriched with pomegranate peel extract. Journal of Food Science and Technology, 85(4),1197-204. 

28. Bchir, B., Attia, H., Felfoul, I., Ayadi MA.(2020). Effect of pomegranate seed oil on the physicochemical, 

sensory, and microbiological properties of yogurt. Food Science & Nutrition, 8(3),1450-9. 

29. Felix da Silva, D., Barbosa de Souza, A.C., Barbosa de Lima, L.R.(2017). Effect of grape seed extract on the 

physicochemical properties, antioxidant activity, and sensory characteristics of yo-gurt. Food Science and 

Technology International, 37(2), 239-45. 

30. Abdollahzadeh, A., Taheri, S., Rezaei, M., Khodaiyan, F.(2018). Effect of date seed extract on the 

physicochemical properties, antioxidant activity, and sensory characteristics of yogurt during refrigerated 

storage. Food Science and Technology International, 24(6),480-91. 

31.  Qin, X., Liu, J., Wang, H., Wang, X.(2023). Physicochemical properties and antioxidant activities of yogurt 

enriched with grapefruit peel extract. Journal of Dairy Science, 106(2), 334-45. 

32. Sahingil, D., Hayaloglu, A.(2022). Enrichment of antioxidant activity, phenolic compounds, volatile 

composition, and sensory properties of yogurt with rosehip (Rosa canina L.) fortification. International 

Journal of Gastronomy Science, 28, 100514. 

33. Guggisberg, D., Cuthbert-Steven, J., Piccinali, P., Bütikofer, U., Eberhard, P.(2009). Rheological, 

microstructural, and sensory characterization of low-fat and whole milk set yoghurt as influenced by inulin 

addition. International Dairy Journal, 19(2),107-15. 

34. 34. Hassan, L.K., Haggag, H., ElKalyoubi, M., Abd EL-Aziz, M., El-Sayed, M., Sayed, A.(2015). Physico-

chemical properties of yoghurt containing cress seed mucilage or guar gum. Annals of Agricultural 

Sciences, 60(1),21-8. 

35. Mercan, H., Yılmaz, F.M., Sönmez, F.(2018). Üzüm çekirdeği ilaveli yoğurdun starter bakterilerinin gelişimi 

üzerine etkisi. Dairy Science & Technology, 45(1), 60-70. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 December 2024 doi:10.20944/preprints202412.1757.v1

https://doi.org/10.20944/preprints202412.1757.v1


 12 

 

36. Yadav, K., Bajaj R.K., Mandal, S., Saha, P., Mann, B.(2017). Evaluation of total phenol content and 

antioxidant properties of encapsulated grape seed extract in yoghurt. İnternational Journal of Dairy 

Technology, 71(1),96-doi.org/10.1111/1471-0307.12464 

37. Akan, E.(2022). Effect of blackberry and oat bran addition on lactobacillus acidophilus viability and 

antioxidant activity of probiotic yoğurt. Turkish Journal of Agriculture -Food Science and Technology, 

10(5),838-doi.org/10.24925/turjaf.v10i5.838-845.4991 

38. 38. Lejko, N.D., Grega T., Tabaszewska M. (2014). Yoghurts with addition of selected vegetables: 

acidity, antioxidant properties and sensory quality. Acta Sci. Pol., Technol, 13(1),35-

doi.org/10.17306/J.AFS.2014.1.3 

39. 39. Okur D. Ö., Seydim G. Z., (2011). Geleneksel dolaz peynirinin üretim yönteminin, mikrobiyal ve 

uçucu aroma bileşen içerikleriyle duyusal özelliklerinin belirlenmesi. The Journal of Food, 36 (2), 83-88. 

40. 40. Mercan, E., Sert, D., Karakavuk, E., & Akın, N. (2018). Effect of different levels of grapeseed (Vitis 

vinifera) oil addition on physicochemical, microbiological, and sensory properties of set‐type yoghurt. 

International Journal of Dairy Technology, 71, 34-43. 

41. 41. Domagała, J., Wszołek, M., Tamime, A. Y., & Kupiec-Teahan, B. (2013). The effect of 

transglutaminase concentration on the texture, syneresis and microstructure of set-type goat's milk yoghurt 

during the storage period. Small Ruminant Research, 112(1-3), 154-161. 

42. 42. Hassan K. L., Haggag H. F., El Kalyoubi M. H. (2015). Physicochemical of yoghurt containing cress 

seed mucilage or guar gum. Annals of Agricultural Science,60(1),21-28. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 December 2024 doi:10.20944/preprints202412.1757.v1

https://doi.org/10.1111/1471-0307.12464
https://doi.org/10.20944/preprints202412.1757.v1

