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 Abstract 

 
 

Introduction. The aim of the research was to evaluate the 

physico-chemical, microbiological sensory characteristics 

and antioxidant potential of goat milk yogurt with fruits. 

Materials and methods. The yogurt was prepared from 

goat's milk with the addition of scald fruits (10%) of aronia 

(Chokeberry L., Nero variety), peaches (Prunus persica, 

variety Moldova), raspberries (Rubus idaeus, Cusma de 

Guguță variety), strawberries (Fragaria xanassa, Selva 

variety), apples (Malus domestica variety, Golden). Quality 

indices and antioxidant potential was determined according 

to standard methods. 

Results and discussions. The added fruits type had a 

strong impact on the values of titrable acidity and pH. The 

peache yogurt had a pH of 4.68±0.019. Higher acidity was 

obtained for raspberry yogurt, 103±0.076 ºT. The amount of 

dry matter indicates 20.40±0.45% in strawberry yogurt. The 

dry matter content is inversely proportional to the value of 

the water activity, and maximum values were detected of 

0.904±0.038 for apples, peaches, raspberries yogurt. The 

minimum viscosity values were obtained for aronia yogurt, 

5450±4.85 Pa·s, and maximum for strawberry yogurt 

8960±4.45 Pa·s. The results obtained for determining the 

total number of germs in the yogurt are satisfactory, the 

highest result was for peaches yogurt, 1.8 log cfu/ml. The 

maximum amount of lactic acid is in apple yoghurt 

7.16±0.40 log10 cfu/ml. No yeasts and molds were 

detected. Aronia yogurt has the highest total content of 

polyphenols (187.15 mg GAE 100g-1), anthocyanins 

(56.45/100g) and antioxidant activity (3.9%), the maximum 

carotenoid content 0.452 mg/100 g was obtained for 

peaches yogurt and ascorbic acid 25.77 mg/100 g for 

strawberry yogurt. Yogurt samples sensory properties show 

that strawberry yogurt has the best characteristics, obtaining 

19.25 points of 20.  

Conclusions. The addition of aronia fruits, strawberries 

and raspberries and peach positively influences the 

biological value and the quality indexes of goat milk yogurt 

with fruits. 
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Introduction 
 

Goat milk and dairy products occupy a significant place in the rational diet of humans, 

due to their high chemical composition and the easy assimilation of the most accessible 

animal origin proteins [1]. The nutritional interest for the benefit of goat milk yogurt is 

generally associated with the biological value, such as proteins, calcium, phosphorus and 

vitamin A, D, in a relatively high percentage [2]. 

The fruits are compatible with dairy products [3]. Harnessing the bioactive potential of 

biologically active fruit compounds, with health benefits, is constantly expanding, the main 

purpose being the rational use of these compounds in yogurt [4]. 

To provide a more acceptable look and mask the specific smell of goat's milk, fruit can 

be added to the recipes, not only to provide attractive color to the product but exert an anti-

inhibitory effect, due to the fruits biological components, which could extend the yogurt shelf 

life, hypotheses also supported by other researchers [5]. Some fruit fillers contain tannins, 

which react with milk proteins, forming a thick precipitate [6]. 

The aronia is rich in anthocyanins, minerals, antioxidants and vitamin C, thus 

contributing to the fortifying of the immune system [7]. 

Raspberries and strawberries can be substitutes for sweets, containing daily 

carbohydrate dose for an adult body [8], but also an important portion of fiber and water [9], 

which helps to clean and moisturize tissues [10]. 

Peaches are rich in beta-carotene and fiber, especially if they are consumed with shell, 

and in the composition of yogurt they enhance their benefits for the body [11]. 

Apple is a particularly valuable food for all ages. Apples contains the main vitamins 

and mineral salts, substances that give a surplus of vitalizing energy [12]. 

Processing and obtaining new products can substantially affect the quality and 

properties of bioactive fruit compounds, and the study of these effects is of fundamental and 

applicative importance in order to optimize processes and improve the quality of yogurt [13]. 

The use of aronia, strawberries, raspberries, and other bleached fruits in the manufacture 

of yogurt is less studied. The scald process can diminish the biological activity and nutritional 

value of the fruits [14]. In this context it is important to know how the biological value of the 

scald fruits in combination with the yogurt is highlighted, considering the process of yogurt 

manufacturing. In addition to the negative effects of heat treatment of fruits, scald also has 

positive effects: enzymes inactivation, air elimination of tissues, which consequently fixes, 

maintains and even accentuates the color of the finished products, as well as fixing and 

preserving vitamins during the following processes [15]. 

The aim of the research was to evaluate the physico-chemical, microbiological sensory 

characteristics and antioxidant potential of goat milk yogurt with fruit.  

To achieve the goal, the following objectives were proposed:  

1. Justification for choosing the fruits of aronia, apples, peaches, strawberries and 

raspberries;  

2. Determining and arguing the quality indices of the yogurt (sensory , physico-chemical 

and microbiological indices);  

3. Determination and argumentation of the antioxidant potential of the yogurts samples. 
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Materials and methods 
 

Preparation of fruits pulp 

 

Freshly ripened fruits (aronia, apples, peaches, raspberries and strawberries) were 

gently washed under water and cleaned with an aseptic knife. The fruits were processed by 

scalding at 95°C for 5 minutes, packed in glass jars and stored under optimum conditions. 

 

Preparation of fruit yogurt 

 

To prepare fruit yogurt the goat milk sample was received from the local goat farm. The 

goat's milk was pasteurized at 90°C for 10 minutes, after which it was cooled to the 

inoculation temperature. For the yogurt manufacture the Lyofast YAB 352 starter culture was 

used for inoculation, which contain Streptococcus thermophilus, Lactobacillus delbrueckii 

subsp. Bulgaricus, Lactococcus lactis subsp Lactis biovar diacetilactis, sucrose and 

maltodextrin. In the yogurt mixture, the scald fruit pulp was added in 10% concentration. The 

samples were thermostated at 37 °C for 6 hours. The end of the coagulation process was 

determined by the pH value and firmness of the coagulum. The yogurt samples were 

packaged in 180 g containers and stored at 8±2 °C. 

The yogurt was prepared by the thermostat method, being an effective method to study 

the formed clot and its firmness [2]. 

The assortment of yogurt is presented in Table 1. 
 

Table 1 

Assortment of manufactured yogurt 

 

Raw 

material 

Sample  

Classic 

yogurt 

Yogurt 

with 

aronia 

Yogurt 

with 

apple 

Yogurt 

with 

peach 

Yogurt with 

raspberries 

Yogurt with 

strawberry 

Goat milk CY ArY ApY PY RY SY 

 

 

Methods 

 

Titrable acidity determination consists in neutralizing the acidic milk substances with 

0.1n NaOH (KOH) solution using phenolphthalein as an indicator. The calculation formula 

is 

Acidity (ºT) = 10·V, 

where:V- volume used for titration [16]. 

 

pH determination. the pH value of the milk was determinated using pH metre (glass 

electrodes) [16]. 

 

Viscosity determination of acid dairy products was determined using the "Brookfield 

DV – III" rheometer, with indicator no. 04, 250 rotations/min, data were read after 30 seconds 

of rotations [17]. 
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Dry matter content determination. Method use the Radwag MAC moisture analyzer 

[18]. which consists in IR sample drying on an apparatus aluminum support until a constant 

mass of the dry residue is obtained. 

 

Water activity determination. It is measured the vapor pressure of the water around 

the food and divided by the vapor pressure of the pure water to give a value between 0.0 and 

1.0 [19]. 

 

Fat content determination – made by the acid-butyrometric method and consists in 

the separation of the fat using isoamyl (amyl) alcohol by centrifuging the milk, previously 

mixed with sulfuric acid [20]. 

 

Determination milk protein content by formaldehyde titration -consists of blocking 

the proteins amyl groups with formic aldehyde and the release of the carboxylic groups, 

which are neutralized with 0.1n NaOH solution [21]. 

 

Determination of the total number of microorganisms, lactic bacteria. The number 

of bacteria is estimated indirectly, based on the number of colonies generated by the cells of 

microorganisms after thermostatization at 37 °C, for 48 hours [22, 23]. 

 

Determining the number of yeasts and molds. The homogenized samples were 

diluted in series by adding 1 ml of sample in 9 ml of pepton water, usind agar medium 

according to the instructions, the result was expressed as colony units per ml (CFU/ml) [23]. 

 

Determination of total phenolic compounds – estimated according Folin-Ciocalteu 

method [24]. A volume of 1 ml of methanolic extract of each sample was added to 1 ml of 

Folin-Ciocalteu’s solution in a test tube. After 3 minutes, 1 ml of 20% sodium carbonate 

solution was added to the mixture and adjusted to 10 ml with distilled water. The mixture 

was allowed to stand at room temperature in a dark environment for 30 min. Absorbance was 

measured against the blank reagent at 725 nm. Gallic acid was used for the calibration curve 

with a concentration range of 50-1000 µg∙mL-1. Results were expressed as mg GAE∙100g-1. 

 

Determination of anthocyanin content was measured by spectrophotometric method 

at 540 nm, extracted with a solution of 95% ethyl alcohol and 1.5 n HCl to discoloration [25]. 

 

Antioxidant properties was determined by using a platinum and silver electrodes 

pattern model B90417 AVL – 1М the thermostatic cell, according to SM EN 12857:2014 

[26]. 

 

Vitamin C – prepared extract titration with 0.001 N indicator solution of 2,6 

diclorfenolindofenol [27]. 

 

Carotenoids determination – the method is based on the photometric determination 

of the mass carotene concentration in the solution obtained after the carotenoids extraction 

with an organic solvent and purified of the accompanying substances using dye by column 

chromatography [28]. 

 

Sensory quality assessment based on the score scale. Evaluation of each sensory 

characteristic by comparison with score scales and obtaining the average score of the tasting 
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group [29]. The mean score of the sensory analysis was passed in the centralized results sheet. 

The average of the total score is calculated based on the weighted average scores. Except for 

the control sample, the yogurt assortment was evaluated as "very good" and characterized as 

follows: "Product with pleasant, specific, well defined sensory characteristics, does not 

present any noticeable defects".  

𝑃𝑚𝑝 = 𝑃𝑚𝑛𝑝 × 𝑓𝑝,   

where: Pmnp – unweighted average score (the arithmetic average of the results); 

fp – the weighting factor (shows how much a sensory characteristic participates in the total 

sensory quality of the product). 

𝑃𝑡𝑝 = ∑ 𝑃𝑚𝑝 

 

Statistical analysis. The variance analysis of the results was carried out by least square 

method with application of Student test. The differences were considered statistically 

significant if probability was greater than 95% (p-value <0.05). All assays were performed 

in triplicate. The experimental results are expressed as average±SD (standard deviation).  

 

 

Results and discussions 
 

Analysis of the yogurt samples physico-chemical indices  

 

Table 2 presents the composition of goat milk yogurt samples.The values obtained for 

fat and protein content were slightly influenced by the addition of fruits [30]. The protein 

content of yogurt changes with the incorporation of strawberry, raspberry and peach. The fat 

content is lower in the yogurt samples, compared to the control sample, possibly due to the 

increase of water content in the product with the fruits addition, also it should be 

mentionedthe fruit low fat content. Similar observations were obtained by [31]. 
 

Table 2 

Composition of goat milk yogurt samples 

 

Nr. Sample Fat content,% Protein content,% Dry matter,% 

1. CY 3.4±0.035 6.03±0.052 16.03±0.42 

3. ArY 2.0±0.032 5.31±0.049 17.20±0.49 

4. ApY 2.6±0.038 5.14±0.051 18.93±0.45 

5. PY 2.4±0.040 5.43±0.047 18.73±0.51 

6. RY 2.3±0.039 5.62±0.050 19.11±0.50 

7. SY 2.1±0.037 5.51±0.048 20.40±0.45 

 

 

The dry matter plays an important role in forming the texture of the finished product 

[32]. The addition of fruits in yogurt significantly influenced the total dry matter content. The 

dry matter content of fruit yogurt has decreased with the fruits addition, due to the high 

content of water contained in fruits which significantly increases in the process of scald fruit. 

Similar observations were reported by [33], who found that the total dry matter content 

decreased with the addition of fruit.For strawberry yogurt, the highest content of dry matter 

was obtained 20.40±0.45%.  
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Table 3 presents the physico-chemical indices of yogurt samples. The acidity of a food 

product is one of the first quality indices that demonstrate its freshness [34]. Acidification of 

the milk leads to the destruction of the internal structure of the casein micelle due to the 

solubilization of κ-casein [35], as a result of acid coagulation, resulting in the formation of 

the lactic gel. The type of added fruit had an impact on the values of titrable acidity and pH. 

Higher acidity values (103 °T) were obtained for the raspberry yogurt. The lowest values 

were obtained for the yogurt with aronia, 94 °T. A similar observation was reported by [36], 

who reported that the acidity of the yogurt increased due to the type of added fruit. 
 

Table 3 

Physico-chemical indices of yogurt samples 

 

Nr. Sample Titrable acidity, ºT pH aw Viscosity, Pa·s 

1. CY 90±0.073 5.06±0.015 0.895±0.029 5090±4.54 

3. ArY 94±0.075 4.65±0.018 0.901±0.035 5450±4.85 

4. ApY 95±0.071 4.62±0.016 0.904±0.038 7650±4.12 

5. PY 98±0.078 4.68±0.019 0.904±0.038 8500±4.19 

6. RY 103±0.076 4.61±0.015 0.904±0.038 8640±4.38 

7. SY 98±0.075 4.67±0.011 0.903±0.030 8960±4.45 

 

 

Water activity (aw) can participate in various chemical and biochemical reactions (eg 

Maillard reaction) that can affect the nutritional value of the yogurt, in terms of decreasing 

the storage time. If the water activity value is in the range 0,8-1, the product is slightly 

perishable with the risk of rapid development of microorganisms [37], for which minimum 

values of 0.895±0.029 were detected in the control sample and maximum values of 

0.904±0.038 for apples, peaches, raspberries yogurt. 

Yogurt is a soft solid product, and its network is a relative dynamic system, inclined 

towards rearrangement. The physical properties of yogurt can be explained using the model 

of interactions in casein micelle that includes the balance between attraction and rejection 

forces [38]. Rheological properties are important indicators of the quality of the yogurt. The 

samples were investigated at a temperature of 15 °C, the viscosity depends directly on the 

sample temperature [39]. This behavior is typical for non-newtonian liquids and is clearly 

highlighted for fruit yogurt samples. The minimum viscosity values were obtained for the 

control sample 5090±4.54 Pa·s, followed by the aronia yogurt 5450±4.85 Pa·s, apple yogurt 

7650±4.12 Pa·s, peache yogurt 8500±4.19 Pa·s, raspberries yogurt 8640±4.38 Pa·S, 

strawberrie yogurt 8960±4.45Pa·s. 

 

Analysis of the yogurt samples microbiological characteristics  

 

The use of starter culture favors obtaining fermented dairy products. In the process of 

lactic fermentation, under the influence of the starter culture bacteria, the conversion of 

lactose into lactic acid occurs [40], which leads to some changes in the manufactured product: 

the pH decreases to the isoelectric point of the proteins (4.6), during the reduction of pH 

begins the process of forming the gel network specific to fermented milk [41]. On the other 

hands, biologically active fruit substances can catalyze oxidation reactions, thus being added 

to the yogurt composition could serve as a natural preservative, contributing to the pathogenic 

bacteria inhibition [42]. 
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Table 4 

Microbiological characteristics of yogurt samples 

 

Nr. 
 

Sample 

Total number  

of microorganisms, log cfu/ml 

Lactic bacteria 

(log10CFU/ml) 

Yeast 

 and mold 

1. CY 2.1 7.22±0.03 

Absence 

3. ArY 1.5 7.16±0.40 

4. ApY 1.7 7.05±0.01 

5. PY 1.8 7.08±0.03 

6. RY 1.7 7.14±0.01 

7. SY 1.6 7.06±0.01 

 

The microbiological characteristics of yogurt samples is presented in Table 4. The 

highest total number of microorganisms was obtained for the peach yogurt sample (1.8 log 

cfu/ml), the highest number of lactic bacteria (7.16 log10 cfu/ml) was obtained for the aronia 

yogurt sample and the smallest value (7.05 log10 cfu/ml) for the apple yogurt sample. Similar 

findings were also reported by [43], who stated that the number of lactic bacteria increases 

optimally in slightly acidic conditions when the pH is between 4.5 and 6.4.[44]. 

No yeasts and molds were detected. 

 

Antioxidant potential of the yogurt samples 

 

Yogurt in combination with fruits has a functional role in the human body, due to the 

supply of fiber, vitamins, minerals, phytonutrients, polyphenols, anthocyanins [45]. The 

incorporation of processed fruits into yogurt is a popular approach to increase the phenolic 

content and improve the antioxidant profile. Fortifying yogurt with naturally antioxidants 

also responds to consumers' demands for "clean label" foods [46, 47]. 

Some fruits, such as aronia, are good sources of phenolic compounds, especially 

anthocyanins. Polyphenols are known to interact with milk proteins and form insoluble 

complexes that reduce the total free polyphenol content [48]. 

The content of total polyphenols, anthocyanins, ascorbic acid, carotenoids, antioxidant 

properties of yogurt samples are shown in Figure 1–6. There were significant differences 

between the samples. The aronia yogurt had the highest polyphenol content (187.15 mg GAE 

100g-1). Peacheand apple yogurt recorded the following values for the total polyphenols 

content: 184.15 mg GAE 100 g-1, respectively 173.93 mg GAE 100 g-1. 

Due to antioxidant properties, anthocyanins play an important role in determining the 

color of fruit yogurt and differ from other compounds due to their ability to form different 

structures depending on the pH of the environment. Due to this property, anthocyanins can 

offer the body, protection against the intense harmful reactions of free radicals and can be 

used in the manufacture of yogurt as natural dyes [49]. In addition to their coloring properties, 

anthocyanins exhibit a wide range of biological activity, including antimicrobial, 

antimutagenic, anticancer, antitumor and antioxidant activities [50]. Anthocyanins are 

important, being the alternative of synthetic dyes, are considered safe because they have been 

consumed for centuries in fruits and vegetables without any health risk [51]. 
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Figure 1. Total polyphenol content of yogurt samples  

 

 

Using a simple method for quantifying total monomeric anthocyanins, the content of 

anthocyanins in fruit yogurt was determined. Values ranged from 19.36–56.45 mg/100g 

(Figure 2). The highest content of anthocyanins was in aronia yogurt (56.45 mg/100g), 

followed by the raspberry yogurt (48.34 mg/100g), the strawberry yogurt (40.47 mg/100g). 

low value was obteind for apple yogurt (19.36 mg/100g). 

 

 
Figure 3. Antioxidant properties of yogurt samples 
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Antioxidants are bioactive substances that prevent oxidation reactions promoted by 

oxygen or peroxides and thus protect cells from the oxidative stress effect [52]. Fruits are a 

natural source of antioxidants and therefore their effectiveness in protecting against oxidative 

stress has been demonstrated by some researchers [53]. 

Natural antioxidants with a positive effect on oxidative stability have the role of 

preventing rancing [54], an undesirable fact in the obtained yogurt samples. Aronia yogurt 

registered the highest antioxidant property of 3.9%, followed by raspberries (3.7%) and 

strawberries (3.5%) yogurt. 

There are numerous data [55] that show that fruits can provide more vitamins, more 

important beeind vitamin C (Figure 4) and β-carotene (Figure 5)  [56]. 

 

 
 

Figure 4. Vitamin C content of yogurt samples 
 

 
 

Figure 5. Carotenoids content of yogurt samples 
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The vitamin C content of the fruit yogurt samples ranges from 3.68 to 25.77 mg/100g. 

The strawberry yoghurt had the highest value (25.77 mg/100g), results discussed also by [57]. 

Carotenoids are a natural antioxidant that is present in yellow and green vegetables and 

fruits [58]. As a plant-based antioxidant, carotenoids can control the excess formation of free 

radicals and increase the capacity of antioxidants, as well as replace synthetic carcinogens 

that cause liver damage. Carotenoids, for example, are located in the membranes of fat 

globules, where they prevent the automatic oxidation of fat [59]. 

The carotenoid content ranged between (0.152–0.452 mg/100g) peach yogurt had a 

maximum value. Similar results were reported by [60]. 

 

Analysis of the sensory characteristics of the yogurt samples 

 

The characteristics of the sensory quality are the parameters appreciated by the 

consumers, being the most important factor in determining the acceptance of food products 

[61]. The sensory properties of fermented dairy products should be examined in the following 

order: appearance and consistency, taste and smell, color [62,63]. The results of the sensory 

evaluation are shown in Figure 6.  

 
Figure 6. Total point average of the yogurt samples. 

 

According to the results of the sensory analysis, the strawberry yogurt sample obtained 

the highest score, 19.25 points of 20; followed by raspberry yogurt, similar results being 

obtained by [64]. 
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2. High biological value, antibacterial properties of fruits used as additives make the end 
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3. The addition of scald fruit improved the yogurt quality index, compared to the control 

sample, positively influencing the content in bioactive compounds.  
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4. In the yogurt samples with aronia fruits, there was a significant increase in the content of 

polyphenols, anthocyanin’s, antioxidant properties compared to other samples.  

5. Strawberry yogurt obtained the highest values for sensory characteristics and the vitamin 

C content.  

6. Peach yogurt has an important content of carotenoids and polyphenols. 
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