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Abstract 

        Dairy products are suitable for functional meals since they have a 

high nutritional value. Yogurt is remarkable with its nutritional value 

over the other fermented dairy products. Fermented milk products help 

to maintain overall gastrointestinal health. The current study aimed to 

investigate the fortification of yogurt made of cow’s milk and 10% 

plum (Prunus domestica) juice and culturing it with bifidobacterium as 

a probiotic along with regular culture Lactobacillus delbrueckii subsp.  

bulgaricus and Streptococcus salivarius subsp. thermophilus bacteria. 

Physicochemical, rheological, biochemical and microbial count tests 

were determined during storage times of 1,7 and 14 days at 4°C. The 

results showed that, the yogurt fortified with Bifidobacterium and 

plum juice had higher acidity, total solids (T.S.), and lower pH, fat, 

protein and ash compared to the control yogurt. All of the chemical 

composition parameters of T.S., fat, protein and ash percent decreased 

gradually over time of storage. The addition of 10% plum juice caused 

the highest syneresis amount and lowest viscosity of all treatments, 

which varied from 16.3 ml on day 1 up to 22.2 ml on 14 days and from 

(149±14 Centipoise (cP) at day 1 to (70±9cP) at day 14 and affected 

the overall acceptability of the yogurt and overall acceptability of all 
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of the yogurt was affected with the storage period. Ellagic acid was the 

predominate (28.37±0.01 μg/ml) phenolic compound in plum juice, 

while in control yogurt was gallic acid, chlorogenic acid in probiotic 

yogurt, querectin in yogurt fortified with plum juice and catechin in 

probiotic yogurt fortified with plum juice. However, the addition of 

plum juice to yogurt has enhanced its total phenolic, total flavonoid 

content and antioxidant activity. However; this reduced the body and 

texture properties of yogurt. Furthermore, the addition of plum juice 

into the yogurt with or without Bifidobacterium had a lower bacterial 

count than without it. Conclusion: The current study results have 

indicated that yogurt supplement with plum juice using 

bifidobacterium and starter culture has many health benefits especially 

its antioxidant activity and phenolic compounds, which have 

protective effects against different diseases, on the other hand, it 

improves yogurt quality and gives customers a variety of choices.  

Key word: Yogurt, plum juice, phenolic compound, antioxidant 

activity, probiotic, sensory evaluation, viscosity and synersis. 

 

Introduction 

Phenolic and polyphenolic compounds have great attention 

because of their beneficial health impacts on humans. There are 

abundantly found naturally in fruits and vegetables as secondary 

metabolites. These polyphenols are contributed to flavor, color, test, 

odor, bitterness, astringency and oxidative stability in foods 

(Phaniendra et al., 2015; Abdelshafy et al., 2021 and Bondam et al., 

2022).  Furthermore, polyphenolic compounds were proven to have 

many pharmacological applications against osteoporosis, 

cardiovascular diseases, diabetes, neurodegenerative diseases, 

anticancer and antioxidant effects due to their chemical structure and 

their ability to react with lipids radicals and capturing the free radicals 
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in the cells turning these radicals to stable products. Resulting in, 

stopping oxidative stress and cells damages (Liguori et al., 2018; 

Zhou et al., 2020; Abdelshafy et al., 2021; Mannucci et al., 2021 

and Bondam et al., 2022). 

        Functional foods are industrially produced or natural foods that, 

when consistently ingested within a diverse diet at effective levels, 

have potentially favorable benefits on health beyond basic nutrition 

(Granato et al., 2020). Today's functional additives use Lactobacillus, 

which is widely used in industrial food manufacturing. Fermentation 

variables including pH, temperature, media composition, and others 

have an impact on Lactobacillus's ability to proliferate (Widyastuti et 

al., 2021). Many bacteria are considered probiotics, but Lactobacillus 

and Bifidobacterium are the most common types used in foods because 

they have a long history of safe use and have been designated as 

GRAS (generally recognized as safe); in addition, they are the most 

prevalent types of bacteria found in the intestines of humans (Nasef et 

al., 2020. ). By adding specific probiotic bacteria strains to food 

products, studies have been conducted to provide evidence regarding 

the health benefits of probiotics on gastrointestinal infections, 

antimicrobial activity, improvement in lactose metabolism, serum 

cholesterol reduction, immune system stimulation, anti-mutagenicity, 

anti-carcinogenic, and anti-diarrhea activity (Joseph, 2018). 

The FAO/WHO definition of a probiotic as “live 

microorganisms which when administered in adequate amounts, confer 

a health benefit to the host” (Hill et al., 2014, and Vitheejongjaroen 

et al., 2021). As a result, many medical and scientific studies have 

found that probiotic supplementation improves the body's antioxidant 

and anti-inflammatory capabilities (Wang et al., 2017; Moludi et al., 

2019, and Vitheejongjaroen et al., 2021). These antioxidants in both 
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fruits and vegetables have the ability to give electrons to these 

unpaired electrons of ROS resulting in reversing their effects and 

promoting good health (Gurnani et al., 2014; Mahmoud et al., 2017; 

Qureshi et al., 2017, and Jideani et al., 2021).      

        Plum has considered one of the most valuable fruits grown 

worldwide.  This fruit is so valuable for human nutrition as a result of 

its high energy, dietary, nutritional, and health values (Jaroszewska, 

2011 and, Yagmur and Taskin, 2011). Also, plum has beneficial 

effects on human health due to their high content of antioxidants, 

phenols and anthocyanins (Akbar, 2019; Johnson et al., 2021, and 

Ma et al., 2022). So, both probiotics and fruits have beneficial impacts 

on human health due to their antioxidant capability, which reduces 

oxidative stress (Queen and Tollefsbol, 2010; Sharifi-Rad et al., 

2020, and Vitheejongjaroen et al., 2021). 

            In recent years, yogurt is considered one of the huge demand 

dairy products around the world when fortified with probiotics and 

fruits. According to Ahmad et al., (2022), yogurt is a popular dairy 

product prepared from milk fermentation with Streptococcus 

thermophilus and Lactobacillus bulgaricus bacteria.  The addition of 

probiotic culture to this previous standard bacterial culture in 

preparing yogurt turns into probiotic yogurt, which has more 

antioxidant capability than regular yogurt (Bchir et al., 2019; Nyanzi 

et al., 2021, and Akan et al., 2022). So, this work aims to investigate 

the physiochemical, biochemical, microbial, and functional properties 

of probiotic yogurt containing Lactobacillus delbrueckii, 

Streptococcus salivarius and Bifidobacterium infantis fortified by 

plum (Prunus domestica) juice, and effect of probiotic on antioxidant 

activity of phenolic compounds in functional yogurt. 
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Materials and methods 

Whole cow's milk (3.50% fat, 13.59% total solids (T.S.), 3.82% 

protein, 0.94% ash) was obtained from Gemmeza Animal Production 

Research Stations, Gharbia governorate, Egypt. 

  All the bacterial strains Streptococcus thermophiles  (S. 

thermophiles) EMCC 11044, Lactobacillus bulgaricus (L. bulgaricus) 

EMCC 11102, and Bifidobacterium infantis ATCC 11551, were 

obtained from Cairo Microbiological Resources Center, Egypt. These 

strains were transferred successively two times in skimmed milk (12% 

total solid) and were activated at 42 °C for 24 h before the yogurt 

production.   

All the chemicals were purchased from El-Gomhoriya Company 

for Trading Drugs, Chemicals and Medical Instruments, in Egypt. 

Plant material and juice preparation 

Plum fruits were washed, and then the juice was obtained 

according to the method described by Chavan et al., (2013). The juice 

was pasteurized at 90 °C for 15 sec then quickly chilled in an ice bath 

to below 10 °C and kept in sterilized glass bottles in the refrigerator 

(4°C) till use. 

Yogurt manufacturing 

The yogurt manufacturing was done according to procedures 

indicated by the "International Dairy Federation’s (IDF) yogurt 

manufacture procedures, (1988) ", which started with heating the 

milk at 95 °C for 5 min, and then it was cooled to 42 °C and divided to 

the following eight formulas (three replicates each). Considering, 10 % 

of pasteurized plum juice was added and stirred quickly after the 

immediate addition of the 2 % (v/v, S. thermophilus and L. bulgaricus 

in 1:1 ratio starter culture) with or without Bifidobacterium infantis of 
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24 h old culture. Samples were incubated in a plastic cup at 42 °C (100 

ml), until analysis then samples were stored at 4 °C.  

Experimental treatments: 

1st Treatment (Control yogurt): Milk inoculates with 2 % of 

yogurt culture, which is L. bulgaricus and S. thermophilus culture 

(1:1v/v). 

2nd Treatment (Probiotic yogurt): Milk inoculates with 2 % of 

yogurt culture, which are L. bulgaricus, S. thermophilus and 

Bifidobacterium infantis culture (1:1: 0.3v/v). 

3rd Treatment (Yogurt fortified with 10% plum juice): Milk 

inoculates with 2 % of L. bulgaricus and S. thermophilus culture 

(1:1v/v), with the addition of 10% plum juice.  

4th Treatment (Probiotic yogurt fortified with 10% plum 

juice): Milk inoculated with 2% of L. Bulgaricus, S. thermophilus 

and Bifidobacterium infantis culture (1:1:0.3v/v), with the addition 

of 10 % plum juice. 

All yogurt samples were incubated at 37 °C for 4-6 h until the pH 

reached 4.3 or 0.8 % acidity. Finally, yogurt samples were cooled 

and stored at 4℃ until analysis. 

Physicochemical analysis of yogurt 

The physicochemical analyses include the following: pH, 

acidity as total titratable acid (TTA), total solids, moisture, fat, protein 

and ash were analyzed at an interval of 1, 7 and 14 days according to 

The Association of Official Analytical Chemists (A.O.A.C, 1995). 

The pH measurement for all samples was done using a digital pH 

meter (Model pH-Kent EIL 7020). The TTA was determined 

according to A.O.A.C (2000) using sodium hydroxide 0.1mol/L. Then, 

the TTA of the yogurt samples was expressed as the lactic acid 

percentage.  
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Rheological Properties 

- Syneresis   

  Syneresis of the yogurt treatments was determined by the 

volume of drained whey and estimated as a percentage of that volume 

using the method of Lawrence, (1959). The experiments were carried 

out three times/each. Eighty grams of the yogurt were placed on filter 

paper (Whatman No.1) on a glass funnel, which was placed on a 

graduated cylinder at room temperature for 2h for the syneresis index 

measuring. The syneresis index was measured from the collected 

liquid volume. 

- Viscosity 

DV-E Viscometer with No. 4 spindle (model LVDVE 230, 

Brookfield, serial No. E5896) was used for the determination of yogurt 

samples viscosity, and the results were expressed as complementary 

porridges (CPs) according to Aryana, (2003).  

Sensory evaluation 

After being kept in the refrigerator for 1, 7, and 14 days, yogurt 

samples were evaluated according to Kasimoğlu et al., (2004), by ten 

staff members (panelists) of Gemmeza Animal Production Research 

Stations, Gharbia governorate, Egypt. All samples were marked with 

codes and the order of presentation of samples was randomized for 

each panelist. Water was provided between samples as a palette 

cleanser and control yogurt served as the reference standard. The 

panelists rated body and texture, acidity, appearance, flavor and 

overall acceptability using a 100 scale. 

Chemical analysis 

-Determination of antioxidant activity 

The antioxidant capacity of both fruits' juices and yogurt 

samples using the stable 2, 2-diphenyl-1-picrylhydrazyl radical 
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(DPPH•) radical, samples' capacity to scavenge radicals was assessed 

by Akowuah et al., (2005). After 30 minutes of incubation in the dark 

at 30°C, methyl alcohol was employed as a blank, and a UV-

spectrophotometer was used to detect the absorbance at 517 nm after 

30 minutes of incubation at 30°C in the dark. The antioxidant capacity 

for each sample was expressed as percent inhibition when measured in 

triplicate /each (an average value was calculated).  

      % inhibition = [(Acontrol − Asample)/Acontrol] × 100 

** A is the absorbance using an UV spectrophotometer at 517nm. 

Determination of total phenolic and flavonoid contents 

The total polyphenols contents of fruits' juices and yogurt were 

measured using the "colorimetric method" of Folin–Ciocalteau 

according to Singleton and Rossi, (1965). Briefly, two grams of 

sample were grounded with methyl alcohol, sonicated for 10 min, 

filtrated, and then the volume was completed with methanol up to 50 

ml. Only one ml of this solution was standing with half ml of Folin–

Ciocalteu reagent for 3 min and then the reaction was stopped by 1.5 

ml of Na2CO3, after half an hour at RT, the absorbance was 

determined by A UV/Vis spectrophotometer (HITACHI U900, Japan) 

as gallic acid mg/100g at 765 nm.  

Also, the total flavonoids of the samples were determined 

calorimetrically using the aluminum chloride method according to 

Ordonez et al., (2006). The total flavonoid content was measured by 

adding 500 μl of sample to 500 μl of the ethanoic solution of 

ammonium chloride 2%, and then the solution was left in darkness for 

an hour at room temperature and the absorbance was determined by A 

UV/Vis spectrophotometer (HITACHI U900, Japan), as quercetin 

(mg/100g sample). 
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HPLC analysis of yogurts' and juices' treatments   

An Agilent 1260 series, Infinity, II LC, Waldbronn, Germany, 

was used for the HPLC analysis according to Mradu et al., (2012). 

The separation column specification is as follows:  ''4.6 mm x 250 mm 

i.d., 5 μm, Eclipse C18'' which was kept at 40 °C during measurement. 

The used mobile phase of the apparatus is (A) water and (B) 0.05% 

trifluoroacetic acid dissolved in acetonitrile at a flow rate of 0.9 ml per 

min. The mobile phase was programmed sequentially as follows: 0 

minutes (82% A), 0-5 minutes (80% A), 5-8 minutes (60% A), 8 

minutes (12%), 12 minutes (15%), 15 minutes (16%), and 16 minutes 

(20%). At 280 nm, the wavelength detector was observed. For every 

one of the sample solutions, 5 l of injection volume was used.  

Microbiological analysis: 

The bacteria in the yogurt samples were cultured and counted 

according to Terzaghi and Sandine (1975) ; Dave and Shah (1996), 

and Marshall, (1992) for Lactobacillus Bulgaricus, Streptococcus 

thermophilus and Bifidobacterium infantis, in triplicate at 1, 7 and 14 

days of the storage. The enumeration condition of each strain is 

indicated as follows: Lactobacillus Bulgaricus, MRS agar at 37 °C for 

72 h in anaerobic condition, Streptococcus thermophilus, M17 agar at 

37°C for 48 h in aerobic condition and Bifidobacterium infantis count 

was done using M17 agar at 30 °C for 72 h in anaerobic condition. The 

counting of these bacteria expressed as colony-forming units/ gram 

(log CFU/g) of each sample. 

Statistical analysis: 

All obtained data were subjected to statistical analysis using one-

way analysis of variance (ANOVA) using the SPSS statistical software 

program version 19 (SPSS Inc., USA). Results were indicated by mean 
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± SD. The significant differences among treatments' means were 

explored according to Post Hoc Duncan's test at a 0.05 probability 

level using a statistical software package (InfoState) according to 

Casanoves et al., (2012). 

Results and discussion 

Physicochemical analysis of yogurt fortified with plum juice 

treatments: 

The changes in pH and acidity of all yogurt treatments were 

investigated in this study and illustrated in Table (1). In general, it was 

found that pH values significantly declined during storage, and the 

opposite was for the TTA values. The lowest PH and highest acidity 

were observed in yogurt fortified with probiotic bacteria and plum 

juice (ranged from 4.29±0.03 to 3.11±0.04) and (0.93±0.01 to 

1.05±0.01%), respectively compared to control yogurt (ranged from 

4.69±0.02 to 3.98±0.03) and (0.84±0.01 to 0.96±0.02%), respectively 

during 14 days storage. The addition of plum juice to probiotic yogurt 

decreased the PH and increased acidity. 

 The decrease in pH may be due to starter culture bacteria, 

which are responsible for the post-acidification of yogurt 

(Christopher et al., 2009). Starter bacteria of L. bulgaricus and S. 

thermophilus in cold conditions are responsible for the secretion of 

beta-galactosidase enzyme which converts lactose to lactic acid 

(Christopher et al., 2009).  

In this respect, Al-Farsi and Lee, (2008), and Meenakshi et 

al., (2018) reported that lower pH and higher acidity values may be 

attributed to the acidity of the fruit because of the high content of 

phenolics, flavonoids, sugars and vitamins. 
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The effect of probiotic bacteria (Bifidobacterium) on both pH 

and acidity is contributed by the acidity caused by the regular starter 

culture, which is a critical factor for Bifidobacterium growth. So, a 

higher count of Bifidobacterium produces more metabolites, especially 

acetic acid, which lowers the pH and increases the acidity as well 

(Sarvari et al., 2014 and Meenakshi et al., 2018). 

Table (1):  pH and acidity values of yogurt fortified with plum                       

juice treatments 
 

Treatment 
Storage 

period (d) 
pH Acidity (%) 

Control yogurt 

1 4.69±0.02a 0.84±0.01i 

7 4.44±0.04c 0.90±0.02gh 

14 3.98±0.03h 0.96±0.02cd 

Yogurt fortified with plum 

juice 

1 4.38±0.04e 0.92± 0.01ef 

7 4.05±0.02g 0.95± 0.03d 

14 3.66±0.03j 0.99±0.02b 

Yogurt fortified with 

probiotic bacteria  

1 4.52±0.02b 0.89±0.03h 

7 4.41±0.02d 0.91±0.04fg 

14 3.89± 0.03i 0.97±0.02c 

Yogurt fortified with 

probiotic bacteria and plum 

juice 

1 4.29±0.03f 0.93±0.01e 

7 3.63±0.03k 0.99±0.02b 

14 3.11±0.04l 1.05±0.01a 

The means in each column with similar superscript (s) are non- significantly different while 

different letters are significantly different at p ≤ 0.05.. 

 

Data in Table (2) showed that the moisture content and T.S. 

were major constituents (80.44% and 18.67%, respectively) in juice, 

while fat, ash and protein were minor contents (0.04, 0.62 and 0.23%) 

respectively. Previous research by Bozhkova, (2014), reported that the 

total soluble solids of twenty-five types of plum ranged from 15.6 to 

22.19%. 
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Also, the maximum moisture content was in yogurt fortified 

with probiotic bacteria and plum juice, and yogurt fortified with plum 

juice. Because plum juice contains a high level of moisture (80.44%), 

adding it to yogurt increases the moisture content.  Moisture content, 

on the other hand, decreased significantly during storage. Recent 

research by Rahman et al., (2020), found that the addition of 

strawberry juice to yogurt caused the moisture content to increase.  

 Also, as shown in Table (2) and Figure (1), yogurt fortified 

with probiotic bacteria and 10% plum juice increased total solids 

(T.S.) (13.73±0.02%) significantly more than yogurt fortified with 

plum juice without probiotics (13.69±0.03%), followed by probiotic 

yogurt without juice (13.62±0.03%), compared to control yogurt 

(13.53±0.02%). The results showed that the addition of fruit juice to 

yogurt increased the total solid (T.S). These results may be due to 

plum juice being rich in mineral salts, pectin and another carbohydrate 

like mono and disaccharides. (Yagmur and Taskin, 2011), reported 

that plums have higher amounts of carbohydrates and minerals.  

The T.S. content of probiotic yogurt, on the other hand, was 

higher (ranging from 13.62± 0.03% to 13.88± 0.07%) than the T.S. 

content of control yogurt (which ranged from 13.53± 0.02 to 13.83± 

0.06%). The increase in T.S. was observed during the storage period 

for all treatments. The increase in T.S. may be due to a decrease in 

yogurt moisture percentage during storage (Pagthinathan et al., 

2018). 

By comparing the yogurt treatments, it indicated that there are 

no significant differences in fat and protein content between the 

control yogurt and the probiotic yogurt. Meanwhile, plum juice-

fortified yogurt had a lower fat and protein content than yogurt without 

juice. The addition of plum juice to yogurt decreases fat and protein 
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because of the low content of fat and protein in the juice which leads 

to a decrease in fat and protein. Recent research by Ismail et al., 

(2020), found that the addition of fruit juices to milk decreases its 

protein content.  

In general, all the chemical composition parameters of, T.S., fat, 

protein and ash percent are gradually increasing with time of storage, 

these results are similar to those reported by Hernández-Herrero and 

Frutos, (2014); Christopher et al., (2009); Hallim et al., (2019), and 

Ismail et al., (2020). 

These findings could be explained by the fact that during yogurt 

fermentation with a long storage time of up to two weeks, the pH 

gradually decreased and the syneresis was elevated, causing the yogurt 

to lose moisture and all previous parameters to rise over time. 

Moreover, the T.S., protein, fat and ash % in 100g of fresh plum juice 

were 18.67, 0.62, 0.04 and 0.23%, respectively . 

According to Hassanein et al., (2014), fortifying yogurt with 

fruit juice may lower its chemical composition parameters due to the 

fruit's high moisture and low fat and protein contents, and these 

treatments cause syneresis to increase by storage and moisture loss by 

evaporation, resulting in an increase in the percentage of the yogurt's 

chemical parameters. 
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Table (2): Chemical composition of yogurt treatments fortified 

with plum juice 

Chemical 

composition 

 

Plum 

juice 

 

Storage 

period 

(d) 

Control 

yogurt 

Yogurt 

fortified with 

plum juice 

Probiotic 

yogurt 

Probiotic 

yogurt 

fortified with 

plum juice 

Total solid 

(%) 

 

18.67 
1 h13.53±0.02 f13.69±0.03 g13.62±0.03 e13.73±0.02 

7 g13.61±0.02 e13.76±0.03 f13.69±0.03 e13.75±0.03 

14 d13.82±0.06 b13.98±0.08 c13.88±0.07 a14.02±0.04 

 

Moisture  

(%) 

 

80.44 
1 a78.52±0.02 de78.85±0.03 b78.42±0.03 ef78.81±0.02 

7 b±0.0278.17 f78.57±0.03 d78.06±0.03 j78.49±0.03 

14 g77.61±0.06 h78.03±0.08 g77.54±0.07 h77.91±0.04 

 

Fat (%) 

 

0.04 
1 bcd3.29±0.09 d3.03±0.07 bcd3.27±0.08 e3.00±0.09 

7 ab3.48±0.05 cd3.16±0.11 ab3.48±0.08 bcd3.19±0.10 

14 a3.65±0.03 abc3.39±0.10 a3.66±0.07 abc3.42±0.08 

 

Protein  

(%) 

 

0.62 
1 d3.74±0.03 h3.50±0.02 cd3.77±0.02 h3.53±0.02 

7 bc3.81±0.05 g3.58±0.03 b3.85±0.02 fg3.62±0.03 

14 a3.96±0.06 ef3.64±0.09 a3.95±0.08 e3.67±0.06 

 

Ash  

(%) 

 

0.23 
1 d0.92±0.03 d0.93±0.03 d0.92±0.03 d0.93±0.03 

7 d3±0.020.9 c0.95±0.03 d0.92±0.02 c0.95±0.04 

14 0.96±0.04bc 0.96±0.02bc 0.97±0.04ab 0.98±0.03a 

The means in each column with similar superscript (s) are non- significantly 

different while different letters are significantly different at p ≤ 0.05.  

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Total solid content different yogurt treatment 
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Rheological properties of yogurt fortified with plum juice 

treatments: 

The loss of liquid from yogurt during the storage period is 

known as syneresis and is used as an indicator or a key to the quality 

of the yogurt itself (Vital et al., 2015, and Dabija et al., 2018). 

Results in Table (3) showed that the syneresis increased and viscosity 

decreased gradually during the storage period. The lowest whey 

syneresis was for control yogurt ranging from 6.6 ml on day 1 up to 

11.9 ml while the lowest viscosity was yogurt fortified with plum juice 

ranging from 151±12 cP) to 75±9 on (cP) day 14. The results revealed 

that there are no significant differences in syneresis value and viscosity 

between control yogurt and probiotic yogurt. Also, no significant 

difference was observed between yogurts fortified with plum juice and 

probiotic yogurt fortified with plum juice.  

However, the addition of 10 percent plum juice to the previous 

treatment caused the highest syneresis amount and lowest viscosity of 

all treatments, which varied from 16.3 ml at day 1 up to 22.2 ml on 14 

days and from 149±14 cP on day 1 to 70±9 cP at day 14. Many studies 

had indicated that the syneresis amount is increasing with storage 

progress due to yogurt acidity development causing the water holding 

capacity to be reduced during storage progress (Silva et al., 2017 and 

Ismail et al., 2020). Saleh et al., (2018) confirmed these observations, 

finding that the viscosity of yogurt was decreased during storage time 

(15 days). 

Furthermore, many studies have shown that when storage 

increases syneresis, viscosity decreases (Hassanein et al., 2014; 

Hallim et al., 2019, and Hassaan et al., 2019). Probiotic yogurt 

fortified with plum juice showed the highest syneresis values 
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compared with control yogurt. However, probiotic yogurt fortified 

with plum juice, showed an improvement in both parameters. These 

value changes during storage may be related to the increased changes 

in casein particle rearrangement (protein-protein pound) caused by the 

acidity fermentation of yogurt (Hassanein et al., 2014; Shahbandari 

et al., 2016).   

Table (3): Syneresis and viscosity values of yogurt treatments 

fortified with plum juice 
 

Parameters 
Storage 

period (d) 

Control 

yogurt 

Yogurt 

fortified with 

plum juice 

Probiotic 

yogurt 

Probiotic yogurt 

fortified with plum 

juice 

Syneresis  

(ml) 

1 g6.6±0.7 d16.3±0.8 g6.6±0.7 d16.2±0.9 

7 f9.6±0.6 c18.4±0.9 f9.4±0.5 c18.3±0.8 

14 e11.9±0.7 a22.2±1.5 e11.9±0.9 b21.5±1.4 

Viscosity 

(cP) 

1 a163±11 b149±14 a165±15 151±12b 

7 c137±14 d116±13 b143±12 cd120±9 

14 e88±9 f70±9 e89±8 f±975 

The means in each column with similar superscript (s) are non- significantly different while 

different letters are significantly different at p ≤ 0.05. 

 

Sensory evaluation of yogurt fortified with plum juice treatments: 

Results in Table (4), showed that all the sensory properties 

indicators gradually declined with a storage period of up to 14 days, 

these results are in accordance with Christopher et al., (2009); 

Hallim et al., (2019); Atwaa et al., (2020), and Ismail et al., (2020). 

Yogurt fortified with plum juice gained the lowest scores for body and 

texture percent; the present results are shown in Figure (2). Yogurt 

fortified with plum juice had a lower pH and higher acidity values than 

regular yogurt. This may be attributed to the sugars in the fruit 

encouraging the lactic acid bacteria to transform sugar into lactic acid, 

acetaldehyde, diacetyl, and formic acid (Meenakshi et al., 2018). The 
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accumulation of all these fermentation products corresponds to an 

increase in acid levels, which affects the texture of the yogurt.   

On the other hand, there is no significant difference P≤0.05 

observed in appearance between control yogurt and probiotic yogurt 

fortified with plum juice at one day and 14 day storage.  

 

Table (4): Organoleptic evaluation of yogurt treatments fortified 

with plum juice 

Parameters 
Storage period 

(d) 
Control yogurt 

Yogurt 

fortified 

with plum 

juice 

Probiotic 

yogurt 

Probiotic yogurt 

fortified with 

plum juice 

Body and 

texture 
(30) 

1 a29±0.25 f27±0.26 c28.1±0.23 b28.5±0.22 

7 d28±0.20 h25±0.21 g26.8±0.23 e2327.2±0. 

14 h25±0.19 j19±0.22 122.5±0.20 i23±0.22 

Acidity 
(10) 

1 a9.5±0.20 c9±0.19 b9.2±0.20 b9.2±0.18 

7 h8.1±0.21 e8.5±0.15 d8.7±0.17 i8.0±0.17 

14 e8.5±0.18 g8.3±0.18 e8.5±0.16 f8.4±0.15 

Appearance 

(15) 
 

1 a14.3±0.15 d13±0.21 a13.8±0.21 a14.2±0.19 

7 b13.8±0.17 e12±0.15 d13±0.19 c13.4±0.18 

14 e12.1±0.22 f10.5±0.23 e12±0.21 e12.0±0.24 

Flavor 
(45) 

1 a44.1±0.26 f42±0.22 e42.1±0.24 d42.5±0.21 

7 b43.2±0.21 g40.5±0.21 d42.5±0.20 c43±0.19 

14 h40.4±0.22 k38±0.24 j39±0.23 i40±0.20 

Overall 

acceptability 

(100) 

1 a96.9±0.86 e91±0.88 c93.2±0.88 b94.1±1.10 

7 b94.1±0.21 f86±0.72 e91±0.79 d91.6±0.77 

14 f86±0.81 i75.8±0.87 h82±0.81 g83.4±0.81 

The means in each column with similar superscript (s) are non- significantly different while 

different letters are significantly different at p ≤ 0.05. 

 

 

          However, the fortification of yogurt with plum juice affects the 

overall acceptability of the yogurt. As well, probiotic yogurt fortified 

with plum juice had nearly the same overall acceptability as the 

control yogurt. On the other hand, the storage period influenced the 

overall acceptability of all yogurt samples. According to Coggins et 

al., (2010)  yogurt sensory evaluation declines during the storage 
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period. Pervious results by Sallm et al., (2010) found that the fresh 

juice had significant impact on yogurt acceptability both before and 

after storage. 

  
            

 
Figure (2): Body and texture of yogurt fortified with plum juice 

during storage period 

Chemical analysis  

Determination of total phenolic, flavonoids contents and 

antioxidant activity of yogurt fortified with plum juice treatments: 

      The total phenolic, total flavonoid contents and antioxidant activity 

of plum juice, control yogurt, yogurt fortified with plum juice, and 

probiotic yogurt fortified with plum juice are presented in Table (5). 

The total phenolic, total flavonoid contents and antioxidant activity of 

plum juice were 108.782±0.21 mg/100g, 5.776±0.09 mg/100g and 

91.97±0.13 %, respectively. It is well known that the phenolic and 

flavonoid contents of fruits are responsible for their antioxidant 

activity, which is highly correlated to each other and plum fruits have 

a high content of phenolic and flavonoid compounds such as 



 

 المجــلة العلمــــية للتربيــــة النوعيـــة والعـلوم التطبيقـــية 
and Applied Sciences The Scientific Journal of Specific Education 

 

19 

 

anthocyanin (Perez-Fons et al., 2010; Cosmulescu, et al., 2015, and 

Akbar, 2019).   

Data in Table (5) and Figure (3) revealed that total phenol in 

probiotic yogurt fortified with plum juice and yogurt fortified with 

plum juice was higher than in control yogurt (11.46±1.18 and 

11.952±1.58 mg/g, respectively), The high phenolic content of plum 

juice (108.782±0.21 mg/100g) could explain the increase in total 

phenol in all plum yogurt treatments. These results are in agreement 

with Blassy et al., (2020). 

Yogurt fortified with plum juice during storage time of 1, 7 and 

14 days showed total phenolic content of 20.418±1.92, 15.645±1.52 

and 13.649±1.03 as GA (mg/100 g sample), respectively, and this 

treatment during storage time of 1, 7 and 14 days showed total 

flavonoid content of 2.698±0.15, 2.236±0.25 and 1.864±0.19 as 

Catechin (mg/100 g sample), respectively. In addition, this treatment 

during storage time of 1, 7 and 14 days showed antioxidant activity as 

DPPH inhibition percent of 95.60 ±0.76, 88.38±1.33 and 79.31±0.56 

%, respectively. Previous research by Cosmulescu et al., (2015) 

reported that the whole plum fruit and pulp has a higher content of 

natural phenolic antioxidant.  

However, probiotic yogurt showed higher total flavonoid 

content and antioxidant activity values than control yogurt. 

Furthermore, there was no significant difference (P > 0.05) in phenolic 

compounds and flavonoids between probiotic yogurt fortified with 

plum juice and yogurt fortified with plum juice, but in terms of 

antioxidant activity, there was a significant difference P≤0.05 between 

probiotic yogurt fortified with plum juice and yogurt fortified with 

plum juice during storage time 1 and 7 days. 
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Bifidobacterium may include certain possible bioactive 

substances that act as electron donors and successfully react with free 

radicals to transform them into more stable molecules and put an end 

to the radical chain reaction, which may be the reason for the elevation 

of the antioxidant activity (Vitheejongjaroen et al., 2021). 

     On the other hand, probiotic yogurt fortified with plum juice during 

storage time of 1, 7 and 14 days showed antioxidant activity as DPPH 

inhibition percent of 98.73±0.65, 89.84±1.94 and 80.19±0.97 %, 

respectively. So, the addition of fruit juice to yogurt led to an increase 

in total phenolic content, total flavonoid content and antioxidant 

activity of the treatments when compared to the control.  

Table (5): Total phenolic content, total flavonoid content and 

antioxidant activity of yogurt treatments fortified with 

plum juice  

Parameters 

Plum 

juice 

Storage 

period 

(d) 

Control 

yogurt 

Yogurt 

fortified with 

plum juice 

Probiotic 

yogurt 

Probiotic yogurt 

fortified with 

plum juice 

Total 

phenolic 

content 

(mg/100g 

sample) 

 

108.782 

±0.21 

1 d11.464±1.18 a20.418±1.92 d11.952±1.85 a20.600±1.13 

7 e9.122±1.13 b15.645±1.52 e9.338±1.24 b3215.649±1. 

14 f2.631±1.17 c13.649±1.03 f2.873±1.46 c13.754±1.34 

Total 

flavonoid 

content 

(mg/100g 

sample) 

 

5.776 

±0.09 

1 e1.607±0.13 a2.698±0.15 d1.952±0.16 a2.745 ±0.19 

7 g1.371±0.17 c2.236±0.25 f1.559±0.28 b2.354±0.22 

14 h1.245±0.14 e1.864±0.19 f.161.398±0 e1.922±0.18d 

Antioxidant 

activity as 

DPPH 

inhibition 

(%) 

 

91.97 

±0.13 

1 g46.44±0.92 b95.60 ±0.76 f50.31±0.27 a98.73±0.65 

7 h38.76±1.40 d88.38±1.33 h38.93±1.63 c89.84±1.94 

14 i20.18±0.69 e79.31±0.56 i20.79±0.92 e80.19±0.97 

The means in each column with similar superscript (s) are non- significantly different while 

different letters are significantly different at p ≤ 0.05. 
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Figure (3): Total phenolic compounds of different treatments 

Fortification of yogurt and other milk products with fruits has 

increased their phenolic, flavonoid contents and antioxidant activity 

(El-Samahy et al., 2014; Kumar and Kumar, 2016; Bchir et al., 

2019; Hallim et al., 2019, and Atwaa et al., 2020). 

In general, the results from Table (5): showed that total 

phenolic, flavonoid contents and antioxidant activity values gradually 

decreased along with the storage for all treatments. This may be a 

result of the oxidation of phenolic compounds or its reaction with 

caseins. Also, the presence of lactic acid, which is secreted by the 

cultural bacteria causes, phenolic compounds to be decomposed as 

well (Dalling, 1986; Cho et al., 2017 and Han et al., 2019). 

HPLC analysis of phenolic compounds in yogurt treatments 

         The amount of phenolic compounds in plum juice, control 

yogurt, probiotic yogurt, and probiotic yogurt fortified with plum juice 

are presented in Figures (4-8) and Table (6). Twelve phenolic 
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compounds were detected in plum juice, the majority of them ellagic 

acid (28.37±0.01μg/ml), catechin (12.49±0.01μg/ml), methyl gallate 

(8.04±0.01μg/ml), naringinin (6.69±0.01μg/ml) and chlorogenic acid 

(3.29±0.010μg/ml) while, syringic acid was not detected. Different 

results obtained by Jaiswal et al., (2013), reported that the main 

phenolic compounds in plum fruit were chlorogenic acid and 

proanthocyanidins. Other research by Celik et al., (2017), indicated 

that chlrogenic acid was a major phenolic compound in plum fruit.  

The main phenolic compound in control yogurt was gallic acid 

(0.87±0.01 μg/ml), while quercetin (1.26±0.01 μg/ml) was present in 

yogurt fortified with plum juice and catechin (1.08±0.01 μg/ml) was 

present in probiotic yogurt fortified with plum juice. However, the 

lowest concentration was of vanillin in plum juice (0.14±0.01 µg/ml), 

naringenin in control yogurt (0.13±0.01 µg/ml) and probiotic yogurt 

(0.40±0.01 µg/ml), methyl gallate in yogurt fortified with plum juice 

(0.06±0.01 µg/ml) and probiotic yogurt fortified with plum juice 

(0.05±0.01 µg/ml), respectively. 

            The most plentiful phenolic compounds in probiotic yogurt 

fortified with plum juice were catechin, gallic acid, and chlorogenic 

acid followed by quercetin, ellagic acid, naringenin, methyl gallate and 

ferulic acid. Pyro catechol, rutin, vanillin, syringic acid and daidzein 

were not detected. Recent research by Johnson et al., (2022) found 

that the major phenolic compounds in plum flesh were cynadinin -3- 

glucoside, followed by ellagic acid, gallic acid, catechin, myricetin and 

chlorogenic acid while naringenin was a minor component. From these 

results, it can be observed that the yogurt fortification with probiotics 

and plum juice increased the phenolic compounds content in yogurt. 

Taneva and Zlatin (2020) reported that the addition of fruit to yogurt 

increases phenolic content.  
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Table (6): HPLC analysis of phenolic compounds in yogurt 

treatments fortified with plum juice       

Phenolic 

components 

Conc. (μg/ml) 
 

Plum juice 

 

Control 

yogurt 

 

Probiotic 

yogurt 

Yogurt 

fortified with 

plum juice 

Probiotic yogurt 

fortified with 

plum juice 

Gallic acid c2.90±0.01 a0.87±0.02 b0.99±0.03 d0.87±0.02 e1.03±0.02 

Chlorogenic acid c3.29±0.02 a0.42±0.03 b1.55±0.02 d0.17±0.01 e0.64±0.04 

Catechin a12.49±0.01 ND ND b0.33±0.01 c1.08±0.02 

Methyl gallate a8.04±0.01 ND ND b10.06±0.0 c0.05±0.03 

Pyro catechol a0.47±0.03 ND ND ND ND 

Rutin a0.44±0.02 ND ND b0.07±0.02 ND 

Vanillin a0.14±0.01 ND ND ND ND 

Syringic acid ND a0.17±0.01 ND b0.23±0.01 ND 

Ellagic acid a28.37±0.01 ND ND ND b0.46±0.01 

Ferulic acid a0.50±0.03 ND ND ND b020.03±0. 

Naringenin c6.69±0.02 a0.13±0.01 b0.40±0.02 d0.10±0.02 d0.11±0.03 

Daidzein b0.25±0.01 a0.18±0.01 ND c0.13±0.01 ND 

Querectin a1.38±0.02 ND ND b1.26±0.01 c0.51±0.03 
ND; not detected, The means in each column with similar superscript (s) are non- significantly 

different while different letters are significantly different at p ≤ 0.05 . 

 

 

Figure (4): HPLC chromatogram of phenolic contents of plum                     

juice 
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Fig (5): HPLC chromatogram of phenolic contents of control                   

yogurt 
 

 
 

Fig (6): HPLC chromatogram of phenolic contents of yogurt              

fortified with plum juice 
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Fig (7): HPLC chromatogram of phenolic contents of probiotic 

yogurt  
 

 

 
Fig (8): HPLC chromatogram of phenolic contents of probiotic 

yogurt fortified with plum juice 
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Microbiological examination of yogurt fortified with plum juice. 

Tables 7 and 8 show that the total viable count of yogurt 

fortified with plum juice in the presence or absence of Bifidobacterium 

is indicated as (CFU/g). The Bifidobacterium count was the highest of 

all total bacterial counts across all treatments, according to the results.  

However, the bacterial count of the probiotic yogurt fortified 

with 10% plum is lower than the bacterial count of probiotic yogurt, 

these results are in line with Christopher et al., (2009); Hallim et al., 

(2019), and Atwaa et al., (2020).   

        Besides, S. thermophilus and L. bulgaricus numbers declined 

during the storage period. These results are consistent with the finding 

of Buriti et al., (2007), where the lactic acid bacteria and acidity of 

fruits may negatively affect the growth and viability of starter bacteria 

in dairy products. ). In general, the increase in Bifidobacterium counts 

may be due to these bacteria's anaerobic preference; with a long 

storage period, the oxygen percent in yogurt decreases (Tripathi and 

Giri, 2014). However, it was stated that acidity is a main factor for 

Bifidobacterium growth, and the acidity of the fruit and starter culture 

metabolism causes a reduction in the viable count of Bifidobacterium 

during long storage (Dave and Shah, 1998 and Meenakshi et al., 

2018). 

Furthermore, the fortification of plum juice yogurt, with or 

without Bifidobacterium, had a lower bacterial count than without it. 

This is because plum juice has a high concentration of phenolic 

compounds and flavonoid compounds, resulting in a low bacterial 

count (Meenakshi et al., 2018).  
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Table (7): Viable counts of lactic acid bacteria (CFU/g) of yogurt  

                fortified with plum juice during storage at 4°C for 14  

                days 
 

Treatment 

Storage 

period 

(d) 

Lactobacillus Streptococcus 

/g6CFU×10 

Control  

yogurt 

1 b8.46±0.02 a8.50±0.02 

7 d8.34±0.04 c8.38±0.03 

14 j6.73±0.01 e7.61±0.01 

Yogurt fortified 

with plum 

1 g7.43±0.02 f7.50±0.02 

7 i7.24±0.03 h7.39±0.04 

14 l6±0.025.1 k6.53±0.01 
  The means in each column with similar superscript (s) are non- significantly different while 

different letters are significantly different at p ≤ 0.05 

. 

Table (8): Viable counts of lactic acid bacteria and Bifidobacterium   

(CFU/g) of yogurt fortified with plum juice during 

storage at 4°C for 14 days 

Treatment 
Storage 

period (d) 

Lactobacillus Streptococcus Bifidobacterium 

/g6CFU×10 

Probiotic 

yogurt 

1 c8.55±0.01 c8.54±0.02 a8.89±0.01 

7 e8.38±0.03 d8.41±0.04 b8.63±0.02 

14 o6.77±0.01 h7.70±0.02 f018.11±0. 

Probiotic 

yogurt 

fortified 

with plum 

1 k7.48±0.02 j7.59±0.02 g7.75±0.02 

7 m7.29±0.03 l7.33±0.04 i7.61±0.02 

14 q5.35±0.01 p6.61±0.03 n6.92±0.01 

The means in each column with similar superscript (s) are non- significantly different while 

different letters are significantly different at p ≤ 0.05 

 

Conclusion  

Yogurt is counted as one of the most favorable and demandable 

dairy products all over the world. The aim of this work is to investigate 

both the fortification of yogurt with plum juice and culturing it with 

Bifidobacterium as a probiotic. The results indicated that culturing 

yogurt with Bifidobacterium along with regular starters has no 

different sensory properties than regular yogurt. However, only the 
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addition of plum juice to yogurt has enhanced its total phenolic, total 

flavonoid contents and antioxidant effects. However, this resulted in 

lower body and texture properties, which could be compensated for by 

adding nonfat dry milk. When yogurt is cultured with Bifidobacterium 

alongside regular starters and fortified with 10% plum juice, its total 

phenolic and total flavonoid contents, antioxidant effects, and sensory 

properties improve. So, the enrichment of yogurt with plum juice and 

Bifidobacterium gives more variable choices to the consumers, which 

has many influences including health benefits, enriched nutrients and 

economic impacts. 
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تأثير البروبيوتك على النشاط المضاد للأكسدة للمركبات الفينولية في الزبادي الوظيفي  

 المدعم بعصير البرقوق 

 المستخلص

تعتبر منتجات الألبان مناسبة للوجبات الوظيفية نظرا لقيمتها الغذائية العالية ويتميز الزبادي  

ة الأخرى وتساعد منتجات الألبان  بقيمته الغذائية المرتفعة عن باقي منتجات الألبان المتخمر

تدعيم   بحث  إلى  الدراسة  هذه  هدفت  الهضمي.  الجهاز  صحة  على  المحافظة  في  المتخمرة 

ب   البقر  لبن  من  المصنوع  بكتريا    10الزبادي  وإضافة  برقوق  عصير   %

bifidobacterium    العادية البادئ  بكتريا  مع  بروبايوتيك   Lactobacillusكبكتريا 

delbrueckii subsp.  Bulgaricus و Streptococcus salivarius subsp. 

Thermophilus.   البيوكيميائية الريولوجية،  الفيزيوكيميائية،  الاختبارات  من  كلا  تقدير  تم 

التخزين   فترات  خلل  الميكروبي  حرارة    14،  7،  1والعد  درجة  على  مئوية.   4يوم  درجة 

المدعم   البروبايوتيك  زبادي  أن  النتائج  من  معدل ويتضح  اعلى  له  كان  البرقوق  بعصير 

حموضة ومواد صلبة كلية بينما كان الأقل في معدل الأس الهيدروجيني، الدهون، البروتين  

المواد  الكيميائي لكلا من  التركيب  لقيم  المئوية  النسب  الكنترول.  بالزبادي  بالمقارنة  والرماد 

فتر خلال  انخفضت  والرماد  البروتين  الدهون،  الكلية،  عصير  الصلبة  إضافة  التخزين.  ات 

سبب حدوث أعلى كمية للشرش لكل المعاملات، والتي تراوحت من    %10البرقوق بتركيز  

وأقل معدل لزوجة لكل المعاملات،   14مل في اليوم ال    22.2حتى    1مل في اليوم    16.3

و  14في اليوم ال  سنتيبويز    9± 70حتى    1في اليوم    سنتيبويز14± 149والتي تراوحت من  

النتائج  وبينت  التحزين.  بمدة  أيضا  يتأثر  والذي  للزبادي  العام  القبول  على  أثر  بدوره  الذي 

كان أكثر المركبات الفينولية الشائعة الموجودة في عصير البرقوق   ellagic acidأيضا أن  

بينما   ميكروجرام/مل  28.37±0.01)  ،  )gallic acid   و الكنترول،  الزبادي  في 

chlorogenic acid    و البروبايوتيك  زبادي  بعصير    quercetinفي  المدعم  الزبادي  في 

في زبادي البروبايوتيك المدعم بعصير البرقوق. بالرغم من ان إضافة    catechinالبرقوق و  

الكلية  الفلافونيدات  الكلية ومحتوى  الفينولات  قد عزز من محتوى  للزبادي  البرقوق  عصير 

لأكسدة ولكنه تسبب في خفض خصائص التماسك والقوام. وأكثر من  وكذلك النشاط المضاد ل

أو بدونها كان يحتوي    Bifidobacteriumذلك، فإن تدعيم الزبادي بعصير البرقوق بإضافة  

 على أقل عدد للبكتريا مقارنة بالزبادي بدون عصير البرقوق. 

بعصير   الزبادي  تدعيم  أن  إلى  أشارت  الدراسة  هذه  نتائج  مع  الاستنتاج:  البرقوق 

Bifidobacterium     وبكتريا البادئ العادية له العديد من الفوائد الصحية وخصوصا نشاطه
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المضاد للأكسدة  والمركبات الفينولية والتى لها  تأثير وقائي مضاد للعديد من الأمراض كما 

 ومن جهة آخرى فهو يحسن من جودة الزبادي ويعطي بدائل متنوعة عديدة للمستهلكين.
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