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NOWADAYS, there is a good demand for fruit drinkable yoghurt containing probiotics. 
Yoghurt is more nutritious than many other fermented milk products because it contains 

a high level of milk solids in addition to nutrients developed during the fermentation process. 
The aim of the present study was to produce fruit-flavoured drinkable yoghurt by using  new 
isolates of Bifidobacterium breve and Lactobacillus plantarum as probiotic strains and in the 
enrichment with fruit juices (red grape or apricot), Furthermore, evaluation of physico-chemical, 
rheological, microbiological, sensorial properties and antioxidant activity of fruit-flavoured 
drinkable yoghurt during storage. The addition of probiotic bacteria such as Lactobacillus 
and Bifidobacterium sp. to yoghurt improves its functionality and healthy effects. In this study 
fruit-flavoured drinkable yoghurt containing two ratios of red grape and apricot juices (7.5% 
and 10%) and 7.5% sugar were produced by using novel isolates of Bifidobacterium breve 
and Lactobacillus plantarum. Chemical, microbiological, and sensorial properties, beside 
nutritional characteristics of drinkable yoghurt were improved by adding 10% red grape or 
apricot juice and 1.5% probiotic bacteria B. breve and L. plantarum and enriched with 1% oat.
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Introduction                                                                     

Drinkable yoghurt is a traditional fermented dairy 
beverage, which has growing area of interest due 
to its ability to deliver all the health benefits, 
nutritional benefit of regular set yoghurt or 
stirred yoghurt. Moreover, drinkable yoghurts 
meet consumer demand for portable, hand-held 
meals that fit an on-the-go lifestyle. However, 
drinkable yoghurt goes to the group of stirred 
yoghurt, which has low viscosity (Allgeyer et al., 
2010). Yoghurt drinks should contain (>8.25%) 
milk solids-not-fat and fat levels to satisfy non-
fat yoghurt (< 0.5%), low-fat yoghurt (2%), or 
full-fat yoghurt (>3.25%) before the addition 
of other ingredients. The most common types 
of probiotics are species of Lactobacillus and 
Bifidobacterium genera. These genera are mostly 
given the generally recognized as safe (GRAS) 
status. Supplementation of probiotic yoghurt with 

prebiotics is important to improve the features 
of probiotic bacteria during storage. Buriti et al. 
(2007) and Cardarelli et al. (2007) reported that 
there are non-digestible food ingredients such as 
oat that beneficially affect the host by selectively 
stimulating the growth and/or activity bacteria in 
the colon. Fortifying yoghurt with fiber is to create 
functional foods with health benefits and improve 
their functionality. Oats (Avena sativa) are whole-
grain cereals mainly grown in North America and 
Europe. Oats, have received considerable interest 
in recent years as a delivery vehicles for probiotics 
due to their high content of soluble and insoluble 
fibers such as β-glucan, arabinoxylans and 
cellulose, in addition to relatively high levels of 
protein, lipids (un-saturated fatty acids), vitamins, 
minerals, antioxidants and phenolic compounds. 
Due to their valuable functional, industrial and 
health benefits, such as lowering blood sugar 
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and cholesterol levels (zero cholesterol and zero 
trans-fatty acids), oats have gained considerable 
attention as a health food (Tiwari et al., 2019).  
Recently, probiotic fermented dairy products that 
provide a healthy functional food is advised for 
better health. Probiotic yoghurt has been shown to 
cause an increase in human gut bacterial content. 
These bacteria ferment food-derived indigestible 
carbohydrates. Such fermentation causes increased 
production of short-chain fatty acids, which 
decreases circulatory cholesterol concentrations 
either by inhibiting hepatic cholesterol synthesis 
or by redistributing cholesterol from plasma to 
the liver (St-Onge et al., 2000). Furthermore, 
increased bacterial activity in the large intestine 
results in enhanced bile acid de-conjugation (St-
Onge et al., 2000).

The objective of the present investigation 
was to produce fruit-flavoured drinkable yoghurt 
by using  new isolates of Bifidobacterium breve 
and Lactobacillus plantarum as probiotic strains 
and in the enrichment with fruit juices (red grape 
or apricot), Furthermore, evaluation of physico-
chemical, rheological, microbiological, sensorial 
properties and antioxidant activity of fruit-
flavoured drinkable yoghurt during storage was 
performed.

Materials and Methods                                                   

Fresh mixed cow’s and buffalo’s milks (1:1) 
were obtained from the herds of Agriculture 
Faculty, Benha University, Egypt. Freeze dried 
conventional yoghurt starter culture (FD-DVS 
YC-X11-Yo-Flex) containing Lactobacillus 
delbrueckii ssp. bulgaricus and Streptococcus 
thermophilus (1:1) was obtained from Chr. 
Hansen’s Laboratories, Copenhagen, Denmark 
and purchased from MIFAD Company, Egypt. 
Lactobacillus plantarum ATCC 14917 was 
obtained from National Research Center, Giza, 
Egypt. BifidobacteriumbreveIso8 was isolated 
from infants by (Ismail, 2007). White oat flakes 
whole grain (DOBELLA), originated by European 
Union and imported from Elmashreq-gardens 
Company, Cairo, Egypt and was purchased from 
local market.

Preparation of the Fruit-Flavoured probiotic 
drinkable yoghurt

Fresh mixed cow’s and buffalo’s milk (1:1) 
was standardized to ~4.5% fat and  1% oat was 
added, heated to 90°C for 10 min., immediately 
cooled down to 42°C, then divided into portions, 
and 1.5% of probiotic strains were added. All 

treatments except C
1 
and C

2 
[C1: Control without 

oat, C2: Control with 1% oat] were inoculated 
individually with 1.5% of probiotic strains (B. 
breve or L. plantarum) and incubated for one 
hour at 42°C. The yoghurt was then inoculated 
with 0.02% of freeze-dried conventional yoghurt 
starter culture for all treatments and continuously 
incubated at 42°Cto reach the pH of about ~4.6, 
then directly refrigerated at ~5°C (Tamime & 
Robinson, 1999). In the next day, the yoghurts 
were mixed with two ratios of apricot and red 
grape juices (7.5% and 10%) and 7.5% sugar were 
added. Then, all treatments, (C

1
, C

2
, T

1
,T

2
,T

3
, T

4
, 

T
5
, T

6
, T

7
, and T

8 
[T

1
: 7.5% red grape juice + 

1.5% B. breve + 1% oat., T
2
: 10% red grape juice 

+ 1.5% B. breve + 1% oat., T
3
: 7.5% red grape 

juice+ 1.5% L. plantarum +1% oat., T
4
: 10% red 

grape juice+ 1.5% L. plantarum + 1% oat., T
5
: 

7.5% apricot juice + 1.5% B. breve  +1% oat., 
T

6
: 10% apricot juice + 1.5% B. breve + 1% oat., 

T
7
: 7.5% apricot juice + 1.5% L. plantarum + 1% 

oat., T
8
: 10% apricot juice + 1.5% L. plantarum + 

1% oat.] were strongly whipped and immediately 
filled into sterilized glass bottles (200 ml) and 
stored in refrigerator (~5°C) and analysed for 
physico-chemical, rheological, microbiological 
and sensorial properties when fresh and after 7, 
14 and 21 days.

Analysis of Physico-chemical properties
Total solids, protein, fat, water soluble 

nitrogen contents were determined according 
to the methodology mentioned in AOAC 
(2012). Carbohydrates content was estimated by 
difference as following: % carbohydrates = % 
total solids- % (fat + protein + ash). Titratable 
acidity was determined according to British 
Standards Institution (BSI, 2010). The pH values 
were measured using a digital laboratory pH 
meter (model HANNA pH 213 instruments) 
with combined glass electrode according to the 
methods of BSI (1985). Total volatile fatty acid 
(TVFA) content was determined by the direct 
distillation method as described by Kosikowski 
(1984). Acetaldehyde and diacetyl contents were 
determined according to Lees & Jago (1969) and 
(1970), respectively.

Rheological analysis
Water holding capacity was measured by 

centrifugal method according to a modified 
method of Keogh & O’Kennedy (1998). The 
apparent viscosity (centi poise) was measured 
using Brookfield Engineering Labs DV III ultra-
rheometer, Inc. Stoughton, MA, USA, according 
to Petersen et al. (2000).
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Microbiological examinations
Total bacterial count (TBC) for the produced 

yoghurt samples were done according to 
American Public Health Association (APHA, 
2004). Lactic acid bacterial count (LAB) was 
enumerated according to Elliker et al. (1956). 
Str. thermophilus was counted on the M17 
agar medium supplemented with 0.5% lactose 
according to de Souza et al. (2008). Yeast and 
moulds counts were enumerated as described 
by APHA, (2004). Coliform bacteria group was 
tested as suggested by the BSI (1993). Spore-
forming bacterial counts were enumerated on 
plate count agar medium as given by Marshall 
(2005). Bifidobacterium ssp. was counted by using 
modified De Man, Rogosa and Sharpe agar (MRS 
agar) supplemented with 0.05% L-cysteine and 
0.3% lithium chloride according to Dave & Shah 
(1996). L. plantarum count was done according to 
Bujalance et al. (2006) on L. plantarum selective 
medium (LPSM). The plates of Bifidobacteria and 
Lactobacilli strains were anaerobically incubated 
at 37°C for 3 - 4 days in anaerobic jars (with CO

2 

injection).

Sensory evaluation
Sensory evaluation was done by 10 experienced 

panelists of staff members of dairy department, 
faculty of agriculture, Benha University, Egypt. 
Synbiotic-drinkable yoghurt was judged when 
fresh, and during storage period according to 
Tamime & Robinson (1999).

Statistical analysis
Statistical analysis was performed according 

to Statistical Analysis System SAS (2008) using 
General Linear Model (GLM) with main effect of 

treatment. Duncan’s multiple range was used to 
separate among of three replicates at (P0.05>).

Results and Discussion                                                  

Physico-chemical composition of probiotic fruit-
flavoured drinkable yoghurt

Table 1 shows the physico-chemical properties 
of red grape juice, apricot juice, and raw milk 
used in preparation of fruit-flavoured drinkable 
yoghurt. Results indicated that the total solids, 
carbohydrates, and total flavonoids contents were 
higher in red grape juice than in apricot juice 
while the ash content of apricot juice was higher 
than of red grape juice.

The data in Table 2 show the physico-chemi�-
cal properties of probiotic fruit-flavoured drink-
able yoghurt when fresh and during storage. The 
total solids contents of fresh treatments were 
ranged from 20.64 to 21.99%. During the storage 
period the total solids were increased gradually in 
all treatments up to 21 days. The increase of to-
tal solids of all treatments might be related to the 
slightly moisture evaporation during cold storage 
period. These results agree with Abdel-Galeele et 
al. (2013), Ismail et al. (2016), Subhashini et al. 
(2018) and Hammad (2019). It was noticed that 
fruit juices enrichment caused slightly increase in 
total solids content which was proportional to the 
increase of fruit juices added. This could be due to 
the highest values of total solids which observed 
with treatments containing high percentages 
of red grape juice (10%), as the red grape con-
tains more solids than apricot. These results are 
like those of Gunawardhana & Dilrukshi (2016), 
Ahmed (2017) and Subhashini et al. (2018).

TABLE 1. Physico-chemical analysis of red grape juice, apricot juice, and raw mixed milk used in preparation of 
fruit-flavoured drinkable yoghurt.

Parameter Red grape juice Apricot juice
Raw mixed milk 

(1:1)
T.S (%) 18.98 14.64 13.56
Ash (%) 0.59 3.10 0.74
pH values 5.01 4.46 6.73
Acidity (%) 0.47 2.10 0.16
Fat (%) 0.89 0.63 4.55
Protein (%) 0.63 1.43 3.31
Carbohydrates (%) 16.87 9.48 4.96
Crude fibers (%) 0.49 1.98 n.d
Antioxidant activity % (DPPH) 47.96 45.33 n.d
Total phenolic content

(mg GAE/100g)
89.01 84.37 n.d

Total flavonoids content (mg QE/100g) 61.22 42.69 n.d
Specific gravity n.d n.d 1.034

n.d: Not determined
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TABLE 2. Physio-chemical properties of fruit-flavourd drinkable yoghurt when fresh and during storage at ~5°C 
up to 21 days.

Storage 
(days)

C1 C2 T1 T2 T3 T4 T5 T6 T7 T8

T.S (%)

Fresh 20.64Aa 21.14Aa 21.49Aa 21.96Aa 21.68Aa 21.99Aa 21.16Aa 21.39Aa 21.19Aa 21.37Aa

7 20.66Aa 21.22Aa 21.55Aa 22.04Aa 21.80Aa 22.05Aa 21.24Aa 21.46Aa 21.32Aa 21.41Aa

14 20.77Aa 21.25Aa 21.65Aa 22.11Aa 21.87Aa 22.10Aa 21.34Aa 21.51Aa 21.35Aa 21.48Aa

21 20.84Aa 21.39 Aa 21.72 Aa 22.16 Aa 21.95 Aa 22.14 Aa 21.43Aa 21.56 Aa  21.46ABa 21.53Aa

Protein (%)

Fresh 3.25BCd 3.37Ad 3.19CDEd 3.15Ed 3.21BCDd 3.16DEd 3.27Bd 3.19CDEd 3.26Bd 3.23BCd

7 3.31Bc 3.45Ac 3.26CDc 3.21Dc 3.30CDc 3.24Dc 3.34Bc 3.28Dc 3.35Bc 3.33Bc

14 3.35DEb 3.48Ab 3.33DEb 3.26Fb 3.34CDEb 3.30Eb 3.42Bb 3.35CDEb 3.41BCb 3.38BCDb

21 3.44DEa 3.55Aa 3.40Da 3.35Ea 3.43CDa 3.36Ea 3.51ABa 3.42CDa 3.49ABCa 3.45BCDa

Fat (%)

Fresh 4.55Ad 4.58Ad 4.22Bd 4.13Cd 4.24Bd 4.11Cd 4.25Bd 4.14Cd 4.27Bd 4.15Cd

7 4.63Bc 4.69Ac 4.38Cc 4.25Dc 4.36Cc 4.22Dc 4.37Cc 4.28Dc 4.39Cc 4.26Dc

14 4.75Ab 4.78Ab 4.45BCb 4.37CDb 4.48CDb 4.30Db 4.51Bb 4.39CDb 4.52Bb 4.37CDb

21 4.85Aa 4.92Aa 4.52Da 4.45Da 4.57CDa 4.38Ea 4.60Ca 4.47Da 4.61Ca 4.50Da

Ash (%)

Fresh 0.70Cb 0.74Cb 0.72Cb 0.72Cb 0.73Cb 0.72Cb 0.89Bb 0.97Ab 0.90ABb 0.99Ab

7 0.71Cb 0.75CDb 0.73Cb 0.73Cb 0.74Cb 0.73Cb 0.90Bb 0.98ABb 0.91ABb 1.00Ab

14 0.72Aab 0.76CDab 0.75CDEab 0.74DEab 0.76CDab 0.75DEab 0.91Bab 0.99Aab 0.92Bab 1.01Aab

21 0.73Ea 0.78CDa 0.76CDEa 0.75DEa 0.77CDa 0.76DEa 0.93Ba 1.01Aa 0.93Ba 1.02Aa

Carbohydrate (CHO %)

Fresh 12.14Ac 12.45Ac 13.36Ac 13.96Ac 13.50Ac 14.00Ac 12.75Ac 13.09Ac 12.76Ac 13.00Ac

7 12.01Abc 12.33Abc 13.18Abc 13.85Ac 13.40Abc 13.86Abc 12.63Abc 12.92Abc 12.67Abc 12.82Abc

14 11.95Aab 12.23Aab 13.12Aab 13.74Aa 13.29Aab 13.75Aab 12.49Aab 12.78Aab 12.50Aab 12.72Aab

21 11.84Aa 12.14Aa 13.03Aa 13.60Aa 13.17Aa 13.63Aa 12.39Aa 12.66Aa 12.43Aa 12.56Aa

Titratable acidity (%)

Fresh 0.65Ad 0.68Ad 0.71Ad 0.72Ad 0.70Ad 0.72Ad 0.74Ad 0.76Ad 0.73Ad 0.78Ad

7 0.74Cc 0.79Cc 0.85BCc 0.86BCc 0.84BCc 0.87ABc 0.89ABc 0.94Ac 0.91Ac 0.95Ac

14 0.83Fb 0.86EFb 0.91DEb 0.95CDb 0.92DEb 0.96CDb 0.97BCDb 1.05Ab 0.99ABCb 1.02ABb

21 0.88Fa 0.91EFa 0.99CDEa 1.01CDa 0.98DEa 1.02CDa 1.06BCa 1.11ABa 1.05BCDa 1.14Aa

pH values

Fresh 4.68Aa 4.64Aa 4.63Aa 4.61Aa 4.64Aa 4.60Aa 4.59Aa 4.53Aa 4.56Aa 4.52Aa

7 4.43Ab 4.40Ab 4.31Ab 4.27Ab 4.33Ab 4.28Ab 4.27Ab 4.25Ab 4.28Ab 4.21Ab

14 4.31Ac 4.27Ac 4.19Ac 4.17Ac 4.20Ac 4.15Ac 4.11Ac 4.09Ac 4.13Ac 4.08Ac

21 4.17Ad 4.13ABd 4.08ABCd 4.03ABCd 4.07ABCd 4.02ABCd 4.00ABCd 3.95BCd 3.99ABCd 3.94Cd

C1: Control without oat., C2: Control with 1% oat., T1: 7.5% Red grape juice+ 1.5% B. breve+1% oat., T2: 10% Red grape 
juice+ 1.5% B. breve+1% oat., T3: 7.5% Red grape juice+ 1.5% L. plantarum +1% oat., T4: 10% Red grape juice+ 1.5% 
L. plantarum +1% oat., T5: 7.5% Apricot juice + 1.5% B. breve+1% oat., T6: 10% Apricot juice + 1.5% B. breve+1% 
oat., T7: 7.5% Apricot juice + 1.5% L. plantarum +1% oat., T8: 10% Apricot juice + 1.5% L. plantarum +1% oat.A, B, C: 
Means with same letter among treatments in the same storage period are not significantly different (p0.05>),a, b, c: Means 
with same letter for same treatment during storage period are not significantly different (p0.05>).
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The protein contents of fresh yoghurt 
treatments were significantly different (p0.05>).
The results indicated that the controls yoghurt 
had higher protein content specially C

2
, as oat 

has more protein than milk. The protein content 
was decreased in the fruit-flavoured treatments 
with addition of fruit juices because fruit juices 
contain lower protein than milk. Increasing 
the amount of the fruit juices significantly 
decreased the protein percentage. The red grape 
yoghurt treatments gained lower protein content 
compared with apricot yoghurt treatments 
because the red grape has less protein content 
than apricot. Similar results were reported by 
Roy et al. (2015), Mbaeyi-Nwaoha et al. (2017) 
and Desouky (2018). During cold storage, there 
were significantly increase in the protein content 
for all yoghurt treatments and controls to reach 
the highest value for C

2. 
The treatment T

2 
gained 

the lowest protein value at the end of storage 
period (21 days). These results agree with those 
of Hassanein et al. (2014) and Kermiche et al. 
(2018). The fat content significantly increased 
till the end of storage period (21 days) and scored 
the minimum value for treatment T

4 
to maximum 

value for C
2
. These results agree with those 

obtained by Abdalla et al. (2015) and El-Alfy et 
al. (2018). According to the obtained data, it can 
be noticeable that the fat content was lower in 
the yoghurt treatments enriched with fruit juices 
than the controls (C

1
 and C

2
), Increasing the 

amount of fruit juices were significantly declined 
the fat percent for all yoghurt treatments because 
the fruit juices contain low fat content then milk. 
These findings agree with those given by Dey 
et al. (2014), Sengupta et al. (2014), Raut et al. 
(2015) and Matter et al. (2016) which confirmed 
these results. The ash content of the apricot fruit 
drinkable yoghurt treatments had significantly 
higher ash content compared to other yoghurt 
treatments, when fresh and during storage. This 
was related to that apricot is rich source of ash 
content. Similar observations are reported by 
Farahat & El-Batawy (2013), Hamad et al. 
(2017) and Salih & Abdalla (2017). During cold 
storage period, there was significant increase in 
ash content of all tested drinkable yoghurt after 
21 days of storage. This could be attributed to 
the loss of some moisture contents from the 
samples during storage period. Similar results 
are reported by Gunawardhana & Dilrukshi 
(2016) and Hammad (2019).

Carbohydrates content (CHO) was significantly 
decreased within progress of cold storage period of 
all yoghurt treatments reaching the lowest values 
at the end of storage (21 days). This decrease 
caused by the carbohydrate’s hydrolysis, 
which attributed to the growth and activity of 
lactic acid bacteria and acid development that 
increased greatly during storage. These findings 
are in harmony with the results obtained by 
Kauser et al. (2011) and Hammad (2019). 

The yoghurt treatments enriched with fruit 
juices had significantly higher CHO percentages 
when fresh and during storage period compared 
with the controls (without fruit juices). The 
CHO content increased with increase in the 
concentration of fruit juices in the fruit-
flavoured drinkable yoghurt treatments because 
red grape and apricot contains more sugar than 
milk (Hossain et al., 2012, Hassanein et al., 
2014, Matter et al., 2016 and Mbaeyi-Nwaoha 
et al., 2017). 

Titratable acidity (T.A) of fresh yoghurt 
recorded the lowest value for C1 and the highest 
value for T8. With the progress of storage period 
to 21 days, there was a significant increase of 
the acidity values to be recorded 0.88% as 
lowest value for C1 and 1.14% as highest value 
for T8. The increase of acidity can be related 
to the growth of lactic acid bacteria, which 
consume the carbohydrate, and the consequent 
increase of lactic and acetic acids as metabolism 
by products. These findings agree with Abdel-
Galeele et al. (2013), Hamad et al. (2017) and 
El-Alfy et al. (2018).  In general, the fruit juices 
addition significantly increase the yoghurt 
acidity compared to the controls when fresh or 
along the cold storage, due to the nature of fruit 
acidity, which contains more acidity than milk, 
with consider that apricot had higher acidity 
than red grape.

This increase of acidity also, might be 
related to the high sugars contents in red grape 
and apricot juices which are more easily utilized 
by starter bacterial culture and resulted in higher 
acidity. Increasing the addition of fruit juice into 
yoghurt significantly increased the titratable 
acidity. Similar observations were reported by 
Farahat & El-Batawy (2013), Raut et al. (2015) 
and Meenakshi et al. (2018). 



218

Egypt. J. Food Sci. 48, No.1 (2020)‎

ELSAYED A. ISMAIL et al.

The pH values revealed an opposite trend to 
that observed for titratable acidity measurements 
of the fruit-flavoured drinkable yoghurt, i.e., as 
the acidity increased, the pH decreased (Table 
2). The pH values of fresh yoghurt treatments 
were significantly declined among the storage 
up to 21 days. This may be due to fermentation 
of carbohydrates, which produces organic acids 
and amino acids during fermentation and storage 
periods. These outcomes are consistent with those 
of Karaca et al. (2012), Güler-Akin et al. (2016) 
and Narayana & Gupta (2018).

Soluble indices of fruit-flavoured drinkable 
yoghurt

The soluble indices of fruit-flavoured 
drinkable yoghurt are shown in Table 3. The 
water-soluble nitrogen contents (WSN) of fresh 
probiotic yoghurt treatments were gradually 
and significantly increased in various yoghurt 
treatments as storage period advanced.

The values of WSN were ranged from 0.191% 
for C

1
, to 0.258% for T4 at the end of storage 

period. These may be due to proteases and 
peptidases released from starter culture, which 
resulted in higher proteolysis (Ismail et al., 2016). 
The results indicated that increasing of WSN levels 
during storage were higher in enriched treatments 
than controls. These results might be interpreted to 
mean that fruit juice components have simulative 
effect on yoghurt microorganisms. The results are 
in harmony with those obtained with Ismail (2015) 
and Hamad et al. (2017). The total volatile fatty 
acids content (TVFA) were pronounced significant 
differences among fresh yoghurt treatments. All of 
yoghurt treatments recorded TVFA values higher 
than the controls, which indicated that TVFA 
contents were affected by the type and level of fruit 
juice. The high level of enriched red grape juice 10 
% (treatment T

2
 and T

4
) recorded the highest TVFA 

values 7.50 and 7.93 ml 0.1N NaOH/100g, in the 
same sequence. These results may be attributed to 
the simulative effect of some compounds of fruit 
juices on starter bacteria. TVFA values gradually 
increased in all treatments up to the end of the 
storage period. The increasing rate was higher 
in the fruit-flavoured treatments, especially red 
grape yoghurt. During the storage period, volatile 
fatty acids are produced by the transformation of 
lactose, and amino acids and lipid metabolism 
by the metabolic activity of starter cultures. 
These findings agree with the results obtained by 
(Karaca et al., 2012, Abdel-Galeele et al., 2013 and 
Hammad, 2019). 

Acetaldehyde and diacetyl contents of fresh 
treatments were recorded the highest value of 
29.16 ppm for T8. These values of the acetaldehyde 
content significantly decreased during storage (21 
days) to be the lowest value of 24.10 ppm for T8. 

The reduction in acetaldehyde contents may 
be due to the dehydrogenase activity of some 
lactic acid organisms to oxidize acetaldehyde 
into acetate and ethanol at lower pH values. 
These results are in harmony with that reported 
by Karaca et al. (2012) and Abdel-Galeele et 
al. (2013). Diacetyl content took an opposite 
trend to that of acetaldehyde content, thus with 
the increase during storage period, the diacetyl 
content significantly increased (Table 3). The 
obtained results match with those obtained by El-
Alfy et al. (2018). It could be noticed that fruit-
flavoured drinkable yoghurt had significant higher 
acetaldehyde and diacetyl contents compared with 
the controls, treatment (T

4
) gained the highest 

values of acetaldehyde and diacetyl when fresh 
and throughout the interval of storage periods 
(Mangia et al., 2014 and Narayana & Gupta, 
2018).

Rheological properties of fruit-flavoured 
drinkable yoghurt

Rheological properties of fruit-flavoured 
drinkable yoghurt when fresh and during storage 
were illustrated in Fig. 1. The apparent viscosity 
values (cP) of fruit-flavoured drinkable yoghurt 
shown in Fig (1A) indicated that the values of 
fresh treatments were ranged from 55.07 cP for 
C1, to 208.03 cP for T

8
. During storage period, the 

viscosity values in all drinkable yoghurt increased 
significantly to record a range of 127.35 to 333.82 
cP at 21 days. It could be related to the increase 
of total solids content and titratable acidity within 
the storage. These findings agree with Karaca 
et al. (2012), Silva et al. (2017) and Desouky 
(2018). Comparing the viscosity of different fruit-
flavoured drinkable yoghurt treatments, all the 
treatments observed significantly increase of this 
parameter and these parameter values increased 
with increasing fruit juices level. In addition, the 
viscosity of apricot treatments had higher values 
than other treatments, particularly treatment T

8
. 

Meanwhile, the control characterized with the 
lowest viscosity values throughout the storage 
period. It could be commonly attributed to the 
high content of solids and fibers in fruit juices. 
These results agree with Kavas & Kavas (2016), 
Saranyambiga et al. (2017) and Subhashini et al. 
(2018). 
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TABLE 3. Soluble indices of fruit-flavoured drinkable yoghurt when fresh and during storage at ~5°C up to 21 
days.

Storage 
period
(days)

C1 C2 T1 T2 T3 T4 T5 T6 T7 T8

Water soluble nitrogen (WSN %)

Fresh 0.164Dd 0.177CDd 0.187ABCd 0.194ABd 0.195ABd 0.198Ad 0.179BCDd 0.182ABCd 0.185ABCd 0.192ABCd

7 0.175Dc 0.190Cc 0.203Bc 0.221Ac 0.217Ac 0.225Ac 0.195BCc 0.198BCc 0.219Ac 0.221Ac

14 0.186Eb 0.198DEb 0.215BCDb 0.240Ab 0.229ABb 0.241Ab 0.201CDEb 0.211BCDb 0.225ABCb 0.232ABb

21 0.191Ea 0.208DEa 0.228BCDa 0.252ABa 0.243ABCa 0.258Aa 0.214DEa 0.219CDa 0.231BCDa 0.248ABCa

TVFA (ml 0.1NNaOH/100g)

Fresh 5.82Ca 6.43BCa 7.21ABa 7.50ABa 7.42ABa 7.93Aa 6.91CDa 7.12ABa 7.24ABa 7.37ABa

7 6.53Ea 7.72Da 9.08Ca 9.90BCa 10.15Ba 11.11Aa 8.73CDa 11.30Aa 9.41Ca 10.06Ba

14 7.32Ea 8.56DEa 10.66Da 11.73Ca 12.70Ca 13.31BCa 9.93ABa 10.33Aa 10.13Aa 11.90Aa

21 7.90Ea 9.34DEa 12.25Da 12.92Ca 13.74Ca 14.52BCa 11.15ABa 11.7Aa 12.37Aa 13.11Aa

Acetaldehyde (ppm)

Fresh 18.41Fa 20.80Ea 24.51Da 28.23BCa 27.52Ca 30.63Aa 23.52Da 24.19Da 27.62Ca 29.16Ba

7 17.83Eb 19.27Db 23.19Cb 26.48ABb 25.13Bb 26.90Ab 22.14Cb 23.43Cb 25.06Bb 27.55Ab

14 16.92Fc 18.15Fc 21.83DEc 25.27ABc 24.56BCc 26.04ABc 20.40Ec 21.92DEc 23.45CDc 26.58Ac

21 16.11Gd 17.63Fd 20.12Dd 23.51Bd 22.47Cd 25.13Ad 19.94Ed 20.23Dd 22.96Cd 24.10Ad

Diacetyl (ppm)

Fresh 10.23Fd 12.64Ed 15.11CDd 17.13ABd 16.05BCd 18.27Ad 13.97DEd 15.21CDd 14.25Dd 16.11BCd

7 11.07Hc 13.55Gc 16.69CDEc 18.44Bc 17.78BCc 20.08Ac 14.78Fc 16.24DEc 15.66EFc

14 11.94Gb 14.06Fb 17.55Db 19.73Bb 18.46Cb 21.34Ab 16.02Eb 17.77Db 16.45Eb 18.67Cb

21 12.25Ga 15.29Fa 18.58Da 21.48Ba 19.67Ca 23.28Aa 17.02Ea 18.45Da 17.36Ea 19.42Ca

C1: Control without oat., C2: Control with 1% oat., T1: 7.5% Red grape juice+ 1.5% B. breve+1% oat., T2: 10% Red grape 
juice+ 1.5% B. breve+1% oat., T3: 7.5% Red grape juice+ 1.5% L. plantarum +1% oat., T4: 10% Red grape juice+ 1.5% L. 
plantarum +1% oat., T5: 7.5% Apricot juice + 1.5% B. breve+1% oat., T6: 10% Apricot juice + 1.5% B. breve+1% oat., T7: 
7.5% Apricot juice + 1.5% L. plantarum +1% oat., T8: 10% Apricot juice + 1.5% L. plantarum +1% oat.A, B, C: Means 
with same letter among treatments in the same storage period are not significantly different (p0.05>),a, b, c: Means with 
same letter for same treatment during storage period are not significantly different (p0.05>).
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A) B)

Fig.  1.   Rheological properties of fruit-flavoured drinkable yoghurt when fresh and during storage at ~5°C up to 21 days. (A): 
Apparent viscosity (B): Water holding capacity.	

The water holding capacity (WHC) of fresh 
drinkable yoghurt treatments were ranged from 
66.88 to 90.81 % for C

1
, and T

8
, consequently (Fig. 

1B). During storage, WHC gradually decreased 
significantly for all treatments which extended 
with storage period to be ranged from 57.82 to 
86.4 % for treatments C

1
, and T

8
, respectively. 

The decrease of WHC during storage could be 
due to acid development in yoghurt treatments. 
The trend of results is in accordance with Silva 
et al. (2017) and Hammad (2019). The WHC 
was exhibited to be significantly higher in the 
fruit-flavoured yoghurt treatments and exhibited 
greater ability to bind water compared to control 
yoghurt throughout the storage period. This may 
be probably due to the higher percentage of 
total solids and crude fibers. The higher WHC 
was obtained for yoghurt made using apricot 
juice (high fiber), especially (T

4
). These data are 

confirmed by Sengupta et al. (2014), Kermiche et 
al. (2018) and Narayana & Gupta (2018).

The results in Table 4 indicated that all 
probiotic fruit-flavoured drinkable yoghurt 
exhibited a high and statistically significant 
increase in the total phenolic content (TPC) 
compared to the controls and they increased by 
increasing the percentage of added fruit juices. 
(T

4
) yoghurt showed the highest content due to 

the high levels of phenolic compounds. These 
findings agree with Marchiani et al. (2016) and 
Desouky (2018). Concerning total flavonoids 
content TFC values, the same trend of results was 
noticed. TFC increased with the increase of the 

added fruit juices, chiefly red grape juice (Abou 
El Samhet al., 2013 and Hammad, 2019). From 
the obtained data, it was found that TPC and TFC 
gradually and significantly decreased during the 
storage period for all yoghurt treatments and it 
was more noticeable for C

1
 (without fruit juice or 

oat). This might harm due to cold storage, which 
attributed to transformation of these compounds 
and decreased stability. Similar results are 
reported by Mansouri et al. (2005), Ali (2018) and 
El-Alfy et al. (2018).

The antioxidant activity (AA), determined in 
the fruit-flavoured drinkable yoghurt when fresh 
and during cold storage period up to 21 days 
(Table 4). The AA raised as the level of fruit juices 
heightened. Logically, the higher contents of total 
phenolic and flavonoids compounds are the higher 
AA percentages so that fruit-flavoured drinkable 
yoghurt contained higher antioxidant activity 
percentages than those found in the controls. 
Yoghurt made with red grape juice gained higher 
AA, and treatment (T

4
) had the highest content. 

This could be associated with high bioactive 
compounds released in supplemented yoghurt, 
with antioxidant properties. Similar trend was 
reported by Ismail et al. (2016), Hamad et al. 
(2017) and Ali (2018). The AA significantly 
decreased in all yoghurt treatments through the 
storage period, being lower in controls rather than 
supplemented yoghurt treatments, due to the cold 
storage of the fruit-flavoured drinkable yoghurt. 
Similar results were obtained by Kumar & Kumar 
(2016), Ahmed (2017) and Desouky (2018).  
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TABLE 4. Total phenolic (TPC), total flavonoids (TFC) contents and antioxidant activity assay (AA) of fruit-
flavoured drinkable yoghurt when fresh and during storage at ~5°C up to 21 days.

Storage 
period
(days)

C1 C2 T1 T2 T3 T4 T5 T6 T7 T8

TPC (mg GAE/100g)

Fresh 10.18Da 13.38Ca 20.00Aa 20.63Aa 20.22Aa 20.94Aa 17.32Ba 19.37ABa 19.09ABa 20.05Aa

7 8.50Eb 11.11Db 17.85ABb 18.52Ab 16.98BCb 18.45Ab 16.04Cb 16.58BCb 17.11BCb 17.25ABCb

14 7.47Fc 9.58Ec 15.78Bc 16.58Ac 15.05Bc 16.89Ac 13.55Dc 14.50Cc 14.01Cc 11.53Cc

21 5.60Gd 8.45Fd 13.54BCd 14.14Ad 13.98Bd 15.12Ad 10.18Ed 12.98Cd 11.08Dd 13.12Cd

                 TFC (mg QE/100g)

Fresh 5.38Da 6.33Da 9.31BCa 11.31ABa 9.53BCa 12.27Aa 8.54Ca 9.22Ca 8.19Ca 10.02BCa

7 4.19Db 5.67Cb 8.18Bb 9.75Ab 8.61Bb 10.35Ab 7.70Bb 7.88Bb 7.89Bb 9.71Ab

14 3.91Fc 5.08Ec 7.32Cc 8.73Bc 7.15Cc 9.49Ac 6.71Dc 7.27Cc 9.02Cc 8.39Bc

21 3.04Fd 4.40Ed 6.37CDd 7.16BCd 6.93Cd 8.66Ad 5.87Dd 6.62Cd 6.07Cd 7.25Bd

            Antioxidant activity (%)

Fresh 18.87Ca 21.25BCa 33.20ABa 34.61Aa 33.36ABa 35.12Aa 29.23Ba 30.11Ba 30.42Ba 31.58ABa

7 16.41Bb 18.52Bb 30.12Ab 30.87Ab 29.87Ab 30.01Ab 26.25Ab 27.65Ab 28.98Ab 28.15Ab

14 14.80Cc 15.94Cc 25.54ABc 26.63Ac 25.66Acc 26.02Ac 23.25Bc 24.70ABc 25.06ABc 24.94ABc

21 11.55Dd 13.78Dd 22.89ABCd 23.58ABd 23.45ABd 24.12ABd 20.65Cd 21.58BCd 22.58ABd 22.08ABd

C1: Control without oat., C2: Control with 1% oat., T1: 7.5% Red grape juice+ 1.5% B. breve+1% oat., T2: 
10% Red grape juice+ 1.5% B. breve+1% oat., T3: 7.5% Red grape juice+ 1.5% L. plantarum +1% oat., T4: 
10% Red grape juice+ 1.5% L. plantarum +1% oat., T5: 7.5% Apricot juice + 1.5% B. breve+1% oat., T6: 
10% Apricot juice + 1.5% B. breve+1% oat., T7: 7.5% Apricot juice + 1.5% L. plantarum +1% oat., T8: 10% 
Apricot juice + 1.5% L. plantarum +1% oat.A, B, C: Means with same letter among treatments in the same 
storage period are not significantly different (p0.05>),a, b, c: Means with same letter for same treatment 
during storage period are not significantly different (p0.05>).

Microbiological aspects of fruit-flavoured 
drinkable yoghurt

Total bacterial counts (TBC) were shown in 
(Table 5). The TBC were increased up to 7 days, 
then, the counts gradually declined to the end of 
storage period. The decline of TBC through cold 
storage period is attributed to the decrease of 
pH (post-acidification) and the accumulation of 
organic acids because of growth and fermentation. 
Similar trend was obtained by Hamad (2017) 
and Desouky (2018). Yoghurt treatments 
supplemented with various concentrations of 

fruit juices had higher numbersof TBC compared 
to that in controls when fresh and along storage 
period, as the level of fruit juices supplementation 
increased the viability of these bacteria improved 
further. This may be due to juices encouraged 
the growth bacteria because of their higher 
nutritive values (Hossain et al., 2012, Hassanein 
et al., 2014 and Ismail et al., 2016). Lactic acid 
bacterial counts (LAB) of the fresh treatments 
were raised slowly during the storage up to 7 
days then there were pronounced reduction in 
viable counts until the end of storage period. 
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This decrease may be due to the sensitivity of 
starter culture to the raised acidity and secreted 
of some other metabolites which reduced the 
counts of bacteria. These results agree with those 
given by Ali (2018) and El-Alfy et al. (2018). 
The obtained results confirmed that utilization 
of fruit juices in drinkable yoghurt making 
increased the numbers of LAB in fresh product 
and along storage periods. Among treatments, T

4
 

(with 10% red grape) and the control (C
1
) had 

the highest and the lowest count. This may be 
referring to the starter culture which activated 
by adding fruit juice to yoghurt becausefruit is 
richer in solids (sugars, proteins, etc.) compared 
to controls. Therefore, these compounds have 
probably stimulated the development of lactic 
acid bacteria. These findings are in a harmony 
with the results obtained by Do Espirito Santo 
et al. (2010), Mangia et al. (2014) and Kermiche 
et al. (2018). Streptococcus thermophilus counts 
were gradually increased in all treatments till the 
7th day of cold storage, which could be due to 
residual activity during this period, then there 
were decrease slowly up to the end of the storage 
period. This may be due to the stimulated growth 
of Streptococcus species by essential amino 
acids occurred during 7 days of storage. After 
7 days, lactic acid could make the environment 
unfavorable for the growth of Streptococcus 
species. These results agree with those obtained 
by Abdel-Galeele et al. (2013) and Güler-Akin 
et al. (2016). The count of Str. thermophilus of 
all treatments made with fruit juices had higher 
count compared to the controls at fresh and 
through the storage period. The greatest counts 
of Str. thermophillus were observed in the 
treatments contained 10% red grape (treatment 
T

2
 and T

4
), whereas their richness in total sugars 

which enhance the growth of starter cultures. 
Some observations were found by Ismailet al. 
(2016) and Hamad et al. (2017).

Bifidobacterium ssp. and Lactobacillus 
plantarum counts are shown in Table 5. During 
the cold storage, the Bifidobacterium ssp counts 
increased likewise the L. plantarum counts were 
increased up to 7 days of storage and then decreased 
till the end of storage period. This decrease may 
be due to acid injury to the organisms.

These findings are in matching with those 
revealed by Ismail (2015) and Hammad (2019). 
Although, the decline of Bifidobacterium and L. 
plantarum counts throughout cold storage, their 
numbers still above the recommended level until 

the end of storage. As they are adequate to achieve 
therapeutic effects (106-107cfu/ml). 

On the other hand, adding fruit juices and 
oat to drinkable yoghurt had positive effect on 
the probiotic counts either Bifidobacterium or 
Lactobacillus plantarum, especially red grape 
juice, increase the level of fruit juices enhance 
the growth of the probiotic as a result of increased 
metabolism of fructose and malic acid derived 
from fruit which stimulate the bacterial growth.

Also, addition of oat to drinkable yoghurt 
stimulated the growth of probiotic bacteria where 
oat fibers serve as prebiotics. These results are in 
accordance with Hamad et al. (2017) and Silva et 
al. (2017). Yeast & moulds, coliform and spore-
forming counts were not detected in all treatments 
either fresh or along the storage period. This 
may be due to the efficient heat treatment of the 
different yoghurt milks (85ºC for 10 min), the high 
hygienic conditions during making and storage of 
yoghurt. In addition, the antimicrobial agents, and 
the development of the acidity in yoghurt during 
storage contribute in prolonging of shelf life of 
the product. The obtained data are in a harmony 
with those of Matter et al. (2016) and Meenakshi 
et al. (2018).

Sensory evaluation of fruit-flavoured drinkable 
yoghurt

The results in Fig. 2 revealed that average 
flavor score for all fresh yoghurt treatments 
recorded the range of 40.9, and 47.6 for C

1
 and 

T
8
, respectively. With progress of storage period, 

there was gradual improvement in these values 
to be ranged from 41.5, to 48.1 after the 7th 
day, in the previous order. While the progress 
of cold storage significantly led to decrease in 
flavour values reaching the lowest points at 21 
days, as ranging from 38.2 to 47.9. This could 
be associated with development of acidity 
and decrease in acetaldehyde contents of the 
yoghurt. It can be observed that the fruit juices 
incorporation significantly enhanced the flavour 
of yoghurt samples. T

4 
followed by T

3 
gained 

the highest flavour points, while C
1
 followed 

by C
2
 recorded the minimum score of flavour. 

In respect to the average score points of body & 
texture of all produced fruit-flavoured drinkable 
yoghurt. The average score became slightly high 
after 7 days of storage and then significantly 
decline till the end of storage period to reach the 
range of 30.8 for C1to 36.4 for T8 after 21 days 
of storage (Fig. 2). 
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TABLE 5. Microbiological aspects (log cfu/ml) of fruit-flavoured drinkable yoghurt when fresh and during 
storage at ~5°C up to 21 days.

Storage 
period
(days)

C1 C2 T1 T2 T3 T4 T5 T6 T7 T8

Total bacterial count (TBC)

Fresh 8.39 8.45 8.66 8.68 8.70 8.77 8.51 8.58 8.60 8.65

7 8.63 8.73 8.87 8.91 8.91 8.96 8.79 8.82 8.87 8.88

14 8.44 8.66 8.76 8.80 8.81 8.85 8.69 8.74 8.74 8.76

21 8.37 8.43 8.61 8.66 8.70 8.74 8.49 8.57 8.59 8.63

    Lactic acid bacterial (LAB) count

Fresh
8.26 8.30 8.33 8.48 8.43 8.47 8.39 8.41 8.42 8.46

7
8.48 8.66 8.65 8.77 8.71 8.71 8.70 8.74 8.72 8.74

14
8.40 8.49 8.52 8.64 8.55 8.58 8.60 8.63 8.60 8.61

21
8.25 8.30 8.31 8.48 8.41 8.44 8.37 8.31 8.41 8.43

Streptococcus thermophilus count

Fresh
7.52 7.81 7.99 8.10 8.12 8.16 7.95 8.00 7.88 7.96

7
7.93 8.00 8.20 8.31 8.26 8.29 8.20 8.28 8.16 8.23

14
7.71 7.86 8.03 8.20 8.16 8.22 8.05 8.11 8.06 8.02

21
7.40 7.75 7.86 8.02 7.99 8.11 7.86 7.89 7.85 7.92

Bifidobacterium sp. count

Fresh
- -

8.06 8.17
- -

7.91 7.93
- -

7
- -

8.24 8.33
- -

8.13 8.18
- -

14
- -

8.21 8.19
- -

8.09 8.12
- -

21
- -

8.03 8.13
- -

7.88 7.90
- -

Lactobacillus plantarum count

Fresh
- - - -

8.21 8.22
- -

7.99 8.13

7
- - - -

8.29 8.31
- -

8.24 8.30

14
- - - -

8.23 8.25
- -

8.17 8.14

21 - - - - 8.19 8.20 - - 8.06 8.12

C1: Control without oat., C2: Control with 1% oat., T1: 7.5% Red grape juice+ 1.5% B. breve+1% oat., T2: 
10% Red grape juice+ 1.5% B. breve+1% oat., T3: 7.5% Red grape juice+ 1.5% L. plantarum +1% oat., T4: 
10% Red grape juice+ 1.5% L. plantarum +1% oat., T5: 7.5% Apricot juice + 1.5% B. breve+1% oat., T6: 
10% Apricot juice + 1.5% B. breve+1% oat., T7: 7.5% Apricot juice + 1.5% L. plantarum +1% oat., T8: 10% 
Apricot juice + 1.5% L. plantarum +1% oat.A, B, C: Means with same letter among treatments in the same 
storage period are not significantly different (p0.05>), a, b, c: Means with same letter for same treatment 
during storage period are not significantly different (p0.05>).
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Generally, addition of fruit juices improved 
the body & texture of yoghurt when fresh and 
all over the storage period. T

8 
scored the highest 

points compared to C
1
, which gained the lowest 

score. Results for appearance scored slightly 
variations when fresh and throughout the cold 
storage period. However, the appearance score 
ranged from 8.1 to 9.5 point for fresh treatments 
and starts to decrease all over the storage period, 
reaching the lowest points at 21 days, as ranging 
from 7.9 to 9.3.  It is clear that results of overall 
acceptability gained the highest points at 7 days 
ranging from 81.6 to 95.3, while the progress of 
cold storage period led significantly to decrease in 
total score values to vary from 76.9 to 93.3 point 
at 21 days.

The fortification of drinkable yoghurt with 
fruit juices significantly increased the values of 
overall acceptability. From the previous data, it 

Fig. 2. Sensory evaluation of fruit-flavoured drinkable yoghurt when fresh and during storage at ~5°C up to 21 
days.

could be concluded that T
4
 recorded the highest 

overall acceptability followed by T
3
 and then 

T
8
, while C

1
 had the minimum value of overall 

acceptability throughout storage period. Similar 
results were reported by Kauseret al. (2011), 
Karaca et al. (2012), Abdel-Galeele et al. (2013), 
Güler-Akin et al. (2016), Silva et al. (2017) and 
Narayana & Gupta (2018).

Conclusion                                                                                  

It could concluded that from such study that 
fruit-flavoured drinkable yoghurt can be made 
successfully using red grape & apricot juices 
and from probiotic bacteria i.e (Bifidobacterium 
breve and Lactobacillus plantarum) and enriched 
with oat with good characteristics from chemical, 
physical, microbiological, rheological and sensory 
acceptability. The produced yoghurts can be made 
in a commercial way and can be sold in the market 
as functional products. 
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يزداد الطلب حاليا بشكل كبير على مشروب الزبادي المطعم بالفاكهة و المحتوي على بكتريا داعمة للحيوية، 
احتوائه  بسبب  العالية  الغذائية  لقيمته  نظرا  المتخمرة  الألبان  منتجات  أفضل  من  واحدا  الزبادي  يعد  و  هذا 
على نسبة كبيرة من الجوامد اللبنية اضافة الى العديد من المكونات الغذائية التي تتكون اثناء عملية التخمر 
هذه  في  و  البيفيدوبكتريا.  و  الاكتوباسيلس  جنسي  من  خاصة  للحيوية  داعمة  بكتريا  على  احتواؤه  ايضا  و 
 Lactobacillus و سلالة من بكتريا Bifidobacterium breve  الدراسة تم استخدام عزلة جديدة من بكتريا
plantarum   كبادئات مساعدة مع اضافة نسبتين مختلفتين من عصيري العنب الأحمر و المشمش الطبيعي 
)7.5 -10%( و سكر بنسبة )7.5%(  و الشوفان بنسبة )1%( لانتاج مشروب الزبادي المطعم بالفاكهة. وقد تم دراسة 
الصفات الكميائية           و الطبيعية و الميكروبيولوجية و الحسية للمنتج. وقد اظهرت النتائج تحسن واضح 
 B. و L. plantarum  فى المنتج عند استخدام 10% من عصير العنب الأحمر أو المشمش مع استخدام 1.5% من

breve  و اضافة 1% من الشوفان.

مزارع جديدة مساعدة من البكتريا الداعمة للحيوية لانتاج مشروب الزبادى المطعم بالفاكهة

السيد السيد علي اسماعيل1 ، محمد عيد شنانة1 ، محمد بديرالألفي1، ايهاب عبد الباقي عيسوي2 و سناء 
الميرغني عبد الحليم2

1 قسم الألبان – كلية الزراعة بمشتهر- جامعة بنها مصر

2 قسم بحوث تكنولوجيا تصنيع الألبان - معهد بحوث تكنولوجيا الأغذية - مركز البحوث الزراعية - مصر


