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ABSTRACT: Nowadays, there is a great interest in using yogurt sauce as a flavored dressing for salads and 

foods. The current study aimed to determine the possibility of producing probiotic yogurt sauce and evaluate its 

physicochemical, microbiological, sensory and rheological properties throughout refrigeration storage. 

Lactobacillus rhamnosus was encapsulated with sodium alginate and resistant starch using the emulsion method. 

The survival of free and microencapsulated L. rhamnosus was studied in simulated gastrointestinal conditions. 

Two forms (free and microencapsulated) of L. rhamnosus were added to the yogurt sauce. The samples were 

kept for 30 days at 4 ˚C and evaluated on interval days (1
st
, 10

th
, 20

th
, and 30

th
) for the above mentioned 

properties. Survival improvement was demonstrated in microencapsulated L. rhamnosus compared to free L. 

rhamnosus.  After two hours, the free form of L. rhamnosus showed five logarithmic cycles decreasing in cell 

viability, while microencapsulated L. rhamnosus presented only one logarithmic cycle reduction. Similarly, on 

day 30 of storage, the number of viable microencapsulated L. rhamnosus cells in the probiotic yogurt sauce was 

6.61 log CFU/g, while the viable count for a sample containing free L. rhamnosus was 5.00 log CFU/g. The 

produced probiotic yogurt sauce was considered a pseudo-plastic fluid and presented mayonnaise behaviour. 

Moreover, samples containing microencapsulated probiotic bacteria displayed lower post-acidification values 

than samples containing free bacteria. The microencapsulation of probiotic bacteria improved the sensory quality 

of the produced probiotic yogurt sauce.  Hence, producing a probiotic yogurt sauce with desirable properties is 

possible. 
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Introduction

1
 

Probiotics are living microorganisms 

that, when employed in suitable quantities 

provide health benefits to the host (Kaur 

Sidhu et al., 2020). Probiotics are usually 
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added to foodstuffs as a supplement to 

offer benefits to consumers such as 

regulation of immune response or use to 

treat gastrointestinal illness (Mora-

Villalobos et al., 2020). Probiotic bacteria 

usually belong to two genera: 

Lactobacillus and Bifidobacterium (Afzaal 
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et al., 2019), Lactobacilli are Gram-

positive rods and members of the lactic 

acid bacteria (characterized by the 

formation of lactic acid as a product of 

carbohydrate metabolism) and are found in 

the normal gastrointestinal flora (Tannock, 

2004). Among them, L. rhamnosus is a 

probiotic with curative activity and is 

primarily used in dairy products such as 

fermented milk and its derivatives (Afzaal 

et al., 2019). To be considered probiotics, 

they must be metabolically stable in foods, 

survive during storage, and survive 

passage through the human gastrointestinal 

system (Afzaal et al., 2019). 

Several investigations have shown that 

microencapsulation can be used to protect 

probiotics from harsh conditions in the 

gastrointestinal tract and throughout 

production procedures (Afzaal et al., 2019; 

Liu et al., 2020; Qi et al., 2019). 

Microencapsulation is a method by which 

a substance (e.g., a probiotic) is coated and 

protected with wall materials (e.g., sodium 

alginate and resistant starch) (Krasaekoopt 

et al., 2003, 2006). 

Sodium alginate has been used as a 

microencapsulation material owing to its 

remarkable characteristics such as 

simplicity of the process, biocompatibility, 

and no toxic effect on probiotic strains (de 

Araújo Etchepare et al., 2016). Moreover, 

this polymer can protect probiotics against 

process factors and storage circumstances 

including, dissolved oxygen and heat (de 

Araújo Etchepare et al., 2016). Apart from 

all the good features of sodium alginate for 

microencapsulation, its produced gel is 

sensitive to pH, which can affect the 

protection of the encapsulated material. 

Adding resistant starch in the formulation 

of the micro-particles is a way to 

overcome this problem (de Araújo 

Etchepare et al., 2016). Resistant starch, a 

trivial portion of starch resistant to 

digestion, can be fermented by the healthy 

microflora in the large intestine of humans 

(de Araújo Etchepare et al., 2016). The 

favourable properties of resistant starch 

such as white color, slight taste, little 

water-holding capacity, and having a 

natural source, make it a valuable material 

to use in the microencapsulation of 

probiotics in foodstuffs ( Homayouni et 

al., 2014). In addition, concurrent 

application of resistant starch with sodium 

alginate provides more protection to 

probiotic bacteria, which is due to the 

synergistic effect of the two mentioned 

materials (de Araújo Etchepare et al., 

2016; Mirzaei et al., 2012).  

Many microencapsulation methods 

have been used to produce microcapsules 

for protecting probiotics, in food products 

for instance, spray drying, extrusion, high-

voltage electrostatics, and emulsion 

(Afzaal et al., 2019; Prasanna and 

Charalampopoulos, 2018). In the case of 

the spray drying technique, irrespective of 

its desirable features (e.g., economical and 

continuous operation), there are some 

disadvantages such as complexity of the 

tools, uncontrollable particle size, and the 

drying chamber's unstable condition 

(Nedovic et al., 2011). Furthermore, the 

bad shape of alginate beads and their large 

diameter produced by the extrusion 

technique are negative characteristics that 

can affect the encapsulated material. The 

high-voltage electrostatics method's small 

yield is not appropriate for high production 

scales (Qi et al., 2019).Thus, an 

emulsification technique was utilized as an 

alternative in this study to produce 

microcapsules due to its good properties 

such as smaller size of produced alginate 

capsules on a large scale, simple reactive 

settings, and simple process (Qi et al., 

2019). 

Yogurt is one of the best-flavored dairy 

products, which provides health benefits to 

customers because of its lactic acid 
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bacteria content (Afzaal et al., 2019). 

Nowadays, yogurt sauce has gained more 

popularity due to its pleasant taste, 

resulting from adding some seasonings 

such as vinegar, parsley, thyme, tarragon, 

olive oil, salt, pepper, and garlic to the 

pure yogurt. Considering the presence of 

the abovementioned bacteria in yogurt 

products, the production of novel yogurt 

derivatives would be of great interest. 

This study aimed to produce a probiotic 

yogurt sauce containing L. rhamnosus and 

evaluate its physicochemical, 

microbiological, sensory, and rheological 

properties throughout 30 days of storage. 

 

Materials and Methods 

 Preparation of probiotic bacterial 

culture 

The lyophilized culture of L. 

rhamnosus (ATCC 53103) was obtained 

from the Iranian Research Organization 

for Science and Technology. Then, it was 

transferred to Man-Rogosa Sharp broth 

(MRS) and incubated at 37 ˚C for 24 h 

under anaerobic circumstances (Golestani 

and Pourahmad, 2017). Subsequently, L. 

rhamnosus cells were centrifuged at 4000 

rpm, at 4 ˚C for 15 min and washed in 

sterile saline solution 9% with the same 

centrifugation process. Later, the achieved 

probiotic cells were used in the 

microencapsulation procedure (Afzaal et 

al., 2019). 

 

 Microencapsulation of L. rhamnosus 

Every glassware and solutions used in 

the microencapsulation technique was 

decontaminated at 121 ˚C for 15 min. The 

emulsion procedure was set for the 

microencapsulation method. 2 g of sodium 

alginate (Sigma Aldrich 71238) together 

with 2 g of resistant starch (Hi maize 260, 

starch UK) were gradually added to 100 

ml of distilled water up to completely 

dissolved. Then, 0.1% L. rhamnosus 

cultures were transferred into the 

mentioned solution while stirred for 5 min. 

The final solution was then suspended in 

200 ml if corn oil containing 0.2% tween 

80, (Merck, Germany) and mixed using 

stirrer with 350 rpm for 20 min to produce 

an emulsion. Subsequently, add 200 ml 

calcium chloride 0.1 M into the produced 

emulsion to create the alginate capsules as 

a result of phase separation. Following the 

rest of the mixture for 30 min, the alginate 

capsules were created in the bottom of the 

bottle. Finally, the alginate capsules were 

separated from the mixture by 

centrifugation (350 rpm, 15 min), and the 

capsules were washed with 1% peptone 

water and stored at 4 ˚C (Sultana et al., 

2000). 

 

 Survival of free and microencapsulated 

L. rhamnosus in simulated gastric fluid 

(SGF) and simulated intestine fluid 

(SIF) 

Sodium chloride (0.2% w/v, pH=2) was 

used for the preparation of SGF followed 

by adding pepsin into the above solution to 

reach final concentration of 3.2 gr/L. To 

sterilise, the solution was filtered through 

a 0.22 µm membrane. In the 9.5 ml SGF, 

0.5 ml of free bacteria and 0.5 g of 

microencapsulated bacteria were added 

and incubated at 37 ˚C (shaking incubator 

and 150 rpm). At the end of the incubation 

time, the SGF was neutralized by 

phosphate buffer (0.2 m/L, pH=7, at 4 ˚C). 

The viable number of free and 

microencapsulated L. rhamnosus cells was 

counted at determined interval times (0, 

30, 60, 90 and 120 min) (Chen et al., 

2017). 

To prepare SIF, potassium hydrogen 

phosphate (K2HPO4) was dissolved into 

the distilled water to a final concentration 

of 6.8 g/L, pH=7.4. This was followed by 

adding pepsin into the above solution to 

reach a final concentration of 10 g/L. To 
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sterilise, the solution was filtered through 

a 0.22 µm membrane. In the 4.5 ml SIF, 

0.5 ml of free bacteria and 0.5 g of 

microencapsulated bacteria were added 

and incubated at 37 C (shaking incubator 

and 150 rpm). At determined interval 

times (0, 30, 60, 90, and 120 min), the 

survival of free and microencapsulated  

L. rhamnosus was counted by a pour plate 

technique using Nutrient Yeast Extract 

Salt (NYSM) agar (Chen et al., 2017). 

 

 Production of probiotic yogurt sauce  

In order to prepare the yogurt sauce, the 

exact portion of ingredients such as citric 

acid (0.0314%), sugar (5%), mustard 

(0.3%), and salt (1.2%) were added to the 

water (12%) and entirely mixed. This was 

followed by adding an appropriate amount 

of yogurt (35%) to the prepared solution. 

Later, carrageenan fine particles were 

slowly added to the above prepared 

solution, followed by adding egg (9%) to 

the other ingredients and mixed up to 

achieve an even material. Oil drops (30%) 

were added to the final prepared solution, 

and at the end of this process yogurt sauce 

samples were made. Now, L. rhamnosus in 

two different forms (free or 

microencapsulated) were added to the 

yogurt sauce samples to produce the 

probiotic yogurt sauce. All yogurt sauce 

samples were placed at 4˚C for 30 days 

while they were tested for microbiological, 

physicochemical, and sensory analysis at 

intervals of days (0, 10, 20, and 30 day). 

 

 Measurement of pH and acidity  

A digital pH meter (Metrohn, 

Switzerland) at 20 ˚C was utilized to 

measure the pH of probiotic yogurt sauce 

samples. To measure acidity, distilled 

water was used (up to 100 mL) for 

dissolve 10 g of each probiotic yogurt 

sauce sample and mix completely. At that 

time, 1ml of phenolphthalein indicator was 

added into 25 ml of the prepared solution 

and it was titrated alongside standard 

sodium hydroxide solution until a pink  
 

colour appeared (Mokarram et al., 2009).  

 

 Rheological features 

The viscosity of probiotic yogurt sauce 

samples was measured using a Brookfield 

viscometer (Brookfield Engineering Lab 

Inc, Stoughton, MA) by spindle No.5, 

RPM 25, at 25 ˚C. 

 

 Probiotic bacterial count 

The colonies of L. rhamnosus were 

counted by plating on MRS-bile agar 

(Merck, Co. Germany) and incubating for 

3 days at 37 °C under anaerobic 

circumstances (Afjeh et al., 2019).  

 

 Sensory evaluation 

Sensory evaluation (taste, color, 

texture, odor, and overall acceptance) was 

performed by a panel of 12 trained 

members. Ranking method was used. The 

quantified scores were chosen as follows: 

5: delightful, 4: good, 3: acceptable, 2: 

bad, and 1: unacceptable. 

 

 Statistical analysis 

A completely randomized block was 

performed via the Duncan test statistical 

analysis system. Data were analyzed by 

SPSS 25 (SPSS Inc., Chicago, IL) 

software. Differences were considered 

significant when p<0.05. All data were 

stated as mean ± SD. The presented values 

were the mean of the triplicate analysis ± 

standard deviation.  

 

Results and Discussion 

 Survival of Microencapsulated and Free 

L. rhamnosus in SGF and SIF 

According to Figure 1a, a significant 

difference (p< 0.05) was observed between 

viable probiotic cells in SGF after 2 hours. 

The number of L. rhamnosus cells in both 
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forms (microencapsulated and free) 

decreased during the 2 h. However, L. 

rhamnosus cells in microencapsulated 

form were more resistant to the harsh 

gastric conditions compared to those in 

free form. After 2 h, the free form of L. 

rhamnosus showed five logarithmic cycles 

decreasing in cell viability, while 

microencapsulated L. rhamnosus presented 

only one logarithmic cycle reduction. The 

results of this study confirmed the 

protective effect of microencapsulation for 

probiotic cells in SGF conditions. Similar 

findings have shown that 

microencapsulation of probiotic cells 

provides a proper protection against harsh 

SGF conditions (3, 6, 12). A recent 

investigation found that sodium alginate 

microcapsules enhanced the L. acidophilus 

survival in simulated gastrointestinal 

conditions and yogurt samples (Afzaal et 

al., 2019). Another study demonstrated 

increased viability of Enterococcus 

faecium and Saccharomyces boulardii in 

SGF conditions when probiotic cells were 

microencapsulated in alginate polymers 

(Qi et al., 2019). Moreover, Prasanna et al. 

reported that microencapsulation with 

various sodium alginate milk(cow and 

goat) matrices provided better protection 

for B. longum subsp. infantis cells in SGF 

conditions compared to free probiotic cells 

(Prasanna et al., 2018).  

As it is shown in Figure 1b, the number 

of L. rhamnosus cells in both forms 

(microencapsulated and free) in SIF 

decreased during the 2 h. In comparison 

between two forms, microencapsulation 

provided a significant (p< 0.05) protection 

for probiotic cells in SIF through 2 hours. 

The viable count of microencapsulated L. 

rhamnosus showed less than one 

logarithmic cycle reduction, while at the 

same time and condition the viable count 

of free L. rhamnosus was reduced to four 

logarithmic cycles. The results of the 

present study confirmed the protective 

effect of microencapsulation for probiotic 

cells in SIF conditions. This may be 

because of the interaction of free probiotic 

cells with the bile salt and consequently 

loss of the cell walls integrity, leakage of 

intracellular materials, and cell death. 

Similarly, calcium alginate and sodium 

alginate matrices were shown to have an 

increased effect on the protection of 

microencapsulated Lactobacillus 

acidophilus and L. rhamnosus in SIF 

(Zanjani et al., 2012). Furthermore, a good 

protective effect of microencapsulated 

Enterococcus faecium and Saccharomyces 

boulardii was detected in SIF condition 

(Qi et al., 2019). In addition, the protective 

effect of microencapsulation with calcium 

alginate-whey protein for L. paracasei and 

L. bulgaricus cells was confirmed in SIF 

(Han et al., 2020). 

 

 Survival of probiotic bacteria in yogurt 

sauce 

The count of L. rhamnosus cells in 

refrigerated samples during 30-day storage 

is shown in Table 1. A decreasing trend in 

the number of viable L. rhamnosus cells 

was observed from day one to day 30. As 

expected, on day 30, the minimum 

viability (5.00 ± 0.01) was obtained by 

sample containing free L. rhamnosus. In 

addition, on the first day, the highest 

viability (7.88 ± 0.00) of probiotic cells 

was gained by sample containing 

microencapsulated L. rhamnosus. Our 

results also showed that on the day 30, the 

highest viability (6.61 ± 0.00) belonged to 

the sample containing microencapsulated 

L. rhamnosus. Microencapsulation 

increased the viability of L. rhamnosus in 

the probiotic yogurt sauce during storage. 

This finding is in accordance with the 

results of another study in which a 

decreasing trend was reported in the 

mortality of microencapsulated 
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Bifidobacterium bifidum cells compared to 

free probiotic cells, while sodium alginate 

and chitosan were used for coating the 

probiotic bacteria (Iqbal et al., 2019). 

Moreover, another investigation used 

microencapsulation with resistant starch 

and calcium alginate for Bifidobacterium 

bifidum and Lactobacillus casei cells. The 

result revealed an increased number of 

viable cells in microencapsulated form 

compared to the free form of probiotic 

bacteria in mayonnaise sauce samples 

(Fahimdanesh et al., 2013). 

 

a 

 
 

b 

 
 

Fig. 1. Survival of microencapsulated and free L. rhamnosus probiotic bacteria in simulated gastric fluid (SGF) 

(a) and simulated intestine fluid (SIF) (b) 

T1: L. rhamnosus (microencapsulated), T2: L. rhamnosus (free). 

 

Table 1. Viable counts of L. rhamnosus in probiotic yogurt sauce samples during storage 
 

sample Day 1 Day 10 Day 20 Day 30 

  
Log/CFU/g 

  
T1 7.85 ± 0.00

A,b
 6.85 ± 0.06

B,b
 5.90 ± 0.05 

C,b
 5.00 ± 0.01 

D,b
 

T2 7.88± 0.00
A,a

 7.26 ± 0.02
B,a

 6.77 ± 0.04
C,a

 6.61 ± 0.00 
D,a

 

 

T1: L. rhamnosus (free), T2: L. rhamnosus (microencapsulated), 

Data are presented as a mean ± standard deviation. Different small letters represent the statistical difference  

(p <0.05) within a column. Different capital letters represent the statistical difference (p < 0.05) within a row. 
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 pH, and acidity of the probiotic yogurt 

sauce samples   

As it is presented in Table 2, the pH 

value of all probiotic yogurt sauce samples 

was reduced during 30-day storage. 

However, microencapsulated  

L. rhamnosus showed a higher pH 

compared to free L. rhamnosus. On day 

30, the highest and the second highest pH 

values were observed for control (4.13 ± 

0.01) and microencapsulated L. rhamnosus 

(4.08 ± 0.01) samples, respectively. 

According to Table 2, acidity values of all 

probiotic yogurt sauce samples were 

increased during 30-day storage. On day 

30, the lowest acidity belonged to the 

control (without probiotic bacteria) sample 

(0.61±0.01) and after that to the 

microencapsulated L. rhamnosus (0.65 ± 

0.005). Samples containing 

microencapsulated probiotic bacteria 

displayed lower post-acidification values 

than samples containing free bacteria. 

Similar results were reported by Picot et 

al. Who found a higher pH encapsulated 

Bifidobacterium breve in whey protein 

compared to the unencapsulated form of 

probiotic bacteria (Picot and Lacroix, 

2004). Furthermore, some researchers 

demonstrated a decreasing trend in the pH 

of yogurt samples during 28 days of 

refrigeration, while they observed a higher 

pH in microencapsulated L. acidophilus 

than in free L. acidophilus cells (Afzaal et 

al., 2019).   

 

 Rheological characteristics of the 

probiotic yogurt sauce samples  

The results of measuring viscosity in 

refrigerated probiotic yogurt sauce 

samples during 30-day storage are shown 

in Figure 2. The viscosity of all samples 

was reduced during storage, however, the 

sample containing free L. rhamnosus 

showed more decreased compared to 

microencapsulated and control samples. 

Furthermore, on day 30, the highest (211.3 

± 1.52) and second highest (145.6 ± 0.57) 

viscosities belonged to the control and 

microencapsulated samples, respectively. 

The produced probiotic yogurt sauce was 

considered a pseudo-plastic fluid and 

presented a mayonnaise behavior. The 

viscosity of all samples was reduced 

during storage. However, a sample 

containing free L. rhamnosus showed a 

higher viscosity decrease than 

microencapsulated and control samples. 

This may be because of the lactic acid 

bacteria's activity and acid production. 

Microencapsulation is suggested to offer 

an appropriate way to control the viscosity 

decrease in the produced probiotic yogurt 

sauce. A similar finding was reported 

earlier which indicated an increased 

viscosity in full-fat mayonnaise samples 

 
Table 2. The values of pH and acidity (% in terms of acetic acid) of probiotic yogurt sauce samples during cold 

storage 

Parameters Samples First day 10
th

 day 20
th

 day 30
th

 day 

 T1 4.28 ± 0.02 
A,b

 4.11 ± 0.01
B,c

 4.04 ± 0.02
C,b

 4.01 ± 0.01 
C,c

 

pH T2 4.34 ± 0.01 
A,a

 4.28 ± 0.00
B,a

 4.15 ± 0.01
C,a

 4.08 ± 0.01
D,b

 

 T3 4.28 ± 0.01 
A,b

 4.22 ± 0.02
B,b

 4.15 ± 0.01 
C,a

 4.13 ± 0.01 
C,a

 

 T1 0.60 ± 0.02 
D,a

 0.62 ± 0.02 
C,a

 0.63 ± 0.02 
B,a

 0.67 ± 0.01 
A,a

 

Acidity T2 0.59± 0.01 
B,a

 0.60 ± 0.01 
B,a

 0.61 ± 0.00 
B,a

 0.65 ±0.00
A,b

 

 T3 0.59 ± 0.01 
A,a

 0.60 ± 0.01 
A,a

 0.61 ± 0.01 
A,a

 0.61 ± 0.01 
A,c

 
 

T1: L. rhamnosus (free), T2: L. rhamnosus (microencapsulated), T3: Control. 

Data are presented as a mean ± standard deviation. Different small letters represent the statistical difference (p 

<0.05) within a column. Different capital letters represent the statistical difference (p < 0.05) within a row. 
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containing olive leaf extract (OLE) 

encapsulated by alginate and pectin 

materials. Moreover, all mayonnaise 

samples exhibited non-Newtonian shear 

behavior at the same shear rate (Flamminii 

et al., 2020). The study aligns with two 

other investigations using low-fat 

mayonnaise samples containing fish oil. 

Both studies pointed to an increase in the 

viscosity of mayonnaise samples when 

fish oil was microencapsulated by Zein 

(Flamminii et al., 2020) and dextran and 

glucose syrup materials (Miguel et al., 

2019). 

 

 Sensory quality  
The result of taste analysis was 

indicated in Table 3, and showed that on 

day 30 there was a minor difference 

between samples. The highest taste score 

belonged to the control sample (3.00± 

0.11) while both samples containing 

L. rhamnosus (with and without 

microcapsules) received 3.00 ± 0.00 

scores. According to Table 3, there is a 

steady trend in the odor value of control 

sample during storage while at the same 

time the scores obtained by the samples 

containing free and microencapsulated L. 

rhamnosus were reduced. On the first day, 

the highest score was obtained by the 

control sample (5.00±0.00) and the lowest 

score (3.67 ± 0.57) was given to the 

sample containing free L. rhamnosus. On 

day 30, the lowest (3.00 ± 0.00) and 

second lowest (3.33 ± 0.57) scores belong 

to the samples containing free and 

microencapsulated L. rhamnosus 

respectively. According to Table 3, on the 

first day, the highest (4.00 ± 0.10) and 

second highest (4.00 ± 0.00) texture scores 

were obtained by samples containing 

microencapsulated L. rhamnosus and 

control correspondingly. On day 30, the 

given scores for the sample containing free 

L. rhamnosus remained constant to the 

first day, while the sample containing 

microencapsulated L. rhamnosus showed a 

trivial increase (4.00 ± 0.10). However, no 

difference was observed in the texture of 

the control sample during storage. Table 3 

shows the results of color scores, which 

show that time has a slightly negative 

effect  on the color of  the samples, which 
 

 
Fig. 2. Viscosity (Pascal/sec) of the probiotic yogurt sauce samples during storage 

T1: L. rhamnosus (free), T2: L. rhamnosus (microencapsulated), T3: Control 
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was noticeable by consumers. On day 1, 

the sample containing microencapsulated 

L. rhamnosus along with the control 

sample showed the highest score (3.66 ± 

0.57), while the lowest score (3.33 ± 0.57) 

belonged to the sample containing free L. 

rhamnosus. On the other hand, on day 30, 

the sample containing microencapsulated 

L. rhamnosus obtained the highest score 

(3.33 ± 0.57). On the same time, the 

control sample together with the sample 

containing free L. rhamnosus achieved the 

minimum scores (3.00 ± 0.00). According 

to Table 3, on day 1, no significant 

difference was observed in terms of 

overall acceptance between sample 

containing microencapsulated L. 

rhamnosus and control sample whereas 

differences were detected throughout 

storage time. On day 30, the highest score 

(3.66 ± 0.57) was given to the sample 

containing microencapsulated L. 

rhamnosus, whereas the sample containing 

free L. rhamnosus obtained the lowest 

score (3.00 ± 0.00). There were no 

significant differences (p>0.05) between 

the samples regarding texture, taste, and 

color. Nevertheless, samples containing 

free L. rhamnosus received the minimum 

scores regarding odor and total 

acceptability. Therefore, the addition of 

probiotic bacteria in the form of 

microencapsulation to the probiotic yogurt 

sauce had a negative effect on the 

aforementioned sensory properties. As was 

expected, the addition of resistant starch in 

cooperation with sodium alginate showed 

no adverse effect on the texture, taste, and 

color of probiotic yogurt sauce samples. 

This could be because resistant starch 

presents a white color and has a trivial 

taste. The study also agrees with a recent 

investigation by some researchers who 

used mayonnaise samples containing OLE 

in two forms: free and encapsulated. They 

reported no significant differences 

between the samples  regarding texture, 

taste, and color, but detected lower total 

acceptability of mayonnaise samples 

containing OLE microencapsulated in 

alginate and  pectin  compared to  samples  

 

Table 3. Sensory parameters score of probiotic yogurt sauce samples during cold storage 

Parameters Samples First day 10
th

 day 20
th

 day 30
th

 day 

 T1 3.00 ± 0.00 
A,b

 3.00 ± 0.00 
A,b

 3.00 ± 0.00 
A,a

 3.00 ± 0.00 
A,a

 

Taste T2 3. 67 ± 0.57 
A,a

 3.33 ± 0.57 
B,a

 3.00 ± 0.00 
C,a

 3.00 ± 0.00 
A,a

 

 T3 3.00 ± 0.00 
A,b

 3.00 ± 0.00 
A,b

 3.00 ± 0.00 
A,a

 3.00 ± 0.11 
A,a

 

 T1 3.67 ± 0.57 
A,c

 3.66 ± 0.57 
A,c

 3.00 ± 0.00 
B,c

 3.00 ± 0.00 
B,c

 

Odor T2 4. 67 ± 0.57 
A,b

 4.00 ± 0.00 
B,b

 3.66 ± 0.57 
C,b

 3.33 ± 0.57 
D,b

 

 T3 5.00 ± 0.00 
A,a

 5.00 ± 0.00 
A,a

 5.00 ± 0.00 
A,a

 5.00 ± 0.00 
A,a

 

 T1 3.00 ± 0.00 
A,b

 3.00 ± 0.10 
A,b

 3.00 ± 0.20 
A,b

 3.00 ± 0.00 
A,b

 

Texture T2 4. 00 ± 0.10 
A,a

 4. 00 ± 0.20 
A,a

 4. 00 ± 0.00 
A,a

 4. 00 ± 0.10 
A,a

 

 T3 4. 00 ± 0.00 
A,a

 4. 00 ± 0.00 
A,a

 4. 00 ± 0.00 
A,a

 4. 00 ± 0.00 
A,a

 

 T1 3.33 ± 0.57 
A,b

 3.33 ± 0.57 
A,b

 3.00 ± 0.00 
B,c

 3.00 ± 0.00 
B,b

 

Color T2 3.66 ± 0.57 
A,a

 3.66 ± 0.57 
A,a

 3.66 ± 0.57 
A,a

 3.33 ± 0.57 
B,a

 

 T3 3.66 ± 0.57 
A,a

 3.66  ± 0.57 
A,a

 3.33 ± 0.57 
B,b

 3.00 ± 0.00 
C,b

 

 T1 3.66 ± 0.57 
A,b

 3.33 ± 0.57 
A,c

 3.00 ± 0.57 
B,c

 3.00 ± 0.00 
B,b

 

Total acceptability T2 4.00 ± 0.00 
A,a

 4.00 ± 0.00 
A,a

 4.00 ± 0.00 
A,a

 3.66 ± 0.57 
A,a

 

 T3 4.00 ± 0.00 
A,a

 3. 66 ± 0.57 
A,b

 3.66 ± 0.57 
A,b

 3.33 ± 0.57 
A,b

 

T1: L. rhamnosus (free), T2: L. rhamnosus (microencapsulated), T3: Control. 

Data are presented as a mean ± standard deviation. Different small letters represent the statistical difference 

(p <0.05) within a column. Different capital letters represent the statistical difference (p < 0.05) within a row. 
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with free OLE (Hermund et al., 2019). In 

another study, the sensorial analysis 

resultsdemonstrated no differences 

between the control sample and 

mayonnaise samples containing 

microencapsulated oils enriched with 

omega 3 and omega 6 (Rojas et al., 2019). 

 

Conclusion 

During 30 days of storage, the 

microencapsulated L. rhamnosus in the 

sodium alginate and resistant starch 

matrices showed survival improvement as 

compared with the free L. rhamnosus. 

Furthermore, due to the protective effect 

of microencapsulation, probiotic yogurt 

sauce samples containing 

microencapsulated L. rhamnosus exhibited 

greater tolerance in gastrointestinal 

conditions. Accordingly, the number of 

viable cells in microencapsulated L. 

rhamnosus improved as compared to the 

free probiotic cells. Microencapsulation 

using resistant starch/sodium alginate may 

improve sensory assessment of probiotic 

yogurt sauce.  
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