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Abstract: Encapsulation could be used for increasing of probiotic’s viability and maintaining of 

product’s quality during storage. The encapsulation process was performed using alginate-resistant 

starch and Eudragit S100 nanoparticles and by the extrusion technique. In whey drink, the viability of 

encapsulated L. acidophilus was upper in comparison to the free probiotic bacteria (P=0.001). The 

viability of bacteria reduced significantly during the study (P<0.001 in both groups), and encapsulated 

bacteria were more stable during the storage time than free forms (P=0.046). In gastrointestinal 

conditions, the viability of bacteria was reduced significantly during the 120 min study period in both 

groups (P<0.001 for free form and P=0.001 for microencapsulated bacteria). Encapsulated bacteria were 

more stable than free form (P<0.001). Free bacteria containing whey products exhibited an increasing 

antioxidant activity from beginning day to the fifth week (0.1-2.6 mmol Trolox equivalents/mL sample). 

Whey drinks with encapsulated bacteria showed similar antiradical properties for the first time, but their 

increasing activity rate within 35 days was lower than free form samples (0.1-0.9 mmol Trolox 

equivalents/mL sample). This technique of encapsulation can prevent bacteria from reducing their 

survivability. Whey products prepared using L. acidophilus (especially in free form) could be 

considered as a potent antioxidant functional drink.  
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1. Introduction 

Probiotic microorganisms (such as Lactobacilli and Bifidobacteria) are food ingredients 

that, when consumed (as in a food or a dietary supplement), maintain or restores useful bacteria 

to the gastrointestinal (GI) tract [1, 2]. These microorganisms improve the health status of the 

consumer via several identified and unidentified mechanisms. They have positive effects on a 

wide range of infectious and hypersensitivity disorders, and it is shown that they can increase 

human metabolism and relieve chronic intestinal inflammatory and functional problems [3-5]. 
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Foods containing probiotic bacteria are categorized as functional foods. A probiotic functional 

food to have helpful effects on health should contain at least 107 cfu/g probiotic bacteria and 

consumed at levels higher than 100 g/day [6, 7]. Dairy products have long been used as 

probiotic carriers; however, there are some issues regarding the efficacy of dairy products as 

probiotic functional foods [8]. One of them is the viability of probiotics during the storage of 

dairy products and after that through GI tube to their site of action. Cold stress, exposure to 

acid and bile, and osmotic and oxidative stress may reduce the number of probiotic bacteria to 

a level below the effective threshold [9, 10]. 

Microencapsulation is a well-proven technique to improve the survival of probiotics in 

both product storage and GI condition [10, 11]. This method can help the continued existence 

of probiotics during various manufacturing procedures and GI undesirable circumstances [7, 

12-17]. 

Calcium alginate (an anionic liner heteropolysaccharide) is a material that has been 

successfully used for the encapsulation of lactic acid bacteria (LAB). The uncomplicated 

application, safety, and cost-effectiveness made it one of the most broadly used materials for 

microencapsulation [7, 18, 19]. However, it is sensitive to chelating agents and acidic 

conditions below pH 2, and it has limited its application. Resistant starch (RS) as a cationic 

polysaccharide is a material which improves the strength of alginate beads and subsequently 

enhances the viability of probiotic microorganisms in harsh situations. RS can be used as a coat 

to support micro-coverage over other negative-charge micro-covers [14, 20].   

Eudragit (Eu) S100 (an anionic copolymer of methacrylic acid and methyl methacrylate 

that it is soluble in pH 7, but non-soluble in acidic conditions and water) has been employed 

for micro/nanoencapsulation and is able to also improve the efficacy of encapsulation by 

targeted release in the colon (pH 7) and inhibition of rapid dissolution of beads through the 

gastric cavity and the upper small intestine [21, 22]. Eu polymers are categorized as food-grade 

and non-toxic polymers and can be used as the secondary coat (after first coating of RS over 

the alginate beads) for strengthening the microencapsulation [23, 24]. It can also ensure the 

targeting release of probiotic microorganisms into the main functional place for probiotics 

consumers (i.e., colon) [22, 25-27]. Eu nanoparticles found a thin nano-size layer surrounding 

the beads. This extremely slight thin layer increases the strength of beads without expanding 

the size of them. Smaller beads may decrease the oral sense of beads in a foodstuff carrier and 

also reduce costly Eu powder [27-29].   

Whey is a by-product of cheese, which has been shown to have beneficial effects on 

human ailments. The bioconversion of this material is a profitable process from the viewpoint 

of human nutrition and therapeutic purposes, as well as the economic and environmental 

aspects [30]. Adding probiotic bacteria to the whey may increase its health effects and improve 

its quality.  

In this study, we attempted an examination of whey drink containing probiotics bacteria 

(Lactobacillus acidophilus LA5). Free and microencapsulated bacteria are compared for 

survivability in whey drink production and subsequently in simulated GI situation. 

2. Materials and Methods 

2.1. Preparation of Lactobacillus acidophilus LA5. 

Probiotic bacterium culture of L. acidophilus (PTCC 4356, Iranian Research 

Organization for Science and Technology) were inoculated into MRS-broth and incubated at 
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37±2 °C for 18 h in the anaerobic situation. Subsequently, the bacterium was gathered by 

centrifugation (Centrion Centrifuge, Model 2010, West Sussex, BNI8OHY, UK)  at 5,000 rpm 

for 15 min., and then, it was washed two times (by sterilized distilled water) before applying 

in the encapsulation process [14, 20].  

2.2. Preparation of Eudragit S100 nanoparticles.  

Eu S100 powder was achieved from Evonik Pharma Polymers (Evonik, D-64275, 

Darmstadt, Germany). To formulate the Eu S100 nanoparticles, we applied modified 

Supercritical Antisolvent Technique (SAS) progression (as a modified SAS procedure; we used 

homogenization power as a replacement for applying high pressure) in accordance with the 

technique that previously described by Ansari et al. (2017). In this technique, the option of 

acetone was used as a solvent for Eu powder. In this method, 4 mg mL-1 of Eu solution was 

applied in distilled water slowly as a supercritical fluid that had been held under 

homogenization compression (Wisetise, DAIHAN Scientific Co., Ltd, Korea) at 26,000 rpm at 

35 °C for 10 min. Also, distilled water as a surfactant included 15 mg L-1 Tween 80 (Merk, 

Hohenbrunn, Germany). Finally, the acetone solvent was evaporated. The particle size of the 

Eu and PDI (polydispersibility/polydispersivity index) was assessed via the Laser Particle Size 

Analyzer apparatus (Brookhaven Instruments Corporation, USA) [22, 25, 31, 32].  

2.3. Encapsulation and the double coating of the probiotic bacterium. 

Extrusion way with sodium alginate and calcium chloride was carried out for the 

encapsulation method described former by Mirzaei et al. (2011). The first coating of beads with 

resistant starch was carried out by Mirzaei et al. (2011) and Homayouni et al. (2008), and the 

next coating with Eudragit S100 nanoparticles was completed by Badhana et al. (2013), Hu et 

al. (2012) and Yoo et al. (2011) methods respectively. A 4% Na–alginate blend in distilled 

water containing 0.1% culture was prepared. Then, the mix of cell suspension + Na–alginate 

was injected into a 0.1 M CaCl2 solution through an insulin syringe. For the first coating, the 

beads were submerged in 100 ml of 4% Hi-maize resistant starch (Merck, Darmstadt, 

Germany) for 60 min on a magnetic stirrer (IKA Labortechnik, Model 79219 Staufen, KG, 

Germany). Next, the resistant starch single coated beads were collected and washed through 

distilled water. In the ending step, for the second coating, the beads were immersed in 100 ml 

Eu S100 nanoparticles solution (4 mg 100 ml−1) and held for 4 h on the shaker [21, 22, 25, 31, 

33-35]. Finally, these double-coated beads were collected and rinsed carefully with distilled 

water and utilized on the same day.  

2.4. Whey drink preparation.  

Pooled cow milk was heated to 85˚C; the citric acid (2%) solution was then added at 

the rate of 2 g/kg of milk. Complete coagulation was affected within one minute, and the whey 

filtered cloth was used as the base material for cheese. The whey obtained was adjusted to pH 

5.5 using 10% NaHCO3 solution and was heated at 100˚C for 10 min with 0.4% CaCl2 and 

kept undisturbed overnight at room temperature and filtered to obtain deproteinized whey [14, 

30]. 
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2.5. Antioxidant activity measurements. 

Radical scavenging activity was evaluated via a decolorization technique as described 

earlier by Re et al. (1999). In this assay, 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 

(ABTS) is oxidized to produce the colored ABTS•+ radical, which is again reduced to a 

colorless complex if the sample of interest comprises hydrogen-donating antioxidants. In brief, 

one mL of diluted ABTS radical solution (7 mM) in PBS was added to 10 µL whey sample and 

also Trolox (6-hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid in PBS) standards (0-15 

µM). The mixture was shaken for 1 min (at 30°C), and its absorbance was measured at 734 nm 

throughout 6 min of reaction time. The percentage inhibition of ABTS radicals was determined 

according to the concentration of whey samples and Trolox as below: 

Inhibition % = [(A734 blank – A734 sample) / A734 blank] × 100 % 

Results expressed as equivalents of Trolox (mmol trolox equivalents/mL sample). 

2.6. Survival of probiotic bacteria during storage in whey drink. 

Bacterial analysis of numeral was determined in accordance with the way explained 

previously by Ansari et al. (2017) and Shah (2000) after the production of whey drink for the 

duration of 42 days with one week as interval time. The samples of whey drink (10 ml) were 

diluted into 90 ml distilled water, and then 1 ml aliquot dilutions were distributed to each plate 

of the MRS-Salicin-agar [13, 31, 36, 37]. All Counting plates of L. acidophilus LA5 were 

incubated at 37 °C for 48-72 h in the anaerobic situation. To enumerate the encapsulated 

bacteria inside whey drink, the captured bacteria were freed from beads illustrated previously 

by Ansari et al. (2017). Ten ml of whey drink were blended with 90 mL of phosphate buffer 

(0.1 mol L-1, pH 7.0) followed by 60 min shaking in a bag blender (netech-laboratory, Bag 

Tech®). Then, 1 ml of aliquot dilutions were distributed to each plate of the MRS-Salicin-agar 

(See Fig. 1). 

 
Figure 1. Survey of the viability of free and microencapsulated bacteria into whey drink following the 

production of probiotic whey at the time at 0 and during the 42 days period with one-week interval time (the 

storage temperature was 5 °C). 
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2.7. Survival of probiotic bacteria throughout GI simulation condition (in vitro). 

The survivability of free and microencapsulated bacteria in GI simulation environment 

was examined after 30, 60, 90- and 120-minutes incubation. The beads (1 g) were singly put in 

a GI condition described earlier by Ansari et al. (2017). Finally, samples were diluted into 

sterilized peptone water, and 1 ml aliquot dilutions were dispensed to plates of the MRS-

Salicin-agar. All Counting plates were incubated at 37±2 °C for 48-72 h in anaerobic condition. 

To enumerate the encapsulated bacteria, the captured bacteria were released as beads                      

[14, 31, 38, 39] (See Fig. 2). 

 
Figure 2. Survey of the viability of free and microencapsulated bacteria under simulated gastrointestinal 

circumstances in 14, 28, and 42 days following inoculation of bacteria (in two types; free and encapsulated with 

double coating) in whey drink. 

2.8. Statistical analysis. 

The survivability of bacteria in whey samples containing free and microencapsulated 

probiotic bacterium was compared by Paired-Samples T-test. ANOVA test was also carried 

out to test the difference in the viability of bacteria during a 42-day storage period. In a survey 

of the viability rate of probiotic bacteria throughout GI simulation condition, the difference 

between free and microencapsulated bacteria was assessed using Paired-Samples T-test and the 

survivability during 120 minutes within each experimental group was tested by ANOVA. 

In the case of antioxidant activity, differences between each group in each day were 

compared using Independent Samples T-test (for days 7, 14, 21, 35, and 42) and Mann Whitney 

U Test (for day 0, which was not normally distributed). Measurements of each of the free and 

encapsulated groups during 42 days study period were compared by the Freidman test. 

3. Results and Discussion 

3.1. Production of Eudragit S100 nanoparticles.  

In this research, ~100 nm-sized encapsulated particles were prepared via 

homogenization of Eu S100 powder (26000 rpm, 10 min). Hu et al. (2012) employed Eu S100 

powder and acetone solvent with the SAS technique to create nanoparticles of Eudragit. They 

achieved homogeneous nanoparticles with satisfactory size (147 nm). The study performed at 

15 MPa pressure and 35 °C. In our study, we used the homogenization process to crash particles 
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instead of rising pressure, and the size of achieved nanoparticles by our technique was 

analogous to Hu et al. study. Following preparation of the Eu S100 by modified SAS 

processing, the PDI and particle size of Eu S100 particles was ~100 nm and 0.410, respectively. 

3.2. Survival of Lactobacillus acidophilus LA5 during storage into whey drink. 

Bacterial count in whey drink containing free and encapsulated bacteria is demonstrated 

in Figure 3. The bacterial count was repeated twice for each sample, and the mean and standard 

deviation of these repetitions are demonstrated. The survivability of the microencapsulated 

form of bacteria was higher in comparison to the free form of bacteria (P=0.001). The 

survivability of bacteria reduced significantly during the study (P<0.001 in both groups), and 

microencapsulated bacteria were more stable during the storage time than free forms 

(P=0.046). 

 
Figure 3. The viability of free and encapsulated Lactobacillus acidophilus LA5 (Log of bacterial count) into 

whey drink during 42 days with one week as interval time. 

Calcium alginate creates a tender membrane between probiotic bacteria and harsh 

environmental circumstances; so, we used resistant starch as an outer layer to improve the 

strength of beads. Resistant starch itself is roughly vulnerable to deterioration via acids in low 

pH situations and also in the presence of bile and pancreatic enzymes, so we coated the second 

layer of anionic Eu S100 around the cationic starch layer. This second nano-layer is slight and 

improves the resistance of beads in harsh GI situation without significant change in the size of 

beads. Beads with this second nano-layer release in particular pH states and in target place as 

colon [40-42]. The results of this study show that Eu S100 nanoparticles on the resistant starch 

layer can appropriately guard probiotic bacteria and maintain the acceptable numeral of 

probiotics in whey drink throughout the storage era.  

3.3. Survival of probiotic bacteria throughout GI simulation condition. 

Even though the survivability of probiotics is most important through the shelf-life of 

a product, the probiotic viability under simulated passage through the GI lumen is imperious 

since the probiotic bacteria must be able to grow and colonize the GI lumen to confer health 

advantages to the host. Former investigations have indicated that probiotic microorganisms 

have a tendency to be inactivated throughout their passage through the GI tract and 

consequently do not reach the colon undamaged [43]. Henceforth, we investigated the effect 

of microencapsulation on cell viability after storing into whey drink and after subjected to 

simulated GI situations. The results of the bacterial count in the simulated GI condition are 

shown in Figure 4. The bacterial count was repeated twice for each sample, and the mean and 
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standard deviation of these repetitions are presented. The viability of bacteria was reduced 

significantly during the 120-minute study period in both groups (P<0.001 for free form and 

P=0.001 for microencapsulated bacteria). Microencapsulated bacteria were more stable than 

free form (P<0.001) (See Fig. 4). 

 
Figure 4. The viability of free and encapsulated Lactobacillus acidophilus LA5 (Log of bacterial count) into 

simulated gastrointestinal conditions after 30, 60, 90, and 120 minutes incubation. 

3.4. Antioxidant activity. 

The antioxidant activity of cheese whey was evaluated using ABTS method during 

fermentation by LA5. For this, whey samples containing free or encapsulated forms of bacteria 

were investigated within six weeks (Table 1). Free bacteria containing whey products exhibited 

an increasing antioxidant activity from beginning day to the fifth week (0.1-2.6 mmol Trolox 

equivalents/mL sample). Whey drinks with encapsulated bacteria showed similar antiradical 

properties for the first time, but their increasing activity rate within 35 days (5 weeks) was 

lower than free form samples (0.1-0.9 mmol Trolox equivalents/mL sample). As could be seen 

from Table 1, both types of products showed a decreased activity in the sixth week. It is clear 

that Lactobacillus acidophilus is involved in many chemical changes during the fermentation 

process of produced whey drinks. It seems that fermentation products are responsible for the 

observed antioxidant activities. Whey ingredients are available easily to LA5 when it is free in 

the media, and so bacteria could perform different reactions to produce many new compounds 

with radical scavenging activity. On the other hand, when the bacteria are capsulated, it has 

fewer access to ingredients, and this leads to fewer antioxidant products. 

Table 1. The antioxidant activity (nmol L-1 moml L-1) of Lactobacillus acidophilus LA5 was measured during 

the fermentation of whey drink during a 42-day period. 
      Time (day) Probiotic bacteria  

42 35 28 21 14 7 0   

1.9 

1.8 

1.5 

2.3 

2.5 

2.6 

1.9 

2.0 

2.2 

1.3 

1.5 

1.8 

0.9 

1.2 

1.0 

0.7 

0.9 

0.8 

0.1 

0.2 

0.1 

Free form Antioxidant 

activity (nmol L-1 

moml L-1)  

0.8 

0.9 

0.9 

1.0 

0.9 

0.9 

0.9 

0.9 

0.8 

0.8 

0.9 

0.7 

0.6 

0.6 

0.7 

0.5 

0.4 

0.5 

0.1 

0.1 

0.0 

Encapsulated form  

4. Conclusions 

 In this investigation, we applied resistant starch and Eu S100 nanoparticles for coating 

encapsulated L. acidophilus LA5 in whey drink and assessed the viability of contained the 

probiotic bacterium throughout a 42 days investigation period. The results of this study propose 

that microencapsulation of L. acidophilus LA5 with calcium-alginate and then double layer 
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coating of these beads through resistant starch and Eu S100 nanoparticles can increase the 

viability of this probiotic bacterium in whey drink in addition to the human GI tract. This 

technique of encapsulation can also prevent bacteria from producing acids and metabolites that 

contribute to damage the probiotic bacteria and reduce their survivability. The second coating 

layer-Eu S100 nanoparticles not only protect beads in the acidic environment but also can cause 

beads to release in the colon region, which is the target location for the best function of 

probiotic microorganisms. Also, it could be concluded that whey product prepared using L. 

acidophilus LA5 (especially in free form) could be considered as a potent antioxidant functional 

drink. 
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