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Abstract: Saccharomyces cerevisiae as a probiotic has been prescribed for prophylaxis and treatment 

of gut infected diseases. This study was designed to assess the effects of encapsulated S. cerevisiae on 

gastrointestinal tract properties in the animal model. In rats, after 8-week feeding by encapsulated and 

unencapsulated S. cerevisiae, the mount of the IgA protein was determined by ELISA. Rats were 

euthanized, and the liver, kidney, and intestinal tract were collected for histological analysis. The 

consumption of S. cerevisiae could increase IgA levels in comparison with the control group. This 

increase was significant in the lower parts of the small intestine (p<0.05). In histopathological 

evaluations; Liver microscopic examination showed fatty change and margination of Kupffer cells as 

well as their hyperplasia and hypertrophy, which is a mark for liver regeneration in both groups that 

received microencapsulated and free probiotic. In spleen structure, in both groups, mild inflammation 

of the spleen tissue in the form of accumulation of red pulp of erythrocytes, hypercellular of this tissue 

was observed due to hyperplasia of lymphoid follicles and hyperplasia and hepaticophyta of retinal cells 

and macrophages. The lymphatic structure of the spleen showed relatively intense hyperplasia. In the 

colon structure, in both groups, hyperplasia of goblet calls along with slight infiltration of inflammatory 

cells was noted. Calcium alginate encapsulation considerably improves the yeast viability in simulated 

gastric juice and simulated intestine juice situations. Also, S. cerevisiae has positive profits in suitable 

food absorption and then decreasing diarrhea and other similar gastrointestinal disorders. 

Keywords: Probiotic; Saccharomyces cerevisiae; Encapsulation; gastrointestinal condition; Ig A; 

Histopathological.     
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1. Introduction 

Probiotics are live microorganisms that, when administered in an adequate amount, 

confer one or more specific confirmed health profits on the consumer through the gut tract [1]. 

Saccharomyces cerevisiae is an accurate probiotic yeast, and some of the nonpathogenic 

serotypes of this microorganism has been prescribed for prophylaxis and treatment of gut 

infected diseases during the past decade [1]. The effects of S. cerevisiae on intestinal microflora 

and enteric pathogens (or their toxins), including Escherichia coli, has been reported in various 

studies [2,3]. Actually, controlled clinical trials have indicated that oral consumption of S. 

cerevisiae var. boulardii (S. boulardii) could cure or inhibit gastrointestinal (GI) disease, for 
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instance, periodic Clostridium difficile-associated syndrome, children acute diarrhea, 

antibiotic-associated diarrhea, Traveler’s diarrhea, AIDS-associated diarrhea, irritable bowel 

syndrome, and Crohn’s disease. Some studies have shown that there is a close interaction 

between luminal flora and the apical aspect of ileal surface enterocytes in rats [4,5]. Immune 

cells in the GI lumen should respond quickly to invasive pathogens but do not hurt commensal 

microflora as well. Indeed, salivary IgA (SIgA) is regarded as a health biomarker to evaluate 

the risk of gut infections associated with acute and chronic gut diseases [6].  

Generally, Till now, Saccharomyces spp. has been found to act in two principle ways; 

first, it inhibits some bacterial toxins or their effects, and secondly, it has direct effects on the 

intestinal mucosa [7,8]. However, there are still difficulties encountered with the use of 

probiotics in foods; one of them is the viability rate of the probiotics in foods and during GI 

passage to the location of action in the human gut.  

Different agents like exposure to acid, bile, and osmotic and oxidative stresses may 

decrease the number of probiotics under the effective threshold. Then, different techniques are 

available for improving the survival of probiotic microorganisms, and microencapsulation is 

one of the best and most outstanding methods, and this technique can be effective in both 

product storage as well as GI condition [9,10]. 

Microencapsulation via calcium alginate (an anionic linear heteropolysaccharide) is an 

effectual method for the immobilization of probiotic microorganisms. The easiness of usage, 

its non-toxic nature, and its low price have made it one of the most broadly used materials for 

microencapsulation [11,12]. This study was designed to evaluate the effects of encapsulated S. 

cerevisiae on GI lumen properties in the animal model (in rats). 

2. Materials and Methods 

2.1. Yeast strain and growth conditions. 

The yeast strain employed in this investigation was S. cerevisiae (ATCC code 9763). 

Yeasts were activated by culturing cells from refrigerated slant on 50 ml Subouraud Dextrose 

(SD) broth medium (Merck Co., Darmstadt, Germany) and incubating overnight at 28 °C with 

orbital shaking of 180 rpm. After that, 1ml of the cultured suspension was inoculated into 

another 50 ml flask containing the same medium and incubated for 24 h under the same culture 

conditions. Consequently, the cells of S. cerevisiae were harvested by centrifugation at 10,000 

rpm for 10 min and washed two times with sterile phosphate-buffered saline (PBS) to remove 

the culture medium from the cells thoroughly. Finally, harvested yeast cells were counted and 

used in the microencapsulation process. 

2.2. Microencapsulation procedure. 

In this investigation, the extrusion technique with sodium alginate and calcium chloride 

was carried out for encapsulation. In brief, a 4% Na–alginate mixture in distilled water was 

made, and then, the mixture of cell suspension and Na–alginate were injected into a 0.1 M 

CaCl2 solution through a sterile insulin syringe. In the end, the droplets formed gel spheres 

immediately, and the produced beads were gathered and rinsed with distilled water and used 

on the same day [13-15]. 
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2.3. Preparation of simulated gastric and intestinal juices. 

Simulated gastric juices (SGJ) were prepared by suspending pepsin (P7000, 1:10,000) 

in sterile sodium chloride solution (0.5%, w/v) to a final concentration of 3 g L-1 (1038 U mL-

1) and adjusting the pH to 2.0 with concentrated HCl or sterile 0.1 mol L-1 NaOH. Simulated 

intestinal juices (SIJ) were prepared by suspending pancreatin USP (P-1500) in sterile sodium 

chloride solution (0.5%, w/v) to a final concentration of 1 g L-1, with 4.5% bile salts (Oxoid, 

Basingstoke, UK) and adjusting the pH to 8.0 with sterile 0.1 mol L-1 NaOH. Both solutions 

were filtered for sterilization through a 0.22 µm membrane [16,17]. 

2.4. Cell tolerance to the simulated gastrointestinal condition and determination of total viable 

counts. 

The tolerance of free and encapsulated cells of S. cerevisiae on SGJ and SIJ was 

determined using the modified method. The tests were performed using a series of 15mL sterile 

falcon tubes. Two different conditions were tested: in the first and the second examinations, 

0.4 mL of the suspension of either encapsulated or free yeasts were mixed with 1.8 mL of SGJ 

or SIJ, lightly blended, and incubated at 28 °C for 120 min. The control for these tests was done 

by incubating 0.4 mL of either free or encapsulated yeasts in 1.8 mL sterile sodium chloride 

solution (0.5 %, w/v) at 28 °C for 120 min. After the addition of free or encapsulated yeasts to 

SGJ and SIJ, the pH range of these was corrected to 2.0 and 8.0, respectively, with sterile 0.1 

mol L-1 Sodium hydroxide or concentrated hydrochloric acid. Then, aliquots of 1 mL were 

removed at 0, 30, 60, and 120 min to determine the total viable counts of S. cerevisiae via the 

pour plate method using SD agar (Merck Co., Darmstadt, Germany) and serial 10-fold dilutions 

in peptone water (PW). Plates were incubated at 28 °C for 72 h and in a dark cabinet [16-18]. 

2.5. Animals and in vivo procedures. 

The study protocol was approved by the Research Ethics Committee of Tehran 

University. All animal experiments were carried out in accordance with the U.K. Animals 

(Scientific Procedures) Act, 1986 and associated guidelines.  

Thirty-day old male Wistar rats, weighing about 70 g, were used in this study. During 

this period, the intestinal mucosa was still immature, and the production of the secretory 

component of immunoglobulin (SC) was very low compared to adult rats. Likewise, it was 

compulsory to avoid the suckling period for the reason that rat milk is an exogenous source of 

s-IgA. 

All animals were kept in polystyrene cages in an air-conditioned room at 21±1°C and 

12 h light-dark cycles. Standard pellet food and tap water were provided for all rats. Animals 

were adapted to experimental situations for one week prior to examination. Rats were divided 

into three groups, each containing 6 male rats: rats receiving encapsulated S. cerevisiae, rats 

receiving unencapsulated S. cerevisiae, and control group. S. cerevisiae as a probiotic was 

gavaged to rats at the dosage of 2 g/kg for 8 weeks, and the control group was treated with 

normal saline.  

Finally, rats were weighed individually, and feed consumption was measured weekly 

throughout the 8-week experiment. There were three groups of rats for tests as follows: 

Group a) control, by normal diet and gavage with distilled water (6 male rats). 

Group b) by normal diet and daily gavage with free probiotic emulsion (1×108 cfu ml-1) (6 

male rats). 
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Group c) by normal diet and daily gavage with encapsulated probiotic emulsion (1×108 cfu 

ml-1) (6 male rats). 

2.6. Histology of intestinal tract, kidneys, and liver. 

Rats were euthanized at the end of the 8th week. The liver, kidney, and intestinal tract 

were collected for histological analysis. Intestinal samples included segments of approximately 

2 cm from the mid-point of the duodenum, 2 cm from the mid-point of ileum, and 10 cm 

proximal to the ileocecal junction. Samples were fixed in 10% formalin solution and embedded 

in paraffin wax. All histological investigations were carried out on 5 ml segments, stained by 

hematoxylin and eosin (H & E), and observed by means of an Olympus AX70 microscope 

(Olympus Cooperation, Tokyo, Japan) equipped with a digital video camera (Sony DXC-

930P). In the duodenum and ileum (four cross-sections for each sample), the villus length was 

measured from the villus tip to the villus-crypt junction, while crypt depth was defined as the 

depth of the invagination between two villi. Sections 4 m thick were stained with hematoxylin 

and eosin and analyzed by a pathologist who was blinded to the groups. 

2.7. Detection of the SIgA protein by ELISA. 

Intestinal mucosa was isolated, according to Jarillo-Luna et al. (2007) method with brief 

modifications. In brief, intestinal content was washed out with cold PBS containing 

penicillin/streptomycin (100µg/ml) and centrifuged at 500g for 10 min. IgA was measured in 

duodenal and jejunal washings was measured using ELISA assay according to the 

manufacturer’s instructions [19]. 

2.8. Statistical analysis. 

Data are presented as the mean ± SD of three independent assays (6 animals per group, 

per assay). The levels of valuable probiotic were analyzed by one-way ANOVA, followed by 

a Holm-Sidak method post hoc test. Immunological data were analyzed with two-way ANOVA 

for the examined factor (between groups) and intestinal region (within each group). If a 

significant main effect or association was identified (p<0.05), the respective group means were 

compared using the Holm-Sidak method. For all tests, p<0.05 was considered significant. All 

analyses were performed using the statistical program Sigma Stat for Windows Version 2.03 

software (SPSS Inc.). 

3. Results and Discussion 

3.1. Size and shape of beads. 

Surface morphology, size, and figure of the 50 randomly selected Ca-alginate beads 

were determined by means of light microscopy at a magnification of 40×. The figure of the 

beads was commonly spherical, sometimes elliptical, with a mean diameter of 100-200 µm 

(See Fig. 1). The loss throughout encapsulation was very low because of the gentle techniques 

employed. 

https://doi.org/10.33263/BRIAC112.94569466
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC112.94569466  

 https://biointerfaceresearch.com/ 9460 

 
Figure 1. The shape of the calcium alginate beads was generally spherical, with a mean diameter of 50-150 µm. 

3.2. Cell tolerance to the simulated gastrointestinal conditions.  

The survival rate of encapsulated yeast cells in SGJ, and SIJ solutions are demonstrated 

in Table 1. No significant decrease in the viable count was detected in free as well as 

encapsulated yeasts in distilled water (pH 6.5) after incubation for 2 h (control) (p>0.05). 

Nonetheless, variations in numbers of free and encapsulated S. cerevisiae throughout 

incubation in SGJ and SIJ were significant (Table 1). Even though consequences revealed that 

there were considerable declines in free yeasts in immediate exposure to pH 2 and 8, after 120 

min incubation in SGJ and SIJ circumstances. There was a significant rise in the survival rate 

of yeast cells in the capsules compared to free cells (p< 0.05). 

Table 1. Number of viable cells after exposure to SGI and SIJ for different times (Mean ± SD). 

Condition Type of cell 
Hardening time (min) 

0 30 60 90 120 

distilled water 
free 9±0.2 × 1010 9±0.4 × 1010 9±0.4 ×1010 8±0.1 ×1010 8±0.3 ×1010 

Capsulated 9±0.2 × 1010 9±0.3 ×1010 9±0.2 ×1010 8±0.4 ×1010 7±0.4 ×1010 

SGJ 
free 7±0.2 ×1010 4±0.1 ×109 6±0.3 ×108 7±0.1±×107 2±0.2 ×106 

Capsulated 8±0.3 ×1010 7±0.2 ×1010 2±0.3 ×1010 5±0.7 ×109 2±0.6 ×108 

SIJ 
free 7±0.3 ×1010 5±0.2 ×109 7±0.4 ×108 3±0.3 ×108 5±0.2 ×106 

Capsulated 8±0.4 ×1010 7±0.2 ×1010 3±0.2 ×1010 8±0.1 ×109 5±0.1 ×108 

3.3. Effect of microencapsulated probiotic on the weight of different organs. 

The rats in the encapsulated group (group c) mice had gained more weight. The studied 

organ weight was higher in the treatment group as well; nevertheless, weight gain was not 

significant between groups (p>0.05). (See Table 2) 

Table 2. Effects of probiotic consumption on the weight of mice and some internal organs (Mean ± SD). 

 Weight (g)     

 Total weight Liver Spleen Lung and heart Stomach and intestine 

Group a 154.6±0.1 2.98±0.3 0.33±0.1 1.6±0.2 14.6±0.4 

Group b 169.6±0.2 4.16±0.5 0.29±0.4 1.88±0.7 16.22±0.5 

Group c 180.4±0.1 4.66±0.4 0.41±0.1 2.26±0.1 17.4±0.3 

3.4. Secretory IgA measurement. 

Assessment of IgA levels in 1/8 of beginning (Duodenum) and lower parts (Jejunum) 

of the small intestine disclosed that the eating of probiotic (S. cerevisiae) in both groups b and 

c could rise secretory IgA levels compared to the group a (or control). This increase was 

significant in the lower parts of the small intestine (p<0.05) (See Table 3). 
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Table 3. Effects of probiotic consumption on secretory IgA changes in duodenum and jejunum. 

 IgA (ng/ml)  

 Duodenum Jejunum 

Group a 288 192 

Group b 488 482 

Group c 610 541.5 

3.5. Histopathological findings. 

No significant changes were observed in the gross examination of GI lumen, urinary, 

respiratory, and CNS systems, and microscopic assessment of kidneys only illustrated 

insignificant hyperemia in medulla and cortex sections. Liver microscopic examination 

displayed fatty change and margination of Kupffer cells as well as their hyperplasia and 

hypertrophy, which is a mark for liver regeneration in the group b and c of rats (that received 

encapsulated and free probiotics) (See Fig. 2a and Fig. 2b). 

 
Figure 2a. Normal liver structure in control rats (H&E 100×). 

 
Figure 2b. Liver structure in the group b and c (that received microencapsulated and free probiotics) was 

similar, and in both groups, the severity of the reactivation was higher compared to the control group (H&E 

100×). 

In spleen structure, in the group b and c, mild inflammation of the spleen tissue in the 

form of accumulation of red pulp of erythrocytes, hypercellular of this tissue was observed due 

to hyperplasia of lymphoid follicles and hyperplasia and hepaticophyta of retinal cells and 

macrophages. The lymphatic structure of the spleen showed relatively intense hyperplasia 

(fully expanded with PALS density) (See Fig. 3a and Fig. 3b).  
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Figure 3a. Normal spleen structure in control rats (H&E 100×). 

 
Figure 3b. Spleen structure in the group b and c (that received microencapsulated and free probiotics) was 

similar, and in both groups, mild spleen hyperemia and relatively severe spleen lymphatic hyperplasia was seen 

(H&E 100×). 

In the colon structure, in the group b and c of rats (that received encapsulated and free 

probiotics), hyperplasia of goblet calls along with slight infiltration of inflammatory cells was 

noted (see Fig. 4a and Fig. 4b). 

 
Figure 4a. Normal colon structure in control rats (H&E 100×). 
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Figure 4b. Colon structure in the group b and c (that received microencapsulated and free probiotics) was 

similar, and in both groups,  Goblet cells hyperplasia and increased height of the intestinal folds were seen (H&E 

100×). 

Over the years, probiotic microorganisms are achieving scientific and commercial 

interest and are currently quite ordinary in our daily life, starting from health-promoting useful 

foodstuffs to therapeutic, prophylactic, and growth supplements [20,21]. Saccharomyces is 

extensively employed for the inhibition of diarrhea and other GI disturbances caused by the 

consumption of different antibiotics. This yeast can stay viable all along in the GI lumen. On 

the contrary to prokaryotic cells, the utilization of eukaryotic as probiotics is limited, and 

merely a few probiotics of eukaryotic origin are commercially accessible for human and animal 

practices. 

Viability of the S. cerevisiae was found to rise on alginate encapsulation. Furthermore, 

there was no significant difference in the survivability of free yeasts in distilled water, showing 

that water had no influence on survival [22,23]. 

Among the eukaryotic probiotics, yeasts, particularly Saccharomyces species, are 

leading and regularly employed in a wide range of hosts that can endure a wide range of 

temperature, salt concentration, and pH depending upon the strain, mainly S. cerevisiae [24]. 

Moreover, in this investigation, the number of viable probiotic yeasts achieved for all the 

capsules was above the recommended levels for a probiotic foodstuff, i.e., equal to or greater 

than 6-log CFU g-1 of the product, which is in accordance with former reports [24,25].  

On the other hand, the free strain showed a steady loss in viability when exposed to 

acid conditions. However, the microcapsules containing S. cerevisiae survived very well (P < 

0.05) after exposure to in vitro acid conditions when compared with the free cells. Furthermore, 

a decline of roughly 4-log was noted in the number of free cells after 2 h of incubation at pH 

2, once compared to declines of approximately 2-log in the all encapsulated S. cerevisiae 

beneath similar situations [20,26]. 

Nonetheless, the articles report mentioned the effect of OX gall bile on the survivability 

of the probiotic microorganisms; in this study, the capsulate yeast has a significant survival 

rate in SIJ. Lately, Saccharomyces probiotics have been found to aid in controlling the 

pathogenesis of diabetes and other metabolic illnesses. It is compulsory to declare that high-

tolerance of yeast to diverse situations, for instance, gastric, intestinal, and into food throughout 

storage, displayed the worthy potential of this microorganism as a probiotic. Regarding the 

about mentioned points and agreement of this study consequences with several other reports 

about the encapsulation of bacteria, Ca alginate could be good material for the protection of 

probiotic cells [27,28].  
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The weighted parameters showed that the groups receiving the probiotics (especially in 

the group c) had significantly higher weight gain over the two months (Weight gain in the 

intestines can be indicative of a significant increase in the intestinal villi and cells). This matter 

could be a reason for the positive benefits of probiotics in suitable food absorption and then 

reducing diarrhea and other similar GI disorders.  

Certainly, the most important issue in the efficiency and health of the GI lumen is the 

existence of a healthy immune system and mucosal integrity. The secretion of mucosal 

immunoglobulin and cytokines is one of the main strategies to prevent the attachment and 

penetration of pathogenic microbes. The present study showed that feeding the mice with 

probiotics, and especially the microencapsulated type, can significantly increase the amount of 

mucosal IgA secretion. In a similar study by Buts and Keyser (2010), mucosal immunoglobulin 

levels were increased by about 150 ng/mL after administration of Saccharomyces yeast to mice. 

However, in the present study, it seems that due to the microencapsulation of Saccharomyces 

and its high-level presence in the intestine, mucosal immunoglobin secretion was increased 

dramatically [29]. 

Results of some studies have shown that constant use of probiotic strains can enhance 

the ability of the GI lumen in rats. Conrads et al. (2018) showed that 12 weeks of consumption 

of probiotics could improve the negative changes that occur after various GI lumen injuries. 

They indicated that in addition to strengthening the immune system of the GI lumen, the 

process of regenerating intestinal villi also increased [30]. In the present study, a 2-week diet 

of rats fed probiotics showed that in addition to enhancing the mucosal immune cells, the rate 

of growth and remodeling of the intestinal villi increased broadly. The rate of these changes 

was similar in the b and c groups, but both groups were significantly different from the control 

group. 

4. Conclusions 

 S. cerevisiae yeast cells, important in the fermentation industry, involve a natural, food-

grade, inexpensive, and abundant food material. The present study has demonstrated that 

calcium alginate encapsulation considerably improves the yeast viability in SGJ and SIJ 

situations and permit viable cells to reach a useful level as probiotic. In order to get the other 

aspect of yeast probiotics, this study should be continued by different materials and in 

functional food conditions with the defined variable into the further. 
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