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ABSTRACT 
 
 Different extracts of viable therapeutic Saccharomyces boulardii cells were evaluated for their 
antimicrobial activities against Escherichia coli and Candida albicans. Water, methanol, isopropanol, n-butanol 
and ethanol were used as solvents for extraction. Ethanol-extract exhibited the highest antimicrobial activity 
towards both strains, followed by water-extract. No antimicrobial activity could be detected on testing 
methanol-extract towards both strains. Ethanol- and water-extracts, cells remaining after water and ethanol 
extraction and broth were also tested for their antimicrobial activities against Gram-positive, Gram-negative, 
non-filamentous and filamentous fungi and showed considerable amounts of antimicrobial activities. Ethanol 
extracts exhibited the highest antimicrobial activity against all the tested strains, was then fractionated on a 
Sephadex G-100 column and the obtained fractions were examined using the agar-well diffusion method against 
Staphylococcus aureus, E.coli, C. albicans and Aspergillus niger. Results obtained indicate the presence of 
different scattered active fractions with different potencies against the four tested microorganisms. A large scale 
fermentation process was conducted using a BioFlo benchtop-15L Fermentor/ Bioreactor and the products were 
evaluated for their antimicrobial activities. 
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Introduction 
 
 A large number of modern drugs have been derived from natural sources including microorganisms and 
their metabolites. Over the last century, a number of vital drugs have been developed from natural products 
(Satyajit et al. 2006). Natural products can contribute to the search for new drugs in many ways. They can 
contribute by providing a new drug or it can provide building blocks to synthesize complex molecules or it 
could help indicate new modes of pharmacological action that allow synthesis of novel drugs (Satyajit et al. 
2006). Although, C. albicans is the causal agent of opportunistic infections in humans the most common being 
oral and vaginal infections. Under normal circumstances this yeast lives in the human mouth and digestive tract 
in 80% of the human population with no harmful effects. However, overgrowth results in candidiasis which is 
often observed in immuno-compromised individuals such as HIV-positive patients. 
 Probiotic microorganisms are thought to counteract disturbances and thereby reduce the risk of colonization 
by pathogenic bacteria (Rosenfeldt et al., 2004; Sullivan and Nord 2002). Studies on strains of microorganisms 
used in probiotic dietary supplements have demonstrated that several strains produce antimicrobial substances 
such as organic acids, bacteriocins and peptides. 
 The beneficial properties of strains of some Saccharomyces spp. are well documented (Rodrigues et al. 
2000; Martins et al., 2005). In addition to their nutritive value (e.g. provision of vitamins of the B group), 
probiotic yeasts are generally resistant to gastrointestinal passage and are resistant to most antibiotics. Yeast 
preparations have also been successfully applied, in combination with antibiotics, to treat Clostridium difficile -
related diarrhoea commonly known as antibiotic associated diarrhoea. Probiotic Saccharomyces spp. may also 
help to re-establish a normal gut function after long term antibiotic therapy (Roos et al., 2001; McFarland et al., 
1994). Both animal studies and in vitro assays have shown that S. boulardii may have a protective effect and 
specific activities against various enteric pathogens (Brandão et al., 1998). Saccharomyces spp. stimulate serum 
IgA production and the phagocytic system of gnotobiotic mice (Rodrigues et al., 2000). These probiotic yeasts 
may also have efficacy in the prevention of Traveler's diarrhoea.  
 The genus Saccharomyces has 16 species, including S. cerevisiae and S. boulardii; of which two, S. 
cerevisiae and S. boulardii, are described in the literature as containing biotherapeutic agents. These strains have 
been reported to be efficacious in the prevention or recurrence of different types of diarrhoea and colitis in 
humans (Surawicz et al., 1989). S. cerevisiae and S. boulardii, have been also reported to be effective in the 
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treatment of acute diarrhoea in children (Cetina and Siemo, 1999) and critically ill tube fed patients. These two 
strains release polyamines which help in repairing mucous membranes. These polyamines increase the activity 
of short chain fatty acids (SCFA) and disaccharide enzymes (lactase, maltase, sucrase). Polyamines stimulate 
the repair of intestinal cells and the growth of colonic mucosa (Buts et al., 1994). 
 Saccharomyces boulardii is unique, non-pathogenic yeast that has many beneficial actions in the intestinal 
tract and has been utilized worldwide as a probiotic supplement to support gatstrointestinal health. S. boulardii 
reduces the growth of Clostridium albicans, Escherichia coli, Salmonella typhi, Shigella dysenteriae, Vibrio 
cholerae, Salmonella enteritidis (Czerucka and Rampal, 2002) and Clostridium difficile (Izadnia et al., 1998). S. 
cerevisiae and S. boulardii have been shown to protect against various enteric pathogens and members of the 
family Enterobacteriaceae in animal studies (Czerucka and Rampal, 2002). S. boulardii benefits the 
gastrointestinal tract in a variety of ways. S. boulardii increases intestinal populations of healthy bifidobacteria 
while decreasing numbers of disease-causing organisms. It inactivates bacterial toxins, inhibits toxin binding to 
intestinal receptors and lessens toxin-induced inflammation. It reduces the ability of disease-causing 
microorganisms to adhere to and invade intestinal cells. S. boulardii stimulates host immune defenses and 
intestinal enzymes that enhance nutrient digestion and absorption. It produces acids that combat disease-causing 
microorganisms, assist in mineral absorption and nourish the colon. 
 In this respect, we previously described a parasitological study on the use of biotherapeutic S. boulardii 
yeast in the treatment of Schistosoma mansoni infected mice (Elshafei et al., 2007). In another study we 
demonstrated that immunization of mice with crude extract of S. boulardii yeast induces cross-reactive immune 
responses with antigenic preparations from different developmental stages of the Sch. mansoni and reduces the 
parasite worm burden (Bahgat et al., 2005). In this paper we report the extraction, fractionation and 
characterization of the active antimicrobial fractions of therapeutic S. boulardii yeast against different bacterial 
and fungal microorganisms. 
 
Materials and Methods 
 
Microorganisms:   
 
 Bacteria: Staphylococcus aureus, Escherichia coli, Bacillus mycoides and Bacillus subtilis were used to 
detect the antibacterial potency of extracts of Saccharomyces boulardii. 
 Fungi: Aspergillus niger, A. phonicis, A. terreus, A. ustus, Penicillium citrinum, P. funiculosum, P. 
expansum, P. notatum, P. oxalicum, and P .purpursence (as filamentous fungi); Candida albicans (as a non 
filamentous fungus) were used to detect the antifungal potency of S. boulardii extracts. 
 Yeast: Saccharomyces boulardii was used to test its extract and fractions abilities as antimicrobial agent. 
These microorganisms were obtained from the culture collection of the Department of Microbial Chemistry, 
Division of Genetic Engineering & Biotechnology, National Research Centre, Egypt. 
 
Culture media: 
 
 Bacterial strains were grown on solid medium containing (g/L): peptone (10); beef extracts (5); sodium 
chloride (5) and agar (20). The medium was adjusted to pH 6.8 and sterilized by autoclaving under 1.5 bar for 
20 min. Fungal strains were grown on modified solid Dox’s medium containing (g/L): glucose (20), NaNO3 
(2.0), KH2PO4 (1.0),  KCl (0.5), MgSO4.7H2O (0.5) and  agar (20). The medium was adjusted to pH 5.0 and 
sterilized by autoclaving under 1.5 bar for 20 min. S. boulardii was grown on liquid medium containing (g/L): 
malt extract, (3); peptone (5); yeast extracts (3) and sucrose (20). The pH was adjusted to 4.0 and sterilized at 
1.5 bar for 20 minutes. 
 
Preparation of S. boulardii extracts: 
 
 The yeast cells were harvested after 48 hours incubation period at 30 oC in shaking conditions. Twelve  
grams of yeast cells were extracted with 15 mL cold distilled water by using ultrasonic waves, and then 
centrifuged for 5 minutes at 5500 rpm. The supernatant obtained was then used as yeast extract. Equal amount 
of yeast cells were extracted by the same method by using different organic solvents such as methanol, 
isopropanol, n-butanol and ethanol.  
 
Antibacterial and antifungal activities: 
 
 Antibacterial and antifungal activities of yeast extracts, broths and paste were tested by the agar-well 
diffusion method (Attaie et al., 1987). 
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Preparation of Sephadex G100 column: 
 
 Five gram of Sephadex G100 was soaked in 0.4 M citrate-phosphate buffer of pH 5.0 for 48 hours. The 
prepared Sephadex was packed in glass column of 80 cm height and 1.5 cm diameter. Ethanol extract of yeast 
cells was applied on the prepared column. The fractionation was made using 0.4 M citrate-phosphate buffer 
pH5.0. 40 fractions were collected (5ml). These fractions were tested for their antibacterial and antifungal 
potency. 
 
Upgrading of S. boulardii growth at the fermentor level: 
 
 Upgrading of the fermentation process was implemented using a BioFlo  benchtop Fermentor/ Bioreactor 
(New Brunswick scientific Co., Inc.) with a working volume of  15L. All fermentations were performed at 28 
°C. The composition of the medium was the same as for the shake flask experiments. The fermentation resulted 
in 12 L culture supernatant (broth) and around 400 grams cell paste. These components were stored in freeze at -
25 °C for future experiments. Samples of lyophilized yeast, its water and alcohol suspension and broth were 
then tested for their antimicrobial activities against different Gram-positive, Gram-negative bacteria, non-
filamentous and filamentous fungi.  
 
Protein determination: 
 
 Protein was determined in each fraction by the method of Warburg and Christian (1942). 
 
Statistical Analysis: 
 
 Statistical analysis was carried out according to the method described by Kenney and Keeping (1962) and 
the data were expressed as the mean (S. D.) of three replicates. 
 
Results: 
 
Effect of different solvents: 
 
 Different solvents namely distilled water, methanol, isopropanol, n-butanol and ethanol were used to extract 
the antimicrobial active cell-components from S. boulardii. The obtained Results (Table 1) indicate that ethanol 
extract exhibited the highest antimicrobial activities against E. coli and C. albicans followed by water extract. 
 
Table 1: Effect of different solvents on the antimicrobial activity of S. boulardii. 

Solvent Antimicrobial Activity 
Inhibition zone 
(mm) 
Escherichia coli                                             C. albicans 

Distilled water 14± 0.02 15± 0.04 
Methanol 0 0 
Iso-propanol 14 ± 0.10 12 ± 0.06 
n-Butanol 16 ± 0.02 12 ± 0.01 
Ethanol 16 ± 0.12 20 ± 0.08 

 
Antimicrobial activities of yeast-cells components and extracts: 
 
 Results obtained in Table 2 indicate that equal aliquots of water- and ethanol extracts exhibited 
considerable antimicrobial activities towards the tested microbial strains namely B. mycoides, B. subtilis, Staph. 
aureus, E. coli  and C. albicans. On testing the broth (liquid medium remaining after yeast growth) and S. 
boulardii cells (remaining after water and ethanol extraction), were found also to have appreciable amounts of 
antibacterial and antifungal activities towards the tested microbial strains (Table 2). 
 
Antifungal activities against different filamentous fungi: 
 
 On testing equal portions of water- and ethanol extracts of S. boulardii growing on shake flasks against 
twelve filamentous fungi it was observed that ethanol-extracts showed high antifungal activities against all the 
twelve tested filamentous fungi. The highest antifungal activity was recorded against A. niger followed by T. 
viride. No activity could be detected against four filamentous fungi of the genus Penicillium (namely 
Penicillium expansum, P. funiculosum, P. notatum and P. oxalicum), Aspergillus terreus and Trichoderma 
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viride (Table 3) in case of S. boulardii-water extract. In addition, no antifungal activities could be detected with 
broth and yeast cells remaining after ethanol and water extraction (data not shown). 
 
Table 2: Antimicrobial activities of S. boulardii- against different bacteria and Candida albicans. 

Sample* Inhibition zone  (mm) 
 Staph. aureus B. subtilis B. mycoides E. coli C. albicans 
Ethanol-extract 25± 0.01 15± 0.04 20± 0.01 16± 0.02 20± 0.05 
Water-extract 19± 0.03 17± 0.01 18± 0.01 14± 0.04 15± 0.02 
Yeast-cells 
remaining after 
ethanol extraction 

 
16± 0.10 

 
17± 0.05 

 
17± 0.06 

 
14± 0.03 

 
16± 0.12 

Yeast-cells 
remaining after 
water 
extraction 

 
16± 0.15 

 
18± 0.12 

 
17± 0.14 

 
18± 0.10 
 

 
17± 0.06 

Broth 14± 0.02 14± 0.01 14± 0.05 18± 0.10 13± 0.04 
 

* Ethanol and water-extracts were applied on Whatman No3 filter paper discs (1 cm in diameter). 

 
Table 3: Antimicrobial activities of S. boulardii-extracts against different filamentous fungi. 

Filamentous fungus Inhibition zone*  
(mm) 
Ethanol-extract                                                Water-extract 

Aspergillus niger 38 ± 0.01 26 ± 0.11 
Aspergillus phoenicis 32 ± 0.02 28 ± 0.05 
Aspergillus terreus 30 ± 0.04 0  
Aspergillus ustus 26 ± 0.01 22 ± 0.12 
Penicillium citrinum 30 ± 0.03 12 ± 0.01 
Penicillium expansum 27 ± 0.01 0 
Penicillium funiculosum 32 ± 0.10 0 
Penicillium notatum 32 ± 0.07 0 
Penicillium oxalicum 27 ± 0.01 0 
Penicillium politans 22 ± 0.05 20 ± 0.06 
Penicillium purpursence 22 ± 0.02 32 ± 0.03 
Trichoderma viride 34 ± 0.01 0 

No antifungal activities could be detected with broth and yeast cell remaining after ethanol and water extraction. 

 
Evaluation of the antimicrobial active fractions of ethanol- Saccharomyces boulardii extract: 
 
 Table 4 shows the active antimicrobial fractions obtained after fractionation of ethanol extract of S. 
boulardii on Sephadex G-100 against Staph. aureus, E. coli, C. albicans and A. niger. Results obtained indicate 
that antimicrobial activities were recorded with many scattered fractions against all the tested microorganisms 
previously mentioned. Thus Fraction No 17, 18, 29 and 30 was found to be active against Staph. aureus. ; 
Fraction No 16, 17, 19, 20, 25, 26 and 30 was found to be active against E. coli ;  Fraction No 5, 6, 17, 18 and 
22 was found to be active against C. albicans ; Fraction No 21, 22 and 30 was found to be active against A. 
niger. We can conclude from the previously mentioned results that there is no similar profiles were found for the 
separated fractions against these microorganisms (Table 4). 
 
Table 4: Evaluation of the antimicrobial activities of S. boulardii-ethanol-extract fractions resulting from Sephadex G-100 column.  

Fraction Number Inhibition zone*  (mm) 
 Staph. aureus E. coli C. albicans A. niger 
Control* 26 ± 0.10 18 ± 0.12 22 ± 0.05 40 ± 0.02 
5 0 0 14 ± 0.15 0 
6 0 0 15 ± 0.07 0 
16 0 11 ± 0.13 0 0 
17 18 ± 0.15 18 ± 0.04 15 ± 0.11 0 
18 14 ± 0.02 0 18 ± 0.06 0 
19 0 13 ± 0.05 0 0 
20 0 12 ± 0.12 0 0 
21 0 0 0 18 ± 0.01 
22 0 0 13 ± 0.02 14 ± 0.15 
25 0 12 ± 0.08 0 0 
26 0 12 ± 0.04 0 0 
29 12 ± 0.12 0 0 0 
30 12 ± 0.01 12 ± 0.11 0 16 ± 0.05 

Staph.: Staphylococcus ;  E: Escherichia ; C: Candida ; A: Aspergillus. 
* Control :  crude ethanol-extract containing the same volume of each fraction before fractionation. 
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Scaling-up of S. boulardii growth for the production of antibacterial and antifungal activities at the fermentor 
level: 
 
 The fermentation process was implemented using a BioFlo  benchtop Fermentor/ Bioreactor (New 
Brunswick scientific Co., Inc.) with a working volume 15L. The fermentation resulted in 12 L culture 
supernatant (broth) and around 400 grams cell paste. Samples of lyophilized yeast (LDC), its water (WSLDC) 
and ethyl alcohol (ESLDC) suspensions and broth (BS) were then tested for their antimicrobial activities against 
different Gram-positive, Gram-negative bacteria, non-filamentous and filamentous fungi. Results obtained in 
Table (5) indicate that lyophilized dry-cell paste of S. boulardii, water and ethyl alcohol suspensions and broth 
showed considerable amounts of antimicrobial activities against the tested strains. Highest antibacterial and anti-
non-filamentous fungal activities were recorded with B. mycoides and C. albicans respectively. Similar 
antimicrobial activities of broth were found with all the tested strains under study (Table 5). On testing the 
previously mentioned components against 11 filamentous fungi (Table 6), variable antimicrobial activities were 
obtained depending upon the component and the tested filamentous fungus under the same experimental 
conditions. Optimum antifungal activity was obtained in case of using lyophilized dry yeast, water and ethyl 
alcohol yeast-suspensions against Aspergillus phoenicis. On the other hand similar activities were recorded in 
case of testing the antifungal activity of broth against all the filamentous fungi under study. 
 
Table 5: Scaling up of S. boulardii growth for the production of antimicrobial activity. 

Sample clear inhibition zone (mm) 
 B. mycoides B. subtilis Staph.aureus E. coli C. albicans 
LDC 32± 0.04 28± 0.10 26± 0.03 28± 0.01 30± 0.04 
WSLDC 22± 0.11 24± 0.08 20± 0.01 28± 0.06 22± 0.08 
ESLDC 22± 0.06 24± 0.01 20± 0.02 28± 0.05 22± 0.01 
BS 16± 0.01 16± 0.04 16± 0.02 16± 0.01 16± 0.04 

B : Bacillus ;   Staph: Staphylococcus ;   C: Candida 
LDC: Lyophilized dry cell paste of S.boulardii (0.25 g in 1.5 cm hole diameter). 
WSLDC: Water suspension of lyophilized dry cell paste of S. boulardii (0.05 g in 0.5 ml sterile distilled water). 
ESLDC: Ethanol suspension of lyophilized dry cell paste of S. boulardii (0.05 g in 0.5 ml 50% ethanol ). 
BS: Broth supernatant (0.0125 ml of the original broth in 1 cm diameter Whatman No.3 disk). 

 
Table 6: Antifungal activity of S. boulardii components resulting from the fermentor level. 

Sample clear inhibition zone (mm) 
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LDC 28 40 26 20 20 28 22 25 24  20     20                
WSLDC 25 35 24 20      20 25 22 25 24  20          20 
ESLDC 25 35 24 20 20 25 22 25 24 20  20                
BS 15 15 15 15 15 15 15 15 15 15  15                

A.: Aspergillus;    P.: Penicillium 
LDC: Lyophilized dry cell paste of S.boulardii (1 g in 1.5 cm hole diameter). 
WSLDC: Water suspension of lyophilized dry cell paste of S. boulardii (1 g in 10 ml sterile distilled water). 
ESLDC: Ethanol suspension of lyophilized dry cell paste of S. boulardii (1 g in 10 ml 50% ethanol). 
BS: Broth supernatant (0.0125 ml of the original broth in 1 cm diameter Whatman No.3 disk). 

 
Discussion: 
 
 In this study we investigate the effect of extraction and fractionation procedures of therapeutic yeast cells S. 
boulardii and its components as antibacterial and antifungal target against different bacterial and fungal 
microorganisms.  
 Results obtained indicate that ethanol extract exhibited the highest antimicrobial activities towards B. 
mycoides, B. subtilis, Staph aureus, E. coli and C. albicans followed by water extract. Considerable 
antimicrobial activities also recorded on testing broth and S. boulardii cells remaining after water and ethanol 
extraction. Ethanol-extract also showed high antifungal activities against all the twelve tested filamentous fungi 
with optimum activity against A. niger and T. viride. Our study also indicates that positive antimicrobial 
activities were obtained with many scattered active fractions of ethanol S. boulardii fraction against all the 
tested microorganisms under study. In an attempt to Scaling-up S. boulardii growth for the production of 
antibacterial and antifungal activities at the fermentor level, a 15L BioFlo benchtop Fermentor/ Bioreactor was 
used and the products obtained were found to be active against all the tested bacterial and fungal strains. 
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 In this connection, many investigators discussed the unique vital role of S. boulardii against pathogen 
infection, thus Czerucka et al. (2000) mentioned that when the body is affected by an Escherichia coli 
infestation, the pro-inflammatory cytokine known as Interleukin 8 has a tendency to become secreted in the gut. 
The use of S. boulardii is seen as beneficial to prevent such secretions, reducing the severity and toxicity of the 
E. coli bacterial invasion. It has been demonstrated that the effect of the S. boulardii yeast on E. coli is not to 
reduce the number of adherent bacteria produced, but to lower the number of intracellular bacteria by some 50 
percent. (Czerucka et al. 2000). Other investigators reported that S. boulardii cells and their extract affect the 
virulence factors of the important human fungal pathogen C. albicans, its hyphae formation, adhesion and 
biofilm development. Extract prepared from S. boulardii culture filtrate was fractionated and GC-MS analysis 
showed that the active fraction contained, apart from 2-phenylethanol, caproic, caprylic and capric acid whose 
presence was confirmed by ESI-MS analysis. Biological activity was tested on C. albicans using extract and 
pure identified compounds. Their study demonstrated that this probiotic yeast secretes into the medium active 
compounds reducing candidal virulence factors in agreement with our results. The chief compound inhibiting 
filamentous C. albicans growth comparably to S. boulardii extract was capric acid, which is thus responsible for 
inhibition of hyphae formation. It also reduced candidal adhesion and biofilm formation, though three times less 
than the extract, which thus contains other factors suppressing C. albicans adherence (Krasowska et al., 2009; 
Murzyn et al., 2010a; Murzyn et al., 2010b). Castagliuolo et al. (1999) indicate that S. boulardii secretes a 54 
kDa protease, in vivo. This protease has been shown to both degrade toxins A and B, secreted from Clostridium 
difficile, and inhibit their binding to receptors along the brush border. This leads to a reduction in the 
enterotoxinic and cytotoxic effects of C. difficile infection (Castagliuolo et al., 1999). 
 Gedek (1999) reported that Escherichia coli and Salmonella typhimurium, two pathogenic bacteria often 
associated with acute infectious diarrhea, were shown to strongly adhere to mannose on the surface of S. 
boulardii via lectin receptors. Once the invading microbe is bound to S. boulardii, it is prevented from attaching 
to the brush border; it is then eliminated from the body during the next bowel movement (Gedek, 1999). On the 
other hand, the trophic effect on enterocytes has been shown to increase levels of disaccharidases such as 
lactase, sucrase, maltase, glucoamylase, and N-aminopeptidase in the intestinal mucosa of humans and rats. This 
can lead to the increased breakdown of disaccharides into monosaccharides that can then be absorbed into the 
bloodstream via enterocytes (Buts et al., 1986; Zaouche et al. 2000). This can help in the treatment of diarrhea, 
as the level of enzymatic activity has diminished and carbohydrate cannot be degraded and absorbed. 
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