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ABSTRACT 
 

Aim : The aim of the present work was to study the cholesterol lowering effects of probiotic yeasts 
isolated from raffia (Raffia mambillensis) wine.  
Study Design:  Collection of fermented raffia wine samples, culture, isolation, identification on 
culture media and selection of cholesterol lowering strain in vivo and in vitro. 
Place and Duration of Study:  This study was conducted in the Teaching Laboratory of Life 
Science, Department of Biochemistry, University of Buea from February 2016 to July 2016.  

Original Research Article  
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Methodology:  Six different palm wine samples were collected and used for selection of yeasts 
isolates on sabouraud Dextrose Agar using pour plate method and those with acid, bile tolerance 
and cholesterol assimilation in vitro selected. Strains were identified using the API 20C AUX and 
their cholesterol lowering effect on wistar albino rats studied. The in vivo experiment was carried 
out for four weeks by oral gavage; dose level 108-1010 CFU/ ml. The administered volume of each 
dose was 1.0 ml/kg body weight/day. After the feeding trial, the rats were dissected and serum lipid 
profile analyzed using biochemical kits. 
Results:  From six raffia wine samples, twenty eight yeasts isolates were selected based on their 
morphology; twelve isolates showed resistance to low pH and bile salts. Among them four isolates  
were able to assimilate at least 50% cholesterol in culture media and were biochemically 
characterized using the API® 20C AUX BioMerieux kit, which revealed 94.9%, 95.3%, 51.5% and 
92.2%, homology of 1R27, 1W29, 2R29 and 3W29 with Saccharomyces cerevisiae, Candida 
famata, Cryptococcus neoformans and Candida famata respectively. Based on their best in vitro 
assimilation, strain 1R27 and 3W29 were further used for in vivo tests. Both strains showed 
evidence of their capacity in vivo to adhere to epithelial intestine-derived cells, reduce lipidemia 
(tryglyceride, total cholesterol and LDL) and increase HDL. All the two strains confirm their 
cholesterol lowering properties in vivo. The probiotic strains Saccharomyces cerevisiae was the 
most efficient on reduction of the levels of total cholesterol, LDL and VLDL in the rats blood serum 
compared to Candida famata. 
Conclusion:  These probiotic strains can therefore be used to improve the product quality and 
develop added value to dairy products. Hypercholesterolemia is a major risk factor for coronary 
artery disease and probiotics can then be suggested as tools to manage elevated cholesterol 
levels. 
 

 
Keywords: Probiotic yeasts; cholesterol; lipidemia; bile tolerance; acid tolerance. 
 

1. INTRODUCTION  
 
Large numbers of new foods and food 
components have been launched on the food 
and pharmaceutical market, attracting the 
attention and interest of consumers due to their 
acclaimed medical or health benefits. Products 
defined as probiotic or symbiotic, nutraceutical, 
functional, are now well described from a              
clinical and scientific point of view and are 
recommended for the enhancement of human 
health, for protection against several diseases or 
for the supply of essential metabolites with 
dietary and therapeutic characteristics [1,2]. 
Some of these foods contain probioctics 
microorganisms (bacteria and yeasts). 
 
Presently, the principal yeasts used as probiotic 
belong to the genus Saccharomyces (S.) [3]. In 
particular, the strain S. boulardii is the only one 
commercialized with this purpose in human 
medicine [4]. Saccharomyces boulardii was first 
isolated from fruit in Indochina in the 1950s and 
was initially identified as a separate species of 
the genus Saccharomyces. Nevertheless, S. 
cerevisiae and S. boulardii are reported in the 
scientific reports for their biotherapeutic activities 
in the prevention of several types of diarrhea and 
colitisin humans [5,6]. The promising activities of 
yeasts as well as their ability to survive during 
the passage through the human gastro-intestinal 

(GI) tract, tolerating exposures to low pH and to 
bile salts, have drawn attention to their possible 
use as probiotics [7] even if their use for humans 
is currently restricted [8]. Furthermore, few 
studies have specifically focused on selecting or 
studying new probiotic yeast strains [4,8,9]. 
Given also the nutritive value of whole yeast cells 
of S. cerevisiae as sources of proteins, B 
complex vitamins and essential minerals [10,11] 
studies on the screening and selection of new 
probiotic yeast strains from foods in which the 
occurrence of yeast is already demonstrated 
could be considered an interesting research field. 
Such microorganism can be found in fermented 
foods. Palm wine generally refers to a group of 
alcoholic beverages obtained by fermentation 
from the saps of palm trees [12-14]. It is a whitish 
liquid produced by natural fermentation of the 
sap of palm oil tree, coco tree and Raphia 
[15,16]. Upon fermentation by the natural 
microbial flora, the sugar level decreases rapidly 
as it is converted to alcohol and other products 
[17]. Presence of micro-organisms such as 
yeasts, and bacteria has been reported [18-21]; 
However, yeasts and bacteria (LAB) are believed 
to play the most important role. The predominant 
yeast reported is Saccharomyces cerevisiae, but 
other yeasts are also commonly detected [14,22].  
 
Studies have been performed on various aspects 
of palm trees in Cameroon but till date, to the 
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best of our knowledge, no study has addressed 
the physicochemical characteristics and 
microbiology of the wine prepared from the sap 
of the raffia palm trees present in the country. In 
palm wine fermentation in general, most 
published information have focused on the role of 
yeasts, but full identification to species level is 
very rare (non-existent for palm raffia from 
Menoua, West Cameroon region) and seem to 
be nonexistent. Certain yeasts are effective in 
the treatment of acute diarrhea in children      
[23,24] and 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). The beneficial 
properties of Saccharomyces spp. strains are 
well documented [25,26]. 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 
diarrhea commonly known as antibiotic 
associated diarrhea. Probiotic yeasts may also 
help to re-establish a normal gut function, after 
long term antibiotic therapy [26,27]. In vivo 
studies showed that the administrations of 
probiotics and/or prebiotics are effective in 
improving lipid profiles, including the reduction of 
serum/plasma total cholesterol, LDL-cholesterol 
and triglycerides or increment of HDL-
cholesterol. However, other past studies have 
also shown that probiotics and prebiotics had 
insignificant effects on lipid profiles. Several 
mechanisms have been hypothesized, which 
include: enzymatic deconjugation of bile acids by 
bile salts hydrolase of probiotics [28], 
assimilation of cholesterol by probiotics [29] co-
precipitation of cholesterol into the cellular 
membranes of probiotics during growth [30] and 
production of short chain fatty acids upon 
fermentation by probiotics [31]. 
 
Traditionally, identification and characterization 
of yeast species has been based on 
morphological traits and their physiological 
capabilities [32,33]. This conventional 
methodology requires the evaluation of some 60 
to 90 tests, resulting in a complex, laborious, and 
time-consuming process. In recent years, rapid 
kit identification methods have been developed 
to overcome the complexity of traditional 
methods [34-36]. One of these methods, the API 
20 C AUX system (Biomèrieux, Lyon, France), 
has been widely used and consists of 19 

assimilation tests. A recently developed kit, the 
Rap ID Yeast Plus system (Remel, Lenexa, 
Kans.), enables identification in only 4 hours. 
This method, although based on physiological 
properties, does not require yeast growth for 
biochemical test evaluation and dramatically 
reduces identification time. Unfortunately, all 
yeast identification kits were originally designed 
for clinical diagnosis and their application is 
generally restricted to few yeast species. 
 
Cholesterol acts as a risk factor in different 
diseases such as cardiovascular diseases, colon 
cancer and hypercholesterolemia [37]. Results in 
recently published works indicate that the 
reduction of excessive levels of cholesterol in 
blood decreases the risks of these diseases but 
these have not been proven using raffia wine. 
Some natural microorganisms in human intestine 
are beneficial in terms of lowering serum 
cholesterol [38]. There is growing interest in the 
use of nutraceutical products which include 
probiotics and prebiotics and related metabolites 
with cholesterol lowering properties to prevent 
cardiovascular diseases [39]. Modifications of the 
intestinal flora have been shown to be beneficial 
on lipid metabolism in mice [40] and rats [41]. In 
contrast studies in humans [42] indicate that the 
role of fermented milk products as by 
hypocholesterolaemic agents were documented 
in the recent clinical studies [43] but this has not 
been proven using raffia wine. The cholesterol 
lowering effects of probiotics was found to be 
highly strain specific as different strains exhibit 
different levels of cholesterol lowering activity 
[44,45]. The assurance that probiotic yeast can 
cure obesity by reducing the cholesterol level will 
help cholesterolemic patient to switch from drugs 
with numerous side effects to natural drugs 
which have no side effect. These natural drugs 
are less expensive as compared to the 
synthesized drugs. This study aimed to isolate 
and partially identify probiotics yeast from raffia 
wine and to evaluate in vivo and in vitro their 
cholesterol lowering properties in rats. 
 
2. MATERIALS AND METHODS  
 
2.1 Sample Collection and Media 

Preparation 
 
Samples of raffia palm wine that were used in 
this study were collected from Foto and Foreke 
areas of Menoua subdivision of West Cameroon 
and collected from 6 different palm wine tappers. 
The samples were collected in sterile sampling 
tubes and transported in ice cool boxes (4°C) to 
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the Life Science Laboratory of the Faculty of 
Science, University Buea, Cameroon. All media 
were prepared following the manufacturer’s 
instructions. The media used were Sabouraud 
Dextrose Agar (Oxide) for isolation of yeasts, 
Aseptic techniques were observed throughout 
the media preparation process. A 1:10 dilution of 
each sample was made prior to culturing. This 
was done by diluting 1 ml of the sample with 9 ml 
of peptone water. Further, ten-fold serial dilutions 
ranging from 10-1 to 10-5 were prepared. The 10-5 
diluted samples were used for culture on 
Sabouraud Dextrose   Agar. 
 
2.2 Yeast Isolation and Morphological 

Characterization 
 
From  6 Samples of fresh raffia wine, 1 ml of 
wine was mixed with sterilized 9 ml peptone 
water then a serial of dilution was made until 10-

5, 1 ml of the last dilution was cultured   by pour 
plate method using Sabouraud  Dextrose  Agar 
pH 5.5 [46]. Morphological appearance and 
microscopic examination of the colonies were 
done after staining them with methylene blue. 
The purity of the isolates was monitored with a 
light microscope. The morphology of the yeast 
genus was determined by microscopic 
observation after fixing and staining the cells with 
cotton blue dye. Direct observation ensured 
morphology glaze isolated cells, round or oval 
shapes and sometimes having budding while 
controlling their homogeneity by identifying 
potential contaminants. Yeast isolates were 
cultured at 25°C for 48 h in Yeast-Peptone-
Dextrose (YPD) broth Containing 0.5% (w/v) 
yeast extract, 1% Peptone and 2% glucose. YPD 
Agar (0.5%(w/v) yeast extract, 1% peptone, 0.5% 
glucose and 1.8% Agar) was used to maintain 
the cultures. Prior to the experiment, the cultures 
were activated for 72 h at 25°C and subcultured 
at least three times. 
 
2.3 Study of Acid, Bile Tolerance and 

Cholesterol Assimilation in Culture 
Media ( In-vitro ) 

 
2.3.1 Tolerance to acidity  
 
Yeast cultures were activated in YPD and to: 
incubated at 37ºC for 48 hours, then the biomass 
was separated by centrifugation (at 6000 x g/10 
minutes). Sterile phosphate buffered saline PBS 
was added to the cells and mixed by vortex 
mixer. Tubes were inoculated with (106 CFU/ml) 
of yeast cells in which the pH was adjusted (pH1, 
2 and 3) using HCl 0.1 N. The tubes were 

incubated at 37ºC and OD was read at 560nm. 
The formula described by Park et al. [47] and 
Brashears et al. [48] was used to calculate the 
percentage of survival in the culture:  
 

% of survival = OD of the culture after (X) 
hour pH Y - OD of the culture at 0 hour pH Y 
x 100 / OD of the culture at (X) hour pH 7 - 
OD of the culture at 0 hours pH 7 

 
X = 6 or 24; Y = 2 for a same wavelength 
and the same isolate. 

 
2.3.2 Bile salt tolerance  
 
Yeast cultures were activated by two transfers in 
liquid Yeast Peptone Dextrose (YPD) and 
inoculated at 37ºC for 48 hr and centrifuged at 
3000 rpm for 10 minutes, then sterile phosphate 
buffered saline was added to the cells and         
mixed by vortex mixer, then the tubes contain 
YPD medium supplemented with different 
concentrations of bile salt (0.2 and 0.4) and 
inoculated with (106 CFU/ml) of yeast cells. The 
growth of the yeast cells was estimated after 6 
hours and 24 hours of incubation at 37ºC by 
measuring absorbance at 560 nm. The 
percentage of survival was calculated using the 
modified formula described by Park et al. [47] 
and Brashears et al. [48]. 
 
2.3.3 Cholesterol assimilation from culture 

media  
 
Freshly prepared Broth was poured into 14 screw 
tubes in duplicate. Half part of the tubes was 
supplemented with 0.2% bile salts and the rest 
with 0.4% bile salts following by the addition of 
1% cholesterol in all the tubes. They were 
inoculated with 1% of respective cultures (1R27, 
1R28, 2R29, 3W29, 2R30, 1W29 and 1R31) 
while under the same conditions four other tubes 
were prepared free of isolates and used as 
control. They were incubated at 37°C for 24 h. 
After incubation, cultures were centrifuged and 
unutilized cholesterol was estimated in the 
supernatant by measuring the optical density at 
540 nm and compared to the control. Isolates 
(1R27, 2R29, 1W29, 3W29) having the highest in 
vitro reduction of cholesterol on the media were 
selected for API identification. 
 
2.3.4 Strain identification using the API 20C 

AUX  
 
The identification of the 4 yeast isolates was 
done by biochemical characterization using the 
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API 20 C AUX kit (BioMerieux, France). API® 20 
C AUX Molten (50°C) API basal medium 
ampoules were inoculated with yeast colonies, 
and the suspension was standardized to a 
density below 1+ (lines can be clearly 
distinguished) on a Wickerham card. Each 
cupule was inoculated, and the trays were 
aerobic incubated for 72 h at 30°C. Cupules 
showing turbidity significantly heavier than that of 
the negative control cupule (0 cupule) were 
considered positive. Identification was made by 
generating a microcode and using the API® 20 C 
AUX Analytical Profile Index or the Voice 
Response System (for profiles not found in the 
index). Morphology on cornmeal was also 
evaluated as determined by the manufacturer. 
The biochemical profile obtained for the yeasts 
strains was analyzed using the API identification 
software database (API LAB PLUS), Version 5. 
 
2.4 In vivo  Evaluation of the Effect of the 

Probiotics Strain on the Lipid Profile 
 
Among the 4 yeasts isolates previously identified 
only two (1R27 and 3W29) with the best in vitro 
cholesterol assimilation were selected for the in 
vivo assay. 
 
2.4.1 Animal feeding and experimental design  
 
24 wistar albino rats (60 – 90 g) of about 21 days 
obtained from the animal house of the 
Department of Zoology, University of Buea were 
separated into 4 groups of 6 rats each (3 males, 
3 females), the negative control group (fed with 
basal diet + oral gavage of deionized water) 
termed A, the positive control group (received 
hyperlipidemic diet (about 85% basal diet, 1% 
cholesterol, 10% lard (pig fat), W/W + oral 
gavage of deionized water) termed B, and 2 test 
groups (fed with hyperlipidemic diet and received 
yeasts strain (1R27 Sacharomyces cerevisiae 
and 3W29 Candida famata) termed group C                
and D respectively. They were housed under 
standard conditions with a 12 h light and 12 h 
dark cycle. Temperature was maintained at 23 ± 
2°C and relative humidity at approximately 50%. 
The rats were acclimatized for 7 days prior to 
use. The animals were housed in metabolic 
cages and given standard diet (commercial pellet 
formula adapted from Malathi et al. [49] formula 
with slight modifications) and water ad libitum 
throughout the study. The experiment was 
carried out for four weeks at oral gavages dose 
level 108-1010 CFU/ ml at a volume of 1.0 ml/kg 
body weight/day for each dose. The amount of 
food consumed and animal’s weight were 

recorded daily. The composition of the basal diet 
is shown on the Table 1. 
 
2.4.2 Rat blood collection and biochemical 

assay  
 
After dosing (30 days), the rats were allowed to 
fast overnight (12 hours) and on the 31st day, 
anaesthetized using chloroform and sacrificed. 
Blood was collected by cardiac puncture into 
eppendorf tubes and the whole blood was 
centrifuged for 10 minutes at 4000 rpm to 
obtained serum. The sera were kept at -20°C for 
the analysis of the lipid profile. 
 
Serum lipid profile, triglycerides (TG) were 
determined with the use of commercial kits. Total 
cholesterol (TC) was analyzed enzymatically with 
CHOD/PAP Method [50-52] and HDLc was also 
estimated with precipitation using commercial 
kits [53]. Serum LDLc was determined according 
to the Friedewald formula with use of HDLc and 
total cholesterol values [54]. VLDL-cholesterol 
(VLDL-c) was calculated by dividing triglyceride 
concentration by five. HDL/LDL ratio was 
calculated. Albumin, serum activities of alanine 
aminotransferase (ALAT) and aspartate 
aminotransferase (ASAT) were measured using 
a commercially available kit via the methods 
described respectively by Tietz et al. [55], 
Doumas et al. [56] and Murray-Kaplan et al. [57]. 
An ELISA plate reader (Labsystems, 
MultiskanEX, Finland) was used to read the 
absorbance. All the kits used were manufactured 
by CHRONOLAB SYSTEMS in Barcelona, Spain 
and were used according to the manufacturer’s 
instructions. 
 
After the last day of administering isolates, the 
rats were fasted overnight for twelve hours then 
sacrificed. They were dissected and their blood 
samples collected in eppendorf tubes aseptically 
together with vital organs like the liver, kidneys, 
spleen and heart which were aseptically handled 
and put in an ice bath. Analysis was done 2 
weeks later to determine the effect of the 
probiotic yeasts isolates on the rats. 
 
2.5 Statistical Analysis 
 
Data obtained were analyzed with the aid of 
Microsoft Excel 2010 software for windows. Data 
are presented as the mean ± standard deviation 
and P value ˂ 0.05 was considered to be 
significant. Comparisons were made by use of 
the Bonferroni tests performed using Graphpad 
Insat 2000 software. 
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Table 1. Composition of diet and rats groups 
 

Ingredients  Rat group and types of diets  
A (Control)  
Basal diet 

B (Positive control) 
Hyperlipidemic diet 

C or D (Test groups)  
Bacteria isolates 

Soy meal 20 20 20 
Corn Starch 60 56 56 
Sugar 10 3 3 
soybean oil 5 5 5 
Choline and Methionine 0.5 0.5 0.5 
Mineral mixture 3.5 3.5 3.5 
Vitamin mixture 1 1 1 
Cholesterol 0 1 1 
Lard 0 10 10 
Total: 100 100 100 
Gavage substance Distilled H2O Distilled H2O Saccharomyces cerevisae 

or candidata famata 
 

3. RESULTS AND DISCUSSION 
 

3.1 Isolation and Selection of Yeasts 
Isolates  

 

From 6 samples of palm wine, 28 had 
morphological appearance of yeast. Among 
them, acid tolerance test permitted the selection 
of 12 isolates based on their more than 50% 
resistance to acid medium; while bile tolerance 
test permitted the selection of 7. Four out of the 
selected 7 were retained for their high in-vitro 
cholesterol assimilation on culture media and 
were further identified as species level as 
Saccharomyces cerevisiae, Candida famata, 
Cryptococcus neoformans and Candida famata. 
 

3.2 Acid Tolerance of Cultures (Effects of 
Low pH)  

 

28 yeast isolates were first characterized base 
on their adaptation to acid conditions (pH 1, 2 
and 3) close to the human gastro intestinal tract 
(Table 2). Among them 12 survived. The survival 
of the 12 isolates in medium of pH 3 was high 
after 6 hours of incubation at 37°C compared to 
the survival rate after 24 hours (Table 2). 
Decrease in pH to 2 and later round to 1 
progressively led to further reduction in cell 
viability and the survival rate. The wine isolate 
showed higher sensitivity to pH 1 and 2 and their 
survival ranged from  96.56 to 54.05% at pH 3 
after 6 hours of incubation against 67.92 to 
4.58% after 24 hours. In this study, the abilities of 
yeast strains to endure low pH (1, 2, and 3) were 
investigated. All the 12 yeast isolates presented 
more than 50% survival at pH 3.0 after 6 hours of 
incubation while after 24 hours only isolate 1R27 
recorded high % survival (67.92%). However, at 
pH 3 isolates 1R27, 1R28, 2R29, 3W29, 2R30, 

1W29 and 1R31 displayed very high viability; the 
yeast isolates displayed variability in surviving in 
simulated gastric juice. These isolates would 
then exhibit stronger resistance to gastric juice. It 
has been reported that the abilities of probiotic to 
survive transit through the gastrointestinal tract 
are variable and strain dependent [58]. This 
conclusion is in accordance with the previous 
report of Psomas et al. [59] on infant feces. Most 
definitions of probiotics emphasize that the 
microorganism should be viable and reach their 
site of action alive [60]. The primary barrier in the 
stomach is the gastric acid of inhibitory action 
being related to low pH and enzyme presence. 
All the tested yeasts isolated at pH 3 after 6 
hours showed high tolerance to these conditions, 
however raffia wine isolates were more sensitive 
at pH lower than 3. It seems that the factor which 
could highly influence the growth of yeasts was 
pH. Normal values for human gastric pH are                
1-3 fasting and up to 5 hours after a meal [61] 
and average stomach transit time is 2.5-4 hours 
[62]. We assumed stricter conditions in our 
investigation and examined yeasts survival 
during 6 and 24 hours of incubation in medium of 
very low pH. In these harsh conditions sufficient 
viable cells of all the tested strains could enter 
the small intestine indicating the possibility of 
their survival and proper activity in the human 
intestine. 
 
3.3 Bile Salts Tolerance Tests: Effects of 

Bile Salts on Viability 
 
Among the 12 isolated selected for acid 
resistance test and bile tolerance, the 7 best at 
pH3 which were able to have high percentage 
survival in Oxgall medium are presented in Table 
3. According to the suggestion of FAO/WHO, it is 
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mandatory to perform a preliminary in vitro 
assessment before assessing the probiotic 
properties of bacterial strains [63] such as the 
capacity for bile tolerance to ensure survival 
during passage through the gastrointestinal tract 
[64]. Regarding the ability of yeasts to withstand 
bile salts, all yeast isolates were incubated in bile 
salts solutions of 0.2% and 0.4% for 6 and 24 
hours. As shown in Table 3, the growth of most 
isolates (1R27, 2R29, 1W29 and 3W29) at 0.2% 
Oxgall and 1R27, 2R29 and 1W29 at 0.4% 
Oxgall after 6 hours of incubation was not 
affected by the addition of bile salt as the control; 
While after 24 hours, only 1R27 at 0.2 and 0.4% 
Oxgall were able to grow for more than 100% 
indicating that the medium and condition were 
favorable or propitious to their live then were no 
inhibited by the bile salt solutions. But in general 
four isolates 1R279, 2R29, 3W29 and 1W29, 
after 6 or 24 hours incubation showed good bile 
resistance, even at a concentration of 0.4%. In 
the presence of 0.2% and 0.4% bile salts, 3 
isolates showed percentage survival less than 
97%. Besides tolerance to acid conditions, all the 
tested yeasts demonstrated the ability to 
withstand 0.2 and 0.4% Oxgall. Similar results 

have been reported previously for S. cerevisiae 
strains isolated from infant feces, feta cheese 
and beverages [8,65]. Bile tolerance is important 
for allowing a microorganism to survive in the 
intestinal tract [66]. Growth at 37°C seems to be 
a variable characteristic of S. cerevisiae [32]. In 
this study the raffia wine isolate were able to 
grow at this temperature. This finding is 
consistent with the conclusion of the importance 
of yeast origins for probiotic properties [67]. 
However, irrespective of strain origins, all the 
tested yeasts may survive passage throughout 
the upper gastrointestinal tract and be viable at 
their sites of action in the gut environment. The 
results of the present study suggest that all 
tested yeasts and particularly isolates 1R27, 
2R29, 3W29 and 1W29 may survive in the 
human gastrointestinal tract and thus create the 
possibility of proper activity in the human body. 
 
3.4 In-vitro  Cholesterol Assimilation on 

Culture Media  
 
The 7 isolates were submitted to cholesterol 
assimilation on culture medium and 4 showed 
best results summarized in Table 4. 

 
Table 2. In vitro  survival of selected yeasts isolates in simulated gastric juice conditions 

 

Isolates  
code 

Acid tolerance  
% Survival after 6 hours of culture  % Survival after 24 hours of culture  

pH 1 pH 2 pH 3 pH 1 pH 2 pH 3 
1R27 15.69 18.77 96.56 14.37 17.18 67.79 
2R27 13.10 29.70 58.5 3.36 8.41 18.77 
1R28 31.89 45.77 92.66 24.35 35.42 43.54 
3R28 4.98 8.04 56.85 4.08 4.59 4.78 
2R29 42.43 51.66 94.7 3.00 7.22 5.45 
3W29 8.02 27.80 70.58 2.13 4.90 5.88 
1R26 10.29 13.9 60.99 8.7 13.26 32.67 
2R30 5.69 34.52 54.52 0.00 17.3 27.6 
1W29 34.39 78.1 94.52 4.36 5.83 17.70 
8R26 34.39 79.78 85.1 0.00 2.76 18.38 
1R31 5.98 40.86 78.47 3.64 36.39 47.82 
3530 18.92 40.50 54.05 4.58 4.58 8.41 

 
Table 3. Yeast growth in the presence of different bile salts concentration 

 

Isolates  
code 

Bile salts tolerance tests  
% Survival after 6 hours of culture  % Survival after 24 hours of culture  

Bile 0.2%  Bile 0.4%  Bile 0.2%  Bile 0.4%  
1R27 182.93 146.07 142.18 135.02 
1R28 58.00 65.00 48.00 52 
2R29 135.13 134.23 74.18 84.13 
3W29 106.15 86.52 55.68 66.27 
2R30 84.41 62.01 59.58 52.95 
1W29 108.96 107.34 65.95 78.97 
1R31 86.25 97.00 53.20 63.4 
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High levels of serum cholesterol have been 
associated with the risk of coronary heart 
disease, and the use of probiotic bacteria to 
reduce serum cholesterol levels has attracted 
much attention. The abilities of 4 selected yeasts 
isolates to assimilate cholesterol in the presence 
of bile salts are shown in the Table 4. All yeast 
isolates could assimilate cholesterol from the 
media containing bile salt and cholesterol after 
24 hours growth at 37°C. Four yeast isolates 
(1R27, 2R29, 3W29 and 1W29) had cholesterol 
assimilation abilities ranging from 46.04% to 
61.72% at 0.2% bile salts while at 0.4% bile 
salts, all the for assimilate more than 505 
cholesterol. Among the 4 yeast isolates, 1R27 
and 3W29 had the highest cholesterol 
assimilation ability then displayed the best 
cholesterol assimilation ability yeasts have 
previously been evaluated as potential probiotics 
for assimilating cholesterol over the past few 
years [59,68]. Several mechanisms have been 
hypothesized to explain the cholesterol             
reducing properties, which include enzymatic 
deconjugation of bile acids by bile-salt hydrolase 
of probiotics [28] assimilation of cholesterol by 
probiotics [69], co-precipitation of cholesterol with 
deconjugated bile [70], cholesterol binding to                  
cell walls of probiotics [71], incorporation of 
cholesterol into the cellular membranes of 
probiotics during growth [30], conversion of 
cholesterol into coprostanol [72] and production 
of short-chain fatty acids upon fermentation by 
probiotics in the presence of prebiotics [73]. 
Hypercholesterolemia is a major risk factor for 
coronary artery disease and probiotics can then 
be suggested as tools to manage elevated 
cholesterol levels.  
 
3.5 Strain Identification Using the API     

20 C 
 
After in-vitro test of cholesterol assimilation on 
culture media, 4 isolates of yeast (1R27, 2R29, 
3W29, and 1W29) were selected for their high in-
vitro cholesterol lowering effect for identification 
using API 20 C AUX; results obtained are 
summarized in Table 5. D-Glucose, D-Xylose, D 
Galactose, Methyl-αD-Glucppyraoside, D-
Maltose, D-Saccharose, D-Raffinose, were 
utilized by all the strains while no one of then 
showed utilization to Inostol. 1R27 showed 
higher utilization rates with D-Glucose, D-Xylose, 
D Galactose, Methyl-αD-Glucppyraoside, D-
Maltose, Saccharose, D-Raffinose. In addition                 
to sugar utilised by 1R27, 3w29, also                       
utilize 2Ketoglutarate, D Sorbitol, N-Acetyl 

glucosamine, D-cellobiose, D-Trehalose, D-
Lactose, D-Melizitose. Comparison with the API 
database (https://apiweb. Biome rieux.com) [74] 
revealed 94.9%, 95.3%, 51.5% and 92.2%, 
homology of 1R27, 1W29, 2R29 and 3W29 with 
Saccharomyces cerevisiae, Candida famata, 
Cryptococcus neoformans and Candida famata 
respectively. Chandrasekhar et al. [75] 
Nwachukwu et al. [76] also reported the 
presence of saccharomysiae and candida as 
microorganism found in palm wine; these same 
strains was also isolated by Abdel et al. [77] 
during isolation and identification of yeasts from 
the different stages of Hulu-mur Fermentation. 
Based on the best in vitro cholesterol 
assimilation of 1R27 and 3W29, they can 
therefore be used to check for their cholesterol 
lowering effect in in-vivo studies. 
 
Table 4. Cholesterol assimilation of selected 

yeasts isolates at different bile salts 
concentration 

 
Isolates  
code 

% cholesterol assimilation  
0.2%  Bile salts  0.4% Bile salts  

1R27 61.72 68.76 
2R29 46.04 56.78 
3W29 59.2 62.59 
1W29 56.04 51.08 

 
3.6 Rats Bioassay 
 
3.6.1 Feed consumption of rats  
 
Even if in each group the quantity of feed 
consumed increase with time , in general, there 
was no significant difference observed in point               
of rat’s food consumption between the 
experimental groups receiving only high fat diet 
and test group receiving hyperlipidemic diet and 
yeast strains during the four weeks of feeding 
period (P>0.05) (Table 6). Compare to the 
control (group A) test groups and hyperlipidemic 
group showed significant increase of food 
consumed probably due to the high fat contain of 
that diet since oil increase palatability of food. It 
had been reported that fat plays a unique role in 
the human diet. In addition to being the most 
concentrated source of dietary energy, fat 
contributes to the texture, flavor, and aroma of a 
wide variety of foods. In general, the most 
palatable foods are those that are both energy-
dense and high in fat content [78]. The taste, 
smell, mouthfeel, and hedonic properties of fat all 
contribute to the popular concept of fat “taste” 
[78-81]. 
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Table 5. API test results after 48 hours of incubat ion of selected yeast 
 

Test 
number  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 Identification API 

Strain 
code 
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1R27 - + - - - + - - + - - + - - - + + - - + Sacchoromyces cerevisiae 
3w29 - + - + - + + + + - + + + + + + + + + + Candida famata 
2R29 - + - + - + + - + - + + + - + + + + + + Crytococcus neoformans 
1w29 - + + + + + + + + - + + + + - + + + + + Candida famata 

+, positive reaction; -,  negative reaction 
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Table 6. Weekly food consumption of rats 
 

Weeks Rats group and weekly food consu med (g)  
A (Control) B (Positive control) C  (Test) 

Isolate 1R27 
D  (Test) 
Isolate 3W29 

1 14.04±1.45a 15.4±0.07b 16.6 ± 0.99b 17.04±2.47b 
2 14.55±2.53a 18.33±0.17b 19.7 ± 0.39b 18.84±0.04b 
3 14.52±0.79a 20.91±0.19b 21.2 ± 1.27b 19.04±2.55b 
4 14.00 ±0.79a 21.34±0.79b 22.65 ± 1.69b 21.014±0.49b 

Values with different superscript on a line are significantly different (P < 0.05) 
 

Table 7. Organs weight and weekly weight gained by the rats  
 
Weeks Body weight gain (g) 

A (control) B (positive control) C  (Test) 
Isolate 1R27 

D  (Test) 
Isolate 3W29 

1 15.30±1.14a 16.74±1.01a 14.18±2.51a 15.09±0.03a 
2 18.31±0.01a 24.07±0.01b 15.67±1.46a 16.06±0.12a 
3 14.91±0.01a 21.68±0.01b 17.41±1.41a 18.45±0.09a 
4 16.55±1.06a 22.87±1.00b 19.96±0.18a 19.34±0.88a 
Organs Organs weight (g)  
Liver 6.90±1.00a 8.20±0.01b 7.20±1.24a 6.70±1.40a 
Kidneys 0.70±0.07a 1.11±0.01a 1.00±0.08a 0.80±0.00a 
Spleen 0.40±0.01a 0.30±0.01a 0.45±0.17a 0.44±0.00a 

*Values with different superscript on a line are significantly different (P < 0.05) 
 
3.6.2 Weight gain and organs weight  
 
There was no significant difference observed in 
point of rat’s weight between the experimental 
groups during the first week of feeding period 
(P>0.05) (Table 7). While the highest weight gain 
was observed in hyperlipidemic  group (group B), 
the lowest weight gain was observed in control 
(groupe A) and test group (groupe C and D) 
indicating that despite high food consume with 
the high fat diet yeast strain help to avoid weight 
gain. Cholesterol and fat supplementation to 
basal diet provoke increase in weigh but feeding 
with yeast supplementation provides decreasing 
on weight. Endocannabinoids released after 
palatable food ingestion, such as food containing 
fat and sucrose, will promote hunger and energy 
storage leading to weigh increase. The following 
hormones have been found to regulate the 
appetite for fat. Galanin [81], agouti-related 
peptide (AgRP) [79], and ghrelin [80] stimulate 
fat intake and then can lead to hyperlipidemia, 
obesity and fat storage. Yeast strain here might 
prevent cholesterol, fat storage or fat absorption. 
They can improve digestive health, reduce 
inflammation, improve cardiovascular risk factors 
and even help fight depression and anxiety. 
There is also a lot of evidence that obesity is 
linked to inflammation in the brain. By improving 

gut health, probiotics may reduce systemic 
inflammation and protect against obesity and 
other diseases [82,83]. Probiotic may help 
release the satiety (appetite-reducing) hormone 
GLP-1. Increased levels of this hormone may 
help you burn calories and fat [84] Probiotics 
may increase levels of the protein ANGPTL4. 
This may lead to decreased fat storage [85]. 
 
It is thought that certain probiotics may inhibit the 
absorption of dietary fat, increasing the amount 
of fat excreted with feces [86]. There are many 
different microorganisms in the gut, mostly 
bacteria. Several lines of evidence suggest that 
these gut bacteria can have powerful effects on 
body weight. Probiotics might be able to help 
improve blood sugar and body weight, according 
to a new study showing that the probiotic yeast 
Saccharomyces reversed diabetes and obesity 
by improving gastrointestinal health and reducing 
inflammation.  
 
Organs weight of the different groups of rat after 
feeding period is summarized in Table 7.  
Results are showing that except group B 
(hyperlipidemic or hypercholesteromic group) 
which recorded significant increase in liver 
weight. Rats organs were not negatively         
affected with the dose of yeast administrated. 
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Hatice et al. [87] reported in a similar study on 
rats fed on a high cholesterol enriched diet that 
increase in liver weight can lead to steatosis and 
caseation necrosis. Kidneys and spleen were 
normal as a control. There was no observed any 
significant decrease in organs weight on Group C 
and D which was fed with yeast. 
 
3.6.3 Serum biochemical analysis and 

lipidemia  
 
As seen in Table 8, there was no significant 
difference between the Group A, C and D in 
terms of the levels of total cholesterol, 
triglyceride LDL and HDL cholesterol (P>0.05). 
Yeast administration had effect on level of total 
cholesterol; HDL cholesterol and triglyceride 
compare to group B (hyperlipidemic group free of 
yeast strains). But it led reduced LDL cholesterol 
of test group as in control compare to 
hypercholesterolemic group (B). In general, in 
vitro high assimilation rate was determined in the 
medium and could not be observed in vivo 
because metabolism synthesizes cholesterol 
when needed and our bodydon’t need 
exogenous cholesterol. These results could be 
considered as promising, because 1% reduction 
in cholesterol can reduce the risk of 
cardiovascular diseases for 2-3% [88]. In this 
respect, the selection of probiotic strains which 
have high percentage of cholesterol assimilation 
rates is important. Nowadays, probiotic yeasts 
can be delivered either in fermented foods or as 
cultures administered orally. Several yeasts 
species have been used in many probiotic 
preparations [89]. Several studies have shown 
the ability of probiotic microorganisms to lower 
cholesterol levels in vivo. Bertazzoni et al. [90] 
found lower serum cholesterol (3.73%-13.49%) 
and triglyceride (9.30%-40.23%) ratios and 
stated an increase on HDL cholesterol level in 
fats fed on fermented milk containing 
Lactobacillus casei compared to control group 
after 10 days. Nguyen et al. [91] Beena and 
Prasad [92] found lower serum cholesterol in rats 
fed on yoghurt containing probiotics after 30 
days. The mechanism(s) responsible for the 
cholesterol-lowering effect of probiotics remains 
unclear, but it has been suggested that the       
effect could be obtained through retarded 
cholesterol synthesis and increased degradation 
of cholesterol [93]. Diets supplemented with 
probiotics can also significantly reduce plasma 
triglycerides in broilers. In a study, broilers fed 
with addition of 0.5% Saccharomyces cerevisiae 
triglyceride and total cholesterol levels decreased 

at the rate of 22.67 and 9.95% respectively after 
3 weeks [94]. Cholesterol level was significantly 
lower in broilers supplemented with thermo-
tolerant probiotic yeast at different levels 
compared to control group [93]. Oral 
administration of probiotics has been shown               
to significantly reduce cholesterol levels by as 
much as 22 to 33% [95]. Further, decrease in 
cholesterol content of eggs of laying hens and 
broilers diets containing yeasts was reported by 
Yalçın et al. [96] and Yıldız et al. [97]. Seyidoğlu 
and Galip [98] evaluate the effect of 
Saccharomyces cerevisiae on the serum 
biochemical parameters in rabbits, the diets with 
the yeast reduced serum HDL cholesterol and 
triglycerides on the 90th feeding day. Similar to 
our findings serum cholesterol slightly decreased 
by the yeast. In a study performed by Güven and 
Güven [99] on fermented kefir grains there was 
significant suppression in serum lipids on the 
rabbits fed with cholesterol supplemented diet. 
 
The aminotransferases (transaminases) are 
sensitive indicators of liver cell injury and are 
most helpful in recognizing acute hepatocellular 
diseases such as hepatitis. The pattern of the 
aminotransferase elevation can be helpful 
diagnostically.  
 
In this study, Table 8 shows the AST: ALT ratio 
8.66 for normal rats, no consistent with De- Ritis 
et al. [100]. Yeast administration showed lower 
impact on transaminase (ASAT and ALAT) rate 
of test group (groupe C and D) compare to the 
control (A) but hypercholesterolemic or lipidemic 
diet cause increase of those enzymes but the 
presence of yeast on hyperlipidemic diet help 
reduce this enzyme rate as in negative control 
group. In our study, non-addition of yeast in 
hyperlipidemic group affects the amount of 
serum enzyme in rats. Blood tests used for initial 
assessment of liver disease include measuring 
levels of serum Alanine and Aspartate 
aminotransferases (ALT and AST), alkaline 
phosphatase, and others. The pattern of 
abnormalities generally points to hepatocellular 
versus cholestatic liver disease and helps to 
decide whether the disease is acute or chronic 
and whether cirrhosis and hepatic failure are 
present [101]. Serum enzyme levels fluctuate 
widely from normal to moderately abnormal, with 
values rarely into the high hundreds [102-104]. 
Marked elevation of aminotransferases in the 
appropriate clinical context indicates acute cell 
necrosis caused by viral infection, drugs, toxins, 
alcohol, or Ischemia [105]. 
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Table 8. Serum lipid indices for the period of basa l diet and basal diet plus yeast isolate 
consumption 

 
Parameters A (Control) B (Positive control) C (test  group) 

1R27 
D (test group) 
3W29 

TC mg/dL 120±3.30a 200.49±10.83b 101.55±3.30a 102.08±3.30a 
TG mg/dL 96.24±0.24a 277.820.59c 115.57±3.30a 115.86±3.30a 
HDL-c mg/dL 60.83±0.06a 43.39±0.01b 66.67±3.30a 64.09±3.30a 
LDL-c mg/dL 11.053±7.95a 101.54±5.00b 11.76±3.30a 14.81±3.30a 
VLDL-c 19.248±2.13a 55.56±0.004c 23.11±3.30a 23.17±3.30a 
HDLc/LDLc 5.50±0.0014a 0.42±0.68b 7.12±3.30a 4.32±3.30a 
Albumin  mg/dL 2.83±0.01a 5.05±1.01b 3.42±3.30a 3.16±3.30a 
AST (U/L)/ 131.47±78.01a 831.249±44.01b 130.43±3.30a 117.92±3.30a 
ALT (U/L) 15.17±0.01a 176.17±10.01b 20.15±3.30a 20.73±3.30a 
De Ritis ratio 
(AST /ALT) 

8.66 4.72 6.47 5.69 

TC: Total cholesterol, TG: Triglyceride, HDL-c: High¬ Density Lipoprotein-cholesterol, VLDL-c: Very Low Density 
Lipoprotein-cholesterol; 

LDL-c: Low Density Lipoprotein-cholesterol, ALT: alanine aminotransferase, AST: aspartate aminotransferase. 
Data are presented as mean ± SD; All the administered dose were 1.0 ml/kg day 

Values with different superscript on a same line are significantly different from control at P < 0.05. 
A, B and C, are the different groups of rats fed with their respective diets 

 
4. CONCLUSION 
 
Probiotic yeast administration has beneficial 
effects by lowering total cholesterol, LDL and 
triglycerides. It was observed that the level                    
of HDL increase following yeasts oral 
administration, reducing rate of triglyceride level 
was higher than many in vivo studies. It is 
therefore encouraged that additional efforts are 
placed on exploring the health beneficial effects 
of yeasts. In conclusion, with the procedure 
employed in this research we selected four yeast 
strains capable of surviving the low pH and also 
the simulating bile salts environment of the 
human intestine, which make them suitable as 
potential probiotic strains as new supplements                  
in foods or pharmaceutical preparations. This 
research represents a preliminary study of 
probiotic yeast selection; to declare their 
effectiveness; these strains would require further 
investigations such as antagonistic activities 
against human entero-pathogens, adhesion 
capability to the intestinal mucosa cells, 
characterization at molecular level and specific 
clinical analyses concerning human health. 
 
ACKNOWLEDGEMENTS 
 
The authors are very thankful to Ebenye Yvonne 
Bille from the Department of Microbiology and 
Parasitology of University of Buea, Cameroon, 
for her assistance during samples analysis.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Hugget AC, Verschuren PM. The safety 

assurance of functional foods. Nutr. Rev. 
1996;54:132-140. 

2. Scheinbach S. Probiotics: Functionality 
and commercial status. Biotech Adv. 
1998;16:581–608.  

3. Jakobsen M, Narvhus J. Yeasts and their 
beneficial and negative effects on the 
quality of dairy products. Int Dairy J. 
1996;6:755–768. 

4. Martins FS, Nardi RMD, Arantes RME, 
Rosa CA, Neves MJ, Vicoli JR. Screening 
of yeasts as probiotic based on capacities 
to colonize the gastrointestinal tract and to 
- protect against enteropathogen challenge 
in mice. J Gen Appl Microbiol. 2005;51:83–
92.  

5. Surawicz CM, Elmer GW, Speelman P,  
McFarland LV, Chinn J, van-Belle G. 
Prevention of antibiotic-associated 
diarrhea by Saccharomyces boulardii: A 
prospective studies. Gastroenterology. 
1989;96:981-988 

6. McFarland L, Bernasconi P. 
Saccharomyces boulardii: A review of an 



 
 
 
 

Tiepma et al.; JABB, 11(2): 1-17, 2017; Article no.JABB.30469 
 
 

 
13 

 

innovative biotherapeutic agent. Micro Ecol 
Health Dis.1993;6:157-171.  

7. Lourens-Hattingh A, Viljoen BC. Growth 
and survival of a yeast in dairy products. 
Food Res Int. 2001;34:791-796.  

8. Psomas E, Andrighetto C, Litopoulou-
Tzanetaki E, Lombardi A, Tzanetakis N. 
Some probiotic properties of yeast isolates 
from infant faeces and Feta cheese.  Int J 
Food Microbiol. 2001;69:125–133.  

9. Agarwal N, Kamra DN, Chaudhary LC, 
Sahoo A, Pathak NN. Selection of 
Saccharomyces cerevisiae strains for use 
as a microbial feed additive. Lett Appl 
Microbiol. 2000;31:270–273.  

10. Caballero-Cordoba GM, Sgarbieri VC. 
Nutritional and toxicological evaluation of 
yeast (Saccharomyces cerevisiae) 
biomass and a yeast protein concentrate. J 
Sci Food Agric. 2000;80:341–351. 

11. Yamada EA, Sgarbieri VC. Yeast 
(Saccharomyces cerevisiae) protein 
concentrate: Preparation, chemical com-
position and nutritional and functional 
properties. J Agric Food Chem. 2005;53: 
3931–3936. 

12. Agu RC, Okenchi MU, Ude CM, Onyia AI, 
Onwumelu AH, Ajiwe VIE. Fermentation 
kinetic studies of Nigerian palm wines; 
Elaeis guinensis and Raphia hookeri for 
preservation by bottling. J. Food Sci. 
Technol. 1999;36(3):205-209.  

13. Kadere T, Miyamoto T, Oniang’o RK, 
Kutina PM, Njoroge SM. Isolation and 
identifcation of the genera Acetobacter and 
Gluconobacter in coconut toddy (mnazi). 
African Journal of Biotechnology. 
2008;7(16):2963-2971.  

14. Aidoo KE, Nout MJR, Sarkar PK. 
Occurrence and function of yeasts in Asian 
indigenous fermented foods. FEMS Yeast 
Research. 2006;6:30–39. 

15. Uzogara SG, Agu LN, Uzogara EO. A 
review of traditional fermented food 
condiments and beverages in Nigeria. 
Their Benefits and possible problems. 
Ecol. Food Nutrient. 1990;24:267-288.   

16. Uzochukwuru BUA, Balogh FE, Ngoddy 
PD. Standard pure culture inoculum of 
natural fermented Palm sap. Niger. J. 
Microbiol. 1991;9:67-77.  

17. Obire O. Activity of Zymomonas species in 
palm sap obtained from three areas in Edo 
state, Nigeria. J. Appl. Sci. Environ. 
Manage. 2005;9:25-30.  

18. Okafor N. Beverages obtained by 
fermentation from the saps of palm trees. 

Microbiology and Bio-chemistry of oil palm 
wine Adv. Appl. Microbial. 1972;24:237-
255.      

19. Okafor N. Preliminary microbiology studies 
on the preservation of palm wine. J. Appl.  
Bacteriol. 1975;38:1-7.  

20. Atputharajah JD, Widanapathirana S, 
Samarajeewa U. Microbiology and 
biochemistry of natural fermentation of 
coconut palm sap. Food Microbiology. 
1986;3(4):273-280. 

21. Ouoba L, Kando C, Parkouda C, 
Sawadogo-Lingani H, Diawara B, 
Sutherland JP. The microbiology of Bandji, 
palm wine of Borassus akeassii from 
Burkina Faso: Identifcation and genotypic 
diversity of yeasts, lactic acid and acetic 
acid bacteria. Journal of Applied 
Microbiology. 2012;113(6):1428-144. 

22. Amoa-Awua WK, Sampson E, Tano-
Debrah K. Growth of yeasts, lactic and 
acetic acid bacteria in palm wine during 
tapping and fermentation from felled oil 
palm. Elaeis guineensis in Ghana. Journal 
of Applied Microbiology. 2007;102(2):599–
606. 

23. Cetina SG, Siemo BG. Evaluation 
therapeutique de Saccharomyces chez 
des  enfantssourffrant de diarrhea aigue. 
Annales de Pediatrie. 1999;41:397-400. 

24. Zeng H, Carlson AQ, Guo YYUY, Collier-
Hyams LS, Madara JL, Gewirtz AT, Neish 
AS. Flagellin is the major proinflammatory 
determinant of enteropathogenic 
Salmonella. J. Immun. 2003;171:3668-
3674. 

25. Rodrigues AC, Nardi RM, Bambirra EA, 
Vieira EC, Nicoli JR. Effects of 
Saccharomyces boulardii against 
experimental oral infection with Salmonella 
typhimurium and Shigella flexneri in 
conventional and guotobiotic mice. J. Appl. 
Bacteriol. 1996;81:251-256. 

26. McFarland LV, Surawicz CM, Greenberg 
RN, Fekety R, Elmer GW, Moyer KA. A 
randomized placebo controlled trial of 
Saccharomyces boulardii in combination 
with standard antibiotics for Clostridium 
difficile disease. J. Amer. Med. Ass. 
1994;271:1913-8. 

27. Katarzyna R, Alina KS. Probiotic properties 
of yeasts isolated from chicken feces and 
kefirs. J. Microb. 2010;59(4):257-263. 

28. Lambert JM, Bongers RS, de Vos WM, 
Kleerebezem M. Functional analysis of 
four bile salt hydrolase and penicillin 
acylase family members in Lactobacillus 



 
 
 
 

Tiepma et al.; JABB, 11(2): 1-17, 2017; Article no.JABB.30469 
 
 

 
14 

 

plantarum WCFS1. Appl. Environ. 
Microbiol. 2008;74:4719–4726. 
DOI: 10.1128/AEM.00137-08 

29. Pereira DIA, Gibson GR, Effects of 
consumption of probiotics and prebiotics 
on serum lipid levels in human. Critical 
Reviews in Biochemistry and Molecular 
Biology. 2002;37:259-281.  

30. Lye HS, Rusul G, Liong MT. Mechanisms 
of cholesterol removal by Lactoballi under 
conditions that mimic the human 
gastrointestinal tract. Int. Dairy J. 
2010;20:169–175. 

31. De Preter V, Vanhoutte T, Huys G, Swings 
J, De Vuyst L, Rutgeerts P, Verbeke K. 
Effects of Lactobacillus casei Shirota, 
Bifidobacterium breve, and oligofructose-
enriched inulin on colonic nitrogen-protein 
metabolism in healthy humans. Am. J. 
Physiol. Gastrointest. Liver Physiol. 
2007;292:358–368. 

32. Barnett JA, Payne RW, Yarrow D. Yeasts: 
Characteristics and identification. 3rd ed. 
Cambridge England: Cambridge University 
Press; 2000. 

33. Kreger-van Rij NJW. The yeasts: A 
taxonomic study, 3rd ed. Elsevier, 
Amsterdam, The Netherlands; 1984. 

34. Espinel-Ingroff A, Stockman LGR, Pincus 
D, Pollack J, Marler J. Comparison of rapid 
yeast plus system with API 20C system for 
identification of common, new, and 
emerging yeast pathogens. J. Clin. 
Microbiol. 1998;36:883-886.  

35. Kurtzman CP. rRNA sequence 
comparisons for assessing phylogenetic 
relationships among yeasts. International 
Journal of Systematic Bacteriology. 
1992;42(1):1-6. 

36. Verweij PE, Breuker IM, Rijs AJMM, Meis 
JFGM. Comparative study of seven 
commercial yeast identification systems. J. 
Clin. Pathol. 1999;52:271-273. 

37. Paniangvait P, King AJ, Jones AD, 
Germain BG. Cholesterol oxides in foods 
of animal origin. J. Food Sci. 1995;60: 
1159-1175. 

38. Fukushima M, Yamada A, Endo T, Nakano 
M. Effects of a mixture of organisms,       
Lactobacillus acidophilus or Streptococcus 
faecalis on D6-Desaturase activity in the 
livers of rats fed a fat- and cholesterol-
enriched diet. Nutrients. 1999;15:373-378. 

39. Sanz Y, Santacruz A, Gauffin P. Gut 
microbiota in obesity and metabolic 
disorders. Proceeding of the Nutrition 
Society. 2010;69(3):434-441.  

40. Taranto MP, Medici M, Perdigon G, Ruiz 
Holgado AP, Valdez GF. Evidence for 
hypocholesterolemic effect of Lactobacillus 
reuteri in hypocholesterolemic mice. 
Journal of Dairy Science. 1998;81:2336-
2340. 

41. Fukushima M, Nakano M. The effect of a 
probiotic on faecal and liver and lipid 
classes in rats. British Journal of Nutrition. 
1995;73:701-710.  

42. Taylor GR, Williams CM. Effects of 
probiotics and prebiotics on blood lipids. 
British Journal of Nutrition. 1998;80:225–
230.  

43. Anderson JW, Gilliland SE. Effect of 
fermented milk (yoghurt) containing 
Lactobacillus acidophilus L1 on serum 
cholesterol in hypercholesterolemic 
humans. Journal of the American College 
of Nutrition. 1999;18:43–50. 

44. Corzo G, Gilliland SE. Bile salt hydrolase 
activity of three strains of Lactobacillus 
acidophilus. Journal of Dairy Science. 
1999;82:472-480.  

45. Mishra V, Prasad DN. Application of in-
vitro methods for selection of Lacto bacillus 
casei strains as potential probiotics, Int. J. 
Food Microbiol. 2005;103:109–115.  

46. Deak T, Beuchat R. Identification of food 
borne yeasts. J.  Food   Protect. 1987;50: 
243-264.  

47. CABRI, 2013. Common access to 
biological resources and information. 
Laboratory procedures for microorganisms; 
Procedure for estimating survival rates, 
bacteria and yeasts. Guidelines prepared 
for Cabri by DSMZ, CBS and BCCM;   
1998. 

48. Brashears MM, Gilliland SE, Buck LM. Bile 
salt deconjugation and cholesterol removal 
from media by Lactobacillus casei. Journal 
of Dairy Science. 1998;81:2103-2110.  

49. Malathi P, Subba RK, Sheshadri SP, 
Ganguly J.  Biochem J. 1963;87:305-311. 

50. Meiattini F, Prencipe L, Bardelli F, Giannini 
G, Tarli P. The 4-hydroxybenzoate/4-
amino phenazone chromogenic system 
used in the enzymic determination of 
serum cholesterol. Clin Chem. 1978; 
24(12):2161-5. 

51. Young DS. Effect of drug on clinical 
laboratory test. 4th ed. Washington, DC: 
AACC Press; 1995. 

52. Naito HK. High density lipoprotein (HDL) 
cholesterol. In: Kaplan A, et al. Clio Chem. 
The C.V. Mosby co. St Louis. Torento. 
Princeton 1207-1213 and 437; 1984. 



 
 
 
 

Tiepma et al.; JABB, 11(2): 1-17, 2017; Article no.JABB.30469 
 
 

 
15 

 

53. Grove TH. Effect of reagent pH on the 
determination of HDL cholesterol by 
precipitetion with sodium 
phosphotungstate-magnesium. Clin Chem. 
1979;25(4):560-4.  

54. Friedewald WT, Levy RI, Fredrickson DS. 
Clin. Chem. 1972;18:499.  

55. Tietz NW, Pruden EL, Siggard AO. Clinical 
guide to laboratory tests. 3rd edition. 
Philadelphia: W. B. Saunders. Company; 
1995.   

56. Doumas BT, Watson WA, Biggs HG. 
Albumin standards and the measurement 
of serum albumin with Bromocresol green. 
Clin. Chim. 1971;31:87-96. 

57. Murray R. Lactate dehydrogenase. In: 
Kaplan A, Rubaltelli FF, Hammerman C. 
Clinical Chemistry The C.V. Mosby Co. St 
Louis. Toronto. Princeton. 1984;1154:162.  

58. Li-Shui C, Ying M, Jean-Louis M, Sheng-
Hua H, Li-Jun C, Hai-Mei L. Screening for 
the potential probiotic yeast strains from 
raw milk to assimilate cholesterol. Dairy 
Sci. Technol. 2010;90:537–548. 

59. Psomas EI, Fletouris DJ, Litopoulou TE, 
Tzanetakis N. Assimilation of cholesterol 
by yeast strains isolated from infant feces 
and Fetacheese. J. Dairy. 2003;86:3416–
3422. 

60. Ouwehhand AC, Kirjavainen PV, Shortt C, 
Salminen S. Probiotic: Mechanisms and 
established effect. Int. Dairy J. 1999;43-52. 

61. Cumming JH, Antoine JM, Azpiroz F, 
Bourdet-Sicard R, Brandtaeg P, Calder 
PC, Gibson GR, Guarner F, Isolauri E, 
Pannemans D. Passclaim gut health and 
immunity. EUR. J. Nutr. 2004;43(2):118-
173. 

62. Camilleri M, Colemont LJ, Phillips SF, 
Brown ML, Thomforde GM, Chapman N, 
Zinsmeister AR. Human gastric emptying 
and colonic filling of solids characterized 
by a new method. AM. J. Physiol. Gastro 
Intestinal. Liver Physio. 1989;257:284-290. 

63. FAO/WHO. Guidelines for the evaluation of 
probiotics in food. London, Ontario, 
Canada; 2002.  

64. Vinderola G, Capellini B, Villarreal F, 
Suárez V, Quiberoni A, Reinheimer J. 
Usefulness of asset of simple in-vitro tests 
for the screening and identification of 
probiotic candidate strains for dairy use. 
LWT – Food Sci. Technol. 2008;41:1678–
1688. 

65. Vander AKA, Skovgaaard K, Jespersen L. 
In vitro screening of probiotic properties of 
Saccharomyces cerevisiae var. boulradii 

and food-borne Saccharomyces cerevisiae 
strains. Int. J. food Microbiolo. 2005;101: 
29-39. 

66. Gilliland SE, Stanley TE, Bush LJ. 
Importance of bile tolerance of Lact. 
acidophilus used as a dietary adjunct. J 
Dairy Sci. 1984;67:3045–3051.  

67. Saloomeh M, Line LP, Lene J. Beneficial 
effects of probiotic and food borne yeasts 
on human health. Nutrients. 2010;2:449-
473 

68. Girard P, Pansart Y, Verleye M. Anti-
hypercholesterolemic effect of 
Saccharomyces boulardii in the Hamster. 
Pharmacology. 2014;94:239-244. 

69. Pereira DIA, Gibson GR. Cholesterol 
assimilation by lactic acid bacteria and 
bifidobacteria isolated from the human gut. 
Appl. Environ. Microbiol. 2002;68:4689–
4693.  

70. Liong MT, Shah NP. Effects of A 
Lactobacillus casei synbiotic on serum 
lipoprotein, intestinal microflora, and 
organic acids in rats. J. Dairy Sci. 2006;89: 
1390–1399. 

71. Liong MT, Shah NP. Acid and bile 
tolerance and cholesterol removal ability of 
lactobacilli strains. J. Dairy Sci. 
2005;88:55–66. 

72. Lye HS, Rusul G, Liong MT. Removal of 
cholesterol by Lactobacilli via incorporation 
of and conversion to coprostanol. J. Dairy 
Sci. 2010;93:1383–1392. 

73. Umar F, Muhammad M, Xiaoming L, Hao 
Z. Enhancement of short chain fatty acid 
production from millet fibres by pure 
cultures of probiotic fermentation. Tropical 
Journal of Pharmaceutical Research. 
2013;12(2):189-194. 

74. Cox RP, Thomsen JK. Computer-aided 
identification of lactic acid bacteria using 
the API 50 CHL system. Lett Appl 
Microbiol. 1990;10:257–259. 

75. Chandrasekhar K, Sreevani S, Seshapani 
P, Pramodhakumari J. A review on palm 
wine. International Journal of Research in 
Biological Sciences. 2012;2(1):33-38. 

76. Nwachukwu IN, Ibekwe VI, Nwabueze RN, 
Anyanwu BN. Characterisation of palm 
wine yeast isolates for industrial utilization. 
African Journal of Biotechnology. 2006; 
5(19):1725-1728.  

77. Abdel MES, Esra AM, Warda SA. Isolation 
and identification of yeasts from the 
different stages of hulu-mur fermentation. 
Journal of Microbiology Research. 
2015;5(2):71-76. 



 
 
 
 

Tiepma et al.; JABB, 11(2): 1-17, 2017; Article no.JABB.30469 
 
 

 
16 

 

78. Drewnowski A. Sensory properties of fats 
and fat replacements. Nutr Rev. 1992;50: 
17–20. 

79. Tracy AL, Clegg DJ, Johnson JD, 
Davidson TL, Benoit SC. The melanocortin 
antagonist AgRP (83–132) increases 
appetitive responding for a fat, but not a 
carbohydrate reinforcer. Pharmacol 
Biochem Behav. 2007;89:263–271. 

80. Shimbara T, Mondal MS, Kawagoe T, 
Toshinai K, Koda S, Yamaguchi H, Date Y, 
Nakazato M. Central administration of 
ghrelin preferentially enhances fat 
ingestion. Neurosci Lett. 2004;369:75–79. 

81. Gaysinskaya VA, Karatayev O, Chang GQ, 
Leibowitz SF. Increased caloric intake after 
a high-fat preload: Relation to circulating 
triglycerides and or exigenic peptides. 
Physiol Behav. 2007;91:142–153. 

82. John KD, Husen Z, Michael DC, Rosa KB, 
Decker AG, Rittmann BE. Gut microbiota 
and its possible relationship with obesity. 
Mayo Clinic Proceedings. 2008;83(4):460–
469. 

83. Giovanni M, Roberto G, Maurizio C. 
Interactions between gut microbiota and 
host metabolism predisposing to obesity 
and diabetes. Annual Review of Medicine. 
2011;62:361-380.   

84. Seyidoğlu N, Galip N. Effects of 
Saccharomyces cerevisiae and Spirulina 
platensis on growth performances and 
biochemical parameters in rabbits. Kafkas 
Univ Vet Fak Derg. 2014;20:331-336.  

85. Gargano LM, Hughes JM. Microbial origins 
of chronic diseases. Annu Rev Public 
Health. 2014;35:65-82.  

86. Caricilli AM, Castoldi A, Câmara N. 
Intestinal barrier: Agentlemen's agreement 
between microbiota and immunity. World J 
Gastrointest Pathophysiol. 2014;5(1):18-
32.  

87. Hatice ŞA, Ezgi DÖ, Zübeyde Ö, Hasan 
BS, Efkan UZ, Investigation of a probiotic 
yeast as a cholesterol lowering agent on 
rats fed on a high cholesterol enriched 
diet. Kafkas Univ Vet Fak Derg. 
2015;21(5):685-689. 

88. Simova E, Beshkova D, Angelov A, 
Hristozova TS, Frengova G, Spasov Z. 
Lactic acid bacteria and yeasts in kefir 
grains and kefir made from them. J Ind 
Microbiol Biot. 2002;28:1-6.  

89. Hatoum R, Labrie S, Fliss I. Antimicrobial 
and probiotic properties of yeasts: From 

fundamental to novel applications. Front 
Microbiol. 2012;3:421.  

90. Bertazzoni ME, Benini A, Marzotto M, 
Sbarbati A, Ruzzenente O, Ferrario R, 
Hendriks H, Dellaglio F. Assessment of 
novel probiotic Lactobacillus casei strains 
for the production of functional dairy foods. 
Int Dairy J. 2004;14:723-736.  

91. Nguyen TDT, Kang JH, Lee MS. 
Characterization of Lactobacillus 
plantarum PH04, a potential probiotic 
bacterium with cholesterol-lowering effects. 
Int J Food Microbiol. 2007;113:358-361. 

92. Beena A, Prasad V. Efect of yogurt and 
bifidus yogurt fortified with skim milk 
powder, condensed whey and lactose-
hydrolysed condensed whey on serum 
cholesterol and triacylglycerol levels in 
rats. J Dairy Res. 1997;64:453-457. 

93. Reddy MS, Reddy YR, Bhima B, 
Thirupathaiah Y, Reddy AR, Rao LV. 
Effect of different levels of thermo tolerant 
probiotic yeast supplementation on 
biochemical and immune parameters in 
broilers. World J Pharm Pharmaceul Sci. 
2013;2(6):4911-4916.  

94. Shareef AM, Al-Dabbagh ASA. Effect of 
probiotic (Saccharomyces cerevisiae) on 
performance of broiler chicks. Iraqi J Vet 
Sci. 2009;23:23-29. 

95. Sudhakara RM, Ramana YR, Bhima B, 
Thirupathaiah Y, Rajasekhar RA, 
Venkateswar LR. Effect of different levels 
of thermotolerant probiotic yeast 
supplementation on biochemical and 
immune parameters in broilers. World 
Journal of Pharmacy and Pharmaceutical 
Science. 2013;2(66):4911-4916. 

96. Yalçın S, Yalçın S, Şahin A, Duyum HM, 
Çalık A, Gümüş H. Effects of dietary 
ınactive yeast and live yeast on 
performance, egg quality traits, some 
blood parameters and antibody production 
to SRBC of laying hens. Kafkas Univ Vet 
Fak Derg. 2015;21:345-35. 

97. Yıldız G, Köksal BH, Sızmaz Ö. 
Rasyonlara ilave edilen maya ve borik 
asidin broylerlerde performans, karkas ve 
bazı kan parametreleri üzerine etkisi. 
Kafkas Univ Vet Fak Derg. 2011;17:429-
434. 

98. Seyidoğlu N, Galip N, Sonat FA. Effect of 
yeast culture on growth performance, 
haematological and biochemical indices of 
New Zealand white rabbits. Uludag Univ J 
Fac Vet Med. 2013;32(2):11-17. 



 
 
 
 

Tiepma et al.; JABB, 11(2): 1-17, 2017; Article no.JABB.30469 
 
 

 
17 

 

99. Güven A, Güven A. Hiperkolesterolemi 
oluºturulmuº tavºanlarda kefirin total 
kolesterol, trigliserit, HDL-kolesterol, LDL-
kolesterol ve lipit peroksidasyonu üzerine 
etkisi. Kafkas Univ Vet Fak Derg. 
2005;11(2):127-131. 

100. DE Ritis F, Giusti G, Piccinino F, 
Cacciatore L.  WHO Report. 1965;32:59-
72. 

101. Ghany M, Hoofnagle JH. Harrison`s 
Principle of internal medicine. 16th Edition, 
New York, NY: McGraw Hill Medical. 
2005;1808. 

102. Bhattacharya I. NIH expert panel discuss 
management of hepatitis C. Lancet. 
1997;349(9057):1002. 

103. Boker KH, Dalley G, Bahr MJ. Long-term 
outcome of hepatitis C virus infection after 
liver transplantation. Hepatology. 1997; 
25(1):203-10. 

104. Hoofnagle JH, Di Bisceglie AM. The 
treatment of chronic viral hepatitis. New 
Engl J Med. 1997;336(5):347-355.  

105. Burke MD. Liver function tests and their 
interpretation. Clin Lab Med. 2002;22:377-
390.

_________________________________________________________________________________ 
© 2017 Tiepma et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/17374 


