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Abstract. Phenotypical signs and chemical composition of Saccharomyces cerevisiae CNMN-Y-18 and Saccharomyces
cerevisiae CNMN-Y-19 yeast strains are described in this article. The presence of protein complexes with high content of
irreplaceable amino acids and antioxidant enzymes, as well as polysaccharides with predominance of mannoproteins allow to
recommend these yeast strains for the utilization in biotechnology. Results are of interest for the standard description of yeast strains
offered as object for industrial appointment.
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INTRODUCTION

The utilization of yeast strains with high
biotechnological potential presents great interest for
economic security. The major components of yeast cell
walls are polysaccharide components which have an
important role in maintaining of the permeability
properties. The investigation in this field have
relevance for directed synthesis of cell wall
polysaccharides.

Yeast cell is surrounded be a membrane which are
25-30% of the dry weight of the cell. The chemical
composition of cell wall of Saccharomyces yeast
strains is formed by 85...90% of polysaccharides and
10...15% of proteins [8,29]. Cell wall polysaccharides
consist of water-soluble mannanes, alkali-soluble
glucanes, alkali-insoluble glucanes and chitin [11,17].
The mannoprotein consists of a major polysaccharide
and a minor protein part. Studies on the localization of
mannoproteins in the cell walls of various strains of
yeasts have demonstrated that they interact with
phosphates, piruvates, glucuronic acids and other
[7,15].

The proportion and composition of polysaccharides
is highly dependent upon the strain of yeast. Aguilar-
Uscanga has mentioned that Saccharomyces cerevisiae
contained glucanes ranging 71.4...127.4 μg mg-1,
mannanes – 86.5...93.3 μg mg-1 dry weight and chitin –
2.4...6.2% cell wall [2].

There is increasing commercial interest in the
polysaccharides of  yeast cell walls which can be used
in food, pharmaceutical industry and cosmetology.
Only mannoproteins and glucans of Saccharomyces
cerevisiae yeast strains have been considered in the
context of these applications.

Due to the most important characteristics such as
high water solubility, relative low molecular weight
(15-30 kDa), antioxidant properties mannanes isolated
from yeast cell walls can be considered as natural
potential protector [21]. Mannoproteins can be
proposed for wine stability [12,13], for medicine as
immunomodulatory [18,24] and antimutagen remedy
[22].

Yeast mannoproteins have a variable ability to
reduce toxic effects of aflatoxins, that are one of the
most dangerous groups of mycotoxins present in food
or feed. Aflatoxins are the most toxic naturally known
occurring carcinogens [27]. The protective mechanism
of action of mannoproteins is based on the ability to
reduce DNA damage induced by aflatoxins through
formation of a supramolecular complex between toxins
and mannoproteins [28].

The analysis of application areas and the
mechanism of action of microbial polysaccharides have
demonstrated the importance of studies of
technological properties of yeast strains selected for
industrial production. In this context investigations of
biochemical composition of yeast have a great practical
value and contribute to the improvement of
biosynthetical potential of yeast strains producers of
mannoproteins.

MATERIALS AND METHODS

Strains. Yeast strains Saccharomyces cerevisiae
CNMN-Y-18 and Saccharomyces cerevisiae CNMN-
Y-19 previously selected as a source of mannoproteins
[34]. Morphological, cultural and physiological
parameters of yeast strains were established according
to [4, 20].

Medium. The following medium for were used in
this study: seed culture medium with beer wort,
fermentation medium YPD, (w/v), (g L-1): glucose -
20.0, peptone - 20.0, yeast extract - 10.0; Rieder, (w/v),
(g/L -1 ): glucose - 30.0, (NH4)2SO4 – 3.0, MgSO4·7H2O
- 0.7, NaCl - 0.5, Ca(NO3)2  - 0.4, KH2PO4 – 1.0, yeast
autolysate – 10.0, pH 5.0-6.0 [3].

Culture conditions. Cultivation was carried out in
Erlenmayer  1  L-1 fkasks containing 0.2 L-1 of the
culture medium at 200 rpm agitation rate, 25±1ºC, with
air flow rate 7-8 mg L-1 for 96 hours.

Biomass was determined gravimetrically [23].
Protein content was determined spectrophotometrically
by  Lowry  [25].  The  determination  of  total  content  of
carbohydrates was effectuated according to
spectrophotometrically method using antron reagent,
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standard-D-glucose [9, 10]. Measurements were
performed using T60 UV/VIS spectrophotometer [33,
35]. Lipid content was determined by the method
Bligh, Dyer in modification of Kates [16] and by the
new procedure [5]. Amino acids composition was
identified using analyzer AAA-339 „Microtehnica”
[29]. Fractional composition of lipids was determined
by thin layer chromatography and densitometry [30].
Fatty acid composition was determined as the methyl
esters of fatty acids  by gas-liquid chromatography of
fatty acid using Chrome-5 chromatographer [32]. The
determination of catalase activity was effectuated
according to [1]. The determination of activity of
superoxide dismutase was carried out according to the
method proposed by were performed using t test.  A
value of P<0.05 was considered significant. The results
were performed according to [6].

Statistical analysis: Results were expressed as the
mean±standard deviation (SD). Statistical evaluations
Student's t-test.

RESULTS

Biosynthetical potential of yeasts is associated with
the metabolic flexibility. The study of biological
peculiarities of yeasts would contribute to the
realization of processes of directed synthesis in
necessary direction. In this context the study of
morpho-cultural and physiologo-biochemical
parameters of yeast strains producers of bioactive
substances is of great value.

The study of Saccharomyces cerevisiae CNMN-Y-
18 yeast strain and Saccharomyces cerevisiae CNMN-
Y-19 yeast strain cultivated on YPD or Rieder medium
has demonstrated that cells have cylindrical or

ellipsoidal form, are single or in pairs and rarely form
agglomerations. The size of cells is typically 5-10 μ in
diameter. Can multiply either asexually by vegetative
multiplication by budding or sexually by forming
ascospores. Sometimes, this yeast strain can form
pseudohyphae. The type of respiration is aerobic. Yeast
strain can form sediment in liquid culture medium. It is
non-pathogenic microorganism.

Saccharomyces cerevisiae CNMN-Y-18 yeast
strain has S-form colonies with diameter of 1-2...3-6
mm at the cultivation on beer wort and Rieder medium.
This yeast strain has S- and R-form colonies at the
cultivation on YPD medium. Colonies appear white,
cream and fairly circular in shape (Fig. 1).

Among physiologo-biochemical parameters of the
Saccharomyces cerevisiae CNMN-Y-18 yeast strain
we have mentioned the fermentation capacity, the
capacity of the assimilation of glucose, maltose,
zaharose, fructose, galactose, raffinose, arabinose,
xylose, glycerin, the alcohol etilic. Does not assimilate
D-lactose, L-ramnose, sorbitol, D-trehalose, inozitol,
dulcit, melibiose. Of the range of nitrogen sources this
yeast strain assimilates ammonium sulfate and
ammonium phosphate.

Does not assimilate nitrates, urease, lysine.
Content of dry biomass of Saccharomyces

cerevisiae CNMN-Y-18 yeast strain varies from 3.1
g/L (nutritive medium Rieder) to 6.18 g/L (nutritive
medium YPD).

Saccharomyces cerevisiae CNMN-Y-19 yeast
strain has S-form colonies with diameter of 1-2...3-6
mm at the cultivation on beer wort, YPD and Rieder
medium. Most yeast colonies appear white, cream, or
pink in color (Fig. 2).

Figure 1. Yeast colonies of Saccharomyces cerevisiae CNMN-Y-18 cultivated at different mediums of culture. a. Beer wort; b. YPD; c. Rieder

Figure 2. Yeast colonies of Saccharomyces cerevisiae CNMN-Y-19 cultivated at different mediums of culture. a. Beer wort; b. YPD; c. Rieder
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Among physiologo-biochemical parameters of the
Saccharomyces cerevisiae CNMN-Y-19 yeast strain
we have mentioned the fermentation capacity, the
capacity of the assimilation of  glucose, maltose,
zaharose, fructose, galactose, raffinose, arabinose,
xylose, glycerin, the alcohol etilic. They do not
assimilate D-lactose, L-ramnose, sorbitol, D-trehalose,
inozitol, dulcit, melibiose. Of the range of nitrogen
sources this yeast strain assimilates ammonium sulfate
and ammonium phosphate. They do not assimilate
nitrates, urease, lysine.

Saccharomyces cerevisiae CNMN-Y-19 yeast
strain at submerged cultivation on YPD medium
accumulated 3.36 – 5.96 g/L dry biomass and 2.66 –
2.79 g/L dry biomass on medium Rieder.

Research on chemical composition of selected as
producers of mannoproteins species of yeasts have
established a moderate protein content from 28.76 to
31.09% of dry biomass for Saccharomyces cerevisiae
CNMN-Y-18 and from 31.76 to 36.53% of dry
biomass for Saccharomyces cerevisiae CNMN-Y-19
yeast strain (Fig. 3). Determination of lipid contents
have demonstrated that dry biomass of both yeast
strains contains from 6.2 to 6.6%. The carbohydrate
content in the biomass of Saccharomyces cerevisiae
CNMN-Y-18 vary within the limits of 34.02 (YPD)
and 35.58% (Rieder), as well as 30.17 (YPD) and
33.9% (Rieder) for Saccharomyces cerevisiae CNMN-
Y-19.

The study of amino acid composition have
established high content of essential amino acids –
valine, leucine, lysine,arginine for both yeast strains
which can serve as source of protein (Fig. 4).

An important role in protection from oxidative
stress have antioxidant enzymes superoxide dismutase
and catalase.

The obtained results affirmed that the activity of
catalase in Saccharomyces cerevisiae CNMN-Y-18 at
the cultivation on nutrient mediums YPD and Rieder
was 2035 and 2391 U/mg protein, respectively and the
activity of superoxide dismutase was 153...168 U/mg
protein. For Saccharomyces cerevisiae CNMN-Y-19
strain catalase activity was 2709 and 2495 U/mg
protein, respectively, superoxide dismutase activity
reached 227 and 240 U/mg protein. Therefore, obtained
data have demonstrated that selected yeast strains can
serve as a source of high antioxidant activity
bioproducts (Table 1). According to the authors,
activity of catalase enzyme in the Candida
boidinii wild yeast strain was 2530 U/mg of protein
[14]. Superoxide dismutase activity in Saccharomyces
cerevisiae wild strains grown in glucose and ethanol
was 58.5 and 165 U/mg of protein, respectively [26].

The study of fractional composition of lipids
extracted from studied yeast strains established the
following bioactive principles – phospholipids, sterols,
free fatty acids, mono-, di- and triglycerides.
According  to  the  data  presented  in  Fig.  5,  we  can
affirm that for yeasts is a specific high content of
sterols (provitamine D) up to 14.33% of tota lipids.
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Figure 3. Chemical composition of Saccharomyces cerevisiae
CNMN-Y-18 and Saccharomyces cerevisiae CNMN-Y-19
yeast strains
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Figure 4. Amino acids composition of yeast strains, % of total
identified

The phospholipid content was 3.67 – 4.45% of the
sum of the total lipid fractions. Content of free fat acids
varies in the range of 4.36 – 8.58%, mono and
diglycerides from 10,23 to 15.55%, triglicerides from
17.38 to 22.11% of the sum of the total lipid fractions.

Therefore the composition of lipids synthesized by
yeast is particularly valuable as a source for emulgators
because they contain organic compounds, especially
phospholipids, forming stable emulsions.

Research carried out on fatty acid spectrum has
demonstrated a valuable composition due to the
presence of essential fatty acids such as linoleic
11.05% (Saccharomyces cerevisiae CNMN-Y-18) and
3.72 % (Saccharomyces cerevisiae CNMN-Y-19) and
linolenic 2.21 and 2.03% respectively (Fig. 6). It is
important to note that content of saturated fatty acids
vary from 44.04%-39.06% and that of unsaturated
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Table 1. Catalase and superoxide dismutase activity at Saccha-
romyces cerevisiae CNMN-Y-18 and Saccharomyces
cerevisiae CNMN-Y-19

Saccharomyces
cerevisiae

CNMN-Y-18

Saccharomyces
cerevisiae

CNMN-Y-19
Enzymes

YPD Rieder YPD Rieder
Catalase,

U/mg
protein

2391±102 2035±62 2709±85 2495±102

Superoxide
dismutase,

U/mg
protein

168±9.43 153±7.80 240±9.92 227±10.43

4.45

31.11

27.38

22.36

8.58

14.33

10.99

36.96

22.11

15.55
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Figure 5. The fractional composition of lipids at Saccharomyces
cerevisiae CNMN-Y-18 and Saccharomyces cerevisiae
CNMN-Y-19
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Figure 6. The content of fatty acids in Saccharomyces cerevisiae
CNMN-Y-18 and Saccharomyces cerevisiae CNMN-Y-19

Table 2. The content of β-glucanes and mannoproteins at Saccha-
romyces cerevisiae CNMN-Y-18 and Saccharomyces
cerevisiae CNMN-Y-19 yeast strains

Saccharomyces cerevisiae
CNMN-Y-18

Saccharomyces cerevisiae
CNMN-Y-19Polysa-

ccharides
Medium

YPD
Medium
Rieder

Medium
YPD

Medium
Rieder

β –
glucanes,

%
dry cell
weight

17.41±0.01 13.50±0.21 16.23±0.16 16.70±0.18

Mannopro
teins, %
dry cell
weight

10.93±0.14 11.60±0.11 7.09±0.77 6.80±0.01

acids constitute 55.96-69.51%. The predominance of
unsaturated fatty acids indicates real possibilities for
the use of yeasts as a food supplement to prevent
different pathological disorders.

Such polysaccharides as β-glucanes and
mannoproteins synthesized by Saccharomyces yeast
strains are valuable bioactive principles frequently used
in medicine, food and cosmetic industry.

According  to  the  given  study,  the  content  of  β-
glucanes  in  the  biomass  of Saccharomyces cerevisiae
CNMN-Y-18 was 17.41% (nutritive mediumYPD) and
13.5% of dry cell weight (nutritive medium Rieder)
(Table 2). For Saccharomyces cerevisiae CNMN-Y-19
content  of  β-glucanes  vary  in  the  limits  of  16.23% …
16.70% of dry cell weight.

For both yeast strains significant values of
mannoproteins were established.  Specific for
Saccharomyces cerevisiae CNMN-Y-18 was the
amounts of mannoproteins that vary in limits
10.93…11.60% of dry cell weight (Table 2). Recent
literature data indicated the amounts of mannoproteins
up to 10.43% of dry biomass for some Saccharomyces
yeast strains [24].

DISCUSSIONS

This paper contain data on Saccharomyces
cerevisiae, selected as mannoprotein producers.

It is known fact, that the cell wall of the yeasts
determines the form of the cell and the integrity of the
microorganism during the growth and cellular
division. Base structural components of the cell wall
present main groups of polysaccharides: glucose
polymers (β-glucanes, 47-60%), mannose polymers
(mannanes, 30-40%) and polymers of N-
acetylglucosamine (chitine, 0.6-3%), that together
represents in average 90% of dry substance of the cell
wall beside the presence to some  quantities of lipids,
enzymes, etc. [29].

Mannanes are associated covalently with proteins,
forming glycoproteines, especially mannoproteins (5-
20% proteins and 80-90% mannose) with the molecular
weight between 20 and 200 kDa . Located
preponderant in the outer layer of the cell wall,
mannoproteins can form associations with β-1.3 and β-
1.6 glucanes (by phosphodiester bonds)  [17]. The
important role of mannoproteins is the one of
protection, assuring the rigidity the cell and
maintaining the form this one in compliance with the
stage of the cell cycle. These substances indicate
properties of regulation cell wall permeability [19].

Researches on the structure of the cell wall and
changes in biochemical composition, depending on
changes in the environment are incomplete. Elucidation
of the regulations related to metabolism can lead to the
improving of various biotechnologies for production of
microbial metabolites. The purpose of this study was to
elucidate the phenotypic characters and biochemical
composition of yeast strains selected as active
producers of mannoproteins [29], the research
necessary to supplement the information currently
available.
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The results of the investigations on phenotipical
characters of the Saccharomyces cerevisiae CNMN-Y-
18 and Saccharomyces cerevisiae CNMN-Y-19 offer
advantages for the experimental study. The data
accumulation for every yeast strain allows the
insurance of the fermentative processes, this way
improving the efficiency of the technologies of
production of bioactive compounds how it would be in
our case, the production of mannoproteins.

The realisation of the comparative studies of the
composition of cell wall of Saccharomyces cerevisiae
CNMN-Y-18 and Saccharomyces cerevisiae CNMN-
Y-19 confirm the results described earlier. The
establishment of the important quantities of
polysaccharides at Saccharomyces yeasts  confirm  the
perspective of its utilisation in the quality of
biotehnological objects especially like the active
producers of glucanes and mannoproteins. The dates
obtained present teoretical and practical value for
directed synthesis of valuable biologically active
substances.

The phenotypical signs specific to Saccharomyces
cerevisiae CNMN-Y-18 and Saccharomyces cerevisiae
CNMN-Y-19 are important in the standard description
of the species proposed as biotehnologic objects for
industrial appointment. Chemical composition of
Saccharomyces cerevisiae CNMN-Y-18 and
Saccharomyces cerevisiae CNMN-Y-19 vary in broad
limits and is characterized by a balanced protein
(28.76...36.53%), carbohydrates (30.17...35.5%) and
lipids content (6.2...6.6%) of dry biomass. The selected
strains possess high antioxidant activity: catalase
activity constitute 2035...2709 U/mg protein,
superoxide dismutase activity - 153...240 U/mg
protein. The polysaccharides complex constitute the
base part of  the cell wall of Saccharomyces cerevisiae
CNMN-Y-18 and Saccharomyces cerevisiae CNMN-
Y-19 yeast strains, characterized by the presence of
13.50...17.41% per dry cell weight of β-glucanes and
6.8...11.6% of mannoproteins.  Thus, Saccharomyces
cerevisiae CNMN-Y-18 yeast strain has been proposed
to be included in list of microorganisms with high
biotehnological potential for the production of
mannoproteins.

REFERENCES

[1] Aebi H (1984). "Catalase in vitro", in: Methods in
Enzymology. Colowick S.P, and Kaplan N. O. (Eds.).
Academic Press, New     York, vol. 105, p: 121-126,

[2] Aguilar-Uscanga, B., Francois, J., (2003): A study of the
yeast cell wall composition and structure in response to
growth conditions and mode of cultivation. Letters in
Applied Microbiology, 37: 268-274.

[3] Anghel, I., Vamanu, A., Mitrache L.,  et. al., (1993):
Biologia şi tehnologia drojdiilor. Editura Tehnică,
Bucureşti, vol. 3, 308 p.

[4] Barnett, J. A., Payne, R. W., Varrow, D., (2000): Yeasts:
Characteristics and Identification. 3-rd Edition, Univ.
Press, Cambridge, 1150 p.

[5] Brevet de invenţie. 1930 G2, MD, C11B 1/10: Procedeu de
extragere a lipidelor din drojdii/ Usatîi A. ş.a. (MD).
Cererea depusă 2000.05.29, BOPI nr. 5/2002.

[6] Brevet de invenţie. 3752 G2, MD, C12N9/02. Metodă de
determinare a activităţii superoxiddismutazei/ V.
Bulimaga, N. Efremova, L. Dencicov (MD). Cererea
depusă 28.03.2008, BOPI nr. 11/2008.

[7] Caridi, A., (2007): New perspectives in safety and quality
enhancement of wine through selection of yeast based on
the parietal adsorption activity. International Journal of
Food Microbiology,  120: 1-2, 30, 167-172.

[8] De Nobel, J., Klis, F., Priem, J., Munnik, T., Van Den
Ende, H. (1990): The glucanase-soluble mannoproteins
limit cell wall porosity in Saccharomyces cerevisiae.
Yeast,  6(6): 491–499.

[9]  Dey,  P.  M., Harborne, J. B., (1993): Methods in Plant
Biochemistry. Carbohydrates. Academic Press, vol. 2,
529 p.

[10] Duca, M., Savca, E., Port, A., (2001): Fiziologia vegetală.
Tehnici speciale de laborator. USM, Chişinău, 173 p.

[11] Giovani, G., Canuti, V., Rosi, I., (2010): Effect of yeast
strain and fermentation conditions on the release of cell
wall polysaccharides. International Journal of Food
Microbiology, 28: 303-307.

[12] Goncalves, F., Heyraud, A., De Pinho, M., Rinaudo, M.,
(2002): Characterization of white wine mannoproteins.
Journal of Agricultural and Food Chemistry, 50(21):
6097-6101.

[13] Guadalupe, Z., Martinez, L., Ayestaran, B., (2010):
Yeast mannoproteins in red winemaking: Effect on
Polysaccharide, polyphenolic, and color composition.
American Journal of Enology and Viticulture, 61(2): 191-
200.

[14] Hirofumi H., Hiroya Y., Toh-Kheng G., Tomoyuki N.,
Nobuo K., and Yasuyoshi S.,(2001): Peroxisomal
Catalase in the Methylotrophic Yeast Candida boidinii:
Transport Efficiency and Metabolic Significance. Journal
of Bacteriology, 183(21): 6372–6383.

[15] Karreman, R., Dague, E., Gaboriaud, F., Quiles, F.,
Duval, J., Lindsey, G., (2007): The stress response
protein Hsp12p increases the flexibility of the yeast
Saccharomyces cerevisiae cell wall. Biochimica et
Biophysica Acta, 1774(1): 131-137.

[16] Kates, M., (1988): Separation of lipid mixtures.
Techniques of Lipidology. Elsevier, pp. 186-278.

[17] Klis, F., Pieternella, M., Klaas, H., Stanley, B., (2002):
Dynamics of cell wall structure in Saccharomyces
cerevisiae. FEMS Microbiology Reviews, 26(3): 239-
256.

[18]  Kogan,  G.,  Kocher,  A.,  (2007):  Role  of  yeast  cell  wall
polysaccharides in pig nutrition and health protection.
Livestock Science, 109: 161-165.

[19]  Kollar,  R., Reinhold, B.B., Petrakova, E., Yeh, H.J.,
Ashwell, G., Dragonova, J.C., Klis, F.M., (1997):
Arhitecture of the yeast cell wall. Beta(1-6), glucan
interconnects mannoprotein, beta(1-3)-glucan and chitin.
Journal of Biological Chemistry, 272(28): 17762-17775.

[20] Kreger-Van Rij, N.J.W., (1984): General classification
of the yeasts. The yeast: Ataxonomic study. 3rd Edition,
Elsevier, Amsterdam, 1082 p.

[21] Krizkova, L., Durackova, Z., Sandula, J., Sasinkova, V.,
Krajcovic, J., (2001): Antioxidative and antimutagenic
activity of yeast cell wall mannans in vitro. Mutation
Research, 497(1-2): 213-222.

[22] Krizkova, L., Zitnanova, I., Mislovicova, D., Masarova,
J., Sasinkova, V., Durackova, Z., Krajcovic, J., (2006):
Antioxidant and antimutagenic activity of mannan
neoglycoconjugates: mannan-human serum albumin and
mannan-penicillin G acylase. Mutation Research, 606(1-
2): 72-79.

http://onlinelibrary.wiley.com/doi/10.1002/yea.v6:6/issuetoc
http://www.sciencedirect.com/science/journal/01681605
http://www.sciencedirect.com/science/journal/01681605
http://www.ajevonline.org/search?author1=Bel%C3%A9n+Ayestar%C3%A1n&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Krajcovic%20J%22%5BAuthor%5D


Usatîi, A., Molodoi, E., Efremova, N., Chiseliţa, N., Borisova, T., Fulga, L. - Phenotypical signs and chemical composition of Saccharomyces cerevisiae – mannoprotein
producers

115

[23]  Liu,  H.,  Wang,  Q.,  Liu,  X.,  Tan,  S.,  (2008):  Effects  of
spaceflight on polysaccaharides of Saccharomyces
cerevisiae cell wall. Applied Microbiology and
Biotechnology, 81: 543-550.

[24] Liu, H., Wang, Q., He, Y., (2011): Immunoactivities and
antineoplastic activities of Saccharomyces cerevisiae
mannoprotein. Carbohydrate Polymers, 83: 1690-1695.

[25] Lowry, O., Rosebough, N., Farr, A., Randall, R., (1951):
Protein measurment with the folin phenol reagent.
Journal of Biological Chemistry, 193: 265-275.

[26] Lushchak, V., Gospodaryov D., (2005): Catalases
protect cellular proteins from oxidative modification in
Saccharomyces cerevisiae. Cell Biology International,
29(3):187-192.

[27] Madrigal-Santillan, E., Alvarez-Gonzales, I., Marquez-
Marquez, R., Velázquez-Guadarrama, N., Madrigal-
Bujaidar, E., (2007): Inhibitory effect of mannan on the
toxicity produced in mice fed aflatoxin B1 contaminated corn.
Archives of Environmental Contamination and
Toxicology, 53(3): 466-472.

[28] Madrigal-Santillan, E., Morales-Gonzales, J., Sanchesz-
Gutierez, M., Reyes-Arellano, A., Madrigal-Bujaidar, E.,
(2009): Investigation on the protective effect of alpha-
mannan against the DNA damage Induced by Aflatoxin
B(1) in Mouse Hepatocytes. International Journal of
Molecular Sciences, 10(2): 395-406.

[29] Niederwieser, A., Pataki. G., (1971): New techniques in
amino acid, peptide, and protein analysis. Ann Arbor
Science Publishers, 461p.

[30] Novitskaia, G., (1974): Metodicescoe rucovodstvo po
toncosloinoi hromatografii fosfolipidov. Nauka, Moscva,
82p. (in Russian).

[31] Nguyen, T.H., Fleet, G.H., Rogers, P.L., (1998):
Composition of the cell walls of several yeast species.
Applied Microbiology and Biotechnology, 50(2): 206-
212.

[32] Prohorova, М., (1982): Мetodî biohimiceschih
isledovanii. Leningrad, 272 p. (in Russian).

[33] Thammakiti, S., Manop, S., Thanaporn, P., Cornel, V.,
(2004): Preparation of spent brewer's yeast β-glucans for
potential applications in the food industry. International
Journal of Food Science and Technology, 39(1): 21-29.

[34]  Usatîi,  A.,  Molodoi,  E.,  Chiseliţa,  N.,  Chiseliţa,  O.,
Efremova, N., Borisova, T., Fulga, L., (2011): Tulpini de
drojdii – surse valoroase pentru obţinerea β-glucanilor şi
mananilor. Buletinul Academiei de Ştiinţe a Moldovei,
3(325): 128-134.

[35] Zaharova, I., Kosenko, L., (1982): Metodî izucenia
microbnîh polisaharidov. Naukova Dumka, Kiev, 192p.
(in Russian).

Received: 15 May 2012
Accepted: 30 September 2012
Published Online: 3 October 2012
Analele Universităţii din Oradea – Fascicula Biologie
http://www.bioresearch.ro/revistaen.html
Print-ISSN: 1224-5119
e-ISSN: 1844-7589
CD-ISSN: 1842-6433

http://www.bioresearch.ro/revistaen.html

	MATERIALS AND METHODS
	MATERIALS AND METHODS


