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นฤมล มงคลธนวัฒน : การปรับปรุงการผลิตบีตากลูแคนใน Saccharomyces cerevisiae โดยสารเติมแตง
บางชนิด.(IMPROVEMENT OF β-GLUCAN PRODUCTION IN Saccharomyces cerevisiae USING 
SOME ADDITIVES) อ. ที่ปรึกษาวิทยานิพนธหลัก:ผศ.ดร.รมณี  สงวนดีกุล, อ.ที่ปรึกษาวิทยานิพนธรวม 
: ผศ.ดร. ช่ืนจิต ประกิตชัยวัฒนา, Assoc. Prof. Dr. Lynne A. McLandsborough, ดร. ภาวดี  เมธะคานนท,    
153  หนา.  

                   จากการคัดเลือก S. cerevisiae  3 สายพันธุ S. cerevisiae  Angel® เปนสายพันธุที่เหมาะสมเพื่อใชในการศึกษาผลของ
สารเติมแตง (EDTA, SDS, NaCl) ตอปริมาณและคุณภาพของของบีตากลูแคน  เนื่องจากมีปริมาณบีตากลูแคน เปอรเซ็นต
น้ําหนักเซลลแหง และมีปริมาณบีตากลูแคนสุทธิสูงสุด  จากการเติมสารเติมแตง (EDTA, SDS, NaCl) ที่ระดับความเขมขนตางๆ 
ในอาหารเลี้ยงเช้ือ YPD เล้ียงภายใตเคร่ืองเขยาที่ความเร็วรอบ 200 รอบ/นาที พีเอช 4 อุณหภูมิ 30 องศาเซลเซียส พบวาการเจริญ
ของยีสตเปน sigmoid curve สามารถอธิบายโดยใชสมการ non-linear regression ในสมการของ shifted logistic equation ระดับ
การเจริญของยีสตสูงกวากลุมควบคุม เม่ือเติม SDS 100 และ 200 พีพีเอ็ม ในทางกลับกันระดับการเจริญลดลงเม่ือเติม EDTA 100  
200 พีพีเอ็ม NaCl 30,000  และ 60,000 พีพีเอ็ม นอกจากนี้เม่ือเล้ียงยีสตดวยสารเติมแตงทําใหเวลาที่ยีสตใชต้ังแตเร่ิมตนจนถึงมี
อัตราการเจริญสูงสุดเพิ่มขึ้น  อยางไรก็ตามไมพบการเจริญและเซลลตายเม่ือเล้ียงยีสตดวยสารเติมแตงที่ความเขมขนสูง และ
สารเติมแตงผสม จากผลการทดลองท่ีไดพบวาสภาวะที่เหมาะสมของสารเติมแตงชนิดเดียวคือ EDTA 50 พีพีเอ็ม SDS 100  พีพี
เอ็ม และ NaCl 30,000  พีพีเอ็ม จากนั้นประมาณความเขมขนของสารเติมแตงผสมที่เหมาะสมรวม 4 ชุด โดยใชโปรแกรม
คอมพิวเตอร พบวา (1) ผลรวมของ EDTA 5 พีพีเอ็ม SDS 10 พีพีเอ็ม (2) ผลรวมของ EDTA 5 พีพีเอ็ม NaCl 3,000 พีพีเอ็ม  (3) 
ผลรวมของ SDS 20 พีพีเอ็ม NaCl 3,000 พีพีเอ็ม และ  (4) ผลรวมของ EDTA 5 พีพีเอ็ม, SDS 10 พีพีเอ็ม และ NaCl 3,000 พีพีเอ็ม 
จากนั้นศึกษาผลของสารเติมแตงชนิดเดียวและสารเติมแตงผสมรวม 8 ชุด ตอรูปรางเซลล พื้นผิวเซลล การผลิตบีตากลูแคน และ
องคประกอบของเซลล พบวาเซลลคอนขางกลม (ความแตกตางระหวางความยาวและความกวางเพียง 0.84 ไมโครเมตร) มี
จํานวนรอยแผลของการแตกหนอ และปริมาณบีตากลูแคนมากที่สุด ในขณะที่กลุมที่ 2 เซลลรูปไข ยาว และยาวมากที่สุดใน
หนวยทดลองที่เติม  EDTA 5  พีพีเอ็ม  และ NaCl  3,000 พีพีเอ็ม  (ความแตกตางระหวางความยาวและความกวาง  2.00 นาโน
เมตร) จาก FTIR สเปกตรัม หนวยทดลองท่ีเติมสารเติมแตงจะมีปริมาณของโพลีแซคคาไรดสูงกวากลุมควบคุม ยกเวนเม่ือเล้ียง
ในสวนผสมของ EDTA 5  พีพีเอ็ม  และ  NaCl  3,000 พีพีเอ็ม  จากผลการทดลองน้ีสรุปวาสารเติมแตงกระตุนการสรางบีตากลู
แคนและการสังเคราะหผนังเซลล  นอกจากนี้ปริมาณของโปรตีนตํ่าที่สุดเม่ือเล้ียงยีสตในอาหารเล้ียงเช้ือที่มี SDS 100 พีพีเอ็ม  
และสูงที่สุดเม่ือเล้ียงในสวนผสมของสารเติมแตง 3 ชนิด  อัตราสวน β-(1,6) : β-(1,3) สูงขึ้นเม่ือเพาะเล้ียงยีสตดวยสารเติมแตง
ยกเวน EDTA 50 พีพีเอ็ม  อยางไรก็ตามหลังจากสกัดบีตากลูแคน พบวาอัตราสวน β-(1,6): β-(1,3) ในหนวยทดลองที่เติม
สารเติมแตงตํ่ากวากลุมควบคุม จากการศึกษาน้ําหนักโมเลกุลพบวาบีตากลูแคนจากยีสตที่เล้ียงดวย SDS 20 พีพีเอ็ม,  NaCl 3,000 
พีพีเอ็ม และ ผลรวมของ EDTA, SDS และ NaCl พบวามีน้ําหนักโมเลกุลเฉล่ียมากกวากลุมควบคุมและหนวยทดลองอ่ืน   
สําหรับการศึกษาสมบัติของบีตากลูแคนในการกระตุนภูมิคุมกันจะเปล่ียนบีตากลูแคนเปน CM-glucan กอนการทดสอบ พบวา
ความเขมขนของ CM-glucan  และปริมาณคารบอกซีเมททิลกรุปเปนปจจัยสําคัญที่มีผลตอการกระตุนเม็ดเลือดขาวและความเปน
พิษตอเซลล  โดยปจจัยดังกลาวมีแนวโนมแปรผันตรงกับสมบัติทางชีวภาพทั้งสอง 
 
 
ภาควิชาเทคโนโลยทีางอาหาร                ลายมือชื่อนิสิต...…………...........................................................................................................

สาขาวิชาเทคโนโลยีทางอาหาร              ลายมือชื่อ อ.ที่ปรึกษาวิทยานิพนธหลัก........................................................................................ 

ปการศึกษา       2553                              ลายมือชื่อ อ.ที่ปรึกษาวิทยานิพนธรวม ..................………………………................................. 

                                                              ลายมือชื่อ อ.ที่ปรึกษาวิทยานิพนธรวม ..................……………………………………………. 

                                                              ลายมือชื่อ อ.ที่ปรึกษาวิทยานิพนธรวม ..................…………………………………………….     



 

 

 v

# # 4973866123 : MAJOR   FOOD TECHNOLOGY 
KEYWORDS :  β-GLUCAN/ ADDITIVES/ Saccharomyces cerevisiae/ CELL MORPHOLOGY/ 
CM-glucan 

NARUEMON  MONGKONTANAWAT : IMPROVEMENT OF β-GLUCAN 
PRODUCTION IN Saccharomyces cerevisiae USING SOME ADDITIVES. THESIS 
ADVISOR : ASSIT. PROF. ROMANEE  SANGUANDEEKUL, Ph.D., THESIS CO-
ADVISOR :  ASSIT. PROF. CHEUNJIT  PRAKITCHAIWATTANA,  ASSOC. PROF. 
LYNNE A. MCLANSBOROUGH, PAWADEE  METHACANON, Ph. D., 153 pp.  

 

 
After screening of  S. cerevisiae strains,  S. cerevisiae Angel® was selected as the test 

culture to study the effect of additives on quantity and quality of yeast β-glucan on the basis of high 
net β-glucan yield.  EDTA, SDS and NaCl were supplemented into the medium at various 
concentrations.  Cells were cultivated at pH 4, 30 °C with a reciprocal shaking at 200 rpm for 48 h.  
Sigmoid curve of yeast growth was analyzed using non-linear regression and presented as a 
function of shifted logistic equation.  Treatments with SDS at 100 ppm  and 200 ppm gave higher 
growth level than control.  On the other hand,  50 and 100 ppm EDTA  resulted in reduction of 
growth level.  Similarly, the growth level of yeast cell was reduced in 30,000 ppm and 60,000 ppm 
NaCl.  In addition, the time to reach the highest growth rate was longer in the presence of additives.  
Conditions with no growth and cell death were found in treatments with high concentrations and 
combination of additives.  Based on this observation, the optimum concentration of each additive 
supplemented solely was 50 ppm EDTA, 100 ppm  SDS and 30,000 ppm NaCl.  Using computer 
software for estimation, 4 suitable combination of additives were EDTA 5 ppm and SDS 10 ppm; 
EDTA 5 ppm and  NaCl 3,000 ppm; SDS 20 ppm and NaCl 3,000 ppm; and the combination of 
EDTA 5 ppm, SDS 10 ppm and NaCl 3,000 ppm.  For further investigation, eight treatments (four 
single additives and four combination of additives) were set to study the effect of additives on cell 
shape, wall surface, β-glucan production and composition of cell in S. cerevisiae Angel®.  Yeast  
cultured in medium supplemented with 100 ppm SDS exhibited rounder cell shape (the difference 
between major axis and minor axis length is 0.84 μm) with highest number of bud scars and highest 
β-glucan content (8.15 %w/w).  Whilst, the second group was long oval cell shape and the longest 
cell was exhibited in treatment with combination of 5 ppm EDTA and 3,000 ppm NaCl (the 
difference between major axis and minor axis length is 2.00 μm).  From FTIR spectra of yeast cell, 
treatments with additives showed slightly higher amount of polysaccharide region compared to 
control, with the exception in the presence of combination of 5 ppm EDTA and 3,000 ppm NaCl.  
Interestingly, these results implied that additives could activate β-glucan formation and cell wall 
synthesis.  The ratio of protein region when yeast was cultivated with 100 ppm SDS was lower than 
control and other treatments.  The highest protein was found when yeast was cultured with three 
combination of additives.   For the β-(1,6) : β-(1,3) in yeast cell,  calculation showed that the ratios 
were higher than control when yeast was cultivated with additives, with the exception of treatment 
with 50 ppm EDTA.  However, after β-glucan extraction, the β-(1,6) : β-(1,3) was lower in 
treatments with additives.  The higher weight average molecular weight than control were found 
when cultivated yeast with combination of 20 ppm EDTA, 3,000 ppm NaCl and three combination 
of EDTA, SDS and NaCl.  For immunomudulatory properties, the β-glucan was derivatized to 
carboxymethylglucan (CM-glucan) before test.  It was found that degree of substitution (DS) and 
concentration of CM-glucan seemed to affect significantly stimulation activity of macrophage cell 
as well as their cytotoxicity.  The higher DS and concentration, the higher activity tended to be. 
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CHAPTER Ι 

INTRODUCTION 

 

β-Glucans are a group of polysaccharides which compose of glucose units 

linked with beta-glycosidic bonds.  They have been used in many industries: 

pharmaceutical industry, food and feed industries and cosmetics industry.  The 

functional properties of food products such as thickening property, water holding 

capacity, emulsifying property can be improved by β-glucans.  The medicinal 

properties such as antitumor, antiviral, antimicrobial, antioxidant, mycotoxins 

absorption, immune response stimulation in animals, reduction of cholesterol and 

glucose in blood also exhibited.  They have been found in many natural sources 

such as bacteria, yeast, fungi and plants with differences in structure and 

functional properties.  Interestingly, β-glucan produced by S. cerevisiae has 

shown to be the most effective immune enhancing source.  The structure of β-

glucan is composed of a long chain β-(1,3)-glucan and branch β-(1,6)-glucan.  β-

Glucan synthesis takes place in plasma membrane by uridine diphosphoglucose 

pyrophosphorylase (UGPase) and β-glucan synthetase group. 

There are many reports about the effect of the environmental stress factors 

on stimulating β-glucan formation in fermentor and agar culture such as 

component of media, weak acid, SDS, hygromycin B and K1 killer toxin.  In 

addition, the previous study revealed that EDTA activated β-(1,3)-glucan synthase 

in cell free extracts of S. cerevisiae.  SDS has been shown to activate actin 

cytoskeleton, FKS1 and PIM1 gene.  Sodium chloride stimulated UDP-glucose 

production, which is the substrate of β-glucan synthesis and actin synthesis and 

increased cell wall thickness.  Consequently, they stimulate β-glucan formation.  

From the many previously reports, the additives could be activate β-glucan 

synthesis.  Surprisingly, there is no report on the combination effect of additives 

on improvement of β-glucan formation in S. cerevisiae.  Therefore, this research 

aimed to investigate the effect of additives on growth, β-glucan production, 

structure and molecular weight of β-glucan.  Finally, the immunomodulatory 

properties of β-glucan from S. cerevisiae  were assessed.   
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1.1 Objectives 

 

The specific objectives of this study were to investigate influences of 

additives namely EDTA, SDS and NaCl on β-glucan of S.  cerevisiae, structure 

and properties of β-glucan produced . 

 

 



CHAPTER ΙΙ 

        LITERATURE  REVIEW 

 

2.1  β-Glucans 

 

       β-Glucans are a group of polysaccharides which are composed of glucose 

units linked with beta-glycosidic bonds (Klis et al., 2002).  They can not be 

dissolved in water at room temperature but they show high water-holding capacity 

and thickening properties which allow them to be used as a fat replacer and a 

stabilizer (Reed and Nagodawithana, 1991; The National Innovation 

Agency(NIA), 2005).  Consequently, they have been used in many industries: the 

pharmaceutical industry, food and feed industries and cosmetics industry (Reed 

and Nagodawithana, 1991; Zülli and Saceker, 1994; Zülli et al.,1996;  

Suphantharika et al., 2003; Kogan and Kocher, 2007; Satrapai and Suphantharika, 

2007; Kunlayavattanakul and Lourith, 2008 ).  β-Glucans also exhibit medicinal 

properties such as antitumor, antiviral, antimicrobial, antioxidant, mycotoxins 

absorption, immune response stimulation in animals such as shrimp, weaned pigs 

and mice; and the reduction of cholesterol and glucose in blood (Ostroff, 1997; 

Nicolosi et al.,1999; Ross et al., 1999; Hayen and Pollmann, 2001; Ortuno et al., 

2002; Chen and Seviour, 2007). 

       β-Glucans have been found in many natural sources such as bacteria, yeast, 

fungi, algae and higher plants with differences in structure and functional 

properties (Chen and Seviour, 2007).  For examples, bacteria have been shown to 

contain only β-(1,3)-glucosidic linkages with linear chains (Fig. 2.1), fungi have 

been found to have β-(1,3)-glucan linear chains and the short branch of β-(1,6)-

glucan (Fig. 2.2), in plants have been shown to include linear chains and be 

composed of a mixture of β-(1,3) and β-(1,4) linkages (Fig. 2.3).  β-Glucan 

structure different from sources are summarized in Fig 2.4.  The macromolecular 

structure of β-glucans depends on both the source and method of isolation, 

varying in the distribution and length of side chains, which provide for complex 

tertiary structures stabilized by inter-chain hydrogen bonds.  In  S. cerevisiae,  cell 
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walls are composed of β-glucan about 55-65 %,  which consists of long chains β-

(1,3)-glucan representing about 85 %.  This class of glucan has an average of 

15,000 glucose residues per molecule and short chains of  β-(1,6)- glucan which 

predominantly harbors β-(1,6)-linkage, but also contains some β-(1,3)-linked 

branch points and exhibits a degree of polymerization of approximately 140 

glucose residues, represent about  15 % (Fig. 2.5) (Klis  et al., 2002; Ha et al., 

2006).  

 
Fig 2.1  The structure of  β-glucan from bacteria; curdlan from Alcaligenes   

faecalis 

              Source: Chen and Seviour (2007) 

 
Fig 2.2  The structure of  β-glucan from fungi; lentinan from Lentinula edodes 

              Source: Chen and Seviour (2007) 

 
Fig. 2.3  Structure  β-glucan  from plant : oat 

   Source: Kim et al. (2006) 
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Fig 2.4  The structure of  β-glucan from different sources 

              Source: Volman, Ramakers and Plat (2007) 

 
Fig 2.5  β-Glucan  from S. cerevisiae 

   Source: Barsanti et al.(2011) 

 

 2.1.1 Structure of β-glucan from S. cerevisiae 

 

             In S. cerevisiae, β-glucan are composed of the linear long chains β-

(1,3)-glucan and the branching β-(1,6)-polymer, which is amorphous in structure, 

and acts as flexible glue by forming covalent cross-link to β-(1,3)-glucan, chitin 

and cell wall mannoprotein (Lesage and Bussey, 2006).  Krainer et al. (1994) 

studied the structure of β-glucan from S. cerevisiae.  The spectra indicate that the 

β-glucan in the cell wall assumes a helical conformation (Fig 2.6).  β-(1,3)-Glucan 

can show three different conformations; triple helical, single helical and random 

coil.  Triple helical conformation is stable at neutral pH and ambient temperature.  

An increase in pH will change the single helical conformation to random coil 

structure (Leung et al., 2006). The intramolecular force which maintains the 

single helical conformation and intermolecular force which maintains the triple 

helical conformation are hydrogen bonds (Reed and Nagodawithana, 1991; 
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Zekovic et al., 2005).  An increase in temperature, hydroxide ion concentration or 

chaotropic agent concentration; dimethyl sulfoxide (DMSO), will disrupt 

hydrogen bonds and causes to change from triple helix to single helix, and single 

helix to random coil (Fig. 2.7) (Leung et al., 2006). 

 
Fig 2.6   Triple helix structural conformation of β-(1,3)-D-glucan forming the   

backbone of the yeast cell wall 

      Source: Zekovic  et al.(2005) 

 
Fig 2.7   The transition of β-glucan triple helical conformation to single helical 

conformation and random coil conformation in response to physical and 

chemical treatment 

   Source: Leung et al.(2006) 

 

 Yeast  cell  wall  consists  of  alkali–insoluble β-glucan  in  the  

inner  layer  and  alkali–soluble β-glucan  in the  middle  layer. The alkali-soluble 

glucan constitutes a minor component (15-20 % w/w of total glucan) of the cell 

wall, and has little structural importance.  The major glucan component in the cell 
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wall is the alkali-insoluble, which composed of about 35 % of the wall (Walker, 

1999).  This glucan consists of a β-(1,3)-linked backbone with a high molecular 

weight (240,000), which consists of 3 % β-(1,6)-interaction linkages, and is 

responsible for both the structure and intergrity of the cell wall (Ha et al., 2006).  

 The solubility of β-glucan associates with the degree of 

polymerization (DP).  β-Glucans are completely insoluble in water when DP 

›100.  Solubility increases when DP decreases.  β-Glucans can be classified 

according to their solubility properties as below: 

 a. alkali-insoluble, acetic acid  insoluble  β-(1,3)-glucan 

 b. alkali-soluble β-(1,3)-glucan 

 c. highly branched β- (1,6)-glucan (Zekovic et al., 2005)  

 

 2.1.2  Properties of β-glucan  from S. cerevisiae 

 

           The functional, nutritional and medicinal properties of β-glucan 

from S. cerevisiae have been shown as follow: 

 

            2.1.2.1 Functional properties 

 

               Satrapai and Suphantharika (2007) studied β-glucan  as fat 

replacer in mayonnaise by partially substitution at level 25, 50 and 75 %, which 

indicated that high level of β-glucan could reduce fat particle size and caloric 

value of the products, and increased water-holding capacity and water activity of 

the products.  The replacement of β-glucan (BG)  in 6 % rice starch (RS) with the 

mixing ratio of RS /BG at level 6.0/0.0, 5.7/0.3, 5.4/0.6, and 5.0/1.0 (w/w) were 

investigated.  It was found that β-glucan could increase viscosity of the RS/BG 

mixed suspensions during pasting and also retard the retrogradation, syneresis and 

hardness of the mixed gels during refrigerated storage.  

 

       2.1.2.2 Nutritional  properties 
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                   β-Glucans are not degraded by human enzymes, thus provide 

them with nutritional fiber properties as a dietary fiber (Reed and Nagodawithana, 

1991; The National Innovation Agency (NIA), 2005; Zekovic et al., 2005).  The 

greastest interest in these fibers is due to the fact that they demonstrated protective 

hypocholesterolemic effect and reducing risk of chronic diseases (Mantovani et 

al., 2008).  It is also known that β-glucan can reduce blood cholesterol levels.  

The ingestion of β-glucan increased intestinal viscosity and reduced choresterol 

absorption, thereby promoting its excretion (Kim et al., 2006). 

 

       2.1.2.3 Medicinal properties 

 

                    β-Glucan from S. cerevisiae has been found as an 

immunodulator in human and animals, antitumor, absorption mycotoxin, 

antimicrobial agent and antioxidant as follow:  

 

 2.1.2.3.1  Immunodulator in human and animals  

 

            Many studies have been shown that β-glucan 

from S. cerevisiae exhibits immunomodulating activity.  The efficiency of the 

activity depends on the effect of binding to specific sites (receptors) on 

monocytes, macrophages and granulocytes.  β-Glucan receptors are CR3 

(complement receptor 3), lactosylceramind (Zimmerman et al., 1998; Akramienė 

et al., 2007; Goodridge, Wolf and Underhill, 2009), scavenger receptors and 

dectin-1 (Kogan and Kocher, 2007; Goodridge, Wolf and Underhill, 2009). 

Adams et al. (2008) showed that dectin-1 is highly specific for glucans with a 

pure (1→3)-β-linked backbone structure.  Structure analysis demonstrated that 

glucan backbone chain length and (1→6)-β-side chain branching strongly 

influenced dectin-1 binding affinity (Tsoni and Brown, 2008).  Dectin-1 is a C-

type lectin–like pattern recognition receptor that binds glucans and induces innate 

immune responses to fungal pathogens (Chen and Seviour, 2007).  The 

stimulating activity leads to the production of monocytes, granulocytes, increased 
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antibody titres, boosted cytokine release (including IL-1, IL-2, IL-6 and TNF-α) 

and prostaglandin E2 production (Chen and Seviour, 2007; Volman, Ramakers 

and Plat, 2007; Novak and Vetvicka, 2008).  Ross  et al. (1999) found that soluble 

yeast β-glucan iC3b-recepters opsonized tumor cells, phagocyte and NK cells, then 

secretion of the cytokines TNFa, IFNg and IL-6 were produced.  In addition 

Ostroff (1997) determined that poly-β-(1,6)-glucotriosyl-β-(1,3)-glucopyranose 

glucan (PGG-glucan) increased the formation of neutrophil and monocyte in rats.    

MMoorreeoovveerr,,  WWaakksshhuullll  ((11999999))  sshhoowweedd  tthhaatt  PGG-glucan is an immunomodulator 

which enchances leukocyte anti-infective activity and enhances myeloid and 

megakaryocyte progenitor proliferation. The effect of immunoadjuvants depends 

on primary structure, degree of branching (DB), solubility, molecular weight, the 

charge of polymers and structure in aqueous media, are involved in the biological 

activity (Okazaki et al., 1995; Ross et al., 1999; Zekovic et al., 2005; Chen and 

Seviour, 2007; Volman, Ramakers and Plat, 2007).  Generally, β-glucan from 

S.cerevisiae has been exhibited DB as 0.2-0.3 (Novak and Vetvicka, 2008).  β-

Glucan with high molecular weight and lower branching ratios induced TNF-α 

released by macrophages (Okazaki et al., 1995).  β-Glucans with 0.2≤DB≥0.3, 

100≤MW≥200 KDa, and a triple-helix structure are more effective biologically 

activity (Zekovic et al., 2005; Mantovani et al., 2008).  Many researchers showed 

that β-glucan from S. cerevisiae stimulated immunity in animals.  For instance, 

Hayen and Pollmann (2001) found that S. cerevisiae β-glucan stimulated the 

growth of weaned pigs.    In addition,,  Suphantharika et al. (2003) found that 

brewer’s yeast β-glucan (BYG) has immuno stimulating properties.  In vitro, this 

glucan significantly enhanced phenoloxidase (PO) activity of black tiger shrimp 

hemolymph as compared to controls without added glucan.  Also in vivo, an oral 

administration of 0.2 % (w/w) in diets for 3 days significantly increased the PO-

activity of the shrimp.  Similarly, spent brewer’s yeast β-glucan has been shown 

to induce release of prophenoloxidase from intact black tiger shrimp haemocytes,  

when fed to shrimp at 0.2 % (w/w of the feed) for 3 days (Thanardkit et al., 2002).  

In addition, S. cerevisiae β-glucan 0.1 % in feed has been found that it enhanced 

MPO (Myeloperoxidase) and lysozyme levels, superoxide production, 
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haemagglutination titre and level of protection against A. hydrophila in Asian 

catfish, Clarias batrachus (Kumari and Sahoo, 2006).  In deed, Brattgjerd, 

Evensen and Lauve (1994) studied the immunostimulatory effect of M-glucan 

from S. cerevisiae on Atlantic salmon.  The results indicated that M-glucan 

elevated the activity of the non-specific part of the immune system.  Moreover, 

Cain et al. (2003) showed that S. cerevisiae glucan exhibited enhanced protection 

from bacterial challenge (Vibrio anguillarum, V. salmonicida and Yersinia ruckeri 

infections) in Catfish (Ictalurus punctatus, Racnesque).  Furthermore, β-glucan  

from S. cerevisiae has exhibited the ability to increase plasma interleukin-6, 

plasma interleukin-10 and tumer necrosis facter-α in weaned piglets (Li et al., 

2005; Li et al., 2006).   

There are many methods for immunomodulatory assay, Nitric Oxide(NO) 

assay is one of the methods. Nitric Oxide (NO) is produced from active 

macrophage cell by nitric oxide synthase (Fig. 2.8).  Macrophage cells; RAW 

264.7 used in this study were presented in Fig. 2.9.  Then NO is oxidized to NO-
2 

(nitrite), NO-
3 (nitrate) and determined as a colored azo-dry product of Griess 

reaction, which composed of N-1-napthylethylenediamine dihydrochloride (NED) 

and phosphoric acid that absorbed visible light at 540 nm (Fig. 2.10 and Fig. 2.11) 

(Marletta, 1993; Wink and Mitchell, 1998; Promega Corporation, 2010).   

 

 
 Fig. 2.8 Reaction catalyzed by nitric oxide synthase  

               Source: Marletta (1993) 
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Fig. 2.9  Macrophage cells (RAW 264.7) cultured in DMEM medium for 24 h.          

The image was taken by using light microscope at magnification 400X 

 
Fig. 2.10 The conversion of Nitric Oxide (NO) into nitrate (NO-

3) and nitrite       

(NO-
2) by reaction in system 

                  Source: Promega Corporation (2010) 

 

 
Fig. 2.11  Chemical reactions involved in the measurement of nitrite  

                 (NO-
2) using the Griess Reagent System 

     Source: Promega Corporation (2010) 
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The method for test the viability of macrophage cell is MTT assay.  This 

method is based on the cleavage of the yellow tetrazolium salt (MTT; 3-(4,5-

Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to purple formazan 

crystals by mitochondrial reductase in metabolic active cell (Bopp and Lettieri,  

2008 ).  In the reaction, the MTT enters the cells and passes into the mitochondria 

where it is reduced to an insoluble colour (dark purple) formazan product.  The 

cell are then solubilised with organic solvent (eg. DMSO, isopropanol) and the 

solubilised formazan reagent is measured by using spectrophotometer at 570 nm 

(Fig 2.12) (Ebada et  al., 2008). 

 
Fig. 2.12  Principle of cytotoxicity MTT assay 

     Source: Ebada et  al. (2008) 

 

 2.1.2.3.2 Antitumor 

 

 Akinobu (2003) measured the immunological 

activity, antitumor effects, and radioprotective effects of β-(1,3)-D-glucan 

(Macroglucan) extracted from S. cerevisiae.  Macroglucan 0, 200, 400, and 800 

mg/kg were administered intraperitoneally to C3H/HeJ mice. The results showed 

that the levels of cellular cytotoxicity, NK(Natural Killer) and LAK(Lymphokine-

activated killer) cell activity in the group administered Macroglucan were 

significantly higher than those in the control group.  Furthermore, β-glucan from 

S. cerevisiae (20 or 100 µg/ml of culture) exhibited the activation of interferon-γ 

(IFN-γ) production in vitro and in vivo (Pelizon et al., 2003).  Moreover, Khan 
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(2004) found that zymozan can stimulate the activity of PMNs 

(polymorphonuclear leukocytes) both in blood and fluid PMNs in Wistar male 

rats.  

 

 2.1.2.3.3  Mycotoxins absorption 

 

                                      S. cerevisiae β-glucan has been shown to absorb 

various mycotoxins; such as zearalenone, aflatoxin β1, deoxynivalenol, 

ochratoxin A and patulin.  Its admixture in the animal feed has been reduced the 

toxic effect of mycotoxin substances (Kogan and Kocher, 2007). The absorption 

properties were expected from hydrogen bonds and van der walls force in β-

glucan structure (Novak and Vetvicka, 2008).  Moreover, Yiannikouris et al. 

(2004) found that alkali-insoluble β-glucan fraction had greater affinity to absorb 

zearalenone (up to 50 %) than the alkali-soluble fraction (ca. 16 %). 

 

 2.1.2.3.4  Antimicrobial agent 

 

                                      Lowry et al. (2005) reported that β-glucan 

decreased the incidence of Salmonella enterica serovar Enteritidis(SE) organ 

invasion in immature chickens.  In addition, Hetland and Sandven (2002) found 

that β-glucan from baker’s yeast inhibited the growth of Mycobacterium 

tuberculosis in vitro and significantly stimulated the concentration of interferon-r 

and nitric oxide in bronchoalveolar lavage fluid from pigs (Jung et al., 2004).  

Moreover, Artemia supplemented with β-glucan has been shown to resist to the 

effects of pathogens: Vibrio campbellii and V. proteolyticus (Marques et al., 

2006).  Furthermore, Jung et al. (2004) investigated the potential antiviral effect 

of S. cerevisiae β-glucan on the pneumonia induced by swine influenza virus 

(SIV).  The result was shown that S. cerevisiae β-glucan reduced the pulmonary 

lesion score and viral replication rate in SIV-infected pigs.  In addition, poly-β-

(1,6)-glucotriosyl-β-(1,3)-glucopyranose (PGG) glucan significantly reduced 

Escherichia coli and Staphylococcus aureus in animal (Onderdonk et al., 1992).  

Other authors showed that PGG-Glucan (Betafectin®); a highly purified of 
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soluble β-(1,6)-branched-β-(1,3)-link glucan isolated from S. cerevisiae enhanced 

clearance of a multiple an antibiotic resistant Staphylococcus aureus and an 

increase in monocytes and neutrophils (Liang et al., 1998). 

 

 2.1.2.3.5  Antioxidant property  

 

                                       Jaehrig (2007) studied the antioxidative activity 

of a derivative of alkali-insoluble β-(1,3)-glucan in water-soluble by 

carboxymethylation compared with water-soluble D-mannitol.  β-(1,3)-glucan 

derivative has the scavenging activity much stronger than D-mannitol.  Similarly, 

carboxymethyl β-(1,3)-glucan (CMG) from S. cerevisiae showed high radical 

scavenging activity by using the technique of electron paramagnetic resonance 

(Kogan et al., 2005).   

 

 2.1.2.3.6  Reduction of blood cholesterol  

 

                                          When β-glucan was supplemented in diet 15 

g/day in obesity human for 14 days, the result indicated that the total cholesterol 

concentration was significantly reduced while the HDL-cholesterol concentration 

was increased (Nicolosi et al., 1999).  Moreover, Reed and Nagodawithana (1991) 

confirmed that yeast β-glucan is an excellent dietary fiber for in human for 

formulation and can reduce incident of coronary heart disease.  In addition, 

Betamune; insoluble yeast derived glucan and whole glucan particle (WGP) have 

been found to reduce blood cholesterol level in mice (Vetvicka and Vetvickova, 

2009). 

 

2.2  Applications of β-glucans in industry 

 

         Nowsaday, β-glucan can be produced from by-product in brewing and 

baking industries.  Moreover, S. cerevisiae can be grown easily and rapidly in 

many culture mediums at a low production cost and its whole genome is already 
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known.  Yeast β-glucan has various properties which are better than that found in 

other sources (Nguyen, Fleet and Rogers, 1998).  In addition, the U.S. Food and 

Drug Administration (FDA) has given the β-glucan derived from baker’s yeast 

extract a GRAS (Generally Recognized as Safe) rating (The National Innovation 

Agency (NIA), 2005; Zekovic et al., 2005). 

        There are many researches showing that β-glucan from S. cerevisiae has 

more benefit than other sources.  In  general, in vitro studies have suggested that 

large molecular weight or particular β-glucans (such as zymosan) can directly 

activate leukocytes,  stimulate  their  phagocytic, cytotoxic,  and  antimicrobial 

activities,  including the production of reactive oxygen and nitrogen  intermediates 

(Chen and Seviour, 2007; Volman, Ramakers and Plat, 2008).  Moreover,  

intermediate  or  low molecular weight β-glucans (such as glucan phosphate) have 

shown biological activity in vivo (Akramienė et al. 2007).  Moreover, the long 

branched side chain structure of β-glucan from S. cerevisiae has been shown to be 

the most effective immune enhancing source and it could be used to improve the 

functional properties of the food products (Reed and Nagodawithana, 1991; The 

National Innovation Agency (NIA), 2005; Satrapri and Suphantharika, 2007).  S. 

cerevisiae β-glucans  exhibited  immunomodulatory  activities  by  enhancing  the  

host  immune function and activating  macrophages,  neutrophils  and NK 

(Natural Killer) cells.  In deed, yeast β-glucan showed ability to bind  specifically  

with β-glucan  receptor  in macrophages  and  to stimulate  the  production  of  

cytokines such as dectin-1, TNF (tumor necrosis factor)-alpha and AL(interlukin)-

1β.  Furthermore,  β-glucans  showed  potential  to  be  used  as  anti-infective, 

anti-tumor, radioprotective, wound-healing  agents (Chen and Seviour, 2007). 

         However, β-glucan isolated from cell wall of baker’s yeast; S. cerevisiae is a 

water insoluble particulate polymer which is not suitable for pharmaceuticals 

application (Zülli et al., 1996; Zülli et al., 1998; Wang et al., 2005).  Thus, 

development of β-glucan structure for improving immunomudulatory properties 

factors for the production of cytokines from macrophage is important.  For 

examples, Zülli et al. (1996) and Zülli et al. (1998) modified it to 

carboxymethylglucan (CM-glucan), a water soluble product (Fig. 2.13) for use as 

cosmetic ingredient.  In addition, the combination of sonication and spray-drying 
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has been shown to receive a homogenous preparation of 1-2 μm diameter β-

glucan enhanced phagocytosis of mouse peritoneal macrophages significantly 

(Hunter Jr, Gault and Berner, 2002).  Moreover, Hromádková et al. (2003) 

recovered the aqueous medium as water-insoluble particles of S. cerevisiae β-

glucan by different drying methods: solvent exchange(GE), lyophilization(GL), 

and spray drying (GS).  The drying method has been shown to affect the 

microstructure of the glucan particle leading to differences in their physical 

properties (particle size and shape, swelling capacity, interparticle hydrogen 

bonding) as well as in the flow and viscoelastic properties.  Also, its 

immunomodulatory activity was two-fold higher than the GL and GE samples. 

Furthermore, Williams et al. (1991) studied the method to change the water 

insoluble glucan to water soluble glucan (glucan phosphate); it has the ability to 

prepare an immunologically active, non toxic glucan and greatly to use in clinical 

purpose. 

 
Fig 2.13  Structure of CM-Glucan  

    Source: Zülli and Saecker (1994) 

 

 2.2.1 Pharmaceutical industry 

 

         The pharmaceutical industry is exploring the therapeutic potential 

of yeast glucan as a biomedical agent to prevent infections and cancer.  The 

National Innovation Agency (NIA)(2005) reported that Innovacan™; β-glucan 

from S. cerevisiae is a supplement for improving the serum lipid profile in human, 

lowering risk of heart disease and improving cardiovascular health in human.  In 
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addition, zymosan from S. cerevisiae  activated the immune response in humans 

administered the human immunodeficiency virus (HIV) vaccine by stimulating Th 

cell-mediated immunity through activation of the complement system and 

interferon gamma (Ara et al., 2001). 

 

 2.2.2 Food and Feed  industries 

 

            In the food industry, yeast β-glucan is employed as thickening 

agent to improve the texture of food as stabilizer, fat replacer, used as a thickener, 

water-holding agent or emulsifying stabilizer in food products such as soups, 

sauces, desserts, sausage, meat-based product, ice cream and salad dressing (Reed 

and Nagodawithana, 1991; The National Innovation Agency (NIA), 2005).   For 

examples; Innovacan™; β-glucans from S. cerevisiae; is employed for improving 

food texture.  Moreover, Immunose™; β-glucans and mannan oligosaccharide 

from S. cerevisiae have increased the growth rate, the number of granulocytes and 

survival rate of shrimp (The National Innovation Agency(NIA), 2005).  Bio-

Mos® and MTB 100®; specific commercials yeast cell wall polysaccharide by 

Alltech Inc. (Nicholasville, KY) have been found to block fimbriae of pathogenic 

bacteria; such as E. coli, Salmonella sp. and Clostridium sp.; and exhibited to 

absorb a wide rang of mycotoxins, respectively.  Taken together, they have been 

used as feed supplement to enhance weanling piglets protection from bacteria 

infections and increase weight gain (Kogan and Kocher, 2007). 

 

 2.2.3 Cosmetic industry 

 

  Many researchers found that carboxymethylglucan from S. 

cerevisiae was an efficient ingredient in cosmetic products.  For instance, Zülli et 

al.(1996) showed that carboxymethylated β-(1,3)-glucan 0.04 %, 0.4 % in o/w 

emulsion increased in skin humidity after tested on human skin at forearm skin of 

volunteers over a 14 days period and decrease of transepidermal water loss.  

Furthermore, they exhibited the increase in rate of SC (Stratum Corneum) cell 

renewal.  Moreover, 0.04 %, 0.2 % of CM-glucan in o/w emulsion showed the 
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inhibition of squalene peroxidation after UVA exposure.  In deed, 0.005 % and 

0.01 % of CM-glucan in o/w emulsion exhibited human keratinocytes protection 

from the depletion of antioxidant molecules (Zülli et al., 1998).  Moreover, CM-

glucan 100 μg/ml has been shown to protect fibroblast and keratinocyte from the 

antioxidant molecule under oxidative stress caused by UV-A radiation (Zülli et 

al., 1995).   From that result, CM-glucan from baker’s yeast is a new potent 

biological agent for cosmetic and dermatological applications (Zülli and Saecker, 

1994; Zülli et al., 1996; Zülli et al., 1998; Kanlayavattanakul and Lourith, 2008).  

 

2.3  S. cerevisiae 

        S.  cerevisiae is a species of budding yeast in the Saccharomycetaceae 

family, Saccharomycetales order, Saccharomycetes  class, Saccharomycotina 

subphylum and Ascomycota phylum (Fig. 2.14).  It is an eukaryotic unicellular  

fungi,  which plays important role in baking and brewing (Alexopoulos, Mims and 

Blackwell, 1996).  

 

 

Fig 2.14 Scanning electron micrograph  of  S. cerevisiae  

               Source: Franklin (2009) 
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2.3.1  Cell wall of S. cerevisiae 

             Yeast cell walls of S. cerevisiae have been considered as an 

interesting source of β-glucan production.  In a cell, approximately 30 % of cell 

dry weight is the cell wall, which was ca. 70-100 nm thick (Fig. 2.15) (Klis et al., 

2002) and comprises of 15 % protein and 85 % polysaccharides (Reed and 

Nagodawithana, 1991).  The cell wall is an external envelope that surrounds yeast 

cells. This structure is essential for maintaining cell morphology and to protect 

cells from the external environment by preserving their osmotic integrity (Popolo, 

Guatieri and Ragni, 2001; Klis, Boorsma and Groot, 2006).  The yeast cell wall 

comprises of layers of polysaccharides and mannoprotein.  β-Glucans and chitin 

are responsible for rigidity of the cell wall affecting its morphology and shape.  

Mannoprotein and its carbohydrate portion (α-mannan) are responsible for cell–

cell recognition and interactions with the environment.  They also determine 

immunological specificity of the yeast (Klis et al., 2002; Liu, 2008) (Fig 2.16, 

Table 2.1).  The study of S. cerevisiae cell wall demonstrated the composition 

varies from 1.4 to 7.9 % of chitin, 28 to 67 % of mannan, 28 to 46 % of β-(1,3)-

glucan and 5 to 11 % of β-(1,6)-glucan which depends on environmental 

condition (Aguilar- Uscanga and Francois, 2003).  

 
 

Fig 2.15 The cell wall of  S. cerevisiae  

               Source : Zülli and Saecker (1994) 

 

Cell wall  
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Fig 2.16  Diagram S. cerevisiae cell wall showing the major polysaccharide 

components 

               Source : Kogan and Kocher (2007) 

 

Table 2.1  Macromolecules of the cell wall of S. cerevisiae 

Macromolecule % of wall mass Mean Mr(DP) (kDa) 

Mannoprotein 30 - 50 Highly variable 

β-(1,6)-glucan 5 - 10 24(150) 

β-(1,3)-glucan 30 - 45 240(1500) 

Chitin 1.5 - 6 25(120) 

 

Source : Klis, Boorsma and Groot (2006) 

 

The cell wall of S.cerevisiae is composed of β-(1,3)-glucan, β-(1,6)-

glucan, chitin, and mannoprotein. These components are linked to each other as 

macromolecular complexes in which β-(1,6)-glucan acts as a cross-linker, being 

attached to β-(1,3)-glucan and mannoproteins, and occasionally to chitin.  β-(1,3)-

Glucan is covalently linked to chitin to make up the inner cell wall, which is the 

main element responsible for the mechanical strength of this structure.  

Mannoprotein form the outer cell wall layer. Two main classes of proteins are 

coupled covalently to cell wall polysaccharides: GPI-dependent cell wall proteins 

(GPI-CWPs), which are generally linked to β-(1,3)-glucan through a β-(1,6)-

glucan chain, and PIR proteins (PIR-CWPs), which are directly linked to β-(1,3)-

glucan (Fig. 2.17) (Klis et al., 2002; Klis, Boorsma and Groot, 2006 ).  β-(1,3)-

Glucan is responsible for the mechanical strength of the cell wall (Klis, 1994). 
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Fig 2.17  Model for the molecular architecture of the S. cerevisiae cell wall 

                Source: Smits, Ende and Klis (2001) 

 

2.3.2 Cell wall biosynthesis in S. cerevisiae  

 

 Cell wall synthesis regulates in the cell cycle during budding 

process (Cabib,  Drgonov´ and  Drgon, 1998).  In initiation of a new cell cycle, a 

chitin ring forms at bud site.  Bud growth occurs at the tip (apical growth)(cell 

wall synthesis is switch on) until the bud reaches a size of approximately two 

thirds of the mother (cell wall synthesis is switch off).  During cytokinesis and 

cell separation, cell wall synthesis takes place in the mother-bud neck. After 

degradation of the chitinous primary septum, the two individual moves over to the 

surface (Fig. 2.18) (Cabib et al., 1993; Cabib et al., 2001; Smits, Ende and Klis, 

2001).  Rho1 is essential regulator of the synthesis (Cabib, Drgonov´ and  Drgon, 

1998; Inoue et al., 1999; Smits, Ende and Klis, 2001). The shift of Rho1 between 

the active (Rho1p-GTP) and inactive state (Rho1p-GDP) provide a switching on 

cell wall synthesis and β-(1,3)-glucan (Cabib et al., 2001).  Moreover, fraction B 

is a protein for cell wall synthesis (Fig. 2.19) (Cabib, Drgonov´ and Drgon, 1998).  

PCK1 MAP (Mitogen Activated Protein) kinase pathway is the major regulator of 

cell wall biosynthesis  and maintenance of cell wall integrity in  S. cerevisiae 

(Igual, Johnson and Johnston, 1996; Martín et al., 2000; Wojda et al., 2003). 
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Fig. 2.18   Cell wall biosynthesis occurs during the cell cycle.  Dashed lines 

      indicate the presence of chitin, which is generally synthesized only 

after cytokinesis.  Arrows indicate the polarization of the actin 

      cytoskeleton in the stage of the division cycle 

      Source: Smits, Ende and Klis (2001)  
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Fig. 2.19  The regulation of Rho1 activity and β-(1,3)-glucan synthesis  

                 Source: Cabib, Drgonov´ and  Drgon (1998) 

 

 2.3.3 β-Glucan synthesis  in  S. cerevisiae 

 

   In S. cerevisiae, the β-(1,3)-glucan synthase (EC 2.4.1.34) is a 

plasma membrane localized enzyme that transfers glucose to producing polymer 

of β-(1,3)-glucan.  Fks1p and Fks2p, are intergral plasma membrane subunits 

proteins and the activity of the β-(1,3)-glucan synthase is regulated by the 

intracellular GTP-binding protein Rho1p, which detected at the bud site (Fig. 

2.20, Table 2.2) (Cabib et al., 1993; Mazur and Baginsky, 1996; Cabib, Drgonov´ 

and  Drgon, 1998; Smits, Ende and Klis, 2001; Klis et al., 2002; Klis, Boorsma 

and Groot, 2006).  It has been reported that β-glucan synthesis takes place in the 

plasma membrane during the budding process of the cell growing under proper 

conditions (Frost et al., 1994).  β-Glucan synthase level is the highest in early 

exponential phase and declined in stationary phase (Frost et al., 1994).  GTP 

(Guanosine triphosphate) is an important activator (Frost, Drakef and Wasserman, 

1992; Cabib et al., 1993; Frost et al., 1994).  Cabib, Drgonov´ and  Drgon (1998) 

explained that β-glucan synthesis composed of Rho1-GTP, GDP-glucose and β-

glucan synthase complex, consequently actin filament has been happening around 

plasma membrane (Fig. 2.21).  For β-(1,3)-glucan synthesis and β-(1,6)-glucan 

synthesis, many of the identified gene products such as FKS1, GSC2, RHO1, 
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FKS3, KRE1 and KRE5 were localized throughout the secretory pathway (Lesage 

and Bussey, 2006).  This led to the hypothesis that the synthesis of β-(1,6)-glucan 

begins in the endoplasmic reticulum, the product is extended in the golgi, and 

final processing steps take place at the cell surface and plasma membrane 

(Montijn et al., 1999; Cabib et al., 2001; Vink et al., 2004; Klis, Boorsma and 

Groot, 2006).  The pathway of β-glucan synthesis comprises of 2 steps. Step 1, a 

formation of sugar nucleotides (UDP-glucose) is catalysed by uridine 

diphosphoglucose pyrophosphorylase (UGPase) as shown in the following 

equation: 

Glucose 1-phosphate  +  UTP →  UDP-glucose + PPi        (2.1)  

Step 2, the formation of β-glucan is catalysed by the β-glucan synthetase group. 

The β-glucan synthetase group comprises of β-(1,3)-glucan synthase, β-(1,6)-

glucan synthase, β-(1,3)-glucan elongase, exo-β-(1,3)-glucanase, exo-β-(1,6)-

glucanase and endo-β-(1,3)- glucanase (Walker, 1999; Lesage and  Bussey, 2006).  

 

 
 

Fig 2.20  The position of Rho1 and Fks1p in budding site of S. cerevisiae  

                Source: Cabib et al.(2001) 
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Fig. 2.21  Model for the regulation of β-(1,3)-glucan synthesis at the site of bud    

                 emergence.  Pr, prenyl group 

                 Source: Cabib, Drgonov´ and  Drgon (1998) 

 

 

2.4  Effect of stress condition on growth and β-glucan production 

in S. cerevisiae 

 
There are several factors which influence the components and morphology 

of the cell wall during the growth process.  Hohmann (2002; 2003) mentioned that 

when environment condition change, the cell must rapidly adjust itself for growth 

at the new condition.  Moreover, polysaccharide composition, structure and 

thickness of the cell wall are varied, depending on environment conditions 

(Waker, 1999; Aguilar-Uscanga and Francois, 2003; Klis, Boorsma and Groot, 

2006).  For example, the factors that were reported included the type of culture 

medium and carbon source, pH, temperature, aeration rate and culturing 

conditions. The study of β-glucan production in a batch fermentor demonstrated 
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that the most suitable culture medium and type of carbon source, optimum pH, 

temperature and aeration condition were Yeast Peptone Dextrose (YPD), 

galactose as carbon source, pH 4, 37 °C and well-aerated conditions (pO2 > 50% 

saturation in the medium).  However, in a shake flask cultivation, the best carbon 

source of β-glucan production was sucrose, and the β-glucan yield was higher 

than that in batch fermentor cultivation (Aguilar-Uscanga and Francois, 2003). It 

was reported that chemical substances such as 0.5 % of Congo red could directly 

inhibit the β-glucan synthesis in the protoplast of a cell (Kopeckfi and Gabriel, 

1992).   On the other hand, the factors affecting β-(1,3)-glucan synthase activity 

produced by S. cerevisiae in cell free extracts has been found as the stimulating 

agents such as EDTA, fluoride and GTP. The mechanism has been recently 

proposed for the activation of yeast hexokinase by chelators.  In this case it could 

liberate GTP, from endogenous GTP-cation complexs. GTP (or other nucleotide 

triphosphate) has been shown to activate β-(1,3)-glucan synthase only in the 

present of EDTA (Leal et al., 1984).  In addition, the best stimulation of β-(1,3)-

glucan synthase activity was EDTA in combination with GTP (Guillen et al., 

1985).   

There are many works reported that salt stimulated phosphoglucomutase 

(PGM2) and uridine diphosphoglucose pyrophosphorylase (UGPase) which are 

enzymes of UDP-glucose synthesis.   It also increased protein synthesis involving 

the ACT1 gene actin synthesis (Blomberg, 1995; 2000) but stimulated trehalose 

turnovered (Parrou, Teste and Francois, 1997). Moreover, exposure of S. 

cerevisiae to hyperosmotic solution of NaCl resulted in cell shrinkage, loss of 

viability cell, reduction of cell volumn and cell size decreased.  Nevertheless, on 

return to isotonic solution the wall were reversible.  In addition, the cell wall and 

structure have been increased in thickness and change (Morris et al., 1983; 

Attfield, 1997).  HOG (High Osmolarity Glycerol) MAP kinase pathway has been 

used to response in hyperosmotic condition, due to reorganization of actin 

cytoskeleton and cell wall; respectively (Slaninová et al., 2000; Wojda et al., 

2003).   Furthermore, Maneesri et al. (2005) found that the β-(1,6)-glucan and 

total β-glucan were increased when added SDS 0.003 %, hygromycin B 3 ug/ml 

and the K1 killer toxin (the polypeptide is secreted from Hansenular mrakii and 
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kills a strain of yeast by interfering with the synthesis of DNA, RNA, protein and 

lipid (Kasahara et al., 1994)) 3 ug/ml in YPD agar plate.  Kasahara et al. (1994) 

showed that HM-1 killer toxin inhibited the growth of  S. cerevisiae cell by 

interfering with β-(1,3)-glucan synthesis.  Addition of HM-1 killer toxin with 

several kinds of oligosaccharides has been blocked either β-(1,3)-glucan or β-

(1,6)-glucan whereas α-(1,4)-glucan and chitin did not.  Moreover, Delley and 

Hall (1999) found that SDS (an ionic detergent) destabilised the plasma 

membrane and cell wall at very low concentrations (Cosano et al., 2001; Popolo, 

Gualtieri and Ragni, 2001).  SDS (0.02 %) stimulated the actin cytoskeleton and 

FKS1 gene.  Furthermore, PIM1 gene; which encodes the MAPK (Mitogen 

Activated Protein Kinase) and the key enzyme in the signal transduction pathway 

has been activated with 0.03 % SDS (Cosano et al., 2001).  Indeed, SDS also 

activated GDP/GTP exchange activity to RHO1 gene (Bickle et al., 1998).  

Moreover, cell wall intergrity pathway is activated in hypoosmotic conditions 

(SDS) due to reorganization of cell wall.  The pathway may affected the synthesis 

of structure of cell wall (Smits, Ende and Klis, 2001; Levin, 2005; Klis, Boorsma 

and Groot, 2006). In addition, polyamine has been found to affect abnormalities 

of cell, to increase mannan and decrease β-glucan level in S. cerevisiae I 79-5; an 

ornitine decarboxylase mutant (spc-1) (Miret et al., 1992).  Furthermore, Coen et 

al. (1994) found that cilofungin and papulaeandin B, two inhibitors of glucan 

synthase, inhibited galactose incorporation into glucan.  Gracía et al. (2009) 

demonstrated that High Osmolarity Glycerol (HOG) and cell wall integrity 

pathways invole in adaptation in yeast survival to cell wall stress mediated by 

zymolyase, which hydrolyzes the β-(1,3)-glucan network.  Inoue et al. (1999) 

reported that when yeast cells were cultured in YPD medium with 50 mM or 100 

mM CaCl2, it was found that the higher Ca2+ concentration caused the critical 

damage to the plasma membrane and glucan synthase.  Detergents Brij-35 (β-

lactoglobulin) 0.5 % have stimulated β-(1,3)-glucan synthase in S. cerevisiae 

(Frost, Drakef and Wasserman, 1992).  Moreover, this enzyme significantly 

stabilized more than 12 days (4 °C) compared with one without this detergent 
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only 5 days.  However, glucolipid; papulacandin B and lipopeptides; echinocandin 

B and cilofungin have been shown to inhibit glucan synthesis (Frost  et al., 1994).                             

             In stress conditions (temperature, pH, hypoosmotic stress), sensors (the 

protein Wsc1p, Wsc2p, Wsc3p and Mid2p) received signals and transmitted to 

Rho1p (Inoue et al., 1999).  Consequently, mitogen activated protein kinase 

cascade and MAPK (Mitogen Activated Protein Kinase) pathway, which 

regulated cell wall integrity and repolarization of actin cytoskeleton were 

responded (Delley and Hall, 1999; Popolo, Gualtieri and Ragni, 2001; Cabib et 

al., 2001). This is responsible for depolarize glucan synthase FKS1 for repairing 

general cell wall damage (Delley and Hall, 1999).  In addition, FKS2/GSC2 is 

encoded for alternative  subunits of the  β-(1,3)-glucan synthase complex in stress 

condition (Fig. 2.22) (Klis et al., 2002).  

 
 

Fig. 2.22 The stress responses in S. cerevisiae 

    Source: Smits, Ende and Klis (2001) 



 

CHAPTER ΙΙΙ 

MATERIALS AND METHODS 
 

3.1  Materials 
 

3.1.1 Microorganisms 

 

           In this study, two commercial baker’s yeasts were used including 

Saccharomyces cerevisiae Fermipan® and S. cerevisiae Angel®.  S. cerevisiae 

TISTR 5059 isolated from pineapple was obtained from Microbiological 

resources center, Thailand Institute of Scientific and Technological Research. The 

microorganisms were maintained on YPD agar, incubated at 30 °C for 24 h and 

then stored at 4 °C prior to use as the starter.  Subculture was performed every 30 

d.  Starter culture was prepared in YPD broth, pH 7 at  30 °C for 24 h. 

 

 3.1.2  Apparatuses and Chemical Reagents 

 

  3.1.2.1  Apparatuses 

Name Model Country 

Autoclave TOMY SS-325, Hiclave  HVA-85 Japan 

Centrifuge Hettich Universal  32 R Germany 

Incubator shaker NB-205 Korea 

Laminar flow Nuaire USA 

Magnetic stirrer Gorning PC-400 USA 

pH meter 

Electronic balanced (3 points) 

Electronic balanced (4 points) 

Fourier Transform Infrared 

Spectrophotometer (FTIR 

spectroscopy) 

Qis  M360 

Satorius BP 221S 

Mettler Toledo AB204 

IR Prestige 21 

Germany 

Germany 

USA 

Japan 
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Confocal microscope 

Multi Angle Laser Light 

Scattering (MALLS) 

Microtiter plate reader 

Freeze dryer 

Sonicator 

Nikon 80i microscope 

DAWN EOS and Optilab DSP 

 

Biotek 

Free Zone® 6,12, and 18 liter 

Sonic Dimortrator Gorning PC-4100 

 

Japan 

USA 

 

USA 

USA 

USA 

    3.1.2.2 Chemical Reagents 

 

Name     Company            Country 

Yeast extract     Himedia    India  

Peptone    Himedia    India  

D-glucose     Himedia    India  

Ethylene diamine tetracetic acid Fisher  Sciencetific   USA 
(EDTA) 
Sodium dodecyl sulfate (SDS) Fluka  Biochemica   USA 

Sodium chloride (NaCl)  Fisher  Sciencetific   USA 

Yeast β-glucan Assay Kit  Megazyme    Ireland 

Savinase 16L type EX   Sigma     USA 

Sodium hydroxide   Fisher  Sciencetific    USA 

Hydrochloric acid   Fisher  Sciencetific   USA 

Potassium hydroxide   Fisher  Sciencetific   USA 

Hydrochloric acid   Fisher  Sciencetific   USA 

Methanol    Merck                Germany 

Acetone    Merck                Germany 

Acetic acid    Merck                Germany 

Mono-chloroacetic acid  Acros, Organics   USA 

Iso-propanol    Fisher  Sciencetific   USA 

Laminarin    Sigma-Aldrich    USA 

Dulbecco’s Modified Eagle Medium   Invitrogen    USA 

(DMEM medium) 

Sulfanilamide    Acros, Organics   USA 
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Phosphoric acid (H3PO4)  Acros, Organics   USA 

Naphthylethylenediamide  Acros, Organics   USA 

Thiazolyl Blue Tetrazolium Bromide Acros, Organics   USA 

(MTT powder) 

Dimethyl sulfoxide (DMSO)  Fisher  Sciencetific    USA 

Bicinchoninic acid (BCA) assay kit Thermo Sciencetific    USA 

Bovine serum albumin (BSA)  Thermo Sciencetific   USA 

Fetal bovine serum    Thermo Sciencetific   USA 

Dextran     Fluka      USA 

Lithium bromide (LiBr)  Sigma-Aldrich    USA 

Lipopolysaccharides(LPS)  Invitrogen    USA 

Toluene    Merck     USA 

Polystyrene    Pressure Chemical   USA 

 

3.2  Methods 
 

3.2.1 Selection of S. cerevisiae strains and optimum conditions in yeast 

cultivation 

 

 3.2.1.1  Yeast strains selection 

 

              Three yeast strains; S. cerevisiae Fermipan®, S. cerevisiae 

Angel® and S. cerevisiae TISTR 5059 were cultured in a YPD medium (1 % w/v 

yeast extract, 2 % w/v peptone and 2 % w/v D-glucose; Appendix A), pH 4 

(Aguilar-Uscanga and Francois, 2003)) under reciprocal incubator shaking (200 

rpm) at 30 °C for 48 h.  The cultured yeast was collected by using centrifugation 

at 8000 x g for 10  min., freeze-dried and analyzed for β-glucan content using a 

Yeast Beta-Glucan Assay Kit (Appendix A) as described below and % yield of 

cell dry weight was determined (Arnold, 1972; Jaehrig  et al., 2008).  

          β-Glucan content was calculated from total glucan minus α-glucan. 

The protocol for determining total glucan and α-glucan contents were mentioned 

as below: 
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                       For total glucan content, 10 mg of yeast cell were placed in 

eppendorf tube then 0.15 ml of hydrochloric acid 37 % was added and the 

solution was mixed  and incubated at 30 °C for 45 min (vortexed every 15 min). 

Then, 1 ml of distilled water was added, mixed and incubated at 100 °C for 2 h 

before the addition of 0.5 ml of 4 M KOH.  After that, 200 μl solution was taken.  

The volume was adjusted to 1 ml with sodium acetate buffer pH5 (800 μl) and 

mixed.  The mixtures were centrifuged at 13,000 x g for 5 min.  Samples (20 μl) 

were taken and placed in the well of 96-well plates (in duplicates).  A mixture of 

exo-β-(1,3)-glucanase (EC. 3.2.1.58) plus β-glucosidase (EC. 3.2.1.21) (10 μl) 

was added and then incubated at 37 °C for 90 min.  Finally, 200 μl of glucose 

oxidase/peroxidase (EC. 1.1.3.4 and EC. 1.11.1.7) were added and incubated at 37 

°C for 30 min.  The absorbance was measured at 490 nm with microtiter plate 

reader. The concentration of glucose in the sample was calculated from D-glucose 

standard curve (Appendix B). 

         For α-glucan content, 100 mg of milled yeast were placed in test 

tubes.  Then 2 M KOH (2 ml) was added and the pellets were suspended by 

stirring in ice bath with a magnetic stirrer for 20 min. Next, 8 ml of 1.2  M sodium 

acetate buffer (pH 3.8) was added to the mixture. Then, 1 ml of sample was taken 

in eppendorf tube.  Amyloglucosidase (EC. 3.2.1.3) plus invertase (3.2.1.26) (20 

μl) were added and incubated at 40 °C for 30 min.  After that, the mixture was 

centrifuged at 13,000 x g for 5 min.   Samples (20 μl) were taken to microtiter 

plate.  Glucose oxidase / peroxidase (200 μl) were added to each well and 

incubated at 37 °C for 30 min.  The absorbance was measured at 490 nm with 

microtiter plate reader. The concentration of glucose in the sample was calculated 

from the standard curve of  D-glucose (Appendix B).  

           

 

3.2.1.2  Effect of concentration of additives on yeast growth 

 

      The yeast strain used in this part was the best strain 

obtained from 3.2.1.1.  Various combination of additives (EDTA, SDS and NaCl) 

and concentrations (0, 50, 100;  0, 100, 200 and 0, 30,000, 60,000 ppm for EDTA, 
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SDS and NaCl, respectively) were added to the growth medium as described in 

Table 3.1.  The properties of three additives were described in Appendix C.  

Starter culture (1 ml) was inoculated into flask containing 100 ml YPD medium. 

Cells were incubated at 30 °C, pH 4  in reciprocal shaking 200 rpm for 48 h.  The 

yeast cultured was collected every 8 h and determined the cell viability using 

spread plate technique on YPD plate (Imai  and  Ohno,  1995).  

   Growth  rate  and  growth  parameter  model  were  

estimated  by  using  non-linear  regression.  Sigmoid  curves  of  growth  can  be  

explained  with  a  shifted logistic  equation (Peleg,  2006;  Corradini  and  Peleg,  

2006;  Dai et al., 2010)  as the following equation 3.1: 

⎭
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Δ=Δ

]exp[1
1
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1

)(
cc

asymt ktttk
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where; Δy(t) represents adjusted ratio of log N(t)/NO at time. N(t) is the momentary 

number of cells at time t and NO is the initial numbers of cells. Δyasym represents  

adjusted  ratio of  log N(t)/NO,  which  roughly  representing  the  growth  level  at  

the  stationary  phase;  tc  representing  the  time  to  reach  the  highest  growth  

rate  that  is,  the  inflection  point’s  location, and  k  is  its  slope  at  this  point, 

which  representing  the  growth  rate.   

   Central Composite Design, 3 factors and 3 levels, was used 

as statistical analysis for 3 replications at the centre point (Majumder, Singh and 

Goyal, 2009). The experimental design was also shown in Table 3.1. Selection of 

levels for independent variables was based on the result from preliminary 

observation.  Each value was represented as the mean of three replications.  The 

obtained results were used to create quadratic equations in order to determine the 

correlation of data by SPSS program version 17 and to determine response surface 

curves (p ≤ 0.05) and a contour plot by computer program (Fox  et al.,   2004) 
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Table 3.1 Experimental design for selected parameters for optimum conditions        

prediction  

Treatments  

Concentrations 

of EDTA (ppm) 

Concentrations of 

SDS  (ppm) 

Concentrations of NaCl 

(ppm) 

1  0(-1) 0(-1) 0(-1) 

2  0(-1) 100(0) 0(-1) 

3  0(-1) 200(1) 0(-1) 

4  50(0) 0(-1) 0(-1) 

5  50(0) 100(0) 0(-1) 

6  50(0) 200(1) 0(-1) 

7  100(1) 0(-1) 0(-1) 

8  100(1) 100(0) 0(-1) 

9  100(1) 200(1) 0(-1) 

10  0(-1) 0(-1) 30,000(0) 

11  0(-1) 100(0) 30,000(0) 

12  0(-1) 200(1) 30,000(0) 

13  50(0) 0(-1) 30,000(0) 

14  50(0) 100(0) 30,000(0) 

15  50(0) 200(1) 30,000(0) 

16  100(1) 0(-1) 30,000(0) 

17  100(1) 100(0) 30,000(0) 

18  100(1) 200(1) 30,000(0) 

19  0(-1) 0(-1) 60,000(1) 

20  0(-1) 100(0) 60,000(1) 

21  0(-1) 200(1) 60,000(1) 

22  50(0) 0(-1) 60,000(1) 

23  50(0) 100(0) 60,000(1) 

24  50(0) 200(1) 60,000(1) 

25  100(1) 0(-1) 60,000(1) 

26  100(1) 100(0) 60,000(1) 

27  100(1) 200(1) 60,000(1) 
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3.2.2. Effect of additives on yeast cell and the quantity of β-glucan 

          from S. cerevisiae  

 

           The yeast strain and treatments used in this part were the best strain  

and optimum conditions obtained from  section  3.2.1.1 and  3.2.1.2,  respectively. 

 

3.2.2.1  Determination of cell shape 

 

  Starter culture (1 ml) was inoculated into flask containing 

100 ml YPD medium.  Cells were incubated at 30 °C,  pH 4  in reciprocal shaking 

200 rpm for 24 h.  The cells were sampling.  The cell shape was determined by 

using Confocal microscope with DIC (Differential Interference Contrast) mode at 

magnification 400X (Nikon C1 Digital Eclipse, Japan).  The images were 

analyzed with software ImageJ.  Average size, distance of major axis  length, 

distance of minor length and elongation (distance of major axis length -  distance 

of minor axis length) of every single cells (at least 18 cells per treatment) were 

investigated (Coelho et al.,  2004).  For confirmation of cell shape, the yeast cells 

were collected and filtered with 3 μm membrane filter.  Then, the specimens were  

fixed  with  2.5 %  glutaraldehyde  in  0.1 M  phosphate  buffer  pH  7.2  at  4  °C.  

After  that,  the  specimens  were  rinsed  twice  in  phosphate  buffer  for  10  min  

and  one  in  distilled  water  for  10 min.  They  were  dehydrated  with  a  series  

of  ethanol ( 30 %,  50 %, 70 %  for  10 min  per  each)  and  absolute  ethanol  for  

10  min  3  times.  They  were  put  in  Critical  point  dryer (Critical  point  dryer,  

Balzers model CPD  O2O) and coated  with  gold (Sputter coater,  Salzers  model  

SCD 040).  The specimens were photographed under a Scanning  Electron 

Microscope (SEM) (JEOL, model JSM-5410LV, Japan) at magnification of 

5,000X.  
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3.2.2.2  Determination of wall surface  

 

 Starter culture (1 ml) was inoculated into flask containing 

100 ml YPD medium.  Cells were incubated at 30 °C,  pH 4  in reciprocal shaking 

200 rpm for 24 h.  The cells were prepared as described in 3.2.2.1. The wall 

surface of cells were observed under a Scanning Electron Microscope (SEM) 

(JEOL, model JSM-5410LV, Japan) at magnification of 15,000X.  

 

  3.2.2.3  Determination  of  β-glucan content 

 

  Starter culture (5 ml) was inoculated into flask containing 

500 ml YPD medium.  Cells were incubated at 30 °C, pH 4 in  reciprocal shaking 

200 rpm for 24 h.  The yeast cells were collected by using centrifugation at 8,000 

x g for 10 min, freeze-dried and analyzed for β-glucan  yield  by  using  a  Yeast  

Beta-Glucan  Assay  Kit  as described in 3.2.1.1.  

      

  3.2.3  Effect of additives on composition of cell and quality of 

                                  β-glucan 

 

            3.2.3.1  Determination of polysaccharide, protein and  

                                               lipid ratio and β-(1,6) : β-(1,3) ratio of yeast cell 

 

   Starter culture (5 ml) was inoculated into flask 

containing 500 ml YPD medium.  Cells were incubated at 30 °C,  pH 4  in  reci-

procal shaking 200 rpm for 24 h.  The yeast cells were collected by using 

centrifugation at 8,000 x g for 10 min, freeze-dried and subjected to polysac-

charide, protein and lipid ratio determination by using FTIR.  Spectra were 

recorded from 600-4,500 cm-1.  The spectral resolution was 4 cm-1
,
 64 scans per 

spectrum in absorption mode.  The data were analyzed by curve fitting using 

computer software (Šandula et al., 1999; Galichet et al., 2001; Ha et al., 2002; Adt 

et al., 2006; Weeraya, 2008). 
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   3.2.3.2  Determination of the quality of β-glucan 

 

      Starter culture (5 ml) was inoculated into flask 

containing  500 ml YPD medium.  Cells were incubated at 30 °C,  pH 4  in  

reciprocal shaking 200 rpm for 24 h.  The cultured yeasts were collected by using 

centrifugation at 8,000 x g for 10 min, β-glucan was extracted, and protein was 

eliminated as described below.  

     

       3.2.3.2.1   β-Glucan extraction  

 

                      NaCl (3 % w/v) was added to 30 % 

w/w cell suspension and incubated at 55 °C, pH 5 for 24 h with mild agitation 

(120 rpm).  Then, the mixture was heated to 85 °C, maintained at that temperature 

for 15 min and cooled down to 25 °C.  The mixture was centrifuged at 4,500 x g 

for 10 min.  Next, the cell debris was adjusted to 30 % w/v with sodium phosphate 

buffer, 0.02 M, pH 7.5, with glass spheres (0.4 mm).  The suspension was  

autoclaved at 121 °C for 4 h.  The insoluble cell wall residue was separated, 

washed three times, and centrifuged at 4,500 x g for 7 min at room temperature. 

After that, the residue (10 %w/v) in distilled water was sonicated at 20 KHz,    

150 W in an ice batch for 6 min and centrifuged at 4,500 x g  for 15 min at 10 °C.  

Lipid was extracted with acetone by using cell wall residue : acetone = 1:1 (w/v) 

for 2 h and centrifuged at 4,500 x g for 7 min.  Cell wall residue without lipid was 

washed with distilled water for 4 times and separated by centrifugation.  Finally, 

0.3 % v/v of the cell wall residue was treated with 0.3 % (w/v) of Savinase 16L 

type Ex (EC. 3.4.21.62) at 55 °C pH 10 for 4 h to remove protein (Freimund et al., 

2003; Varunya,  2006; Liu et al., 2008; Magnani et al., 2009).   Crude β-glucan 

was obtained (β-glucan I).  To reduce the protein content to below 2 % w/w, the 

suspension of 0.5 %w/v β-glucan I in distilled water was adjusted pH to 10 with 

NaOH 0.1 M.  Savinase 16L type EX (3 % v/v) was added and incubated at 55 °C, 

150 rpm for 4 h for repeat protein elimination.  More purified β-glucan (β-glucan 
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II) was obtained.  Then, β-glucan II was freeze-dried, protein content was 

analysed, weight average molecular weight and the immunomodulatory properties 

were determined.   

   

    3.2.3.2.2  Determination of protein content of  

    β-glucan 

 

                 Protein content was determined by using 

BCA (Bicinchoninic acid) assay kit (Waker, 2002).  The β-glucan samples were 

dissolved in DMSO before used and 5 μl of solution was added to each well. 

Then, the 200 μl of BCA reagent (BCA reagent was prepared by mixing solution 

A : solution B = 50 : 1 before the assay) and added to each well before incubated 

at room temperature for 2 h.  The optical density was measured at 570 nm. The 

concentration of protein was calculated from the standard curve of known 

concentration of BSA (Bovine serum albumin) dissolved in DMSO (Appendix B). 

  

3.2.3.2.3   Determination of β-(1,6) : β-(1,3) ratio 

of β- glucan 

 

                                 Starter culture (5 ml) was inoculated into 

flask containing 500 ml YPD medium.  Cells were incubated at 30 °C, pH 4 in 

reciprocal shaking 200 rpm for 24 h.  The yeast cultures were collected by using 

centrifuged at 8,000 x g for 10 min. β-Glucan was extracted as described in 

3.2.3.2.1, freeze-dried and determined β-(1,6) : β-(1,3) using FTIR.  Spectra (both 

β-glucan I and β-glucan II) were recorded from 600 – 4,500 cm-1. The spectral 

resolution was 4 cm-1
,
 64 scans per spectrum in absorption mode.  The data were 

analyzed by curve fitting using computer software (Šandula et al., 1999; Galichet 

et al., 2001; Ha et al., 2002; Adt et al., 2006).  

 

3.2.3.2.4  Determination of weight average  

                molecular weight of β-glucan  
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                                                        After the protein was eliminated as 

described in 3.2.3.2.1, the obtained β-glucan II was freeze-dried and the weight 

average molecular weight ( wM ) was determined by Multi Angle Laser Light 

Scattering (MALLS) using flow cell in batch mode with a flow rate of 0.4 ml/min.  

MALLS was calibrated with HPLC grade toluene and validated with standard 

polystyrene having number average molecular weight ( nM ) of 30 and 200 K 

Daltons in toluene.  Normalization was done using standard dextran of nM   of 25 

K Dalton in 50 mM LiBr in dimethyl sulfoxide (DMSO) (Fisher Sciencetific).  

Three concentrations of β-glucan (treatment 5) in the range of 0.3 - 3 mg/ml were 

prepared and filtered through 0.45 μm nylon syringe filters for determination of 

differential refractive index increment of the solvent-solute solution (dn/dc) using 

Optilab DSP (Wyatt Technology), and the second virial coefficient (A2) was 

analyzed through Zimm’s plot by Astra V software (Version 5.1, Wyatt 

Technologies).  dn/dc and A2 were determined to be 0.160 ml/g and 6.30 x 10-5 

mol ml/g2, respectively.  Samples (0.2 mg/ml) were dissolved in 50 mM LiBr in 

DMSO.  The weight average molecular weight of β-glucan for other treatments 

was analyzed using the first-order Debye method (Astra V software, Version 5.1, 

Wyatt Technologies) (Debye, 1947; Wyatt Technology Corporation, 2004) as 

described in equation 3.2. 

 

            Rθ   =  wM  - 2A2c wM 2             (3.2) 

            K*c 

 

Where; Rθ represents the Rayleigh ratio (cm-1).  K* = 4π2η0
2(dn/dc)2 λ0

-4NA
-1 is an 

optical constant where η0 is the refractive index of the solvent, equal to 1.478 

(Park, Ibanez and Shoemaker, 2007), λ0 is the wavelength, equal to 690 nm, NA is 

Avogadro’ number, equal to 6.022 x 1023 mol-1. c is the concentrations of the 

solute molecules in the solvent (g/ml). wM  is the weight average molecular 

weight (daltons).  
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3.2.3.2.5 Determination of immunomodulatory    

properties of β-glucan 

 

                                             Nitric Oxide (NO) Assay and MTT assay 

were used to determine the immunomodulatory properties of β-glucan.  β-Glucan 

II was derivatized to carboxymethylglucan (CM-glucan) by slightly modified 

methods of previous works (Šandula et al., 1999; Magnani et al., 2009).  β-glucan 

(0.5 g) was mixed with isopropanol (14 ml) and agitated with 140 rpm for 30 min 

at room temperature.  Next, 30 % (w/v) NaOH  (1.50  ml) was added and agitated 

with 140 rpm for 60 min and then agitation rate was increased to 280 rpm for 90 

min at room temperature.  After that, monochloroacetic acid (0.65 g) was added 

and agitated with 140 rpm at 65 ̊C for 5 h.  The solution  was  filtered through  

filter paper (WhatmanTM No. 1) and washed with methanol: acid acetic (7:3 v/v),  

methanol: water (4:1 v/v);  methanol and acetone; respectively.  The precipitate 

was suspended in distilled water and dialyzed using membrane with molecular 

weight cut off 3,500 at  4 °C for 48 h.  The CM-glucan was collected, centrifuged 

and separated into water soluble CM-glucan and water insoluble CM-glucan and 

lyophilized both parts before test.  Then degree of substitution (DS) of CM-glucan 

of the selected treatments was determined by using vibrational spectroscopic 

methods.  The absorbance intensity of carboxymethyl group area (1605 cm-1) and 

internal standard β-glycosidic linkage area (890 cm-1) were analyzed by curve-

fitting using computer software.  The band area ratio of carboxymethyl group to 

internal standard β-glycosidic linkage were calculated for determination DS by 

using xanthan gum standard equation (3.3) as report in Yuen et al., 2009 

 

                                      y = 49.6 x + 8.31                                                     (3.3) 

 

Where; y represents ratio of carboxymethyl group (1605 cm-1) to internal standard 

β-glycosidic linkage (890 cm-1).  x is degree of substitution (DS) 

 

           Nitric Oxide(NO) Assay (Ha et al., 

2006;  Aldridge  et al., 2008 ) was performed.  Macrophage cells (RAW 264.7) 
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were cultured in 200 μl DMEM (Dulbecco’s Modified Eagle Medium, Invitrogen) 

medium supplemented with 10 % (v/v) fetal bovine serum and 1 % (v/v) 

penicillin in a 96 well plate (2.5 x 104 cell per well)  and incubated at 37 ̊C in 5 % 

(v/v) CO2 incubator for 24 h.  After 24 h incubation, the medium was decanted.  

Serial dilution of CM-glucan samples (100 μl) in DMEM medium were added to 

each well, and then 100 μl of 1 μg/ml LPS (Lipopolysacharides) in DMED 

medium was added to each well immediately.  The plate was incubated for 24 h.  

Sample (100 μl) was taken out from the culture supernatant of each well and 

mixed with an equal amount of freshly prepared Griess reagent (Griess reagent 

was prepared by mixing an equal amount of solution A containing 2 (%w/v) 

sulfanilamide, 4 (%w/v) H3PO4 and solution B containing 0.2 (%w/v) 

naphthylethylenediamide before the assay).  The mixture was incubated for 10 

min and then the optical density was measured at 542 nm.  The concentration of 

nitrite occurred in the supernatant was calculated from the standard curve of 

known concentration of sodium nitrite salt dissolved in DMEM medium. 

            MTT assay protocol (Ebada et al., 

2008): the cell viability was measured by MTT assay.  After taking a 100 μl 

sample from the cell culture supernatant for NO assay, the residual medium was 

decanted.  0.1 %(w/v) MTT solution in DMEM medium (100 μl) was added in 

each well and incubated at 37 ̊C for 2 h.  The solution was decanted.  DMSO (100 

μl) was added to each well and incubated for 10 min. Then the optical density was 

measured at 570 nm.  The cell viability was calculated compared with control. 

 

3.2.4 Statistical Analysis 

 

         The data were collected from triplicates. Exception in the 

protein determination and % Yield of β-glucan were done in duplicated.  Analysis 

was  performed by SPSS software version 17, p < 0.05 (two-tailed) considered as 

statistically significant.  The data were analyzed with Analysis of Variance 

(ANOVA) and multiple comparision with Duncan’s Multiple range test (Steel and  

Lorrie,  1980).  The details were shown in appendix D. 

 



 

  CHAPTER ΙV 

   RESULTS AND DISCUSSION 
 

4.1   Selection of  S. cerevisiae strains and optimum conditions in 

yeast cultivation  
 

         4.1.1  Yeast strains selection 

 

                Screening of S. cerevisiae strains on β-glucan production were 

presented in Table 4.1.  The β-glucan content from S. cerevisiae Fermipan®,  S. 

cerevisiae Angel® and S. cerevisiae TISTR 5059 were 7.10, 8.95 and 8.54 

(%w/w), respectively, which were not significantly different (p ≤ 0.05).  

 

Table 4.1 β-Glucan content (as % (w/w dry weight) of the cell) and the % yield of 

cell dry weight of S. cerevisiae Fermipan®, S. cerevisiae Angel® and 

S. cerevisiae TISTR 5059 isolates 

Strains 

β-Glucan content 

(% w/w of cell)ns 

Yield (% of cell 

dry weight) 

Net β-glucan 

yield (%) 

S. cerevisiae Fermipan® 7.10 ± 1.55 0.43 ± 0.13a 3.05 ± 1.53a 

S. cerevisiae Angel® 8.95 ± 0.66 0.35 ± 0.05a 3.13 ± 0.62 a 

S. cerevisiae TISTR 5059 8.54 ± 1.15 0.14 ± 0.03b 1.21 ± 0.32b 

 

Data are shown as the mean ± one SD and are derived from three replicates. ns not  

significantly  differences (p ≤ 0.05).  Means within a column followed by different 

letter are significantly different (p < 0.05).   
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However, when three yeast strains were cultivated under the same 

condition; it was found that S. cerevisiae Fermipan® exhibited the highest cell dry 

weight as 0.43 % (w/v) which was not significantly different that from S. 

cerevisiae Angel® (p ≤ 0.05); 0.35(w/v).  While, the lowest cell dry weight, 0.14 

% (w/v), was found in S. cerevisiae TISTR 5059.  According to the results of β-

glucan yield, % yield of cell dry weight and net β-glucan yield, S. cerevisiae 

Angel® was therefore selected for further studies such as the effect of additives 

on cell shape, wall surface and β-glucan  production  in  S. cerevisiae,  since it 

could grow well and produced the highest net amount of β-glucan compared with 

other two strains. 

 

4.1.2  Effect of concentration of additives on yeast growth  

 

     Growth curves from 27 treatments were exhibited in Fig. 4.1, 4.2 

and 4.3, based on growth characteristics as cell growth (Group I), cell death 

(Group II) and no growth (Group III), respectively.   

      According to Fig 4.1, sigmoid curve of the yeast growth, the 

parameters of growth model were estimated by non-linear regression in the 

function of shifted logistic equation (3.1).  The growth rate, the growth level at the 

stationary phase and time to reach the highest growth rate were explained with k 

value, yasym and tc, respectively.  Concentrations of SDS at 100 and 200 ppm 

(treatment  2,  3) resulted in higher growth level (3.67 and 3.77) compared to 

control (3.63 ) while the time to reach the highest growth rate was longer (12.13, 

12.73 and 10.87 h).  On the other hand, 50 and 100 ppm EDTA (treatment 4, 7) 

resulted in reduction of growth level to 3.50 and 3.24, respectively. 

 

 

 

 

 

 



 44
 

 
Fig 4.1   Growth characteristics of S. cerevisiae Angel® when yeast was cultured 

in YPD medium with different concentrations of addtives;  EDTA, SDS 

and NaCl at different concentrations for 48 h,  group I : yeast growth 
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.  

Fig 4.1  Growth characteristics of S. cerevisiae Angel® when yeast was cultured    

in YPD medium with different concentrations of addtives;  EDTA, SDS 

and NaCl at different concentrations for 48 h, group I : yeast growth  

(cont.) 

 

  Similarly, the growth level of yeast cell was reduced to 2.73 in 30,000 ppm 

NaCl (treatment 10) and led to 1.45 when the concentration was increased to 

60,000 ppm (treatment 19).  Moreover, combination of additives were found to 

reduce the growth level of yeast cells until cell can not tolerant that stress and 

finally resulted in cell death in other treatments (Fig. 4.2 and 4.3).  SDS at 200 

ppm (treatment 3) and 30,000 ppm NaCl (treatment 10) stimulated growth rate to 

0.25 and 0.36 CFU h-1, respectively compared to control (0.24 CFU h-1).  The 

growth rate was found to be lower than that of control in other treatments except 

at 50 ppm EDTA (treatment 4) which showed the same value as in control.  S. 

cerevisiae Angel® grew slower than control when supplemented with 100, 200 

ppm SDS (treatment 2, 3); 50 ppm EDTA (treatment 4); 30,000 ppm NaCl 

(treatment 10); combination of 50 ppm EDTA and 30,000 ppm NaCl (treatment 

13) and 60,000 ppm NaCl (treatment 19), according to tc which showed longer 

(12.13, 12.73, 12.16, 17.38, 24.41 and 11.68 h, respectively) than that of the 
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control (10.87 h).  In contrast, 100 ppm EDTA (treatment 7) and combination of 

100 ppm EDTA and 60,000 ppm NaCl (treatment 25) showed shorter tc (lower to 

10.30 and 7.82 h; respectively) than control.  However, the growth level at 

stationary phase was lower than control.  This stress might be due to abnormal 

growth. 

From Fig 4.2 and Fig 4.3, cell death and no growth were found when yeast 

was cultivated with high concentrations and combination of additives. The growth 

of yeast could not be explained by using the equation (3.1) in this case.  High 

concentrations of anionic detergent (SDS), chelating agent (EDTA) and 

hyperosmotic pressure (NaCl) affected the diffusion permeability of cell 

membrane and disturbed the medium osmosis to yeast cell and might destroy cell 

wall (Hohmann, 2003).  Moreover, EDTA can form chelation with divalent metals 

such as Mg2+ and Ca2+.  Thus, the activity of enzyme inside cell was blocked and 

yeast growth was reduced (Kubo, Lee and Ha, 2005).  In addition, in 

hyperosmotic conditions, it was found that water diffused out of the cell and 

caused the change in cell wall properties and cell shrinkage.  Consequently, cell 

viability was decreased (Morris  et al.,  1983).  From these results, it showed that 

yeast cell can not torelate high concentration of additives.  So, it can not adapt 

itseft to toxic stress conditions (Hohmann, 2003).  Similarly, high concentration of 

additives can damage cell membrane and the activity of enzyme is blocked, result 

in cell death (Smits and Brul, 2005).  In the case of low concentration of additives, 

it was found that yeast could grow but the the time to reach the highest growth 

rate was longer than that in control, decrease of growth rate and the growth level 

were observed. 
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Fig 4.2   Growth characteristics of S. cerevisiae Angel® when yeast was cultured 

in YPD medium with different concentrations of addtives;  EDTA, SDS 

and NaCl at different concentrations for 48 h, group II :  cell death 
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Fig 4.3   Growth characteristics of S. cerevisiae Angel® when yeast was cultured 

in YPD medium with different concentrations of addtives;  EDTA, SDS 

and NaCl at different concentrations for 48 h, group III : no growth 
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Fig 4.3   Growth characteristics of S. cerevisiae Angel® when yeast was cultured 

in YPD medium with different concentrations of addtives;  EDTA, SDS 

and NaCl at different concentrations for 48 h, group III :  no growth 

(cont.) 
 

  This effect was supported by the increase of tc, decrease of k value and 

yasym,  respectively (Fig. 4.1).  Previous researchers showed the toxic effect of 

high concentrations of EDTA at 400 μg/ml (400 ppm) (Kubo, Lee and Ha, 2005), 
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SDS over 0.014 % (140 ppm) (Sirisattha et al., 2004) and NaCl 1.5 M (87,500 

ppm) (Almagro et al., 2000) on S. cerevisiae growth rate.  In this research, the 

yeast could tolerate to these additives at low concentration of EDTA 100 ppm, 

SDS 200 ppm and  NaCl 60,000 ppm.  The tolerant ability depends on yeast 

strains and culture condition used (Hohmann, 2002).  The tc or the time to reach 

the highest growth rate was long when cells were cultured with additives. This 

might be because cells tried to adapt themselves in new environmental conditions 

by using actin depolymerization mechanism, consequently the cell cycle was 

delayed (Smits, Ende and Klis, 2001;  Kikuchi  et  al.,  2007).  Some previous 

researches demonstrated that lag phase was extended when S. cerevisiae was 

cultured with NaCl in the range of 14,610–87,660 ppm.  In addition, yeast used 

more energy for maintaining electrochemical gradient of sodium ions, therefore 

the growth level was lower than control (Watson, 1970).  With the exception of 

yeast grew under 100 and 200 ppm SDS, the growth levels were higher than that 

of control.  This could be due to the influence of certain concentration of SDS 

which stimulated FKS1 and PIM1, the gene controlling cell wall synthesis and 

actin cytoskeleton in order to increase budding process of S. cerevisiae cell.  

Therefore, cell wall components could be increasingly generated, growth rate and 

the growth level at stationary phase could be increased (Delley and Hall, 1999).  

Based on growth parameters as evaluated in term of yasym, k and tc value, 

treatments with SDS (100 ppm), EDTA (50 ppm) and NaCl (30,000 ppm) were 

selected for further evaluation.  Since under SDS at 100 ppm, growth model of the 

yeast exhibited low tc, 12.13 h,  high yasym and k value, this indicated that in this 

condition S. cerevisiae Angel® exhibited growth parameters model close to other 

concentration (200 ppm).  Moreover, the lowest amount of additives was used in 

this condition.  For the treatment with 50 ppm EDTA, the model exhibited the 

value of yasym, 3.50 and k, 0.24 CFU h-1 and low tc, 12.16 h.  While NaCl 30,000 

ppm led to yasym, 2.73, k, 0.36 CFU h-1 and tc, 17.38 h, which indicated that S. 

cerevisiae Angel® could still grow well under these two conditions.   

Based on parameters of growth model for each condition as evaluated, the 

optimum concentration of single additives were 50 ppm EDTA, 100 ppm SDS 

and 30,000 ppm NaCl.  Therefore, the data of growth rate from Fig. 4.1 were 
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further calculated to predict additional optimum condition for combination of 

additives by using computer software.  Consequently, four additional conditions 

were obtained and presented in Fig 4.4- Fig 4.7.  

 

 

 

 

 

 

 

 

 

 

R2 = 0.78 

 

Fig 4.4 Contour plots for optimization of growth in S. cerevisiae Angel® between 

             combination of EDTA and SDS 

 

Fig. 4.4 presents the relationship between the effect of concentration of 

EDTA and SDS on growth rate of yeast.  Based on the growth region, it was 

found that high concentration of additives (100 ppm EDTA and 200 ppm SDS; 

code 1) decreased the growth rate. The growth rate increased when yeast was 

cultured with low concentration of additives (0 ppm; code -1).  Consequently, the 

optimum concentration of EDTA and SDS were 5 and 10 ppm, respectively.  The 

estimation of growth rate was about 6.00 CFU h-1.  The relationship between the 

effect of concentration of EDTA and NaCl, SDS and NaCl and three combination 

of additives on growth rate of yeast were presented in Fig. 4.5 – 4.7, respectively.  
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 R2 = 0.78 

 

Fig 4.5  Contour plots for optimization of growth in S. cerevisiae Angel® 

              between  combination of EDTA and NaCl 

 

 

  R2 = 0.78 

 

Fig 4.6 Contour plots for optimization of growth in S. cerevisiae Angel®    

between combination of SDS and NaCl 
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  R2 = 0.78 

Fig 4.7  Contour plots for optimization of growth in S. cerevisiae Angel® 

              between combinations of EDTA, SDS and NaCl 

 

From Fig 4.5-Fig 4.7, similar trends were found, high concentration of 

additives reduced the growth rate.  Four additional combination conditions of 

additives were obtained, which were combination of EDTA and SDS (5 and 10 

ppm);  combination of EDTA and  NaCl (5 and 3,000 ppm);  combination of SDS 

and  NaCl  (20 and 3,000 ppm);  and combination of EDTA, SDS and NaCl (5, 10 

and 3,000 ppm). For further investigation, eight growth conditions for the 

optimum condition of single and combination of additives were used for study the 

effect of additives on cell shape, wall surface, β-glucan production and 

composition of cell in S. cerevisiae Angel®.  

 

4.2  Effect of additives on yeast cell and quantity of β-glucan from 

S. cerevisiae  

 
 From previous results, the S. cerevisiae Angel® was cultured under 

reciprocal incubator shaking  200  rpm,  pH  4 at  30 °C  for  24 h.  Then, the cells 

were collected for determination of the effect of additives on cell shape, wall 
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surface, β-glucan production, composition of cell and β-(1,6) : β-(1,3) ratio in 

cell. 

 

 4.2.1   Determination of cell shape 

 

From previously researches, the high content of β-glucan and β-

1,6-glucan were found when yeast was cultivated in the presence of stress 

conditions (Maneesri et. al., 2005).  In addition, many researches reported on the 

effect of additives on genetic mechanisms, with associated in β-glucan synthesis 

(Leal et al., 1984; Guillen et al., 1985; Bickle et al., 1998; Delley and Hall, 1999; 

Blomberg, 2000).  However, no research showing the correlation of cell shape and 

β-glucan synthesis was found.  Since the cell shape might be affected by the β-

glucan content, so the relationship between cell shape and β-glucan content was 

determined in this study.  The cultured yeast was collected and photographed with 

Confocal microscope in Differential Interference Contrast (DIC)  mode at 

magnification 400X (Nikon C1 Digital Eclipse, Japan).  The  images were  

analyzed  with  software  ImageJ (NIH  Image, USA.).  Average size, distance of 

major axis length, distance of minor axis length and elongation (distance of major 

axis length - distance of minor axis length) of every single cell were investigated 

(Coelho et al., 2004).  The images after program processing were shown in Fig 

4.8.  It was found that no significant differences of single cell size were observed 

among treatments (Table 4.2).  However, based on the length of two axeses 

(elongation), cell shape could be divided into three groups.  The first group was 

rounder shape (major axis length longer than minor axis length only 0.84 um).  

This group exhibited when yeast was cultured with 100 ppm SDS and 

interestingly the elongation of single cell was significantly different from other 

treatments (p ≤ 0.05) (treatment1) (Fig.4.8b, Fig. 4.9).  While, the second group, 

long or oval shape was found under the condition of combination of 5 ppm EDTA 

and 3,000 ppm NaCl (treatment 5) (longest elongation of single cell; 2.00 um)  

(Fig. 4.8f, Fig. 4.9).  The last group, oval shape which was similar to control was 

found (treatment 2, 3, 4, 6, 7) (Fig. 4.8c, d, e, g, h, Fig. 4.9).   
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Fig. 4.8 Cell shape of S.cerevisiae Angel® when yeast was cultured with some 

additives in YPD medium for 24 h as followed; a = control ; b = 100 

ppm SDS ; c = 50 ppm EDTA; d = 30,000 ppm NaCl; e = combination 

of 5 ppm EDTA and 10 ppm SDS; f = combination of 5 ppm EDTA and 

3,000 ppm NaCl, g = combination of 20 ppm SDS and 3,000 ppm NaCl, 

h = combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 
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Fig. 4.9   Elongation of cells from S.cerevisiae Angel® when yeast was cultured 

               with some additives as followed; 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 

3 = 30,000 ppm NaCl; 4 = combination of 5 ppm EDTA and 10 ppm 

SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = 

combination of 20 ppm SDS and 3,000 ppm NaCl, 7 = combination of 5 

ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 

 

    The cell shape was confirmed by using Scanning Electron Microscope 

(SEM) at magnification 5,000X as presented in Fig. 4.10.   This figure showed 

that rounder cell was also found when yeast was cultivated with 100 ppm SDS 

(treatment 1) and the longest cell was exhibited when yeast was cultured with 5 

ppm EDTA and 3,000 ppm NaCl (treatment 5).  These results were corresponded 

well with the cell shape from Confocal microscope (Fig. 4.8).   
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Fig. 4.10   Cell shape of S.cerevisiae Angel® when yeast was cultured with some 

additives in YPD medium for 24 h as followed; 1 = 100 ppm SDS ; 2 = 

50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 ppm EDTA 

and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm 

NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm NaCl, 7 = 

combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm.  The images 

were taken by using SEM at magnification 5,000X 
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  4.2.2  Determination of wall surface 

 

  The yeast cultures were cultivated in the same condition, collected 

and photographed with Scanning Electron Microscope (SEM) at the magnification 

of 15,000X.  The images were shown in Fig. 4.11, rounder shape and the highest  

number of bud scars was exhibited when yeast was cultivated with 100 ppm SDS 

(treatment 1).  The longest oval shape was shown when cells were cultured with 

combination of 5 ppm EDTA and 3,000 ppm NaCl (treatment 5).  In addition, the 

long oval cell shape and cell shrinkage were exhibited when yeast was cultured 

with 30,000 ppm NaCl (treatment 3; Fig. 4.11). From this observation, NaCl 

could affect reduction of the cell volume, morphological abnormalities and the 

cell became longer.   Based on these results, it could be concluded that the 

rounder cell was observed in both Confocal microscope and SEM at 

magnification 5,000 X.  The lowest elongation (rounder shape) was found in the 

case of 100 ppm SDS (treatment 1).  This effect could be explained that the 

certain concentrations of SDS could activated FKS1 and PIM1 which are the 

genes that activate actin cytoskeleton and control cell size, respectively (Delley 

and Hall, 1999; Casano et al., 2001).  During this process, actin patches and actin 

cables synthesis are randomly distributed before budding process commence 

(Motizuki et al., 2008).  Thus, the rounder cells are increased due to actin 

cytoskeleton.  Moreover, the distance of major axis length could be shorter than 

that of control.  Rounder morphology and multiple bud scars were therefore 

observed  due to rapid synthesis of actin patches and actin cables (Delley and 

Hall, 1999; Kikuchi et al., 2007). 
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Fig. 4.11  Wall surface of S. cerevisiae Angel® when yeast was cultured with 

some additives in YPD medium for 24 h as follow; 1 = 100 ppm SDS, 

2 = 50 ppm EDTA, 3 = 30,000 ppm NaCl, 4 =  combination of 5 ppm 

EDTA, 10 ppm SDS, 5 = combination of 5 ppm EDTA and 3,000 ppm 

NaCl and 6 = combination of 20 ppm SDS and 3,000 ppm NaCl. and 7 

= combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl.  

The images were taken by using SEM at magnification 15,000X 
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In addition, the destabilization of cell wall by SDS (Popolo, Gualtieri and 

Ragni, 2001) may lead to the protective formation of a rigid rounder cell.  The 

longer cell was exhibited when the culture medium was supplemented with other 

additives.  The observed yeast cells were mainly oval shape and had lower 

number of bud scars which were similar to morphology of cell from control 

condition.  Little information about the effect of EDTA on cell morphology of S. 

cerevisiae is available.  However, some reports about the effect of NaCl on cell 

have been explained.  In the case of high NaCl concentration (58,440 – 146,100 

ppm), hyperosmotic condition resulted in rapid water efflux from cell, therefore 

cell volume was reduced, causing cell shrinkage, increase in internal solute 

concentration (Morris, 1983; Attfield, 1997) and also reflecting in the 

organization of cytoskeleton element (Hohmann, 2002; 2003).  This process could 

result in asymmetric shape of the cell.  This result corresponded to the work of 

Chowdhury, Smite and Gustin (1992) who demonstrated that the cell cultured in 

the medium having high osmolarity would exhibit loss or short actin cytoskeleton 

and morphological abnormalities.  Moreover, osmotic stress was responsible for 

decrease in cell size (Morris  et al.,  1983;  Hohmann,  2003).  Other researchers 

reported that HOG (High Osmolarity Glycerol) MAP kinase pathway has been 

used to response in hyperosmotic condition, due to reorganization of actin 

cytoskeleton and cell wall synthesis, respectively (Slaninová et al., 2000; Wojda 

et al., 2003).  

 

4.2.3  Determination  of  β-glucan content 

 

          The yeast cells were cultivated in the same 

condition, centrifuged and freeze-dried.  β-Glucan content was determined by 

using β-glucan assay kit.  The total-glucan, α-glucan, β-glucan contents (the 

difference between total-glucan and α-glucan) and % yield of cell dry weight 

were investigated.  The results were shown in Fig. 4.12, Table 4.2 and Fig. 4.13, 

respectively.   
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  Fig. 4.12 Total-glucan, α-glucan and β-glucan contents of S.cerevisiae Angel® 

when yeast was cultured in YPD medium with some additives as 

followed; 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm 

NaCl; 4 = combination of 5 ppm EDTA and 10 ppm SDS; 5 = 

combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = combination of 

20 ppm SDS and 3,000 ppm NaCl, 7 = combination of 5 ppm EDTA, 

10 ppm SDS and 3,000 ppm NaCl.  The different letters mean 

significantly differences of β-glucan (p ≤ 0.05) 

 

It was found that β-glucan yield was higher than control.  The total-glucan, 

α-glucan and β-glucan contents exhibited similar trend.  In addition, the highest 

total-glucan, α-glucan and β-glucan yields were found when yeast was cultured 

with 100 ppm SDS (treatment 1).  The lowest α-glucan content was found when 

yeast was cultured with 30,000 ppm NaCl (treatment 3).  This result might be 

because NaCl stimulated trehalose turnovered (Parrou, Teste and Francois, 1997) 

and in this stress, yeast used more energy for maintaining electrochemical 

gradient of sodium ions, so the storage polysaccharide was lower (Watson, 1970; 

Walker, 1999).  Moreover, the lowest β-glucan yield was found in control.  From 

these results, additives could activate β-glucan formation process and yeast cell 

wall synthesis.  The β-glucan content, average single cell size, cell shape and % 

yield of cell dry weight were summarized in Table 4.2. 

 

     Treatments 
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a
ab bc

bc bc
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Table 4.2 Elongation of single cell, β-glucan content and % yield of cell dry weight 

in S. cerevisiae Angel® when yeast was cultured in YPD medium 

supplemented with additives at different concentrations for 24 h 

Treatments Elongation  of    

single cell (μm)  

±SD 

Shape  Average 

single cell 

size(μm2)ns 

β-Glucan 

content(%w

/w ±SD) 

Yield (% of 

cell dry 

weight) 

control 

1 

2 

3 

4 

5 

6 

7 

1.79±0.19ab 

0.84±0.18c 

1.51±0.15 b 

1.72±0.03ab 

1.72±0.12ab 

2.00±0.14a 

1.71±0.23ab 

1.61±0.30b 

oval 

rounder 

oval 

oval 

oval 

long oval 

oval 

oval 

0.034 

0.034 

0.034 

0.034 

0.034 

0.034 

0.034 

0.034 

5.82±0.30c 

8.15±0.87a 

 6.33±0.92bc 

 6.22±0.16bc 

 6.56±0.57bc 

 6.41±0.71bc 

 7.39±0.65ab 

 6.69±0.51bc 

0.39±0.15ab 

0.33±0.06ab 

0.42±0.15a 

0.30±0.18b 

0.40±0.01ab 

0.39±0.15ab 

0.32±0.14ab 

0.35±0.18ab 

 

Values were expressed as mean and standard deviation of triplicate determinations. ns 

not significantly differences (p ≤ 0.05).  Mean within a column followed by a 

different letter are significantly different (p ≤ 0.05).  Treatment 1 = 100 ppm SDS; 2 

= 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 ppm EDTA and 10 

ppm SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = combination of 

20 ppm SDS and 3,000 ppm NaCl, 7 = combination of 5 ppm EDTA, 10 ppm SDS 

and 3,000 ppm NaCl. 

 

Two groups of β-glucan yield were exhibited as shown in Table 4.2.  The 

first one, the highest β-glucan yield (8.15 and 7.39 %w/w) was found when cells 

were cultured with 100 ppm SDS (treatment 1), combination of 20 ppm SDS and 

3,000 ppm NaCl (treatment 6).  This group had significantly higher β-glucan yield 

than control (p ≤ 0.05).  The second one, slightly higher in β-glucan content than 

control (6.22-6.69 %w/w) were observed when yeast was cultured in other 

treatments.  However, the β-glucan content in this group was not significantly 

different from control (p ≤ 0.05).  For % yield of cell dry weight,  highest  % yield 
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of cell dry weight was exhibited when yeast cultivated with 50 ppm EDTA 

(treatment 2) wherase the lowest % yield of cell dry weight was shown in the 

presence of NaCl 30,000 ppm (treatment 3).  Nevertheless, the % yield of cell dry 

weight in all treatments was not significantly different (p ≤ 0.05).  While, the 

comparision of β-glucan content with control was shown in Fig 4.13 
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Fig. 4.13 Comparision of β-glucan content with control of S.cerevisiae Angel® 

when cultured yeast with some additives as followed; 1 = 100 ppm 

SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 

ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 

3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm 

NaCl, 7 =  combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm 

NaCl, respectively. ∗Significant difference (p ≤ 0.05) compared to the 

control group 

 

      When cells were cultured in these seven treatments of additives, the β-

glucan content in all treatments were higher than control as 39.96 % in 100 ppm 

SDS (treatment1), 26.86 % in combination 20 ppm SDS and 3,000 ppm NaCl 

(treatment 6), 14.84 % in combination of additions of 5 ppm EDTA , 10 ppm SDS 

and 3,000 ppm  NaCl (treatment 7), 12.70 % in combination  of  5 ppm  EDTA  

and 10 ppm  SDS (treatment 4), 10.01 % in combination of 5 ppm EDTA and 

*

*

     Treatments 
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3,000  ppm  NaCl (treatment 5),  8.69  % in 50  ppm  EDTA (treatment 2)  and  

6.78  % in 30,000 ppm  NaCl (treatment 3). 

       Based on these observations, rounder shape cell and the highest 

numbers of bud scars which showed the highest β-glucan content was observed 

when cultured yeast with 100 ppm SDS (treatment 1), whereas oval shape 

exhibited lower β-glucan yield. However, there are no significant differences (p≤ 

0.05) in elongation compare with other treatments and no obvious correlation in β-

glucan yield was observed in the rest of the treatments tested.  

     The results showed that higher β-glucan content compared to control 

was observed from yeast supplemented with additives.  This could be explained 

that yeast cultured under this conditions tried to produce larger amount of cell 

wall component to protect cell from stress causing by additives.  Therefore, β-

glucan synthase is redistributed in response to cell wall stress to repair general cell 

wall damage (Delley and Hall, 1999; Smits, Ende and Klis, 2001, Klis et al., 

2002; Hohmann, 2003).  The highest β-glucan content was generated in S. 

cerevisiae Angel® when it was cultured with 100 ppm SDS.  As previously 

described, a certain level of SDS stimulated depolarizing of β-glucan synthase 

gene (FKS1) and activated PIM1 the  encode  gene  in  MAPK  (Mitogen  

Activated  Protein  Kinase  pathway)  in  yeast  and  actin cytoskeleton; activated 

actin patch and cables (Delley and Hall, 1999; Casano et al., 2001; Lesage and 

Bussey, 2006).  Consequently, increase of the budding process, cell wall synthesis 

and the number of cell were observed and β-glucan content was then increased 

respectively as found in this study.  Cell wall is biosynthesized mostly during 

budding process (Frost et al., 1994; Cabib, 2001).  SDS, a detergent could act on 

the plasma membrane; which could increase β-(1,3)-glucan synthase activity, and 

affect on wall stress component (Frost, Drakef and Wasserman,  1992; Frost et al., 

1994).  Therefore, under SDS condition, the yeast cells try to reorganize cell wall 

through MAPK pathway by increasing of actin depolymerization biosynthesis 

(Smits, Ende and Klis, 2001; Klis et al., 2002). Through these genetic pathway, 

cell wall synthesis increased therefore the wall component, in particular β-glucan 

synthesis, could be increased as observed in this study.  In the case of EDTA, the 
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β-glucan content was slightly higher than control.  This effect could be explained 

by the findings of Leal et al. (1984) and Guillen et al. (1985) who found that 

EDTA could stimulate β-(1,3)-glucan synthase activity.  Thus, β-glucan content 

could be increased.   In the case of NaCl, this additive could activate β-glucan 

production higher than control for approximately 7 %.  This observation could be 

supported by the work of Blomberg (2000) which explained that NaCl could 

activate enzymes associated with UDP-glucose synthesis, resulted in the increase 

of β-glucan synthesis.  Moreover, salt could also stimulate ACT1, the actin 

production control gene (Blomberg, 1995),  which involves in the increase of wall 

component production in S. cerevisiae under the hyperosmotic condition (Morris 

et al., 1983).  

 

4.3    Effect of additives on composition of cell and quality of  β-

glucan 
 

         4.3.1  Determination of polysaccharide, protein and lipid ratio  

and β-(1,6) : β- (1,3) ratio of yeast cell 

 

          S. cerevisiae Angel® was cultivated with various additives 

(treatment 1-7) under reciprocal incubator shaking at 200 rpm, pH 4, 30 °C for 24 

h.  The cells were collected and freeze-dried.  Polysaccharide: protein: lipid ratio 

was determined and β-(1,6)-glucan to β-(1,3)-glucan ratio was also estimated by 

using Fourier Transform Infrared Spectroscopy (FTIR).  The example spectra of 

yeast cells were recorded from 600 cm-1 – 4,000  cm-1 from triplicate as shown in 

Fig. 4.14. 
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Fig. 4.14   Spectra of yeast cell of S. cerevisiae Angel® when yeast was cultured        

                  with some additives in different concentrations for 24 h 
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From Fig. 4.14, the spectra of yeast cell exhibited in 3 regions that is 

polysaccharide (950 – 1,185 cm-1), protein (1,480 – 1,700 cm-1) and lipid (2,840 – 

3,000 cm-1).  The spectra of yeast cell in all treatments displayed similar spectral 

pattern but the absorbance intensities were different.  This indicated similar 

chemical compositions in all treatments. The highest absorbance intensity was 

found in polysaccharide region followed by protein and lipid regions in all 

treatments.  Curve-fitting was used to analyse structural modifications in three 

spectral region absorptions: polysaccharide (950 – 1,185 cm-1), protein (1,480 – 

1,700 cm-1),  and  lipid (2,840 – 3,000 cm-1) (Šandula et al., 1999; Galichet et al., 

2001; Adet et al., 2006; Karreman et al., 2007; Burattini et al., 2008; Weeraya, 

2008).  In this study, spectra of cell with curve-fitting were shown in appendix E.  

The curve-fitting procedure is based on a least-square method using Gaussian 

bands.  The accuracy of the fit is given by the chi-square value (χ2).  The lower 

the value of χ2, the better is the fit (Galichet et al., 2001, Adet et al., 2006).  After 

curve-fitting, the wavenumbers of spectra and the spectral assignments were 

summarized from polysaccharide, protein and lipid regions were represented in 

Table 4.3, 4.4 and 4.5, respectively. 

 

From Table 4.3, six bands were found from curve-fitting the data of 

polysaccharide regions (950-1,185 cm-1).  The band identified at ca. 990 cm-1 is 

assigned to β-(1,6)-glucan (Šandula et al., 1999; Galichet et al., 2001; Adet et al., 

2006).  The two bands indentified at ca. 1,077, 1,097 cm-1 are assigned to β-(1,3)-

glucan (Šandula et al., 1999; Galichet et al., 2001; Karreman et al., 2007).  

Mannan is indentified at the band that is 969 cm-1(Adet et al., 2006; Burattini et 

al., 2008).   

 

 

 

 

 

 



 

Table  4.3 Wavenumbers of spectra of cells of  S. cerevisiae Angel® when yeast was cultured in YPD medium supplemented with additives 

at different concentrations in polysaccharide absorption  (950 – 1,185 cm-1) 
Wavenumbers 

Treatments 
         
Assignment 

laminarin control 1 2 3 4 5 6 7  
  

none 
 

996 

 
969 

 
991 

 

 
969 

 
990 

 
969 

 
990 

 
968 

 
989 

 
969 

 
990 

 

 
969 

 
990 

 
969 

 
990 

 
969 

 
990 

 
Mannan 

 
β-1,6-glucan 

1033 1037 1035 1036 1039 
 

1036 1037 1035 1035 β-1,4-glucan 
 

          

1072 1078 1078 1078 1076 
 

 

1077 1077 1077 1077   β-1,3-glucan 
 

1103 1100 1097 1101 1104 1099 1100 1098 1097 
 

 

β-1,3-glucan 
 

1157 1149 1150 
 

1149 1149 1148 
 

1148 1149 1148 ether 

 χ2 values for curve-fitting spectra were in the range 10-7-10-8.  Treatment 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = 

combination of 5 ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 

3,000 ppm NaCl, 7 =  combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl.  Assignment from Šandula et al., 1999; Galichet et 

al., 2001; Adet et al., 2006; Karreman et al., 2007; Burattini et al., 2008 
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Table  4.4 Wavenumbers of spectra of cells of  S. cerevisiae Angel®  when yeast was cultured in YPD medium supplemented with  

additives at different concentrations in protein absorption (1,480 – 1,700 cm-1) 

Wavenumbers 
Treatments 

control 1 2 3 4 5 6 7 

Assignment 

1488 
 

1497 
 

1506 
 

1519 
 

1540 
 

1557 
 

1568, 1575 
 

1597 
 

1631,1635 
 

1650 
 

1668 
 

1683 

none 
 

1494 
 

1506 
 

1520 
 

1541 
 

1556 
 

1570 
 

1597 
 

1630,1635 
 

1650 
 

1668 
 

1683 

1489 
 

none 
 

1501 
 

1524 
 

1540 
 

1556 
 

1570 
 

1606 
 

1628, 1635 
 

1650 
 

1669 
 

1683 

none 
 

1495 
 

1506 
 

1519 
 

1540 
 

1557 
 

1570 
 

1597 
 

1629, 1635 
 

1650 
 

1669 
 

1683 

none 
 

1495 
 

1506 
 

1519 
 

1540 
 

1557 
 

1569 
 

1597 
 

1635 
 

1650 
 

1668 
 

1683 

none 
 

1495 
 

1506 
 

1519 
 

1540 
 

1557 
 

1569 
 

1597 
 

1629, 1635 
 

1650 
 

1668 
 

1683 

none 
 

1495 
 

1506 
 

1519 
 

1540 
 

1557 
 

1570 
 

1597 
 

1629, 1635 
 

1650 
 

1669 
 

1683 

1488 
 

1497 
 

1506 
 

1520 
 

1540 
 

1557 
 

1568, 1575 
 

1598 
 

1628, 1635 
 

1650 
 

1669 
 

1683 

none 
 
none 
 
none 
 
“tyrosine band” 
 
Amide II, protein 
 
Amide II, chitin 
 
Amide II, 
chitin,acetamide 
Chitin, acetamide 
Amide I 
Amide I 
 
Amide I 
 
Amide I 
 
none 
 

χ2 values for curve-fitting spectra were in 10-6.  Treatment 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 

5 ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm 

NaCl, 7 =  combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl. Assignment from Byler and Susi, 1988; Šandula et al., 1999; 

Maquelin  et al., 2002; Bahmed et al., 2003;  Adet et al., 2006; Karreman et al., 2007

69 



 70
 

 

From Table 4.4, twelve bands were found from curve-fitting the data of protein 

regions (1,480-1,700 cm-1).  The band identified at ca. 1,519 – 1,575 cm-1 are assigned 

to amide ΙΙ and chitin (Šandula et al., 1999; Maquelin  et al. 2002; Adet et al., 2006).   

Amide Ι and chitin are indentified at the bands of ca. 1,598-1,669 cm-1 (Bahmed et al., 

2003; Adet et al., 2006; Karreman et al., 2007).  

 

Table  4.5 Wavenumbers of spectra of cells of  S. cerevisiae Angel® when yeast was 

cultured in YPD medium supplemented with additives at different 

concentrations in lipid absorption (2,840-3,000 cm-1) 

Wavenumbers 
Treatments 

control 1 2 3 4 5 6 7 

Assignment 

2852 
 

2869 
 

2894 
 
 

2925 
 

2957 

2852 
 

2868 
 
2896 
 
 
2925 

 
2955 
 

2852 
 
2869 
 
2894 
 
 
2926 
 
2957 

2852 
 
2868 
 
2896 
 
 
2926 
 
2956 

 

2852 
 

2869 
 
2900 
 
 
2926 
 
2955 

 

2852 
 
2869 
 
2900 
 
 
2926 
 
2955 

2852 
 

2869 
 

2899 
 
 
2926 

 
2955 

 

2852 
 
2868 

 
2897 

 
 
2926 

 
2955 

 

vsym CH2 lipids 
 
vsym CH3 lipids 
 
CH deformation of  
CH3, lipids, protein 
and peptides 
vsym CH2 lipids 
 
vsym CH3 lipids 

χ2 values for curve-fitting spectra were in 10-9.  Treatment 1 = 100 ppm SDS; 2 = 50 

ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 ppm EDTA and 10 ppm 

SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = combination of 20 

ppm SDS and 3,000 ppm NaCl, 7 = combination of 5 ppm EDTA, 10 ppm SDS and 

3,000 ppm NaCl.  Assignment from Šandula et al., 1999; Maquelin et al. 2002; Adet 

et al., 2006; Burattini et al., 2008.  vsym is stretching of symmetric carbon (Maquelin  

et al., 2002; Karreman et. al.,  2007) 

 

From Table 4.5, five bands were found from curve-fitting the data of lipid 

regions (2,840-3,000 cm-1).  The bands identified at ca. 2,852 cm-1, 2,926 cm-1 are 

assigned to vsym CH2 lipids (Šandula et al., 1999; Maquelin et al., 2002; Adet et al., 

2006).  vsym CH3 lipids are indentified at two bands of ca. 2,868 cm-1 and 2,955 cm-

1(Maquelin et al., 2002; Adet et al., 2006; Burattini et al., 2008). Then the normalized 
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total area from curve-fitting of polysaccharide, protein and lipid regions were 

determined.  The results were exhibited in Table 4.6. 

 

Table 4.6 Polysaccharide: protein: lipid ratio of cells of S. cerevisiae Angel® when 

cultured yeast in YPD medium supplemented with additives at different 

concentrations for 24 h  

Normalized total area of different wavenumber 

regions 

 
Treatments 

Polysaccharide 

(950-1,185 cm-1) 

Protein(1,480

-1,700 cm-1) 

Lipid(2,840-

3,000 cm-1) 

Polysaccharide: 

protein: lipid ratio

Control 

1 

2 

3 

4 

5 

6 

7 

0.37 

0.38 

0.38 

0.35 

0.37 

0.36 

0.39 

0.37 

0.19 

0.18 

0.19 

0.19 

0.19 

0.20 

0.20 

0.20 

0.04 

0.03 

0.03 

0.03 

0.03 

0.03 

0.04 

0.03 

10.8:5.5:1.0 

11.0:5.0:1.0 

11.7:6.0:1.0 

11.3:6.0:1.0 

11.1:5.7:1.0 

10.5:5.9:1.0 

11.1:5.8:1.0 

11.4:6.1:1.0 

 

Treatment 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = 

combination of 5 ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 

3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm NaCl, 7 = 

combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 

 

These results are related to absorbance intensity of the spectra.  The highest 

absorbance intensity was found in polysaccharide region, followed by protein region 

and lipid region.  That is lowest total area of lipid was observed, followed by protein 

area and polysaccharide area.  Based on the same amount of lipid, the polysaccharide 

area was approximately 2 folds higher than protein region in all treatments.  This 

result was slightly similar to Varunya (2006) report which showed that polysaccharide 

was 1.5 fold higher than protein in S.cerevisiae SC 90.  However, the chemical 

components in yeast cell depend on the environment culture conditions (Smits et al., 
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1999; Klis et al., 2002).  According to Aguilar-Uscanga and Francois (2003) work, the 

culture conditions at pH 4, 37 °C enhanced β-glucan production.  In this research the 

culture condition at pH 4, 30 °C was used, so high polysaccharide was found as 

expected. In addition, Kapteyn et al. (2001) reported that low chitin was found when 

yeast was cultured at pH 3.5-4.0, so low protein should exhibited when compared with 

normal condition.  The ratio of protein region showed lower than control and other 

treatments when yeast was cultivated with 100 ppm SDS (treatment 1) and slightly 

higher amount of polysaccharide compared with control because some proteins in cell 

wall can be extracted with SDS, so the lowest protein was obserbed (Montijn et al., 

1994; Vaart et al., 1995).  Moreover, yeasts released some protein compounds 

(purines, pyrimidines, mononucleotides) when treated with SDS (Asami, Hanai and 

Koizumi, 1977).  Overall, the amount of polysaccharide in all treatments was slightly 

higher than control, with exception in treatment with combination of 5 ppm EDTA 

and 3,000 ppm NaCl (treatment 5).  In this treatment, long oval shape was found (Fig. 

4.10, Table 4.2), consequently thinner cell wall possibly caused the lowest 

polysaccharide content.  The highest polysaccharide part was shown when yeast was 

cultured with 50 ppm EDTA (treatment 2), which can be explained that EDTA 

stimulated β-(1,3)-glucan synthase (Leal et.al., 1984).  Therefore, the absorbance 

intensity of polysaccharide region increased because β-(1,3)-glucan is one of the 

constituents of the polysaccharide in cell wall.   

The % area of two bands identified for β-(1,6)-glucan and β-(1,3)-glucan were 

calculated.  Then the β-(1,6)-glucan to β-(1,3)-glucan ratio in cell was estimated as 

shown in Table 4.7.  The two bands identified at ca. 991 cm-1 and ca.1,078 cm-1, are 

assigned to β-(1,6)-glucan and β-(1,3)-glucan, respectively.  These assignments were 

based on spectra of laminarin standard (Šandula et al., 1999; Galichet et al., 2001; 

Adet et al., 2006; Karreman et al., 2007; Burattini et al., 2008).  The calculations 

showed that when yeast was cultivated with additives the β-(1,6)-glucan to β-(1,3)-

glucan ratios were higher than control.  Moreover, the highest β-(1,6)-glucan to β-

(1,3)-glucan ratio (2.57) was exhibited when yeast was cultured with 30,000 ppm 

NaCl (treatment 3).  
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Table 4.7   β-(1,6) : β-(1,3) ratio of cells of S. cerevisiae Angel® when yeast was 

cultured in YPD medium supplemented with additives at different 

concentrations for 24 h  

1,6-Glucan 1,3-Glucan 

Treatments 
Wavenumbers 

(cm-1) 
Band area 
(A1)(%) 

Wavenumbers 
(cm-1) 

Band area 
(A2)(%) 

β-(1,6) :  

β-(1,3) 

(A1/A2) 

control 991 3.07 1078  1.88 1.63 

1 990 4.08 
 

1078 1.95 2.08 
 

2 990  3.03 1078 1.90 1.59 

3 989 5.44 
 

1076 2.11 2.57 
 

4 990 3.75 1077 2.03 1.84 
 

5 990 4.00 1077 1.95 2.05 
 

6 990 4.63 1077       2.06 2.24 
 

7 990 3.93 1077 1.92 2.04 
Treatment 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = 

combination of 5 ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 

3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm NaCl, 7 =  

combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl.  Assignment from 

Šandula et al., 1999; Galichet et al., 2001; Adet et al., 2006; Karreman et al., 2007; 

Burattini et al., 2008 

 

When yeast was cultivated with 50 ppm EDTA (treatment 2), the β-(1,6)-

glucan to β-(1,3)-glucan ratio (1.59) was slightly lower than control.  This result can 

be explained that EDTA stimulates β-(1,3)-glucan synthase, so the β-(1,3)-glucan is 

higher therefore the lowest ratio of β-(1,6)-glucan to β-(1,3)-glucan was observed 

(Leal et al., 1984; Guillen et al., 1985).  For other treatments, higher β-(1,6)-glucan 

than control was found.  In the stress condition, cells try to reorganize cell wall by 

MAPK (Mitogen Activated Protein Kinase pathway) in order to protect themself, so β-

(1,6)-glucan increases because a higher β-(1,6)-glucan component is expected to 

increase the rigidity of the glucan matrix and stronger cell wall stability (Jamas, Rha 

and Sinskey, 1986; Smits and Brul, 2005).  Moreover, previous research reported that 
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the degree of branching of β-glucan depended on the environmental growth conditions 

(Klis et al., 2002).  In addition, Kapteyn et al. (2001) reported that highest β-(1,6)-

glucan content was found when yeast was cultivated at pH 3.5-4.5. 

 

4.3.2  Determination of the quality of β-glucan 

 

4.3.2.1   Determination of β-(1,6) : β-(1,3) ratio of  

              β-glucan 

 

S. cerevisiae Angel® was cultivated under 

eight cultural conditions for 24 h.  The cells were collected, β-glucan was extracted 

and freeze-dried.  The β-(1,6)-glucan to β-(1,3)-glucan ratio was determined by using 

Fourier Transform Infrared Spectroscopy (FTIR).  The spectra of β-glucan I (one 

cycle of Savinase treatment) were recorded  from 600 cm-1 – 4,000 cm-1 as shown  in  

Fig. 4.15.  Curve-fitting was used to analyze polysaccharide absorption region: 950–

1,185 cm-1(Šandula et al., 1999; Galichet et al., 2001; Adet et al., 2006; Karreman et 

al., 2007; Burattini et al., 2008).  β-Glucan I spectra with curve-fitting were exhibited 

in appendix F.  The wavenumbers of spectra from β-glucan I were represented in 

Table 4.8. 

The spectra of β-glucan I also exhibited in 3 

regions which are polysaccharide, protein and lipid (Fig. 4.15).  However, the 

absorbance intensity of β-glucan was higher than that in yeast cell (Fig. 4.14).  A 

similar spectral pattern was shown in all treatments but the absorbance intensity was 

different.  The lowest absorbance intensity of protein region and the highest 

absorbance intensity of polysaccharide regions were found when yeast was cultured 

with 100 ppm SDS (treatment 1).  This spectrum was corresponded well with the 

polysaccharide: protein: lipid ratio shown in Table 4.6.  The lowest protein part in cell 

was found when yeast was cultivated with 100 ppm SDS (treatment1).  Consequently, 

it was easy to remove protein from cell wall in extraction process.  Thus, the lowest 

absorbance intensity in protein region was observed in this treatment.  The highest 

protein region was shown in β-glucan I from yeast cultured with combination of 5 
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ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl (treatment 7).  This result could be 

explained that this stress resulted in more complexcity of mannoprotein portion, thus it 

is difficult to remove protein from cell.   

 

 
Fig. 4.15 Spectra of β-glucan I (one cycle of Savinase treatment) of S. cerevisiae   

Angel® cultured with some additives at different concentrations    
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Table  4.8 Wavenumbers of spectra of β-glucan I (one cycle of Savinase treatment) of  

S. cerevisiae Angel®  when yeast was cultured with some additives at 

different concentrations  
Wavenumbers 

Treatments 
Assignment 

laminarin    control     1   2   3 4 5 6 7  
none 

 
966 

 
966 966 none none none none none Mannan 

 
996 

 
995 

 
994 

 
996 1000 999 

  
1000 999 1001 β-1,6-glucan 

 

1033 
  

1036 
 

1033 1036 1039 1038 
 

1038  1038 1039  mannan, glycogen   

 
1072 1074     1074 1074 1074 1074 1074 1074 1074 β-1,3-glucan 

 
1103 1103 

 
 1104 1103 

 
1104 1104 

 
1104 1104 1104  β-1,3-glucan 

 
1157 1155 

   
1155 1155 1155 

 
1154 
 

1155 1154 1155      ether 

χ2 values for curve-fitting spectra were in 10-7.  Treatment 1 = 100 ppm SDS; 2 = 50 ppm 

EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 ppm EDTA and 10 ppm SDS; 5 = 

combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 

3,000 ppm NaCl, 7 = three combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl   

 

From Table 4.8, six bands were found from curve-fitting for the data of 

polysaccharide regions (950-1,185 cm-1).  The band identified at ca. 999 cm-1 is 

assigned to β-(1,6)-glucan (Šandula et al., 1999; Galichet et al., 2001; Adet et al., 

2006).  Two bands indentified at ca. 1,074, 1,104 are assigned to β-(1,3)-glucan 

(Šandula et al., 1999; Galichet et al., 2001; Karreman et al., 2007).  Mannan or 

glycogen are indentified at two bands of ca. 966, 1,038 cm-1, respectively (Adet et al., 

2006; Burattini et al., 2008).   The bands indentified at ca. 1,150 cm-1 is assigned to 

ether (glycosidic bond) (Adet et al., 2006). 

From Table 4.9, two bands identified at ca. 999 cm-1 and ca. 1,074 cm-1, was 

assigned to β-(1,6)-glucan and β-(1,3)-glucan, respectively (Šandula et al., 1999; 

Galichet et al., 2001; Adet et al., 2006; Karreman et al., 2007; Burattini et al., 2008).  

The calculations showed that the lower β-(1,6)-glucan to β-(1,3)-glucan ratio in β-

glucan I than in yeast cells (Table 4.7) was observed.  This reason might be because 

during extraction process, β-(1,6)-glucan can be broken down easier than β-(1,3)-

glucan linear chain. 
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Table 4.9  β-(1,6) : β-(1,3) ratio in β-glucan I (one cycle of Savinase treatment) of  

                  S. cerevisiae Angel® when yeast was cultured with some additives 

                  at different concentrations   

1,6-Glucan 1,3-Glucan 

Treatments Wavenumbers(cm-1) 
Band 

area(A1)(%) Wavenumbers(cm-1) 
Band 

area(A2)(%) 

β-(1,6) : β-(1,3) 

(A1/A2) 

control  995 19.63 1074 17.33 1.13 

1 994 21.09 
 

1074 17.88 1.17 

2 996 20.61 
 

 1074 18.37 1.12 

3 1000 28.54 
 

1074 21.73             1.31 

4 999 
 

27.04 

 
 

1074        22.17 1.21 
 
 
5 1000 27.39 1074 21.68 1.26 

 
 
6 

 
 

999 26.14 1074 23.07 1.13 
 
 
7 1001 27.45 1074 23.93 1.14  

 

Treatment 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = 

combination of 5 ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 

3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm NaCl, 7 = 

combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl  

 

  When focusing on β-glucan I, slightly higher β-(1,6)-glucan to β-(1,3)-glucan 

ratio (1.31) was found when yeast was cultured with 30,000 ppm NaCl (treatment 3).  

This result could be explained that NaCl stress caused the reduction in cell volume 

(cell shrinkage), increase in cell wall thickness, and high β-(1,6)-glucan and β-(1,3)-

glucan ratio in cell as previous mentioned. With thick cell wall, it might be more 

difficult to break cell and to remove β-(1,6)-glucan in extraction of β-glucan I from 

whole cell.  Therefore, higher β-(1,6)-glucan to β-(1,3)-glucan ratio was observed 

when yeast was cultured with NaCl.  

High impurity of protein content in the range of 0.12 – 3.58 % w/w were 

shown in β-glucan I (Fig. 4.16).  The lowest protein content was found in treatment 1.  

This result correlated with the FTIR spectrum, which the lowest absorbance intensity 

of protein region (ca.1,480 – 1,720 cm-1) was exhibited (Fig. 4.15).  However, high 
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protein content was found in the other treatments.  Since high protein content retards 

biological activity of β-glucan (Southeastern Pharmaceutical, 2010) and Xiao et al. 

(2004) reported that β-glucan used for activating immunity had protein content about 

2 % w/w, so, the protein should be extracted out from β-glucan I.  The protein content 

of β-glucans II after repeated protein extraction was shown in Figure 4.17.   
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Fig. 4.16 Protein content of β-glucan I in different treatments.  Treatment 1 = 100 ppm 

SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 ppm 

EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm 

NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm NaCl, 7 = 

combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 
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 Fig. 4.17  Protein content of β-glucan II in different treatments.  Treatment 1 = 100 

ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 

ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 3,000 

ppm NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm NaCl, 7 = 

combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 
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From Figure 4.16 and 4.17, the protein content of β-glucan II after repeated 

extraction with Savinase 16L type EX was lower than that of the corresponding β-

glucan I.  The protein content after repeated protein extraction process accounted for 

0.30 – 1.5 % w/w which was 39 – 69 % reduction,  with the exception of β-glucan II 

from yeast when cultured with 100 ppm SDS (treatment 1) that the protein content 

was slightly higher.  Yield of β-glucan I and β-glucan II were exhibited in Fig 4.18.  

High yield of β-glucan I was found when yeast was cultivated with 50 ppm EDTA 

(treatment 2) and combination of 5 ppm EDTA and 3,000 ppm NaCl (treatment 5). 

The lowest yield was found in treatment with 100 ppm SDS (treatment 1).  Then β-

glucan I was repeated protein elimination.  The lower yield of β-glucan II were 

exhibited when compare with β-glucan I, the β-glucan I yield in the decreased in the 

range of 7.38 – 38.34 % (w/w) due to protein removal.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.18   Yeild of β-glucan I and β-glucan II.  Treatment 1 = 100 ppm SDS; 2 = 50 

ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 ppm EDTA and 

10 ppm SDS; 5 = combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = 

combination of 20 ppm SDS and 3,000 ppm NaCl, 7 = combination of 5 

ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 

 

The spectra of β-glucan II after repeated protein extraction were shown in Fig. 

4.19.  These spectra showed the lower protein region intensity absorbance of spectra 
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of β-glucan II and higher polysaccharide region absorbance intensity than β-glucan I.  

The spectra of β-glucan exhibited in 3 regions that are polysaccharide, protein and 

lipid.  Moreover, the absorbance intensity was higher than in cell and before repeated 

protein extraction (Fig. 4.14, Fig. 4.15).  The similar spectra pattern was obtained in 

all treatments but the absorbance intensities were different.  The lowest absorbance 

intensity of protein regions (ca. 1,480 – 1,720 cm-1) and the highest absorbance 

intensity of polysaccharide regions were also found when yeast was cultured with 100 

ppm SDS (treatment1) (Fig. 4.15, Fig. 4.16).  Curve-fitting was used to analyze 

structural modifications in polysaccharide spectral regions: 950–1,185 cm-1 for the 

calculation of β-(1,6)-glucan to β-(1,3)-glucan ratio in β-glucan (Šandula et al., 1999; 

Galichet et al., 2001; Adet et al., 2006; Karreman et al., 2007; Burattini et al., 2008).  

The wavenumbers and the spectral assignments of polysaccharide region of β-glucan 

II were summarized in Table 4.10. 

From Table 4.10, five bands were found from curve-fitting for the data of 

polysaccharide absorption regions (950-1,185 cm-1).  The band identified at ca. 999 

cm-1 was assigned to β-(1,6)-glucan (Šandula et al., 1999; Galichet et al., 2001; Adet 

et al., 2006).  The two bands at ca. 1,074, 1,108 cm-1 were assigned to β-(1,3)-glucan 

(Šandula et al., 1999; Galichet et al., 2001; Karreman et al., 2007).  Mannan was 

indentified at band of ca. 1,034 cm-1, respectively (Adet et al., 2006; Burattini et al., 

2008).  The bands at ca. 1,153 cm-1 was assigned to ether (Adet et al., 2006). 
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Fig 4.19  Spectra of β-glucan II (two cycles of Savinase treatment) of S.cerevisiae 

Angel® when yeast was cultured with some additives at different 

concentrations 
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Table  4.10  Wavenumbers of spectra of β-glucan II (two cycles of Savinase treatment) 

of  S. cerevisiae Angel®  when yeast was cultured  with some additives at 

different concentrations  

Wavenumbers 
Treatments 

Assignment 

laminarin   control      1    2    3      4      5 6 7  
 

996 
 

 
999  

 
 

 
997 

 

 
998 

 
999 

 
999 

 
999 

 
998 

 
1000 

 

 
β-1,6-glucan 

 

1033 
 

1036 
 

1034 1035  1037 1037 
 

1037 1036  1037 mannan, glycoge

 
1072 

 
 

1073     1072 1072 1073 1074 1074 1073 1072 β-1,3-glucan 
 

1103 
  
   

1108 
 

1108 1108 
 

 

1108 1108 
 

1108 1108 1108 β-1,3-glucan 
 

1157 
 

1154 
 

1154 1154 1150 1149 1152 
 

1151 1153      ether 

 

χ2 values for curve-fitting spectra were in 10-5- 10-6.   Treatment 1 = 100 ppm SDS; 2 = 

50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = combination of 5 ppm EDTA and 10 ppm SDS; 5 

= combination of 5 ppm EDTA and 3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 

3,000 ppm NaCl, 7 =  combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 

  

From Table 4.11,  the two bands identified at ca. 999 cm-1 and ca.1,073 cm-1, 

were  assigned to β-(1,6)-glucan and β-(1,3)-glucan,  respectively (Šandula et al., 

1999; Galichet et al., 2001; Adet et al., 2006; Karreman et al., 2007; Burattini et al., 

2008).  From calculations showed that the β-(1,6)-glucan to β-(1,3)-glucan ratio was 

slightly lower than control when yeast was cultured with additives.  The lowest β-

(1,6)-glucan to β-(1,3)-glucan ratio was shown when yeast was cultivated with 5 ppm 

EDTA and 10 ppm SDS (treatment 4).  This result is similar with the work of 

Freimund et al. (2003), they showed that the loss of β-glucan after treated with 

Savinase was predominantly β-(1,6)-glucan. Since, β-(1,6)-glucan was probably 

broken easier than β-(1,3)-glucan in repeated protein extraction process, so the lower 

β-(1,6)-glucan to β-(1,3)-glucan ratio was observed when repeated protein extraction 

was done.   
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Table 4. 11  β-(1,6) : β-(1,3) ratio in β-glucan II (two cycles of Savinase treatment) of   

S. cerevisiae Angel® when yeast was cultured  with additives at different 

concentrations  

1,6-Glucan 1,3-Glucan 

Treatments 
Wavenumbers 

(cm-1) 
Band 

area(A1)(%) 
Wavenumbers 

(cm-1) 
Band 

area(A2)(%) 

β-(1,6) : β-

(1,3) 

(A1/A2)  

control  999 23.94 1073 28.31 0.84 
1 997 22.48 1072 26.92 0.83 
2 998 22.67 1072 28.53  0.79 
3 999 18.86 1073 27.91  0.77 
4 999 18.86 1074 27.20   0.69 
5 999 19.29 1074 26.89   0.71 
6 998 21.20 1073 27.12    0.78 
7 1000 23.09 1072 29.40    0.78 

 Treatment 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 4 = 

combination of 5 ppm EDTA and 10 ppm SDS; 5 = combination of 5 ppm EDTA and 

3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 3,000 ppm NaCl, 7 =  

combination of 5 ppm EDTA, 10 ppm SDS and 3,000 ppm NaCl 

 

 

   4.3.2.2 Determination of weight average molecular weight of β-glucan 

 

    Fig 4.20 shows the effect of additives used in culturing yeast on 

weight average molecular weight of β-glucan.  Molecular weight obtained from 

treatment 6 and 7 was one order of magnitude higher than that of other treatments 

including control.  They were 2.36 X 105 and 2.80 X 105 daltons, respectively.    
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Fig. 4.20   Weight average molecular weight of β-glucan from S. cerevisiae Angel® 

when yeast was cultured with additives at different concentrations.  

Treatment 1 = 100 ppm SDS; 2 = 50 ppm EDTA; 3 = 30,000 ppm NaCl; 

4 = combination of 5 ppm EDTA and 10 ppm SDS; 5 = combination of 5 

ppm EDTA and 3,000 ppm NaCl, 6 = combination of 20 ppm SDS and 

3,000 ppm NaCl, 7 =  combination of 5 ppm EDTA, 10 ppm SDS and 

3,000 ppm NaCl 

 

Low molecular weight in the range of 1.07 – 2.50 X 104 daltons was found in 

other treatments including control.  This result was similar with the work of Manners 

et al.(1973) and Williams et al. (1991) which was reported that β-glucan and β-glucan 

phosphate from S. cerevisiae exhibited the molecular weight of 2.40 X 105 daltons and 

1.10 X 105 daltons, respectively.  Both researches used alkali-acid method in β-glucan 

extraction process, so the molecular weight should probably be slightly different.  

From this obtained result, it is of interest to further investigate why SDS and NaCl 

affect on weight average molecular weight of β-glucan. 
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   4.3.2.3 Determination of immunomodulatory  properties of  β-glucan 

 

               Due to a similar value of the β-1,6-glucan to β-1,3-glucan ratio of β-

glucan II in all treatments (section 4.3.2.1),  β-Glucan II in control and treatment with 

100 ppm SDS (treatment 1) were selected for the determination of immunomudulatory 

properties.  After they were derivatized to carboxymethylglucan (CM-glucan), two 

different parts of CM-glucan were obtained.  They were water soluble CM-glucan and 

water insoluble CM-glucan. The spectra of CM-glucan from control and selected 

treatments were presented in Fig. 4.21- 4.22.  

   From Fig. 4.21, when spectra of CM-glucans from S. cerevisiae 

Angel® were compared to β-glucan (control),  higher absorbance intensities at ca. 

1305, 1426, 1605 cm-1 were found in CM-glucan (both in water insoluble part and 

water soluble part).  In addition, the same trend was also shown in treatment 1 (Fig. 

4.22) (Pushpamalar et al., 2006; Yuen et al., 2009).  Degree of Substitution (DS) was 

assessed.  DS is defined as the number average degree of carboxymethyl group 

substituted per anhydroglucose unit.  So, the position of C-2, C-4 and C-6 in the 

glucose molecule are the point of carboxymethylation of hydroxyl group with mono-

choloroacetic acid (Eyler, Kluy and Diephuis, 1947; Conner and Eyler, 1950).  From 

preliminary determination of DS, curve-fitting of the absorbance intensity spectra 

between marker band of carboxymethyl group (1,300 – 1,700 cm-1) and internal 

standard of β-glycosidic linkage (850 – 950 cm-1) were performed.   

   Then, the DS was calculated by using standard curve that reported in 

Yuen et al. (2009), who studied the determination of DS of polysaccharide by 

vibrational spectroscopic methods. The results showed that DS of CM-glucan of 

control in water insoluble, water soluble parts, CM-glucan of the selected treatment in 

water insoluble and water soluble parts were shown in Table 4.12 and 4.13.  Šandula, 

Machová and Hribalová (1995) reported that the solubility of CM-glucans in water 

depends on their DS.  Samples with DS of 0-0.5 were insoluble or partially soluble, 

samples with DS 0.56, 0.75 and 0.89 gave opalescent solutions, and those with DS 

1.08 or 1.15 gave clear solutions at a concentration of 2 mg/ml. 
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Fig. 4.21   FTIR Spectra of β-glucan and CM-glucan from S. cerevisiae Angel® when 

yeast was cultivated in YPD medium without additives (control). 

  lower curve:  β-glucan spectrum ;  middle curve: water insoluble CM-

glucan spectrum and upper curve: water soluble CM-glucan spectrum   

 
Fig. 4.22  FTIR Spectra of β-glucan and CM-glucan from S. cerevisiae Angel® when 

yeast was cultivated in YPD medium with  100 ppm SDS (treatment 1).  

lower curve:  β-glucan spectrum ;  middle curve: water insoluble CM-

glucan spectrum and upper curve: water soluble CM-glucan spectrum  

 

Nevertheless, the DS in this study was higher than that previously reported. 

Since Yuen et al. (2009) used xanthan gum for the calculation of standard curve after 
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curve-fitting process, so this is probably not suitable for β-glucan.  However, the CM-

glucan in water soluble part had higher DS than that in water insoluble one, resulting 

in higher water solubility.  This result was similar with the work reported by Šandula 

et al. (1999).  After that the water insoluble and water soluble CM-glucan from control 

and the selected treatment with different DS were tested to macrophage cell (RAW. 

264.7) by using Nitric Oxide (NO) assay and MTT assay.  The results were shown in 

Table 4.12 and 4.13, respectively. 

 

Table  4.12  NaNO2 concentrations (μM) from RAW 264.7 when cells were treated 

with CM-glucan from S. cerevisiae Angel® in control and  treatment 

with 100 ppm SDS(treatment 1). 

NaNO2 concentrations (μM) 

Concentrations (μg/ml) 

Treatments DS 

(degree of 

substitution) 500 1,000 2,000 4,000 

control      

-water insoluble  0.67 0.06±0.03 0.16±0.06 0.60±0.13 1.98±0.93 

control 

-water soluble 

 

1.35 

 

0.27±0.09 

 

1.06±0.55 

 

2.04±0.21 

 

13.92±1.55 

treatment 1 

-water insoluble 

treatment1 

 

0.48 

 

1.83±0.21 

 

2.72±0.19 

 

2.22±0.12 

 

1.48±0.26 

-water soluble  0.74 0.26±0.18 0.57±0.19 1.15±0.47 1.87±0.48 

Value were expressed as mean and standard deviation of eight replications 

 

As shown in Table 4.12, the macrophages can be compelled to release nitric oxide 

when incubated with CM-glucan from S. cerevisiae Angel® in control and treatment with 

100 ppm SDS with differences DS.  In the case of DS 0.67, 0.74 and 1.35, high 

concentrations of CM-glucan were found to highly induce of nitric oxide generation of 

macrophage cell.  With the exception of low DS (0.48), the highest stimulation activity 

was exhibited at the concentration of 1,000 μg/ml.  These results could be explained that 

high concentration of CM-glucan might be toxic to macrophage cell, so cells became 

weak and low releasing activity of nitric oxide was observed.  The highest stimulation 



 88
 

 

activity of water insoluble CM-glucan in control was found.  Since the β-(1,6)-glucan to 

β-(1,3)-glucan ratio of control were highest, high activation of macrophage activity 

should be exhibited.  Previous researchs showed that high ratio of β-1,6-glucan had high 

activity to stimulate macrophage cell (Jamas et al., 1996;  Cleary, Kelly and Husband, 

1999; Kubala et al., 2003; Pang et al., 2005).  The stimulation requires specific β-glucan 

receptor cross-linking (Cleary, Kelly and Husband, 1999; Chen and Seviour, 2007), so 

branching has good interaction than linear chain.  Thus, low stimulation activity was 

observed in this study.   Nevertheless, the immunomodulatory properties of CM-glucan 

depend on DS, polymer charge, the degree of branching (β-(1,6) : β-(1,3) ratio), 

molecular weight (MW), β-glucan conformation, the water solubility and the properties 

of macrophage cell (Yadomae, 2000; Mantovani et al., 2008).  Othor authors reported 

that CM-glucan with DS = 0.75, 0.2 ≤ DB ≥ 0.3, 100 ≤ MW ≥ 200 KDa and triple-helix 

structure showed the highest activity for stimulating macrophage cell (Šandula, Machová 

and Hribalová, 1995; Zekovic et al., 2005).  The weight average molecular weight of β-

glucan from this research exhibited lower 100 KDa and higher than 200 KDa (Fig. 4.20).  

The positive immunity should be found, but not in this study.  This might be because 

there are many factors affecting the biological activity as described above.   

 

Table 4.13    % cell death in RAW 264.7 when cells were treated with CM-glucan  

from S. cerevisiae Angel® in control and treatment with 100 ppm SDS 

(treatment 1). 

Cell death (%) 

Concentrations (μg/ml) 

Treatments DS 

(degree of 

substitution) 500 1,000 2,000 4,000 

control  

-water insoluble  

 

0.67 

 

23.72±1.91 

 

25.34±2.64 

 

30.51±2.13 

 

38.36±3.03 

control 

-water soluble  

 

1.35 

 

34.72±1.73 

 

37.58±2.08 

 

38.42±1.63 

 

41.25±1.71 

treatment1 

-water soluble  

 

0.74 

 

28.33±2.39 

 

34.02±2.60 

 

40.75±1.33 

 

48.63±2.49 

Value were expressed as mean and standard deviation of eight replications 
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Based on the minimal toxic concentration (TC50) that killing 50 % of 

macrophage cells (Kostoryz et al., 1999; Tempone et al., 2005),  the CM-glucan 

samples were non-toxic (Table 4.13).  However, it is noticeable that high 

concentration of CM-glucan (more than 4,000 μg/ml) seemed to be toxic.  This results 

can be explained that high concentration of CM-glucan had high negative charge (Rice 

et al., 2002). The carboxyl groups in the derivative might react with macrophage cell 

membrane and show toxicity (Seljelid et al., 1984).   

 

In summary, from the polysaccharide: protein: lipid ratio in the cell and base 

on the same amount of lipid, the polysaccharide region in yeast cell was increased 

when yeast was cultured with additives.  The highest polysaccharide region was found 

when yeast was cultured with 50 ppm EDTA (treatment 2). While, the lowest protein 

region was observed when cultured yeast with 100 ppm SDS (treatment 1).  

Furthermore, the absorbance intensity of spectrum in this treatment exhibited the 

lowest in wavenumber 1,480–1,700 cm-1 (protein region) too.  Considering β-(1,6) : β-

(1,3) ratio in cell,  the ratios were higher when cultured yeast with additives,  with 

exception of the treatment with  50 ppm EDTA (treatment 2).  The highest ratio was 

shown when yeast was cultured with 30,000 ppm NaCl (treatment 3).  Then, 

comparing β-glucan I with control, slightly lower β-(1,6)-glucan to β-(1,3)-glucan 

ratios were found.  The β-glucan in control and selected treatment (treatment 1) were 

derivatized to water soluble derivative (CM-glucan) in order to increase the solubility 

of β-glucan in DMEM medium for in vitro immunomudulatory properties testing.  

This result provided that the high activity for releasing nitric oxide of CM-glucan 

depends on the concentration in the high DS group.  With exception in low DS group, 

the high stimulation activity was exhibited at 1,000 μg/ml.  Moreover, the high 

inhibitory activity of high concentration of CM-glucan were found in all  treatments. 

The biological activity from this result was still not clearly demonstrated, however 

there was a tendency that the DS and concentration of CM-glucan seemed to affect 

stimulation activity of macrophage cell as well as their cytotoxicity.  These results 

provide a basic information about the effect of additives on quantity, quality of β-

glucan production from S. cerevisiae and modification β-glucan derivative for using in 

food industry, cosmetic industry in the future.   



CHAPTER V 

CONCLUSION 
 

 

After screening of  S. cerevisiae strain,  S. cerevisiae Angel® was selected 

for further study, on the basis of high β-glucan yield, % yield of cell dry weight 

and net β-glucan yield.  Then the effect of type and concentration of additives on 

yeast growth was investigated.  No growth and cell death were found when 

cultured yeast with high concentration and combination of additives. In the case 

of yeast growth, it was shown that sigmoid curve of yeast growth can be 

explained by using non-linear regression in the function of shifted logistic 

equation.  SDS at 100 ppm and 200 ppm gave higher growth level than control. 

Thus,  high budding process was found and the number of cells was higher.   On 

the other hand, 50 and 100 ppm EDTA  resulted in reduction of growth level.  

Similarly, the growth level of yeast was reduced in 30,000 ppm NaCl and  60,000 

ppm.  In addition, the time to reach the highest growth rate was longer when yeast 

was cultured with additives. Based on these observations, the optimum 

concentrations of single additives (four treatments) on cell shape, wall surface, β-

glucan production, composition of cell and β-(1,6)-glucan to β-(1,3)-glucan ratio 

in yeast cell were 50 ppm EDTA, 100 ppm  SDS and 30,000 ppm NaCl under 

reciprocal shaking incubator at 200 rpm,  pH  4 at  30 °C for 24 h.  Then, the 

suitable combination of additives were estimated by using computer software.  

Additional combination conditions of additives (four treatments) were EDTA 5 

ppm and SDS 10 ppm; EDTA 5 ppm and  NaCl 3,000 ppm ; SDS 20 ppm and 

NaCl 3,000 ppm; and combination of EDTA 5 ppm, SDS 10 ppm and NaCl 3,000 

ppm.  For further investigation, eight treatments were used to study the effect of 

additives on cell shape, wall surface, β-glucan production, composition of cell and 

β-(1,6)-glucan to β-(1,3)-glucan ratio in S. cerevisiae Angel®.  The results  

demonstrated  that  type  and  concentration  of  additives  used  did  not  

significantly  affect  an  average  single cell  size  but  played  role  in  cell  shape  

during  growth.  Rounder shape (major axis length longer than minor axis length 
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only 0.84 um;), and the  highest β-glucan content (8.15 %w/w) were exhibited 

when cultured yeast with 100 ppm SDS (treatment 1) and this group was 

significantly different from other treatments (p ≤ 0.05).  Moreover, β-glucan 

content was higher than control approximately 40 %.  Whilst, the second group 

with long and oval shape was found in combination of  5 ppm EDTA and 3,000 

ppm NaCl (longest elongation of single  cell; 2.00 um; treatment 5) and the last 

one, oval shape which was similar to control was  found in the rest treatments.  

Moreover, the cell shape from Confocal microscope was related to those from 

SEM at magnification 5,000X.  Wall surface representatives were determined by 

SEM at magnification 15,000X.  The cells treated with 100 ppm SDS (treatment 

1) having rounder shape,  multiple bud scars on the wall surface were found more 

than control and other treatments.  Based on these results, cell shape seemed to 

correlate with β-glucan production.  From this study, it was observed that the 

additive SDS at certain concentration (100 ppm) could stimulate S. cerevisiae 

growth by increasing the budding process.  The cells with oval or long shape  

observed in other conditions had significantly lower β-glucan content than 

rounder shape.  The β-glucan content among these conditions were not 

significantly different.  Moreover, the cell became shrink and longer when 

cultured yeast with NaCl.  Highest % yield of cell dry weight was found when 

yeast was cultivated with 50 ppm EDTA (treatment 2).  From FTIR spectra in 

yeast cell, similar patterns of absorbance intensity were shown among treatments.  

The absorbance intensity of polysaccharide region (950-1,185 cm-1) was the 

highest, followed by protein region (1,480-1,700 cm-1) and the lowest in lipid 

(2,840-3,000 cm-1).  Based on the same amount of lipid, higher amount of 

polysaccharide region was shown when yeast was cultured with additives.  Thus, 

the cell wall could be increased when yeast was cultured with additives.  

Furthermore, the highest polysaccharide region was exhibited when yeast was 

cultured with 50 ppm EDTA (treatment 2).  The protein region was lower than 

control and other treatments when yeast was cultivated with 100 ppm SDS 

(treatment 1).   For the β-(1,6)-glucan to β-(1,3)-glucan ratio in cell, it was shown 

that the ratios were higher when yeast was cultivated with additives, with 

exception of the yeast cultured in 50 ppm EDTA.  The highest β-(1,6)-glucan to 
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β-(1,3)-glucan ratio was exhibited when yeast was cultured with 30,000 ppm 

NaCl (treatment 3).  The β-(1,6)-glucan to β-(1,3)-glucan ratio was lower than 

control in β-glucan from yeast cultivated with some additives after β-glucan 

extraction.  For immunomodulatory properties, the β-glucan was derivatized to 

CM-glucan before test.  It was found that degree of substitution (DS) and 

concentration of CM-glucan seemed to affect significantly the stimulation activity 

of macrophage cell as well as their cytotoxicity.  The higher DS and 

concentration, the higher activity tended to be.  However, the biological activity 

on activation of macrophage cell of CM-glucan depended on many factors and 

needs further investigation.    

Overall, from results obtained, the additives affect to cell shape, wall 

surface,  the chemical compositions and β-glucan production of yeast cell.   Based 

on the similar amount of protein,  β-glucan from yeast was cultivated with 50 ppm 

EDTA (treatment 2) and combination of 5 ppm EDTA and 3,000 ppm NaCl 

(treatment 5) were recommended to use, because high % yield of β-glucan I and 

β-glucan II were found.  However, in pharmaceutical or cosmetic industries, β-

glucan I from yeast cultured with 100 ppm SDS (treatment 1) was suggested to 

use,  because the lowest protein was exhibited. 

In conclusion, the β-glucan extraction and modifier derivatization process 

were suggested to optimize for increasing the immunomudulatory properties 

before future application. 
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Reagent, Medium and buffer preparation 

 

Yeast β-glucan  assay kit 
The kit are composed of: 

Bottle 1: exo-1,3-β-glucanase (100 U/mL) plus β-glucosidase  (20 U/mL) 

suspension, 2.0 mL. Stable for > 4 years at 4°C. 

Bottle 2: Amyloglucosidase (1630 U/mL) plus invertase  (500 U/mL) solution in 

50 % v/v glycerol, 20 mL. Stable for ~ 2 years at 4°C or > 4 years at -20°C. 

Bottle 3: Glucose reagent buffer (concentrate; 50 mL).  Stable for ~ 2 years at 4°C 

or for > 4 years at -20°C. 

Bottle 4: Glucose determination reagent.  Reagent concentrations after dissolution 

in buffer:  Glucose oxidase > 12,000 U/litre.  Peroxidase > 650 U/litre. 

4-Aminoantipyrine 0.4 mM.  Stable for > 4 years at -20°C. 

Bottle 5: D-Glucose standard solution (5 mL, 1.00 mg/mL) in 0.2 % w/v benzoic 

acid.  Stable for > 4 years at room temperature. 

Bottle 6: Control yeast β-glucan preparation (~ 2 g, β-glucan content stated on the 

bottle label).  Stable for > 5 years at room temperature. 

 

 

Preparation of reagent solutions 

1. Add 8 mL of 200 mM sodium acetate buffer (pH 5.0) to bottle 1 (i.e. dilute the 

contents of the vial to 10 mL). Divide into appropriately sized aliquots and store 

in polypropylene tubes at -20°C between use and on ice during use. Once diluted, 

the reagent is stable for > 2 years at -20 °C. 

2. Use the contents of bottle 2 as supplied. Stable for ~ 2 years at 4 °C or > 4 years 

at -20 °C. 

3. Dilute the contents of bottle 3 to 1.0 L with distilled or deionised water. Stable 

for > 2 years at 4 °C. 

4. Dissolve the contents of bottle 4 in the diluted contents of  bottle 3. Divide this 

reagent mixture (GOPOD reagent) into aliquots of desired volume for storage. 

Stable for 2-3 months at 4 °C in a dark bottle, or for > 12 months at -20 °C. 
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5. Use the contents of bottle 5 as supplied. Stable for > 4 years at room 

temperature. 

6. Use the contents of bottle 6 as supplied. Stable for > 5 years at room 

temperature ( Megazyme International Ireland Limited, 2008) 

 

Reagents  

1. Sodium acetate buffer (200 mM, pH 5.0). 

 Glacial acetic acid (1.05 g/mL) 11.6 mL  was  added  to 900 mL of  distilled 

water and pH 5.0 was adjusted  by using 4 M (16 g/100 mL) sodium hydroxide 

solution. The volume was adjusted to 1 litre. Stable for ~ 1 year at 4 °C. 

2. Sodium acetate buffer (1.2 M, pH 3.8). 

Glacial acetic acid (1.05 g/mL) 69.6 mL  was  added  to 800 mL of  distilled water 

and pH 3.8 was adjusted  using 4 M sodium hydroxide. The volume  was  adjusted  

to 1 litre with distilled water. 

3. Potassium Hydroxide (2 M).  

 KOH  112 g  was  added  to 800 mL of distilled water and the solution was 

dissolved  by stirring. The volume was adjusted to 1 litre.   

4. Hydrochloric acid (37 % v/v; ~10 M).  ( Megazyme International Ireland 

Limited, 2008) 

 

 

YPD (Yeast Extract Peptone Dextrose) Broth 
 

Yeast extract      10 g 

Peptone       20 g 

Dextrose       20 g 

Distilled water     1,000 ml 

pH  4 ± 0.1 
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YPD (Yeast Extract Peptone Dextrose) Agar 

 
Yeast extract      10 g 

Peptone       20 g 

Dextrose       20 g 

Distilled water     1,000 ml 

Agar powder    15 g 

pH  7 ± 0.1 

 

Sodium Phosphate buffer 0.02 M  pH 7.5 
 

Solution A  0.02M of sodium phosphate buffer monobasic (Na2H2PO4) = 2.39 g/l 

Solution B  0.02M of sodium phosphate buffer dibasic (Na2HPO4 7H2O) = 5.31 

g/l 

16 ml of solution A mixed with 84 ml of solution B in preparation 100 ml 
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Standard curve in β-glucan and protein determination 
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Fig  B-1  Standard curve of  D-glucose for  total-glucan determination 
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Fig B-2  Standard curve of  D-glucose for α-glucan determination 
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Fig  B-3  Standard curve of  bovine serum albumin for protein determination 
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Properties of additives 

 
 EDTA 

 
Chemical name : EDTA 

Orther names : H4EDTA, Diaminoethanetetraacetic acid, Edetic acid, Edetate, 

Ethylenedinitrilotetraacetic acid,Versene, Ethylene diamine tetracetic acid 

Chemical formular : C10H16N2O8 

Molecular mass : 292.25 g/mol 

Solubility : 0.5 g/L H2O (25 °C) 

Melting point : 220 °C 

 

Structure 

 

   
Fig C-1 Structure of EDTA 

Properties 

 

EDTA is a widely-used acronym for the chemical compound ethylenediamine 

tetraacetic acid. EDTA refers to the chelating agent with the formula 

(HO2CCH2)2NCH2CH2N(CH2CO2H)2. This amino acid is widely used to 

sequester di- and trivalent metal ions. EDTA binds to metals via four carboxylate 

and two amine groups. EDTA forms specially strong complexes with Mn(II), 

Cu(II), Fe(III), and Co(III) (Perry and Phillips, 1995). 
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 SDS (sodium dodecyl sulfate) 

 
Chemical name : SDS or NaDS (sodium dodecyl sulfate) 

Orther names : Sodium lauryl sulfate (SLS) 

Chemical formular : C12H25SO4Na 

Other name: Sodium monododecyl sulfate; Sodium monolauryl sulfate; Sodium 

dodecanesulfate; dodecyl alcohol, hydrogen sulfate, sodium salt; n-dodecyl sulfate 

sodium; Sulfuric acid monododecyl ester sodium salt; 

 Molecular mass : 288.38 g /mol 

Density: 1.01 g/cm³ 

 Melthing point: 206 °C 

 

 

 
Fig  C-2 structure of SDS 

 

Sodium dodecyl sulfate is an anionic surfactant used in many cleaning 

products. The molecule has a tail of 12 carbon atoms, attached to a sulfate group, 

giving the molecule the amphiphilic properties required of a detergent. SDS is a 

highly effective surfactant used in the removal of oily stains and residues.  This 

compound is found in high concentrations in industrial products including engine 

degreasers, floor cleaners, and car wash soaps. In household products, SDS is 

used in lower concentrations with toothpastes, shampoos and shaving foams. The 

product can also be used to aid in lysing cells during DNA extraction. 
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Synthesis 

 

Sodium dodecyl sulfate (SDS) is synthesized by reacting lauryl alcohol 

with sulphuric acid to produce hydrogen lauryl sulfate, then neutralized through 

the addition of sodium carbonate. SDS can be converted by ethoxylation to 

sodium laureth sulfate (sodium lauryl ether sulfate; SLES) (Perry and Phillips, 

1995). 

 

 Sodium chloride 

 
Molecular formular: NaCl 

Molecular mass: 58.443 g/mol 

Appearance : Colorless/white crystalline solid 

Oder : Oderless 

Density: 2.165 g/cm3 

Melting point: 801 °C (1074 K) 

Boiling point: 1465 °C (1738 K) 

Solubility in water : 35.6 g/100 mL (0 °C), 35.9 g/100 mL (25 °C), 39.1 g/100 mL 

(100 °C) 

Solubility : soluble in glycerol, ethylene glycol, formic acid , insoluble in HCl 

Solubility in methanol: 1.49 g/100 mL 

Solubility in ammonia:  2.15 g/100 mL 

Refractive index: 1.5442 (589 nm) 

 

 Sodium chloride, also known as common salt or table salt, is an ionic 

compound with the formula NaCl.  As the major ingredient in edible salt, it is 

commonly used as a condiment and food preservative (Perry and Phillips, 1995).  
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STATISTICAL ANALYSIS 
 

Table D-1 Table of statistical analysis of β-glucan yield between S. cerevisiae 

Fermipan®,  S. cerevisiae Angel®  and  S. cerevisiae TISTR 5059 

(CRD) 

 

ANOVA  of  β-glucan yield 

 df Sum of 
Squares 

Mean 
Square 

F Sig. 

Between Groups 2 15.577 
 

7.788 2.022 0.213 

Within Groups 6 23.115 3.852 
 

  

Total 8 38.692    
 

Duncana 

Subset for alpha = 0.05 1, Fermipan®; 2, Angel®; 
3,TISTR5059 

N 
1 

1 3 7.103 
3 3 8.544 
2 3 8.952 

Sig.  0.114 
 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
 

Table D-2 Table of statistical analysis of  % of cell dry weight between S. cerevisiae    

Fermipan®,  S. cerevisiae Angel®  and  S. cerevisiae TISTR 5059 

(CRD) 

ANOVA of % of cell dry weight 

 df Sum of 
Squares 

Mean 
Square 

F Sig. 

Between Groups 2 0.129 
 

6.456E-02 8.704 0.017 

Within Groups 6 4.451E-02 7.418E-03 
 

  

Total 8 0.174    
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Duncana 

Subset for alpha = 0.05 1, Fermipan®; 2, 
Angel®; 3,TISTR5059 

N 
1 2 

3 3 0.144  
2 3  0.347 
1 3  0.428 

Sig.  1.000 0.291 
 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
Table D-3   Table of statistical analysis of effect of additive (EDTA, SDS and NaCl) 

on elongation  of  cells  of   S. cerevisiae Angel® (CRD) 
 
ANOVA of elongation 

 df Sum of 
Squares 

Mean 
Square 

F Sig. 

Between Groups 7 2.452 
 

0.350 9.857 0.000 

Within Groups 16 0.569 3.554E-02 
 

  

Total 23 3.021    
 
 
Duncana 

Subset for alpha =  0.05 Treatments N 
1 2 3 

1 3 0.8477   
2 3  1.517  
7 3  1.615  
6 3  1.715 1.715 
4 3  1.723 1.723 
3 3  1.726 1.726 

Control 3  1.795 1.795 
5 3   2.006 

Sig.  1.000 0.127 0.106 
 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Table D-4    Table of statistical analysis of effect of additive (EDTA, SDS and 
NaCl) on β-glucan content from S. cerevisiae Angel® (CRD) 

 
ANOVA of  β-glucan content 

 df Sum of 
Squares 

Mean 
Square 

F Sig. 

Between Groups 7 11.473 
 

1.639 4.022 0.010 

Within Groups 16 6.520 0.408 
 

  

Total 23 17.993    
 
 
Duncana 

Subset for alpha =  0.05 Treatments N 
1 2 3 

control 3 5.828   
3 3 6.223 6.223  
2 3 6.334 6.334  
5 3 6.411 6.411  
4 3 6.568 6.568  
7 3 6.693 6.693  
6 3  7.393 7.393 
1 3   8.156 

Sig.  0.157 0.061 0.162 
 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
Table D-5    Table of statistical analysis of effect of additive (EDTA, SDS and 

NaCl) on % yield of cell dry weight from S. cerevisiae Angel® (CRD) 
 
ANOVA of % yield of cell dry weight 

 df Sum of 
Squares 

Mean 
Square 

F Sig. 

Between Groups 7 3.997E-02 
 

5.710E-03 1.798 0.157 

Within Groups 16 5.080E-02 3.175E-03 
 

  

Total 23 9.077E-02    
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Duncana 

Subset for alpha = 0.05 Treatments N 
1 2 

3 
6 
1 
7 

control 
5 
4 
2 

3 
3 
3 
3 
3 
3 
3 
3 

0.297 
0.324 
0.328 
0.346 
0.391 
0.391 
0.399 

 
0.324 
0.328 
0.346 
0.391 
0.391 
0.399 
0.419 

Sig.  0.067 0.087 
 
Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Spectra of yeast cell by using Fourier Transform Infrared 

Spectroscopy (FTIR) 

 
 
Fig   E-1   spectra of yeast cell of S. cerevisiae Angel®  when yeast was cultivated 

with some additives in different concentrations for 24 h in replication II 
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Fig   E-2   spectra of yeast cell of S. cerevisiae Angel®  when yeast was   cultivated 

with some additives in different concentrations for 24 h in replication III 
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Spectra of polysaccharide region by using FTIR 

 

 

Fig   E-3 FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium without additives (control) in wavenumber 

950- 1,185 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 

 

Fig   E-4 FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium with  SDS  100 ppm (treatment 1) in 

wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and second 

derivative plot (upper) 
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Fig   E-5   FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium with  EDTA 50 ppm (treatment 2) in 

wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and second 

derivative plot (upper) 

 

Fig   E-6   FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium with NaCl 30,000 ppm (treatment 3) in 

wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and second 

derivative plot (upper) 
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Fig   E-7   FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium with combination of EDTA  5 ppm and  10 

ppm EDTA (treatment 4) in wavenumber 950- 1,185 cm-1  from curve- 

fitting (lower) and second derivative plot (upper) 

 
Fig   E-8   FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium with combination of EDTA  5 ppm and  

3,000 ppm NaCl (treatment 5) in wavenumber 950- 1,185 cm-1  from 

curve- fitting (lower) and second derivative plot (upper) 
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Fig   E-9   FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium with combination of SDS 20 ppm and  3,000 

ppm NaCl (treatment 6) in wavenumber 950- 1,185 cm-1  from curve- 

fitting (lower) and second derivative plot (upper) 

 

Fig   E-10  FTIR spectra of polysaccharide from  S. cerevisiae Angel®  when 

cultured in YPD medium with combination of EDTA 5 ppm, SDS 10 

ppm and  3,000 ppm NaCl (treatment 7) in wavenumber 950- 1,185  

                  cm-1  from curve- fitting (lower) and second derivative plot (upper) 
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Spectra of protein region by using FTIR 

 

Fig   E-11 FTIR spectra of protein from  S. cerevisiae Angel®  when cultured in 

YPD medium without  additives (control)  in wavenumber 1,480 – 

1,700 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 

 
Fig   E-12  FTIR spectra of protein from  S. cerevisiae Angel®  when cultured in 

YPD medium with  SDS  100  ppm  (treatment 1) in wavenumber   

1,480 – 1,700 cm-1  from curve- fitting (lower) and second derivative 

plot (upper) 
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Fig   E-13  FTIR spectra of protein  from  S. cerevisiae Angel®  when cultured in    

YPD medium with  EDTA 50 ppm (treatment 2) in wavenumber 1,480 

– 1,700 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 

 
Fig   E-14 FTIR spectra of protein  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  NaCl  30,000 ppm (treatment 3) in wavenumber 

1,480 – 1,700 cm-1  from curve- fitting (lower) and second derivative 

plot (upper) 
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Fig   E-15 FTIR spectra of protein  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of EDTA 5 ppm , SDS  10  ppm  

(treatment 4) in wavenumber 1,480 – 1,700 cm-1  from curve- fitting 

(lower) and second derivative plot (upper) 

 
Fig   E-16 FTIR spectra of protein  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of EDTA  5  ppm  and  NaCl  3,000 

ppm (treatment 5) in wavenumber 1,480 – 1,700 cm-1  from curve- 

fitting (lower) and second derivative plot (upper) 
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Fig   E-17 FTIR spectra of protein  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of SDS 20 ppm  and  NaCl  3,000 

ppm (treatment 6) in wavenumber 1,480 – 1,700 cm-1  from curve- 

fitting (lower) and second derivative plot (upper) 

 

 

Fig   E-18 FTIR spectra of protein  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of EDTA 5 ppm , SDS  10  ppm  and  

NaCl  3,000 ppm (treatment 7) in wavenumber 1,480 – 1,700 cm-1  

from curve- fitting (lower) and second derivative plot (upper) 
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Spectra of lipid region by using FTIR 

 

Fig   E-19 FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in 

YPD medium without  additives(control) in wavenumber 2,840 - 3,000 

cm-1  from curve- fitting (lower) and second derivative plot (upper) 

 

Fig   E-20  FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in  

YPD medium with  SDS  100  ppm  (treatment 1) in wavenumber  

2,840 – 3,000 cm-1  from curve- fitting (lower) and second derivative 

plot (upper) 
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Fig   E-21  FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  EDTA 50  ppm  (treatment 2) in wavenumber 

2,840 – 3,000 cm-1  from curve- fitting (lower) and second derivative 

plot (upper) 

 

Fig   E-22 FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  NaCl 30,000  ppm  (treatment 3) in wavenumber 

2,840 – 3,000 cm-1  from curve- fitting (lower) and second derivative 

plot (upper) 
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Fig   E-23 FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of 5 ppm EDTA  and  10 ppm SDS 

(treatment 4) in wavenumber 2,840 – 3,000 cm-1  from curve- fitting 

(lower) and second derivative plot (upper) 

 

Fig   E-24 FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of 5 ppm EDTA  and  3,000  ppm 

NaCl  (treatment 5) in wavenumber 2,840 – 3,000 cm-1  from curve- 

fitting (lower) and second derivative plot (upper) 
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Fig   E-25 FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of  20 ppm SDS  and  3,000  ppm 

NaCl  (treatment 6) in wavenumber 2,840 – 3,000 cm-1  from curve- 

fitting (lower) and second derivative plot (upper) 

 

Fig   E-26 FTIR spectra of lipid  from  S. cerevisiae Angel®  when cultured in 

YPD medium with  combination of  5 ppm EDTA, 10 ppm SDS  and  

3,000  ppm NaCl  (treatment 7) in wavenumber 2,840 – 3,000 cm-1  

from curve- fitting (lower) and second derivative plot (upper) 
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Spectra of β-glucan I by using Fourier Transform 

Infrared Spectroscopy (FTIR) 
 

 
 

Fig   F-1    FTIR spectra of β-glucan I of laminarin from Laminaria digidata in 

wavenumber 950- 1185 cm-1  from curve- fitting (lower) and second 

derivative plot (upper) 

 

Fig  F-2     FTIR spectra of β-glucan I from  S. cerevisiae Angel®  when cultured   

in YPD medium without additives (control) in wavenumber 950- 1,185 

cm-1  from curve- fitting (lower) and second derivative plot (upper) 
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Fig  F-3    FTIR spectra of  β-glucan I from  S. cerevisiae Angel®  when cultured 

in YPD medium with SDS 100 ppm (treatment 1) in wavenumber 950- 

1,185 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 

 

 
 

Fig  F-4    FTIR spectra of  β-glucan I from  S. cerevisiae Angel®  when cultured 

in YPD medium with EDTA 50 ppm (treatment 2) in wavenumber 

950- 1,185 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 
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Fig  F-5    FTIR spectra of β-glucan I from  S. cerevisiae Angel®  when cultured 

in YPD medium with  NaCl  30000 ppm (treatment 3) in wavenumber 

950- 1185 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 

 
 

Fig   F-6    FTIR spectra of β-glucan  I from  S. cerevisiae Angel®  when cultured 

in YPD medium with  EDTA  5 ppm  and  SDS  10 ppm (treatment 4) 

in wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and 

second derivative plot (upper) 
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Fig  F-7    FTIR spectra of β-glucan  I from  S. cerevisiae Angel®  when cultured 

in YPD medium with  EDTA  5 ppm  and  NaCl  3000 ppm  (treatment 

5)  in wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and 

second derivative plot (upper) 

 
 

Fig  F-8    FTIR spectra of β-glucan  I from  S. cerevisiae Angel®  when cultured 

in YPD medium with  SDS  20  ppm  and  NaCl  3,000 ppm (treatment 

6) in wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and 

second derivative plot (upper) 
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Fig   F-9   FTIR spectra of β-glucan I from  S. cerevisiae Angel®  when cultured 

in YPD medium with  EDTA 5 ppm, SDS  10  ppm  and  NaCl  3,000 

ppm (treatment 7) in wavenumber 950- 1,185 cm-1  from curve- fitting 

(lower) and second derivative plot (upper) 
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Spectra of β-glucan II by using Fourier Transform 

Infrared Spectroscopy (FTIR) 
 

 

 
Fig   G-1    FTIR spectra of laminarin from Laminaria digidata in wavenumber 

950- 1185 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 

 

Fig  G-2     FTIR spectra of β-glucan II from  S. cerevisiae Angel®  when cultured   

in YPD medium without additives (control) in wavenumber 950- 1,185 

cm-1  from curve- fitting (lower) and second derivative plot (upper) 
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Fig  G-3    FTIR spectra of  β-glucan  II from  S. cerevisiae Angel®  when cultured in 

YPD medium with SDS 100 ppm (treatment 1) in wavenumber 950- 1,185 

cm-1  from curve- fitting (lower) and second derivative plot (upper) 

 

 
 

Fig  G-4    FTIR spectra of  β-glucan II from  S. cerevisiae Angel®  when cultured 

in YPD medium with EDTA 50 ppm (treatment 2) in wavenumber 950- 

1,185 cm-1  from curve- fitting (lower) and second derivative plot (upper) 
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Fig  G-5    FTIR spectra of β-glucan II from  S. cerevisiae Angel®  when cultured 

in YPD medium with  NaCl  30000 ppm (treatment 3) in wavenumber 

950- 1185 cm-1  from curve- fitting (lower) and second derivative plot 

(upper) 

 
 

Fig   G-6    FTIR spectra of β-glucan  II from  S. cerevisiae Angel®  when cultured  

   in YPD medium with  EDTA  5 ppm  and  SDS  10 ppm (treatment 4) in 

wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and second 

derivative plot (upper) 
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Fig  G-7    FTIR spectra of β-glucan II from  S. cerevisiae Angel®  when cultured 

in YPD medium with  EDTA  5 ppm  and  NaCl  3000 ppm  (treatment 

5)  in wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and 

second derivative plot (upper) 

 

 
Fig  G-8    FTIR spectra of β-glucan II from  S. cerevisiae Angel®  when cultured 

in YPD medium with  SDS  20  ppm  and  NaCl  3,000 ppm (treatment 

6) in wavenumber 950- 1,185 cm-1  from curve- fitting (lower) and 

second derivative plot (upper) 
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Fig   G-9   FTIR spectra of β-glucan  II from  S. cerevisiae Angel®  when cultured 

in YPD medium with  EDTA 5 ppm, SDS  10  ppm  and  NaCl  3,000 

ppm (treatment 7) in wavenumber 950- 1,185 cm-1  from curve- fitting 

(lower) and second derivative plot (upper) 
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