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Abstract: Saccharomyces cerevisiae and Saccharomyces carlsbergeneis were studied for their

glycogen content. It was found that the highest levels of glycogen accumulation were recorded by

Saccharomyces cerevisiae grown on complete medium (Gosh’s medium) with high C/N ratio. The

highest  amount of glycogen was recorded at pH 6.0 after three days at 30ºC using submerged culture

technique.  Also, there is positive relationship between the cellular glycogen content and the survival

of the cells when exposing to carbon limited medium. Saccharomyces cerevisiae and Saccharomyces

carlsbergenesis were studied for their glycogen content. Trials were done by using different C/N ratios

namely 4:0.9, 4:0.6,  4:0.3 and 4:0.02 on universal medium while were 8: 1.1, 8: 0.6 and 8:0.5 on

Gosh medium. The maximum yield of glycogen was recorded by Saccharomyces cerevisiae grown on

complete medium (Gosh’s medium) on medium contains 8 : 1.1 C/N ratio. These results indicated that

using yeast extract or peptone as a sole source of nitrogen in the medium is quite sufficient for the

synthesis of glycogen. Seven levels of pH’s were chosen for studying their effects on glycogen

accumulation .The hghest amount of glycogen was recorded at pH 6.0 after three days at 30ºC using

submerged culture technique.  Also, there is positive relationship between the cellular glycogen content

and the survival of the cells when exposing to carbon limited medium. Results clearly show that

Saccharomyces carlsbergensis (16.22% glycogen) was not able to withstand more than 48 hrs, while

Saccharomyces cerevisiae which contains approximately double the amount of glycogen can do.
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INTRODUCTION

Glycogen (a polysaccharide that contains only glucose with a 1,4 linkages and is branched via a 1, 6

linkages) has been found in yeast cells. It is generally considered to be a storage compound providing both

carbon and energy for the organisms that accumulate it. Accumulation of glycogen usually occurs as a result

of limited growth conditions in the presence of  an excess of carbon source.

Glycogen is a major storage product in yeast enabling the cells to survive long starvation periods. It is

well known that reserve carbohydrates (glycogen and trehalose) decrease during the initial period of growth

phase in the presence of proper nitrogen source, but they are later resynthesized (Suomalainen and Pflaffli,

1961 and Turkel 2006). The control of glycogen synthesis and breakdown plays a central role in cellular

metabolism. Therefore, stored carbohydrates and their utilization by yeast have been the subject of a number

of reports (Rothman and Cabib, 1969 & 1970; Cunja-Smith et al 1977; Shehata & Nassar, 1985, Nasr, 1994

Nassar, 1992 and Elisabeth et al., 2005). 

The aim of this present study was to find out some factors enhancing the accumulation of glycogen in

Saccharomyces cerevisiae and Saccharomyces carlsbergensis in order to increase their stability and resistance

to autolysis. Improvement of such properties may find its applicable way in yeast technology. 

MATERIAL AND METHODS

Yeast Strains: 

The organisms used in this study namely Saccharomyces cerevisiae and Saccharomyces carlsbergensis

were provided from Department of Microbiology, Fac. of Agric., Ain Shams Univ., Cairo, Egypt.

Media: 

Medium I (Gosh’s medium, Gosh et al 1960) complete medium for glycogen accumulation (peptone 5.0,

ammonium sulphate 1.88, glucose 20.0 gL  and pH 6.0). -1

Medium II . Universal medium for preparation of standard inoculum and glycogen synthesis (yeast extract[1]

3.0, malt extract 3.0, peptone 5.0, glucose 10.0 gL  and pH 6.0). -1
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Fermentation Process: 

Fifty ml portions of the medium were dispensed into 250 ml cotton plugged Erlenmeyer flasks. Each flask

was inoculated with a suitable inoculum and incubated at 30ºC on rotary shaker (170 rpm) for five days except

otherwise stated.

Effect of Initial pH: 

This experiment was performed on complete medium (Gosh’s medium, Gosh et al 1960) to investigate

the effect of intial pH values of culture medium on the accumulation of glycogen by the tested organisms. Ten

levels of pH values ranged between 2.0 and 8.0 were chosen for study. pH was determined using pH, meter

CG 710 Schott Gerate. 

Determination of Growth: 

Growth of tested organisms was determined by separating the biomass from culture both using

centrifugation at 3000 rpm for 15 mins, then washed twice with distilled water and dried at 70ºC until constant

weights.

Determination of Glycogen: 

The washed cells were used for glycogen determnation according to the method of Pfaffli and Suomalainen

(1961). 

RESULTS AND DISCUSSION

Effect of Different C/N Ratios on the Synthesis of Glycogen in Saccharomyces Cerevisiae and

Saccharomyces Carlsbergensis: 

Trials were done by using different C/N ratios namely 4:0.9, 4:0.6, 4:0.3 and 4:0.02 on universal medium

while were 8: 1.1, 8: 0.6 and 8:0.5 on Gosh medium. These experiments were carried out by omission one

or more nitrogen source as tabulated in Tables (1 & 2). 

Regarding to synthesis of glycogen in Sacch. cerevisiae data presented in Table  (1) revealed that glycogen

content as well as yield of biomass were greatly affected by different C/N ratios. The maximum yield of

glycogen was attained on medium contains 4: 0.9 to 4: 0.3 C/N ratio. These results indicated that using yeast

extract or peptone as a sole source of nitrogen in the medium is quite sufficient for the synthesis of glycogen.

Using media contain C/N ratio less than 4.0: 0.3 gave drastic effect on the synthesis of glycogen, which

presented in medium containing glucose and malt extract. The same observation was noticed on the yield of

biomass. With respect to, Saccharomyces carlsbergensis data recorded in Table (1) clearly show that the

maximum yield either of biomass or glycogen content was obtained in medium contains 4: 0.9 C/N ratio

(universal medium) being 3.26 g/L and 17.38% respectively. Yeast extract and peptone gave the same effect

on glycogen content approximately while peptone gave favourable effect on the yield of biomass. No glycogen

content was noticed in the medium contains C/N ratio less than 4: 0.3.

Generally, no obvious variation could be detected on the final pH values in the media contain different

C/N ratios using Saccharomyces carlsbergensis whereas slightly decreased was noticed using Saccharomyces

cerevisiae.

Results recorded in Table (2) revealed that the yield of glycogen increased 1.7 and 1.1 times using

Saccharomyces cerevisiae and Saccharomyces carlsbergensis respectively on Gosh medium comparing to that

on the universal medium.

The interpretation of these results were due to the wide range of C/N ratio in the Gosh medium which

reached approximately the double figure in universal medium. 

Although, there is no great variation in C/N ratios content in a medium missing peptone or ammonium

sulphate, with no synthesis of glycogen could be detected on the first treatment. This result is due to the low

yield of biomass which resulted in loss the ability to accumulate the reserve carbon material, also this result

revealed the important role of ammonium sulphate as a nitrogen source for growth. These results are in line

with those obtained by (Shehata & Nassar, 1985 and Mihiri &udwatta, 2001)

Effect of Incubation Period on the Accumulation of Glycogen by Saccharomyces Cerevisiae and

Saccharomyces Carlsbergensis: 

The accumulation of glycogen was determined throughout the growth  of each tested strains on the

fermented medium.

Data given in Table (3) show the growth densities (tabulated as dry weight), the growth rates, glycogen

content and final pH’s values of the tested yeast strains during 84 hrs incubation period in complete medium

(Gosh et al., 1960) for Saccharomyces cerevisiae and Saccharomyces carlsbergensis. 
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Results in Table (4) showed high specific growth rate (0.137) for Saccharomyces cerevisiae while, specific

growth rate being 0.064 for Saccharomyces carlsbergensis the doubling time were 5.05 hr  and 10.83, and the-1

hourly growth rate were 1.147 and 1.066 for Saccharomyces cerevisiae and Saccharomyces carlsbergensis

respectively. With respect to Sacch. cerevisiae and Sacch. carlsbergensis data presented in Table (4) clearly

show that they grow exponentialy during the first 12 and 24 hrs respectively. The production of glycogen

begining at the stationary phase, then increased by increasing the incubation period till the maximum being

30.41 and 18.92% after 72 and 66 hrs respectively. 

Data presented in Table (4) show the calculation of hourly production rate (HPR) of glycogen. The highest

HPR being 1.13 obtained by Sacch. cerevisiae  during 48-60 hrs incubation period. 

Effect of Different pH Levels on Accumulation of Glycogen by Saccharomyces Cerevisiae and

Saccharomyces Carlsbergensis: 

The initial pH value of the growth medium is very important for growth and activities as they greatly

affected by the hydrogen ion concentration. 

Table 1: Accumulation of glycogen in Saccharomyces cerevisiae and Saccharomyces carlsbergensis on universal m edium  containing

different C/N ratios. 

M edium C/N ratio Saccharoyces cerevisiae Sacchaaromyces carlsbergensis

---------------------------------------------------------- ------------------------------------------------------------------

Final pH Dry weight g/L Glycogen % Final pH Dry weight g/L Glycogen %

Universal medium  

( U. med.) 4.0:0.9 5.50 1.70 21.15 5.75 3.26 17.38

U. med.- 4.0:0.6 4.85 0.79 20.96 5.55 0.99 14.57

(yeast ext. + malt ext.)

U. med. – 4.0:0.3 4.90 0.85 20.19 5.60 0.46 15.93

(peptone + malt ext.)

U. med. – 4.0:0.02 4.10 0.41 0.00 5.05 0.27 0.00

(peptone + yeast ext.)

*Universal medium  (glucose + yeast extract + malt extract + peptone)  

Table 2: Accumulation of glycogen in Saccharomyces cerevisiae and Saccharomyces carlsbergensis on Gosh medium containing different

C/N ratios. 

M edium C/N ratio Saccharoyces cerevisiae Sacchaaromyces carlsbergensis

---------------------------------------------------------- ------------------------------------------------------------------

Final pH Dry weight g/L Glycogen % Final pH Dry weight g/L Glycogen %

Gosh medium* 

(complete medium) 8.0:1.1 4.15 0.6 37.04 5.5 1.63 11.46

G. med. Without 8.0:0.6 4.45 1.11 12.80 5.4 1.50 20.92

4amm. SO

G. med. Without 8.0:0.5 4.00 0.2 0.00 4.6 0.12 0.00

peptone

* Gosh medium :  (glucose + peptone + ammonium  sulphate)

Table 3: Effect of incubation periods on accumulation of glycogen by Saccharomyces cerevisiae and Saccharomyces carlsbergensis. 

Time per hour Saccharoyces cerevisiae Sacchaaromyces carlsbergensis

-------------------------------------------------------------------- ------------------------------------------------------------------

Final pH Dry weight g/L Glycogen % Final pH Dry weight g/L Glycogen %

0.0 6.0 0.029 0.00 6.0 0.028 0.00

6 4.6 0.08 0.00 5.3 0.038 0.00

12 4.5 0.15 0.00 5.0 0.105 0.00

18 4.1 0.20 0.00 5.1 0.09 0.00

24 4.0 0.21 11.49 4.9 0.13 11.49

30 3.8 0.32 17.57 4.6 0.14 14.18

36 3.7 0.34 20.95 4.6 0.17 14.86

42 3.7 0.34 21.15 4.6 0.17 12.16

48 3.6 0.35 12.16 4.5 0.17 11.78

54 3.5 0.35 22.97 4.5 0.19 11.11

60 3.5 0.35 25.68 4.4 0.17 10.13

66 3.5 0.35 17.57 4.4 0.20 18.92

72 3.5 0.26 30.41 4.4 0.17 16.22

78 3.5 0.26 10.81 4.5 0.18 12.16

84 3.5 0.37 18.22 4.5 0.17 8.11

Table 4: Growth parameter of Saccharomyces cerevisiae and Saccharomyces carlsbergensis.

Growth parameter Saccharoyces cerevisiae Sacchaaromyces carlsbergensis

Specific growth rate (μ) 0.137 0.064

dDoubling time (t ) 5.059 10.83

Hourly growth rate (HGR) 1.147 1.066
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An experiment was designed to study the effect of initial pH’s on the accumulation of glycogen by

Saccharomyces cerevisiae and Saccharomyces carlsbergensis. All nutritional and environmental conditions were

adjusted to the best finding in previous experiments, except that the only variable factor was the pH. Seven

levels of pH’s were chosen for studying their effects on glycogen accumulation.

Results recorded in Table (5) indicate that pH ranged from 6-7 and pH 6.0 were the most favorable for

the accumulation of glycogen by Saccharomyces cerevisiae and Saccharomyces carlsbergensis respectively.

The corresponding figure for final pH’s Saccharomyces cerevisiae and Saccharomyces carlsbergensis

respectively. The corresponding figure for final pH’s values were 4-85 - 5.0 and 5.2 – 5.9 respectively. The

maximum accumulation of glycogen reached after 3 days incubation at initial pH 6.0 being 33.78 and 19.51%

by Saccharomyces cerevisiae and Saccharomyces carlsbergensis respectively. These results are in line with

Nasr,1994 who found that the pH up to 5.5 increasing the amount of glycogen.

Table 5: Hourly production rate for Saccharomyces cerevisiae and Saccharomyces carlsbergensis.

Time (hrs) Saccharoyces cerevisiae Sacchaaromyces carlsbergensis

--------------------------------------------------------- ---------------------------------------------------------

Glycogen % HPR Glycogen % HPR

0 0.0 0.0 0.0 0.0

12 0.0 0.0 0.0 0.0

24 11.49 0.96 11.49 0.96

36 20.95 0.71 14.86 0.20

48 21.16 0.046 11.78 0.28

60 25.68 1.13 10.13 0.13

72 30.41 0.34 16.22 0.51

84 18.22 1.02 8.11 0.68

Effect of Cellular Glycogen Content on the Longivity Using Phosphate Buffer Medium: 

To study the effect of yeast glycogen content on the longivity of the cells, two strains were particularly

chosen for this experiment on the light of the foregoing results of cellular glycogen content. These tested

strains namely Saccharomyces cerevisiae which contains 30.41% glycogen (high glycogen content) and

Saccharomyces carlsbergensis which contains 16.22% glycogen (low glycogen content) after 72 hrs of

incubation since they proved to be highest cellular glycogen content (see Table 6).

           Viable count at any time

I.G.= Index of growth = )))))))))))))))))))))

          Initial count at zero time

Results in Table (7) clearly show that Saccharomyces carlsbergensis (16.22% glycogen) was not  able

to  withstand  more  than  48  hrs,  while Saccharomyces cerevisiae which contains approximately double the

amount of glycogen can do. The corresponding figure for the index of growth (table,7)were 0.01 and 0.1 at

30ºC on complete medium respectively. Generally, data show that there is gradually decremental trend in index

of growth with increasing the incubation period throughout the experiment for both Sacch. cevisiae and Sacch.

carlsbergensis. 

From the above results it could be stated that there is positive relationship between the cellular glycogen

content and the survival of the cells when exposing to carbon limited medium.  

On the light of the foregoing results, it could be concluded that the glycogen content of yeast cells was

highly affected by yeast strain, nutritional requirements, pH value and incubation period. High glycogen content

in Saccharomyces cerevisiae obtained on Gosh medium (High C/N ratio) .under pH level of 6.0 and incubation

at 30ºC for three days.

Table 6: Effect of different  pH values on accumulation of glycogen in Saccharomyces cerevisiae and Saccharomyces carlsbergensis. 

Time per hour Saccharoyces cerevisiae Sacchaaromyces carlsbergensis

------------------------------------------------------------------ ------------------------------------------------------------------

Final pH Dry weight g/L Glycogen % Final pH Dry  weight g/L Glycogen %

2.0 2.0 0.00 0.00 2.0 0.00 0.00

3.0 3.35 0.23 6.76 3.0 0.00 0.00

4.0 4.10 0.31 13.51 4.0 0.00 0.00

5.0 4.50 0.40 27.03 5.0 0.00 0.00

6.0 (control) 4.85 0.42 33.78 5.2 0.42 19.51

7.0 5.00 0.37 30.40 5.9 0.35 9.41

8.0 5.55 0.29 27.03 6.6 0.37 7.05

*and Elisabeth et al., 2005
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Table 7: Effect of cellular glycogen content on the longivity using phosphate buffer medium. 

Time (hrs) Saccharoyces cerevisiae Sacchaaromyces carlsbergensis

High glycogen content Low glycogen content

------------------------------------------------------------- ------------------------------------------------------------------

I.G. I.G.Count x 10 Count x 105 5

0.0 55 1.00 59 1.00

24 32 0.50 35 0.54

48 27 0.49 22 0.37

72 6 0.11 2 0.01
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