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Abstract 

The aim of the research was to study the behaviour of different yeast strains in the case of their 
multiplication on molasses and synthetic media, supplemented with vitamins and macro-elements.The 
nutritive supplements are introduced in culture medium as solutions and their addition were performed in 
such a manner as to be not a limitation factor for the yeast. 

In the case of molasses as nutritive medium the macro-elements taken into consideration were potassium, 
sodium, phosphorus, magnesium and calcium. The vitamins used in experiments were biotin, calcium 
panthotenat and inositol. 

There were tested 11 yeasts strains selected from natural and special media prepared in laboratory. During 
these tests the degree of the influence of the vitamins as essential factors for yeast growth for the quantity 
and quality of biomass was tested. The multiplication degree of yeast strains was also analyzed in 
comparison with the medium without growing factors. The vitamins were added individually and as 
mixtures. 
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1. Introduction 

The establishment the optimal culture medium for 
the multiplication of selected yeast cultures is 
achieved by introducing tests on the optimal 
composition of the micronutrients, vitamins and 
bios factors, which compensated the deficit of 
nutrients of the raw materials processed. 

The requirements for any nutrient fermentation 
medium is composed by the following elements: 
carbon source, nitrogen source, minerals 
(macronutrients: P, S, Mg, Fe, K, Ca and 
micronutrients: Mo, Zn, Mn, Co, Ni, Cu, I, Br, V) 
factors growth (vitamins, amino acids, purine, 
pyrimidine).  

 
 

 

As a medium for propagation of yeast cultures we 
stopped attention on molasses, as raw material for 
obtaining biomass.  

We experimented by the addition of micronutrients 
and growth factors in culture medium. Besides the 
fermentescible sugars and organic salts, the yeast 
needs some organic compounds. These compounds 
are needed in a small amounts or even traces and 
were named „bios” or „growth factors”. 

The growth factors needed for the yeast development 
was a target for more researches, based on which it 
was concluded that in general, the yeasts require the 
following growth factors for development: biotin, 
calcium pantothenate, inositol, thiamine and 
pyridoxine [1,2].  
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Studying the requirements in those 5 growth 
factors on a number of 51 yeast strains of higher 
and lower fermentation, these yeasts was divided 
into three groups: the first group includes lower 
fermentation, which ferment the raffinose 
completely, the second group comprises lees lower 
fermentation, which ferment only the 1/3 of 
raffinose and the third group includes the top 
fermentation yeasts, which fermented only the 1/3 
of raffinose [1]. 

For the most bread yeasts strains are need three 
substances of growth from those mentioned above: 
biotin, pantothenic acid and inositol. With both the 
substances mentioned are needed in the culture 
medium, with both the multiplier yield is lower. 
Basically, the yeast will not grow without the 
growth factors mentioned. In the cell life, biotin 
has a special role; it acts as a coenzyme in 
carboxylation of pyruvic acid with oxalic-acetic 
acid formation, which furthers the cross-reaction, 
forming aspartic acid, base material for the 
synthesis of cell protein substance. Cell of yeast is 
unable to synthesize biotin, but its presence in the 
medium is unconditionally linked to a profitable 
production. Requirement for biotin by yeast it is 
partially reduced in the presence of amino 
dicarboxylic medium. Effectiveness increases 
under conditions of intensive aeration. 

Pantothenic acid is a component of coenzyme A, 
which plays an important role in acetylating 
reactions within the cell. Yeast metabolism is 
affected both by aerobic and anaerobic conditions. 
The lack of calcium pantothenate leads to a rapid 
yeast autolysis, releasing hydrogen sulphide. 

Inositol stimulates the growth of yeasts, inositol 
deficiency causing a weakening of both glucose 
metabolism under aerobic conditions and 
anaerobic. In the absence of the inositol, yeast 
obtained is very poor quality of fermentation. 

When the molasses is used as culture medium, the 
mineral requirements include nitrogen, potassium, 
phosphorus, magnesium and calcium. Nitrogen is 
usually supplied by addition of ammonium salts or 
ammonia water in culture medium. 

Molasses generally have enough content of 
potassium and calcium, but in case it is adds in the 
culture medium, then must used as phosphoric acid 
or salts of phosphorus (phosphate) and magnesium 
as magnesium salts.  

The molasses from sugar beet is deficient in biotin, 
and usually, the yeast not it replicate in normal way 
in absence of this vitamin. 

Thiamine is necessary both for multiplication, and for 
further the stimulation of fermentation power in 
bread, if is bakery yeast. [3,4]. 

The molasses from sugar beet usually contains 
sufficient quantities of pantothenate and inositol, so 
as to be able to obtain maximum yields of biomass. 
Practical dates show that in the most best processing 
condition, sugar beet molasses has deficient in biotin. 
The variations of this factor explain in most of the 
times, in practice, variable yields of yeast. 

The molasses from sugar beet contain generally 4-13 
µg/100 g molasses, a concentration lower than that of 
25 to 29 µg/100 g molasses, which it is the optimum 
concentration for the smooth running of fermentation 
process and production of biomass. For here is found 
that, in any case, the biotin content in molasses from 
sugar beet does not meet the requirements to 
obtaining a maximum yield of biomass. 

Nutrients are added in amounts, calculated on the 
amount of biomass, which is supposed to result from 
the multiplication process that is the expected yield to 
be obtained. So, if yields are different than those 
expected, the experience must repeat with the 
changes of nutrients from applied dose. 

Nutrients, microelements and growth factors are 
introduced into culture medium in the form of 
solutions. Adding them must be such as to not be a 
limiting factor for yeast development.  

One of substances necessary for the yeast growth is 
phosphorus, and the addition of this substance is 
calculated, so as to obtain one quantity of yeast with 
3 to 3.5% P2O5 content. 

Phosphorus is added in the form of diammonium 
phosphate, situation in which the nitrogen balance 
must take into account the nitrogen introduced into 
the medium by this substance, or in liquid form by 
phosphoric acid. 

It is indicated a phosphorus content in the yeast 
biomass to over 2.5% P2O5 at dry matter, but if is 
possible 2.7% P2O5 content at dry matter, to ensure 
an optimum yields in yeast. 

Addition of nitrogen is a very great importance due 
to a strong influence on yeast multiplication.  
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The amount of nitrogen added into culture medium 
(of multiplication) should provide a nitrogen 
content of 6 to 9% dry matter of yeast.  

When calculating the nitrogen addition, should 
take into account the nitrogen from diammonium 
phosphate, as and the nitrogen added with 
ammonium water and ammonium sulphate, but 
also the nitrogen from nitrogen substances of 
molasses [4].  

The quantitative ration between these two 
solutions of ammonium salts is adjusted after the 
pH value so is maintained. If the multiplication 
process lasts 10 hours, phosphorus salts is added in 
the first 5 hours from adding, and the addition of 
nitrogen is distributed in the first 7 to 8 hours. 

2. Materials and methods 

The experiments were performed in two series that 
have considered the following issues: 

1. Addition of growth factors (vitamins); 
2. Addition of micronutrients.  

As culture medium we used a White synthetic 
medium [5], at which added the growth factors 
mentioned above. When molasses was added at the 
medium, from the amount of sucrose that must be 
added it was reduced amount of sucrose brought 
with molasses.  

The culture medium was sterilized and was 
inoculated after cooling with yeast culture from a 
tube with malt-agar, made with 72 hours before. 
The fermentation was made into a vessel 
containing 1100 ml of medium. 

Fermentation was performed at a temperature of 
300C, and the propagation time was 24 hours. 
After 12 hours the pH value was corrected by the 
addition of NaOH in 10 ml /l and after another 6 
hours, pH was adjusted to 4.5-4.6. 

At the end of multiplications was achieved the 
biomass separation by centrifugation and was 
determined the amount of biomass obtained and 
the dry matter, its moisture respectively. 

The experiments on the pilot level for capacity 
study of biomass with addition by micronutrients 
were conducted in a fermentation vessel for yeast 
multiplication, with total volume of 20 litres and 
16 litres of the usable volume. 

 

The yeasts which were used were the one who 
recorded the best yield in biomass in the preliminary 
tests, than the yeast selected on the apples and on 
molasses (strain code D5 and DPF). 

As in previous experiments, to assess the ability of 
the yeast to form single cell protein, pure culture was 
inoculated into liquid culture medium, based on 
molasses and was determined the amount of biomass 
formed after 48 hours of fermentation, at temperature 
of 300C [6]. 

The following micronutrients were taken into 
consideration: potassium, magnesium, calcium and 
sodium. 

The microelements necessary for yeast development 
were introduced into the culture medium in the form 
of solutions, as follows: 

- sodium was added as sodium chloride; 
- potassium was added as potassium sulphate; 
- magnesium was added as magnesium 

sulphate; 
- calcium was added as calcium sulphate. 

There were tested a series of diagrams of multiplying 
yeast in medium based on molasses, with and without 
added the micronutrients. 

3. Results and Discussion 

A. Addition of growth factors (vitamins) 

The multiplication of yeast strains on molasses as 
culture medium. The aim of these tests was to study 
the behaviour of yeast strains on the molasses based 
culture media. Molasses was calculated in order to 
ensure a concentration of 5% sucrose. There was no 
addition in growth factors and vitamins and the 
cultivation conditions were similar as in the case of 
previous experiments. The results are presented in 
table 1. 

Based on the data presented in table 1, for the same 
molasses the quantity and the quality of biomass 
depend in a great extent on the yeast strain. A 
practical conclusion is that having a specific 
molasses the yeast strain can be selected to be used in 
order to obtain the highest outcomes.  

The multiplication of yeast strains on synthetic 
culture medium containing biotin (B), panthotenat 
(P) and inositol (I). We have selected 2 strains from 
the total of 11 (D5 and DPF) to be tested in more 
complex conditions. 
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Through these experiments we followed to study 
the separate and combined influence of previous 
three bios factors on the quantity and quality of 
yeast biomass. We have also studied the degree of 
multiplication of yeast in culture media with no 
addition of vitamins. 

The vitamins were added one by one and as 
mixture of two or three. The pitching rate in every 
case was 0.25 g yeast (yeast biomass with 75% 
d.m.). 

The doses of vitamins in order to produce   1 g of 
dry matter of biomass were the following: 0.25 µg 
biotin; 44 µg calcium panthotenat;1000 µg inositol. 
The results are presented in table 2.On the basis of 
the results presented in table 2 it can be noticed 
that the multiplication in the case of control sample 
for both yeast strains was 6 times higher in 
comparison with the pitching yeast. When the 
vitamins were added separately the highest 
increment in biomass in comparison with control 
sample was in the case of supplementation with 
biotin.  

As regards the calcium pantothenat and inositol in 
association with biotin, the results for the 
panthotenat were better than the results for 
inositol. The best results were noticed for the 
experiment with the addition of all three vitamins. 

The multiplication of yeast strains on synthetic 
culture medium with molasses. The aim of these 
tests was to study the optimum molasses addition 
in order to have the best propagation rate.  

The supplementation in molasses in culture 
medium was 5 g molasses/litre, 10 g molasses/litre 
and 20 g molasses/litre. In the case of experiments 
with 5 g molasses/litre the addition of biotin and 
calcium panthotenat in the culture medium was in 
doses of 1/10 and 1/5 from the previous doses. The 
results are presented in table 3. 

On the basis of the data presented in Table 3, the 
following conclusions can be drawn on the 
influence of biotin, calcium pantothenate and 
inositol at the biomass accumulation in medium: 

- in case of the control sample, the amount of 
yeast increases with the addition of molasses 
in synthetic medium; 

- the addition of biotin, in all cases, lead to an 
increase amount of yeast in the medium; 

- the presence of pantothenate brings no visible 
growth of yeast compared with the control 
sample; this is valid both for the panthotenate if 
is alone and if it is associated with biotin (5 g 
molasses /l). A slight increase in the amount of 
yeast, that is found when is combined with 
inositol, seems to be due more to its latter, than 
pantothenate;  

- inositol brings small yeast increase when is 
added alone (5 g molasses/litre) or in 
combination with biotin or pantothenate (at 5 and 
10 g molasses/litre). In the case of experiences 
with the addition of 20 g molasses/litre, the 
influence of inositol is no longer visible. This can 
be explained by the fact that the inositol or 
substances with similar action are sufficient in 
medium; 

- the largest quantity of biomass is obtained when 
all three growth factors are present; 

- from all 11 strains of yeast studied, the 
conclusion is that most strains have needed biotin 
for the development on synthetic medium with 
agar-agar and only one strain may be developed 
only in the presence of pantothenate; 

- from those three growth factors studied, biotin 
has a decisive role as regards the amount of 
biomass produced at the end of the 
multiplication; 

- the strains of yeast analyzed accumulate a reserve 
of growth factors that allow a multiplication of 
about six times, in synthetic medium without 
growth factors. This thing must be necessarily 
considered and must be a characteristic well 
established of the strain with which be working 
when studying the influence of growth factors. 
So, during these experiments it was determined 
the maximum degree by multiplication of used 
pitching yeast, in the absence of growth factors; 

- it is recommended that when we want to obtain a 
large amount of single cell protein to have 
several strains of yeast and for a specific 
molasses to select the most appropriate strain; 

- the performed researches established the working 
method for quality control of molasses regarding 
the three growth factors (biotin, calcium 
panthotenate and inositol). The quantity of 5 
g/litre molasses is the most appropriate to have 
the best differentiation between control samples 
and the samples containing growth factors. 
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B. Addition of microelements.On the basis on the 
optimization tests for culture medium, the 
following supplements were settled: 

1 and 0.2 ml salt solution no. 2 for 1 g yeast. For 
potassium the addition was calculated as 1.6 g 
potassium for 100 g sucrose.For magnesium the 
addition was calculated as 1.58 g magnesium for 100 
g sucrose. 1. Salt solution no. 1: 

- potassium as K2SO4; 
- magnesium as MgSO4 x 7 H2O; For calcium and sodium the addition was settled as 

following: - sodium as NaCl. 

2. Salt solution no. 2: - 0,031 g sodium (NaCl) for 100 g sucrose; 
- calcium as CaCl2. - 0,19 g calcium (CaCl2) la 100 g sucrose. 

The concentrations of salt solutions were 
calculated in order to ensure 1 ml salt solution no.  

The results are presented in tables 4 and 5. 

 
 
 
Table 1. Multiplication of selected yeast strains in simple culture media based on molasses 

No. of experiment Yeast strain Yeast biomass 75% d.m., g Biomass moisture 
content, % 

1 D1 22.42 72.1 
2 D2 22.51 73.8 
3 D3 23.16 71.5 
4 D4 23.21 75.6 
5 D5 25.21 75.3 
6 D6 24.10 73.2 
7 D7 24.68 74.8 
8 DPF 26.15 74.1 
9 DPM 22.11 73.3 
10 DPE5 24.85 73.7 
11 DPP 22.34 73.4 

 
Table 2. Influence of bios factors on the yeast strains in synthetic culture medium  

No. of 
experiment Added growth factor Yeast biomass 75% d.m., g Biomass moisture 

content, % 
Strain D5 

1 Control sample – no addition  of 
growth factors 1.32 75.24 

2 B 8.76 73.12 
3 P 1.71 70.42 
4 I 2.54 75.32 
5 B+I 10.37 70.54 
6 B+P 15.87 71.16 
7 B+P+I 20.92 74.38 

No. of 
experiment 

Added growth factor Yeast biomass 75% d.m., g Biomass moisture 
content, % 

Strain DPF 
1 Control sample – no addition  of 

growth factors 
1.56 77.39 

2 B 9.42 70.44 
3 P 1.89 68.97 
4 I 3.73 77.04 
5 B+I 11.24 68.95 
6 B+P 17.92 71.71 
7 B+P+I 22.15 75.08 

B = biotin;  
P = calcium pantothenat;  
I = inositol 
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Table 3. Yeast strains multiplication in culture media based on molasses  

Medium containing 
5 g molasses/litre  

Medium containing 
10 g molasses/litre  

Medium containing 
20 g molasses/litre  No. of 

experiment 

Added growth 
factor 

Yeast biomass 75% 
d.m., g 

Yeast biomass 75% 
d.m., g 

Yeast biomass 75% 
d.m., g 

Strain D5 
1 Control sample – no 

addition  of growth 
factors 

12.11 18.23 19.74 

2 B 19.86 20.41 21.63 
3 P+I 14.15 19.52 21.14 
4 B+I 22.31 21.95 20.46 
5 B+P 19.79 21.72 21.47 
6 B+P+I 24.08 22.87 24.18 
7 P 12.75 − − 
8 I 13.64 − − 
9 1/10 B 15.31 − − 
10 5/10 B 18.03 − − 
11 1/10 P 12.86 − − 
12 5/10 P 12.60 − − 

Medium containing 
5 g molasses/litre  

Medium containing 
10 g molasses/litre  

Medium containing 
20 g molasses/litre  No. of 

experiment 

Added growth 
factor  

Yeast biomass 75% 
d.m., g 

Yeast biomass 75% 
d.m., g 

Yeast biomass 75% 
d.m., g 

Strain DPF 
1 Control sample – no 

addition  of growth 
factors 

13.06 17.76 20.57 

2 B 20.50 22.28 22.27 
3 P+I 14.45 18.28 20.75 
4 B+I 22.99 23.46 22.24 
5 B+P 20.16 21.56 22.38 
6 B+P+I 24.18 24.12 24.22 
7 P 13.21 − − 
8 I 14.31 − − 
9 1/10 B 16.59 − − 
10 5/10 B 18.66 − − 
11 1/10 P 13.24 − − 
12 5/10 P 13.21 − − 

Table 4. Multiplication of yeast strains D5 in the culture medium based on molasses, adding 
microelements 

Medium containing 5 g 
molasses/litre No. of 

experiment 

Culture medium to produce single cell protein 
 

Yeast biomass 75% d.m., g 
Strain D5 

1 Medium without addition of microelements  12.61 
2 Medium with addition of salt solution no. 1 17.82 
3 Medium with addition of salt solution no. 2 14.35 
4 Medium with addition of both salt solutions 23.19 

Table 5. Multiplication of yeast strains DPF in the culture medium based on molasses, adding 
microelements 

Medium containing 5 g 
molasses/litre No. of 

experiment 

Culture medium to produce single cell protein 
 

Yeast biomass 75% d.m., g 
Strain DPF 

1 Medium without addition of microelements  12.96 
2 Medium with addition of salt solution no. 1 18.10 
3 Medium with addition of salt solution no. 2 14.81 
4 Medium with addition of both salt solutions 23.89 
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4. Conclusion 

- The addition of growth factors and 
microelements contributes to improvement of 
technological yield and of the quality of 
biomass; 

- The yeasts selected from different natural 
substrates and from fruit epiphyte microflora 
belong to the same genus (Saccharomyces 
cerevisiae), but develop different fermentation 
characteristics of sugar substrates; 

- Selected yeasts have abilities to produce 
biomass with high technological yields; 

- The best yield has been registered for strain 
DPF. This strain produces also the biomass 
with highest protein content; 

- On the basis of the results for pilot tests, the 
experiments will carry on in order to improve 
the yeast potential to produce single cell 
protein through the optimization of the work 
diagrams and the culture media used in 
experiments. 

Abbreviations: d.m. – dry matter 
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