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Abstract 
The main goal of the experiments made consisted in establishing the most efficient way to increase the 
trehalose intracellular content in brewery yeast. The yeast cells were suspended in trehalose solutions at 
different concentrations, incubation temperatures and maintaining time, taking into consideration that 
these technique allows free transfer of exogenous trehalose into the cells both at freshly propagated yeast 
cells as well as at cells from industrial inoculums 
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1. Introduction 

Trehalose and glycogen are endogenous 
carbohydrates deposits of yeast cells. The 
endogenous non - reducing trehalose 
disaccharide is of major interest as regards 
tolerance of yeasts to physiologically 
unfavorable conditions. The significance of 
trehalose as an endogenous protectant is 
referred to in numerous literature sources 
(Brambl, 1996 and Panek, 1991). It is still 
a matter of controversy whether and to 
what extent the trehalose content of the cell 
as such is predictive of the actual stress 
tolerance of yeasts.  

A number of authors are of the opinion that 
trehalose acts primarily as a protectant 
(Eleutherio, 1997; Hounsa, 1998; 
Hottinger, 1987). Kumerth (1999), though, 
based on results of his physiological and 
brewing investigations, describes trehalose 
as having both a protective function as well 
as assuming the role of an energy and 
carbohydrate source.  

 According to Kotyk (1979) and Walker 
(1998), a specific carrier in yeast is 
capable of transporting endogenous 
trehalose from the cytosol to the outside 
of the cell in order to counteract cell 
damage in stress situation. Mutants which 
do not posses this carrier do not survive 
sever stress situation though they form 
endogenous trehalose. Should these cells 
be supplied with exogenous trehalose, 
survival rate can be significantly improved.  

The presence of trehalose on both sides of 
the cytoplasm membrane thus seems to be 
of great significance, with the carrier 
being in a position to transport trehalose 
to the inside and to the outside. The 
existence of at least two trehalose transport 
systems in Saccharomyces cerevisiae is 
described: one of these is capable of 
transporting the trehalose against the 
concentration gradient by active transport 
and the other most probably via facilitated 
diffusion. 
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2. Materials and methods 
Sterile trehalose solutions with increasing 
concentration 1, 2, 3, 4, 6 % have been 
used as cells suspending media at 25 g wet 
cells/l trehalose solution. These has been 
incubated at different temperatures 4°C, 
8°C and 15°C and after 6, 12 and 24 hours 
trehalose was determined by washing 
harvested cells 3 times with cold distilled 
water. The cell pellets were extracted twice 
with 3 times their volume of 250 mM 
trichloracetic acid for 60 min at room 
temperature. The combined supernatants 
from the 2 extractions were assayed for 
anthrone – positive material. 

 The first steep obtained supernatants have 
been used to determine the remanent 
trehalose, to compare and procentual 
measure the transferred trehalose into the 
cells  

3. Results and discussion 

The intracellular trehalose content 
evaluation at first samples of yeast 
separated from 1, 2, 3, 4, 6% trehalose 
solutions used as suspending media has 
been made after 6, 12 and 24 hours, but 
represented only after 24 hours of 
incubation at 4°C temperature in figure 1, 
table 1 and figure 2. 
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Fig. 1: Intracellular trehalose content increasing after 24 hours contact 
at 4oC, mg/g DW yeast

Freshly propagated
yeast

Industrial innoculum
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From represented data (figure 1) we 
conclude that, at 4°C, the increasing 
intracellular trehalose content is maximum 
both at industrial innoculum yeast (9,8) and 

 at freshly propagated yeast (9,7)  when 
the cells were suspended in 3% trehalose 
solution after 24 hours contact 

 
 

Table 1 Trehalose content of supernatants, after 24 hours, at 4°C 
Trehalose content of supernatants, after 24 hours, at 4°C 

Initial trehalose concentration solution, % 
Sample type 

1 2 3 4 6 
Freshly propagated yeast 0,89 1,65 2,01 3,0 5,4 
Industrial innoculum yeast 0,81 1,57 1,89 2,9 5,3 
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Fig. 2: Yeast cells trehalose consumption, after 24 hours contact at 
4oC, %
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The 3% trehalose solution loses 0,99%, 
respectively 1,11% from pure substances 
dissolved in 100 g solution. 

The intracellular trehalose content evaluation 
at samples of yeast separated from 1, 2, 3, 4, 
6% trehalose solutions used as suspending 
media has been made after 6, 12 and 24 hours, 

 but represented only after 6 hours of 
incubation at 8°C temperature in figure 3, 
table 2 and figure 4. 
The most increasing intracellular trehalose 
content has been determined at cells 
suspended in 3% trehalose solutions again, 
but after 6 hours of contact at 8°C. 

 

0
10
20
30
40
50

Intracellular 
trehalose, mg/g 

DW yeast

Blank 1% 2% 3% 4% 6%

Trehalose solution concentration, 
%

Fig. 3: Intracellular tehalose content increasing after 6 hours 
contact at 8oC, mg/g DW yeast

Freshly propagated
yeast

Industrial innoculum
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Table 2: Trehalose content of supernatants, after  6 hours, at 8°C 
Trehalose content of supernatants, after  6 hours, at 8°C 
Initial trehalose concentration solution, % 

Sample type 

1 2 3 4 6 
Freshly propagated yeast 0,91 1,26 1,82 3,5 5,3 
Industrial innoculum yeast 0,89 1,18 1,68 3,44 5,0 
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Fig.4 : Yeast cells trehalose consumption, after 6 hours contact, at 
8oC, %
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At 8°C the freshly propagated trehalose 
intracellular yeast content is with 10,4 higher 
than blank maintained in distilled sterile water 
and with 10,8, in case of industrial innoculum 
yeast. 

The intracellular trehalose content evaluation  

 at samples of yeast separated from 1, 2, 3, 4, 
6% trehalose solutions used as suspending 
media has been made after 6, 12 and 24 
hours, but represented only after 24 hours of 
incubation at 15°C temperature in figure 5, 
table 3 and figure 6. 
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Fig. 5: Intracellular trehalose content increasing after 24 hours  contact, at 
15oC, mg/g DW drojdie
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At 15ºC incubation temperature, the 
trehalose content is lower than those 
determinate for blank. At this temperature 
the cells have the tendency to consume both 

 the endogenous and the exogenous 
trehalose probably because of the high 
temperature of maintaining. 

 
Table 3: Trehalose content of supernatants, after  24 hours, at 15°C 

Trehalose content of supernatants, after  24 hours, at 15°C 
Initial trehalose concentration solution, % Sample type 

1 2 3 4 6 
Freshly propagated yeast 0,66 1,12 1,58 2,48 3,00 
Industrial innoculum yeast 0,58 1,08 1,48 2,40 2,10 
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Fig. 6: Yeast cells trehalose consumption, after 24 hours 
contact, at 15oC 
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Conclusions 

The increasing trehalose intracellular content 
is efficient by transferring it from 3 % 
trehalose solution in which the cells were 
suspended at 4°C, after 24 hours contact and 
at 8ºC, after 6 hours contact, in both cases, 
industrial inoculums and freshly propagated 
yeast.  
It is not efficient to maintain cells in trehalose 
solution at 15ºC. 
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