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ABSTRACT 

By suitable tests ethanol tolerance of twenty-eight strains of yeasts representing 
seven genera and several species had been determined. I n  the hght of the results 
recorded, the strains have been classified into three groups, viz., poor ethanol 
tolerant yeasts, moderately ethanol tolerant yeasts and high ethanol tolerant yeasts. 

In  1935 Delano and Menzincescol found that incorporation individually of 
methanol and ethanol in low concentrations into the medium exerted a favourable 
influence on the growth and fermentative activity of yeasts. Subsequent work in 
this field was that of G r a ~ ~ - ~  who, in a series of extensive experiments, demon- 
strated the inhibitory effect of alcohol on different genera and species of yeasts. 
Gray classified these yeasts into five categories on the basis of their alcohol toler- 
ance. In  addition, he also found that (1) the utilization of glucose by yeast was 
progressively inhibited with increasing concentration of alcohol in the medium, 
and that (2) the alcohol tolerance of yeast varied inversely with lipid content. 
Troyer8 reported the limitation of cell population in yeast as a result of the inhi- 
bitory effect of ethanol. In  continuation of his previous studies Gray and Sovae 
studied the effects of different primary and secondary alcohols on the glucose utiha: 
tion by yeast and demonstrated a correlation between molecular size and inhibitory 
action of the different alcohols. 

I n  view of the above observations, it was thought desirable to study the 
alcohol tolerance of several yeasts in our collection with a view to select, if possible, 
one or  more alcohol tolerant yeasts which oli'further studies would prove their 
snitability or  otherwise for industrial exploitation. The criterion followed for the 
alcohol tolerance was .the growth of the orgaqism as measured by turbidity. , 

' '  MATERIALS AND METHODS 

Ci) Material a& rriedia.-Twenty-eight yeast cultures, many of them belonging 
to different genera and species, were selected for this study. The basal medium 
prepared, in double strength, contained per litre: Glucose 20 g., KH,PO, 5 g., 
(NH,), SO, 5 g., MgSO4.7H,0, 0.2 g., FeS04.7H,0 0 . 0 0 2 ~ .  and Difw yeast 
extract 2 g. The pH df (lie medium was found to be in the range of 4.5-5.0. 

95% Ethyl alcohol' obtained from commacia1 sources was iefluxed for 6 tcr 
8 hours .with magnesium ribbons3(fabbed with.sand paper and cleaned befareuse). 
The refluxed.,alcohol was distilled using an all-glass distillation set. The ~lcohol 
SO obtained was absolutely dry and this was iechecked with a ~efract.&%%r. a- 
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Fiveml. aliquots of the double strength medium were pipetted into culture 
tubes and absolute alcohol by volume was added under aseptic conditions. In 
the &st series of experiments the absolute alcohol was incorporated into the 
medium in the following arbitrarily chosen quantities (v/v) of 0, 1, 5, 8, 10 and 
12%. 

Based on observations made on the above ranges, a further series of two experi- 
ments were carried out, one involving the incorporation of ethanol from 3 to 16% 
and the other from 8% to the extent of 14%. In both these experiments, the con- 
centration of alcohol to be incorporated into the medium at the start of the experi- 
ment depended upon the capacity of the yeast strain in question to  tolerate all the 
lower ranges. In all these three sets of experiments the total volume of the culture 
medium in the tesl-tube was made upto 10 ml. with adequate amounts of sterile 
distilled water. 

(ii) Preparation of the inoeu1urn.-TWO loopfuls of yeast growth from a 24 to 
48 hours agar slant were transferred into 5 ml. of dilute basal medium, the tube 
was well shaken for a few minutes and allowed to settle. The supernatant was 
then transferred into another sterile tube and the content of this tube was used as 
the inoculum, one loopful for each tube. The same loop was used for inoculation 
in all the subsequent experiments. 

TABLE 
Ethanol Tolerance 

(Klett 
- 

Ethanol % 
(v/v) 

Yeast species and No. 

Time in IIrs. / 24 48 96 1 24 48 96 / 24 48 96 

I I I 
Sacckwomycc~ stcinwi ( Y d  .. 
Socchorarym corls8rrgmsrs (NCYC 73 A) 

Snccharmyc~s marsranur (NCPC 111) .. 
Sarcharomycodcs Iudvligii (NCYC 364 A) .. 
Tonllopsir ui& (NCYC 321) .. 
Tmulopsic utilil var. maiw (NCYC 369 A) 

ToruI~#rrr pulchirrimn (NCYC 1664) .. 
Torulepiis ddh'ln (Yz) 

Candidn pulcAnnma (YB) 

55 160 315 

210 360 335 

177 290 360 

166 300 420 

96 157 210 

110 218 375 

134 260 306 

96 170 270 

38 

98 

, 

.. 1 70 158 280 Sdwannionytrs ~n'dcn1ali1 (NCYC 183) . . , 152 290 378 

Xnnsmu(o satwnus (NCYC 22) . . 1 123 117 325 85 
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The culture tubes prepared in triplicates were incubaled at room temperature 
(24 to 26" C.) and were handshaken at intervals. At the end of the growth pcricd, 
the yeast was centrifufugeir, supernatant poured oul and thc yeast growth was re- 
suspended in 10 ml. of distilled waler. Turbidity readings were recorded at the 
end of 24, 48 and 96 hours with a Klett-Summerson Colorimeter using 42 filter. 
Since growth measurements madc upto 48 hours after the incubation were regarded 
as those of tolerant species, data regarding growths occurring aftci 96 hours, 
although were recorded, are not presented in this paper. 

The resulls are presented in Tables I and 11. The yeast straina used iil the 
present study could be classified broadly into threc following categories on the basis 
of their capacity to grow in presence of low or high concentrations of ethanol. 

(i) Poor Ethanol tolerant yea.sts (between 3 and 6%) were: Sacchauonzyces 
steineri, Torulopsis puicherrima, Condido puicherrin?~ and Hansrnula saturwus. 

(ii) Moderately Ethanol roleranl .v~nsts (between 6 and 16%) were: Sa<rhmo- 
nzyces rarlsbergensi,~, Sacrharow~y,yces marxianus, Saccharomyces turbirlans, Sac- 
charomycodes Iudwigii, Torulopsis utdis, Toru/opsis utilis var. Major, Torulopsis 

I 
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TABLE 
Ethanol Tolerance 

. OClett 

Yeast species and No I 

Time inIIrs.  24 IS 90 1 24 48 96 / 24 4s 96 

TTube broken b y  accident, henee readings not taken. 

dattila, Schwanniomyces occidentalis, Schizosaccharomyces octosporus, Zygosaccharo- 
myces priorianus, Zygosaccharomyces barkeri, Candida tropicalis and Saccharo- 
myces species (strains Y, and Y,,). 

SoccBammyc~s cer~uirie ( Y  I )  .. 570 345 300 ' 

Socrharoniyres crreri~ie (Y3) .. 100 264 375 23 88 220 

Saiihammycti crmiria. (Ylo) 

Socchoromyus cwtuinr (PIS) 

Snicharomy~e.~ c ~ i i i i r i e  ( Y e l  

Skdrr,.o,nyca species (Y1?) 

Saichoromyces species (Yls) 

Sodoromyce$ ilolicn$ (NCYC 108) ' 390 430 430 I .. 
.5'm~Aarmzym tudkz'ms (NCYC 124) ::i 274 400 450 1 . . 188 405 . . 66 406 

Schzzoraccharomyccr p m &  (NCYC 132) ..I 140 320 380 I . 

(iii) High Ethanol tolerant yeasts (between 10 and 13%) were: Saccharomyces 
cerevisice (Standard strain), Saccharomyces cerevisire (Strains Y,, Y,,, Y,, and YIJ, 
Saccharom.vce.v species ( Y d ,  Saccharomyces italicus, Schizosaccharomyces pombe, 
Candida gulliermondia and Silccharomyces ellipsoidetrs. 

Scdizma~cAnrm,~y~es OLIDI~OYUU (NC KC 131) . . 
Z.v.~mnriharomyces p ~ i u ~ e n u . ~  (NCYC 176) .. 
Z y . p ~ c ~ h e r m y ~ m  & w e  [NCYC 170) . . 

Tn general, it is of interest to note here that whereas the lowermost limit of 
alcohol tolerance' recorded after 48 hours of incubation, in this instance for Sac- 
charomces steineri (Y,,) and Hansenulu saturnus (NCYC 22) is 5% and the highest 

27 87 224 . . 85 . . 40 

310 365 415 . . 168 306 . . . . 108 

90 204 2t 8 1 . . 32 163 ' . . 22 114 

Candida gr~zZiet.rmondin (Y8) 

Cadidri IrvpicaZzs (Y l r )  .. . 

Sedmronyces elZi#s&deur (NCYC 94) .. 305 420 459 1 . . 1 . . 
I I 
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11 
of Some Yeasts 
Readings) 

lo / l1 1 l2 I I3 1 l4 

14 48 96 1 24 48 96 

17 176 224 

12 90 244 

.. 35 168 

17 170 256 

26 137 T 

.. 37 185 

.. 12 78 11.0 

.. ) 1 0 . 0  

.. 42 186 1 .. .. 28 1 .. 

. . 78 195 . . 26 82 1 .. 
.. / 11.0 

.. j 12.0 

11.0 

: 1 8.0 ' 11.0 

8.0 

10.0 

.. 1 7.0' 

12.0 

.. 24 176 .. .. 44 

* D~termingd in the first series of experiments not reported in detail here. 

limit for three yeasts, viz., Saccharomyces cerevisire (Y,,), Saccharomyces species 
and Saccharomyces ellipsoideus (NCYC 94) 'is 12% (see Tables I and II), those 

recorded by Gray and Sovaa were of the order of 4.73 to 11.56% respectively. 
But it must be emphasized that these limits were arrived at  by adopting different 
criteria for alcohol tolerance. I t  is also interesting to note that, generally speaking, 
only Saccharomyces and Schizosac~harom~ces constitute the more tolerant of the 
genera put to test for ethanol tolerance. 

It is of considerable interest to report here that one of the high tolerant yeasts, 
viz., Saccharomyces cerevisire (Yl,) isolated originally by Mody and Bhat7 from 
pineapple, produced only 3.75% (v/v) alcohol under aerated con$tions and that 

.. .. 32 

.. 69 147 .. .. 10 

:: 1 , :: 
I 

.. 20 305 .. .. 160 350 



i t  is extremely well suited for the production of yeast by exploitation of sugarcane 
molasses. I t  would appear therefore that this very yeast would be suitable for 
alcohol production from molasses but  this would be a subject of a future com- 
munication. 

The experimental methods and the analysis described above can give rise only 
t o  qualitative evaluations as to the capacity of a particular strain t o  tolerate increas- 
ing concentrations of ethanol. Since, according to  Gray-he determination of 
alcohol tolerance of a particular strain offers a reliable criterion for the selection 
of a suitable strain for a particular fermentation process, these studies offer some 
promise for selection of suitable strains for fermentation industry. In  this con- 
nection, i t  would be relevant t o  mention that a potent yeast strain yielding high 
concentration of alcohol (10 to  14%) in the distillery washes had already been deve- 
loped and patented in this laboratory.8 The present studies merely indicate that 
Y,, and Y,, tolerate high concentration of ethanol, and that further studies on 
acclimatization of these yeasts to  high concentrations of glucose a n d  subsequently 
alcohol would perhaps help to improve their ethanol tolerance further and render 
their suitability for industrial exploitation better. 
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