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Differences in the formation of ergosterol in yeast cells have been found amongst several wine yeast strains
used in South Africa. A higher ergosterol content is generally accompanied by a faster fermentation rate
and results in a shortening of fermentation time. A high ergosterol concentration in the cell is not a prere-
quisite for maximal cell formation, but probably affects the metabolic activity of the cell. Aeration of the
must during the yeast proliferation stage, brought about marked increases in ergosterol concentrations.

Ergosterol is the major sterol of Saccharomyces cere-
visiae and of a number of other yeast species (Rattray,
Schibeci & Kidby, 1975). Of several hundred fungal
strains tested, Sacch. cerevisiae was found to produce
the largest quantities of sterols (Dulaney, Stapley &
Simpf, 1954). Under conditions of aerobic growth, it is
able to synthesize ergosterol amounting to 2-10% of its
dry mass (Dulaney et al., 1954). The synthesis of sterols
depends largely upon the oxygen requirement of the
strain, and different strains behave differently in re-
spect of sterol synthesis in the presence of specific con-
centrations of oxygen in the growth medium (Kirsop,
1974). During anaerobic growth, sterols cannot be syn-
thesized, and unless small quantities of sterol are sup-
plied exogenously, the cells will stop growing after a
few generations (David & Kirsop, 1973).

The presence of molecular oxygen is necessary for
the biosynthesis of ergosterol and all other yeast ster-
ols. It is required for several biochemical reactions in
the synthesis process, such as the induction of the en-
zyme 3-hydroxy-3-methylglutaryl-coA reductase,
which catalyses the formation of mevalonic acid from 3-
hydroxy-3-methylglutaryl-coA (Berndt et al., 1973);
the cyclisation of squalene to form the first sterol lanos-
terol (Klein, 1955), as well as several demethylation
and desaturation reactions (Aries & Kirsop, 1978). In
the beer industry, aeration of yeast during the stage of
proliferation is conducted with the specific aim to boost
ergosterol production (Harding & Kirsop, 1979).

Although the specific function of the sterols in yeast
is not clear (Boll ez al., 1975), some evidence has been
presented suggesting that sterol synthesis and devel-
opment of respiratory capacity in the cell are closely re-
lated (Parks & Starr, 1963). Proudlock, Haslam & Lin-
nane (1969) stated that the main function of sterols in
yeast is an effect on the structure and dynamic state of
the ‘cell membrane and thus on its permeability to
growth constituents.

In respect of wine yeast, Lafon (1978) found that the
addition to must of growth factors such as thiamine or
diammonium phosphate, causes a more rapid onset of
fermentation and a higher fermentation rate, while the
presence of yeast sterols affects only the final stages of
fermentation.

The present paper reports, firstly, on differences ob-
served between locally used wine yeast strains in re-
spect of their ability to synthesize ergosterol and its
possible effect on fermentation behaviour; secondly, on
the effect of aeration during the stage of yeast prolifera-
tion on the subsequent fermentation process.

MATERIALS AND METHODS

Cultural conditions: In the first experiment steam steri-
lized, clearly settled Chenin blanc must from the 1979
vintage was used; the second and third experiments
were done with sterile filtered Chenin blanc must from
the 1979 vintage, and Chenin blanc and Colombar
musts from the 1980 vintages respectively. The musts
had sugar concentrations of about 200 g/€, total SO,
concentrations of 75 mg/¢ and pH values ranging from
3,3 to 3,4. Pure cultures were prepared by rehydrating
1 g dried preparations of the organisms in 10 m¢ sterile
distilled water for 30 min. at 42°C, and inoculating ster-
ile filtered grape must to a concentration of 0,2 g pure
culture yeast per litre. Inoculations from the pure cul-
tures into the musts to be fermented, were done to a
concentration of 5% ('/,). The organisms were grown
and fermented at 15°C in 1 500 m¢ quantities in 2€ glass
containers supplied with stopcocks from which samples
could be drawn. All fermentations were done in dupli-
cate.

Fermentation treatments: In the first experiment Sacch.
cerevisiae strains WE 14, WE 353 (Epernay), WE 372
and WE 392 (Montrachet) were used. The must of the
second experiment was supplemented with 1 g/{
(NH.,),HPO, to eliminate the possible effect of nitrogen
deficiency. Strains WE 14, WE 372 and WE 392 (Mon-
trachet) were used. In the third experiment aeration
was effected by pumping filtered air through the pure
cultures for four days at a rate of 25 m€/min. Strains
WE 14 and WE 432 were used. All organisms came
from the culture collection of the Oenological and Viti-
cultural Research Institute, Stellenbosch.

Live cell counts: The number of live cells present at the
inoculation stage and during fermentation was deter-
mined according to the plate count method on YM agar
(Difco) plates. Colonies were counted after incubation
at 25°C for three days, and the final colony count was
taken as the average of three plates per dilution con-
taining 30 to 300 colonies per plate.

Fermentation rate: The mass of the flasks was deter-
mined at inoculation — daily for the first four days, and
then every second or third day. The mass loss as a result
of carbon dioxide development was calculated, and a
fermentation rate curve drawn by plotting mass loss/100
m¢ must medium vs time.

Yeast dry mass: Fifty m€ samples of the must were
tapped after shaking each flask, centrifuged at 4 080 g
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for 20 min., and washed once with 50 m¢{ distilled
water. The supernatant was discarded, the cells sus-
pended in 10 m¢ 50 mM phosphate buffer of pH 7,0,
the suspension filtered through Millipore filters (type
HAWP 04600) of known mass, the cells washed with 3
m¢ distilled water and their mass again determined
according to the method of Mas & Pina (1980) after 24h
at 85°C.

Ergosterol analysis: Fifty m¢ samples of must were cen-
trifuged at 4 080 g for 20 min., and the cells washed
once with an equal volume of distilled water. The
washed cells were suspended in 2 m¢ distilled water,
and their ergosterol contents determined by the
method of Breivik & Owades (1957). Absorbances
were determined on a Beckman Model 25 spectropho-
tometer.
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RESULTS AND DISCUSSION

Ergosterol contents of strains: In the first experiment
the effect of ergosterol on the rate of fermentation was
studied. Marked differences amongst strains were ob-
served. Fermentation rates, dry yeast mass production,
ergosterol content of the cells and in the medium are
shown in Figures 1, 2, 3 and 4 respectively. After 35
days the must inoculated with strain WE 353, contained
1,5 g residual sugar per litre, while strain WE 392 con-
tained 4,7 g/¢, strain WE 14 16,4 g/¢ and strain WE 372
27,5 g residual sugar per litre. Only strain WE 353,
therefore, was able to complete fermentation at 15°C
within a reasonable time. Strain WE 353 also had the
highest ergosterol concentration per volume (0,1 mg/50
m¢{) and produced the highest level of dry cell mass
(119 mg/50 m¢). However, ergosterol content expres-
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sed on a dry mass basis for strain WE 353 (0,27 g/100 g)
was somewhat lower than that of strain WE 392 (0,31
g/100 g). It is of interest to note that strain WE 353,
which produced the highest level of total ergosterol in
the medium, showed a relatively long lag phase of
about 2 days before the onset of fermentation (Fig. 1).
However, the fermentation rate of this strain was
higher than that of any of the other strains.

In the second experiment the same higher ergosterol
content and faster fermentation rate were observed.
Results are summarized in Figures 5, 6, 7 and 8, and the
live cell counts of the three strains are compared in
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Table 1. Final live cell counts 40 days after inoculation,
were in accordance with the ergosterol content and fer-
mentation rate. This is illustrated by strain WE 392,
which at that stage had the highest cell count (12,8 x
10m¢), showed the highest ergosterol content
throughout the fermentation period (minimum 0,2
g/100 g), and was the first to complete fermentation (47
days). Fermentation-behaviour in this case could not be
ascribed to the size of the inoculum, as strain WE 372,
the one that fermented most slowly, had the highest in-
oculum concentration (5,3 x 10° cells/mf) compared
with 4,8 x 10° cells/m¢ for WE 14 and WE 392).
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TasLE 1

Live cell counts of strains WE 14, WE 372 and WE 392
during fermentation.

Cell count (x 10%m¢)

Days 0 5 12 40

WE 14 4,8 13,4 11,6 9,8
WE 372 53 16,5 12,4 8,0
WE 392 4,8 10,7 11,4 12,8

Effect of aeration: Using Chenin blanc must, the results
of aeration of pure cultures with regard to fermentation
rates, live cell counts, dry cell mass production, ergos-
terol content in cells and in the media, are given in Fig-
ures 9, 10, 11, 12 and 13 respectively. Similar results
were obtained in the case of the Colombar must. (Re-
sults not shown.)
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Ergosterol concentration (mg/50 m¢) in a sterile filtered Che-
nin blanc must fermented with aerated and unaerated pure
cultures of two wine yeast strains.

O WE 14 aerated; B WE 14 unaerated;
A WE 432 aerated; A WE 432 unaerated

As can be seen from Figure 9, aeration of both
strains led to a higher fermentation rate and earlier
completion of fermentation. In the case of WE 14, fer-
mentation with the aerated pure culture was completed
within 34 days after inoculation, while the unaerated
culture required 41 days. With strain WE 432 this dif-
ference was of the same order, with 38 days for the
aerated and 46 days for the unaerated culture. In Table
2 the inoculation cell concentrations, final ergosterol
contents per cell and per volume, as well as the dura-
tion of fermentation are compared for both strains and
both cultivars. It can be seen that although the inocu-
lum sizes differed largely, the final ergosterol contents
on a dry mass basis were much higher in the case of the
aerated cultures (13 times higher than the unaerated
culture for strain WE 14, and about 30 times higher
than the unaerated culture for strain WE 432).
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aerated pure cultures of two wine yeast strains of sterile fil-
tered Chenin blanc must.

0 WE 14 aerated;
A WE 432 aerated;

TaBLE 2

Comparison of aerated and unaerated cultures in respect of inocula,
days fermented and final ergosterol concentrations.

Ergosterol

Strain Inoculum Days

(x 10° fermented g/100 g mg/50 m¢

cells/m¢) yeast medium
Chenin blanc
WE 14U 1,025 41 0,04 ,082
WEI14A 28,06 34 0,52 ,144
WE 432U 0,635 48 0,02 ,045
WE 432 A 8,935 38 0.59 133
Colombar
WE 14U 1,245 46 0,02 ,086
WE14A 23,11 30 0,26 172
WE 432U 0,505 46 0,02 ,054
WE 432 A 8,025 38 0,63 ,144

*U = unaerated, A = aerated

CONCLUSIONS

In the fermentation of grape must ergosterol plays an
important part in the yeast cell, since the more rapid
fermentation in either unfiltered or filtered must was
accompanied by a relatively high ergosterol content.
Similar observations have been reported by Larue, La-
fon-Lafourcade & Ribéreau-Gayon (1979) who found,
in addition, that sterols and other so-called “survivial
factors” permit the yeast to complete fermentation in
the presence of higher sugar levels in the must.

The yeast strain producing most ergosterol in its cells
does not necessarily produce the highest quantity of dry
mass (for example strain WE 392 in the first experiment
with clear settled juice). Thus ergosterol is probably
not directly responsible for the formation of new cells,
but may only be concerned with the physiological state
of the cell, permitting it to maintain a higher level of ac-
tivity and enabling it to complete fermentation more
rapidly.

B WE 14 unaerated;
A WE 432 unaerated

Aeration of a yeast culture greatly enhances ergoste-
rol production. This treatment does not exert its effect
only while being applied, but probably permits the
yeast to maintain a more active metabolism leading to
more rapid fermentation. During fermentation aerated
cultures maintain a higher ergosterol concentration per
dry mass, and their total ergosterol concentration per
volume is also much higher. According to Jakobson &
Thorne (1980) yeasts growing in the presence of dis-
solved oxygen (aerobiosis) synthesize more sterols and
unsaturated fatty acids than the. minimum concentra-
tion necessary for growth, so that they do not have any
demand for oxygen when placed in a new medium
where conditions soon change to anaerobiosis. A fur-
ther advantage of aeration is that aerated cultures have
higher live cell counts. Its inoculation into another must
therefore causes an earlier onset of fermentation than
would be the case with an unaerated culture.

Strain WE 432 obviously has a disadvantage as re-
gards the formation of new cells. Although efforts were
made to obtain similar inoculation concentrations,
strain WE 432 produced approximately three times less
cells with aeration than did strain WE 14. Strain WE
432 was nevertheless a better ergosterol producer and
contained a higher ergosterol concentration (0,6 g/100
g) than the aerated strain WE 14 (0,4 g/100 g) at the
end of the aeration period. This result also proves that
ergosterol is not directly connected with the formation
of new cells.

Further studies are at present being undertaken to
determine whether the general tendency of higher er-
gosterol concentration and faster fermentation rate ap-
plies to other wine yeast strains as well. The effect of
different periods of aeration of pure cultures and its in-
fluence on wine quality are also investigated.
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