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Fatty acid and sterol analyses were evaluated as alternative qual-
ity control methods to conventional differentiation and charac-
terisation systems in the brewing industry. The presence of lino-
leic acid (18:2) in brewing yeast could be used to distinguish 
these from closely related yeast species. Furthermore, the ab-
sence of lanosterol and stigmasterol enabled differentiation of 
the brewing yeast from the rest of the closely related species 
tested. However, both fatty acid and sterol methods were not 
sensitive enough to detect mutants (variants) of brewing yeast. 
Conventional brewing identification tests proved sensitive 
enough to detect variants at low concentrations. 
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Yeast identification using cellular long-chain fatty acids 

(FAs) spans over 30 years of research. Abel and co-
workers1 pioneered the application of FAs for taxonomic 
purposes by differentiating between various bacteria. 
Many researchers have since followed. In 1979, Gangop-
adhyay et al.8 used cellular long-chain FAs to differentiate 
between 38 isolates of anamorphic genera of Candida, 
Cryptococcus and Torulopsis. In 1980, Gunasekaran and 
Hughes9 used FA profiles to characterise 85 strains of Can-
dida based on the presence or the absence of certain FAs. 
Successive studies on cellular FA composition of yeast 
from various taxa10 showed that many yeast strains have 
characteristic FA profiles. Furthermore, the potential of 
this method for industrial application has been evaluated3. 
Subsequently, FA fingerprinting based on the presence or 
absence of especially linoleic (18:2) and linolenic (18:3) 
acids has been used for the characterisation of brewing 
yeasts14. It has also been reported that sterol composition 
together with FA profiles show promise as a taxonomic 
marker in fungi13. Both these lipid types are critical to 
membrane structure and function and are also associated 
with brewing yeast vitality and fermentation perform-
ance16. 

Apart from studies involving the chemotaxonomic 
status of FAs and sterols in differentiating yeasts from 

closely related species, it is also important to evaluate the 
sensitivity of these methods in detecting contamination by 
mutants. Mutation of brewing yeasts occurs spontaneously 
as a result of replication errors12. Mutants found in brew-
ing are classified as variants and respiratory deficient mu-
tants (RDs)15. Both mutant types are detrimental to beer 
quality i.e., causing stuck fermentation and producing off-
flavours6,11. Consequently many breweries have strict 
specifications to combat this type of contamination5. In 
this study FA and sterol analyses were used to differentiate 
brewing yeast from closely related species. These tech-
niques were also evaluated for sensitivity to detect con-
tamination with mutants of brewing yeasts. 
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Table I. Saccharomyces species and brewing strains used in this study1. 

Organism Strain no. 

Saccharomyces barnettii CBS 5648T 
Saccharomyces bayanus CBS 0380T 
Saccharomyces castellii CBS 4309T 
Saccharomyces cerevisiae CBS 1171NT 
Saccharomyces dairenensis CBS 0421T 
Saccharomyces exiguus CBS 0379T 
Saccharomyces kluyveri CBS 3082T 
Saccharomyces paradoxus CBS 0406T 
Saccharomyces pastorianus CBS 1397T 
Saccharomyces servazzii CBS 4311T 
Saccharomyces spencerorum CBS 3019T 
Saccharomyces transvaalensis CBS 2186T 
Saccharomyces unisporus CBS 0398T  
Brewing strain 1 UOFS Y-0494 
Brewing strain 2 UOFS Y-0532 
1 CBS = Centraalbureau voor Schimmelcultures, Utrecht, The Nether-
lands; T = Type strain; NT = New Type strain; UOFS = University of 
the Orange Free State, Bloemfontein, South Africa. 

Table II. Results of the mutant mixed with the normal brewing yeast 
(UOFS Y-0494) to yield different concentrations of mutants (theoretical 
values) and the percentage actual mutants as counted from the Waller-
stein Laboratory Nutrient medium (WLN) plates1. 

% Mutants (Theoretical values) % Mutants (WLN) 

0 1.7 
2.7 4.4 
3.7 5.4 
4.7 3.5 
5.7 3.9 
6.7 6.5 
7.7 8.5 
8.7 6.2 
9.7 11.8 

100 94.1 
1 Standard error � 10%. 
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Yeasts used. The yeasts used in this study are listed in 
Table I. 

Preparation of brewing yeast mutant. Variants from the 
brewing strain UOFS Y-0494 were isolated on Wallerstein 
Laboratory Nutrient Medium (WLN) (Biolab, USA) plates 
after five days of incubation at 25oC. Mutant colonies are 
distinguished from normal brewing yeast on WLN since 
their colony morphology is markedly different (wrinkled, 
colony size smaller, edges not entire) and their colour is 
an intense blue2. 

Cultivation. Thirteen species of the genus Saccharomy-
ces including two brewing yeasts and a selected stable 
variant were cultivated on YM agar slants17. All strains 
were then inoculated into 1 L conical flasks containing 
400 mL of the following medium: YNB (Difco, USA), 6.7 
g/L and glucose (Merck, Germany) 40.0 g/L. Flasks were 
incubated at 30oC � 1oC, shaken at 160 rpm until station-

ary phase and then harvested by centrifugation at 8000 
rpm for 20 min and washed with distilled water. The cen-
trifuged cells were rapidly frozen, followed by freeze dry-
ing. 

Lipid extraction. All lipids were extracted from freeze 
dried cells with the aid of chloroform/methanol (2:1, by 
vol)7, dried to constant weight and then weighed. 

Fatty acid analysis. The FA composition was deter-
mined after trans-esterification by the addition of tri-
methyl sulphonium hydroxide4. Fatty acid methyl esters 
were analysed by using a Hewlett Packard 5890 gas chro-
matograph equipped with a Supelcowax 10 capillary col-
umn (30 m � 0.53 mm) with nitrogen as carrier gas set at 
a flow rate of 4 mL/min. The inlet temperature was set at 
180oC with the initial column temperature set at 120oC 
increasing at 3oC/min to 225oC. Following a 10 min iso-
thermal period, temperature was increased at the same rate 
to a final temperature of 240oC. The FA peaks were de-
tected using a flame ionisation detector set at 300oC. 
Peaks were identified using authentic standards supplied 
by Sigma (USA). All experiments were performed in trip-
licate. 

Table III. The lipid composition of the brewing yeasts and 13 species of the genus Saccharomyces1. 

  Fatty acids (% w/w) 

Organism  
Total lipids 

(% w/w) 16.0 16.1 18.0 18.1 18:2 18:3 

Sacch. barnettii CBS 5648T 2.6 12.5 54.9 4.4 28.2 - - 
Sacch. bayanus CBS 0380T 4.9 23.5 45.7 6.4 24.4 - - 
Sacch.castellii CBS 4309T 9.3 16.9 50.3 3.8 29.0 - - 
Sacch. cerevisiae CBS 1171NT 6.3 13.6 44.1 7.1 35.2 - - 
Sacch. dairenensis CBS 0421T 1.6 15.5 58.9 3.9 21.7 - - 
Sacch. exiguus CBS 0379T 4.1 16.8 53.5 5.0 24.7 - - 
Sacch. kluyveri CBS 3082T 3.9 14.1 40.9 4.7 33.8 4.4 2.1 
Sacch. paradoxus CBS 0406T 5.3  9.9 51.7 5.0 33.4 - - 
Sacch. pastorianus CBS 1397T 3.1 11.9 54.8 3.3 30.0 - - 
Sacch. servazzii CBS 4311T 2.3 15.1 56.5 8.6 19.8 - - 
Sacch. spencerorum CBS 3019T 4.4 16.1 51.7 4.9 27.3 - - 
Sacch. transvaalensis CBS 2186T 1.0 10.2 59.7 2.6 27.5 - - 
Sacch. unisporus CBS 0398T 3.2 14.5 61.7 5.9 17.9 - - 
Brewing strain 1 UOFS Y-0494 4.8  9.7 58.0 2.8 28.9 0.6 - 
Brewing strain 2 UOFS Y-0532 3.9  7.9 53.2 4.4 34.2 0.3 - 
Mutant  5.1  9.7 58.0 2.6 29.1 0.6  
1 CBS = Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; T = Type strain; NT = New Type strain; UOFS = University of the 
Orange Free State, Bloemfontein, South Africa. Standard error � 10%. 

Table IV. Sterol composition of the brewing yeasts and 13 species of the genus Saccharomyces1. 

 
Organism	

 Ergosterol  
mg/g 

Lanosterol 
mg/g 

Stigmasterol 
mg/g 

Squalene 
mg/g 

Sacch. barnettii CBS 5648T 367.3  45.8 109.0  25.0 
Sacch. bayanus CBS 0380T 217.5  35.0 628.0 225.0 
Sacch.castellii CBS 4309T 357.0 - -   9.0 
Sacch. cerevisiae CBS 1171NT 452.5 152.5 405.5 159.0 
Sacch. dairenensis CBS 0421T 158.5  40.0 182.5  32.0 
Sacch. exiguus CBS 0379T 422.5 - -  32.0 
Sacch. kluyveri CBS 3082T 367.5  42.0  86.5   9.0 
Sacch. paradoxus CBS 0406T 443.0  61.5 551.0  24.5 
Sacch. pastorianus CBS 1397T 610.0 134.0 606.0 102.0 
Sacch. servazzii CBS 4311T 239.5 237.0 154.0   9.0 
Sacch. spencerorum CBS 3019T 544.8 98.0 332.0 122.9 
Sacch. transvaalensis CBS 2186T 273.8 109.2 145.5  28.6 
Sacch. unisporus CBS 0398T 454.0 132.5 227.0   2.0 
Brewing strain 1 UOFS Y-0494 398.3  37.9 -  14.9 
Brewing strain 2 UOFS Y-0532 367.8  46.3 -  72.1 
Mutant  342.2  30.6 -  11.9 
1 CBS = Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; T = Type strain; NT = New Type strain; UOFS = University of the 
Orange Free State, Bloemfontein, South Africa. Standard error � 10%. 
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Sterol analysis. Hydrolysis: Freeze dried cells of each 
strain were hydrolysed as described by Rencken et al.16. In 
short, KOH dissolved in methanol:ethanol:dH2O (700:-
315:15, by vol) were added to pre-weighed freeze dried 
yeast biomass. A further 2 mL ethanol was added and the 
mixture was heated to 80oC for 90 min in sealed screw cap 
glass tubes (Schott, USA) while shaken gently and then 
cooled to room temperature. 

Extraction: Sterols were extracted with pentane and 
stored overnight at 4oC. After evaporation using gaseous 
nitrogen, ethanol was added to the extract which was also 
left overnight at 4oC. The suspension was filtered and in-
jected into a HPLC (Beckman System Gold, 2347). Sepa-
rations were carried out on a Spherisorb C18 reverse 
phase column (25 cm � 0.46 cm, 5 �m diameter) using a 
mixture of ethanol:methanol:water, (100:850:50, by vol) 
as solvent phase at a flow rate of 1 mL/min. A Lambda-
Max (Waters, Milford, MA, USA) Model 480 LC spectro-
photometer was used to measure ergosterol at 282 nm and 
lanosterol, stigmasterol and squalene at 210 nm. Sterols 
present in each sample analysed were calculated as the 
ratio of the sterol peak area to the internal standard peak 
area in the sample chromatogram and in the chroma-
togram of a standard solution. All experiments were per-
formed in triplicate. 

�������%����������%������
�����������
�����������

Yeasts used. The brewing yeast strain UOFS Y-0494 
held in the University of the Free State Culture Collection 
(University of the Free State, Bloemfontein, South Africa) 
and the derived mutant isolated as described (see Prepara-
tion of brewing yeast mutant), were investigated. 

Culturing. The brewing yeast UOFS Y-0494 and re-
spective variant were grown in 1000 mL and 400 mL 
YM17 medium contained in 5 L and 1 L Erlenmeyer flasks 
respectively, at 25oC for 12 h while shaking at 160 rpm. 
After harvesting as described before, mixtures were estab-
lished by adding the selected stable variant to the brewing 
yeast to yield different concentrations, ranging from 0 % 
to 100 % (w/w) (theoretical values- see Table II). 

Analysis. A 1 mL aliquot was then drawn from each 
mixture and analysed for contaminants according to brew-
ery protocol2 using WLN plates. All experiments were 
conducted in triplicate. 

Reagents used. All reagents used were of high purity 
and obtained from reputable dealers. 
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According to the results in Table III, brewing and re-

lated yeasts are characterised by the presence of mainly 
16:0, 16:1, 18:0 and 18:1, while traces of 18:2 could be 
detected in the brewing strains and mutant. On the basis of 
this it is possible to differentiate the brewing strains and 
mutant from all related yeasts except S. kluyveri. The lat-
ter could clearly be distinguished from the rest of the spe-
cies tested due to the presence of 18:2 and 18:3 FAs. Con-
sequently, 18:2 and 18:3 may be used as an identification 
marker for the brewing yeasts tested. It is however impor-
tant to note that no significant difference between the 
brewing strain (UOFS Y-0494) and derived mutant could 
be found. Other mutants tested in the same way gave simi-

lar results (results not shown). This renders FA profiles not 
sensitive enough to detect mutants formed during the 
brewing process. 

Most organisms contained relatively high amounts of 
ergosterol, while varying amounts of lanosterol, stigmas-
terol and squalene were detected (Table IV). S. castellii 
and S. exiguus did not accumulate any lanosterol while S. 
castellii, S. exiguus and the brewing strains with mutant 
did not accumulate stigmasterol under the conditions stud-
ied. Although sometimes in low concentration, all yeasts 
studied could produce squalene. Consequently, the ability 
to produce lanosterol and stigmasterol can be used as 
marker to differentiate the closely related yeasts studied 
from the brewing strains and mutant. S. pastorianus pro-
duced generally higher amounts of sterols compared to the 
rest of the species (1452 mg/g in total). Again no signifi-
cant difference could be detected between the brewing 
strain (UOFS Y-0494) and the derived mutant (Table IV). 

The results illustrated in Table II showed that the con-
ventional methods2 as applied in the breweries, were sen-
sitive enough to detect a mutant at different theoretical 
percentages i.e. 0% to 100% (correlation coefficient: r = 
0.89045). Further research should be performed on other 
mutants derived in the same way to evaluate these meth-
ods for possible use in the brewing industry. 

����"�������
Although FA and sterol analyses could be used to dif-

ferentiate qualitatively between the brewing strains (simi-
lar profiles) and closely related yeasts, they could not dis-
tinguish the mutant studied from the normal brewing 
strain from which it was derived. These data show that the 
conventional identification system used in the brewing 
industry is superior to the two chemotaxonomic methods 
tested. 
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