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ABSTRACT 
 
The increasing commercial and biotechnological interest in yeast cell wall components has brought about 
the search of low cost sources. One potential source may be the yeast cultures obtained from fermentation 
processes and particularly, those that are usually discarded afterwards. In this contribution, we isolated five 
yeast strains from the agave must and found, next to Saccharomyces cerevisiae (CTGM, CTSA) and 
Meyerozyma guilliermondii (CT15, CT25, CT35), which has not been reported to be involved in the tequila 
production before. All strains were grown non shaken in agave must with 30 gL

-1
 of sugars and 5 gL

-1
 of 

(NH4)2SO4. It was found that the cell wall composition was more variable among the strains than between 
the species and highly depended on the growth phases. In the stationary phase, only two strains (CT15 and 

CT25) had a high -glucan content in the cell wall (~30 mg g
-1

) while the others yielded only 3 to 18 mg g
-1

, 
also the control bakery yeast strain. This indicates that the specific selection of the strain and the strong 
influence of the agave juice may promote a variation in the synthesis of polysaccharides in the cell wall. 
Results showed that, under the great diversity of the yeasts used in the tequila industry, additional studies 

must be carried out to find the most suitable and productive yeast strains for isolation of -glucans and 
mannans. 
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INTRODUCTION 
 
Tequila is the traditional Mexican alcoholic beverage 
distilled from the fermented juice of cooked Agave 
tequilana Weber (blue variety). The elaboration process 
of the beverage involves five main steps: harvest of the 
agave and removal of the leaves, cooking of the heart 
(better known as piña), extraction of the must, 

fermentation and finally, a double distillation process (that 
is, stripping and rectification) (Cedeño, 1995). In some 
tequila distilleries, the fermentation occur spontaneously 
while in others, the agave must is inoculated with 
commercial or indigenous yeast cultures, most often 
Saccharomyces     cerevisiae     (Cedeño,   1995).    Non- 

Microbiology Research International  
Vol. 2(1), pp. 1-8, January 2014 

ISSN: 2354-2128 
Full Length Research Paper 



 
 
 
 
Saccharomyces strains, usually present at the start-up of 
the fermentation, are important because it is believed that 
they render certain organoleptic properties of the tequila 
spirit (Lappe-Oliveras et al., 2008). Nevertheless, the 
information about these species is scarce and partially 
available by residual (solid) biomass readings after the 
fermentation step. In this regard, Lachance (1995) found 
in the late stage of fermentation that S. cerevisiae was 
the predominant non-flocculent yeast whereas Pichia 
membranaefaciens was the most abundant species in 
biofilms (among other yeasts frequently found at the end 
of the fermentation process were Zygosaccharomyces 
bailii, Candida milleri and Brettanomyces bruxellensis).  

The most common practice in tequila distilleries is to 
use a small quantity of such residual biomass as the 
starter inoculum for the next fermentation and the rest is 
usually discarded along with the wastewater, called 
vinasses, which is a highly recalcitrant pollutant for the 
environment (Íñiguez-Covarrubias and Peraza-Luna, 
2007). Clearly, this practice has neglected the importance 
of the residual biomass as a commercially attractive 

source for isolating yeast cell wall components, like -
glucans and mannans, which have shown extraordinary 
absorption properties. In fact, the commercial and 
biotechnological interest in yeast cell wall components 
has been increasing as new applications have been 
found in the pharmaceutical and food industries. For 
example, it has been shown in the wine production that 
some mycotoxins are not degraded by yeasts during the 
alcoholic fermentation but some of these mycotoxins 
(namely, ochratoxin A) can be removed by using yeasts, 
yeast cell walls or yeast cell wall extracts such as 
mannoproteins (Mateo et al., 2007; Caridi, 2007; Bizaj et 
al., 2009; Fernandes et al., 2007).  On the other hand, α-
D-mannans  and β-D-glucans (such as the water-soluble 
carboxymethylated (1-3)-β-D-glucan) have  shown 
antioxidant properties to effectively protect against lipid 
peroxidation induced by hydroxyl radicals (Tsiapali et al., 
2001; Krizková et al., 2003) and microwave irradiation in 
phosphatidylcholine liposomes, which serve as a cell 
membrane model (Tsiapali et al., 2001; Krizková et al.; 
2003, Kogan et al., 2008). The most recent studies on the 
biological applications of cell wall polysaccharides range 
from anti-inflammatory and antioxidant activities, 
antimicrobial, immunity-enhancing and antitumor effects 
up to the usage for drug delivery in the field of biological 
medicine (Chen and Seviour, 2007; Novak and Vetvicka, 
2009; Park and Kim, 2010).  

β-glucans are well known biological response modifiers 
recognized by Toll-like receptor-2 and 4 (TLR-2, TLR-4), 
dectin-1 (aka CD11b/CD18 or Mac-1) or Complement 
receptor (CR3) by immune competent cells (Netea et al., 
2004; Brown, 2006; Chen and Seviour, 2007; Goodridge 
et al., 2009) inducing the NF-κB signalling pathway, 
which is implicated in the synthesis of proinflammatory 
mediators such as IL-1β, TNF-α and nitric oxide among 
others.   The    overall    effects   are   increased   disease  
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resistance and improved health (Rop et al., 2009; 
Thompson et al., 2010), and, moreover, they are 
relatively resistant against the gastric acids and can 
translocate from the gastrointestinal tract into the blood 
ciculation, thus they can be orally administered (Rice et 
al., 2005). Additionally, β-glucans exhibit a very low 
toxicity (lentinan on mouse: LD50 > 1,600 mg/kg) (Novak 
and Vetvicka, 2009) and the U.S. Food and Drug 

Administration (FDA) has approved patents for β‐glucans 

to be sold as over‐the‐counter products for 

hypercholesterolemia treatment (Othman et al., 2011). 
Due to these new applications for the cell wall 

components, more recent studies have focused on 
understanding how the cell wall composition depends on 
the morphological changes (conjugation, sporulation or 
pseudohyphal growth) and on the environmental 
conditions (nutrient and oxygen availability, temperature 
and pH) (Aguilar-Uscanga and Francois, 2003). Other 
studies have shown that the cell wall of S. cerevisiae is a 
dynamic structure, which adapts to physiological changes 
(Orlean, 1997). 

Therefore, we have characterized the cell wall 
polysaccharide composition of five yeast strains involved 
in the production of agave distilled beverages to offer a 
feasible and economical source of yeast cell wall 
components to pharmaceutical and biotechnology 
industries. The aim of this work was to isolate the yeasts 
strains directly from the must of the tequila process, 
determine their content of β-glucan, mannan and chitin 
and compare them with a bakery strain in order to 
evaluate the value of this rather cheap cell wall 
component source. 
 
 
MATERIALS AND METHODS 
 
Isolation and identification of yeasts strains 
 
Yeast strains were isolated from three tequila factories by 
inoculating SDA plates (Saboraud Dextrose Agar; Bioxon, Becton 
Dickinson, México) with samples from agave must and incubating 
them at 30°C for 1 to 2 days. Thereafter, the cell morphology for 
each colony was observed under the microscope. Twenty colonies 
were selected to determine the genera using the RapID Yeast Plus 
System (Remel) according to the manufacturer's manual. L013, a 
commercially available strain commonly used for industrial bakery, 
was selected as the positive control (Ancel, France). 

 
 
Molecular identification of selected yeasts by ITS sequencing 
 
Five yeast strains and the control were grown on PDB (Potato 
Dextrose Broth; Bioxon, Becton Dickinson, México) at 30°C for 24 
h. Their genomic DNA was extracted using the Rapid Yeast 
Genomic DNA Extraction Kit (Bio Basic Inc., Canada) according to 
the manufacturer's instruction. The following PCR was done with 
the universal primer pair ITS-1 (5'-TCC GTA GGT GAA CCT GCG G-
3') and ITS-4 (5'-TCC TCC GCT TAT TGA TAT GC-3') in order to 
amplify the polymorphic Internal Transcribed Spacers (ITS1 & 2) 
and the intervening 5.8S rRNA gene region as described by White 
et al. (1990).  The  PCR  products,  with  a  length of  555 to 574 bp,  



 
 
 
 
were sequenced by Macrogen Inc. (Korea) and compared to 
reported sequences of the GeneBank database using the BLAST 
algorithm (Altschul et al., 1997) available at the NCBI website. 
Sequences representing the best matches were retrieved and 
aligned using the ClustalW2 method (Thompson et al., 1994) 
available at the website of the European Bioinformatics Institute 
(EBI). Finally, a Neighbour-Joining phylogenetic tree was calculated 
using the program MEGA version 5 (Tamura et al., 2011). 
 
 
Biomass production under simulated fermentation conditions 
 
Triplicate batch cultures for six strains (CT15, CT25, CT35, CTSA, 
CTGM and L013) were grown in 1000 ml Erlenmeyer flasks 
containing 350 ml agave must media. The agave must, provided by 
a local Tequila factory, was diluted to 30 g L-1 sugars and 
standardized to 5 g l-1 (NH4)2SO4 at pH 5, filtered and autoclaved 
before use. The medium was inoculated with 5 % (v/v) of a 
previously grown culture (exponential phase) and incubated at 
30°C, non-shaked (in order to simulate the fermentation) until the 
stationary phase was reached (less than 24 h). The cell growth was 
monitored by determining both, the OD at 600 nm with a Genesys 
200 photometer (Thermo Scientific, USA) and the cell dry weight. 
For the latter, 10 ml samples were filtered through a pre-weighted 
nitrocellulose filter (0.45 µm, Satorius, Germany), washed with 
distilled water and dried to constant weight in an oven at 80°C. 
 
 
Calculation of the kinetic parameters  
 
Biomass yield YX/S = ΔX/ΔS = (X-X0) / (S0-S) [g/g] 
with ΔX = produced biomass [g] and ΔS = consumed substrate [g] 
Generation time td = (Δt * ln2) / ln(ΔX) = ((t2-t1)*ln2) / (ln(X2-X1)) [h] 
with Δt = time of growth phase [h] and ΔX produced biomass in 
growth phase [g] 
Specific substrate consumption rate ν = ΔS / (X*Δt) = (S0-S) / X * (t-
t0) [g/g*h] 
 
 
Substrate consumption and product formation 
 
Two ml samples from the culture medium were centrifuged (10 min 
at 4500×g), the supernatant was filtered through a 0.45 µm 
membrane (Millipore, USA) and analysed by HPLC. The 
chromatograph (Varian Pro Star 210) was equipped with a 
refraction index detector (Varian 356-LC). The sugars were 
separated on a Metacarb CA-PLUS (30 cm × 7.8 mm) isothermal 
column at 90°C using water as mobile phase, while the alcohols 
were separated on a Metacarb H-PLUS (30 cm × 7.8 mm) 
isothermal column at 54°C and a mobile phase of 0.01 N H2SO4, 
both with a flow rate of 0.6 ml min-1. 
 
 
Extraction and quantification of cell wall polysaccharide 
 
Samples of 50 ml from the growth and stationary phase were taken 
and centrifuged (10 min at 4500×g, 4°C). The pellets were washed 
twice with distillated ice-cold water and resuspended in 1 ml of TE 
(10 mM Tris-HCl, 1 mM EDTA, pH 7.5). An aliquot of 500 µl were 
added to a 0.5 g glass beads with a diameter of 0.45 µm. The cells 
were treated in a cell disrupter (Mini-Beadbeater, Biospec products) 
with 20 s pulses during 5 h. In order to avoid overheating of the 
samples, they were continually cooled with ice cold water. The lysis 
of the cells was confirmed microscopically. The cell extracts were 
separated from the glass beads and washed three times with 2 ml 
of cold distilled water; the final crude cell wall extract was 
lyophilized, weighted to determine the cell wall dry weight and 
finally resuspended in 1 ml of TE. 

Josué et al.               3 
 
 
 
To analyse the cell wall composition a 100 µl aliquot of the final cell 
wall extract was hydrolysed with 72% H2SO4 (Dallies et al., 1998). 
The sugar components were quantified by HPLC with refraction 
index detector. Separation was achieved on a Metacarb CA-PLUS 
isothermal column at 75°C with a mobile phase of water at 0.6 
ml min-1. As chitin cannot be detected readily by refraction index, it 
was determined colourimetrically (Reissig et al., 1955) as N-acetyl-
glucosamine. 
 
 
Determination of chitin 
 
To 500 µl of yeast cell wall suspension in phosphate buffer (50 mM, 
pH 6.3) were added 5 ml 6% KOH and heated at 80°C for 90 min. 
Afterwards 500 µl of glacial acetic acid were added, vortexed and 
centrifuged (5 min at 4500×g). The precipitate was washed two 
times with 2 ml of distilled water and once with 2 ml of phosphate 
buffer and finally resuspended in 500 µl phosphate buffer. To this 
were added 5 U glucanase (Sigma, USA) and 5 U chitinase (Sigma, 
USA) and incubated for 16 h at 37°C with constant stirring. To an 
100 µl aliquot were added 150 µl distilled water and 250 µl 0.27 M 
potassium tetraborate (pH 9) and boiled for exactly 8 min. After 
cooling down 3 ml of Reissig-reagent were added (10 g of 4-
dimethylaminobenzaldehyde, 12.5 ml of 37% HCl, 87.5 ml of glacial 
acetic acid per litre) and the samples were incubated at 37°C for 
exactly 40 min for colour development, which was determined with 
a photometer (Genesys 20) at 545 nm. 
 
 
RESULTS 
 
Isolation and identification of yeast strains 
 
From non representative samples from three different 
tequila distilleries, 14 colonies were randomly selected 
and biochemically characterized using the RapID Yeast 
Plus System. Four colonies resulted as M. guilliermondii, 
three as S. cerevisiae, three as Criptococcus albidus, two 
as Candida zeylanoides and two as Rhodotorula rubra. 
The two strains of S. cerevisiae were named CTGM, 
CTSA, while the other three of M. guilliermondii were 
named CT15, CT25 and CT35. 

As this system (RapID) has a clinical focus and is not 
directed to foodstuff, three colonies among Meyerozyma 
and two among Saccharomyces were randomly selected 
to be identified by ITS sequencing of DNA from the NCBI 
data base. The nucleotide fragments corresponding to 
the ITS intergenic region (ITS1-ITS4), corresponded to 
the specie M. guilliermondii (strains CT15, CT25 and 
CT35) and S. cerevisiae (strain CTMG) as is shown in 
Figure 1. Confirming that S. cerevisiae and M. 
guilliermondii have a 99 to 100% identity, confirming the 
previous result with system (RapID). 
 
 

Fermentation and biomass production 
 
At the beginning, the laboratory fermentation conditions, 
using the different yeast strains (CTGM, CTSA, CT15, 
CT25, CT35 and the control L013) and standardized 
agave must, were proven in order to extrapolate the 
results  to  the  real  world  process.  Growth  curves were  
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Figure 1. Neighbour-joining generated phylogenetic tree based on ITS sequencing from S. cerevisiae and M. 
guilliermondii strains isolated from agave most. The tree was constructed using Mega5. 
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Figure 2. Growth kinetic of yeast strains cultivated in standarized agave must: Meyerozyma 
guilliermondii CT15 (□), CT25 (○), CT35 (◊) and Saccharomyces cerevisiae CTGM (■), CTSA (●) and 
control L013 (+). 

 
 
 

followed for 24 h (Figure 2) resulting in a very short lag 
phase, followed by a slow growth phase (10 to 16 h) and 
then entering into the stationary phase producing 
between 1.0 and 1.8 g L

-1
 of biomass (dry weight). The 

glucose of the medium depleted within a few hours, while 
the fructose diminished more slowly during all the 
fermentation; the only exception was the bakery strain 
L013 which consumed also fructose fast (data not 
shown). Although the average biomass production 
between M. guilliermondii (1.13 ± 0.15 g L

-1
) and S. 

cerevisiae isolated from tequila distilleries (1.40 ± 0.28 

g L
-1

) was not significantly different, the specific substrate 
consumption rate it was: M. guilliermondii consumed with 
0.81 ± 0.17 g (g*h)

-1
 much more substrate than S. 

cerevisiae [0.51 ± 0.08 g (g*h)
-1

], but on the other side 
produced significantly less ethanol: M. guilliermondii 5.23 
± 1.39 g L

-1
 vs. S. cerevisiae 7.55 ± 0.21 g L

-1
 (Table 1). 

The control yeast strain L013 exhibited with 3 h the 
fastest generation time of all strains, the lowest specific 
substrate consumption rate [0.41 g (g*h)

-1
] but formed 

with 6.6 g L
-1

 less ethanol than the strains CTSA and 
CTGM (Table 1). 
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Table 1. Growth parameters for each yeast strain. 
 

Strain 
Produced biomass 

(dry weight) [g L
-1

] 

Biomass yield 

YX/S [g g
-1

] 

Generation 
time [h] 

Specific substrate
1
 

consumption  rate 
[g (g*h)

-1
] 

Product
2
 

formation [g L
-1

] 

Meyerozyma 
guilliermondii 

CT15 1.0 ± 0.05 0.068 4.72 0.84 5.60 

CT25 1.1 ± 0.03 0.055 3.45 0.96 3.70 

CT35 1.3 ± 0.01 0.073 5.39 0.62 6.40 

       

Saccharomyces 
cerevisiae 

CTSA 1.2 ± 0.01 0.065 6.31 0.56 7.70 

CTGM 1.6 ± 0.04 0.116 3.45 0.45 7.40 

L013 1.8 ± 0.04 0.105 3.00 0.41 6.60 
 
1
) Substrate: Fructose and glucose; 

2
) Product: Ethanol. 
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Figure 3. Yeast cell wall composition of different strains during the growth phase: glucans (  ), mannans (  ) 
and chitin (  ). 

 
 
 

Cell wall composition at different growth phases 
 
The changes of the cell wall composition of the isolated 
yeasts during the different growth phases were 
determined to estimate which growth phase would be 
favourable for extracting cell wall components. The 
behaviour of the yeasts was quite different: During the 

growth phase relatively high amounts of -glucan and 
mannan were found in two isolated strains, CTGM and 
CT35 (~60 to 70 and ~70 to 90 mg g

-1
), compared to the 

other strains CT15, CT25, CTSA and L013 (~10 to 18 
and ~12 to 20 mg g

-1
) (Figure 3). But in the stationary 

phase the situation changed completely: The amount of 

-glucan and mannan dropped nearly 3 to 4 times for the 
strain CTGM and even 16 to 17 times for the strain CT35, 
while the respective values for the strains CT15 and 
CT25 more or less doubled and the strain CTSA 
maintained the cell wall composition nearly constant. The 

bakery strain L013 lowered both, the -glucan and 
mannan  content,  to  about  30 to 50%. The  strains  with  
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Figure 4. Yeast cell wall composition of different strains in stationery phase: glucans (  ), mannans 

(  ) and chitin (  ).  
 
 
 

relatively high -glucan content in the stationary phase 
are CT15 and CT25 (~30 mg g

-1
) followed by CTGM 

(17.3 mg g
-1

); for the other strains the content was below 
7 mg g

-1
 (Figure 3). For all strains, a low chitin amount (< 

6 mg g
-1

), in the growth as well as in the stationary phase, 
was in common (Figure 3 and 4). 
 
 
DISCUSSION 
 
The cell wall composition depends on many factors: 
external ones, like the carbon source, pH, osmolarity, 
nutrient or oxygen availability (Abramova et al., 2001; Klis 
et al., 2002). But also the presence of toxic substances 
like furfural and hydroxymethylfurfural, as found in Agave 
must (Mancilla-Margalli and López, 2002), inhibit cell 
growth and cell wall composition (Liu et al., 2004). 
Additionally internal factors, means the ability of 
physiological adaptation, do influence the cell wall 
composition. These changes depend mainly on the 
transcriptional up- and down-regulation of genes but also 
successive mutations and gross genomic 
rearrangements can occur, resulting in a variety of clones 
with different genomes (Sipiczki, 2011). In order to 
determine the variance of the cell wall composition, we 
isolated five strains from three tequila distilleries and 
compared them to a commercial strain used in bakery 
industries. 

Usually, studies concerning the yeast cell wall 
composition were done with Yeast Peptone Dextrose 
(YPD) medium. Aguilar-Uscanga and François (2003) 
published concentrations of 127.4 mg g

-1
 of β-glucan and 

93.3 mg g
-1

 of mannan in the cell wall of S. cerevisiae 
(strain CEN.PK133-7D) when grown in YPD, but strains 
isolated from Tequila factories (strains AR5 and SLP) 
have shown much lower β-glucan and mannan 
concentrations: about 50 mg g

-1
 β-glucan and nearly the 

same concentration for mannan (Aguilar-Uscanga et al., 
2007). Now when these strains were grown under 
fermentation-simulated conditions, using agave must 
diluted to 30 g l

-1
 sugars and supplemented with 1 g l

-1
 

(NH4)2SO4, the cell wall components even lowered: about 
36 mg g

-1
 of β-glucan and roughly 34 mg g

-1
 of mannan 

(Aguilar-Uscanga et al., 2007). By growing our five from 
tequila distilleries isolated yeast strains under 
standardized fermentation-simulated conditions, we can 
study better the influence of internal factors on the cell 
wall composition, because the external factors are 
controlled. 

Under these conditions two of our isolated strains, 
CTGM and CT35, produced comparatively high 
concentration of β-glucan (60 to  70 mg g

-1
) and mannan 

(70 to 90 mg g
-1

) during the growth phase (that is, the 
same phase as in the mentioned publications), while the 
other strains had even lower values than the strains AR5 
and SLP. But in tequila industries (like in others) the  



 
 
 
 
yeasts will not be harvested during the growth phase but 
in the stationary phase, that is, under limiting conditions. 
In this phase, the yeast cell wall had a much lower 
content of β-glucan and mannan; the highest values with 
about 30 mg g

-1
 were achieved by the strains CT15 and 

CT25. On the other side, we used the agave must diluted 
to 30 g l

-1
 sugars so within less than 24 h the stationary 

phase is achieved and 1.0 to 1.8 g l
-1

 biomass is formed; 
this is about the half compared to agave must with 80 g l

-1
 

sugars as normally used in the fermentation for tequila 
(Arrizón-Gavino and Gschaedler, 2002). Interestingly, the 
chitin content of the cell wall was in all cases very low: 
2.8 to 4.3 mg g

-1
 during the exponential growth phase 

and even lowered to 1.1 to 3.0 mg g
-1

 during the initial 
stationary phase. Usually the chitin level increases upon 
stress as part of a salvage mechanism (Klis et al., 2002; 
Bulik et al., 2003); this would indicate, that the yeast 
under our conditions were not seriously stressed. 

In the agave must we have found not only S. cerevisiae 
but also a series of non-Saccharomyces yeasts; the most 
frequent was M. guilliermondii. This yeast was previously 
described to be present on agave plants (Lachance, 
1995), but here we report its presence also in the tequila 
must; it was described before as an essential 
fermentative non-Saccharomyces strain in the pulque 
production (a traditional fermented beverage in Mexico) 
(Lappe-Oliveras et al., 2008). Probably due to its 
hemicellulytic activity (Canilha et al., 2013), and agave 
plants having approximately 8% (dry weight) of 
hemicellulose (Cedeño, 1995), it is plausible that this 
yeast can enter into the fermentation process. Being 
adapted to degrade pentoses, M. guilliermondii ferments 
hexoses less effective than S. cerevisiae: its specific 
substrate consumption rate was significantly higher while 
at the same time it produced significantly less product 
(ethanol). We found a genetic distance between M. 
guilliermondii and S. cerevisiae (Figure 1) that was close 
to a recently published result obtained from Candida 
Gene Order Browser (Maguire et al., 2013). 

Díaz-Montaño et al. (2008) found in the agave must 
fermentation S. cerevisiae as the predominant yeast and 
Kloeckera africana and K. apiculata as the secondary 
ones. They observed for S. cerevisiae faster growth and 
higher biomass production (up to 4.0 to 5.3 g l

-1
 within 12 

h) while the Kloeckera strains grew slowly and formed 
only 1.2 g l

-1
 biomass. The same trend was true for the 

growth yields: 0.046 g g
-1

 for S. cerevisiae and 0.015 to 
0.031 g/g for the Kloeckera strains. 

Although the selective conditions in the Tequila 
factories are similar for the yeasts, when they grow under 
the same fermentation-like conditions in the laboratory, 
the cell wall composition was more distinct among the 
strains than between the species. Two strains, CTGM 

and CT35, had a high -glucan content during the growth 
phase but not in the stationary phase; CTGM lowered it 
to a moderate level, CT35 even to a low level.  

Two other  strains, CT15 and CT25, increased  their  - 
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glucan content from a low level in the growth phase to a 
moderate level in the stationary phase, strain CTSA had 

all the time only a low -glucan content while the 

comparison strain, L013, lowered its -glucan content 
from a moderate to a low level. This indicates that the cell 
wall composition depends more on the genomic 
variability of the strains ("internal factors") that on the 
selective cultivation conditions ("external factors"). 
Especially obvious is this for the comparison strain 
(L013), which had no selective pressure to the complex 
agave must medium before. 
 
 
Conclusion 
 
These results indicate that it cannot be generalized that 
residual yeasts from the tequila fermentation are a 
valuable source for isolating cell wall components, 
specially β-glucans: only two strains (CT15 and CT25), 
out of five, had at the end of the fermentation, that is, in 
the stationary phase, at least moderate concentrations of 
about 30 mg g

-1
 β-glucans in their cell wall. Three other 

strains had much lower concentrations (3 to 18 mg g
-1

) of 
β-glucan, similar to the bakery strain L013 with 6 mg g

-1
. 

On the other hand, our results demonstrate that the 
content of β-glucans and mannans are not negligible and 
that the yeasts can be recovered from the must after its 
fermentation and before discarding it as vinasses, 
thereby preventing contamination in the environment. But 
the selection pressure of the complex agave must as 
growth medium had only a minor influence on the cell 
wall composition of the yeasts; the genetic competence 
seems to dominate. This means that the cell wall 
composition of the yeasts from a specific distillery should 
be analysed, before a technique like β-glucan isolation 
can be profitable introduced into a Tequila distillery. 
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