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ABSTRACT

Yeasts' ability to acclimatize to increasing ethanol concentrations is an important characteristic
for industrial ethanol production. This study investigated ethanol acclimatization of yeasts
isolated from palm wine and spoilt pineapple. Yeasts present in the spoilt pineapple (enriched in

Keywords Yeast Malt Broth) and palm wine were enumerated on Potato Dextrose Agar (PDA) and Rose
Bengal Agar (RBA). Ensuing yeast colonies were sub-cultured on PDA and preliminarily
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were subjected to increasing ethanol concentrations of 5%, 10%, 15%, and 20% (v/v) using
Potato Dextrose Broth and incubated for 3 days. Survival after exposure was assessed by
growth on PDA after incubation at 32°C for 3 days. The yeast with the highest survival to
ethanol was selected and identified bio-molecularly. The results showed that yeast populations
in the palm wine sample were 1.75 £ 0.09 x 10° CFU/ml and 1.29 £ 0.04 x 10° CFU/ml on PDA
and RBA, respectively, while in the enriched spoilt pineapple sample they were 6.18 = 1.02 x
10° CFU/ml and 4.30 + 2.30 x 10° CFU/ml on PDA and RBA, respectively. The yeasts were
identified as Saccharomyces spp. and Candida sp. The acclimatization study showed that all
isolates survived exposure to 5% and 10% ethanol, while only one Saccharomyces cerevisiae
(coded: PW1) remained viable after acclimatization to 15% ethanol; however, it did not survive
exposure to 20% ethanol. PW1 was identified bio-molecularly as Saccharomyces cerevisiae
strain CBS 1171 (NR 111007.1) with 97.3% sequence similarity. It is concluded that
Saccharomyces cerevisiae strain CBS 1171 isolated from palm wine can survive exposure to
ethanol concentrations up to 15% and can be biotechnologically exploited for enhanced ethanol
production.

Introduction Saccharomyces cerevisiae (Muruaga et al, 2016).

Saccharomyces cerevisiae is the main species of yeast
Ethanol is one of the important biofuels produced by  employed for ethanol production at the industrial level
fermenting substrates such as sugarcane, maize, fruits, since this microorganism is easy to handle, shows no
and plant sap with yeast species, particularly high nutritional needs, can produce ethanol
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concentrations above 15% (Gutiérrez-Rivera et al.,
2015), tolerates high concentrations of sugars, is not
expensive, produces low levels of by-products, is
osmotolerant, and presents high viability for recycling
(Muruaga et al, 2016). Although the organism is an
outstanding ethanol producer, the major limiting factor is
the stress it undergoes during fermentation (Gandasi et
al., 2024). One major stress is ethanol stress, caused by
ethanol accumulation in the medium. Ethanol interacts
with the yeast cell membrane; as ethanol concentration
increases, it also affects many cell organelles. As a result,
cellular activities are disrupted, causing cell death and
reducing ethanol production (Stanley et al., 2010). This
serves as a significant bottleneck in ethanol production
through fermentation using Saccharomyces cerevisiae.
The organism has developed many strategies to
overcome this stress by activating stress response
pathways that regulate genes involved in modifying the
cell membrane and cell wall, protein renaturation, and
metabolic changes (Gandasi et al., 2024). However, at
higher ethanol concentrations, yeast cells cannot tolerate
it, leading to cell death. Hence, to minimize cell death at
higher ethanol concentrations, there is a need to
understand the effect of ethanol and its response by the
organism; this helps improve the ethanol tolerance of the
organism and, thereby, ethanol production

Yeast cells' ability to adapt to increasing ethanol
concentrations is an important characteristic for industrial
fermentation. Ethanol acclimatization refers to the
physiological and metabolic adjustments that enable
yeast cells to survive and remain active when exposed to
progressively increasing ethanol concentrations (Stanley
etal., 2010; Ma & Liu, 2010).

During acclimatization, yeast cells change their
membrane composition, stress-response pathways, and
metabolic activities to better withstand ethanol-induced
damage (Ding et al., 2009). Such adaptive responses are
particularly important in industrial bioethanol production,
where increasing ethanol concentrations can inhibit
fermentation before maximum sugar conversion is
achieved. Ethanol toxicity affects yeast cells through
several mechanisms: disrupting plasma membrane
integrity and fluidity, interfering with nutrient transport,
denaturing cellular proteins, inhibiting enzyme activity,
and impairing metabolic pathways (Ding et al., 2009).

Naturally occurring yeasts from sugar-rich environments
often possess adaptive mechanisms that enable them to
survive harsh fermentation conditions (Stanley et al.,

113

2010). Palm wine, a traditional alcoholic beverage
obtained from the sap of the palm tree Elaeis guineensis,
represents a natural habitat for diverse fermentative
yeasts. The continuous fermentation during palm wine
production creates selective pressure that favours yeast
strains that can adapt to changing environmental
conditions, including increasing ethanol concentrations.
Several studies have reported the dominance of
Saccharomyces cerevisiae in palm wine because of its
fermentative efficiency and adaptability to fermentation-
associated stresses (Stringini et al., 2009).

Palm wine, a traditional fermented beverage made from
the sap of the palm tree (Elaeis guineensis), provides a
unique ecological niche for yeasts. This environment is
naturally rich in sugar, creating a selective pressure that
promotes yeast strain proliferation (Stringini, et al.,
2009). Several studies have identified Saccharomyces
cerevisiae as the dominant yeast species associated with
palm wine fermentation (Stringini et al., 2009; Ouoba et
al., 2012). This could be due to its superior fermentative
abilities and adaptability to stressful conditions (Gandasi
et al., 2024; Attfield, 2018).

Spoilt pineapple (Ananas comosus) also provides a
favourable environment for yeast growth due to its high
sugar content, acidic pH, and moisture availability.
During spoilage, naturally occurring microorganisms
proliferate and initiate fermentation processes that
support the growth of various yeast species (Chaves-
Lopez et al., 2014). These yeasts are continually exposed
to fluctuating environmental conditions and may possess
adaptive traits of industrial importance (Jansen et al.,
2017).

The isolation and characterisation of yeasts from natural
sources such as palm wine and spoilt pineapple and their
subsequent acclimatization to ethanol stress are therefore
important in the search for strains suitable for industrial
fermentation processes. Ethanol-acclimatized yeasts are
often more robust and can maintain metabolic activity
under stressful fermentation conditions, thereby
improving ethanol production efficiency.

Therefore, this study aimed to isolate and characterize
yeasts from palm wine and spoilt pineapple and evaluate
their ability to acclimatize to progressively increasing
ethanol concentrations. The findings contribute to
selecting and developing indigenous ethanol-
acclimatized yeast strains for enhanced ethanol
production and other industrial fermentation applications.
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Materials and Methods

Sample Collection

Fresh Palm wine was purchased from palm wine tappers
at Aluu community, Ikwerre Local Government Area,
while spoilt pineapple was obtained from fruit garden
market in Port Harcourt metropolis. Both locations are
within Rivers State, Nigeria. The samples were
transported to the Laboratory of the Department of
Microbiology, Rivers State University, Nigeria. The
samples were stored at 4 °C in the refrigerator until
needed.

Enrichment and Isolation of Yeasts

Ten grams of spoilt pineapple (core and flesh) sample
was aseptically transferred into 90 ml of sterile Yeast
Malt Broth (YMB) contained in a 250 ml conical flask
(Atlas, 2010). The medium consisted of 3 g yeast extract,
3 g malt extract, 5 g peptone, and 10 g dextrose per litre
of distilled water and was sterilized at 121°C for 15 min
at 15 psi. The inoculated flask was incubated at ambient
temperature (27-32°C) for 3 days to enrich yeast
populations. The palm wine sample was similarly
allowed to stand at ambient temperature (27-32°C) for 3
days to allow for the proliferation of indigenous
fermentative yeasts.

The yeast population in the samples was determined
using the spread plate technique. The samples were
agitated and subjected to tenfold serial dilution using
sterile normal saline to a dilution of 10°. An aliquot
(0.1ml) of the original enriched spoilt pineapple, the
palm wine sample, and their dilutions (10~ and 10%) were
inoculated onto modified Potato Dextrose Agar (PDA)
and Rose Bengal Agar (RBA) plates, separately in
duplicate. The modified PDA was prepared as described
by Peekate et al., (2025). The inoculated plates were
incubated in a candle jar at ambient temperature (24-
32°C) for 72 hours.

After incubation, colonies presenting with a yellow hue
on PDA and a pink hue on RBA were sub-cultured onto
freshly prepared coded PDA for characterisation.

Phenotypic Characterisations of Isolated Yeasts

The yeast isolates were stained using the Gram staining
technique and viewed under a light microscope (x40

objective). They were then subjected to the following
biochemical tests: catalase, oxidase, citrate utilization,
Methyl Red, Voges-Proskauer, indole production, starch
hydrolysis, and sugar fermentation using glucose,
maltose, sucrose, fructose, xylose, and galactose. The
tests were carried out as described by Cheesbrough
(20006).

Ethanol Acclimatization of Yeast Isolates

The purified yeast isolates (PW1, PN1, PW2 and PW3)
were subjected to ethanol acclimatization studies. Fresh
cultures of each isolate were inoculated into sterile Potato
Dextrose Broth containing 5% (v/v) ethanol and
incubated at ambient temperature (24-32°C) for 3 days.
Surviving cultures were subsequently transferred into
fresh broth containing 10% ethanol and incubated under
similar conditions. The procedure was repeated
sequentially for 15% and 20% ethanol concentrations.

After each acclimatization step, aliquots were streaked
onto PDA plates using a sterile swab and incubated at
ambient temperature. The plates were monitored daily for
3 days to determine survival and growth. Growth on
PDA after exposure to increasing ethanol concentrations
was taken as evidence of successful acclimatization.

Bio-molecular Identification of the Highest
Surviving Yeast to Increasing Ethanol
Concentrations

The isolate identified as Saccharomyces cerevisiae
(coded: PW1) based on the results of the biochemical
tests, and having the highest survival to increasing
ethanol concentrations, was identified through molecular
techniques such as DNA extraction, PCR amplification,
gel electrophoresis, and cycling conditions. A summary
of the technique is as follows: DNA was extracted from
yeast cells, and a loading buffer was added to each
extracted DNA sample. Once solidified, the agarose gel
was placed into the gel box (electrophoresis unit). DNA
fragments, or PCR products, were visualized under a UV
transilluminator, and the Internal Transcribed Spacer
(ITS) region of the extracted DNA was amplified using
the forward primer (ITS1: TCCGTAGGTGA
ACCTGCGG) and reverse primer (ITS4: TCCTCCGCT
TATTGATATGC). Amplification was carried out
through Polymerase Chain Reaction (PCR) in an ABI
9700 Applied Biosystems thermal cycler, and the
amplified fragments were sequenced using a Genetic
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Analyzer 3130x] sequencer from Applied Biosystems
using the manufacturer’s manual, while the sequencing
kit used was the BigDye Terminator v3.1 cycle
sequencing kit. Bio-Edit software and MEGA X were
used for all genetic analyses.

Results and Discussion

Yeast Population in Source Samples

Table 1 presents yeast populations in the pineapple and
palm-wine samples, as assessed using Potato Dextrose
Agar (PDA) and Rose Bengal Agar (RBA). The results
show that yeast populations in pineapple, as assessed
using PDA and RBA, were in the magnitude of 107;
statistical analysis using a t-test showed no significant
difference between the populations. Yeast population in
the palm wine, as assessed using PDA and RBA, was in
the magnitude of 10°; statistical analysis using a t-test
showed that there was no significant difference between
the populations.

Characteristics of the Selected Yeast Isolates

Tables 2a and 2b show the colonial, microscopic, and
biochemical characteristics of the yeast isolates. All
isolates (PW1, PN1, PW2, and PW3) had similar colonial
morphology. All isolates tested negative for oxidase but
positive for catalase activity. Citrate utilisation was
positive in PW1, but negative in the other isolates. All
isolates tested positive for the methyl red (MR) test but
negative for the Voges-Proskauer (VP) and indole tests.
All isolates were positive for starch hydrolysis. In sugar
fermentation tests, all isolates produced acid (A) or acid
and gas (AG) from glucose and fructose. Sucrose and
maltose fermentations had variations. However, none of
the isolates fermented galactose.

Survival of the Yeast Isolates to Increasing
Ethanol Exposure

Table 3 shows the survival of the yeast isolates to
increasing ethanol exposure; it revealed significant
variations among the isolates over time. All four isolates
(PW1, PN1, PW2, and PW3) had excellent growth at 5%
ethanol concentration. However, as ethanol concentration
increased, growth declined progressively across all
isolates. At 10% ethanol, PW1 and PW3 maintained
strong growth on day 2, while PN1 and PW2 showed
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reduced growth even on day 3. At 15% ethanol, only
PW1 showed growth on day 3, whereas all other isolates
showed no growth, indicating that most isolates are
inhibited at higher ethanol concentrations. At 20%
ethanol, none of the isolates survived.

Overall, Isolate PW1 performed best because it survived
up to 15% ethanol, showed strong growth at lower
concentrations, and produced high levels of gas during
fermentation.

Molecular Characteristics of the Selected Yeast
Isolate

The band of the amplified Internal Transcribed Spacer
(ITS) gene of the isolate (PW1) on the agarose gel after
electrophoresis was located within the 500 — 700 base
pair range (Plate 4.1). Upon comparing the nucleotide
sequence of the ITS region with the ITS region of known
fungi in the NCBI database, it was revealed that PW1 has
97.3% similarity to Saccharomyces cerevisiae strain CBS
1171 (Accession number: NR 111007.1). Fig. 5 presents
the isolate's phylogenetic relationship to closely related
fungi.

The results show clear differences in yeast population,
physiological characteristics, and acclimatization to
increasing ethanol concentrations among yeasts isolated
from palm wine and spoilt pineapple. The significantly
high yeast population in palm wine (1.75+£0.09106
CFU/ml on PDA and 1.29+0.04106 CFU/ml on RBA)
and enriched spoilt pineapple (6.18+1.02105 CFU/ml on
PDA and 4.3+2.2105 CFU/ml on RBA) suggests that
both samples provide a favourable natural environment
for yeast proliferation. This observation is consistent with
previous studies reporting that palm wine, a naturally
fermenting sap rich in sugars and nutrients, supports high
populations of fermentative yeasts, particularly
Saccharomyces cerevisiae (Okafor, 2007, Achi &
Ukwuru, 2015). The lack of significant difference
between counts obtained using Potato Dextrose Agar
(PDA) and Rose Bengal Agar (RBA) indicates that both
media are reliable for yeast enumeration, as also reported
by Harrigan (1998).

The  colonial, microscopic, and  biochemical
characteristics of PW1, PN1, and PW2 strongly suggest
that they belong to Saccharomyces species, and PW3
belongs to Candida sp.
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Table.1 Yeast Population in the Pineapple and Palm-wine Samples

Sample YP1 (CFU/ml) YP2 (CFU/ml)

Palm-wine 1.75+0.09 x 10° 1.29 +0.04 x 10°
YP1: Yeast Population as assessed using PDA, YP2: Yeast Population (CFU/ml) as assessed using RBA

Table.2a Colonial Characteristics of Yeast Isolates

Isolates | Colour Form Elevation | Surface Margin Texture Size
appearance

| |
|

PW3 Pink on RBA Circular | Raised Dull Entire Dry Medium

Table.2b Morphological and Biochemical Characteristics of Yeast Isolates

Tests PW1 PN1 PWwW2 PW3

Gram stain 4 + + +
reaction

Oxidase |- oo
Citrate 4 +
utilization
Methyl red

Glucose AG AG AG AG
fermentation

Xylose A A A A
fermentation

Fructose AG AG AG AG
fermentation

Probable yeast Saccharomyces Saccharomyces Saccharomyces Candida sp.
sp. (Nathaniel ez | sp. (Nathaniel ez | sp. (Nathaniel et (Peekate, et al.,
al., 2025) al., 2025) al., 2025) 2025)

Key: Positive = +, Negative = -, A = Acid production, AG = Acid and gas production, - = no
Key: positive = +ve, negative = -ve, A = Acid production, AG = Acid and gas production, - = no reaction.
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Table.3 Presence/absence of Growth on PDA plates after growth in ethanol

Time | EC (%) Isolate Code

Key: EC: Ethanol Concentration; +: presence of growth; -: absence of growth

Plate.1 Band of the Amplified ITS Gene of PW1 on Agarose Gel after Electrophoresis

M ISO1

200bp

50bp

Gel image showing the amplification of the internal transcrobed
spacer (ITS) at 650bp. Lane M is a 50bp DINA ladder used for
the estimation of the amplicon size
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Fig.1 Phylogenetic Relatedness of Isolate PW1 to Saccharomyces species

PW1 [Query_1297189)

96.9%

96.7%

96.2%

The isolation of Candida sp. from palm wine agrees with
studies showing that other yeast species have also been
found in palm wine besides Saccharomyces, such as
Kloeckera apiculata, Candida spp., and Pichia spp.
(Reddy and Joshi, 2019; Amoa-Awua et al., 2006). The
observed oval-shaped cells, creamy colonies, catalase
positivity, and ability to ferment glucose and fructose are
consistent with standard descriptions of Saccharomyces
species (Kurtzman et al, 2011; Walker & Stewart,
2016). The inability of all isolates to ferment galactose,
along with wvariations in sucrose and maltose
fermentation, indicates strain-level diversity, which is
common among indigenous yeast populations and can
significantly influence fermentation performance
(Pretorius, 2000).

The ethanol acclimatization test revealed that all isolates
survived exposure to 5% ethanol and remained viable
after acclimatization at lower ethanol concentrations.
However, as ethanol concentration increased, survival
progressively decreased. Ethanol stresses yeast cells by
disrupting membrane integrity, altering membrane
fluidity, denaturing proteins, and interfering with
essential metabolic processes (Ding et al., 2009; Stanley
et al., 2010). Consequently, only yeast strains capable of
developing adaptive responses can remain viable under
increasing ethanol stress. Among the isolates studied,
PW1 exhibited the greatest acclimatization potential,
remaining viable following sequential exposure to
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_ Soccharomyces cerevisiae [NR_111007.1)

Saccharomyces parodaxus (NR_138272.1)

Saccharomyces cariocanus (NR_144772.1)

Sgccharomyces mikatoe [NR_111354.1)

ethanol concentrations up to 15%. This observation
shows that PW1 possesses physiological mechanisms
that enhance adaptation to ethanol stress. Such
mechanisms may include modifications in membrane
lipid composition, accumulation of protective
compounds such as trehalose, and activation of stress-
response proteins that help maintain cellular integrity
under adverse conditions (Stanley et al., 2010).

Similar adaptive responses have been reported in
industrial strains of Saccharomyces cerevisiae exposed
to increasing ethanol concentrations during fermentation
(Alfenore et al., 2002).

Compared with industrial strains of Saccharomyces
cerevisiae, which can tolerate and produce ethanol
concentrations ranging from approximately 17% to 22%
(v/v) after prolonged acclimatization under very high-
gravity fermentation conditions, the isolates in this study
showed relatively lower ethanol acclimatization
capacity.

This observation aligns with findings by Alabere et al.,
(2020), who reported that wild yeasts isolated from palm
wine and spoilt fruits showed maximum ethanol
tolerance at 10% (v/v), significantly lower than adapted
industrial strains. Similarly, Odu ef al., (2022) found that
yeasts from Pineapple and Palm wine rarely survived
beyond 8% ethanol without prior adaptive tests.
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The progressive reduction in survival observed in this
study follows a concentration-dependent pattern
consistent with established ethanol toxicity curves,
where each incremental increase in ethanol
concentration above a threshold of approximately 6—8%
(v/v) results in a substantial decline in viable yeast cells
(Gandasi et al., 2024; Lam et al, 2014). In contrast,
adaptive laboratory evolution studies have shown that
acclimatization protocols with stepwise increments of
inhibitory compounds enable yeast strains to achieve
significantly higher tolerance, suggesting that longer or
multi-stage acclimatization regimes may improve
survival under stress conditions (Gonzalez-Ramos et al.,
2016).

The inability of all isolates to survive acclimatization at
20% ethanol indicates that this concentration exceeded
their adaptive capacity. Previous studies show that
ethanol concentrations above 15-18% inhibit most yeast
strains because of severe cellular damage and loss of
metabolic activity (Bisson, 1999). The complete absence
of growth following exposure to 20% ethanol therefore

suggests that the concentration exceeded the
physiological limits of the isolates investigated.
Sequence analysis from molecular identification
revealed that PWI1 had 97.58% similarity with

Saccharomyces cerevisiae strain HF 1, indicating a close
relationship. This finding is consistent with reports by
Kurtzman et al., (2011), who describe Saccharomyces
cerevisiae as one of the most isolated yeast species
associated with sugar-rich substrates and fermentation
environments. PW1's superior acclimatization ability
further highlights the industrial relevance of indigenous
Saccharomyces cerevisiae strains and supports their
potential application in bioethanol production and other
fermentation-based industries.

Overall, the findings demonstrate that palm wine and
spoilt pineapple are valuable sources of fermentative
yeasts with varying capacities to acclimatize to ethanol
stress. The superior performance of PW1 suggests that
indigenous yeast strains may serve as promising

Candidates for industrial fermentation processes
requiring  adaptation  to  increasing  ethanol
concentrations.

PW1's ability to remain viable after acclimatization to
15% ethanol suggests it has desirable adaptive traits for
high-gravity fermentations and ethanol production,
where high ethanol concentrations often inhibit yeast
performance and reduce fermentation efficiency.
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In conclusion, this study successfully isolated and
characterized yeast strains from palm wine and spoilt
pineapple, demonstrating their potential for industrial
ethanol production. Among the isolates, Saccharomyces

cerevisiae (PWI1) exhibited the highest ethanol
acclimatization, surviving up to 15% ethanol
concentration.

The findings highlight palm wine and pineapple as
valuable sources of robust yeast strains and suggest that
locally sourced yeasts can be effectively utilized in
ethanol production and other fermentation-based
industries.

Identifying Saccharomyces cerevisiae strain CBS 1171
also highlights its importance as a fermentative yeast
with  significant industrial and biotechnological
applications, particularly in ethanol production.

The findings of this study demonstrate the potential of
indigenous yeast isolates, particularly Saccharomyces
cerevisiae, for industrial ethanol production and other
fermentation-based biotechnological applications.

However, further research to optimize fermentation
conditions is recommended to enhance the industrial
applicability of the selected isolate.
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