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In recent decades, bioethanol and biofuels have emerged as alternatives to fossil fuels globally. Utilizing dairy waste (whey) 
as substrate is lucrative option for utilizing it and producing ethanol. Therefore, in deliberating the cost-effectiveness of ethanol 
fermentation there is a requirement of a microorganism strain that can convert substrate (lactose) into ethanol at higher 
temperatures. The study aims to isolate multi-stress tolerant lactose fermenting yeast strain for economical production of 
ethanol. Out of 215 samples of lactose fermenting yeast 9 strains were selected for ethanol production. Taxonomical 
identification and multi-stress tolerance (thermal, sugar, ethanol) of the 9 strains were conducted. After optimizing ethanol 
production at different temperatures (37℃, 40℃, 42℃, 45℃), significant ethanol production (8% v/v) could be observed at 
37℃ in 40 h from 15% w/v lactose (YPL medium) while at 40℃ and 42℃ the productivity of ethanol slightly decreased, i.e., 
7.5% v/v after 30 h with 0.5% residual lactose and at 45℃, only 3.5% v/v ethanol has been produced with approximately 7.5% 
w/v residual lactose. Thus, the isolated Kluyveromyces sp. 6C17 strain showed notable stress tolerance, making it promising for 
economical bioethanol production using lactose containing substrates at high temperature. 
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Introduction  
The rising world population has led to a spurt in 

demand for fuels, as these are responsible for propelling 
the engines of the economy in this rapidly developing 
phase of the anthropogenic era. However, the rampant 
usage of fossil fuels has had a devastating impact on the 
environment as these have invariably contributed to 
global warming by contributing a lion’s share to the 
generation of greenhouse gases, which are notorious for 
causing climate change. These have set alarm bells 
ringing across continents, as efforts are being carried out 
on a war footing to find alternatives that are sustainable, 
renewable, and have cleaner emissions. The paradigm 
shifts in the strategies to combat climate change and 
global warming have started focusing on eco-friendly 
solutions to ensure the safety of environmental health.1 

Bioethanol is simply ethanol that is produced by the 
microbial fermentation of substrates. It is colourless, has 
cleaner emissions, and has received widespread attention 
across scientists and policymakers. It is widely used in 
developed and developing nations as a blended fuel 
consisting of 10% ethanol and 90% gasoline, popularly 

known as E10.1 Bioethanol is mainly produced by 
fermentation using conventional yeast, Saccharomyces 
cerevisiae. However, S. cerevisiae requires glucose to 
convert it to ethanol and a low temperature for 
incubation, which are the major bottlenecks. As a result, 
extensive research has been conducted to develop yeasts 
capable of producing high-yielding bioethanol from 
various agricultural waste sugars such as lactose and 
xylose. Also, Fermentation at elevated temperature is 
advantageous for temperate countries such as India 
because it minimises cooling costs and minimizes the 
risk of contamination.2 During fermentation, yeast faces 
many stresses that affect its productivity. These stresses 
may be biological (i.e., competition of microbes and 
ageing of cells), chemical (i.e., product toxicity or 
metabolites and change in pH), or physical (i.e., change 
in temperature, osmotic flux, and membrane 
perturbing).3 The ability of a yeast strain to adapt to 
shifting surroundings and undesirable growth conditions, 
known as stress resistance, has a direct relationship with 
fermentation performance.4 Therefore, isolation and 
screening of strains are usually performed for effective 
utilisation of substrate and higher production. 

Meyerozyma caribbica MJTm3 isolated from 
bio-waste showed thermotolerance of 45°C and osmo-
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tolerance of 50% with 12.7% (v/v) of ethanol production 
utilizing sucrose as substrate.5 In another study for 
isolating lactose-degrading K. marxianus from kefir 
grain, and out of 15 isolates, K9 was found to be the 
superior strain due to its higher growth rate and ethanol 
titer.6 The K. marxianus ETP87 ethanologenic yeast 
isolated from Ethiopian fermented dairy beverages and 
were able to produce 7.97 g/L ethanol compared to 210 
isolates.7 Thus, very few studies have been conducted in 
non-conventional strains that can yield a maximum 
ethanol titer from utilising lactose as a substrate.8–11 
Therefore, the aim of the present research was to isolate 
a yeast strain with multiple stressors that was capable of 
ethanol fermentation at an elevated temperature. The 
isolates were characterised based on their physical and 
physiological traits, in addition to phylogenetic analysis 
of the D1/D2 domains of the (26S) rDNA large subunit 
coding gene. 
Materials and Methods 
Isolation of Lactose Fermenting Yeast 

Isolation of lactose fermenting yeast was performed 
with method used by Golubev et al.12 Yeast strains were 
isolated from different milk cream samples from the 
National Dairy Research Institute, Karnal, India. The 
samples were collected in a sterilised 50-mL 
polypropylene bottle (Himedia, India) and suspended in 
Yeast Extract Dextrose (YPD) (yeast extract, 1 g/100 
mL; peptone, 2 g/100 mL; dextrose, 2 g/100 mL; and 
agar, 1.5 g/100 mL) medium containing chloram-phenicol 
(100 μg/mL). The samples were incubated for 48 h at 
37°C. Aliquots (100 μL) of the culture supernatants 
were used for plating onto YPD agar and kept in 
incubator at 37°C for 48 h. Yeast strains were purified 
by picking single colonies. 
Taxonomic Identification 

Taxonomical identification of yeast was performed 
using method given by Latorre-García et al.13 The 
chosen yeast strain was taxonomically characterised by 
26S rDNA sequencing. All the strains partial 26S rDNA 
was synthesized by using universal primers in PCR and 
immediately sequenced. The BLAST system of the 
GenBank NCBI was used for homology of sequence. 
The neighbour-joining approach with the MEGA 4 
program and bootstrap analysis based on 1000 replicates 
were used to accomplish the phylogenetic analysis.  
Multi Stress Determination 
Ethanol Tolerance Determination  

For determining ethanol tolerance, method used with 
some modification given by Thammasittirong et al.14 

The yeast cultures were grown in YPL medium (Yeast 
extract; 1 g/100 mL; peptone; 2 g/100 mL; and lactose; 
2 g/100 mL) containing 5–16% (v/v) ethanol and kept 
in shaker incubator at 37°C with 100 rpm. The OD600nm 
of samples was measured after 48 h of incubation.  

Sugar Tolerance Determination 
For sugar tolerance determination method used 

given by Sree et al.15 The yeast isolates were tested for 
their osmo-tolerance by inoculating YPL broth media 
containing 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, and 35 g/L 
of lactose. The OD600nm of samples was measured after 
48 h of incubation. 

Thermal Tolerance Determination  
For thermal tolerance determination method used 

given by Osman et al.16 All the isolates were cultured, 
inoculated in 100 mL YPL broth medium, and 
incubated at 30°C, 37°C, 42°C, 45°C, and 50°C for 48 
h. The OD600nm of samples was measured after 48 h of
incubation.

Screening for Ethanol Production 
Screening for ethanol production was performed by 

using method given by Thammasittirong et al14. 
Fermentation for ethanol production was performed at 
37°C with a 2% v/v pre-culture (cells initially adjusted 
to 1 × 106 cells/mL) in 100 mL of YPL broth containing 
of 10% (w/v) lactose. Fermentation samples were taken 
after 48 h of incubation for determining ethanol 
concentration, residual lactose sugar in the medium, 
other by-products, and the biomass of yeast. 

Ethanol Production in a Bioreactor 
Ethanol production using bioreactor was conducted 

using method given by Saini et al.17 15% YPL medium 
was used as a substrate. A 3-liter jar fermenter was 
used for the batch fermentations. Fermenter 
(BIOFLO/CELLIGEN 115, New Brunswick, New 
Jersey, USA) contain 1 litre of YPL 15% medium. 
50 mL inoculum was prepared in a 100-mL flask 
containing YPL medium. Throughout the fermentation 
process, the temperature was kept at 37°C and the 
agitation speed at 150 rpm. Initially, the aerobic phase 
was maintained for the first 12 h by supplying sterile 
air at 0.5 L/min rate. The samples were taken during 
48 h fermentation to monitor the ethanol, residual 
lactose concentration, cell dry weight, and by-products. 

Sugar and Ethanol Determination  
Sugar, ethanol, and glycerol concentrations were 

determined using a HPLC with a TSK-gel SCX (H+) 
column (TOSOH, Stuttgart, Germany) and RID 10A 
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(refractive index detector) (Shimadzu) method given by 
Saini et al.17 The column temperature was 35°C. The 
mobile phase was a (5 mM) H2SO4 (sulfuric acid) at a 
flow rate of 0.8 mL/min. With a run time of 20 min 
20 µL sample was injected into a manual injector 
(Shimadzu). The cell biomass was determined in 10 mL 
sample by centrifuging for 10 min at 10000 rpm (Thermo 
Scientific, Germany). The cell pellets were weighed after 
being rinsed with distilled water, centrifuged once more, 
and dried in an oven set to 75℃ for 24 hours. 

Statistical Analysis  
The experiments were conducted in triplicates. 

Graph data shows average of triplicates and the error 
bar indicates the standard deviation. 

Results and Discussion  
Isolation of Lactose Fermenting Yeast 

Screening of lactose-fermenting yeast strains has 
been conducted among 215 samples from the National 
Dairy Research Institute, Karnal, and local markets. 
We obtained nine yeast isolates from milk cream 
samples that ferment lactose efficiently. All the isolates 
were found positive for the -galactosidase enzyme. 
Fermented dairy products have been reported as an 
indigenous source for isolating lactose-fermenting 
microorganisms. In similar study, Lactose-fermenting 
Candida kefyr has been isolated and identified from 
different cheese samples.18 In other studies, different 
strains of lactose-fermenting yeast have been reported 
in literature, taxonomically identified, and explored in 
various applications.19 

Taxonomic Identification of Stress Tolerant Yeasts 
For the phylogenetic analysis, the chromosomal 

DNA of all the isolates was successfully extracted, and 

the 18S rRNA sequence was amplified efficiently. All 
the isolates of yeast were found to be members of the 
genus Kluyveromyces. The D1/D2 region of the 18S 
rDNA gene was sequenced. The homology of all the 
sequences was determined by the BLAST algorithm. 
The sequence of 18S rDNA of all the isolates showed 
99% identity to Kluyveromyces sp. In taxonomic 
studies on nucleotide sequences of rDNA, the 
sequences of the strain Kluyveromyces sp. 6C17 and 
the K. marxianus strain CCT 7735 (UFV-3) were 
identical. K. marxianus CCT 7735 (UFV-3) is a Highly 
Lactose-Fermenting Yeast Isolated from the Brazilian 
Dairy Industry. Therefore, the strain 6C17 was 
identified as K. marxianus. The 18S rDNA sequence of 
strain Kluyveromyces sp. 6C17 has been submitted to 
GenBank under the accession number KF815067. In 
other study author reported the isolating lactose-
degrading yeast from a local dairy sample; out of 
4 isolates, 1 showed maximum -galactosidase enzyme 
activity (27.88 nmol/min/mL); also, this strain has wide 
range temperature (0–50℃) activity in the degradation 
of lactose.20 The K. marxianus strain has been isolated 
from Jerusalem artichoke by combined bioprocessing 
and the yeast was able to produce 73.6 g/L ethanol 
which was 90% theoretical yield.21 The thermotolerant 
K. marxianus DBKKU Y-102 isolated from plant leaves
and soil; the strain was capable of fermenting inulin
from Jerusalem artichoke and produced 104.83 g/L and
97.46 g/L of ethanol at 37°C and 40°C, respectively.22

Screening for Ethanol Production 
To investigate ethanol production from all the 

isolates, the fermentation was carried out in YPL 
medium (10% lactose) (Fig. 1). To examine the 
fermentation ability of yeast strains, the ethanol 
production and utilization of lactose from YPL 

Fig. 1 — Screening of different yeast isolates for ethanol production at shake flask conditions (Values are mean ± SD) 
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medium were examined by HPLC equipped with RID 
detectors. All the isolated yeasts were taxonomically 
identified by 26S rRNA sequencing. In our study, we 
found that out of 8 isolated yeast strains, Klyuveromyces 
sp. 6C17 (isolated from a cream sample) exhibited high 
lactose fermentation ability, higher conversion of lactose 
to ethanol, and the lowest residual lactose these 
results was correlate to study conducted by Tikka 
et al.23 Klyuveromyces sp. 6C17 was selected for 
further determination of multi-stress tolerance and 
ethanol production in a 3-L bioreactor at an elevated 
temperature. 

Determination of Ethanol Tolerance 
The viability of yeast cells of different strains in 

the presence of exogenous ethanol was examined. In 
the presence of 5%, 6%, or 7% (v/v) ethanol, the 
viability (OD600nm) of this strain was identical and did 
not decrease even after 24 h of incubation in YPD 
medium. The viability of Kluyveromyces sp. 6C17 in 
the presence of 8% ethanol had decreased after 24 h, 
shown in Fig. 2. The high cell counts at 8% ethanol 
amended in YPD medium indicated that 
Kluyveromyces sp. 6C17 possessed efficient tolerance 
against ethanol. After 9% ethanol, however, the 
viability of Kluyveromyces sp. 6C17 cells had fallen 
below the optical density of zero h of the treatment, 
i.e., 0.200. The current study's range of ethanol
tolerance was 6–8%, which is consistent with earlier
findings.2,14 The enhanced ethanol tolerance of
K. marxianus MTCC1389 due to adaptation, which
increased ethanol production by 42.9% from its parent
strain.24 The isolation of a highly ethanol-tolerant
yeast strain from dairy products will allow further
exploration into the practical uses of the isolated
strains in using dairy whey for ethanol generation,
which is a lucrative solution for cheese whey
bioremediation and utilization. There is a constant

need for multi-stress-tolerant yeast strains for further 
application in sustainable ethanol production. Yeast 
strains with hyper-ethanol tolerance might be a 
potential candidate for bioethanol production with 
concentrated or condensed cheese. 

Determination of Sugar Tolerance 
Results obtained with strain 6C17 of Kluyveromyces 

sp. showed the rise in the initial concentration of 
lactose yields an enhance in ethanol production, 
however cell biomass/viability was increased as the 
concentration of lactose increased from 15% w/v. 
Moreover, the amount of residual lactose present at the 
end of fermentation in Erlenmeyer flasks also 
increased. Initial concentration of 10% w/v lactose 
yields 6.5% v/v ethanol after 48 h. Ethanol production 
was significantly increased with an increase in osmotic 
pressure (lactose) up to 15% w/v, i.e., 7.5% v/v ethanol 
produced. However, increases in lactose concentration 
up to 20%, 25%, 30%, and 35% w/v were found to 
produce less ethanol as compared with the 10% and 
15% w/v initial lactose (Fig. 3). Also, the residual 
lactose concentration was found to be increasing with 
an increase in osmotic stress. The possible reason 
behind the decrease in cell viability, ethanol 
production, and residual lactose is attributed to multiple 
explanations, viz., a high content of saccharides 
resulting in high osmotic pressure and low water 
activity. Fermentation of high-gravity substrates was 
attempted by various researchers. Isolated strains of 
yeast that were capable of fermenting 35% of their 
initial saccharide’s concentration though, the 
possibility of fermenting a high sugar concentration in 
the media is of great economic interest to the fuel 
ethanol industry.15 However, growth inhibition and low 
ethanol titers with an increase in sugar concentration 
could be regulated with stepwise addition or fed batch 
strategies.1 

Fig. 2 — Ethanol tolerance determination of Kluyveromyces sp. strain 6C17 at different ethanol concentrations (Values are mean ± SD) 
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Thermal Tolerance Determination  
In the present study, the thermo-tolerance of strain 

K. marxianus 6C17 sp. was evaluated by incubating it
at different temperatures (viz., 37℃, 40℃, 42℃, and
45℃) up-to 24 h in YPL medium. The O.D. (optical
density) of each treatment was measured at 600 nm,
along with the ethanol produced and residual lactose
after each shake flask experiment. Strain K.
marxianus 6C17 sp. was found to be thermotolerant,
and the viability of cells was more than 80% after
incubation at 45℃ as compared to the 37℃ (Fig. 4).
On the other hand, ethanol production was found to
be constant, i.e., 7.5% v/v up to 42℃ and residual
lactose was 2 g/L. However, when the experiment
was carried out at the 45℃ -ethanol production
dropped drastically to 3.5% v/v, and even the residual
lactose concentration was 7.5% v/v. Probably the
reason behind the drop in ethanol production and
lactose utilisation was the performance and stability
of the β-galactosidase enzyme responsible for the
lactose hydrolysis. The isolated strains from Greater
Mekong Subregion countries, out of 234 yeast
isolates, 5 strains were found to be thermotolerant,
such as S. cerevisiae KKU-VN8, VN20, VN27, and
Pichia kudriavzevii TH33 and TH43. Strains were
capable to thriving at 37℃, and maximum ethanol

(7–7.5% v/v) was produced by the VN8 strain.25 
Another study isolated thermotolerant K. marxianus 
DBTIOC-35 for lignocellulose biomass fermentation 
to produce ethanol. And by using the strain, there 
was elimination of the pre-saccharification step, 
which was able to cut the overall process time 
of fermentation.26 This means, high-temperature 
fermentation can be converted to the conventional 
process using thermotolerant yeast.27

Ethanol Production in a Bioreactor 
Ethanol production was performed at 37℃, 40℃, 

42℃, and 45℃in 1 Liter substrate (YPL 15% w/v) in 
3 Liter capacity jar fermenter and having an initial pH 
of 5.0 (uncontrolled) with other fermentation 
conditions including: 200 rpm of agitation,0.5 LPM of 
aeration for the initial 12 h, and followed by an 
anaerobic growth phase. The maximum ethanol titer 
was 8 % (v/v) in 40 h at 37℃ (Fig. 5(a)). However, 
when batch fermentation was conducted at 40℃ and 
42℃ the productivity of ethanol slightly decreased, 
i.e., 7.5% v/v after 30 h with 0.5 % residual lactose
(Fig. 5(b) and (c)). It was evident that the increase in
incubation temperature up to 42℃ did not significantly
reduce the ethanol productivity. Even the amount of
residual lactose was similar to 37℃. On the contrary,

Fig. 3 — Sugar tolerance and ethanol production by Kluyveromyces sp. strain 6C17 at different lactose concentrations (Values are mean ± SD) 

Fig. 4 — Growth (OD600) of Klyuveromyces sp. 6C17 at different temperatures (Values are mean ± SD) 
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the biomass slightly declined from 8 g/L to 6.5 g/L, 
possibly due to the low cell density at the elevated 
temperature. Although, ethanol titer was significantly 
reduced at 45℃ i.e., only 3.5 % v/v ethanol has been 
produced with approximately 7.5 % w/v residual lactose 
(Fig. 5(d)). Biomass at 45℃ was also declined to 3.5 g/L 
after 30 h of fermentation and further declined 
drastically. It shows that under high temperature yeast 
cell loses viability that led to low ethanol titer. Another 
study found that K. marxianus MTCC 1389 was a 
thermally tolerant yeast that could grow at temperatures 
as high as 52℃, however efficient yeast growth was 
optimized at 37°C, and the ethanol titer was 78 g/L 
utilizing whey containing 20% lactose as a substrate.17 

 

Conclusions  
The newly isolated thermotolerant yeast strain 

Kluyveromyce ssp. 6C17 has shown the potential to be 
used for significant ethanol production at high 
temperatures. The study revealed that the 
characteristics of the yeast strain allow it to grow 
efficiently at high temperatures (45℃) with high 
lactose concentrations (15%) and significant ethanol 
tolerance (8%). Such characteristics have the potential 
to lead to the development of a bioprocess in which 

lactose containing substrates can be used to produce 
ethanol. Though, further research is required to 
increase the strain's ability to produce bioethanol 
using high lactose-content substrates. Further studies 
with Kluyveromyces sp. 6C17 should be focused on 
enhancement of stress tolerance (sugar or ethanol) and 
gene level study to identify the genes involved in 
increasing stability of strain for further modification 
to create economic cell factory for utilising whey to 
produce bioethanol. 
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