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Abstract:Bioethanol is a promising renewable biofuel that addresses challenges associated with rising oil prices, greenhouse gas emissionsand limited fossil fuel reserves. Yeast is considered the most efficient microorganism for ethanol production. In this study, twenty-five yeast isolates were obtained from banana peel varietiesEllakki bale, G-9, Rajapuri, and Rasabale.collected from the local market of Dharwad city. The isolates were characterized based on morphological traits,carbohydrate assimilationand further evaluated for bioethanol production efficiency. Most isolates formed white, smooth, circular colonies with entire margins and exhibited budding. Isolates YBS6, YBS12, and YBS13 demonstrated broad carbohydrate utilization, fermenting glucose, maltose, galactose, sucrose, and xylose, with additional utilization of raffinose (YBS6) and trehalose (YBS12, YBS13). None utilized lactose. These isolates produced 22.88, 20.36, and 19.15 g/L of ethanolrespectively, compared to 30.27 g/L by Saccharomyces cerevisiae MTCC 170. Thus, YBS12, YBS6, and YBS13 show strong potential for bioethanol production.	Comment by NIVETHA M: Remove full stop
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Introduction
	To address the supply of fossil fuels, greenhouse gas emissions, global warming and rising fuel prices, there is a need to identify alternative energy resources that are renewable, environmentally sustainable and economically feasible. Bioenergy, including biogas, biodiesel and bioethanol, has emerged as a cost-effective and feasible alternative. Since it is a renewable, nontoxic and biodegradable resource, bioethanol stands out as the most potential replacement for fossil fuels that may not only ensure energy security but also address environmental pollution issues (Yang and Wyman, 2008).	Comment by NIVETHA M: Change font
	Yeasts are widespread in nature and are predominantly found in sugar-rich environments (Suh et al., 2005). As primary fermenting organisms, yeasts play a crucial role in producing fuel ethanol from renewable resources. Their capacity to metabolize six-carbon sugars such as glucose into two-carbon compounds like ethanol underlies bioethanol production. Moreover, yeast-mediated fermentation is environmentally friendly, generating no harmful chemical by-products and relying on natural biological processes (Azhar et al., 2017). Therefore, yeasts serve as ideal candidates for isolation and utilization in bioethanol production.	Comment by NIVETHA M: italics
Material and methods
Isolation of the yeast isolates from the banana peel 
	Banana fruits of different varietiesi.e., Ellakki bale, G-9, Rajapuri and Rasbale were obtained from the fruit market at Dharwad and the peel was used for the isolation of yeast. The 10 g of banana peel was surface sterilized and chopped into small pieces and aseptically mashed with a pestle and mortar by adding small aliquots of sterile water. Later, this suspension was serially diluted to get the dilutions up to 10-5 and10-6 and plated on Malt Extract Glucose Yeast Extract Peptone (MGYP) media. These plates were incubated at a temperature of 30 ⁰C for 24-48 h. Colonies obtained were purified by repeated streaking and then stored at 4⁰C for further studies.
Morphological characterization of native yeast isolates
	The isolates obtained were examined for their colony characteristics viz., colour, texture, elevation and margin. All the isolates were subjected for staining and observed under microscope for their budding properties to confirm the isolates as yeast.
Biochemical characterization of native yeast isolates
Utilization of different carbon sources: 
The ability of yeast isolates to utilize different carbon sources viz., glucose, dextrose, galactose, maltose, sucrose, lactose, trehalose, raffinose and xylose was tested using a Yeast fermentation broth base (Wickerham and Burton, 1948) with a Durham's tube inserted in an inverted position. Test tube containing Yeast fermentation broth was inoculated with a loopful of 24 h old yeast culture and incubated at 30 ⁰C for 48 h. The ability of the isolate to utilize various carbon sources was determined by examining the change in the colour of the medium from blue to yellow when acids were formed and gas formation by observing air bubble formation inside the Durham’s tube (Warren and Shadomy, 1991).
Screening of native yeast isolates for bioethanol production
[bookmark: _Hlk109036356]All the isolates were screened for bioethanol production using fermentation media. The 250 ml Erlenmeyer flask containing 100 ml of sterilized fermentation medium was inoculated with 1ml of old yeast culture (1 OD @ 600 nm) (Osman et al., 2011). After 24 hrs of incubation, anaerobic condition was created by securing the flask with rubber cork and allowing carbon dioxide to be trapped. The flask was incubated for five days (until no more carbon dioxide is produced). The amount of ethanol formed in the broth was determined calorimetrically as described by Caputiet al. (1968).
Results and discussion
Isolation of the yeast isolates from the banana peel 
A total of 25 yeast isolates were obtained from ten banana peel samples of four different banana varieties i.e., Ellakki bale, G-9, Rajapuri and Rasbale representing 4, 3, 1 and 2 samples respectively. All the isolates were subjected for morphological and biochemical characterization. Similarly, Matharasiet al. (2018) isolated ten yeast isolates from the spoilt bananas to produce bioethanol utilizing banana wastes residues (Banana peel, Banana pseudo stem and Spoilt banana).Atitallahet al. (2021) isolated 54 strains of yeast from various microhabitats viz., fresh date palm sap (DPS) and decaying wood gathered from the forests, brine of naturally fermented black olives and fermented cow milk obtained from a small farm.
Morphological characterization of native yeast isolates
All the isolates were subjected to morphological and biochemical characterization. Physiological characteristics are used primarily in determining yeast species. Especially, the colony characteristics are useful in the taxonomy of yeasts (Alexopoulos, 1962).
The results on the colony morphology (colony colour, texture, elevation, margin) and budding type of all the isolates are presented in Table 1. With respect to colony colour, the isolate YBS7 and YBS 14 isolate formed creamy white-coloured colonies whereas, the isolates YBS16, YBS23 and YBS25 formed yellow-coloured colonies. Rest of the yeast isolates formed white coloured colonies. The colonies formed by the isolates YBS2, YBS9 and YBS17 were rough in texture, whereas YBS7, YBS14, YBS16, YBS23 and YBS25 formed slimy colonies. Rest of the yeast isolates formed colonies with smooth texture. Most of the yeast isolates showed umbonate elevation of the colony. The isolates viz., YBS2, YBS9 and YBS23 exhibited a raised elevation. Whereas, YBS6 had the convex elevation of the colony. Theisolatesviz., YBS7, YBS14, YBS16, YBS17 and YBS25 exhibited the flat elevation of colony. The colony margin was circular and entire in most of the isolates. Irregular and undulated colony margin was observed in the isolates YBS2, YBS7, YBS15, YBS16, YBS23 and YBS25. The reference strain Saccharomyces cerevisiae MTCC 170 exhibited colony with white colour, smooth texture, umbonate elevation and irregular and undulate margin characters. All the isolates along with the reference strain Saccharomyces cerevisiae MTCC 170 exhibited terminal budding characteristics. The isolates were identified as yeasts based on their characteristic budding pattern. Although individual yeast cells are typically colorless, their colonies on solid media exhibit distinct appearances, ranging from white and cream to light brown shades (Alexopoulos, 1962). Yeasts that reproduce through budding are termed “true yeasts” and are taxonomically classified under the order Saccharomycetales (Chan and Cherry, 2012).The results are also supported by the study of Tikka et al. (2013), who isolated yeasts using grapes, molasses, mosambi, cashew apple, sugarcane, sorghum and distillery effluents on yeast extract peptone dextrose agar (YEPDA). The colony morphology was creamy white, elevated, oval shape and showed budding characters. 
Biochemical characterization of native yeast isolates
Utilization of different carbohydrates
Physiological characteristics that differentiate yeast species include their ability to utilize various carbohydrates as carbon sources (Glazer and Nikido, 1995). Yeasts are chemoorganotrophic organisms that derive energy from organic compounds, primarily through anaerobic fermentation. Their main carbon sources are hexose sugars such as glucose, sucrose, and maltose, although certain species are also capable of metabolizing other sugars like fructose, as well as alcohols and organic acids (Uma and Polasa, 1990). The results pertaining to the ability of 25 yeast isolates to utilize eight different sugars viz., glucose, maltose, galactose, lactose, sucrose, trehalose, raffinose and xylose are presented in Table 2. All 25 isolates along with reference strain S. cerevisiae MTCC 170 were positive for glucose utilization and negative for lactose utilization. Except YBS6, YBS12, YBS13 and YBS14, other isolates along with reference strain S. cerevisiae MTCC 170 were found to be negative for the xylose utilization. Maltose was utilized by 19 of the isolates and reference strain S. cerevisiae MTCC 170. Out of 25 isolates, 16 isolates along with reference strain S. cerevisiae MTCC 170 were positive for galactose utilization. Except five isolates, all other isolates exhibited positive reaction for sucrose utilization. Seven native yeast isolates along with reference strain S. cerevisiae MTCC 170 were positive for trehalose utilization. Similarly, Hossain and Fazliny (2010) reported that all the non-pathogenic yeast isolates assimilated the sugars i.e., glucose and sucrose and showed the negative results for the assimilation of lactose. Similar results were observed by Anyanwu et al. (2020), who observed the ability of yeast isolates to utilize glucose, sucrose and maltose and their inability to utilize lactose and xylose. Atitallahet al. (2021) checked for the utilization of various sugars by different yeast isolates. D-glucose, D-galactose and sucrose were all assimilated by S. cerevisiae X19G2. However, D-xylose, and lactose were not assimilated. 

Screening of native yeast isolates for bioethanol production
All the yeast isolates were screened for bioethanol production using the fermentation media and the results obtained are presented in Table 3. Bioethanol produced by the native yeast isolates was in the range of 6.290 to 22.880 g/L. The maximum bioethanol of 30.270 g/L was produced by the reference strain S. cerevisiae MTCC 170 which was significantly superior over all the isolates. Among the yeast isolates, the maximum bioethanol of 22.880 g/L was recorded by the isolate YBS12. A similar type of experiment was carried out by Ruyterset al. (2015), who used five yeast isolates Wanomalus, Metchnikowiapulcherrima, Torulasporadelbrueckii,PichiakudriavzeviiandSaccharomyces cerevisiae for small-scale fermentations These yeast isolates was evaluated under high-gravity conditions (25% glucose). The isolates demonstrated ethanol yields ranging from 26% to 38%, corresponding to 9–12% (v/v).	Comment by NIVETHA M: remove space
Conclusion
A total of 25 native yeast isolates were obtained from the banana peel samples from different varieties of banana viz., Ellakki bale, G-9, Rajapuri and Rasbale. The isolates were characterized for morphological and biochemical traits. Most of the yeast isolates exhibited white coloured colony with smooth texture, umbonate elevation and circular to entire colony margin. All the isolates exhibited terminal budding characteristics. All the 25 isolates were positive for glucose utilization and negative for lactose utilization. Variations were observed among the isolates with respect to utilization of other carbohydrates. All25 yeast isolates were screened for the bioethanol production using the fermentation media. The maximum bioethanol of 30.270 g/L was produced by the reference strain S. cerevisiae MTCC 170 which was significantly superior over all the isolates. Among the native yeast isolates, the maximum bioethanol of 22.880 g/L was recorded by the isolate YBS12 followed by YBS6 (20.360 g/L). Hence, these yeast isolates can be used efficiently for bioethanol production using different substrates.
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Table 1: Morphological characterization of the native yeast isolates

	Isolate code
	Colony Colour
	Colony Texture
	Colony Elevation
	Colony Margin
	       Budding type

	YBS1
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS 2
	White
	Rough
	Raised
	Irregular, undulate
	Terminal

	YBS3
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS4
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS5
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS6
	White
	Smooth
	Convex
	Circular, entire
	Terminal

	YBS7
	Creamy White
	Slimy
	Flat
	Irregular, undulate
	Terminal

	YBS8
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS9
	White
	Rough
	Raised
	Filamentous
	Terminal

	YBS10
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS11
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS12
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS13
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS14
	Creamy White
	Slimy
	Flat
	Circular, entire
	Terminal

	YBS15
	White
	Smooth
	Umbonate
	Irregular, undulate
	Terminal

	YBS16
	Yellow
	Slimy
	Flat
	Irregular, undulate
	Terminal

	YBS17
	White
	Rough
	Flat
	Lobate
	Terminal

	YBS18
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS19
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS20
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS21
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS22
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS23
	Yellow
	Slimy
	Raised
	Irregular, undulate
	Terminal

	YBS24
	White
	Smooth
	Umbonate
	Circular, entire
	Terminal

	YBS25
	Yellow
	Slimy
	Flat
	Irregular, undulate
	Terminal

	Reference strain
(Saccharomyces cerevisiae MTCC 170)
	White
	Smooth
	Umbonate
	Irregular, undulate
	
Terminal



Table 2: Utilization of different carbohydrates by yeast isolates
	Yeast isolates
	Carbohydrates

	
	Glucose
	Maltose
	Galactose
	Lactose
	Sucrose
	Trehalose
	Raffinose
	Xylose

	YBS1
	+
	+
	+
	-
	+
	-
	-
	-

	YBS 2
	+
	-
	+
	-
	+
	-
	-
	-

	YBS3
	+
	+
	+
	-
	+
	-
	-
	-

	YBS4
	+
	+
	+
	-
	-
	-
	-
	-

	YBS5
	+
	+
	+
	-
	+
	-
	-
	-

	YBS6
	+
	+
	+
	-
	+
	-
	+
	+

	YBS7
	+
	+
	+
	-
	+
	-
	-
	-

	YBS8
	+
	-
	+
	-
	+
	-
	-
	-

	YBS9
	+
	-
	+
	-
	+
	-
	-
	-

	YBS10
	+
	+
	+
	-
	+
	-
	-
	-

	YBS11
	+
	-
	-
	-
	+
	+
	-
	-

	YBS12
	+
	+
	+
	-
	+
	+
	-
	+

	YBS13
	+
	+
	+
	-
	+
	+
	-
	+

	YBS14
	+
	+
	-
	-
	+
	-
	-
	+

	YBS15
	+
	+
	-
	-
	+
	+
	-
	-

	YBS16
	+
	+
	-
	-
	-
	-
	-
	-

	YBS17
	+
	+
	-
	-
	+
	+
	-
	-

	YBS18
	+
	+
	-
	-
	+
	+
	-
	-

	YBS19
	+
	+
	-
	-
	-
	-
	-
	-

	YBS20
	+
	+
	+
	-
	-
	-
	-
	-

	YBS21
	+
	+
	+
	-
	+
	-
	-
	-

	YBS22
	+
	+
	+
	-
	+
	-
	-
	-

	YBS23
	+
	-
	-
	-
	+
	-
	-
	-

	YBS24
	+
	+
	+
	-
	-
	+
	-
	-

	YBS25
	+
	-
	-
	-
	+
	-
	-
	-

	Reference strain (Saccharomyces cerevisiaeMTCC 170)
	+
	+
	+
	-
	+
	+
	-
	-











Table 3: Screening of native yeast isolates for bioethanol production (g/L) using fermentation media
	Isolates
	Ethanol yield (g/L)

	YBS1
	13.250

	YBS 2
	12.440

	YBS3
	14.900

	YBS4
	11.620

	YBS5
	12.450

	YBS6
	20.360

	YBS7
	09.820

	YBS8
	13.160

	YBS9
	09.090

	YBS10
	17.180

	YBS11
	17.110

	YBS12
	22.880

	YBS13
	19.150

	YBS14
	11.230

	YBS15
	09.730

	YBS16
	07.290

	YBS17
	08.910

	YBS18
	08.600

	YBS19
	11.230

	YBS20
	8.270

	YBS21
	17.790

	YBS22
	06.370

	YBS23
	06.290

	YBS24
	07.730

	YBS25
	08.570

	(Saccharomyces cerevisiae
MTCC 170)
	30.270

	S. Em[image: ][image: ]
	0.215

	CD @ 1%
	0.623
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Figure 1: Pure culture of yeast isolates
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Figure 2: 
Budding characteristics of native yeast isolates
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Figure 3: Laboratory setup for bioethanol production
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