
ISOLATION AND SCREENING OF ETHANOL-TOLERANT YEAST FROM PALM WINE FOR POTENTIAL USE AS A STARTER CULTURE IN ETHANOL PRODUCTION
ABSTRACT
This study conducted to the isolate and screen ethanol-tolerant yeast from traditional palm wine for potential starter culture in ethanol production. Palm wine, also known as emu, is a widely consumed and popular beverage in rural communities in Nigeria and other parts of the world. In this study, two different samples of palm wine were collected from Ilora, Afijio Local government, Oyo State. Eighteen (18) yeast were isolated from palm wine using Yeast Extract Peptone Dextrose Agar (YEPDA) medium comprising of peptone (2%, w/v), yeast extract (1%, w/v), dextrose (2%, w/v) and agar (2%, w/v). Cryptococcus luteolu had the highest percentage of occurrence of 33.3 % followed by Candida guillieromondi (27.8%), Torulopsis glabrata (22.2%). Saccharomyce cerevisiae had the least percentage (16.7%). The isolated yeast was screened for ethanol tolerance. All the isolates were able to tolerates 10% ethanol medium, some of the isolates tolerates and also grow at 15% ethanol, while some struggled. The results confirmed that yeast isolated from palm wine has high degree of ethanol tolerance. Three (3) of the isolates (Candida glabrata08, Candida guillieromondii11 and Candida glabrata15) showed unique characteristics as were able to tolerate and grow well in 20% ethanol medium. The ethanol tolerance of the three isolates was further assessed using an ethanol assay and they were found to have ethanol tolerance up to 30% (v/v). The results of this study suggest that yeast from traditional palm wine could be used as a potential starter culture for ethanol production.
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1.	INTRODUCTION
“The practice of isolating and evaluating local microbial strains for defined or potential commercial attributes is a common practice in the industrial microbiology and biotechnology” [1]. “For isolating organisms, diverse environments such as water, soil, foods (including palm wine) are usually screened by using appropriate techniques. Saccharomyces cerevisiae is a yeast” [2, 3] “usually isolated from sugary foods and beverages such as palm wine. Saccharomyces cerevisiae is a common yeast of economic importance in food and beverage industries”[3, 4].
“For thousands of years, yeast has been an extensively microorganism used by humans in elaboration of food and beverages, mainly associated with fermentation processes. The microorganisms present in food convert chemically the composition of these products, promoting enrichment in nutritional value and health benefits to the individuals” [5]. “Furthermore, the microbiota of traditional and industrial fermentation processes constitutes an important source of indigenous isolates with characteristics of industrial interest. These isolates may also be successfully employed in genetic and metabolic engineering studies. Fermentation, as a mechanism of desirable biochemical modifications, is the conversion of sugars into products such as alcohols, organic acids, carbon dioxide and flavoring compounds, and this process is mediated mainly by the yeasts and their enzymes” [6]. 
“Saccharomyces cerevisiae has been widely used in fermentation processes and is closely associated with food and fermented beverages production for human consumption, such as bread, chocolate, wine and beer” [6]. “In addition, these yeasts combine many desirable industrial properties, including high fermentation capacity (ability to take up a wide range of sugars, for example: glucose, fructose, mannose, galactose, sucrose and maltose), flocculation, ethanol tolerance, osmotic pressure, tolerance to low pH and, therefore, they do not promote problems regarding the oxygenation of large volumes in the fermentation industry. Fermentative yeasts, especially those belonging to S. cerevisiae species, are stable microorganism in food and beverage fermentation, and may be employed in many forms under different fermentation conditions” [7]. “Moreover, the advances in genetics and microbial ecology of S. cerevisiae has promoted better understanding of strains and knowledge about their role in production of fermented foods and beverages” [3]. “Saccharomyces cerevisiae is an important microorganism in bio-industries and its tolerance to ethanol is one of the characteristics to decide if it can be used for bio – fermentation resources” [3].
“Palm wine is a milky alcoholic beverage produced from palm tree, the sap of the palm trees is originally sweet and serves as a rich substrate for the growth of various types of microorganisms” [8]. “The sap undergoes spontaneous or wild fermentation which promotes the proliferation of yeasts and bacteria that bring about the conversion of the sweet substrate into several metabolites such as ethanol, lactic acid and acetic acid” [9,10]. “Yeasts, lactic acid bacteria and acetic acid bacteria play the most important roles in the palm wine production” [11]. The metabolic activities of the yeast in the palm wine normally create the physiochemical condition of palm wine. Bechem et al. [12] studied “the physiological characteristics of some palm wine yeast isolates and some of these isolates showed to a high concentration of sucrose and ethanol”. Similarly, Chilaka et al. [13] evaluated the “efficiency of yeasts isolated from palm wine in diverse fruit wine production and concluded that acceptable wine could be produced from fruits using yeasts isolated from palm wine. Palm wine yeast have been found to possess good sedimentation properties for high product recovery” [6]. Species of yeasts isolated from Palm Wine will have certain levels of ethanol tolerance due to the alcohol content of the sap. 
The yield of ethanol is often low compared to the substrate supplied for fermentation. This issue is frequently brought on by the yeast fermenter dying because of the high alcohol concentration. In this study, ethanol tolerance yeast from palm wine will be isolated and screened for use as a potential starter in the production of ethanol.
2.	METHODOLOGY
2.1	Sources and Collection of Sample 
Palm wine was obtained from Ilora, Afijio Local government, Oyo State 
2.2	Isolation of Yeast from Palm Wine  
Isolation of yeast was conducted according to modified method of Anitia et al. [14]. Yeast Extract Peptone Dextrose Agar (YEPDA) medium comprising of peptone (2%, w/v), yeast extract (1%, w/v), dextrose (2%, w/v) and agar (2%, w/v) was used for the isolation of yeast from palm wine. The medium was supplemented with 40mg/L chloramphenicol for selective enumeration of yeast. Serial dilution of the wine was carried out using dilution factor of 10-8. Triplicates of one mililitre (1mL) each of the dilution factor 10-4, 10-6   and 10-8 were used for inoculation using pour plate techniques on already prepared sterilized YEPDA medium. Microscopic examination of the isolate was carried out using wet mount method according to Thais and Danilo [15].  

2.3	Characterization of Yeast Isolates  
2.3.1	Subculture and macroscopic examination of yeasts
Isolates were sub cultured in fresh (YEPDA) to obtain fresh isolates for characterization. Yeast isolates were identified by standard morphological, physiological method, as described by Cheesbrough [16]. 
2.3.2	Microscopy examination of yeasts 
Identification was done microscopically, thin smear was prepared in accordance to Cheesbrough, [16], by emulsifying a loopful of an isolate on a clean slide with a drop of water. The film was spread to make a thin film and then air dried after which it was stained with a methylene blue dye and observed with a light microscope under X10 and X40 objective lenses. Isolates were observed for the following feature: colony elevation, colour and shape.
2.3.3	Fermentation activity of the Isolated Yeasts  
The fermentation pattern of different sugars including dextrose, fructose, maltose, sucrose, lactose, and galactose by the isolates was studied. Ten (10) milliliters of 1% (v/v) of these sugars prepared in Yeast Extract Peptone Broth (YEPB) medium were dispensed in test tubes with Durham’s tubes for the detection of gas production. Phenol red was used as the indicator. The test tubes and their contents were autoclaved. One milliliter (0.1 mL) of 0.5% McFarland standard of fresh yeast isolate was used for inoculation. The inoculated test tubes were incubated at 30°C for 24 h. After incubation, the tubes were observed for acid and gas production [17]. 
2.4	Ethanol Tolerance Screening Test
The yeast isolates were screened for their tolerance to high alcohol concentrations according to the method of Osho [18]. The yeast strains were transferred into 10 ml of YEPDB broth containing different concentrations of ethanol (10%, 15% and 20) (v/v). All the cultures were conducted with same initial cellular concentration at 1.5x108 cells /ml (1.5 X 108 equivalent to 0.5 Mc Farland Standard) and were further incubated at 30°C for 48 hours. The cell concentration was determined by measurement of the optical density at 590 nm using spectrophotometer which was correlated with the cell count. The increase in optical density in tubes was recorded as evidence of growth [19].

2.5	Spectrophotometric Method for Determination of Ethanol Concentration 
In this method of spectrophotometric analysis, ethanol concentration was determined by solvent extraction and dichromate oxidation reaction and described as follows. Firstly, ethanol in liquid sample was extracted by Tri-n-butyl phosphate (TBP, Sigma Aldrich, USA). One mL of TBP and 1mL of aqueous sample was mixed in a microtube and then vortex vigorously for 1 minutes. The mixture was centrifuged at 3,420 xg for 5 min to separate into two phases. Upper phase, TBP layer, was clear and transparent, while lower phase, water later, was turbid. Then, 500 µL of upper phase was transferred to a new microtube and mixed with 500 µL of dichromate reagent (containing 10% w/v of K2Cr2O7 in 5 M of H2SO4), and vortex vigorously for 1 min. The mixture was set still for 10 min at room temperature to allow oxidation product in lower phase developed its color to blue green. One hundred microliters of the oxidation products were diluted with 900 µL of deionized water. The optical density at 595 nm (A595) of tested sample was measured in spectrophotometer (T80+ UV/Vis Spectrometer, PG Instrument Ltd., USA). The ethanol concentration in sample was estimated from the ethanol standard curve representing the relationship between A595 and the concentrations of ethanol [20]. 












3.	RESULTS AND DISCUSSION 
3.1	Results
Table 1: Total plate count of yeast (CFU/ml) in palm wine samples/percentage alcohol carried out at different days viz (1,2,3… and 15) 
	
Samples
	                           Percentage (%) Alcohol/ Bacteria Count (105)

	


FBPWS
	                                                                                         Days
                                        1            	     3                5              7              9             11               13              15

	
	% Alcohol
	4.91
	11.34
	15.28
	14.29
	9.41
	5.91
	5.91
	4.71

	
	Colony forming unit/ml
	3.4
	4.0
	NG
	NG
	NG
	NG
	NG
	NG

	

	

SBPWS
	                                                                                        Days
                                      1                  2               4               6               8              1 0            12            14            

	
	% Alcohol
	4.91
	9.25
	21.68
	14.25
	10.92
	6.70
	5.48
	3.29

	
	Colony forming unit/ml
	3.4
	10761.3
	0.1
	NG
	NG
	NG
	NG
	NG


The Colony forming unit of yeast in the table above were presented in means of three different dilution factors (104, 106 and 108).
Keys: FBPWS = First Batch of Palm Wine Sample; SBFWS = Second Batch of Palm Wine Sample; NG = No Growth.
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Table 2: Characterization and Fermentation capacity of the eighteen yeast isolates for identification
	SN
	Microscopic Observation
	Dextrose 
	Maltose
	Sucrose
	Fructose
	Lactose
	Galactose
	Urease
	Growth at 39oC SDA
	Confirmed Specie

	1. 
	Smooth white flat colony with cluster of blastospore
	AG
	0
	AG
	AG
	0
	AG
	-
	+
	Candida guillieromondi

	2. 
	White to cream colour, circular to oval shape without budding 
	A
	A
	A
	AG
	0
	A
	+
	+
	Cryptococcus luteolus

	3. 
	Smooth white colony with multi-lateral budding
	AG
	AG
	AG
	AG
	0
	AG
	-
	+
	Saccharomyces cerevisiae

	4. 
	White to cream colour of small cluster terminal budding 
	AG
	0
	0
	AG
	0
	0
	-
	+
	Candida glabrata



Key: A= acid production; G= gas production; 0 = no acid and gas production.


Figure 1: Percentage of Occurrence of yeasts isolated from palm wine








Table 3: Screening of the yeast isolates on Yeast Extract Peptone Dextrose Broth (YEPDB) medium with increasing ethanol concentrations using spectrophotometer
	S/N
	
YEAST ISOLATES
	
Ethanol concentration (% v/v)/ percentage of transmittance recorded

	
	
	10
	15
	20
	Control

	1. 
	Candida guillieromondi
	5.0
	30.5
	35.9
	36.9

	2. 
	Cryptococcus luteolus
	15.4
	33.2
	34.6
	36.9

	3. 
	Cryptococcus luteolus
	15.3
	30.8
	36.0
	36.9

	4. 
	Saccharomyces cerevisiae
	5.1
	25.4
	36.1
	36.9

	5. 
	Candida glabrata
	8.8
	26.9
	33.8
	36.9

	6. 
	Cryptococcus luteolus
	10.1
	27.2
	34.6
	36.9

	7. 
	Candida guillieromondi
	12.8
	28.3
	35.7
	36.9

	8. 
	Candida glabrata
	5.2
	24.4
	26.7
	36.9

	9. 
	Candida guillieromondi
	9.8
	30.2
	35.3
	36.9

	10. 
	Cryptococcus luteolus
	15.2
	33.9
	35.8
	36.9

	11. 
	Candida guillieromondi
	10.7
	26.6
	27.2
	36.9

	12. 
	Cryptococcus luteolus
	12.9
	25.9
	33.2
	36.9

	13. 
	Candida glabrata
	12.2
	22.8
	33.8
	36.9

	14. 
	Candida guillieromondi
	6.8
	30.1
	35.2
	36.9

	15. 
	Candida glabrata
	12.8
	22.9
	23.8
	36.9

	16. 
	Cryptococcus luteolus
	13.2
	31.3
	35.8
	36.9

	17. 
	Saccharomyces cerevisiae
	5.6
	26.9
	35.7
	36.9

	18. 
	Saccharomyces cerevisiae
	5.3
	26.6
	36.1
	36.9





Table 4: Viability of the Three (3) selected yeast isolates on Yeast Extract Peptone Dextrose Broth (YEPDB) medium with increasing ethanol concentrations using spectrophotometer
	Isolates 
	Concentration of Ethanol used/percentage of transmittance recorded

	
	10%
	20%
	25%
	30%
	Control

	Candida glabrata08
	5.0
	26.4
	24.5
	27.0
	36.9

	Candida guillieromondii11
	11.3
	27.1
	28.1
	29.1
	36.9

	Candida  glabrata15
	12.1
	23.6
	27.4
	29.2
	36.9




The results of total plate count carried out showed that the number of colony obtained in this study ranging from 1 to 80 with colony forming unit ranging from 1.0 x104 to 3.1 x109.  The isolations were done in two batches of palm wine samples. From the first batch of palm wine, isolation was done in odd days that is 1,3, 5…… 15 days, while it was done in even days from the second batch which amounted to 15 days in total. In each day, the amount of alcohol present in the fermenting palm wine was determined. (Table 1). This study agrees with the report of Anitia et al. [14] who reported closely similar count and different species of yeast in palm wine. 
Table 2 shows the characterization and fermentative ability of the yeast isolates, a total of 18 yeasts were isolated from fermenting palm wine.  Most of the isolates ferments dextrose producing acid and gas, remaining produce only acid. While none was able to ferment lactose. Sucrose, a disaccharide of fructose and glucose, was also well utilized by all the isolates. One isolate produced acid and gas, five (5) produced only acid, while the remaining produced neither acid nor gas in the utilization of Maltose.  Sucrose and galactose were not fermented by three (3) of the isolates, but five (5) of those that fermented produced acid and gas production, while the remaining produces only acid. Furthermore, All the isolates were negative for urease (Table 2). The inability of all yeast strains to ferment lactose could be attributed to the lack of lactase or β -galactosidase system as reported by Tarek [21].
The growth and fermentation activity of the isolates can be related to the nutritional composition of fresh palm wine which literally makes it a good medium for growth of many other microorganisms.  These organisms could originate from the tapping equipment, the environment, the plant surfaces, and even the containers [22], but most are subsequently eliminated as the palm wine ages. In fact, palm wine is considered safe for drinking as the ethanol present is sufficient to eliminate pathogenic and opportunistic microorganisms that maybe present in palm wine [23].
The isolate exhibiting remarkable characteristics was identified after cultural and morphological studies. This study is not in accordance with the report of Nwachukwu et al. [24] who reported the isolation of mainly Saccharomyces cerevisiae from aged palm wine.  Cryptococcus luteolu had the highest percentage of occurrence of 33.3 % followed by Candida guillieromondi (27.8%), Torulopsis glabrata (22.2%). While the least percentage of 16.7% was confirmed to Saccharomyce cerevisiae (Fig. 1). The low percentage of Saccharomyces species can be linked with the report of Oliveira et al. [25] who reported that the prevalence of Saccharomyces spp. in fermenting palm wine can be attributed to the fact that they cannot withstand the increasing ethanol content of aging palm wine which could be as high as 10%. 
Results of ethanol tolerance test were shown in Table 3 above. All the isolates grew well and were able to withstand 10% ethanol medium, some of the isolates also grew at 15% ethanol, while some struggled. The results show that yeast isolated from palm wine has high degree of ethanol tolerance [26]. Three (3) of the isolates (Candida glabrata08, Candida guillieromondii11 and Candida glabrata15) showed unique characteristics as they were able to tolerate and grow well in 20% ethanol medium.
Ethanol tolerance is a key criterion in selecting yeast strains for industrial ethanol production, as it represents a unique trait that enhances their applicability in such processes. The ethanol tolerance observed in yeast isolated from palm wine may be attributed to both their ability to withstand challenging physicochemical conditions and their inherent genetic characteristics [26]. Utilizing high-performing yeast strains with greater ethanol tolerance can significantly increase ethanol yield during fermentation, thereby reducing distillation costs and improving overall process profitability [26]. Yeasts from palm wine with ethanol tolerance levels between 15% and 20% have shown promising results in brewing applications [24,27]. Additionally, studies by Narendranath et al. [28] and Thanonkeo et al. [29] reported ethanol tolerance levels of 13% and 7%, respectively, in yeasts isolated from toddy. The three isolates that tolerated 20% ethanol were selected and further subjected to increased ethanol concentration of 25% and 30% (table 4). The isolates exhibited reduced growth at both 25% and 30% ethanol concentrations, but were still able to survive under these conditions. 
4. CONCLUSION  
This study examined the properties of yeast isolates obtained from palm wine. The identified isolates included Cryptococcus luteolus (33.3%), Candida guilliermondii (27.8%), Candida glabrata (22.2%), and Saccharomyces cerevisiae (16.67%). Yeast isolates from palm wine exhibited notable ethanol tolerance. Specifically, Candida glabrata08, Candida guilliermondii11, and Candida glabrata15 demonstrated robust growth at 30% ethanol concentration—an important trait that makes them promising candidates for exploitation in bioethanol production.
RECOMMENDATIONS 
Based on the findings of this study, further research is recommended to investigate the effects of supplements such as mineral ions and vitamins on the isolated yeast strains, with the aim of enhancing their ethanol tolerance.
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Percentage of Occurrence of Yeast Isolates

Column1	
Candida guillieromondi	Cryptococcus lueolus	Torulopsis glabrata	Saccharomyces cerevisiae	27.8	33.299999999999997	22.2	16.670000000000002	





