



Isolation, Screening and Characterization of Stress-Tolerant Yeasts from Over-Ripe Apple and Banana for Wine Production
ABSTRACT
The search for robust, indigenous yeast strains is crucial for advancing local fermentation industries, particularly in tropical regions where high-temperature fermentations are common. This study aimed to isolate, screen, and characterize stress-tolerant yeasts from over-ripe apple and banana fruits for their potential application in wine production. Yeasts were isolated using an enrichment culture technique on Yeast Extract Peptone Dextrose (YEPD) agar. Four distinct isolates (Y-01, Y-02, Y-03, Y-04) were selected and characterized based on morphological and biochemical properties. Sugar fermentation profiles tentatively identified isolates Y-01 and Y-03 as Saccharomyces cerevisiae, while Y-02 and Y-04 were identified as Candida species. The isolates were evaluated for key oenological stress tolerances: thermotolerance (25°C - 44°C), ethanol tolerance (0% - 14% v/v), and acid tolerance (pH 2 - 10). The results revealed significant variation among the isolates. Isolate Y-03 demonstrated superior stress tolerance, exhibiting robust growth at 40°C, sustaining growth in up to 12% (v/v) ethanol, and maintaining good growth across a wide pH range (2-8) with an optimum at pH 4-6. The study thus revealed that over-ripe fruits could serve as valuable reservoir for indigenous yeasts. Isolate Y-03, identified as a strain of Saccharomyces cerevisiae, emerged as a highly promising candidate for fruit wine production due to its exceptional multi-stress tolerance, which is essential for dominating fermentation and ensuring process efficiency under the variable conditions typical of local production settings.
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INTRODUCTION
Yeast is a common, unicellular, eukaryotic fungus that is generally saprophytic in nature. There are roughly 1500 species of yeast, and they are categorized under the fungal classification as either ascomycetes or basidomycetes. Because of its commercial value, strains of the yeast species Saccharomyces cerevisiae are studied as model organisms for both academic and industrial purposes [1]. For many years, fermenting wild yeast species have been separated from their natural sources and employed in a variety of fermentation procedures. Many natural sources, including leaves, flowers, fruits, and so on, have been used to isolate yeast [2]. It is typically isolated from sugar-rich materials because it is a sugar-loving microbe. Because fruits have a high sugar content, yeast species are naturally found there and are easily separated from them. In natural settings, distinct wild yeast species are thought to be present and linked to various fruits. Due to the fermentative characteristics of yeast, strains with improved fermentation characteristics particularly high ethanol tolerance are always needed for the commercial production of ethanol as a biofuel [3].

A microbe with the following qualities is suitable for producing alcohol: it should be able to ferment quickly, have better flocculation, significant osmo-tolerance, improved ethanol tolerance, and good thermotolerance. A small number of yeast strains have been identified to have notable properties for the generation of ethanol, despite the fact that no microbiological strain possesses all these desirable traits. Since industrial microorganisms' technological behaviour is still mostly kept a secret in the fermentation sector, the majorities of them are patented and might not be usable outside of their nation of origin. This poses a severe threat to the economy since it prevents the fermentation businesses from growing quickly. As a result, it is necessary to find native yeast strains that are compatible for the local substrates in order to produce ethanol sustainably [4]. 

Numerous scientists have made an effort to investigate and define efficient, thermotolerant yeasts that can produce ethanol at high temperatures and flourish. Numerous yeast species, including Pichia sp., Candida sp., Kluyveromyces marxianus, and certain strains of Saccharomyces cerevisiae, have been identified and categorized as thermotolerant yeasts. The ideal temperature range for the majority of Saccharomyces cerevisiae and other yeast strains is between 25 and 30°C. A few strains of S. cerevisae mutants from haploid parents have been genetically characterized and isolated by the use of chemical and mutagenesis techniques. Comparatively, hardly many studies mention that Saccharomyces cerevisiae and other yeasts can grow and ferment ethanol at high temperatures [5]. 
The absence of microorganisms that can convert biomass into ethanol in an industrial setting is one of the main obstacles to increased alcohol production [6]. It is known that yeasts, namely strains of Saccharomyces cerevisiae, ferment sugars to generate ethanol. The possibility of temperature and substrate/product inhibition of yeast exists. However, by discovering ethanol-tolerant and thermotolerant yeasts, these obstacles can be overcome and large-scale alcohol production can be enhanced. The aim of this study is to isolate, screen and characterize stress-tolerant yeasts from over-ripe fruits for wine production.
METHODOLOGY
Sample Collection 

The overripe apple and banana fruits used in this study were obtained from Eke Awka Market, Awka, Anambra State, Nigeria, using sterile polythene bags. They were transported to the Laboratory Unit of the Department of Applied Microbiology and Brewing, Nnamdi Azikiwe University, Awka for analysis. The overripe fruits were used within 24 hours of collection. 
Isolation of Yeasts from Different Fruits 

Isolation of yeast strains from the two different over-ripe fruits was done using enrichment culture technique according to the method of Jayamma et al. [7]. The fruit samples were serially diluted with sterile distilled water and inoculated on yeast extract peptone dextrose agar (YEPD) plates using the spread plate method. The fruits samples, each weighing 10g, was aseptically milled using blender and placed in 250 mL Erlenmeyer flasks containing 100 mL of YEPD broth medium, 1 % yeast extract, 2% peptone, 2% glucose and incubated at 37 °C for 3 days with intermittent shaking. Developed colonies were observed for their morphological and microscopic characteristics. The isolates were sub-cultured by streaking on YEPD supplemented with 0.2 mg/ml chloramphenicol. Pure culture of each strain was preserved on YEPD agar slants at 4 °C until needed. The pure isolates were subjected to morphological identification using the methods of Keo-oudone et al. [8]. 

Characterization and Identification of Selected Yeast Isolates 
The biochemical characteristics of the yeasts were studied according to the procedure recommended by Yu et al. [9]. The isolates were observed macroscopically for features such as texture, colour, surface, elevation and margin and other unique features. Yeast isolates were identified using standard morphological and physiological methods.

Sugar Fermentation

Sugar fermentation test was carried out according to Udemezue et al. [10]. Sugars such as glucose, galactose, maltose, lactose, fructose and sucrose were prepared (1% w/v) with peptone water (200 ml) in 250 ml conical flasks. Bromothymol blue (2ml) indicator was also added to the flask, homogenized and dispensed into test tubes, each containing an inverted Durham tube.  The sugar solutions were sterilized by autoclaving at 115oC for 10 minutes and then 3 loopfuls of the yeast isolates were inoculated in each tube, and then incubated at 25ºC for 48 hours. Colour change from blue to yellowish-green and gas production through bubble accumulation in Durham tubes were observed.
Determination of Thermo-tolerance

This was done using the method of Fakruddin et al. [11]. Ten milliliters (10ml) of YEPD medium were distributed into McCartney tubes and then inoculated with a half loop-full of 48-hour old yeast isolates. The initial optical density of each tube was taken on a spectrophotometer at 600nm against the medium as blank. All cultures were incubated at 25°C, 30°C, 32°C, 37°C, 40°C and 44°C for 3 days to observe their thermo-tolerance ability. Increase in optical density was recorded as evidence of growth. 

Determination of Ethanol Tolerance

This was done using the modified method of Fakruddin et al. [11]. One milliliter of various concentrations of absolute ethanol were varied from 5%, 15%, 25%, 35% to 45% (v/v) and added to different flask of the same medium to constitute varying percentages of ethanol differing by 1–3% (v/v). Fifteen milliliters of the medium were distributed into 125ml flask and then inoculated with a loop-full of the yeast isolates. The initial optical density of each flask was read off on a spectrophotometer at 600nm against the medium as the blank. All cultures were incubated at 30°C for 48 h. Increase in optical density were recorded as evidence of growth. The concentrations of alcohol at which the growth of yeasts was inhibited were recorded.

Detection of Acid Tolerance

This was done using the method of Fakruddin et al. [11]. YEPD broths were prepared at pH 2, 4, 6, 8 and 10. Each McCartney bottle contained 15 ml of YEPD media at different pH. Blank media were used as control. Each of the media were inoculated with a loop-full of the yeast cell (the initial optical density at 600 nm were measured) and then incubated at 30°C for 48h. After 48h, cell density was recorded at 600 nm for growth.

Statistical Analysis 
All the experiments were carried out in triplicate. The data obtained were analyzed using the one-way Analysis of Variance (ANOVA) and significance accepted at the level of p value < 0.05. 

RESULTS

Isolation, Morphological and Biochemical Characterization of Yeast Isolates

A total of fifteen distinct yeast colonies were initially isolated from the over-ripe apple and banana samples based on morphological differences on YEPD agar plates. The colonies exhibited variations in texture (smooth, rough, wrinkled), colour (creamy white, off-white, beige), elevation (raised, convex, flat), and margin (entire, undulate, filamentous). After purification and sub-culturing, four pure isolates (designated as Y-01, Y-02, Y-03, and Y-04) were selected for further study based on their robust growth and distinct morphological characteristics.

Microscopic examination revealed that all selected isolates were ovoid to ellipsoidal in shape and reproduced by multilateral budding, confirming them as yeasts. The biochemical characterization, particularly the sugar fermentation test, was crucial for preliminary identification.

Table 1: Identification of yeast isolates

	S/N
	Colony Morphology (Macroscopic and Microscopic)
	Sugar Fermentation

	Probable Isolates

	
	
	Fru
	Mann
	Dex
	Gala
	Mal
	Glu
	Suc
	Lac
	

	Y-01
	Creamy-white, oval shape with raised elevation, Gram-positive cells occurring in pairs with slight buds.
	AG
	AG
	AG
	AG
	AG
	AG
	AG
	-
	Saccharomyces cerevisiae

	Y-02
	Creamy, round shaped colonies, Gram positive cells occurring singly and in pairs.
	AG
	A
	AG
	A
	-
	A
	-
	-
	Candida spp

	Y-03
	Creamy-white, oval shape with raised elevation, Gram positive cells in clusters pairs.
	AG
	AG
	AG
	AG
	AG
	AG
	AG
	-
	Saccharomyces cerevisiae

	Y-04
	Creamy, round shaped colonies, Gram positive cells occurring singly and in pairs.
	AG
	AG
	A
	A
	-
	AG
	-
	-
	Candida spp


Key:

Fru = Fructose, Gala = Galactose, Mal = Maltose, Glu = Glucose, Suc = Sucrose, Lac = lactose

A = Acid Production, G = Gas Production, (-) = No Fermentation.
Evaluation of Stress Tolerance in Selected Yeast Isolates
Determination of Thermotolerance

Optical Density (OD600nm) readings after 72 hours of incubation are presented in figure 1. Isolate Y-03 demonstrated remarkable thermo-tolerance, showing robust growth even at 40°C and negligible growth at 44°C. 

Determination of Ethanol Tolerance

Isolate Y-03 also exhibited superior ethanol tolerance, sustaining growth up to 12% (v/v) ethanol, with significant inhibition occurring at 14%. (figure 2).
Determination of Acid Tolerance

Isolate Y-03 again showed the most robust profile, maintaining good growth between pH 4 and 8, with significant tolerance at pH 2. It also showed remarkable growth across a wide pH range (pH 2-8), with optimal growth at pH 4-6, which is the typical pH range for fruit musts (figure 3). 
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Fig1 : Thermo-tolerance of Yeast Isolates Measured as Optical Density (OD600nm)
after 72 hours
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Fig 2: Ethanol Tolerance of Yeast Isolates Measured as Optical Density (OD₆₀₀ₙₘ) after 48 hours 
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Fig 3: Acid Tolerance of Yeast Isolates Measured as Optical Density (OD600nm) after 48 hours 
DISCUSSION

The present study successfully isolated, characterized, and evaluated indigenous yeast strains from over-ripe fruits for their potential application in fruit wine production. The initial isolation yielded fifteen distinct colonies, from which four pure isolates (Y-01 to Y-04) were selected based on robust growth and distinct morphology. This underscores the rich diversity of the yeast microbiota associated with phyllosphere and fruit rot environments. This ecological niche, characterized by high sugar content and declining host defence mechanisms, exerts a strong selective pressure for microorganisms with robust fermentative capabilities [12]. 
Morphological and biochemical characterization, particularly sugar fermentation patterns, served as a crucial preliminary identification tool. Isolates Y-01 and Y-03, which fermented a broad range of sugars (glucose, fructose, galactose, maltose, and sucrose) with acid and gas production, were tentatively identified as Saccharomyces cerevisiae. This aligns with the classic biochemical profile of S. cerevisiae, which is known for its efficient fermentation of multiple hexose and disaccharide sugars [13]. In contrast, isolates Y-02 and Y-04, which showed variable fermentation (e.g., acid production without gas in some sugars and no fermentation of lactose and maltose), were identified as Candida spp., a genus often comprising non-Saccharomyces yeasts found on fruit surfaces [14]. These yeasts are often abundant on fruit surfaces but are typically outcompeted by Saccharomyces due to their lower fermentative power and ethanol tolerance. The morphological variations observed (texture, colour, elevation, margin) are consistent with the phenotypic diversity reported for wild yeasts isolated from various Nigerian fruits, including citrus, pineapple, and African bush mango [15, 16]. Studies by Obeta and Okafor [17] on fruits sold in Nsukka markets similarly reported a co-dominance of Saccharomyces and non-Saccharomyces (e.g., Candida, Pichia) species. This suggests that the Nigerian tropical environment favours a heterogeneous yeast population on fruit surfaces.

The evaluation of stress tolerance is paramount in selecting a yeast strain capable of surviving the harsh conditions of alcoholic fermentation. The results demonstrated significant variation in thermo-tolerance among the isolates. Isolate Y-03 exhibited superior growth at elevated temperatures (40°C), a trait highly desirable for fermentations in tropical regions or in non-temperature-controlled environments where must temperatures can rise considerably. Thermo-tolerance is a characteristic often associated with certain strains of S. cerevisiae that have adapted to stressful conditions [18]. Its superior performance suggests it is a highly promising candidate for must fermentation, which can often see temperatures rise significantly, especially in non-temperature-controlled environments.This phenotype likely involves the constitutive expression of heat shock proteins (HSPs: e.g., Hsp104, Hsp70) that act as molecular chaperones to prevent protein denaturation and maintain proteostasis under thermal duress [18]. Furthermore, Y-03 showed remarkable ethanol tolerance, sustaining growth up to 12% (v/v) ethanol. Ethanol tolerance is a critical determinant of a yeast's ability to complete fermentation, as high ethanol concentrations are cytotoxic and can inhibit yeast metabolism, leading to stuck fermentations [19]. The ability of Y-03 to thrive at this concentration explains its vigorous fermentation performance. Tolerant strains like Y-03 possess evolved mechanisms to counteract this, including: (i) alterations in membrane lipid composition (e.g., increased ergosterol and unsaturated fatty acid content), (ii) upregulation of efflux pumps, and (iii) production of protective compatible solutes and stress proteins. This inherent tolerance directly translates to a higher potential alcohol yield and a reduced risk of stuck fermentation, a common pitfall in winemaking. This finding is comparable to the work of Elemo et al. [20], who reported yeast isolates from Nigerian sugarcane that could tolerate up to 11% ethanol. However, some strains isolated from Nigerian palm wine have been shown to tolerate even higher levels (up to 14-15% v/v) [21].

Equally impressive was the acid tolerance profile of Y-03, which maintained good growth across a wide pH range (2-8), with optimal growth at pH 4-6. This is a significant advantage in fruit wine production. The innate low pH of fruit musts (often between pH 3.0 and 4.0) selectively inhibits many contaminating bacteria, and a yeast strain that tolerates this acidity can dominate the fermentation process. The combination of high thermo-tolerance, ethanol tolerance, and acid tolerance made Y-03 the unequivocal choice for the fermentation trials, underscoring the principle that successful fermentation relies on a robust starter culture [22]. Furthermore, the broad-range acid tolerance of Y-03 (pH 2-8) demonstrates a formidable ability to maintain intracellular pH homeostasis against a steep proton gradient. This is facilitated by a potent plasma membrane H+-ATPase that expels excess protons at a high energy cost. This trait is doubly beneficial: it allows the yeast to dominate the acidic environment of fruit must (pH ~3.5-4.5), naturally inhibiting many bacterial competitors, and to withstand the further acidification of the medium through the excretion of organic acids like succinic and acetic acid. This result corroborates the findings of Oladipo et al. [23], who highlighted the role of acid-tolerant yeasts in ensuring the microbiological stability of spontaneously fermenting Nigerian fruit beverages.

CONCLUSION

This study successfully demonstrates that over-ripe apple and banana fruits are a rich and viable source of indigenous yeast strains with significant potential for application in alcoholic fermentations, particularly fruit wine production. The isolation process yielded a diverse microbiota, from which four distinct isolates were characterized. Through a systematic evaluation of critical oenological traits, isolate Y-03 was unequivocally identified as the most promising candidate. Its biochemical profile suggests it is a robust strain of Saccharomyces cerevisiae.

The superior multi-stress tolerance exhibited by Y-03 is of paramount industrial importance. Its remarkable thermo-tolerance (growth at 40°C) makes it exceptionally suitable for fermentations in tropical climates where temperature control is often a challenge. Furthermore, its high ethanol tolerance (up to 12% v/v) indicates a strong potential to complete fermentations without stalling, thereby maximizing alcohol yield. Finally, its broad-range acid tolerance allows it to thrive in the naturally acidic environment of fruit musts, outcompeting contaminating bacteria and ensuring a dominant, successful fermentation.

In summary, this research provides a scientific basis for the exploitation of local fruit waste as a source of value-added microorganisms. The identified isolate, Y-03, possesses a combination of thermo-tolerance, ethanol tolerance, and acid tolerance that meets the essential criteria for an efficient starter culture. The use of such indigenous, stress-tolerant strains can reduce reliance on imported commercial yeasts, lower production costs, and enhance the efficiency and sustainability of the local fruit wine industry. Future work should focus on the molecular confirmation of its identity, pilot-scale fermentation trials to assess its organoleptic impact on wine, and potential genetic improvement for even higher performance.
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