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Abstract: The yeasts were isolated from (Psidium guajava), grapefruit (Citrus paradise), avocado (Persea 

americana), papaya (Carica papaya) and gishita (Annona senegalensis pers.). All the yeast isolates were first 

tested for carbohydrate fermentation using Durham tube fermentation method in yeast extract peptone dextrose 

broth. Four isolates which were relatively high fermentative in Durham tube fermentation method were selected 

for testing of the isolates for ethanol, sugar and thermo tolerance. Further, the optimum conditions for isolation 

and characterization of yeast isolates were determined. The investigation revealed that the optimum conditions 

are 37°C temperature, 30% sugar concentration, 15% ethanol concentration and pH 5. The aim of the study 

was to isolate and characterize ethanol, sugar and thermo tolerant yeast to optimize maximal ethanol 

production from coffee husk. 
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1. INTRODUCTION 

The use of bio-fuel to substitute fossil fuels has immense benefits for non-oil producing countries. 

Sugar, starch and lignocelluloses are carbohydrate-rich raw materials suitable for ethanol production. 

Bio-fuel includes bio-ethanol, bio-butanol (where sourced from starchy crops) and biodiesel from oil 

crops such as  Jatropha curcas, castor crop and palm tree which are used for  ethanol production with  

worldwide acceptance essentially to overcome problems associated with exploitation and depletion of 

fossil fuels and environmental pollution. Thus, ethanol production can be effected using easily 

available substrates such as lignocelluloses and (or) hemicelluloses and micro-organisms which could 

convert them into ethanol could be very useful [1]. 

The ability of yeast to produce ethanol depends on many factors such as strains, growth factors and 

optimum environmental conditions [2]. Tolerance of yeast to its substrate (osmo-tolerance), 

fermentation product (ethanol- tolerance) and temperature (thermo-tolerance) has great potential to be 

used in industrial scale fermentation. Isolation and characterization of ethanol, sugar and thermo 

tolerant yeast from fruits could promote higher yield of ethanol at higher temperature than 

commercial Saccharomyces cereviciae like baker yeast. Therefore the main objectives of this research 

work to isolate and characterize yeast from different fruits, evaluate the yeast isolate for ethanol, sugar 

and heat tolerance for bio-ethanol production under different environmental condition. 

2. METHODS 

2.1. Sampling Site and Sample Collection 

Two hundred  seventy six different sample of fruits belongs to five species, guava (53) (Psidium 

guajava), grapefruit (56) (Citrus paradise), avocado (57) (Persea americana), papaya(54) (Carica 

papaya) and gishita (56) (Annona senegalensis pers.) were collected from Southwestern Ethiopia, 

Jimma ,Sheka, Kefa, Gurage and Bench-Maji Zone  and Addis Ababa fruit market (Atikilt Tera) using 

sterile plastic bags and brought to the Mycology Laboratory, Department of Microbial, Cellular and 

Molecular Biology, Addis Ababa University and the samples were kept at 4 ℃ for farther study. 

2.2. Isolation and Screening of Ethanol, Sugar and Thermo Tolerant Yeasts 

The yeasts were isolated from five species; guava (Psidium guajava), grapefruit (Citrus paradise), 

avocado (Persea Americana), papaya (Carica papaya) and gishita (Annona senegalensis pers.) 
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samples after dilution followed by plating aliquots of appropriate dilution of samples on yeast extract 

peptone dextrose agar (YPDA). One ml of each of the sample was transferred to nine ml of sterile 

distilled water to be successively diluted to 10
-1 

up to 10
-6

. Aliquots of 0.1 ml from final dilutions (10
-3
 

and 10
-4

) were spread onto YPDA [3]. The YPDA medium contains g/l of yeast extract 10, peptone 

20, dextrose (glucose) 20, and agar 20. It supplemented with 0.1 mg/ml streptomycin sulphate 

antibiotics to inhibit bacterial growth [4]. The plates were incubated at 37
0
C about 24 and 48 hrs. 

Morphologically distinguished colonies were selected under a dissection microscope. Yeast isolates 

were purified by sub culturing on YPD medium by streaking. The Pure culture was kept on YPD slant 

agar and stored at 4℃ for further study.  

2.3. Morphological Characterization 

The yeast isolate from grapefruit were designated by AAUD, the yeast isolate from guava were 

designated by AAUZ. The yeast isolates from avocado were designated by AAUAV. The yeast 

isolates from papaya were designated by AAUP (AAUP1, AAUP2 and AAUP3) and the yeast isolates 

from gishita (Annona senegalensis pers.) were designated by AAUG (AAUG1, AAUG2 and AAUG3). 

The vegetative cells morphology determined by growing both in liquid and on solid culture media 

YPD [5and6]. The microscopic traits (size, shape and methods of vegetative reproduction).were 

identified by examining under microscope. 

2.3.1. Growth n Solid nd Liquid Medium 

The morphology of yeast isolates were determined by growing on solid and in liquid media; that was 

composed of YPD and agar (solidifying agent) at 37℃ about 3 days[7]. The traits recorded were 

colonies colors, and textures,  ascospore and pseudo mycelium formation.   

2.3.2. Ascospore Formation 

The selected yeast isolates were examined for ascospore formation using presporulation and 

sporulation [8]. The presporulation medium composed 20 g of glucose, 2 g of ammonium sulfate 

((NH4)2SO4), 2 g of potassium dihydrogen phosphate (KH2PO4) and 5 g of yeast extract in 1000 ml of 

distilled water and the medium was kept in sterile state for 7 days. The medium was inoculated with a 

loopful young culture of 48 hrs old and incubated at 25℃, on shaker for 3 days. The sporulation 

medium consisted of 1 g of glucose, 8.2 g of potassium acetate, 2.5 g of yeast extract and 1.86 g of 

magnesium sulfate heptahydrate (MgSO4.7H2O) in 1000 ml of distilled water. The medium was 

inoculated with a drop of yeasts from the presporulation medium and incubated at 25℃. The culture 

was examined microscopically for ascospores production at weakly intervals for 3 weeks. Ascospore 

formation was detected by staining the heat-fixed preparation with carbol-fuchsin [5]. Slides were 

decolorized with 95% ethanol containing 1% concentrated hydrochloric acid. They were slide was 

rinsed in water and counter stained with 1% methylene blue to observe the mature ascospores stain 

red and blue stains of the  vegetative cells. 

2.3.3. Pseudo Mycelium Formation 

The formation of pseudo mycelium was investigated by slide culture technique [5]. A Petri dish was 

containing a U-shaped glass rod supporting glass slide, was sterilized by dry heat at 180℃ for 2 hrs. 

YPD agar was melted and poured into a second sterile Petri dish. The glass slide was quickly removed 

from the glass rod dipped into the medium after which it was replaced on the glass rod support. After 

solidification of the agar on the slide, the isolates were inoculated very lightly in two lines along the 

slide and a sterile cover slip was placed over part of the lines. Sterile water was poured into the Petri 

dish to prevent the agar from drying out. The culture was incubated at 25℃ for 5 days.  

2.4. Testing of Yeast Isolates for Carbohydrate Fermentation Using Durham Tube Method 

Durham tube was used for testing of yeasts for carbohydrate fermentation. Yeast fermentation YP 

broth was used characterization of the yeast isolates based on fermentation of specific carbohydrates. 

The carbohydrates used were; glucose, galactose, maltose, sucrose, lactose trehalose, fructose and 

xylose. Yeast fermentation broth was modification of media developed by Wickerham for the 

determination carbohydrate to detect the color of the medium and gas formation [9]. Yeast 

fermentation broth with carbohydrate and Durham tube composed  of  4.5 g of yeast extracts, 7.5 g  of  

peptone, 80 g of  lactose, 120 g of raffinose,  60 g other carbohydrates and  17 g of bromcresol blue 

per liter deionized filtered water and final pH 7.1 ± 2 at 25℃. 
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2.5. Optimization of Temperature for Ethanol, Sugar and Thermo Tolerant Yeast Isolates 

Growth 

Fifty ml of YPD medium was distributed into 125 ml screw cap Erlenmeyer flask and inoculated with 

actively growing culture [10]. All cultures were incubated at 30 °C, 37 °C, 40 °C and 45 °C for 72 

hrs. The initial optical density (OD) of each culture in flasks was read for UV absorbance at 660 nm 

using a Pye-Unicam SP6 spectrophotometer. The treatments were replicated three times and the blank 

was made of YPD medium without yeast inoculation. The OD is directly proportional to the cell mass 

or growth (one OD660 nm = 1.85×10
7cell/ml

). 

2.6. Optimization of Ethanol Tolerance of the Yeast Isolates 

The medium for the detection of ethanol tolerance of ethanol, sugar and thermo tolerant yeast was 

modified from [4]. YPD liquid medium was used for the tests. The medium was sterilized at 121 ℃ 

for 15 min in an autoclave and cooled. One ml of various concentrations of absolute ethanol was 

taken from 5 to 25% (v/v), and transferred to different flasks (125ml). Forty ml of the medium was 

distributed into each flask and then inoculated with selected isolates. The initial optical density (OD) 

of each culture in flasks was read for UV absorbance at 660 nm using a Pye-Unicam SP6 

spectrophotometer. The treatments were replicated three times and the blank was made of YPD 

medium without yeast inoculation. The OD is directly proportional to the cell mass or growth (one 

OD660 nm = 1.85×10
7cell/ml

). All cultures were incubated at 37
0
C for 3 days. The increase in optical 

density in a flask was recorded as evidence of growth. 

2.7. Optimizations of Glucose Tolerance of the Yeast Isolates 

 Testing of glucose tolerance, YPD broth was prepared containing 10%, 15%, 30%, 45% and 50% of 

different sugar concentrations [11]. The initial optical density (OD) of each culture in flasks was read 

for UV absorbance at 660 nm using a Pye-Unicam SP6 spectrophotometer. The treatments were 

replicated three times and the blank was made of YPD medium without yeast inoculation. The OD is 

directly proportional to the cell mass or growth (one OD660 nm = 1.85×10
7cell/ml

). All cultures were 

incubated at 37
0
C for 48 hrs. The increase in optical density in a flask was recorded as evidence of 

growth. 

3. RESULT AND DISCUSSION 

3.1. Isolation and Screening of Ethanol, Sugar and Thermo Tolerant Yeasts 

A total of nine yeast isolates were retriered from five different fruit samples collected from 

Southwestern Ethiopia and Addis Ababa fruits markets, one from guava (Psidium guajava), grapefruit 

(Citrus paradise) and avocado (Persea americana) and three from papaya (Carica papaya)  and 

gishita (Annona senegalensis pers.). Most colonies were creamy (whitish) oval, convex and dome 

shaped except one isolate from papaya, which was pink after ten days of fermentation. All yeast 

isolates were reproduced by budding (Table 1). 

3.2. Identification of the Yeast Isolates 

3.2.1. Morphological and Physiological Characteristics of the Yeast Isolates 

Table 1. Summary of Morphological Features of Yeast Isolates 

Character AAUP1 AAUD AAUG3 AAUAV  

S.cer.(commercial) 

Surface Smooth  Smooth Smooth Smooth Smooth 

Margin Slightly crispulate Crispulate Crispulate Slightly 

crispulate 

Crispulate 

Color Cream,white Cream,white Cream, white Cream, white Cream, white 

Elevation Convex Slightly Convex Convex Convex Convex 

Cell spheroidal,ellipsoidal 

Multilaterial 

budding 

spheroidal, 

ellipsoidal 

Multilaterialbuding 

spheroidal, 

ellipsoidal 

Multilaterial 

budding 

spheroidal, 

ellipsoidal 

Multilaterial 

budding 

spheroidal, ellipsoidal 

Multilaterial 

budding 

Ascospore + + + + + 

Psedomycelium + + + + + 
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All of yeast isolates were observed under compound microscope and cell morphology was observed 

after 3 days of incubation, at 37℃, heavy, dry climbing pellicles were formed on the surface of YPD 

broth medium. The growth was butyrous with white cream color on YPD agar (Table 3). The cell 

morphology of AAUP1, AAUD, AAUG3 and AAUAV isolates was ovoidal to elongate and had 

single, pairs, or triple budding cells and Pseudo mycelia were also developed. Ascospore formed in 

ascospore forming media after incubating for 3 weeks at 25
0
C. Similar results reported that, 

filamentous pseudomycelium is characteristic of Saccharomyces cerevisiae, which is dimorphic, 

existing either in spherical, unicellular yeast like morphology or in a filamentous form [12]. 

3.3. Testing of Yeast Isolates for Carbohydrate Fermentation Using Durham Tube Method 

In this study, the yeast isolates showed variation in utilization of eight different sugars. Almost all 

isolates utilized glucose, galactose, sucrose, maltose, fructose and trehalose. All isolates failed to 

grow on xylose and lactose. The most vigorous isolates were AAUP1, AAUD, AAUAV and AAUG3 

growing on several of the test carbohydrates (Table 2). This was similar with results reported [13]. 

Table 2. Comparison and Selection of Yeast Isolates By Durham Tube Yeast Extract Peptone dextrose (YPD) 

liquid medium fermentation method 

A. YPD liquid medium for fermentation 
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AAUP1 ++ ++ +++ - +++ + ++ - 6   

AAUD +++ ++ ++ - ++ + + - 6   

AAUG3 ++ ++ ++ - ++ ++ ++ - 6   

AAUAV ++ ++ + - + + - - 5   

S.cer + + + - + + + - 6   

Total 5 5 5 0 5 5 4 0    

Key: + = fermentative, ++ = high fermentative, +++ = very high fermentative (empty Durham tube) 

3.4. Optimization of Temperature for the Growth of Ethanol, Sugar and Thermo Tolerant 

Yeast Isolates 

The effect of temperature on the growth of yeast isolates was study under the range of 30-45
0
C. The 

highest cell dry weight was at 37
0
C but for commercial yeast 30

0
C (Figure 2). Accordingly AAUP1, 

AAUD, AAUG3 and AAUAV were relatively the highest thermo tolerant than the other yeast isolates. 

The four yeast isolates were resistant to high temperature in the broth media and high fermentative 

when compared to the other isolates (Figure 2). Four isolates identified as thermo tolerant, they are 

AAUP1, AAUD, AAUG3 and AAUAV. The most thermo tolerant isolates were AAUD tolerant to 

45℃, followed by isolate AAUG3 which was tolerant to 40℃ temperature in the broth media (Figure 

2).  

 

Figure 2. The Effect of Temperature on the Growth of Thermo Tolerant Yeast Isolates Cultivated In Ypd Broth 

For 3 Days (dry weight in od660 nm) 
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3.5. Ethanol Tolerance of the Yeast Isolates 

Yeast isolates (AAUP1, AAUD, AAUG3   and AAUAV) were able to grow in 5 % (v/v) ethanol 

concentration (Figure 3). There were slight differences observed in growth rates while increasing the 

ethanol concentration from 5 to 10 % (v/v) and 15 to 25 % (v/v). The most ethanol tolerant yeast 

isolates (AAUG3) that was isolated from gishita (Annona senegalensis pers.) with ethanol tolerance to 

15% (v/v) followed by the yeast isolate (AAUD) from grape with ethanol tolerant of 10% (v/v) 

ethanol in the broth medium (Figure 4). The isolates AAUAV was tolerant to ethanol up to 10% (v/v). 

Accordingly, AAUP1, AAUD, AAUG3 and AAUAV were relatively rapidly fermentative and the 

highest ethanol tolerant. 

 

Figure 3. The Growth Response of Yeast Isolates In Relation To Ethanol Concentrations (%, V/V) In YPD 

Medium (Dry Weight In OD660 Nm) 

3.6. Sugar Tolerance of The Yeast Isolates 

Sugar tolerance the yeast isolates (AAUP1, AAUD, AAUG3   and AAUAV) increased in growth at an 

increasing concentration up to 30% but decreased slightly at concentration up to 50% (Figure 5). The 

most sugar tolerant was AAUAV with sugar tolerance capacity of up to 50% (v/v) followed by 

isolates AAUG3 which was tolerant to 45% (v/v) sugar concentration in the broth media. In general 

AAUP1, AAUD, AAUG3 and AAUAV were the highest sugar tolerant than other yeast isolates 

(Figure 4). These four yeast isolates were identified as resistant to high sugar concentration in the 

broth medium. 

 

Figure 4. Summary of yeast isolates growth rate response for various glucose concentrations (%, w/v) in ypd 

medium (dry weight in od660 nm) 
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3.7. Optimization of Ph for Growth of the Yeast Isolates 

The growth rate of yeast isolates increased along with the pH level increase to 3.0. The pH of the 

medium did not show different effect on growth rate at pH 3.0 to 6.5, beyond which the growth was 

decreased. At medium pH 7.0 to 8.0, the final dry mass was slightly decreased (Figure 6). The highest 

dry mass was observed in the medium where the pH was 5.0 for all yeast isolates (Figure 6).  

 

Figure 5. 

 

Figure 6. Summary of the effect of pH on the growth of the yeast isolates (Dry weight in OD660 nm) 

4. CONCLUSION  

Based on morphological and physiological characteristics, the four yeast isolates were grouped under 

the genus saccharomyces which were closely related to S. cerevisiae. The yeast isolates, AAUG3 that 

was isolated from gishita (Annona senegalensis pers.) showed higher ethanol tolerance (15% v/v) than 

other yeast isolates. The yeast isolate, AAUD that was isolated from grapefruit was more thermo 

tolerant (45
0
C) than the other yeast isolates. Four yeast isolates showed best growth, at 37 ℃ and 

optimum condition for their growth. 
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