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Abstract: The present study reports the increasing interests in conversion of ethanol from solid 
wastes (Fruits) using two strains Saccharomyces cerevisiae and Candida albicans. The fruits used 
are pineapple, sweet lime and orange. The method of ethanol production from various agro 
residues is of prime importance as the raw materials are easy available and cheap in cost. So the 
pineapple peeling is the favourite choice generally used for production of ethanol along with 
Saccharomyces cerevisiae. The total amount of sugar in pineapple, sweet lime and orange with 
colour variation are also determined through solid state and submerged fermentation. Pineapple 
gives a maximum yield of 1.87% with S. cerevisiae. 

Keywords: Bioethanol, S. cerevisiae, Candida albicans, Fruit wastes, Solid state fermentation 

Introduction 
Production of ethanol by fermentation from renewable carbohydrate materials for use as an 
alternative liquid fuel has been attracting worldwide interest. The current technology in industry is 
able to convert carbohydrates from dedicated crops such as corn, wheat, sorghum, potato, 
sugarcane, sugar beet and cassava to ethanol (Luo et al., 2009; Mohanty et al., 2009).  

Carbohydrate is the main source for ethanol production which is easily found in various plant-
parts. Dake et al. (2010) reported that natural resources along with S. cerevisiae are the highest 
bidders for the commercial production of ethanol. Several published work also suggest the role of 
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pesticides found in the agro residues adding to the yield in fermentation by products. The 
separation then requires detailed GC-MS analysis to understand and later lessen the percentage of 
pesticide contamination as reported in wine production from grapes by Cus et al., 1999, in their 
food control paper. In our case however, the extraction of bioethanol found has less chances of 
contamination as it has already been treated in the city limits and pre-treatment is done by the 
fruit vendors prior to obtaining the agro residues. Other researchers like Hernandez Sanchez et al., 
2011, have also reported the use of zeolite effects the production of ethanol as well as the cell 
biomass. In our study we have not incorporated zeolite for production of ethanol. Hence the yield 
is variable from the earlier reported data. Scientific literature also suggests that fungicides play an 
important role in effecting the aroma, colour and other physico-chemical properties of bioethanol 
extracted. Such studies are more important for determining food toxicity pertaining to ethanol 
production. Our work shows a maximum yield without the use of fungicides. 

Materials & Methods: 
The pure culture plates of two strains S. cerevisiae and Candida albicans were collected from the 
Marina Labs Research & Development, Chennai. These two strains were inoculated into solid 
media and the liquid submerged media under sterile conditions and kept for growth. The two 
methods used for the production of ethanol are: 1. Solid state fermentation. 2. Submerged 
fermentation. The agro residues of the samples of pineapple, orange and sweet lime were 
collected from the local market and carefully taken in sterilized sheets. For the present work, only 
the peels of the three fruits were considered. 

Raw materials 
The rotten and ripened fruit wastes were bought from fruit market near SRM Campus at Potheri. 
They were kept at room temperature until it fully ripen and became rotten before undergoing the 
fermentation. These were washed before they were cut and chopped for fermentation to avoid 
other contamination. 

Solid state fermentation  
Collection, preparation, and total sugar determination of pineapple, orange, 
banana and grapes  
Fruit wastes were collected from various agro residues. These were then ground into pulp using a 
blender, placed in a sterile container, and stored for the subsequent sugar concentration analysis. 
The container was then labelled for identification in preparation for the total sugar determination. 
Twenty grams of peel powder was subjected to auto chemical analysis for its total sugar content. 
Benedict’s test was employed for the analysis of sugar concentration present in the peels. Test 
showed that the glucose content of the substrate peels was suitable for saccharification and 
fermentation. Having determined the glucose content of the peels to be used for solid state 
fermentation, 100 g of peels were cut into smaller particles and ground into pulp for fifteen 
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minutes using a blender to make the samples more susceptible to enzyme attack. The sugar 
concentration of the peels was determined using Benedict’s method.  

Preparation of the culture media  
Two 100 ml flasks of glucose-yeast-peptone (GYP) medium were prepared by diluting 20 g of 
glucose and 10 g of peptone in 1 L of distilled water and sterilized for 20 min at 121°C. All 
glasswares and laboratory apparatus were autoclaved for 1 h at 121°C.  

Preparation and inoculation of the S. cerevisiae  
5 ml suspensions of S. cerevisiae and C. albicans strains obtained were inoculated into the 
prepared broths separately. Both cultures were incubated at room temperature on a rotary shaker 
at 200 rpm for 24 h prior to inoculation into the fermentation medium. 

Preparation and experimentation of the peels with S. cerevisiae and C. albicans 
through simultaneous saccharification and fermentation  
Twenty four flasks were used for the experiment and labelled depending on the type of solid state 
fermentation manipulation they would undergo. Three substrate contained in 24 flasks was poured 
into 8 flasks giving 3 sets. Each set was divided into two groups A and B. Each subgroup is 
composed of four flasks each, containing 15 g of pulp per flask. 50 ml of prepared 4.0% sodium 
hydroxide (NaOH) buffer were distributed to each flask of group A, and 100 ml of the same 
buffer were distributed to each flask of group B. Groups A and B were inoculated each with 5 ml 
suspension of Candida albicans and Saccharomyces cerevisiae yeast. The first two flasks of the 
first group, labelled A1, were allowed to ferment for 24 h, while the second pair of flasks from the 
same group, labelled A2, was allowed to ferment for 72 h. Likewise, the first two flasks of the 
second group, labelled B1, were allowed to ferment for 24 h, while the second pair of flasks of the 
same group, labelled B2, was allowed to ferment for 72 h respectively. Bioethanol evaporation 
was prevented and aerobic conditions were maintained by placing the flasks plugged with cotton 
plugs covered with aluminum foil sheet in a mechanical shaker. After their respective 
fermentation times, the pulp broth was filtered through Whatmann filter paper 1, and the filtrate 
of each flask was immediately subjected to distillation.  

The same procedure was also followed for submerged fermentation with minor modification: In 
this method all the extracts of all the various agro residues was prepared. One hundred grams 
waste of each sub substrate was taken and 500 ml distilled water was added. After preparation of 
extract, the extract was inoculated with the suspension of S. cerevisiae and pure culture of C. 
albicans. After inoculation the extract was left for fermentation and noted at different time 
intervals (24, 48 and 72 h). The extract was filtered after fermentation and left for production of 
ethanol in the distillation unit 
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Distillation  
After fermentation the yeast cells were separated by filtration. The liquid part was distilled by 
Claisen condenser apparatus .The fractions were collected up to 78.5°C. Collected fractions were 
analyzed for ethanol percentage (v/v) by optical density method using a colorimeter. 

Results and Discussion  
The present study revealed certain interesting facts about ethanol production. Figure 1 shows the 
glucose-yeast-peptone (GYP) medium. Figure 2 shows condensed bioethanol produced in a 
condenser. Total amount of sugar in pineapple, sweet lime and orange was 0.5,1 and 0.8% with a 
colour variation of green, yellow and light yellow respectively. The presence of reducing sugar 
was thus confirmed and the data is represented in Table 1. Table 2 shows the estimation of 
ethanol from S. cerevisiae and C. albicans by solid state fermentation method. It follows that the 
optical density decreases as the percentage of ethanol produced decreases. In the solid state 
fermentation, pineapple agro residue gave a maximum yield around 2.16% with yeast. With a 
change of strain to C. albicans, pineapple still gave a high yield of 1.08% for group A in 50 ml 
capacity as shown by Table 2. Similarly for the group B and 100 ml capacity flasks, pineapple 
gave a maximum of 1.36% in 72 h. Table 2 show C. albicans gave a greater yield of 1.32% in 
sweet lime in 72 h. Table 3 depicts the ethanol production by submerged fermentation in which it 
shows maximum yield of 1.87% with S. cerevisiae as shown in 

Table: 1.Reducing sugar determination 

 

Serial  
number Substrate Colour 

Sugar  
concentration 

(%) 

1 Pineapple Green 0.5 

2 Sweet lime Yellow 1.0 

3 Orange Light yellow 0.8 
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Table 2: Estimation of Ethanol by Solid state fermentation 

 
Table 3: Estimation of ethanol from submerged fermentation 

Sl. no Substrate Time(h) O.D Ethanol%(v/v) gm/l 

 For S. cerevisiae     

1 Pineapple 72 0.625 1.87 11.4 

2 Sweet lime 72 0.622 1.46 10.3 

3 Orange 72 0.564 1.32 9.8 
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 For C. albicans     

1 Pineapple 72 0.467 1.45 9.5 

2 Sweet lime 72 0.452 1.41 9.3 

3 Orange 72 0.452 1.41 9.3 
Table 3 depicts the maximum yield of 1.87% (v/v) and 1.45% (v/v) bioethanol production was 
observed with pineapple wastes at 72 hrs. by submerged fermentation with S. cerevisiae and C. 
albicans respectively. Thus a maximum yield was obtained in submerged fermentation method 
for production of bioethanol suggesting that this method is better than the traditionally used solid 
fermentation. Also this method shows that large scale production of ethanol is strain dependent 
and best results are obtained with S. cerevisiae. 
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