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Nowadays, all of us realized that energy is very important for humanity because we 

have to use energy on most activities of our daily life. With increasing population and 

human needs, more energy was consumed. As we all understand, researchers have 

been trying hard to search for alternative green energy from nature. However, the 

problems still remain that the amount of generated energy is not enough and still at 

high cost. Bio-ethanol production from agricultural fermentation has emerged as one 

of the world’s renewable energy. Since Thailand has so many of special tropical 

fruits, bananas included, we therefore wish to explore their potential further. Thai 

bananas are easily found in local markets with low price all year round. So, we are 

interested in producing ethanol from bananas and wish to compare ethanol 

production from different kinds of bananas. The goal of this project are to compare 

the ethanol production initially using Kluai Khai and Kluai Namwa. It is hope that at 

least at the beginning we can produce enough ethanol for use in our school.
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Preparation 

Banana flesh was prepared for fermentation by macerating tissues to increase 

surface area of contact with yeasts. For the yeast, Saccharomyces cerevisiae was 

cultured on agar plates as stock cultures. Ammonium sulfate was also used by 

dissolving ammonium sulfate and distilled water to make a 10% g/mL ammonium 

sulfate solution to supplement to the culture medium.

Fermentation

Flasks of 250 mL in size were used as fermenting containers. Two hundred mL of 

0.9% sodium chloride was added in order to make a solution in the isotonic range. 

Ammonium sulfate was added as well to act as additional nitrogen source for 

Saccharomyces cerevisiae. Finally, about 2x106 cells of Saccharomyces cerevisiae, 

along with 20 g of banana flesh, were added. Flasks were covered with aluminium foil 

so that there would be no air entering the flasks. Every 12 hours, about 1 mL of 

fermenting solution was taken out of the flasks to measure the amount of ethanol by 

using Ethanol Enzyme Assay Kit.

Ethanol Enzyme Assay Kit

Scanning electron microscopy (SEM)

Thailand is blessed with abundant agricultural products and thus generally  

recognized as a kitchen of the world. During certain periods of time some of 

agricultural products can be produced in plenty and ways should be explored to add 

values to those products. In this study, we are interested in adding more values to 

bananas, some of which are generally low in price and are abundant in our country. 

The aim is to produce ethanol from those common Thai bananas. We focused on two 

kinds of bananas that are available in large mass throughout the country. These 

bananas are Kluai Namwa (Musa ABB) and Kluai Khai (Musa sapientum L.). Each 

banana flesh was put into flasks with 0.9% sodium chloride, and Saccharomyces 

cerevisae as the microorganism for fermentation. The results indicated that flesh 

from both types of bananas are good sources for ethanol production. In this process, 

it could be seen that yeast cells were actively proliferating well as observed by both a 

light microscope and a scanning electron microscope (SEM). Works are in progress 

to scale up the fermenting reactor with a hope to produce a substantial amount of 

ethanol to meet the demand of, at least, for use in Kamnoetvidya Science Academy. 

For further study, it is our hope to find optimize conditions to increase ethanol 

production such as using microorganisms with high temperature tolerance as well as 

supplementing with appropriate minerals.

The quantification of ethanol requires two enzyme reactions. The first reaction 

catalysed by alcohol dehydrogenase (ADH), ethanol is oxidised to acetaldehyde by 

nicotinamide-adenine dinucleotide (NAD+) (1)

Since the equilibrium of reaction (1) lies in favour of ethanol and NAD+, a second 

reaction is required to retain the products. This is achieved by the quantitative 

oxidation of acetaldehyde to acetic acid in the presence of aldehyde dehydrogenase 

(Al-DH) and NAD+ (2).

The amount of NADH formed in this reaction pathway is stoichiometric with twice the 

amount of ethanol. The absorbance of NADH at 340 nm directly correlates with the 

amount of ethanol presence.
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Figure 1: SEM micrographs of Kluay Namwa and yeast mix after (a) 12 hr fermentation and  (b) 56 hr

fermentation. Yeast cells appeared as elliptical  bodies attached to the banana tissues.

Figure 3: Ethanol production

using two kinds of bananas
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Figure 2: Standard curve of ethanol from enzymatic assay 

showing the amount in microgram on the X-axis and the 

absorbance of the NADH at 340 nm on the Y-axis

As can be seen in Figure 1 of the SEM micrographs of Kluai Namwa and yeast mixes at 12 

hr and 56 hr that Saccharomyces cerevisiae did use banana flesh for growth as observed 

in terms of the increase in porosity of the banana tissues. Results from ethanol enzymatic 

assay as shown in Figure 3 indicates that Kluai Khai could produce more ethanol than 

Kluai Namwa at the level of 1.8x10-5 g/100 mL more. Additionally, ador test indicated that 

Kluai Khai fermentation mixed gave stronger ethanol odor than Kluai Namwa. For 

identification and confirmation purpose,  gas chromatography was used to confirm that the 

substance formed from distillation is ethanol.

Distillation of fermentation liquor & Gas Chromatography

A standard distillation for ethanol was set up. Gas chromatography was conducted 

using a Vernier Mini GC Gas Chromatograph using the initial temperature of 35 ᵒC to 

be followed by a temperature ramping of 5 ᵒC/min before the temperature was 

maintained at 95 ᵒC for 10 min.
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Figure 4 : Proof of the identity of the fermentation product by GC (a) Standard gas chromatograph of 

absolute ethanol (b) Ethanol as the main product from Kluay Khai fermentation

Yeast cells and banana flesh were examined under a Tabletop Hitachi Scanning 

Electron Microscope Model 3030Plus without metal sputtering. The specimen was 

positioned at 2.5 mm below the BSE detector and examined at 15 keV. The 

Scanning Electron Micrographs were taken under the mixed mode of BSE and SE.


