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Abstract: The production of ethanol from pineapple juice using Zymomonas mobilis was investigated using
submerged fermentation and distillation techniques. The isolation of the test organism from Raphia wine was
also achieved by streak method. The result on ethanol production shows that Zymomonas mobilis contributes
much to the production of ethanol due to the fermentation of pineapple juice. Cell density, sugar concentration
and ethanol concentration were determined at every 8  hr interval for 48 hrs and Ethanol reached its maximumth

production at the 48  hr producing a total of 9.1mg/ml. There was also a decrease in the cell density and sugarth

concentration with 0.72g/l and 0.42mg/ml respectively showing that the available microorganism utilized the
remaining sugars present for the maximum production of Ethanol indicating that Zymomonas mobilis is a
potential candidate for Ethanol production. Also, Zymomonas mobilis is acid tolerant being able to grow at a
pH of 3.6 with a titratable acidity of 1.2%. Zymomonas mobilis was also found to ferment sugars at a faster rate
than any other bacteria or yeast. Statistical analysis of the data obtained using ANOVA showed that there is
a significant difference between cell density and sugar concentration.
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INTRODUCTION Nigeria has also started taking necessary steps for

Ethanol also called ethyl alcohol, pure alcohol, grain had the then President Obasanjo in July 2005 to
alcohol, or drinking alcohol has a structural formula of inaugurate a committee that would see that the vision
CH CH OH and an empirical  formula  of C H O [1]. would  bring   a   reduction  in  the  dependence  of  oil3 2 2 6

Ethanol has been known to exist for a long time hence it and producing alternative fuel that is environmentally
is the oldest product obtained through traditional friendly. The petroleum industry in Nigeria is now keen on
biotechnology fermentation. Ethanol is a domestically the usage of ethanol as fuel as it would benefit sugarcane
produced fuel. As far back as the late 1800’s, ethanol was farmers as well as the oil industry in the long run [4].
used as lamp fuels and sales exceeded 25 million gallons Production  of ethanol from agricultural and
per year in the United States but the first large scale use biodegradable wastes provides a viable solution to
of ethanol fuel happened during the early 1900’s when multiple  environmental  problems  simultaneously
petroleum supplies in Europe were short [2]. creating a sink for waste and renewable energy

In 1973, Organization of Petroleum Exporting production as well.
Countries (OPEC) caused gasoline shortages by The Raphia sap commonly called Raphia wine is a
increasing  prices  and  blocking  shipments  of  crude  oil part of series called ‘Palm Wine’ which refers to all
to  the   United States, the focus shifted again to alcoholic beverages from the fermentation of sap of
alternative  fuels  such  as  ethanol.  Ethanol  when  used various palm trees, the Raphia wine is a traditional, sweet
as a gasoline component improves combustion and effervescent alcoholic beverage usually consumed by the
reduces carbon monoxide emissions. More recently, poor population of Black Africa, latin America and Asia
ethanol has focused attention on other advantages like it [5]. Indeed, it is used in almost all African tribes in
slows global warming [3]. particular during birth and traditional rites, weddings and

the establishment  of  the  ethanol fuel industry which
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funerals. This drink is rich in sugars, proteins, mineral and Preparation of Growth Media: Exactly 2.8 g of nutrient
vitamins [6,7] like other traditional alcoholic beverages, agar was dissolved in 100 ml of distilled water, after
the fresh raphia sap has a short life span and cannot be autoclaving at 121°C for 15 minutes at 15 psi; 200 mg of
preserved for more than one day, the sap becomes very ketoconazole (antifungal agent) was added. Then it was
sour which makes the product unacceptable by the allowed at room temperature to solidify and tested for
consumers [8, 9]. sterility.

Pineapple is a tropical plant with edible multiple fruit
consisting of coalesced berries and a member of the Inoculation with Raphia Wine: Twenty milliliter (20 ml) of
Bromeliaceae family [10]. The pineapple plant is the raphia wine was centrifuged and a wire loop was used
indigenous to South America and is said to have to collect a loopful of the wine sediment and inoculated
originated from the area between Southern Brazil and on the already prepared growth media on Petri dishes
Paraguay [11]. It is grown in Nigeria where a well drained using streak method. After inoculation, the Petri dishes
sandy loam soil with a high content of organic matter is were packed in an anaerobic jar and incubated at 37°C for
used for cultivation [12]. The plant grows to 1.0 to 1.5 48 hours.
meters tall although sometimes it can be taller. Because of
the sugar content of pineapple juice that is glucose, Subculturing: After 48 hours, some microbial growth
fructose and sucrose, microorganisms like Zymomonas (colonies) was observed. They were labelled as follows:
mobilis feed on these sugars for the production of Specimen A and Specimen B. The two different colonies
ethanol [13]. Pineapple is fairly available all year round were subcultured severally to obtain pure isolates.
and Nigeria is ranked 8  globally as the largest producersth

of pineapple [14]. Identification of Zymomonas mobilis: The identification
Zymomonas mobilis is a Gram negative bacteria

belonging to the genus Zymomonas. It is notable for its
bioethanol producing capabilities which surpass yeast in
some aspects. It was originally isolated from alcoholic
beverages like the African palm wine. It is because of its
fermentation attributes like high specific rates of sugar
uptake as well as that it grows more rapidly and
demonstrates highest ethanol productivity during
fermentation which gives Zymomonas mobilis an added
advantage over Saccharomyces cerevisiae [15]. Hence,
Zymomonas mobilis may therefore have a greater
potential for industrial ethanol production from pineapple
juice [16, 17]. This study aims to produce Ethanol from
pineapple juice using Zymomonas mobilis isolated from
Raphia wine. 

MATERIALS AND METHODS

Collection  of  Raphia  Wine:  A  fresh  tapped  raphia
wine  was collected  from  a  raphia  wine  tapper at
Amaorie, Oru  West  LGA  Imo State with the use of a
sterile  container.  Raphia  wine  was  transported to
Applied Microbiology Laboratory unit of Ebonyi State
University.

Collection  of  Pineapple  Fruit:  Ripe  pineapple  fruits
were  obtained  from  Kpiri-kpiri market in Abakaliki,
Ebonyi State and taken to the Department of Applied
Microbiology Laboratory unit of Ebonyi State University,
where it was identified by a taxonomist Prof. Onyekwelu,
S.S.C.

and characterization of the pure bacterial isolates were
based on morphological, physiological, Gram stain and
biochemical tests [18-22].

Gram Stain Reaction: Using the method employed by
Cheesbrough (2006) [7], a smear of the bacterial isolate
was made on a clean-grease free slide, air-dried and fixed
by passing through the Bunsen flame about three times.
The smear was covered with crystal violet for 30 seconds
and washed away with distilled water. It was followed by
application of Lugol’s iodine for about 30 seconds. The
smear was decolourized by acetone, washed with distilled
water and finally covered with dilute carbol fuchsin for
another 30 seconds. The stain was then washed off with
distilled water, allowed to dry before examination in the
microscope using 100x objective lens.

Oxidase Reaction Test: A piece of filter paper was soaked
with 1% tetramethylpara-phenylenediamine
Dihydrochloride and a smear of the organism was made
on the paper [7].

Fermentation Test: Exactly 1.0 g of yeast extract and 1.0
g of glucose were dissolved in 100 ml of distilled water,
swirled and poured into Bijou bottles which had the
Durham tube inversely inverted in it. The same process
was repeated for 1.0 g of sucrose and 1.0 g of fructose
respectively. The prepared fermentation broth was
sterilized with autoclave at 121°C for 15 minutes at 15 psi.
The isolates were inoculated into the broth and incubated
for 24 hours at 37°C [7].
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Ethanol Production from Pineapple Juice: The test corked immediately and then put in an electric shaker to
organism used for this study was a pure culture of be shaken intermittently. The agitation or aeration helps
Zymomonas spp isolated from Raphia wine. in the multiplication of the bacterium. 

Preparation of the Juice “MUST”: Four (4) large sized Fermentation of the ‘MUST’: The method of Liu and Shen
ripe pineapple fruits weighing 1.0 kg each were washed (2008) [13]was employed. Exactly 25 ml seed culture of
with water before peeling to reduce their microbial load. Zymomonas mobilis was inoculated into the fermentation
The fruits were peeled to collect only the fleshy mescoarp must. The fermentation experiment was carried out for 48
which were blended to form a paste so that the juice can hours.
easily be extracted by filtration using the sterilized sieve. About 10 ml of sample from the fermentation flask
About 500 ml of fruit juice ‘MUST’ was collected and was taken at 8 hours interval throughout the experiment
sterilized with 0.8g sodium metabisulphite and heated to to determine ethanol, cell density and reducing sugar
80°C to destroy any wild yeast. It was then poured into a concentration.
clean sterilized container.

Analysis of the ‘MUST’ assayed for cell density concentration using
pH Determination: The pH meter electrode was first Spectrophotometric technique [7]. Exactly 3 ml of the
dipped into a buffer solution then allowed to stabilize at fermented broth were taken to a Spectophotometer
7. The electrode was then removed and dipped into the adjusted to the wave length of 540 nm and the reading
conical flask containing the sample. The deflection of the taken. A distilled water of 3 ml was used as a control
needle on the meter to a steady state was read as the pH measure.
value [5].

Temperature Distribution: The thermometer was placed Fermentation broth was assayed for residual sugar
in the conical flask or bottle containing the ‘must’ for concentration using the Dinitrosalicyclic acid (DNSA)
some-time and when a steady state was reached, the method of Miller (1959) [14]. Dinitrosalicyclic acid (DNSA)
reading on the thermometer was read as the temperature reagent (1 ml) was added to an aliquot (1 ml) of the
value. fermentation in a test tube and properly mixed. The

Determination of Titratable Acidity: About 200 ml of running tap water. About 5 ml of 40 % Rochelle salt
distilled water was poured in a conical flask and allowed solution was added to the mixture and absorbance was
to boil. Then 10 ml of the sample and 1ml of 1 % read in spectrophotometer at 540 nm.
phenolphthalein indicator were added. The mixture was
mixed vigorously and titrated with 0.1M NaOH solution. Alcohol Content Determination: The alcoholic content of
The end point was reached when the first permanent pale- the fermented broth was determined after fermentation.
pink colour appeared. This method was described by Kirk The mixture was allowed to cool to room temperature
and Ronald (1991) [11]. It is recommended that the (25°C) and the specific gravity was measured using the
average titre be multiplied by 0.15 to obtain the acidity hydrometer. The corresponding alcohol content was read
value of the juice expressed in percentage. from the potential alcoholic scale. 

Specific Gravity Determination: A clean sterile Distillation of the Fermented Broth: The use of the
hydrometer was used to measure the sugar concentration apparatus described by Amerine et al., (1988) was
of the “must”. The hydrometer is gently inserted into a employed. About 100 ml of the sample was poured into
measuring cylinder containing about 100 ml of the sample the distillation flask. Seventy five (75) ml of the sample
and then allowed to float freely. The value of the was distilled out and distilled water poured into the
hydrometer that corresponded with the lower meniscus of distillate to make up 100 ml. 
the “must” was recorded as the concentration of the
sugar [6]. RESULTS

Preparation of the Starter Culture: About 250 ml of the Identification of Zymomonas mobilis: Table 1 shows the
juice were collected in a conical flask and Zymomonas
mobilis was transferred into the juice. The flask was

Determination of Cell Density: Fermentation broth was

Determination of Residual Sugar Concentration:

mixture was then boiled for 5 minutes and cooled under

result of the cultural and biochemical tests for the
identification  of Zymomonas isolates. Sample ‘A’ showed
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Table 1: Cultural and Biochemical Tests for the Identification of Zymomonas Isolates
Cultural and Biochemical characteristics Sample A Sample B
Colony colour Yellow Creamy
Colony size 1mm 1.5 mm
Colony edge Entire Entire
Colony surface Regular Regular
Colony texture Slimy  Slimy
Cell shape Cocci Rod
Gram stain Positive Negative
Oxidase test Positive Negative
Fermentation
Glucose Positive Positive
Fructose Positive Positive
Sucrose Negative Positive

Table 2: Analysis of the ‘Must’
pH Temperature Specific Gravity Reducing Sugar Titratable acidity Colour

Pineapple Must 3.6 28 °C 1.097 1.53 mg/ml 1.2% Yellow

Table 3: Ethanol production from Pineapple juice using Zymomonas Mobilis
Time (hr) Cell density (g/l) Sugar concentration (mg/ml) Ethanol(mg/ml)
0 0.51 1.53 0
8 0.76 1.36 0.8
16 0.87 1.28 1.9
24 1.43 1.00 2.8
32 1.86 0.88 4.5
40 0.78 0.70 7.6
48 0.72 0.42 9.1

Fig. 1: Production of Ethanol from Pineapple Juice using Zymomonas mobilis

a yellow colony, cocci shaped, positive oxidase and Analysis of the ‘MUST’: The result on the analysis of the
positive Gram staining result and it does not possess pineapple juice ‘must’ is shown in Table 2. 
features of Zymomonas mobilis. Sample ‘B’ showed a
creamy colony, rod shaped, negative oxidase test and Ethanol Production from Pineapple Juice Using
negative gram staining result and it possesses more Zymomonas mobilis: Table 3 shows the result of ethanol
features of Zymomonas mobilis. produced from pineapple juice using Zymomonas mobilis
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as shown in figure 1. Cell density, sugar concentration amenability to genetic manipulation (Davis et al., 2005).
and ethanol concentration were determined at every 8 hrth

interval for 48 hrs. The result showed that there was an
increase in the microbial cell density from the 8  hr to theth

32  hr at which point a decrease was observed.nd

The result also showed an increase in ethanol
concentration and decrease in sugar concentration from
8  to the 48 hr. Hence, the organism utilized the sugar forth

ethanol production. 

DISCUSSION

From the results obtained from this study,
Zymomonas mobilis was identified as the specie present
in Raphia wine obtained from Amaorie, Oru West LGA,
Imo State. It was Gram negative, rod shaped and oxidase
negative (Table 1).

The observations were similar to those reported by
[7] on Zymomonas mobilis isolated from various sources.
Intense research has been carried out for obtaining
efficient fermentative organisms, low cost fermentation
substrates and optimum environmental conditions for
fermentation to occur [8].

The result also shows that Zymomonas mobilis is
present in Raphia wine and has a greater potential for
industrial ethanol production because of its fermentation
abilities like high specific rates of sugar uptake as shown
in (Figure 1) and also it demonstrates highest ethanol
productivity during fermentation.

From the result, the increase in the sugar
concentration from the 0hr to the 48  hr showed theth

utilization of sugar by Zymomonas mobilis and hence
increasing the ethanol produced as shown in (Table 2).

The result also showed that there was an increase in
cell density from the 0hr till the 32  hr indicating thend

presence of high sugar content of the pineapple juice
which provides a good substrate for the growth of the
bacterium as shown in (Table 2) which may be due to a
depletion in the substrate and growth substances which
causes the growth of the bacterium to become inhibited
hence this brings about a decrease in the cell density.This
study raises very strong hope for the industrial ethanol
fermentation industry of reduced production costs using
locally available substrates.

CONCLUSION

In view of the fermentation attributes of Zymomonas
mobilis which include high specific rates of sugar uptake,
higher tolerance,   lower   biomass   productivity  and  its

Zymomonas mobilis may be considered as ideal choice in
the fuel ethanol fermentation industry since it requires no
aeration which also cuts down on fermentation cost.

Recommendation: Necessary steps should be taken to
introduce an ethanol fuel industry to bring about a vision
on the reduction in oil dependence and produce an
alternative fuel that is eco-friendly. The use of low cost
substrates like sugar cane and corn should be introduced
in the production of ethanol. Production of ethanol from
agricultural and biodegradable waste would also provide
a viable solution to environmental problems creating a
sink for waste and renewable energy production as well.
More research work should be done in the ethanol
fermentation industry so as to be equipped properly for
better ethanol productivity and also to create job
opportunities for graduates.
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