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A B S T R A C T

The study included isolation and diagnosis of some types of anaerobic and aerobic bacteria capable of
decomposition and fermentation of waste papers cellulose. Forty samples were collected from different
environments (agricultural soil, wastewater, and normal soil) and three types of bacteria were diagnosis
and isolated (Clostridium phytofermentous, Eschrichia coli, and Pseudomonas aeruginosa). The ability of
studied bacteria on the production of cellulose decomposing enzymes was evaluated using UV
absorbance method. Highest activity was obtained via Clostridium phytofermentous bacteria with
maximum value of 2.52 IU/mL, while Pseudomonas aeroginosa gave 2.21 IU/mL and Eschrichia coli unit
gave 2.09 IU/ml. The results showed the effect of some environmental conditions on the effectiveness of
the production of the enzyme cellulose. Optimum temperature range was 35–40 �C and pH ranges of 7–9.
Ethyl alcohol concentration was measured using titration method, maximum concentration of alcohol
produced by Eschrichia coli, which reached 8.28 g/L, while in case of Pseudomonas aeroginosa reached
7.86 g/l, and Clostridium phytofermentous reached 6.62 g/L.

ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The rise in prices of fossil energy sources leads to explore
renewable energy sources and biofuels [1]. Biofuel can be
produced from biomass [2,3]. Cellulose biomass is the largest
waste produced by human activities and the most important
substrate for production of biofuel. Biofuel can be produced from
any biological wastes that contains appreciable amounts of sugar
or materials that can be altered into sugar such as starch and
cellulose. One of the most common biofuels is ethanol, which is
produced from plants. The plant material used is the edible part of
the plant such as sugar cane because it can easily be broken down
to glucose. The sugar can then be fermented and broken down to
ethanol by microbes such as the yeast Saccharomyces cerevisiae [4].
However, the conversion of edible plant parts into ethanol is
expensive and ethically unacceptable, because it uses food for fuel.
Researchers are studying the use of cellulose to produce ethanol.
The ethanol produced from cellulose is exactly the same as the
ethanol that is formed from edible plant materials. Cellulose
ethanol is produced from lignocellulose which is a mixture of
lignin, hemicellulose and cellulose. These three are materials make

up the of plant cell wall. The lignin is the glue that holds the
cellulose fibers together and gives the plant its inflexibility. The
lignocellulose is the part of the plant that remains undigested by
persons and most animals, which is not foodstuff. There is a huge
amount of non-edible plant waste to reuse. Writing and printing
papers are one of the most important materials that used in huge
amount. Paper is made from woods that contain cellulose fibers
[5]. Every year thousands and thousands tons of paper waste are
accumulated that can be used as a feed for biofuel production. The
present work is a step in the direction of diagnosis of several types
of bacteria that have the ability of conversion of cellulose paper to
biofuel.

2. Experimental work

The experimental work was carried out in Baquba city (about
50 km northeast of Baghdad), Iraq, including both the laboratory
and field trails. 40 samples from three different environments were
selected: 10 samples from agriculture roots soil, 15 samples from
uncovered soil, 15 samples from river water. These samples were
used to isolation and diagnosis of three types of bacteria, i.e.,
Clostridium phytofermentous (C. phytofermentous), Eschrichia coli
(E. coli), and Pseudomonas aeroginosa (P. aeroginosa). The diagnosis
was carried out using different tests to recognize the bacteria. The* Corresponding author.
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analysis and tests were performed according to Cowan and Steel
[6] that described elsewhere. Modified primary enrichments (PE)
were prepared according to Sizova et al. [7]. Primary enrichments
(PE) contained the following concentrations (g/L): KH2PO4, 1.04;
K2HPO4, 1.11; MgCl2�6H2O, 0.2; NH4Cl, 0.4; and CaCl2�2H2O, 0.025,
and Agar, 7. The PE solution was completed to 1 L and sterilized in
autoclave for 15 min, then, the multi vitamins and reducing
material were added. The enzyme activity was evaluated at
different cultural volume to paper mass ratios (1/0.1, 1/0.5, and
1/1 L/g), different pH (5, 6, 7, 8, and 10), and different temperatures
(15, 25, 35, and 45 �C). The chemicals and equipment used
included: autoclave (Human Lab, KOREA) for sterilization, incuba-
tor (Memmert, GERMANY) for growing and maintaining microbi-
ological cultures, spectrophotometer (Apl, Japan) for identifying
the substances, water bath (Julabo, Germany) for controlling
experimental temperature, centrifuge (Hettich, GERMANY) for
isolation or analysis of various cells, shaking incubator (Memmert,
GERMANY) for shaking and maintaining operating conditions
during incubating. Three types of bacteria were diagnosis and
purified, allowed to grow in the culture medium. Enzyme activity
was obtained in IU/ml. IU is the international unit that defined as
the amount of enzyme that convert 1 micromole of substrate to
product in 1 min under specified conditions [8].

3. Results and discussion

3.1. Kinetics of biochemical waste paper reaction

The effect of three types of bacteria Clostridium phytofermentous
(C. phytofermentous), Eschrichia coli (E. coli), and Pseudomonas
aeroginosa (P. aeroginosa) on the production rate of ethanol from
writing paper waste was evaluated, and the optimum conditions
were obtained. The enzyme effect was evaluated first. Fig. 1 shows
the enzyme activity as a function of substrate concentration. The
order of enzyme activity was C. phytofermentous > Eschrichia coli > P.
aeruginosa. Michaelis–Menten equation is used to describe the
kinetics of biochemical reaction. Enzymes are proteins that
catalyse the chemical reactions essential for living organisms
[9]. The general reaction scheme of an enzyme-catalyzed reaction
is as follows:

E þ S!k1 ½ES�!k2 E þ P ð1Þ

E þ S k3 ½ES� k4 E þ P ð2Þ
The enzyme reacts with the substrate by binding to its active

site to form the enzyme-substrate complex, ES. That reaction is
followed by the decomposition of ES to regenerate the free
enzyme, E, and the new product, P. the rate constant k1 represents
the binding of the enzyme to the substrate forming the enzyme
substrate complex. The catalytic rate constant k2 represents the
production of the final reaction product and regeneration of the
free enzyme, which is the rate limiting step. ES dissociation of the
enzyme-substrate complex is then to free enzyme and substrate
with k3 as a rate constant. While, k4 represents reverse reaction of
catalysis [10]. On the active part of the substrate, a biochemical
transformation occurs, which can be modeled with the Michaelis–
Menten equation. According to this kinetic model, the surface
reaction rate (V) depends on the local concentration of the reacting
chemical, or substrate (S), on the maximal velocity of the reaction,
Vmax, and on the Michaelis constant, KM,

V ¼ Vmax½S�
KM þ ½S� ð3Þ

In order to deal with experimental data Michaelis–Menten
equation can be written in linear form as shown in Eq. (4) and
drawn in Fig. 2.

1
V
¼ KM

Vmax½S� þ
1

Vmax
ð4Þ

The plot of 1/V against 1/[S] gives a straight line. The slope, gives
the value of KM/Vmax, and the intercept is the value of 1/Vmax.
Table 1 summarizes these values. Vmax represents the maximum
velocity achieved by the reaction, at maximum substrate concen-
trations. KM is the substrate concentration at which the reaction
velocity is 50% of the Vmax.

3.2. Effect of operating conditions

The effect of pH was studied within the range of 5–10. Fig. 3
shows the variation of enzyme activity with pH. The results
showed that the optimum pH value was around 7. This result
agrees with the work of Gupta et al. [11]. Enzyme activity
decreased at acidic pH, and increased in neutral and basic media.
pH play an important role in enzyme production and activity of
bacteria [12]. The effect of temperature on enzyme activity was

Fig. 1. Enzyme activity as a function of substrate concentration for each 1 L cultural
volume, 35 �C and pH 7.
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Fig. 2. Michaelis–Menten equation for different types of bacteria for each 1 L
cultural volume, 35 �C and pH 7.
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