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Ethanol Production from Modified Wheat Straw using Saccharomyces cerevisiae
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ABSTRACT: The aim of this study is to produce ethanol from agricultural residues (wheat straw) by
fermentation in a laboratory scale using Baker yeast (Saccharomyces cerevisiae). Reduction of the disposal
of stable natural wastes through Cellulosic ethanol Conversion would reduce solid waste disposal charges
through Nearby and nation governments. Solubilization and separation of one or more of the four main
components of biomass cellulose, hemicellulose, lignin, and extractives a good way to make the remaining
stable biomass greater on hand to further chemical or biological treatment. The conversion of hemicellulose
into sugars varies depending on the chemical modification process, four methods are used as a modification
technique to break down the glycoside bond, the first one uses (100 grams) of wheat straw and is poured in a
solution which contains of 2% H2O2, NaOH for 2 h before fermentation. Second, 250 g of wheat straw is mixed
with 0.1 g of benzyl penicillin and 0.7 g of urea. The third is used (250 g) with a sample of cow stomach
rumen. The fourth sample was fermentation without additions of any substances for comparison purposes.
The results showed that the treated samples were better than non-treated ones and were ordered in a
manner as H2O2> Rumen > B. Penicillin > without.
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I. INTRODUCTION
Ethanol is used as a pure fuel or mixed with gasoline at
certain rates to improve octane number. It is
characterized by being completely biodegradable
because it does not contain sulfur. Acetic acid can be
produced in less toxic than other alcohols [1].
Ethanol is one of the most important types of alcohol,
which can be produced by a fermentation process of
compounds containing sugars (starchy material) with
the production of carbon dioxide as a byproduct [2]. The
production of bio-ethanol from sugars and starches,
such as sugar cane and maize, is well established in
this period, but it has been concluded as competing with
food [3-5].
Ethanol production is done by anaerobic fermentation
through Embden-Meyerhoff (EMP) pathway stimulated
by enzymes produced from yeast. Heat is used to break
Ismael et al.,

down complex sugars into simple sugars and
fermentation occurs to produce ethanol [6]. Starch
needs to be fermented have to pretreat in order to lose
its crystal shape and turns into a soluble gel with high
viscosity, this process known as liquefaction. The
viscosity then reduced and process of scarification
occurs, where dextrin converted to glucose via adding a
glucoamylase [7, 8].
Starch → Dextrin → Fermentable Sugar → Ethanol
+ CO2
During the fermentation process, a portion of the
glucose is consumed for yeast growth purpose. The
process is of high efficiency with glucose, in the
reactions below, one mole of glucose is converted to
tow moles of ethanol and two of carbon dioxide gas [9,
10].
C12H22O11 +H2O + invertase → 2 C6H12O6
(1)
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C6H12O6 + Zymase → 2C2H5OH + 2CO2
(2)
The main components of wheat straw are 35-45%
cellulose, 20-30% hemicellulose, liginin 8-15%, protein
3%, and ash 10 % which therefore needs to breaking of
the glycosidic bonds before fermentation [11].
Baking Yeast (Saccharomyces cerevisiae), which has a
major role in fermentation processes, does not have the
ability to ferment pentose, breaking of the glycosidic
bonds before fermentation is needed [12, 13]. Weak
acids and furan derivatives so as phenolic compounds
produced during chemical hydrolysis of lignocellulosic
materials, inhibit cell growth [14]. Temperatures play an
important role in the fermentation process and are about
20-35°C where heat within this range allows good yeast
growth and gives good returns from ethanol.
Fermentation is an internal energy process [15, 16].
This paper reviews the different chemical methods that
have received great attention globally, focusing on
process innovations and interesting results from
researchers' work in this field. The main objectives are
to convert high-hemicellulose compounds into
fermented sugars by treating wheat straw residues
using chemical methods and biological method with
monitoring on pH and total sugar of final ethanol
product, inoculums size and nitrogen sources. After the
amount of sugar in the fermentation broth vanished,
solids are separated from the liquid by centrifugation,
ethanol is separated by distillation.
II. MATERIALS AND METHODS
A. Wheat Straw and Yeast
Wheat straw used in the experiments were brought from
one of the nearby farms and then washed with water to
remove the dust and other suspended materials and
then dried under a sun light for a one day then dried in
an oven at 30ºC for 24 h and then grind into powdered
by using a stainless steel grinder and sieved to 500 µm.
Saccharomyces cerevisiae yeast used in the present
study were obtained from a local market in Diyala
Governorate, which was kept in stock solution
composed of 20% glycerol and 80% of culture medium
which contain in g/L, yeast extract 5, malt extract 5,
peptones 3, and glucose 5. The yeast extract was
produced by placing a quantity of yeast in a large flask
with the addition of glucose in order to make yeast
multiply, then heating between 45-55°C to stop growing.
Enzymes were broke down the molecules of proteins
found in the yeast into small components and made cell
walls permeable by a process known as selfdegradability. The components in the cell were then
separated from the solution [17].

Pretreatment: Four methods of treatment were done to
wheat straw, the first one was used 250 g of wheat
straw and adding solution containing (2% H2O2 (v/v))
and NaOH (2% (v/v)) for 2 h, and the sample was
removed and washed with a distilled water prior to
fermentation.
The second treatment was done by mixed 0.1 g of
benzyl penicillin and 0.7 g of urea with 250 g of wheat
straw prior to fermentation. The third is used (250 g)
with a sample of cow stomach about 2gm without
purification or sequestering. The fourth sample was
fermentation without additions of any substances for
comparison purposes.
Fermentations: All samples from pretreatment were
placed in a batch fermentor (3 L lab flask) an aerobically
by adding inoculum 10% (v/v) at 25ºC, the sample were
taken at 20, 40 , 60, 80, 100, and 120 h to check all of
pH value, specific gravity, sugar content, and ethanol
yield.
III. RESULTS AND DISCUSSION
A. Effect of pH and Brix Value
Fig. 1 and 2 shows a decrease in the value of the pH
and the amount of sugar over time(Brix Value) to reach
the maximum production rate of ethanol at time 72 hr
then begins gradual decline over time due to
consumption of sugar present as a result of yeast
growth. These results are in agreement with Gulten
Izmirlioglu and Ali Demirci were they stated that higher
growth rate for biomass at this value of pH resulting in
lowering brix value [19, 20, 21].

Fig. 1. pH during fermentation time.

B. Yeast cultivating
Dry yeast was taken from a sample and was aerobically
cultivation at 30°C and mixing on a rotary shaker
((DUBNOOT BSD/DCE) 180 rpm for 4 hours with a
medium consist of yeast extract 10 g/L and glucose 20
g/L and at pH 5.0. Using the centrifuge, the cells were
collected at 3000 rpm for 10 minutes. Then by sterilized
distilled water, the pellets formed were then washed and
suspended directly in the medium to be used as an
inoculate (10% (v/v)) [18].
Fig. 2. Brix level during fermentation.
Ismael et al.,
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B. Specific Gravity and Ethanol Yield
It is obvious from Fig. 3 that the specific gravity start to
decrease. This could be attributed to the lowering in the
solid compounds in the fermentation broth, consuming
of whet straw. On the other hand, in Fig. 4, there is an
increase in ethanol production, these findings are in
agreement with Verbelen et.al. [22] and Ali et.al [23].

Fig. 5. Ethanol yield during fermentation of sample
rumen at different temperature.
IV. CONCLUSION

Fig. 3. Specific gravity during fermentation.

It is clear that the use of agricultural waste to produce
ethanol through fermentation processes is useful
because it contains the sugar needed by the yeast to
transfer the waste to ethanol. The process of production
depends on the availability of good treatment methods
to get rid of the classic links, as well as the need to
select enzymes to control the production of ethanol and
the use of the best organisms to deal with agricultural
waste. Results shows that the best treatment method
was with rumen and give better ethanol production at 72
hr.
V. FUTURE SCOPE
Trying to isolate and diagnose some enzymes in the
intestine of ruminants and study their effect on the
production process.
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Fig. 4. Ethanol yield during fermentation.
C. Effect of Temperature
As shown in Fig. 5, with constant pH value of 6. The
five-day fermentation time was between 20°C and 40°C
with an increase of 5°C. The percentage of ethanol
production increases with the increase in temperature
because the optimum temperature for yeast growth is
30-35°C and at 40°C, there is a decrease in the
production of ethanol. There is no growth process for
the yeast at this level and at degrees below 30 the
growth is slow for the yeast. Amicobic groups use water
and the wheat straw to produce fatty acids and gases
through the process of rapid digestion within the
stomach and when the fermentation in the fermentor,
the existing bacteria will increase the fatty acid and
lactic acid which gives ethanol [24].
The rate should increase from 20°C to 40°C. At 50°C
and above, the rates will decrease. The fermentation
rate at high temperatures will be low because high
temperatures are lethal to yeast. Enzymes move too
fast and denature at high temperatures [25].
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