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ABSTRACT

The present work aims to study the effect of anaerobic fermentation temperature on the production of ethanol
fuel for three different types of sugar compositions in dates that commonly produced in Saudi Arabia. The fermentation temperature
is considered as the most important factors affecting the production of ethanol. The obtained data referred that the ethanol yields from
Sukkari dates were 107.6 cm® L™ juice, 123.3 cm®’ L™ juice, and 96.6 cm’ L™ juice, during anaerobic fermentation temperatures of
30°C, 35°C, and 40°C, respectively. Whilst, the ethanol yields from Khlass dates were 111.0 cm® L™ juice, 122.0 cm’ L™ juice,
and 128.0 cm® L' juice during the same fermentation temperatures. Ultimately, the Berhi dates produced 121.0 cm® L™ juice, 136.0 cm®
L juice, and 136.0 cm® L™ juice, under the same fermentation temperatures. The obtained results showed that the production of ethanol
would directly proportional to the ratio of glucose and fructose composition in dates.
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INTRODUCTION

Ethanol is a natural solvent combined with water and
is called "Bioethanol" after its production through a
fermentation ~ procedure  utilizing ~ microorganisms.
Transformation of sugars into ethanol is one of the most
common anaerobic natural responses utilized by humankind
(Benarji and Ayyanna, 2016). Ethanol can be made either
artificially from petrochemical crude materials or naturally by
the fermentation of sugar. When pure ethanol is produced
from glucose or normal source by fermentation using
distillation, the outcome is bioethanol. Bioethanol can
be described as an inexhaustible and pure fuel for
vehicles . However, it is typically utilized as a gasoline
additive to raise the value of octane and enhance vehicle
discharges.

Ethanol/bioethanol is an alcoholic transparent
fluid that can be utilized as a raw material for derivatives
of alcohol, in the synthetic industry, paint base industry,
pharmaceutical industry, a blend of fuel for vehicles, that
given the ethanol/bioethanol as a source of renewable
energy to reduce the environmental pollution that occur
from internal combustion engines. A 90-96% can be
utilized in business and the industry, while ethanol
having 96-99.5% can be utilized as a blend for fundamental
modern materials and pharmaceuticals (Ghanim, 2013).
Nowadays, the whole world countries have been taken the
bioethanol as the most utilized biofuel instead of the fossil
fuel. It is commonly created from sugar containing different
farming productions eg., (sugar cane, corn, wheat, sugar
beet, squander from sugar cane, or sweet sorghum). The
dominating innovation for changing biomass to ethanol is
the fermentation as a biochemical innovation (Prasad et al.,
2007).

Bioethanol is broadly investigated as a
sustainable fuel source because of the numerous
contemplations it is better than gasoline. Ethanol gives
vitality of unlimited and less carbon in the gravity than
oil (Jones et al., 1994 ; Fakruddin et al., 2013). Ethanol is
an important chemical with excellent potential as a
biofuel to replace petroleum derivatives (Ghassem et al.,
2012). Generation of ethanol from inexhaustible
starchy materials has been drawing worldwide interest
and research has been conducted for the creation of
ethanol by immobilized microorganisms, through the
utilization of consistent cultures (Goksungur, 2001). It is an
essential natural compound utilized as a solvent in research
work, businesses, and family units. Naturally, the

utilization of ethanol as a substitute fuel has acquired
much attention as an answer to some issues caused by
gasoline from exhaustible oil reserves. It is created from
different substrates, such as saccharides, starches, and
cellulose materials. Accumulation of appropriate and
commercially  available substrates is an imperative cost
consideration for the manufacture of ethanol (Hagerdal et
al., 2006; Pinheiro et al., 2008; Srinivasarao et al., 2013).

Among biofuels, ethanol has extraordinary demand
as it is widely acknowledged and it is ideal consumer. In
many nations, ethanol is either utilized as a substitute fuel or
mixed with petroleum or gasoline. Numerous specialists
have contemplated on the generation of ethanol utilizing
different raw materials. Organic product wastes such as
papaya, mangoes (Reddy and Reddy, 2007), banana peels
(Joshi,2001), pineapple (Muttamara et al., 1982), and grapes
(Pramanik and Kinetic, 2005; Asli, 2010) were utilized for
the manufacture of ethanol (Raikar, 2012). Technically,
ethanol can be produced from a wide assortment of
sustainable feedstock, which can be generally characterized
into three primary categories; Firstly, those containing
excessive amounts of promptly fermentable sugars (sweet
sorghum, sugar beets, and sugar cane), secondly, starches
and fructosans (corn, potatoes, rice, wheat, and agave),
and thirdly, cellulosics (Stover, grasses, corncobs, wood,
sugar reeds bagasse). Sugar reeds, beet, and sweet sorghum
preserve the simple sugars such as sucrose, glucose, and
fructose that can be promptly matured by yeasts
(Amorim et al., 2009; Basso et al., 2011). Yeast and other
similar microorganisms are normally utilized for the
production of ethanol. Usually saccharomyces cerevisiae
strains are utilized for the generation of ethanol.

Temperature is one of the most vital elements that
influence ethanol generation by yeast utilizing molasses as a
carbon source. The fermentation procedure is constantly
accompanied with the development of warmth that raises the
temperature of the fermenter (Jones et al., 1994). Ethanol
maturation at upgraded temperatures is a principle need for
successful ethanol generation in tropical districts where
ordinary daytime temperatures are commonly high
everywhere throughout the year. The rewards of fast
fermentation at optimal level of temperature were not only
the danger of pollution regardless likewise diminishes the
cooling costs. To accomplish upgraded temperature aging it
is necessary to utilize a suitable yeast strain that can endure
high temperature (Limtong et al., 2007). For the bioethanol
creation at higher temperatures, yeast cells die resulting in
reduction in ethanol yield when the substrate is
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concentrated, while the optimum temperature giving the
best yield is 32°C for the most extreme strains. Therefore, it
is important to choose the optimal level of temperature for
anaerobic fermentation (Edgardo er al., 2008;Yah et al.,
2010). Considering the strains for temperature variations,
there is a need for thermo-tolerant strains that can withstand
high temperatures in the experiments. For instance, K.
Marxian's DMKU3-1042 is considered to have an ideal
temperature of 40°C (Abdel-Banat, 2010). Moreover, since
at 45°C no development was seen and no maturation was
observed, it was inferred that S. cerevisiae have a range from
30-35 °C, which is known to be ideal for fermentation
(Bollok et al.,2000; Lin and Tanaka, 2006). Hence,
temperature plays an important role. The dependence of the
maximum ethanol production rate on the temperature was
clarified by the superposition of initiation vitality for ethanol
generation (Sanchez et al., 2004; Gorsek and Zajsek, 2010).
Thus, at an optimal level of temperature to the yeast acquires
a higher ethanol production.

Dates, as a natural product, are a reasonable source
for bioethanol production. They contain  impressive
amounts of transformed sugars (glucose and fructose);
the two sugars are available in dates in a practically
comparable amount. The fresh of dates contains around 70
to 75% sugars (Elleuch ef al., 2008). Low-grade dates
demonstrated a similar sugar as dates of high grade (Besbes
et al., 2009). Maturation of sugars is an anaerobic natural
process in which sugars are converted into ethanol by the
activity of microorganisms, such as yeast (Demirbas, 2007).
Saccharomyces cerevisiae is the most prominent modern
microorganism utilized for sugar fermentation to create
bioethanol, because it uses simple materials for growth and
generation. This organism has already been accepted as a
non-pathogenic, safe product that can easily be genetically
manipulated and on simple and inexpensive media as
compared with animal cell culture (Vrsalovic and Vasic-
Racki, 2005). Low-quality dates are rich in sugars, mostly
glucose and fructose, which can be converted into ethanol
and can likewise source of basic carbon for yeast
development. Different supplements, minerals, and vitamins
are additionally present in dates, which enhance the
maturation procedure to create bioethanol. Many factor, such
as temperature and starting sugar fixations, can influence the
entire procedure. The pH within a suitable range
appeared to have minor effect on bioethanol generation.
Ethanol yields >71% were obtained in controlled and
uncontrolled pH tests. Ethanol yields of 91.3%, 68.7%, and
54.8% were obtained from 10%, 15%, and 20% starting
sugar fixations, respectively. The decrease in ethanol
production in the higher sugar ratios could be due to the
Inhibition of sugar for ethanol (Sulieman e al., 2013).

Sucrose is broken down using fermentation and 14
enzymes with the water to two types of simple sugars
(glucose and fructose). The glucose and fructose converted
to ethanol by anaerobic fermentation can be represented by
the following equation (Williamson et al, 2007).The
Sukkari dates contain a total sugar content of 67.42%, which
can be divided into four types of fructose 19.8%, glucose
14.96%, sucrose 29.9%, and maltose 3.57%. The Khlass
dates contain a total sugar content of 62.2%, divided into
four types of fructose 34.97% and glucose 31.94% sucrose
0.1% and maltose 0.1% (Bhat and Sapna, 2003; Nanda, et
al., 2003; Ouchemoukh et al., 2010; Hassan et al., 2014;
Elamshity, 2014). The Berhi dates contain a total sugar
content of 57.6%, divided into two types of fructose 27.6%
and glucose 29.7% (Ahmed et al., 1995). This study aims to

investigate the effect of anaerobic fermentation temperature
on the production of ethanol fuel from three different types
of sugar compositions in dates that commonly produced in
Saudi Arabia.

MATERIALS AND METHODS

Materials

1 - Three different types of Saudi date residues (Sukkari,
Khlass, and Berhi) from the King Saud University Farm
in Drab were utilized during this research work. These
residues are commonly used as animal feeds. The
moisture content of date residues is from 10 to 12%
(w.b.).

2 - Nine glass fermenters were used with a fermented
capacity of 2.5 L, containing a stirrer of stainless steel.

3 - Three similar water basins of stainless steel, each one
comprising three glass fermenters. The water basin was
function for heating the fermenters according to the
desired level of fermentation temperature as shown in
Fig (1).

4 - Device (ABBE 5 Refractometer, Bellingham &
Stanley Ltd., Tun-bridge Wells UK) for measuring
sugar contained.

5 - The bakery yeast (Saccharomyces cerevisiae
yeast) was used during the fermentation experiments.

Total soluble solids (TSS)

Total soluble solids content in all treatments were
determined before and after the fermentation processes using
an Atago digital refractometer (Tokyo, Japan) which has
a scale ranged between 0 and 30% Brix unit.

Sugar extraction of dates (syrup)

The sugars were extracted from the dates using
distilled water at a rate of 1: 2.5 (w/v) of total dry dates, at
40 °C for four hours to prepare the syrup necessary for
testing. The fiber and lingering material were removed
using a set of filters to obtain pure syrup. The sugar content
of the syrup was estimated to be approximately 23%, 23%,
and 20 % in Sukkari, Khlass, and Berhi, respectively. The
required amount of water to adjust the total sugar in the
solution to be 20 % was calculated using the following
formula (Liu and Chen, 1981):

- \.i-T'\-!. — T, 1

L THE, 1

Where: Y = dilution volume (liter)

X =amount of raw material added (kg)

Ts1 = total solid of raw material (sugar in solution)

Ts2 = total solid of fermentation material.

Preparation of yeast environment,

Fast-fermentation yeast which commonly used in
bakeries (Wild strain Saccharomyces cerevisiac yeast,
STAR brand), wheat flour, molasses has a concentration of
70%, and dates juice has 20% sugar, (3 g yeast, 3 g wheat
flour, and 8 g molasses, and 15 g dates juice) were
used for each liter of distilled water. The sterilization of
the fermentation environment was carried out in an
autoclave at temperature of 121°C for 15 minutes. Two
grams of fast-fermentation yeast (Saccharomyces
Cerevisiae) was added to 500 g of the fermentation
environment, and were poured in fermented at a capacity
of 2 -liter (anaerobic fermentation with flipping at; 120
rpm, 15 min. each 2 h for 24 h at 35°C).

Methods

Fermentation process

The experiments were executed by adding 50 ml of
the activated yeast environment per liter of juice and placing
it in a glass fermenter with 2.5-liter fermentation capacity.
The glass fermenters were placed in a water basin to control
the fermentation temperatures under study (30, 35 and 40°C).
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Estimation of Ethanol

Ethanol concentration was separated using two methods:

1- The density of ethanol is 0.78 gem ~ ° at 100%
concentration and temperature of 25°C, while it was 0.8
g.cm > at 96% concentration and temperature of 25°C

2 - Using a device estimating the concentration of ethanol
(GAS CHROMATOGRAPH GC 2025
SHIMADZU — Japan)

Statistical analysis:

Data was analyzed for multiple comparisons by
analysis of variance with least significant differences
(LSD) between means at 5% significance level using SAS
9.2 software (SAS Institute, Cary, NC).

RESULTS AND DISCUSSION

The most important requirements for the anaerobic
fermentation process were the yeast Saccharomyces used
to produce ethanol, the presence of carbon, nitrogen, and
basic minerals. Dates are an important source of all these

(b)

Fig .1. (a): Diagram of ethanol production process and (b) image of brewers

elements along the high sugar content. The fermentation
temperature is one of the most important factors
affecting production of ethanol from dates.
Effect of temperature on ethanol production

Ethanol production from the fermentation of
three types of dates (Sukkari, Khlass, and Berhi) was
measured at different fermentation times (24, 48, and
72 hours). The concentration of sugar was 20%, at three
levels different levels of fermentation temperatures 30°C,
35°C, and 40°C. Table (1) lists the average ratio of ethanol
production under different temperature levels. Figs (2), (3),
and (4) refer the effect of fermentation temperatures on
ethanol production. Fig (2) shows the increase in ethanol
production with high temperature under 24h fermentation
time. The ethanol production of dates (Sukkari) was on an
average (v/v) 5.33%, 5.96%, and 6.4%, at 30, 35, and
40°C, respectively, whilst, it was on an average for the
dates (Khlass) (v/v) 5.46 %, 6.6 % and 6.7% at the same
temperature levels.

Table 1. Average ethanol production of three different species of dates under three different levels of fermentation

temperatures
Sukkari Khlass Berhi
Ethanol%, TConcentrate of "Sugar  Ethanol%, Concentrate Sugar  Ethanol%, Concentrateof  Sugar
(viv) sugar ratio% (VIv) of sugar ratio% (VIv) sugar ratio%
OLdg Aae OLdg Cdf Aaf Cdf OLde 20Aag OLde
533 16.6% 17¢¢ 5.46° 16.3% 18.1¢ 6.7 16.5"0¢ 17.5%¢
8.6 14.36" 282" 8.83" 14.147" 293" 10.7¢%¢ 1478 300
10.76% 13,77 315 111 12.6M 36.8°" 1219 12.87% 36
OAdg 20Cae OAdg OAdf 20Caf OAdt OAde 20Cag OAde
5.96"¢ 15.66%¢ 21.7°¢8 6 15.6°" 21.87 6.87° 150 25h¢e
9.26°¢ 13.76% 31.240¢ 9.37! 13.8% 30.7% 13.40¢ 126 40"
12,334 12.03* 39.85%% 122/ 11.9% 40.3™ 13.6™ 10.5%¢ 47.5M
OBdg 20Bae OBdg Bdf 2OBdt Baf OBde 2OBag OBde
6.45°¢ 15.5%" 208 6.7% 15.5%f 2238 .95 15508 258
8.23502 14,565 27280 9.855" 13.58% 32.580 13.6% 13.48¢¢ 338be
9.66" 14.135 29.35%% 12.8% 11.5% 42,38 13.6%* 11.3% 43.5%

"Same upper letter (A,B and C) in column means no significant difference in temperature treatment , same lower letter (a,b,c and d) in column

means no significant difference in time treatment and same lower

letter (e,f and g) in raw means no significant difference in type of dates

treatment. 'Concentration of sugar in the dates juice during the fermentation process. *The percentage of sugars converted during
fermentations is attributed, to the ratio of primary sugars in date juice
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The ethanol production of dates (Berhi) was (v/v)
6.7%., 6.8% and 6.9% at 30, 35, and 40°C, respectively. The
ethanol production under fermentation time of 48 h is shown
in Fig (3). It is referred that, the ethanol production of dates
(Sukkari) was (v/v), 8.6% 9.26% and 8.23 % at 30, 35 and
40°C, respectively. While, the ethanol production of dates
(Khlass) was 8.83% (v/v), 9.3% (v/v), and 9.85% (v/v), at
the same temperature levels of fermentation. The average
ethanol production for dates (Berhi) was (v/v) 10.70 %,
13.40 %, and 13.60 % at 30, 35, and 40°C, respectively. Fig
(4) shows the ethanol production under fermentation time of
72 h. Under this circumstances the ethanol production of
dates (Sukkari) was on an average (v/v) 10.%, 12.33%,
and 9.66% at fermentation times of 30, 35, and 40°C,
respectively, while, the ethanol production of dates (Khlass)
was on an average (v/v) 11.13%, 12.2% and 12.8% at the
same temperature levels. But it was for the dates (Berhi) on
an average (v/v) 12.10%, 13.60% and 13.60 % at the same
levels of fermentation temperature.

Effect of Temperature on ethanol
productionat 24 h
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Fig. 2. Ethanol production for three different species of
dates at three different fermentation
temperatures and fermentation time of 24h.
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Fig 3. Ethanol production for three different species of
dates at three different fermentation
temperatures and fermentation time of 48h.
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Fig 4. Ethanol production for three different species of
dates at three different fermentation
temperatures and fermentation time of 72h.

The obtained results referred that increasing the

fermentation times from 24h to72h resulting in increasing
the rate of ethanol production of Sukkari at fermentation
temperature of 35°C by 55.37% and 106.88% as compared
with 48h and 72h of fermentation time, respectively. The
effect of the fermentation time on the production of
ethanol at three different fermentation temperatures is
shown in Figs (5), (6), (7). The ethanol production is
usually increased with increasing the hydraulic retention
time under all fermentation temperatures. The highest of
ethanol production was achieved at hydraulic retention time
(HRT) 72h and fermentation temperature of 35°C for
Sukkari and Berhi, whilst it was achieved at 40°C for khlass.
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Fig 5. Ethanol production under different fermentation
times and fermentation temperature of 30°C.
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Fig 6. Ethanol production under different fermentation
times and fermentation temperature of 35°C
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Fig 7. Ethanol production under different fermentation
times and fermentation temperature of 40°C.

Effect of fermentation temperature on sugar consumption

Sugar consumption for the three different types of
dates(Sukkari, Khlass, and Berhi) was measured at
different fermentation times (24, 48, and 72 hours). The
concentration of sugars was 20%, for the three different
fermentation temperatures (30, 35, and 40°C). The effect of
fermentation temperature on sugar consumptions are plotted
in Figs (8), (9), and (10). Fig (8) refers an increase in sugar
consumption with high level of temperature during the first
fermentation time (24 h). For the duration of this experiment,
the average sugar consumption of dates (Sukkari) was 17%,
21.7 %, and 223 % of total sugars at fermentation
temperature of 30, 35, and 40°C, respectively. While, the
average sugar consumption of dates (Khlass) was 18.1%,
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21.8%, and 22.3% of total sugar at the same temperature
levels, respectively. The sugar consumptions of dates (Berhi)
was 17.5%, 25%, and 25% of total sugar at 30, 35, and
40°C, respectively. The sugar Consumptions for the
fermentation time of 48 hours is shown in Fig (9). During
this experiment the average sugar consumption of dates
(Sukkari) was 28.2%, 31.2%, and 27.2% of the total
sugar under three different fermentation temperatures of 30,
35 and, 40°C.While, the average sugar consumption of dates
(Khlass) was 23.9%, 30.7%, and 32.5 % of the total sugar
under the same temperature levels, respectively. The
average sugar consumption of dates (Berhi) was 30%, 40%,
and 33% of the total sugar under three different fermentation
temperature levels, respectively. Fig (10) shows sugar
consumption at fermentation time of 72 hours. The average
sugar consumption for dates (Sukkari) was 31.5%, 39.85%,
and 29.35% of the total sugar at three different fermentation
temperature levels, respectively. While, the average sugar
consumption for dates (Khlass) was 36.8%, 40.3%, and
423% of the total sugar at the same fermentation
temperature levels, respectively. The average sugar
consumption for dates (Berhi) was 36%, 47.5 %, and 43.5
% of the total sugar under the same fermentation
temperature levels, respectively.
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Fig 8. Sugar consumption versus fermentation time
under fermentation temperature of 30°C,
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Fig 9. Sugar consumption versus hydraulic retention
time under fermentation temperature of 35°C,
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Fig 10. Sugar consumption versus hydraulic retention
time under fermentation temperature of 40 °C.

The effect of fermentation times on the sugar

consumption at different temperatures is shown in Figs (11),
(12), and (13). They clearly referred that the sugar
consumptions increase as the fermentation time increases
under all fermentation temperatures. They also referred that,
the highest rate of sugar consumptions was achieved during
the fermentation time of 72 hours at fermentation
temperatures of 35°C for Sukarri dates, 40°C for Khlass and
Berhi.
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Fig 11. Effect of fermentation temperature on sugar
consumption with fermentation time of 24 h.

Effect of Tamperature on S e corsumoison % et
il

———
—m— =laan

ulikmr

Consumer nugar ratis %
i
T

Tasrupm alida "0

Fig 12. Effect of fermentation temperature on sugar
consumption with fermentation time of 48 h.
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Fig 13. Effect of fermentation temperature on sugar
consumption with fermentation time of 72 h.

Effect of fermentation temperature on ethanol production

The productivity of ethanol fuel (cm’® kg dates) is
summarized and listed in Table (2) and plotted in Fig (14).
The productivity of ethanol for the three different dates
species (Sukkari, Khlass, and Berhi) at fermentation
temperature of 30°C and fermentation time of 24-hour was
on an average 153.3, 157.16, and 167.5 cm’ kg1 dates,
respectively. While, the productivity of ethanol at
fermentation temperature of 30°C and fermentation time of
48-hour was 247.2, 2539, and267.5 cm’ kg' dates,
respectively. Finally, the productivity of ethanol at
fermentation temperature of 30°C and fermentation time of
72-hour was 309.4, 320.1, and 302.5 cm® kg' dates,
respectively. On the other hand, the productivity of ethanol
for the three different dates species (Sukkari, Khlass, and
Berhi) at fermentation temperature of 35°C and fermentation
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time of 24-hour was on an average 171.4, 189.75, and 170
cm’ kg dates, respectively. While, the productivity of
ethanol at fermentation temperature of 35°C and
fermentation time of 48-hour was 266.5, 267.4, and 336 cm’
kg dates, respectively. Finally, the productivity of ethanol
at fermentation temperature of 35°C and fermentation time
of 72-hour was 354.5, 350.8, and 340 cm’ kg’l dates,
respectively.

Table 2. Productivity of ethanol fuel (cm3 kg -1 date)

form three different species of dates..

Temperature, °C Time, h Sukkari Khlass Berhi
0 0.0 0.0 0.0
30 24 153.2 157.2 167.5
48 247.3 254.0 267.5
72 309.4 320.1  302.5
0 0.0 0.0 0.0
35 24 171.4 189.8 170.0
48 266.2 267.4 335.0
72 354.5 350.8  340.0
0 0.0 0.0 0.0
40 24 184.0 193.6 172.5
48 236.6 283.2  340.0
72 2717 368.0  340.0

From the previous results, the heating process of
dates juice during an anaerobic fermentation resulting in
increasing the productivity of ethanol fuel from species;
Sukkari by 5.33% and 12.33%, from Khlass dates by
55% and 12.8% and from Berhi dates by 6.7% and
13.6% due to change in fermentation time and fermentation
temperatures. The obtained results also referred that the
productivity of ethanol is directly proportional to the glucose
and fructose in raw material. These data are in agreement
with the data published by (Ahmed et al., 1995; Bhat and
Sapna, 2003; Nanda et al., 2003; Williamson et al., 2007;
Ouchemoukh et al., 2010 ; Sulieman et al., 2013; Elamshity,
2014; Hassan et al., 2014).
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Fig 14. Productivity of ethanol (cm® kg ™' date) at three

different fermentation temperatures and
fermentation times.
CONCLUSION

Sugars in Low-grade dates are mainly based on
glucose and fructose, which can be converted into ethanol
and can also serve as the main sources of carbohydrate for
yeast growth. Other nutrients, minerals and vitamins
are also presented in the dates components that
promote fermentation to produce bioethanol. The most
important factors affecting ethanol production are associated
with; the initial sugar concentrations, fermentation
temperatures and fermentation time. The ethanol yield
greater than 300 cm® ethanol per one kg of dates was
achieved during the experimental work. The productivity of
ethanol (v/v) at three different fermentation temperatures
(30, 35 and 40°C ) from juice of Sukkari date, respectively,

was 10.76, 12.33 and 9.66 %. While the productivity of
ethanol (v/v) from juice of Khlass at the same fermentation
temperatures was 11.1, 12.2 and 12.8 %, respectively.
Whilst, the productivity of ethanol (v/v) from juice of Berhi
at the same fermentation temperatures was12.1, 13.6 and
13.6%, respectively. Further experimental work are needed
for more studying on the technology of bioethanol
production using different sugars ratio and other types of
yeasts that may enhance the ethanol revenues.
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