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Saudi Arabia area is one of the world’s major producers of dates and
thus date flesh, pit, and skin are commonly available agricultural waste
to be used as lignocellulosic substrate. Present study focuses on
exploitation of date waste as a source for bioethanol production from
the fermentable sugars released due to different chemical and biological
pretreatments.

Two fungal strains Aspergillus awamori and Aspergillus niger reported
to be producing cellulolytic enzymes were used under co-culture
fermentation on waste date to degrade pectin-rich wastes fruit and

process facilitate maximum release of reducing sugars. The hydrolysate

obtained after alkali and microbial treatments was then fermented
by Saccharomyces cerevisiae KD2 to produce bioethanol. Fermentation
of cellulosic hydrolysate (15%) gave maximum ethanol yield around
95% after 72 h at 35°C and pH5. It was observed that pretreated waste
date can be economically utilized as a cheaper substrate for bioethanol
production considered as a viable alternative fuel to solve both energy

and environmental crises.
Copy Right, 1JAR, 2017,. All rights reserved.

Introduction:-

Face to a new environmental concern (global warming, need to control and to reduce of toxic gas emissions, etc.)
and to the price increase of fossil resources, Researches & Development activities are moving both all over the
world in industry research institutes, to the development of new technologies based on the alternative use of
renewable raw materials. In fact, it is generally accepted in the worldwide scale a rational and sustainable use of
biomass that can potentially replace some fossil fuels especially in the energy sector at the level of other sectors such
as the chemical and materials industry ([1], [2], [3], [4], [5]). Hence was born the concept of biorefinery (or plant
refinery) that valorizes all the plant to produce higher added value products ([6]). So, the biorefinery can be defined
as the process of sustainable transforming of the biomass into a bio-based products range (including food, chemicals
and biomaterials) and bioenergy (biofuels, electricity, heat) marketable.

In a biorefinery, a wide range of processes and technologies for sustainable transformation are used. These allow
splitting one or more plant resources (wood, straw, stones, corn, wheat, soybeans, etc.) into their individual
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components (carbohydrates, lignin, protein, triglycerides, etc.) and converting them into high added value products.

Several types of biorefinery can be defined depending on the type of plant resources used. These are the green

biorefinery, cereal biorefineries, oil biorefineries and lignocellulosic biorefineries ([7], [8], [2], [3]).

1. Green biorefineries ([9]) are industries that work as seasonal cycles for the processing of wet biomass. They
typically use the grass, alfalfa, clover, immature grains and perishable resources requiring prompt treatment,
such as potatoes or sugar beets and mainly produce biofuels.

2. Polysaccharide biorefineries ([2], [3], [10]) are industries that transform dry cereal (mainly corn, wheat and
rice) as seeds to produce mainly bioethanol.

3. The oil biorefineries ([11], [12]) are industries that transform seed oil types (colza, sunflower, soybean, etc.) To
produce mainly biodiesel, basic molecules for the oleochemical industry and compounds to the human and
animal food.

4. Lignocellulosic biorefineries ([13], [14], [15], [16]) are industries processing resources from wood and any
lignocellulosic biomass (straw, bamboo, Miscanthus, etc. ) to produce mainly biofuels, lignin, biopolymers
([17]) and energy.

One of the known agriculture waste in Gulf Cooperation Council (GCC) countries, and particularly in Saudi Arabia
area that is considered as one of the world’s major producer of dates, we mentioned the palm date waste. This date
waste commonly named ‘date by-products” consist of three main parts: date flesh, date pit, and skin mainly
composed of cellulose, hemicellulose, lignin, glucose, fructose, sucrose and insoluble proteins. However, it is an
excellent and very attractive resource useable in all types of biorefineries. In fact, date trees produce large quantities
of agricultural waste and according to one estimate; each date tree produces about 20 kg of dry leaves yearly. Other
wastes such as date pits represent an average of 10% of the date fruits ([18], [19]). They were burned in farms
causing a serious threat to the environment. So, an environmentally friendly solution and alternative economic use
for this agricultural residue is needed.

The degradation of raw cellulosic material is gaining increasing research attention due to its worldwide availability
and the immense potential for its transformation into sugars, alternative fuels and chemical feed stocks and in
particular for the bioethanol production ([20]). Overall the steps involved in fuel ethanol production from
lignocellulosic biomass consists of feedstock preparation, pretreatment, fractionation, enzymatic hydrolysis
(saccharification), fermentation, product recovery and waste treatment ([21]).

As part of our study of cost effective means of producing fuels from biomass, we report a process for ethanol
producing from lignocellulosics prehydrolysed by alkali followed by saccharification carried by co-cultivation of A.
awamori and A. niger and fermentation of the released fermentable sugars to bioethanol, using a yeast
strain Saccharomyces cerevisiae KD2 in five liter capacity bioreactor designed for ethanol production. certain
fermentation parameters such as substrate concentration, optimum pH, temperature, time, playing important roles in
obtaining good ethanol yield had been optimized.

Material and Methods:-

In our project, we will use date waste in the bioconversion processes aimed at fuel ethanol production, with
emphasis on process integration. In particular, the concept that each individual unit operation has to be developed
and optimized in relation to the preceding and subsequent process steps will be discussed.

Raw materials and Microorganisms culture conditions:-

Receive date wastes from Qassim, Kingdom of Saudi Arabia, will be in the first time washed thoroughly with water
to remove all foreign materials. All wastes were than thermo chemically pretreated using dilute sulphuric acid and
sodium hydroxide. For optimization study the parameters varied were: biomass concentration (1-10 %, wi/v),
sulphuric acid/sodium hydroxide concentration (0.1-1 M) and incubation time (5-40 min). After each type of
pretreatment biomass was washed with distilled water and then dried overnight at 70 °C. After that dried biomass
was subsequently used for enzymatic hydrolysis experiments ([22]).

Industrial production of commercially important enzymes such as Carboxymethylcellulase (CMCase), pectinase
(PGase) and xylanase (Xylase) etc., largely depend on cheap enzyme production media formulated with simple and
cheap substrates for the economic production of enzymes. Date by-products and wastes were also experimented as
complementary substrates in the enzyme production medium for few industrial enzymes by investigators. From the
literature available it was inferred that date fruits could be successfully used in the production medium as substrate
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for the production of Carboxymethylcellulase (CMCase), pectinase (PGase) and xylanase (Xylanase) by A.
awamori and A. niger ([23]).

So, treated substrates were utilized for cellulolytic enzyme production by a cocultivation of A. awamori and A. niger.
In the first step fungus were were maintained on potato dextrose agar (PDA) medium and were revived once in a
month on PDA slants at 30 + 2 °C for 7 days and were stored at 4 °C. For enzyme production, the fungus were
grown in a Mandels minimal liquid medium ([24]) containing 2% of waste dates. The minimal medium contained
equally KCI, 1 g/L; MgSQ,, 0.5 g/L; KH,PO,, 1 g/L; NaNOsg, 1.4 g/L; (NH,;)2S0,, 4 g/L; yeast extract, 2 g/L and 1
mL/L trace elements solution was used. The trace element comprising COCI, 2 g/L; MnSQ,, H,0, 1.6 g/L; ZnSOy,
H,0, 1.4 g/L; FeS0,,7H,0, 5 g/L. The pH was adjusted to 5.5 with HCI solution before autoclaving. The cultures
were inoculated with mycelia disks cut from 3-day-old colonies. The incubation was carried out on shaker (G24
Environmental incubator shaker, New Brunswick Scientific, Edison, NJ) at 25 °C and 150 rpm for 9 days. The
mycelia were then removed by filtration on GF/D paper and centrifugation 9,000 g during 30 min at 4°C. Crude
enzyme extract obtained was analyzed for various enzyme activities. Cellulolytic enzymes obtained are used for
carrying out saccharification and saccharified hydrolysate utilized for ethanol production.

Yeast strain S. cerevisiae KD2 was maintained on malt extract-glucose-yeast extract-peptone (MGYP) medium
(9%): malt extract, 0.3 g; glucose, 1.0 g; yeast extract, 0.3 g; peptone, 0.5 g; agar, 2.0 g; Adjust pH to 6.4-6.8. The
biomass was obtained by cultivating the yeast cells in MGYP broth medium and 1x10’ cells were used for
inoculation into fermentation media. During the fermentation process biomass obtained was deflocculated by
washing 2-3 times with sterile normal saline (0.9% NacCl), prior to ODgy measurements and correlated to the cell
dry weight (CDW) by a standard curve. CDW was determined by filtering 10 mL yeast culture through a pre-
weighed 0.45 pum filter and washing with 20 mL water. The filter was dried overnight at 104 °C, cooled in a
desiccators and weighed to constant weight.

Alcoholic fermentation:-
The alcoholic fermentation is to convert fermentable sugars by anaerobic yeast into alcohol and carbon dioxide with
the release of calories in anaerobically condition according to the following reaction:

Sugar + Yeast ======> Ethanol + CO, + Energy

The criteria for an ideal ethanol-producing microorganism are to have (a) higher growth and fermentation rate, (b)
high ethanol yield, (c) high ethanol and glucose tolerance, (d) osmotolerance, (e) low optimum fermentation pH, (f)
high optimum temperature, (g) general hardiness under physiological stress, and (h) tolerance to potential inhibitors
present in the substrate ([25], [26]).

S. cerevisiae KD2 is by far the most well-known and most widely used yeast in industry and research for ethanol
fermentation. These strains tolerate in generally high concentrations of ethanol but are sensitive to glucose effect. It
should also be noted that these strains have the particularity to settle in the culture medium at the end of
fermentation. This flocculation is a favorable factor for the separation of yeast ([27]).

Effect of temperature and initial pH on the bioethanol production:-

Temperature plays a major role in the production of ethanol, since the rate of alcoholic fermentation increases with
the increase in temperature. The fermentation process is always accompanied with evolution of heat that raises the
temperature of the fermenter. As a result it becomes necessary to cool the large fermenters in the distilleries. To
optimize the fermentation temperature, fermentation of S. cerevisiae KD2 was carried out at 15, 20, 25, 30 and 35°C.
The periodic samples were analyzed for reducing sugars and ethanol content ([28]).

The effect of pH on bioethanol production was tested by adjusting the production medium pH to 5.0, 6.0, 7.0 and 8.0
before autoclaving. Low pH inhibits the yeast multiplication.

Effect of sugar concentration:-

To study the effect of sugar concentration on ethanol production by S. cerevisiae KD2, the production media was
prepared to sugar concentration of 5, 10, 15, 20, 25, and 30 percent with distilled water and filtered through ordinary
filter paper to remove suspended particles ([28]). Fermentation was carried out in 250 ml conical flasks. A twenty
four hour old inoculum of yeast was added at the rate of 6 percent to the medium. Samples were withdrawn after
every 12-hour interval for the growth kinetics study at 600nm and to estimated residual sugars ([29]) as well as
ethanol content in the media ([30]). GC method for estimating the percentage of ethanol was employed. The initial
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sugar concentration that was efficiently utilized by the yeast for ethanol production was selected and maintained in
fermentation media for further use.

Analytical techniques:-
Chemical composition of dates waste:-
The cellulose, hemicellulose and lignin were estimated by acid detergent method developed by Goering and Van

([31D.

Reducing sugar Estimation:-

Total reducing sugars were determined by the method of Miller ([29]). The reaction mixture contained 0.5 ml of
crude extract and 0.5 ml dinitrosalicylic acid reagent. The tubes were heated in a boiling water bath for 10 min.
After cooling to room temperature, the absorbance was measured at 560 nm. Glucose served as the calibration
standard for total reducing sugar determination.

Cellulolytic enzyme estimation:-

Carboxymethylcellulase (CMCase), pectinase (PGase) and xylanase (Xylase) activities were assayed by determining
the liberated reducing end products using glucose, galacturonic acid and xylose as standards, respectively ([32]).
Substrates used were CM-cellulose, polygalacturonic acid and birchwood xylan for CMCase, PGase and Xylanase,
respectively. The reaction mixture (0.5 ml) contained 1% substrate, 0.05 M sodium acetate buffer pH 5.5 and 0.1 ml
crude extract. Assays were carried out at 50 °C for 30 mn. Then 0.5 ml dinitrosalicylic acid reagent was added to
each tube. Then the reaction mixture was mixed well, and heated in a boiling water bath for 10 min. After cooling to
room temperature, the absorbance was measured at 560 nm. One unit of enzyme activity is defined as the amount of
enzyme which liberated one pmol of reducing sugar per min under standard assay conditions. All the experimental
work was run in triplicates.

Ethanol determination:-

Ethanol was estimated from samples by dichromate oxidation and thiosulphate titration ([33]). Purity of ethanol
produced was analyzed by gas chromatography (GC) method. A computer related Nucon series gas chromatograph
equipped with flame ionization detector (FID) was employed for the separation and quantification of ethanol. A
stainless steel column (5m x 2mm) was fitted into the instrument to provide on column injection. The column
packing was Porapak Q. The detector and injector temperature was maintained at 200°C. The gas chromatograph
was connected to an integrator and computer system to determine area of ethanol and internal standard peak ([28]).

Protein determination:-
Protein concentration was determined according to the dye binding method of Bradford ([34]) with bovine serum
albumin as standard.

Results and Discussion:-

Lignocellulose consists of three main components: cellulose, hemicellulose and lignin, the first two being composed
of chains of sugar molecules. These chains can be hydrolysed to produce monomeric sugars, some of which can be
fermented using ordinary baker’s yeast. To attain economical feasibility a high ethanol yield is a necessity.
Therefore, although the cost of lignocellulosic biomass is far lower than that of sugar and starch crops, the cost of
obtaining sugars from such materials for fermentation into bioethanol has historically been far too high to attract
industrial interest. For this reason, it is crucial to solve the problems involved in the conversion of date waste
lignocellulose to sugar and further to ethanol ([35], [36]).

In the first step of our study we have analyzed the biochemical composition of raw and pretreated waste date that
will be used as substrate for enzyme production. Result mentioned in table 1 showed that after pretreatment lignin
and hemicelluloses content decreased considerably but there was no significant effect on cellulose content. This
observation was might be due to selective degradation of lignin and hemicelluloses after alkaline pretreatment.
Similar type of observation was reported previously in case of sodium hydroxide treated corn stover, Wheat straw
and cotton stalk ([22], [37]). For enhanced enzymatic hydrolysis, there needs low lignin content and high cellulose
content. The present result showed effectiveness of dilute alkaline pretreatment for efficient hydrolysis of the waste
date lignocellulosic biomass ([22]).
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Fermentation using 2% alkali pre-treated date waste as unique source of carbon was tested for the production of
fermentable sugar by the co-cultivation of A. awamori and A. niger. In fact, these funguses can degrade waste date
macromolecules by using a battery of hydrolytic enzymes or oxidative process ([38]). Degradation of the
lignocellulosic materials to monomeric fermentable sugars through the concerted action of cellulolytic enzymes is of
great importance because sugars can serve as the raw material for a number of biotechnological production
processes such as bioethanol production ([39]).

Production of biocatalyst is closely related to maximum growth of the organism on the substrates ([40], [41]) and
therefore there is an association between incubation time and enzyme production.

The kinetic of CMCase, PGase and Xylanase production by fungus, as well as the cultivation time to reach the
corresponding peak activities using waste date are presented in Figure 1. In fact during the early growth phase of 1
to 3 days, the cellulolytic enzyme production proceeded at a slower rate after which it increased sharply reaching a
high value of Xylanase (100U/g), CMCase (320 U/g) and PGase (270 U/g) recorded respectively at 4, 6 and 8 days
of incubation. Further incubation resulted in a quick decline in the enzyme productions. This decline might be due to
cessation of enzyme synthesis together with autolysis.

The highest concentration of fermentable sugar with a total of 62 mg/g substrate was obtained on day 5 of
fermentation (figure 2). This amount of reducing sugar is higher that found by Hong et al., which stated that
fermentable sugar in the concentration of 57 mg/g was obtained on tapioca meal after 7 days of A. niger USM Al1
fermentation ([42]). Maximum value of fermentable sugar obtained in this study was more important than previous
finding which reported by Saravanan et al. and Teoh et al. ([43], [44]). it only shows 20.02 mg fermentable sugars/g
substrate and 9.88 mg g™ substrate respectively. The used of lignocellulolytic materials for the production of
fermentable sugars has been reported widely from fungal as well as Aspergillus genus have previously been reported
([45]). Sugarcane, sugar beet, sweet sorghum, and some fruits are known to be a good sources of sugar-rich juices
and used as feedstocks in ethanol production ([46]).

As shown in Figure 2 the amount of reducing sugar decreased drastically until 8 days of fermentation, probably due
to the consumption of fermentable sugar by A. awamori and A. niger during fungus growth. This is evident from
Figure 2 in which the reducing sugar concentration was seen to be decreasing when fungus growth increased as
indicated by the increasing total protein content during the course of fermentation, the same result was found with
the cultivation of Pycnoporus sanguineus on alkali-pretreated sugarcane Bagasse ([47]).

To increase the initial concentration of fermentable sugar in the crude extract obtained from alkali and cellulolytic
enzyme treated waste date, it was further concentrated using rotary evaporator (Buchi, Switzerland). The
concentrated hydrolysate (45 g % sugar) was used with different concentration for ethanol production in lab-scale
bioreactor (5L capacity glass bioreactor) with working volume 3.5 L. It was inoculated with 5% inoculum of yeast
cells. The enzymatic hydrolysate was further supplemented with (g/L): (NH,4),SO, 0.5; KH,PO, 0.5; yeast extract
2.5, without aeration and agitation for 72 h. The fermentation of S. cerevisiae KD2 strain was carried out at varying
temperature, pH, reducing sugar concentration, The samples were collected at different intervals and centrifuged at
10,000 rpm at 4 °C for 10 min and the cell free supernatant was used for ethanol analysis.

S. cerevisiae is the most attractive choice in fermentation due to its greater efficiency in sugar conversion to alcohol
and capability of producing flocs during growth, making it easier to settle or suspend on need ([48]), and high
tolerance to ethanol ([49]).

Initial sugar concentration is an important influencing parameter as it has the direct effect on fermentation rate and
microbial cells. Generally, fermentation rate will be increased with the increase in sugar concentration up to a
certain level. But excessively high sugar concentration will exceed the uptake capacity of the microbial cells leading
to a steady rate of fermentation ([50]).

as shown in Figure 3 we conclude that the growth of S. cerevisiae increase with an gradually increasing of sugar
concentrations to reach an maximum optical density on 15% sugar concentration in fermentation medium. However
on increasing the sugar concentration beyond this reducing sugar concentration, the growth was inhibited as shown
by the optical density measured. The highest yield of ethanol (92 %) was obtained with initial reducing sugar
concentration 15%. The increase or decrease of initial reducing sugar concentration from 15% w/v results a decrease
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of ethanol yield. Figure 3 shows that ethanol yield increases sharply when initial reducing sugar concentration
increase from 5 to 15%w/v but declines slightly to 79 % with 20% reducing sugar concentration and ethanol yield
remains unchanged during fermentation with 20-30% reducing sugar concentration, The same observation was
found with Saccharomyces cerevisiae IFST-072011 cultivated on molasses ([51]). .

The harmful effect of high sugar concentration on ethanol production was well studied in Kluyveromyces marxianus
and a sucrose concentration more than 23% in molasses was found to affect ethanol production ([52]). Therefore, in
the present study growth and fermentation were carried out with sugar concentrations up to 15%.

With the initial sugar concentrations, Temperature and pH are greatly essential parameters that influence the specific
rate of yeast growth and ethanol production. To know the optimum temperature for ethanol fermentation, the
solutions were kept at 25, 30, 35 and 40°C with 15% initial sugar concentration. Two parameters were
simultaneously studied, the growth of S. cerevisiae KD2 strain and the ethanol yield. Samples were withdrawn every
12 hours and the fermentation was carried out for 72 hours. Figure 4 showed the ethanol yield produced at different
temperature. Based on the result obtain, a low ethanol concentration (72% and 89 % was observed respectively at 25
and 30°C in 72h. At 35°C ethanol yield was maximum and turned out to be 95%. However increasing the
temperature beyond 35°C the growth as well as alcohol yield decreased. This decrease was pronounced at 40°C. The
yield of ethanol at various temperatures indicates that the fermentation temperature 35°C is the optimum
temperature for production of ethanol by the strain, S. cerevisiae strain KD2, Temperature that is too high kills
yeast, and low temperature slows down yeast activity. This finding is in agreeable with last studies about
temperature effect on ethanol production ([53][54][55]). This studies result also denied the study of Yah et al.,
(2010) ([56]), who found optimum temperature of ethanol production to be 25°C.

Initial sugar concentration of 15% and optimum temperature of 35°C was selected for further studies and subjected
to pH treatments 4, 5, 6, 7 and 8. Figure 5 showed the effect of different initial pH on ethanol production by S.
cerevisiae KD2 after 72h of incubation. These results clearly showed that the highest concentration of ethanol (96%)
by this strain was produced after 72 h when the initial pH was 5. Followed by pH 4 which is 86%, then pH 6 at 75%
and pH 7 at 60%. The lowest ethanol yield was observed at pH 8. These results are agreement with thus of Yadav et
al (1997) ([57]) that found an increase in alcohol concentration, productivity as well as efficiency with an increase in
pH from 4.0-5.0 and found that the optimum pH range for S. cerevisiae strain HAU-1 to be between pH 4.5-5.0
([58]). Based on fermentation efficiency the pH 5 was selected for further experimentation.

Conclusion:-

Date is a major fruit in Saudi Arabia and which results in accumulation of cellulosic biomass waste in agricultural
practices, which could serve as novel material for the production of biethanol. Fermentation of waste date to
bioethanol is very encouraging and an attractive alternative technology for the production of biofuels using
cellulolytic fungi and yeast.

We used two cellulase producing fungal strains A. awamori and A. niger under co-culture fermentation on alkli-
pretreated waste date to release fermentable sugar, which was later used as a substrate for ethanol production by
yeast strain S. cerevisiae KD2. The submerged fermentation of the yeast under optimized conditions pH 5, sugar
concentration 15% and temperature 35°C revealed an increase in ethanol production with good fermentation
efficiency. This research may be meaningful both in the conversion and utilization of renewable biomass, and in the
reduction of environmental pollution.
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Table 1: Biochemical composition of lignocellulosic biomass of the waste date.

Biomass type (%) Cellulose Hemicellulose Lignin
Lignocellulosic biomass (raw waste date) 43.00 31.50 25.60
Lignocellulosic biomass (alkali pretreated waste date) 50.00 14.00 11.50
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Figure 1:- Cellulolytic enzyme production profile during submerged fermentation of waste date by the co-

cultivation of A. awamori and A. niger.
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