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ABSTRACT

The manufacturing of bioethanol needs large resources of land, but there is no strong evidence that this
would disrupt the food market. Bioethanol can be produced from a large variety of natural renewable materials,
such as agricultural crops, land and forest products, as well as from industrial and domestic waste, such as
paper, textile and beverages. This investigation was done to produce ethanol from industrial solid potato wastes
and optimize the fermentation efficiency by commercial bakery yeast. Saccharomyces cerevisiae was selected
and applied in the fermentation system under sterilized conditions for ethanol production. This utilization
process was proved to be feasible.  The substrate concentration of 10 g/l, incubation temperature of 25°C, and
pH 3.5 were found optimum for maximum ethanol production from industrial solid potato wastes after 3 days
of incubation under sterilized anaerobic fermentation conditions when ammonium sulfate was used as nitrogen
source. The utilization of common bakery yeast for ethanol production from the industrial solid potato wastes
under the above mentioned parameter levels can not only utilized for cheap clean energy production, but also
for getting rid of some undesired industrial wastes.
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Introduction

The increasing demand for ethanol for various industrial purposes such as alternative source of energy,
industrial solvents, cleansing agents and preservatives, has necessitated increased production of this alcohol.
Ethanol production is usually accomplished by chemical synthesis of petrochemical substrates and microbial
conversion of carbohydrates present in agricultural products. Also, the decreasing of the world oil resources
in one hand and the problems resulted from the utilization of oil such as pollution and global warming, in the
other hand, finding of new, clean, and cheap energy resources became one of the highest priorities among
researchers worldwide. A biorefinery is an integrated processing facility that converts biomass to fuels, power,
and value - added chemicals (Wyman , 2003). Ethanol is an important chemical product with emerging
potential as a biofuel to replace fossil fuels. An eco-friendly bio-ethanol is one of the alternate fuels that can
be used in unmodified petrol engines with current fuelling infrastructure and it is easily applicable in present
day combustion engine, as mixing with gasoline (Hansen et al., 1985). Increased yield of ethanol production
by microbial fermentation depends on the use of ideal microbial strain, appropriate fermentation substrate and
suitable process  production must have rapid fermentative potential, improved flocculating ability, appropriate
osmo tolerance, enhanced ethanol tolerance and good thermo tolerance. (Benitez, et al. 1983; Diwanya et
al.1992; Brooks 2008) Although no microbial strain has all these desirable qualities, few yeast strains have
been found  to posses appreciable characteristics for ethanol production (Hacking et al. 1984). The most
commonly used ethanol producer is Saccharomyces cerevisiae, various strains with good specific rate and
increased rate of ethanol production at high osmotic activities being isolated and characterized. However, during
batch fermentation many parameters can cause the decrease of the specific growth rate of yeast strains.
Moreover, the inhibition of yeasts growth can be caused by product or substrate concentration (Guatooi, and
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Lankford, 2009; Cimpeanu et al. 2010; Dhabekar and Chandak 2010; Farman et al.2010; Galaction et al.  2010
).The recent industrial processes use mainly grain, tuber, and root starches as substrates for ethanol production.
These materials must first be hydrolyzed to fermentable sugars by enzyme catalysis or inorganic acids.
Currently, enzyme-catalyzed starch hydrolysis is preferred as it offers number of advantages, for instance,
milder reaction conditions, however the high cost as well as the requirements for specialized labor and
sophisticated laboratories are factors limiting the use of enzymes (Surmely et al., 2004). Large amounts of
renewable biomass are available for conversion to liquid fuel, Ethanol. Ethyl alcohol can be made of three
main, abundant renewable feedstock sources, saccharines, starch materials and cellulosic materials (Kumar et
al.2005). Low value agricultural residues which can easily be converted to fermentable sugars, agricultural by-
products of starch industry such as potato pulp and from raw starch hydrolyate are attractive resources for
economical production of' ethanol  (Larson, and Katofsky 1992; Kumar et al.2005). 

Minal and Deshpande (2010) stated that Potatoes are the second most used food in the world. Potato peel
is one such product which is abundant and of very low utility and low price. Potato peels are the waste
products in chips and wafers industries, burgers and food joints etc . Potato (Solanum tuberosum L.) tubers
represent an attractive feedstock for bioethanol production in some regions in Europe, because ethanol yields
from potato tubers are approximately 1400–1800 L/ha (Venkatasubramanian et al., 1985; SatishBabu et al.
2010) or more than 74 L/t (Easson and Woods 2004). Further, considerable interest has been shown in using
these agricultural crops and their products for ethanol production using solid-state fermentation (SSF) ( Hang
et al., 1982 and 1986; Roukas ,1994; Kiran et al., 1999). The utilization of the renewable, cheap, and abundant
agro-industrial waste for ethanol production has attracted the research's interest (Tanaka et al., 1999; Ratnam
et al., 2003; Öhgren et al., 2005).

Bio-ethanol production from potatoes is based on the utilization of rotten potatoes. Rotten potatoes are
obtained from 5 - 20% of crops as by-products in potato cultivation (Adarsha et al.,2010). The utilization of
industrial solid potato wastes for ethanol production could reduce the pollution and bring down the ethanol
production. Theses advantages withdraw the interest of researchers around the world to investigate its potential
for ethanol production. The ideal source for ethanol production should be cost-competitive and rich in carbon
content. Besides using low-cost materials, many other technologies have also been carried out to make ethanol
production efficient and cost-competitive, such as employing strains with high ethanol production ability
(Nakamura et al., 1997;  Kannan et al,. 1998;  Kiran  et al., 1999), cell recycle through sedimentation or
membrane retention (Kajari et al., 1998). Among these technologies, ethanol production under non-sterilized
condition could save the energy in cooking starch and sterilization. What's more, it could make process simpler
than ever before, thus has gained interests of many researchers (Tao et al., 2005). Araque et al., (2008) studied
the bioethanol production at higher temperatures, yeast cells die resulting in a decrease in alcohol yield when
the pulp is concentrated, while optimal temperature for maximum productivity occurs at 32°C. It is therefore,
necessary to select the optimum temperature at which yeast strains can ferment the sugars from lignocellulosic
material. It can also be seen that between 25 and 30°C, the sugars were used up faster than at 20 and 40°C.
It can be seen that at 25°C, the glucose concentration reached 0 mg mL-1 after 25 h and the concentration at
30°C reached 0 mg mL-1 after 50 h. The reason for this is because Saccharomyces cerevisiae and Pichia
stipitis are known to convert sugars into bioethanol at temperature range of 25 and 30°C (Van Vleet and
Jeffries, 2009; Clarence et al. 2010).The present study is aimed at optimization of the process variables
affecting the ethanol production by solid state fermentation of industrial solid potato wastes by commercial
bakery yeast. 

Materials and Methods

2.1.  Used Organism 

The commercial bakery yeast (Saccharomyces cerevisiae) was obtained from the Egyptian Company for
Advanced Food Stuff Industries. It was incubated in seed medium containing 10 g glucose per one liter of tap
water for 20 minutes at 30°C for refreshment. After that it served as the starter culture for ethanol production.

2.2. Potato Wastes 

Industrial solid wastes of potato were obtained from Egyptian Company for Advanced Food Stuff
Industries (ships), Assuit, Egypt. The samples were placed in a double sterile polyethylene bags (to minimizes
the loss of water content and provides sufficient aeration), sealed, transferred immediately to the laboratory,
kept in at 5ºC till be used for ethanol production. The chemical analysis of the potato solid wastes under study
were (Mean values of gross% ): moisture content, 77.0; crude protein, 2.52; crude fat, 0.13; Crude fiber, 3.50;
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Ash, 5.31; carbohydrate, 88.54). Also the micro and macro element (mg.kg-1 dry mater) were:  Fe, 87.75; Mn,
5.25; Cu, 11.45; Zn, 15.9; Na, 1350; K, 11002; Ca, 2800; Mg, 1560; S, 2295; P, 2050 (Darwish et al., 2009)

2.3. Solid State Fermentation medium and their different conditions

Ten grams of industrial solid potato wastes was placed in 250 ml conical flask under an aerobic
conditions. The content was pressure-cooked for 20 min at 121°C and inoculated with 10 % (V/W) inoculum
size. Saccharomyces cerevisia which was firstly refreshed as previously mentioned. In non-sterilized process,
industrial solid potato wastes were used to produce ethanol without sterilization at both aerobic and anaerobic
conditions. The wastes used were adjusted at different pH values viz. 3, 3.5, 4, 4.5, 5 and 5.5 for studying
the effect of different pH. The basic medium was mixed with different nitrogen sources in concentration (0.1%)
(urea, peptone, ammonium phosphate, gelatin, casein, ammonium sulfate, and  glysine) for studying the effect
of different nitrogen sources on ethanol production. The inoculated flasks were maintained at 30 °C in a
stationary incubator for 3 days, ethanol and reducing sugar were measured, and at the same time, incubated
at different incubation periods (1 day , 2, 3, 4, 5, and 6 days) for studying the effect of incubation periods.
For studying the effect of temperature, inoculated flasks were  incubated at different temperatures (20, 25, 30,
35, 40, and 50 °C). Different concentrations of solid potato wastes concentrations (g.) 1, 2.5, 5, 10, 15, and
20 were used for studying their effects on bioethanol production.

2.4. Analytical methods

Sugars were determined according to Miller's method (Miller. 1959) as modified by Abu, et al. (2005).
Alcohol contents were estimated by dichromate method according to (Zohary and Moustafa, 2000).

Result and discussion

Bioethanol production under different culture conditions                                     

3.1. Aeriation conditions

Waste is an inheritable consequence of the food industry. As concerns over the environment have
increased, the protection of the environment can only become possible where there is sufficient knowledge of
the range of activities that can defile the aesthetic of environment. Environmental goods (natural resources and
biophysical conditions) have gradually turned into an economic variable its consideration in the context of
industry performance leads to redesign the processes of production in line with the so-called environmental
technology. Fig.(1) shows that the commercial bakery yeast (S. cerevisiae) could produce ethanol from
industrial solid potato wastes under all culturing conditions; however the highest ethanol yield (4.787 %) was
produced under sterilized anaerobic conditions. In parallel with this result, the amount of reduced sugar was
the lowest under the same conditions (sterilized anaerobic) 0.20 g/l. These results suggest that the reduced
sugars are the intermediate in ethanol production. The sugar consumption under sterilized aerobic and anaerobic
conditions shows parallel pattern to that of ethanol production (the increase in ethanol production accompanied
by increase of sugar consumption). These results are similar to that reported by Hongzhi et al. (2009), they
mentioned that the ethanol with distillery waste under sterilized had the highest ethanol concentration of
50 g/L, 2 g/L more than the non-sterilized one and about 4 g/L. Hang et al., (1986 and 1981) reported
maximum ethanol concentration of 43 g/kg apple pomace and 53.5 g/kg grape pomace for various yeast strains
grown in SSF.

3.2. Substrate concentration

The highest concentration of ethanol was achieved at a substrate concentration of 10 g and decreased
beyond this concentration. The maximum ethanol production (4.898 %) and reducing sugars consumption (0.25
g/L) were obtained with culture grown on 10 g substrate (Fig.2). The decrease of ethanol production above
this concentration may be due to inhibitory effect of the higher concentration of substrate on yeast cells. When
different substrate, like mahula flowers, were used as substrate, a maximum ethanol concentration of 193 and
205 g/kg flowers were obtained when free and immobilized yeast cells were grown on mahula flower slurry
(mahula flower: water, 1:5 (w/v) ratio) after 96 h in submerged shake-flask fermentation ( Swain et al., 2007).
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Fig.1: Effect of different conditions on ethanol production and reducing sugars with Saccharomyces
cerevisiae in solid-state fermentation,

Similarly, (Kiran et al., 1999) reported highest ethanol concentration of 50 g/kg substrate (sweet sorghum and
sweet potato) in SSF at 37 °C using a thermotolerant strain of S. cerevisiae. There are some possible reasons
for these differences, including the strain of S. cerevisiae used, biochemical composition of the substrate,
fermentation system and the condition under which the fermentation took place (Henk and Linden 1996; Chen
et al., 2007).

Fig. 2: Effect of different substrate concentrations on (M) ethanol concentration (%) and (•) reducing sugars
(g/l) by S. cerevisiae in solid-state fermentation.

3.3. Incubation period

The concentration of ethanol increased with the increase of fermentation time. The maximum ethanol
production (5.080 %) and reducing sugars consumption 0.22 g/l were obtained after 72 h of incubation. Our
results, is similar with Sujit et al., (2009), they reported maximum ethanol concentration was obtained after
72 h of incubation ,however Swine et al., (2007) found that maximum ethanol concentration were obtained
after 96 h in submerged shake-flask fermentation of mahula flowers. Xylose and bioethanol levels remained
constant after 50 h. Varying the temperature of the fermentation process improves the effective utilization of
corn cobs sugars for bioethanol production can be achieved (Yah et al., 2010). Current result  showed the
concentration of residual sugars goes down consistently during the first 72 h of fermentation. This was due
to rapid increase in ethanol concentration, observed at the same time. At the time (3 days) when the maximum
concentration of ethanol was achieved, sugar consumed was converted to ethanol. Marija et al.( 2009) studied
the acid hydrolysis of potato tuber mash in bioethanol production and found that the ethanol yield of 31 g/l
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was obtained in the fermentation of hydrolyzate prepared under the optimal hydrolysis conditions by
commercial bakery yeast at 28 °C for about 18 h.

Fig. 3: Role of incubation period on (M) ethanol concentration (%) and (•) reducing sugars (g/l) by S.
cerevisiae in solid-state fermentation .

3.4. Effect of initial pH

The initial pH is one of the important factors that affect the performance of SSF. As shown in Fig. 4, the
ethanol concentration was increased obviously at pH 3.5 and decreased marginally above this value. The
maximum ethanol concentration 6.184 % followed by 0.35 g/l reducing sugars was obtained in cultures grown
at pH 3.5. this results is agreement with Kamwanna et al., (1987).

By studying the effect of pH on ethanol production, from Dates in Saudi Arabia on Industrial Scale (Zohri
and Mostafa 2000), showed that the best pH was 3.5 followed by 4.5. Fermentation took 96 and 132 hours
to complete at these pH values and produced 9.104% and 8.959% ethanol.  On the other hand,  Roukas (1994)
studied the effect of pH on ethanol production from carob pod by S. cerevisiae and found that the maximum
ethanol concentration, ethanol yield, and fermentation efficiency were obtained at pH 4.5. Yeasts have a pH
optimum between 4.0 and 6.0, and can grow in a large pH range of 2.5–8.5 (Narendranath and Power 2005).
Recently, studies on Co-Culture fermentation of tapioca flour as the substrate symbiotic strains of starch
digesting Aspergillus niger and non starch digesting and sugar fermenting S. cerevisaie in a batch fermentation
showed the optimum values of pH and temperature were found to be 5.5, 30°C respectively for ethanol
production( Manikandan  and  Viruthagiri 2010).

Fig. 4: Effect of initial pH  on (M) ethanol concentration (%) and (•) reducing sugars (g/l) by S. cerevisiae
in solid-state fermentation.
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3.5. Effect of nitrogen source

As shown in Fig. 5, ammonium sulphate supported the highest production of ethanol (6.080%) followed
by the lowest concentration of reducing sugars 0. 29 g/ l-1. Addition of urea, peptone, ammonium phosphate,
gelatin, casein, ammonium sulfate, and  glysine to the production medium did not markedly influence the level
of ethanol concentration. Similarly, Srichuwong et al., (2009) studied on SSF Simultaneous saccharification
and fermentation (SSF) of very high gravity (VHG) potato mash for the production of ethanol, and results
revealed that 2-2.5% ethanol concentration was increased with ammonium sulfate supplementation of five
treatments  which corresponded to a decrease in residual glucose (0.25-3.3 % w/v). Moreover, ammonium
sulfate supplementation was necessary to avoid stuck fermentation under VHG condition. Using the optimized
condition, ethanol yield of 16.61% (v/v) was achieved, which was equivalent to 89.7% of the theoretical yield.
Nitrogen limitation for protein synthesis and yeast growth is particularly observed in VHG fermentation, which
can be remedied by the addition of assimilable nitrogen sources such as yeast extract, urea and ammonium
salts (Jones and Ingledew 1994; D'Amore et al., 1988). Supplementation with 16 mM urea or 1% yeast extract
has been reported to stimulate VHG fermentation of wheat mash to yield 21% (v/v) of ethanol within 4 days
(Thomas and Ingledew 1992).

Fig. 5: Effect of nitrogen source on ethanol concentration, and Reducing sugars  by S. cerevisiae in solid-state
fermentation.

3.6. Effect of temperature

As shown in Fig. 6, increasing the fermentation temperature from 20 °C to 25 °C significantly affected
the ethanol concentration , and reducing sugar. The ethanol yield decreased at temperature values lower or
higher than 25 °C. The ethanol concentration increased with the increase in fermentation temperature from 20
to 25 °C and decreased gradually between 25 and 35 °C and drastically above 35 °C. Temperature in the range
of 25-30 °C is commonly found optimum for thermophilic S. cerevisiae strain for production of ethanol in SSF
of various substrates, i.e. apple pomace (Hang et al., 1986), carob pod (Roukas 1994), sweet sorghum (Kargi
and Curme 2004), etc.

 Zohri and Mostafa (2000), reported that the best ethanol concentrations were 9.161 and % and 9.104%
followed by the most suitable  temperatures 30°C and 35°C. (Mehaia and Cheryan 1991) adjusted the
temperature for fermenters to 30°C in their study on the ethanol and vinegar production from date extracts
fermentation in batch and continuous membrane recycle bioreactors. During fermentation at high temperatures,
Araque et al. (2008) observed that some adaptable resistance factors from the yeast cells can be generated that
can give rise to the difference in ethanol yield. Similar effects were reported previously by Abdel-Fattah et
al. (2000). Initial rapid decrease of sugar observed in Fig. (6) was due to a rapid multiplication of yeast cells
and the rapid conversion of the sugars to alcohol via the glucose metabolism (Gibson et al., 2008). Generally
there was a positive correlation between the sugar reduction of the fermenting medium and a concomitant
increase in the ethanol production (Fig. 6). According to Jeffries et al. (2007), maximum yield of ethanol is
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obtained when S. cerevisiae is introduced into a medium containing both glucose and xylose. The amount of
bioethanol produced therefore, depends on the optimal temperature which, invariably influence sugar utilization
by yeast cells (Mwesigye and Barford, 1996; Van Vleet and Jeffries, 2009; Clarence et al., 2010). Recently
results showed that optimal temperature and time for sugar fermentation were approximately 25°C and 50 h
by two yeast strains (S. cerevisiae and P. Stipitis) respectively. At 20 and 40°C, less bioethanol was produced.
Bioethanol produced at 25°C was 11.99 mg mL-1, while at 40 and 20°C were 2.50 and 6.40 mg mL-1

respectively (Yah et al. 2010).

Fig. 6: Effect of initial temperature (°C) on (M) ethanol concentration (%) and (•) reducing sugars (g/l) by
S. cerevisiae in solid-state fermentation
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