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ABSTRACT

The aim of this work was to study the optimiatibe@culturing ofTrichodermasp. andSaccharomyces cerevisiae
(1:4 ratio) on sweet potatolgjomoea batatas.) flour (SPF) for the production of bio-ethanm solid-state
fermentation (SSF). Maximum ethanol (172 g/kg satestwas produced in a medium containing 80% rooést
ammonium sulphate 0.2%, pH 5.0, inoculuted with 1986ulum size and fermented at 30°C for 72h. cGonitant
with highest ethanol concentration, maximum ethapadductivity (2.8 g/kg substrate/h), microbial biass
(23x10° CFU/ g substrate), ethanol yield (47 g/100g sugansumed) and fermentation efficiency (72%) wese al
obtained under these conditions. Cell interacticaswbserved familiar between the viable cell$rathodermasp.
and S. cerevisiaavhen co-cultured. Ethanol production ability by tbo-culture was 65 % higher than the single
culture ofS. cerevisiadrom un-saccharified SPF.
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INTRODUCTION production, because of its chemical composition

and high density of starch, compared to other
As demand for the limited global supply of non-forms of biomass, and thus premise as an
renewable energy resources increases, the priceafernative bioresource for the production of
oil and natural gas keep increasing. A newethanol through fermentation (Hang, et al. 1981,
biotechnological approach for the production ofl986; Roukas 1994). Sweet potato is a tropical and
ethanol by fermentation from the renewabldemperate regions’ crop, normally found in Indian
carbohydrate materials for use as an alternativgub-continent (Woolfe 1992). It is used as a
liquid fuel has been attracting worldwide interesvegetable in the state of Odisha (Attaluri et al.
(Ward and Singh 2002). Thus, there is a growin@010). Sweet potato is cheap, readily available in
interest to find alternative bioresources othenthathe local market and offers ease in product
sugarcane/beet molassess and starchy crops suihcessing. It contains starch (178 g /kg), total
as cassava, sweet potato, and sweet sourghum fargars (26 g /kg) and protein (3.2 g/kg) on fresh
ethanol production. weight basis (Tian et al. 1991). The starch can be
Sweet potatolpomoea batatad..) represents an hydrolysed to monomer units of carbohydrates and
important biomass resource for fuel alcohol
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can be used by the microorganisms in fermentatiomutrient broth medium, (YENB) with sugar
process. concentration of 12% (w/v) and the pH was
The production of industrial and fuel ethanoladjusted to 5.5 by dilute HCI. THeichodermasp.
commonly involves three steps: 1) liquefaction ofwas grown in 250 ml Erlenmeyer flasks containing
starch by o- amylase, 2) enzymatic 100ml sterilized Trichoderma specific medium
sachharification of liquefied product to produce(g/l: MgSQ, 0.2, K.HPO, 0.9, KCI, 0.3; NHNOs,
glucose, and 3) fermentation of glucose to ethand.0; glucose, 3.0; chloromophenicol, 0.25;
(Sree et al 2004). Commercial glucoamylase ispentachloro nitrobenzene, 0.2; Rose Bengal, 1.5;
used for the saccharification and represents @aptan, 0.2; Metaloxyl, 1.6 and pH adjusted to
significant expense in the production proces$.5) (Swain and Ray 2009). The cultures were
(Neves et al 2006). Traditionally, the yeast, grown at 30° C for 24hTrichodermasp. and S.
Saccharomyces cerevisiddas been used all over cerevisiaecultures were used in 1:4 proportions as
the world as the major ethanol producingstarter culture for ethanol production, respectivel
microorganism (Lin and Shuzo 2006). Among the
fermentation condition, SSF is found to moreSubstrate
advanced and effective technology for theFresh sweet potato was collected from the local
microbial production ethanol, using differentmarket of Bhubaneswar, Capital of Odisha, India
substrates such as mahua flower (Mohanty et aduring February-March, 2010. It was washed
2009), sweet sorghum (Kargi et al. 1985; Yu et athoroughly to remove the dust and other debris,
2008), apple pomace (Ngadi and Correia 1992peeled off and chopped into small pieces. It was
rice straw (Roslan et al. 2011), sugarcane bagasten placed in oven at %D for 24 h till the
(Shaibani et al. 2011) bg. cerevisiaeln recent moisture content reduced to 11-12 % and grinded
years, however, research is focused on processsigh mixture grinder (Bajaj, Pvt. Ltd, India) with
involving amylolytic mold Trichoderma sp. as 200-250 rpm in to flour. The powder was sieved
coculture withS. cerevisiae because of several through a steel mesh to get 2-3mm diameter size
better fermentation attributes as conversion off sweet potato flour. The sweet potato flour was
complex form of carbohydrates in to glucose andtored in air tight container for further use.
then conversion of glucose to ethanol and,CO
(Azevedo et al. 2000). Fermentation Medium
This study aimed at eliminating the enzymatidrifty grams of sweet potato flour supplemented
saccharification step by using a coculture ofwith 0.2 % NHCI was placed in 1000 ml Roux
Trichodermasp. as an amylolytic mold along with bottles (132 mm x 275 mm) and moistened with
Saccharomyces cerevisiadstrain CET), an appropriate amount of distilled water in order to
efficient and economical method for ethanolcontain 70% moisture. The pH of the substrate was
production (Manikandan and Viruthagiri 2009).  adjusted to 6.0 with 1 N NaOH. The content was
pressure-cooked at 120°C for 20 min and
inoculated withTrichodermaspp. and yeast starter

MATERIALSAND METHODS culture [10%, viw (2 x 1DColony Forming Unit
(CFU)/ ml) and 3 x 1DCFU/mI], respectively at
Organisms 1:4 ratio. The Roux bottles, in triplicate, were

S. cerevisiae(strain CET) used in alcoholic incubated at 30°C under stationary conditions for

fermentation factories was adopted as the20 h.

experimental strain. Soil isolatédichodermasp.

was a gift from Dr. R.C. Ray, Principal ScientistStudy of Fermentation Parameters

(Microbiology),  Division  of  Post-harvest (1) Moisture content: A series of Roux bottles

Technology, Central Tuber Crops Researclzontaining 50 g SPF were moistened with an

Institute (Regional Centre). Bhubaneswar, Indiaappropriate amount of distilled water in order to

Both the strains were maintained on the potat@ontain 40, 50, 60, 70, 80 and 90% moisture. The

dextrose agar and stored at 4°C for further use. flasks, in triplicate, were inoculated and incublate
at 30 °C for 72 h in a BOD incubator (Rami Pvt.

Preparation of Starter Culture Ltd, Mumbai, India).

S. cerevisiaewas grown in 250 ml Erlenmeyer (2) Initial pH: The substrate consisting of 50 FSP

flasks containing 100ml sterilized yeast extractwith 70% moisture and a pH 3, 4, 5, 6, 7 and 8
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were inoculated and incubated as mentioneBetermination of Moisture of the Substrate

above. The moisture content of the substrate was analyzed
(3) Temperature: The medium (50 g SPF, moisturby a Mettler Lp16 Infra-Red analyser.

70% and pH 6.0) was inoculated for 72 h and

incubated at different temperatures (20 to 40 °C).

(4) Nitrogen sources: The fermentation mediunRESULTS AND DISCUSSION

(50 g SPF, moisture 70% and pH 6.0) was

supplemented with different nitrogen sourcesThe production of ethanol from sweet potato flour
(Urea, Ammonium molybdate, Ammonium by co-culture ofS. cerevisia@nd Trichodermasp.
sulphate and Potassium nitrate) at 0.2% anigh SSF is shown in Figure 1. The concentration of

incubated at 3 for 72h. ethanol increasedith the increase of fermentation
time and yeast biomass. The maximum ethanol
Analytical Techniques (154 + 4g/kg substrate) concentration (95%) was

At appropriate time intervals, fermentation bottlesobtained after 72 h of incubation. Apparently the
were removed and the contents were analyzegesidual sugar was not rapidly and consistently
The number of living cells was determined byproduced during the first 72 h, then it decreased
plate countingS. cerevisiaghat was cultivated on slowly (Fig. 1). The residual sugar concentration
YENA medium at 30 °C for 24 h. The fermentedbehaviour was more or less constant along the
mash in each Roux bottle was mixed with 150 mfermentation. In a previousstudy, maximum
distilled water (1:3, w/v) and the mixture wasethanol concentration of 193 and 205 g/kg flowers
shaken on a rotary shaker (Remi Pvt. Ltd.were obtained whefree and immobilized yeast
Mumbai, India) at 250 rpm at 30 °C for 30 min incells were grown in mahula flower (mahula
order to extract the ethanol and the whole mashower: water, 1:5w/v), respectively after 96 h in
was distilled to collect the ethanol (Swain et alsubmerged shake-flask fermentation (Swain et al.
2007 ). Ethanol concentration of the fermentatior2007). Hang etal. (1981, 1986) reported
liquid was determined by measuring the specifignaximum ethanol concentration of 43 g/kg apple
gravity of the distillate according to Amerine andpomace and 53.§/kg grape pomace for various
Ough (1984). The ethanol yield was expressed agast strains grown in SSF, whereas Roukas
g ethanol/ 100 g sugar consumed. Fermentatiqi994) found thamaximum ethanol (160 *+ 3 g/kg
efficiency was calculated by dividing the sugardry pods) was obtained whe®. cerevisiaevas
consumed during the fermentation by the initialgrown on carob pod<gratonia siliqua after 48 h
sugars and multiplying the results by 100. Thef fermentation. Kiran Sree et al. (1999) reported
concentrations of the total sugar (glucose, frugtos highest ethanol concentration of 50 g/kg substrate
sucrose and maltose) in the flour and in th¢sweetsorghum and sweet potato) in SSF at 37 °C
fermentation broth were determined as glucosasing a thermotolerant strain 8f cerevisiaeUp-
equivalent by Anthrone method (Mahadevan andcaling experiments using 1.0 kg cassava starch
Sridhar 1999). The other proximate compositionghowed that Stargen (granular starch hydrolyzing
such as starch, crude protein, crude fiber and aglhzyme mix witha-amylase and glucoamylase
were estimated as per the standard AOAGgtivities) to starch ratio ofl:100 (w/w) could
procedure (1984). The pH was measured by a p¥leld around 558 g ethanol/ kg starch, with a high
meter (Systronics, Ahmedabad, India) using glasrmentation efficiency of 98.4% (Shanavas et al.
electrode. Fermentation kinetics were studied a8011). There were some possible reasons for these
per the formulae given by Bailey and Ollis (1986). differences, including the strain o8. cerevisiae
used, biochemical composition of the substrate,
Population Count fermentation system and the condition under
Yeast population in the fermented mash wasvhich the fermentation took place (Henk and
calculated by serially diluting the sterile in theLinden 1996, Chen et al. 2007). The viable cell
distilled water and plating the suitable dilutionsnumbers $. cerevisiaeand Trichoderma sp.)
(10°-10") on YENA solidified medium on Petri increased from 4 x f0CFU/g substrate (0 h) to
plates (18 mm x 150 mm). Data were given ag2.5 x 18 CFU/g substrate (72 h) after which it
mean of six replicates. Similarly, tAgichoderma decreased drastically at 96 h (2 x®10FU/g
sp. population was calculated on Trichodermasubstrate). The decline in biomass concentration
specific medium as mentioned above. could be due to reduced substrate availability and
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the inhibitory effect of ethanol on the cells (Wardafter which it decreased slowly. This was due to
et al. 2006; Ward and Singh, 2002). Further, theapid increase in biomass and ethanol
concentration of residual sugars decreased durirmpncentration, observed at the same time. At the
the fermentation coinciding with an increase inime (72 h) when the maximum concentration of
biomass and ethanol production (Fig. 1). Thesthanol was achieved, 78% of sugar consumed
concentration of residual sugars fell rapidly andvas converted to ethanol.

consistently during the first 72 h of fermentation,
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Figurel - Role of incubation period on ethanol concentratiad sugar consumption Byichoderma
sp. andSaccharomyces cerevisias co-culturein solid-state fermentation using sweet
potato flour.

Effect of Moisture Content chance of contamination of fermentation is
Moisture content is one of the important factorseduced. However, there is a lower limit of
that affect the performance of SSF. As shown imoisture content below which microbial cells may
Figure 2, the ethanol concentration, ethanohot function to produce ethanol (Alan Eddy and
productivity, ethanol vyield and fermentationBarnett 2007). Likewise, above 70% moisture
efficiency were increased significantly with thecontent in SSF, there was a decrease in ethanol
increase in moisture content. The highest value afccumulation. This might be due to decrease in the
fermentation parameters were achieved at porosity, lower oxygen transfer and poor aeration
moisture level of 80%. Roukas (1994) reported #nside the substrate mass under the stationary
moisture level of 70% was the best to achievéermentation condition (Ray et al. 2008).

ethanol concentration (160 + 3 g/kg) from carob

pod in SSF. Similarly, Kargi et al. (1985) andEffect of Initial pH

Ngadi and Correia (1992) reported that theThe effect of initial pH on kinetic parameters of
maximum ethanol production was obtained fronmsweet potato substrate fermentation is shown in
sweet sorghum and apple pomace in SSF at Fagure 3. The fermentation parameters increased
moisture level of 70 and 85%, respectively. drastically with the increase in pH up to 5.0 and
Decreasing the moisture level from 80 to 40%decreased beyond this value. On the other hand,
resulted in a decrease in all kinetic parametersthanol yield and ethanol productivity remained
(ethanol concentration, ethanol productivity,more or less same over the pH range of 5.0 to 6.0,
ethanol yield and fermentation efficiency). Thisand decreased marginally above 6.0 (data not
was because an optimum moisture level (80% ishown). The maximum ethanol concentration
the present study) was essential for sustaining ti{¢40.0 + 4 g/kg sweet potato substrate), ethanol
optimum growth of microorganisms and therebyproductivity (3.13 g/kg/h), ethanol yield (58.44
ethanol production. The decrease in the moisturg/100 g sugar consumed) and fermentation
level is to a certain extent advantageous since tledficiency (72.1%) were obtained in the culture
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grown at pH 5.0. Roukas (1994) studied the effeafficiency were obtained at pH 4.5. Yeasts have a
of pH on ethanol production from carob pod®y pH optimum between 4.0 and 6.0, and can grow in
cerevisiaeand found that the maximum ethanola large pH range of 2.5 to 8.5 (Narendranath and
concentration, ethanol vyield, and fermentatiorPower 2005).

200 T T 120

-

@

=]
.

+ 80

-

IN)

=]
.

@
o
.

120

Ethanol concentration (g/kg substrate)
Fermnetation Efficiency (%)

N
o

50 60 70 80 90
Moisture holding capacity (%)

‘—A—Ethanol concentration - -A- - Fermentation Efficiency ‘

Figure 2 - Effect of moisture content (%) on ethanol corncaion and ethanol fermentation
efficiency byTrichodermasp. andSaccharomyces cerevisias co-culturen solid-state
fermentation of sweet potato flour.
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Figure 3 - Effect of initial pH on ethanol concentrationdaethanol fermentation efficiency by
Trichodermasp. andSaccharomyces cerevisias co-culturén solid-state fermentation
of sweet potato flour

Effect of Temperature affected the ethanol concentration, ethanol
As shown in Figure 4, increasing the fermentatioproductivity and fermentation efficiency. The
temperature from 20 to 40 °C significantly ethanol yield decreased at temperature values
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lower or higher than 25 to 30 °C. The ethanolfemperature in the range of 25 to 30 °C is
concentration, ethanol productivity andcommonly found optimum for mesophilliS.
fermentation efficiency increased with the increaseerevisiaestrain for the production of ethanol in
in fermentation temperature from 20 to 30 °C andbSF of various substrates, i.e., apple pomace
decreased gradually between 30 and 35 °C arftlang et al. 1986), carob pod (Roukas 1994),
drastically above 35 °C. This was probably due teweet sorghum (Mamma et al. 1996), etc.

the decrease in viable cell number above 30 °C.
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Figure 4 - Effect of initial incubation temperature (°C) athanol concentration and ethanol
fermentation efficiency byrichodermasp. andSaccharomyces cerevisias co-culture
in solid-state fermentation of sweet potato flour.

Effect of Different Nitrogen Sources inoculums size, 10%) were taken together for the
Microorganisms utilize nitrogen to metabolize theproduction of ethanol. As evident from Table 1,
nitrogenous substances for their growth andhe ethanol concentration gradually increased up to
activity (Beltran et al. 2007). From Figure 5, it72h (172 g/kg substrate) and decreased gradually
could be concluded that maximum ethanothereafter. Maximum ethanol productivity (2.8
production was obtained at 0.2% ammoniung/kg substrate/h), microbial biomass (23%10
sulphate (172 g/kg substrate), followed byCFU/ g substrate), ethanol yield (47 g/100g sugar
potassium nitrate. The ethanol production wasonsumed) and fermentation efficiency (72%)
drastically reduced when urea and ammoniunwvere also obtained at these parametric levels.
molybdate were taken as the sole nitrogen sourc@fie average production (m ton/ha) of different
in the fermentation medium. This could be due tdioethanol crops under irrigated condition in India
the inhibitory activity of the nitrogen sources.are as follows: sugarcane (8-12), sweet sorghum
Benerji et al. (2010) reported higher ethano(2-3), cassava (12-18), and sweet potato (8—10)
production (13.29%, w/v) in the presence of uregSwain et al. 2007; Ward et al. 2006). The sweet
(0.06 %) from mahula flower by using. potato occupies 24 % among the most suitable
cerevisiae.In another study, Laopaiboon et al.substrate for the bioethanol production. The cost
(2009) reported higher ethanol production (120.68US$1 = INR 44.8 basis) of ethanol production/kg
+ 0.54 g/ ) in the presence of peptone (5¢g/l) andubstrate has been estimated for sugar cane (0.27),
yeast extract (3g/l) in sweet sorghum juicesweet sorghum (0.29), cassava (0.55) and sweet
Ammonium sulphate along with vitamins andpotato (0.31). In India, total production of sweet
trace elements increase ethanol productivity up tpotato in the year 2006 was 1, 23,000 m tones
57% (Guebel et al. 1992). (Ward et al. 2006). The sweet potato could serve
Finally, all the optimized parameters (pH, 5.0;potential feedstock for bioethanol in tropical
temperature, 30° C; initial moisture content 80%gcountries such as India, Pakistan, Indonesia and
incubation period, 72h, (NpSQO, 0.2%; Australian continent (Kar et al. 2004).
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Figure 5 - Effect of nitrogen source (0. 2%) on ethanol catration byTrichodermasp. and
Saccharomyces cerevisias co-culturein solid-state fermentation of sweet potato
flour.

Table 1 - Production of Ethanol concentration with optintainditions evaluated for th€richodermasp. and
Saccharomyces cerevisiag co-culture

Substrate concentration 509

pH 5.0

Temperature 30°C

Inoculums size 10% (1:4richodermasp. :S. cerevisiae)

Moisture content 80%

Incubation period 72h

Nitrogen source (NE,SO, 0.2%

Production of ethanol (g /kg substrate) in difféneicubation period

24h 48h 72h 96h 120h 144h

61 135 172 142 119 105
CONCLUSION standardised the protocols and economize the fuel

ethanol production from sweet potato in
Sweet potato flour is available in plenty in thecomparison to other substrates such as
Asia-Pacific regions, including in Orissa (India) sugarcane/beet molasses.
but it's commercial potential for fuel ethanol has
not been fully explored. Being a cheap source of
fermentable carbohydrate bio-resource, it could bBACKNOWLEDGMENTS
employed for the production of fuel ethanol. In the
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