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ABSTRACT

Bio ethanol mainly produced from biological methadsolving fermentation of cellulosic biomass inbeoad
spectrum. Since it is being widely recognized aseawironmental friendly transportation fuel with vperful
economic and strategic applications, here an atteimpnade to explore the possibilities of bioetHgmroduction
from decaying fruits. Since they pose a major secimnomic challenge and in turn by utilizing thksels of wastes
for fuel purpose reduce the burden on the autresitHence, bioethanol production from three diffierecaying
citrus fruits like Citrus sinensis, Citrus limeteand Ananas comosus were studied. The sugar cobégate and
after fermentation was analyzed by DNS method,réselt showed that the sugar content was more befor
fermentation (Citrus limetta 21mg/mL, Ananas corsddmg/mL and Citrus sinensis 17 mg/mL,) when cogdpa
to after fermentation (Citrus limetta 16mg/mL, @&rsinensis 12.5mg /mL and Ananas comosusllmging).
production of ethanol was higher in Ananas comd43%6) than the other two Citrus limetta (12%), @#rsinensis
(10%) which was calculated by distillation method.
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INTRODUCTION

Rapid increase in population size and exponent@lvth in industrialization loads on fossil fuel oesces and the
resources are being depleted very fast. Some atteenfuels like Bio-fuel may reduce the load omwentional

fossil fuel resources. In addition Brazil had aflef more than 10 million flexible-fuel vehiclesgularly using neat
ethanol fuel [1]. According to the InternationaleEgy Agency cellulosic ethanol could allow ethafugls to play a
much bigger role in the future than previously thiou[2]. Fuel ethanol production has been fascihatew,

because many countries look for reducing oil impoboosting rural economies and improving air dquald the

world ethanol production has reached about 51,0d@llbmliters [13]. Production of ethanol from sugamaterials

is easier than lignocellulosic materials, sinceguires additional technical challenges such aesgatment [3]. The
production of ethanol from fermentative microorganiis the only possible way to meet the great denfan

ethanol in the present situation of energy cridis The ripen fruit biomass as raw materials famrfentation,

enzymatic hydrolysis using microbial enzymes cdutda possible solution to reduce the energy anat iopsts in

ethanol production [5]. Significant quantities otodying fruits are discarded as wastes which caesé

environmental problems [6], these can be used tenpal feedstock for bioethanol production and ttould also
be an attractive alternate for disposal of theypiolfy residues [7]. However, little effort has beeade in order to
explore conversation of sugar present in diffedetaying fruits waste juice for potential applioatin bio-ethanol
production by fermentation techniques.

India is the second largest producer of fruitshie tvorld particularly pineapple and oranges whictoants for 30
million tones out of this seventy-two per cent ofiff waste due to lack of proper retailing and adeq storage
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capacity. Overall fruit production has been cowrsidy notching up impressive growth year after ydaspite
because fruit is a key component of a healthy le&ldrdiet. On a commercial note very little of frigitexported in
the absence of adequate processing and refrigefsttioage/cold chain facilities the situation isdmavorse by
callous and antiquated post-harvesting practicestaggering quantity of the produce rots in thddfeor

dangerously decays while in the process of tranapon, storage and in the last leg of reachingcthressumer. The
value of this wastage is estimated at a whoppin@(R800 to Rs 50,000 crore annually. Worse, the pi of the
putrefying mass at assorted places becomes a bgeghund for disease and pests and poses a nigjtherge to
the municipal authorities charged with keepingdivic areas clean. The developed world has bettaragement of
fruit waste. Now technology has made it possibledavert the decomposing fruit into an essentiahrmodity a

renewable resource bio-fuel.

Ethanol fuel has long been seen as a clean aliesrfatl to petrol. However in the heated debaseaechers have
hit upon a novel idea i.e. using decaying fruitrtake ethanol. These developments could not have etra better
time for India. Even as we struggle for infrasttuet post-harvesting, refrigeration and relateditsmhs for farm
produce the year-round supply of large quantitiesotting fruit currently a major disposal problezan well be
turned on its head where decomposing and offenitiing can well be converted into ethanol. In thisreection the
purpose of this research was to investigate theild#idy of using decaying fruits for sugar and b&hanol
production in Bangalore city.

MATERIALSAND METHODS

Collection of the fruit wastes

Decaying citrus fruits like Citrus sinensis (Rutaceae), Citrus limetta (Rutaceae) andAnanas comosus
(Bromeliaceae) were collected from Bangalore cigrket, brought in a sterilized plastic bag to thieoratory and
stored in a refrigerator until further usage.

Preparation of Fruit Juice Extract

The collected decaying fruits were surface stexiliby washing in 5% Potassium Permanganate anedrinsll in
distilled water. About 10g of decaying fruit samplas taken in a pestle and mortar, grinded weh wie addition
of about 20.0 mL of Distilled water. The liquid eagt was obtained by filtering the grinded contasihg a cheese
cloth. The liquid extract was suitable diluted tad0 with distilled water (v/v).

Estimation of Sugar content

Estimation was done both before and after fermiemtab determine the reducing concentration of sugdifferent
extract, DNS Method was followed. Standard grapdneehbeen plotted by using Glucose solution (200jLgdm
working standard). To the above samples 2 ml of D&gjent was added into a lightly capped test t(ie avoid
the loss of liquid due to evaporation, cover ttst tebe with a piece of paraffin film if a plairstdube is used). The
mixture was heated at 90°C for 15 minutes to devéte red brown color. Thereafter 16 ml of distlilwater was
added to stabilize the color. After cooling it wom temperature in a cold water bath, absorbansemeasured
with a spectrophotometer at 540nm. Hence, the apoaeedure was repeated for 1.0mL of extract afchll.of
water has been taken for unknown estimation.

Fermentation of fruitsextracts

First the fruits extracts were kept for aerobiarfentation with yeastSaccharomyces cerevis@ag% of the starter
culture were inoculated into the sterilized extrafter 24 hours. The fermentation was allowed ke talace for 5
days at 30£2C. The fermenter was designed such that a musiih gvas used to cover the fermenter to allow the
supply of oxygen [8], later it was subjected toenmodic phase of fermentati@nd thefermenting vessel was made
air tight by covering it with a lid and sealing thdge with paper tape. The fermentation was alloiwddst for 9
days and terminated on th& 8ay. Then it was racked, settled yeast and otébrisiwas clarified using Gelatin a
fining agent [8].

Determination of Alcohol percentagein fermented extracts

Simple distillation method followed, add 150 mL raom temperature fermented extracts to a 250 mHugrized

cylinder, transfer contents of the graduated c@imim the 250 mL boiling flask, rinse down wallstbé graduated
cylinder with approximately 50 mL of distilled watand add this rinsed water to the boiling flaski§Twill capture

virtually all of the alcohol still remaining in thgraduated cylinder. The extra volume of water aliio prevent the
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flask from boiling dry), Add a few boiling stones the boiling flask to prevent violent bumping vehioiling, turn-
on the cold water intake to keep the condenser, gdate the 250 mL graduated cylinder under thedenger’'s
output to collect the distillate, light the Bundaurner, set to a low flame and bring the sample stow boil, keep
boiling the fermented juices until approximately0ldL of clear distillate has collected in the grashd cylinder
(This takes approximately 30 min depending uponbihiéng rate). Make sure that do not allow morartti50 mL
of distillate to collect. Remove the graduated ruyéir from the apparatus and allow its contentso@ to room

temperature (A cold water bath can be used to atel the cooling process), Once cool, carefully didtilled

water to the distillate until the volume reache® il (The same volume as the original sample), $Jemt-range
hydrometer to measure the specific gravity (S&hefroom temperature distillate, next the spegjfavity measure
to %Alcohol by volume. Alternatively use a spealiohol hydrometer that's calibrated to read %Aldattirectly

(thereby eliminating the need to use the lookupedalf-inally using a SG hydrometer use the follogveguation to
convert SG to %Alcohol [9].

%Alcohol (v/v) = 8610.6 — (16584 x SG) + (7973.8%2)
Where SG = specific gravity of the distillate reted to the original 150 mL volume.

The experimental design was completely randomizgétti, three replicates all data were expressed analues +
SE. The comparison between the mean values wesgltasing Duncan's new multiple range test andAd@VA
was also performed to find out the LSD (p <0.05).

RESULTSAND DISCUSSION

Estimation of Sugar

The standard graph for the estimation of reducimgas have been plotted by using glucose as workiagdard
solution (200ug/mL) and the values have shown lihetd and figure 1 and 2. The sugar content of yiegafruit
extracts have been calculated by comparing thelicalpdensity values at A4 with the standard graph. The
individual values were taken in triplicates and thean values have been entered. Among the threscesxused for
the analysis of reducing sugar content (glucosel)ethe result shows that the glucose level wah I Citrus
limetta (210 pg/mL) when compared #nanas comosuf200 pg/mL) andCitrus sinensis(170 pg/mL)before
fermentation. Since the extracted juices were ligbugar content, they had been diluted to 1:10® wistilled
water.

Hence, the actual values of sugar concentration€ifrus limetta Ananas comosuand Citrus sinensiswere
21mg/mL, 20mg/mL and 17mg/mL respectively (Tabknt figurel).

Table1: Estimation of sugar by DNS method

ol ofSud. | vol. of distiled | AMOUN T vol of DNS Vol. of distilled | Absorbance at
9 (ml) water in ml gug/mL reagent in ml water in ml 540nm
0.0 2.0 0.0 Keep the tubes in 0.00
0.2 1.8 40 boiling water bath for 0.11
0.4 1.6 80 15min 0.22
0.€ 14 12¢ 2mi 16.0mi 0.3
0.8 1.2 160 0.41
1.0 1.0 200 0.51

Table 2: Estimation of sugar in decaying fruit extracts before fermentation

Vol. of distilled | Vol. of DNS . Absorbance
Vol. of sample (ml) water in ml reagent in ml Dist. H,O ml at 540nm
Citrus sinensi4d..0 1.0 Keep the tubes in boiling water bath for 15nin 0.45
Citrus limetta 1.0 1.0 0.50
Ananas comosuk.0 1.0 2ml 160 0.49

Values are the means + SE of three replicates e2ata were subjected to analysis of variance amdgared for significance according to
DMRT (P=0.05).
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Figure 1: Estimation of sugar in decaying fruit extracts before fermentation

After 9 days of fermentation sugar concentratioh<Citrus limetta 16mg/mL, Citrus sinensisl2.5mg/mL and
Ananas comosuklmg/mL respectively (Table 3 and figure 2).

Table 3: Estimation of sugar in decaying fruit extracts after fermentation

Vol. of sample (ml) vol. of d_|st|||ed Vol. of D.NS Dist. H,O ml | Absorbance at 540nm
- - - water in m reagentin n Keep the tubes in boiling wategt

C!trus s_lnen5|sl.c 1.C bath for 15min 0.30

Citrus limetta 1.0 1.0 oml 16.0 0.41

Ananas comosuk.0 1.0 ) 0.28

Values are the means + SE of three replicates e@ata were subjected to analysis of variance andgared for significance according to

DMRT (P=0.05).
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Figure 2: Estimation of sugar in decaying fruit extracts after fermentation

Determination of Alcohol percentagein fermented extracts
After 9 day of fermentation total volume of 200nth@&nol was obtained from a total volume of 1000fréubstrate
after distillation. In this present study effortene made to identify which decaying fruit is potehtaw material for
bioethanol production and the results showed #fanas comosugives highest percentage of alcohol (13%)
compare toCitrus limetta(12 %) andCitrus sinensis(10 %). Using higher grade distillation assemblynare
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concentrated product can be recovered by re distil which can be used as a bio fuel. The sulestiaded are very
cheap raw material and the process was found tetyeeasy and less cost effective (Table 4).

Table 4: Alcohol percentagein fermented extracts

Decaying Fruits | Percentage of alcohol
Citrus sinensis 10
Citrus limetta 12
Ananas comosus 13

Values are the means + SE of three replicates e2ata were subjected to analysis of variance amdgared for significance according to
DMRT (P=0.05).

The present investigation on sugar and ethanohatitn from decaying fruits extracts shows thagytvill play an
important role in providing a cheap source for etigroduction these observations concur with [Mipo has
shown that Pineapplé&tamas Chech) Papayasarica papayd.) are potential sources for alcohol production the
data from the present study reveals the same tagihmam production of ethanol is #inanas comosussing yeast
than the other two fruits. In our studies extrattend fermentation have evinced maximum ethanotiymtion
which is reflected the studies of [10].

Ethanol production from spoiled starch rich vegktaly sequential batch fermentation was studiefllbywhere
as studies in decaying fruits lik&trus limetta Ananas comosuandCitrus sinensidias not been done so far, so in
the present investigation in production of withnstard physiochemical parameters and saccharifit@tiocess are
studied

This preliminary study showed that ethanol prodarctirom fruit wastes residue is possible and ttébitors may
reduce the extent of fermentation (Lignin prevehesdegradation of cellulose mainly by acting ghgsical barrier
between the cellulolytic enzymes and their substfa?] where the present study shows a significarmoval of
lignin from the fruit waste residues which resuliachigher production of ethanol. Further resedscheeded to
carry out to determine the optimum conditions f@aamum production of ethanol from fruit waste resd.

CONCLUSION

The production of ethanol from these decaying $ruian be further improved by using suitable teabgiek i.e.,
using genetically engineered strains that are dapab converting multiple sugars in to ethanol. Timajor
bottlenecks are feedstock collection, storage sfrartation and pretreatment, hence optimizing tlheseoperations
through using un-marketed decaying fruit wastagesbe proved beneficial.
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