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ABSTRACT

The present work is the study of fruit wastesHiefrtpotential in the production of biogas. Utiltizan of wastes for
the production of biofuel can be a sustainableralitive to meet the energy challenge for the presed future
generations. Wastes of Apple, Pineapple, Jackf@iange, Banana as well as their mixture were taksn
substrates and cowdung was used as the controbrasdiry scale digesters were designed and anaerdigiestion
of the substrates was carried out. The amount afds produced from each substrate was measuredebyater
displacement method. The results revealed thaditestion of co substrates produced the highestuaaf biogas
(990 mL) at 3 weeks followed only by the contrdisstate (cowdung) which produced 980 mL at the same.
Among the individual substrates pineapple showedthest potential producing 975 mL at the pegsrotiuction
(3 weeks). Microbial load was also found to be iirect correlation with biogas production. The highenicrobial
load (6.2 x 10 cfu/mL) was recorded in co-substrates followedcbydung (6x 16 cfu/mL) at the peak of
production period. Among the individual substrateighest microbial load was recorded in pineappe8&10*
cfu/mL) followed by orange (5.6xi@fu/mL) at the peak of production. The resultsthef study indicate the
potential of anaerobic digestion of fruit wasteslfiiogas production.

Key words: Fruits, Biogas, Anaerobic digestion

INTRODUCTION

From the beginning of industrial revolution, gloteiergy demand is rapidly increasing. In contréssil fuel
reserves are decreasing causing an increase igyemiéces [1]. Today, one of the major challengesriergy supply
for the future. Increase in population and unnmareil and uncontrolled urbanization is also creagirgplems of
solid waste disposal. Furthermore, effects of dlat@rming cannot be neglected anymore and carbateatent
policies have to be adhered to. In this contexteanbic digestion of biomass is gaining importaaselternative to
land filling practices and incineration. Using ardsc digestion, biomass can biologically be cotegrinto
methane and hydrogen [2]. One of the benefits ofguaaste in digestion processes is that the prediucethane
can be used as a fuel. The rest product, the égdestirry, also contains a high amount of nutriems can be used
as a fertiliser. Some of the most common applicatifor biogas include lighting, electricity, coo@inand
utilization as an alternative vehicle fuel [3]. Taeaerobic digestion process and production of amettronsists of
bacterial hydrolysis, acidogenesis, acetogenesisr@thanogenesis.

India produces 150 million tonnes of fruits and etadples and generates 50 million tonnes of wagtegsmum [4,
5]. Fruit wastes are created during harvestingispartation, storage, marketing and processing.tDukeir nature
and composition, they deteriorate easily and céusgesmell. Therefore it becomes necessary to adgvappropriate
waste treatment technology for fruit wastes to poedbiofuel and minimize green house gas emisgicomplex
microbiological process lies behind the efficiembguction of biogas. The organic waste treatedhim lbiogas
process represents the substrate for various migaasms. The more varied the composition of thgaoic
material, the more components are available fowtirpand thus the greater diversity of organisnas tan grow.
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In the present work, wastes from five commonly coned fruits viz. Orange, apple, pineapple, banam& a
Jackfruit, were evaluated for their potential imgcing biogas by anaerobic digestion under laboyatonditions.

The potential of fruit wastes to be used as sutestrior biogas production can achieve the goaldevEloping a
sustainable technology for waste management, pioglucenewable energy and reducing green house gas
emissions.

Objectives

The objectives of this paper are as follows:

1) To evaluate wastes of five types of fruits viz. Qye, apple, pineapple, banana and Jackfruit asipate
substrates for the production of biogas by anaerdigiestion.

2) To evaluate co digestion of five fruit waste typesits potential for the production of biogas.

3) To determine the microbial load at the point ofrgirag, at the peak of production and at the endetdntion
time for each digester.

MATERIALSAND METHODS

* Preparation of slurry

The fruit waste samples were grounded in a kitdhlender to make it as a pulp for reduction of péetsize and
proposed to be used as feed to the reactor andak€3C until use. 200 g of each of the five sudist was taken
and mixed with 1L water and each transferred tepmmate digester (S1 to S5). For the co-digestibg,of each of
the five substrates were taken and mixed with 1kewéS6). For the control digester (S7), 200g ofdong was
mixed with 1 L water and added to it.

e Startup of thedigesters

To each of the digesters, 400g inoculum consistihgre-digested vegetable wastes from kitchen awidang
collected from a biomethanation plant was addedt Was added the slurry of substrates. The digestere placed
in a constant temperature water bath and maintanedesophilic conditions (88) for start up of the process.
Mixing was done by manually shaking and swirlingein a day.

* Measurement of Biogas

Biogas production from the reactors was monitoradydupto 9 weeks by water displacement method. Gas
collection was observed in an inverted measuririnagr half immersed in water taken in a glass gioand a
flexible tube connected to the gas outlet of thgesdier was passed into the cylinder. The volumeatér displaced
from the measuring cylinder was equivalent to tblme of gas generated. The digester was complstzled and
then connected to the gas delivery setup. The ewpatal setup was then left for monitoring for @&aific time

period at an ambient condition until a decline &s groduction was observed.

» Comparison of the quantity of biogas produced from the different substrates

Comparison of the quantity of biogas produced aftdinite time intervals would be made from differsubstrates.
The retention time of the substrates and the amotifiogas produced would be analysed in anaerbhich
digestion process.

* Microbial analysis

Microbial analysis of each slurry was carried authe point of feeding, at the peak of producton at the end of
the retention timeTotal Viable Count for the fruit waste slurries watone according to the modified Miles and
Misra method [6] to determine the microbial load.

RESULTSAND DISCUSSION

Table 1: Average biogas production (in mL) from different substrates

Substrates No. of weeks

1 2 3 4 5 6 7 8 9
Apple (S1) 615 625 65% 640 628 618 6D0 590 580
Orange(S2) 655 66 700 690 688 6560 645 635 615
Pineapple (S3) 76% 878 975 900 850 820 765 [f00 (655
Banana(S4) 590 610 620 615 6Dp0 596 584 570 [555
Jackfruit(S5) 578/ 570 567 556 545 580 518 500 495
Co-substrates(S6) 80D 877 990 975 900 860 848 |8082 |7
Control(S7) 810 880 980 97p 889 855 845 195 790
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Figure 1: Average production of biogas by substratesVs. No. of weeks

Biogas production from substrates:
The quantity of biogas produced (in mL) from th&fedent substrates at different days is given im Tlable 1 and
Fig. 1

The biogas production recorded at 4 weeks was itffeest for the control (976 mL) followed succesiiay the
co-substrates and pineapple (975 mL and 900 mlpertively. In all the substrates used, the peagrofluction
was recorded at 4 weeks and then successively abmttaipto 9 weeks. At 9 weeks Jackfruit recordeddtvest
production of biogas (495 mL) while banana recorttedsecond lowest (555 mL).

Analysis of microbial load: The microbial total viable count revealed that thigrobial load steadily increased
from the point of charging upto the peak of prodrctand then decreased towards the end of theti@teperiod
for each of the substrates (Table 2). The microlmal at the peak of production was highest for ¢batrol
(6.2x1d cfu/ml) followed successively by co-substrates1@sfu/mL), pineapple (5.8xf0cfu/mL) and orange
(5.6x10 cfu/mL). The lowest total viable count was foundjackfruit which recorded 4.9x4@fu/mL at the peak
of production and 3xT(:fu/mL at the end of retention period (Table 2).

Table2: Microbial load of different substratesat the point of charging, peak of production and at the end of retention time

Microbial load (cfu/mL)

Substrates At the point | At the peak of| At the end
of charging | Production Of retention period

Apple (S1) 3.6x1D 5.4x10 3.8x1d
Orange(S2) 3.7x%0 5.6x10 4x10
Pineapple (S3) 3.8x10 5.8x10 4.2x1d
Banana(S4) 3.8x%0 5x10 3.6x10
Jackfruit(S5) 3.7x10 4.9x10 3x1d
Co-substrates(S6)  3.8x10 6.2x1d 4.6x10
Control(S7) 3.8x1D 6.0x1d 4.2x10

The fruit wastes could be potential substrates tfar production of bioenergy possibly due to theighh
biodegradability and high moisture content (75%-9Q% 8]. The codigestion of the fruit wastes ywddhigher
biogas and showed higher total viable count of aties than the individual fruit wastes. This is jllgsdue to the
higher concentration of volatile solid containedhis feed. Higher yield of biogas was recordethi co-digestion
of fruit and vegetable fraction of municipal solichstes with primary sludge than did the digestiérprdmary

sludge [9]. Cowdung slurry performed better thamitidividual fruit substrates. This is in agreemeith previous
findings recording higher yield of biogas from cawd than the fruit and vegetable wastes [10]. Therahial

count has been found to be directly related tabibgas production. This could be due to the capgluf bacteria,
particularly Clostridia and Bacilli, for efficientydrolysis of plant biomass rich in lignocellulofEl]. Finally,

codigestion of the fruit wastes with cowdung andsioly, with substrates rich in proteins having djdmffering

capacity, can be suggested. Advantages of co-ibggstocesses include increase in waste organd; kitution of

potential toxic compounds, improvement of nutrieatance and increase in biogas yield [12].
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CONCLUSION

The findings of this work indicate the potentialdf further research on the co-digestion of nitregeh substrates
with fruit and vegetable wastes for energy productnd environmental protection.
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