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ABSTRACT

The objective of this study was to characterize the anaerobic biodegrad-
ability potential of mango processing solid waste and its methane potential
(measured as methane yield) using different mass ratio of mango peel and
cow dung. A maximum methane yield of 3.581 m® CH,/Kg VS segrodes W3S
obtained at 8% TS and ratio of 1:10. Addition of cow dung led to faster
onset of biogas production and higher methane productivity. The reduc-
tionsin volatile solids in the entire BMP test were in the range of 96% to
98%. The specific gasproduction for mango peel washigher (5.3926 m*biogas
IKgVS_,,,and5.5093 m*biogas/ KgVS ) forthe 1:10ratio at 8% T Sthan
forthe1:2ratio 2.0342 m* biogasKg VS, ,and 2.4535 m® biogas/ Kg V'S
at 4% TS. Conseguently, the specific gas production for the mango pesel,
co-digestion with cow dung for the 1:10 at 8% T Swas higher, compared to
other values. This experimental result compared with anaerobic digestion
potential of MP and cow dung alone. The organic waste available from the
mango peel contains easily biodegradable organic matter and this contrib-
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uted to a better biogas yield. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Large volumes of solid wastes are generated by
thefood processingindustry annualy and consequently
theseresultsin severeenvironmentd impacts. Thusthe
solid wastesone of the seriousproblemsin developing
countriessituationsneed eco-friendly treatment options.
Thishasbecomeamaor environmentd issueinIndia
The sustainable option thusliesin thereuse of these
wastes by non-polluting and environmental ly benign
technol ogieswhiles multaneoudy deriving economicand

materia benefitsinthe process. Oneimportant option
for energy recovery isanaerobic digestion. Anaerobic
treatment cons stsof the decomposition of organic ma-
terial in the absence of free oxygen and this process
produces bi ogas enriched in methane, carbon dioxide,
ammoniaand traces of other gaseswithin thereactor.
Theanaerobic processwould be an economically at-
tractiveaternativefor thetreatment of different types
of fruit wastes such as orange peel¥, fruit and veg-
etable solid wastes?®!, pineappl e processing wastes'®,
appleprocessingwaste” solid potato waste® and many
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of thefruit peels. Through anaerobic digestion and
biogas production, these have great potential in cater-
ingfor theenergy demand, especidly inthesmall-scale
or local energy sector.

Fruit and vegetabl e wastes are highly biodegrad-
able wastes which represent a potential energy re-
sourcefor producing biogas by biological process*?
Normally presence of cellulosein substratessuch as
garbage and waste paper areinsoluble, but products
of cellulose hydrolysisare available as carbon and
energy sourcesfor other microbesthat inhibit envi-
ronmentsin which celluloseisbiodegraded and this
availability formsthebas s of many microbia interac-
tionsthat occur in anaerobic environmentsand area
good source of Bioenergy™™®- Increasing the propor-
tion of FVW from 20% to 50% improved the meth-
aneyieldfrom0.23t00.45m*CH,Kg*' VS and
caused thevolatile solid reduction to decrease dightly
with theloading rate maintained in the range 3.19-
5.01 kg volatilesolid per cubic meter per day (kgVS
mr3D1)U- The anaerobic digestion of different vola
tile solid mixtures of tomato-plant waste and rabbit
waste shows that the methane production increases
when thevolatile solid concentration of tomato-plant
wasteincreasesin the mixture. The addition of the
tomato plant wasteto thelatter in proportion higher
than 40 percent improvesthe methane production ob-
tained from the animal waste alone*?. Thethermo-
philic digestion of industrial orangewaste mixed with
municipa solidwastein acontinuousstirred tank reac-
torscan produceamethaneyield upto 0.6 m*CH /Kg
V Sfor both mixtures of 30-70% and 20-80% OP and
MSW respectively. Thisresearch wasrelated to the
utilization of anima and agricultural wastesfor biogas
production whichisoneof theaternativeenergy. The
bio-methanefrom agro industry wastei.e. mango pesl
waste, awaste materia of the mango pulpindustry, is
of great interest asarenewableenergy carrier that could
be used for heat and/or power generationt?.

Inthis context, this present work wasto study the
effect of different mixtures of solid wastes of mango
processing industry with cow dung for an anaerobic
batch digestion processat mesophilictemperaturesand
also find amassratio at which an effective methane
production would be attributed and to obtain the data
on thedegradation ratein themesophilic range.
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MATERIALSAND METHODS

Anaerobicdigestion experiments

All theexperimentswere conducted in 0.5 serum
bottlesincubated at 35+2°C. The active volume of re-
actor was0.3 1. Anagrobic conditionswere established
by flushing thebottleswithaN,:CO, mixture 75:25 %
for 3to 4minutesand bottleswere sealed immediately
with rubber stoppers. The outlet in the stopper was
used for collecting biogas by water displacement
method. Every serum bottleswas seeded with 20 ml of
theinoculums. Alkdi wasadded tothedigester tomain-
tain neutral pH which might drop dueto VFA genera-
tion. The C/N weight ratio of the organic matter was
adjusted to 25:1 using urea, asthisistheoptimumratio
for maximum microbial activity® Sincemango ped is
deficient in nitrogen, thefeed wasdways supplemented
with 2% ureaby weight of total solids. Methanogens
have specific growth requirement for iron. Hence one
gram of Fecl , was added to the each bottle. After the
addition of substrates, water was added to the serum
bottlesto makethefina % total solids.

Characteristicsof feed stock

Solidswaste (mango peel) was collected fromthe
mango pulp processing industry located near
Dharmapuri, Tamil Nadu. Mango peel was sundried
for 30 daysground to fine particlesusngagrinding mill
and screened through pore size of | mm. Fresh cow
manurewas procured fromtheloca animal farmsdi-
rectly and dwaysfrom thesamecattlefarmin order to
ensure as uniform feed characteristicsas practically
possible. The sampleswere stored at room tempera-
tureuntil use. The properties of feed stock are shown
iINTABLE 1. Thedigesterswereinitially charged with
cow-dung durry diluted with water in the proportion of
4:5 together with a 10% inoculums obtai ned from pre-
digested cow dung. It was added to the each reactor to
initiate the digestion. The massratio of cow dung to
mango ped inbatchsudieswere1:1,1:2, 1.5, 1:10,1:15
& 1:20. For each set of massratiosthe digestion mix-
tureshad fina concentrations ranging from 4%, 6%,
8%, 10% & 12%.

Analytical methods
Totd solids, volatilesolids, VFA (seamdidtillation

ey Snoivonmental Science

Hn Tndéan g%wumé



322

Curremnt Researeh Paper ==

TABLE 1: Characteristicsof themango ped, Cow dung and
I noculum (predigested cow dung) used intheexperiments
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TABLE 3: Properties of digestion mixtures at the end of
experiments

Characteristics (%) M ango peel Cow dung
Moisture 08.2 84.68
Tota Solids 91.8 15.32
Volétile Solids 92.3 775
Ash 07.7 225
Cellulose 6.0 25.0
Hemi cellulose 17.62 19.3
Protein 4.0 15.
Lignin 12 14.25

TABLE 2: Properties of digestion mixtures at the end of
experiments

Ratios of pH (mAg”éaa"cn(')ZL)

CD:MP 4% 6% 8% 10% 12% 4% 6% 8% 10% 12%
11 69 71 67 72 69 6200 6700 8600 6000 7600
1:2 68 46 64 63 64 8500 5350 8750 9150 9700
1.5 7 68 66 64 6.1 5600 6250 6600 7850 8600
1:10 75 72 65 71 7 3500 4600 5000 6000 8100
1:15 69 69 72 65 6.7 3200 3400 4000 4600 5000
1:20 72 67 72 73 6.8 4600 4600 4400 4600 5200

method) and pH, cellulose, Hemi cellulose, Ashwas
determined by standard methods as described in the
methods of APHA™! Thetotal volumeof gasproduced
was measured at afixed time in each day by water
displacement method - Gas sampl eswere collected
by gassamplinginjector and asampleof 1 ml wasused
for each run. The biogas composition was determined
using gas chromatograph with a packed column and
thermal conductivity detector (TCD), using aPropak
Qcolumn.

RESULTSAND DISCUSSION

BM P results of mango peel used

Althoughthereisnot asngleutilization processthat
can provideacomplete solution to themango ped dis-
posal problems, anaerobic digestion of MP offerses-
sentidly atwofold benefit in solving the potentia pollu-
tion problems. MPwas cons dered to beachegp source
for the supplementation of some nutrientsneeded dur-
ing the anaerobic digestion. BM Ptest inthispart of the
study wereaimed at demonstrating the anaerobic di-
gestion potentia of MP and cow dung aloneasarefer-

. VFA (mg/L)
Ratiosof CD:MP

4% 6% 8% 10% 12%
11 288 344 376 428 456
1:2 368 388 420 448 500
1.5 480 620 688 716 744
1:10 472 516 612 736 868
1:15 488 516 540 552 568
1:20 496 528 544 512 560

enceline. The Specific biogas production for mango
ped aoneat the end of the study in serum bottleshav-
ingtotal concentrationsof 6%, 8%, 10% and 12% were
measured to 0.6487 m*¥Kg VS .., 0.6563 m¥Kg
VS . 0.4718m*KgVS_,,_ and0.3633 m*KgVS
g "ESPECtiVElY. Thecumul aive bi ogas production was
amost completeinthefirst 15 dayswithout any indica
tion of lagtimeor inhibition. For highest total solid con-
centration, initially biogas production seemed to dow
down for about 7 days, but afterwards biogas produc-
tion continued withno sign of inhibitionresultingtoa
total biogas production of about 921cm?.

Effect of co-digestion of mango ped with cow dung

The gas production by the various massratios of
cow dung and mango pedl isshowninfigurel. These
show thedegree of similarity that isachieved. Taken
overdl, theresult suggest that, based purely onthe gas
production, MPisthemost successful for co-digestion
with cow dung whichiseasly available substratesin
local area. MPwithmassratioof 1:10 & 1:15and 6-
8% TS can bethought of asmaterid swhichwould give
an gppreci ableenhancement ingasproduction. Itisim-
portant to consider the rates at which the gasis pro-
duced. Thedigesterscontaining 6-8% TSmixturespro-
duced gasat ahigher rate than the cow dung control.
These digestions exhibited lag periods. Thedigesters
containing minimum % TS exhibitsthelag period of
8dayshbut themassratio of 1:10 hasminimum lag peri-
odsof 4days. Although thereisno apparent reason for
the control samplehavingalag period, itisreasonable
to supposethat the additional 1agtimeswhich occurred
with co digestion were due to some characteristics of
themango ped waste.

Aswedll asgenerating biogas, anaerobic digestion
should reducethe V'S concentration of the solids. A
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Figurel1: Cumulativebiogasproduction with digestion periodsat different mixingratios(1:1,1:2,1:5,1:10& 1:15) of 4%,

6%, 8%, 10% & 12%TS

reductioninthevolatile solids concentration did occur
inal thedigestions. Although thereweresomeextremes
ingeneral, thereductionswerein therange of 93%to
98%. But thisshowsthe higher reductionsinthevola
tilesolids, when compared well withtheV Sreductions
which have been reported by other workersexamining
digegtion. Fromtheresultit isevident that when mango
ped was mixed with cattledung, it caused higher meth-
ane content in biogas from the batch biogas digester
than that of cow dung alone, whilelower quantity of
gasevolved from the mango peel doneasasolesub-
grate. Thisisdueto thenon availability of cellulolytic
and methanogeni c microorganismsin themango peel
whichisessentia for biomethanation.

The cumulative methane production for different
massratio digested asmixturesduring co-digestion are
showninfigure 1. The highest accumul ated methane
production was 4.4755 | CH, for 10% TS and 1:10
Massrétio and thelowest methane productionwas 1.14
| CH, for 10%TS and 1:1 mass ratio. All the co-di-
gested mixtures performed better than the mango ped
digested separately intermsof methaneyield. Themeth-
aneyield ranged from 0.3789t0 4.88531 CH,/gVS
added withthelowestin 10% TSand the highestin 8%
TS. Compared withthemethaneyield of 0.39381 CH,/

gV Saddedfor the anaerobic digestion of Mango pedl
waste al one, co-digestion of mango peel wastewith
cow dung enhanced methaneyield up to 90%. Thegas
composition reached amaximum of 94% CH, during
co-digestion (datanot shown). The propertiesof the
co-digestion mixturesat theend of theexperimentsare
givenin TABLE 2. None of the co-digestion batches
wasacidified. Therewasno differencebetweentheini-
tia andfina pH and PA values after 50 daysof diges-
tion. ThepH and PAwasintherange 6.4 - 7.0and 3.5
- 8.7 g CaCQO,//l indl the combinations of mango pee!
waste and cow dung and similar to that of the control.
Theammonium-nitrogenincreased fromtheinitia vaue
of 0.7to 1.1 g/l inal theexperiments. Thetotal VFA
accumulationinsdethesystemwaslow, i.eintherang-
ing from 344 mg/L to 736 mg/L (Tableno.3). Thispar-
ticular phenomenon isacommon indication of agood
VFA utilization by the methanogensfor methane pro-
duction % In addition, theavailableakdinity isalso
adequateto buffer thetotal VFA accumulationinthe
system, asindicated by low VFA: Alk ratio of between
0.04-0.11. NegligibleVFAswere detected at theend
of the digestion period in any of the co-digestion or
control runs. However noinhibition appeared intheco
digestionstudies.
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Thesnglewastesand mixturesof wasteswerestud-
ied with regard to methane productionin batch assays
for aperiod of 50 days. Co-digestion of potato waste
and sugar beet leavesimproved the methaneyield by
70-80% compared with that from batch digestion of
mango peel waste alone and cow dung alone. The
marked increasein the methaneyield could bedueto
positivesynergism establishedinthedigestionliquor and
the supply of additiona nutrientsby the co-substrates*e-
Thisisinagreement with an enhancement of about 60%
inmethaneyield observed in studieson co-digestion of
industrial confectionery wastewith cow manureina
farm-sca ebiogas plant™- Theincreased methaneyied
could aso bedueto animproved C:N ratio and FeCl,,
intheco-digestion. The C:N ratiosof the co-digested
mango ped wasteand cowdung, which ranged between
28 and 32, are within the values required for stable
anaerobic digestion of organic waste®% Thewell-
bal anced anaerobic digestionin the co-digestion was
also evidenced by the absence of VFAS, neutral pH
and good PA, observed at the end of the digestion pe-
riod. Jenkins et al . reported that the PA should be
above 1.2 g CaCQO,/| for stable operation. The high
ammonium-nitrogen concentrations contributed tothe

high buffering capacity.
CONCLUSION

Theuseof mango peed asco-digestateswith cattle
durry produced anincreasein themethaneyield, com-
pared with that of acontrol digestionusing cattledurry
alone. The periodic examination of theeffluent also
showed acharacteristic pattern and the pH and VFA
were always in the range of 6.4 to 7.20 and 700 to
1200mg/lit. respectivel yi. The concentration of VFA
(asacetate) and thea kalinity (as CaCO,) determined
intheeffluent wereon an average 310 and 1220 mgy/lit
respectively, indicating stableanaerobic digestion con-
ditiond?. For stabledigestion, it isimperativethat a
satisfactory ratio be maintained between VFA and al -
kdinity levels. Theresultsof thistrid suggest that mango
wasteisamenableto anaerobic digestionwith cow dung
at lab scale. Thistria was short of duration (50 days)
and mango waste material used may have beentruly
representative of materia whichwould beused at full
scale?,
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