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ABSTRACT KEYWORDS
Sustainable renewabl e biohydrogen fuel is produced by microbial conver- Cow dung;
sion of acid hydrolysed cellulose rich microcrystalline betel nut (Areca Biohydrogen;
catechu) shells enriched with cow dung. Gram positive, rod shaped, mo- Betel nut;
tile, obligatory anaerobic, spore forming, catal ase test negative, indoletest Microcrystalline cellulose;
positive, methyl red test positive, Voges-Proskauer test negative, citrate Acid hydrolysis.

test negative, cellulase producing, sulphate reducing organism that utilises
glucose, fructose, lactose, and sucrose with acid and gas were isolated
from aging cow dung collected from South Kanara district, and the strain
identified as Clostridium acetobutylicum was used for subsequent study.
Celluloserich microcrystallinebetel nut shellswere hydrolysed by 0.5, 1.0,
1.5,2.0,2.5, 3.0,4.0 and 5.0% of either sulphuric acid or hydrochloric acid.
Hydrochloric acid at 5% for 2 hourswas efficient in hydrolyzing cellulose
compared to other asit produced highest percentage of glucose of 0.23g/
ml. Acid hydrolysed microcrystalline betel nut shell and pulverized dry
aging cow dung at the ratio of 1:1, 1:2 and 2:1 were sterilized by
Tyndallisation method, and inoculated with 100mL of culture broth of
Clostridiumacetobutylicum per 1000 mL of themixture. Hydrochloric acid
hydrolysed microcrystalline betel nut shell at 5% and pulverized dry aging
cow dung at the ratio of 1:2 inoculated with culture of Clostridium
acetobutylicum produced hydrogen gas of 260 mL/g, hence has a poten-
tial to produce biohydrogen. © 2011 Trade SciencelInc. - INDIA

INTRODUCTION produced. Biohydrogenisapotentia biofuel produced

commonly by bacteriathrough number of biological

Biohydrogen asafuel isafascinatingway topro-  process using waste organic materids. Since hydrogen
vide asustainable renewable energy source, asonly  gasismuch lighter than air, it risesfast to quickly gect
byproduct of reacting hydrogen with oxygeniswater  from theatmosphere, and hencenot foundintheearth.
and no carbon dioxide or other greenhousegasesare  However, thisiscompounded with other lementssuch
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aswater, methane, coa and petroleum. Growing bio-
massisthe good source of hydrogen and thisenergy
carrier hasthe highest energy content of any common
fuel by weight that isabout threetimesmorethan gaso-
line, but thelowest energy content by volumethat is
about four timeslessthan gasoline. Even though hydro-
genisnot presently been used widely asan energy car-
rier, it haspotentia asan energy carrier inthefuture.

Hydrogen can be produced from variety of re-
sources such aswater, fossil fuels, or biomassandisa
byproduct of other chemical processes. Hydrogenis
generated intheindustry from fossil fuel sby steam
reforming and the electrolysis of water produces hy-
drogen at apricethat isalways affected by the cost of
theavailabledectricity. Hence, utilisation of abundantly
available cheap cdlulosewastesfor bacteria produc-
tion of hydrogen gashasagreater potential in over-
coming thisdifficultiesand al so hel psusto reducethe
environmental burden. Microorganisms such as
Cyanobacteria spp., Clostridiumspp., Rhodobacter
sphaeroides and Enterobacter cloacae are known
to produce bi ohydrogen. Of which biohydrogen pro-
duced from organic waste material s by microorgan-
isms such as Clostridium spp. to reduce oxidized
substratesisapromising aternative asasustainable
energy sources™. Hydrogen production using cellu-
lose hasreceived lots of attention of recently because
of itsabundancein earth and potentialsof hexoseand
pentose sugarsof the cellulosic material for the pro-
duction of fuel. Such cellulosic material s abundantly
availablein nature can be degraded by microbial con-
sortiaconsisting of cellulolytic and non-cellulolytic
bacteriadepending on the substrate. Hydrogen pro-
duction from cellulosesisacomplex task, asweneed
to have acombination of high-active cellulose-hydro-
lyzing bacteriaand hydrogen-producing bacteriafor
synergistic hydrogen production, andin naturedl highly
efficient hydrogen-producing organismsareeither none
or low-cellul ose-degrading fermentative bacteria?.
Thiscomplexity can be overcome by hydrolyzing cel-
lulose by acids such assulfuric acid and hydrochloric
acidtofacilitate the subsequent production of hydro-
gen by hydrogen-producing bacteria?.

Lay™ investigated the potential of producing hy-
drogen frommicrocrystalinecdlulose under mesophilic
digestion condition using heat-shocked digester (HSD)
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sludge, and he concluded that Clostridiumspp. was
the predominating hydrogen-producing bacteriainthe
HSD sludge and the hydrogen percentage in the
headspace of the digesterswas greater than 50%. He
further stated that methanogenesiswas observed and
hydrogen significantly inhibited the hydrogen-produc-
ing activity of dudgewheninitia microcrystdlinecdlu-
lose concentrations exceeded 25g/L. Lo and others®
reported that mixed culture of cellulosic-hydrolysis
sludge and Clostridium pasteurianum produced 1.09
mmol of hydrogen per gram of cellulosefrom 10g of |-
1 carboxymethyl cellulose. Ren and others® produced
hydrogen from cellulose at rate of 272 ml/g cellulose
(2.09 mol/mol-hexose) at substrate concentration 10 g/
| by the cow dung compost enriched continuously in
defined medium containing cdlulose, and heconcluded
that cow dung compost enriched cultureswereided
microflorafor hydrogen production from cellulose.
Biomethanegasproductionisvery popular and suc-
cessstory in the villages of Western Ghat. However,
hydrogen has been considered as one of the most po-
tential energy for thefuture, asin onehand it produces
only water upon combustion, and ontheother handitis
advantageous with respect to the energy security and
environmentd protection. Biohydrogen productionfrom
renewabl e aging beetle nut shell wastesavailable abun-
dantly in thevillages of Western Ghat, andisbeenan
exciting areaof bio-energy production becauseof its
environmenta friendly and energy saving process. The
bio-conversion of aging beetlenut shell wastesinto hy-
drogen is challenging to us because of its complex
chemical structuresand hard biodegradation. Mg ority
of study on hydrogen production, areconfinedtousing
pure carbohydrates and carbohydrate-rich wastewa
ter or straw that iscommonly used asfeed. No work
hasbeen doneon pretreated aging beetlenut shell wastes
enriched with cow dung manure asasourceof hydro-
gen. The pretreatment of aging beetlenut shell wastes
playsavitd roleintheeffectiveconverson of celulose
or cellobioseinto cdllulose hydrogen by mixed culture3.
Theanaerobicatmosphereisbendficid totheenzymatic
hydrolysis of beetle nut and the hydrogen production
using microfloraisolated from aging cow dung. Hence
thiswork hasgreat potential asit generates employ-
ment, producesenvironmentd friendly fud , efficient, and
additiond incomefor thevillagefolks. Inthisstudy, we
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havehydrolysed microcrysalineceluloseof Beetlenut
shellsby acid trestment and product of thisisused asa
basethat inturn enriched with the cow dung to product
hydrogen us ng hydrogen producing bacteriaisol ated
from thecow dung availableinthe DakshinaKannada
Didrict.

MATERIALSAND METHODS

Materials

Aging cow dung manurewas collected from the
villages near the Western Ghat of DakshinaKannada
Didtrict. Dried beetle nut shell sampleswere collected
from the same villages after cutting opening thedried
beetle nutsto separate theinner nuts. Standard buffer,
chemicasandingredientswere of anayticd gradeand
were manufactured by Merck Ltd (Mumbai, India).
Glassware used for the present study was manufac-
tured by Borosi| (Mumbai, India).

Collection of samplesand isolation of microor gan-
isms

Aging cow dung and aging beetle nut shells col -
lected from these villagesweretransported in sterile
containersin aseptic condition to thelaboratory with
thelag period not exceeding four hours. 1 g of aging
dry cow dung sampleswere suspended inasterile 10
mL of culturemedium and incubated at 70°Cinwater
bath for 10 minutesto inactivate vegetative cellsfor
counter selecting against non-sporeformers. Thetubes
were subsequently incubated for 24 hoursat 37°Cin
an anaerobic jar. Samples having gas production and
increased turbidity were re-incubated for 96 hours at
37°C and checked daily for growth and gas produc-
tioninsugar mediumwith Durham’s tube, and biochemi-
cd testswere performed toidentify theisolates”.

Pretreatment of celluloserich betel nut sample

Thepretrestment of aging beetlenut shell feedstock
enriched with cow dung manurewill be essential for
adequate conversion of thecelluloseinto biohydrogen.
Dried aging beetle nut samplesweredisintegrated into
coarsepowder usingwarring blender (Philips, Bombay).
Cédluloserich beetlenut sdlswerehydrolyzedinto cel-
lulose hydrogen by treatment with 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 4.0 and 5.0% by sulphuric acid or hydrochlo-

ric acid at ambient temperature. Acid hydrolysiswas
carried out by adding 10g of microcrystalline betel nut
into 100 mL of sulphuricacid or hydrochloricacid main-
tained at the predetermined level of 0.5, 1.0, 1.5, 2.0,
2.5,3.0,4.0 or 5.0% in tightly capped containers at
ambient temperaturefor 2 hours. Hydrolysisisstopped
by neutralizing the acidsby dightly reversing the pH
withtheaddition of predetermined quantity of concen-
trated potassium hydroxide solution, and the quantity
was noted down for subsequent estimations. Hydro-
lyzed beetlenut samplesweresterilized by Tyndalisation
method, where solution wasfree steamed for one hour
onfirst day and for thirty minuteson the next two suc-
cessivedays.

Production of biohydrogen usngcdluloserich bete
nut samples

Biohydrogen was produced in anagrobic condition
inbatch cultureusing serilized microcrystaline beetle
nut shellsfeedstock enriched with cow dung manureat
1:1, 1:2 or 2:1 proportion. Sterilized microcrystaline
beetle nut shells feedstock enriched with cow dung
manureat different combinationswere sterilized before
further processing by Tyndalli sation method, where so-
lution wasfree steamed for one hour onfirst day and
for thirty minutes on the next two successivedays. Gas
produced is collected in the collector and measured.
Production of biohydrogenwasestimaiedusngasmple
test, as biohydrogen hasno color or smell, hasno ef-
fect onmoist litmus paper or moist universal indicator
paper, and burnswith typical ‘pop’ sound.

Proximateanalysis

Sampleswerecollected and andysedintriplicates.
Microbiologica methodswereperformed asper APHA
method”. Carbohydrate such as glucoseisestimated
by Dinitrosdicylic acid method®. Gram staining, motil-
ity test, indoletest, catalase test, methyl red, Voges-
Proskauer test, citratetest, cellulasetest, hydrogen sul-
phide production test, carbohydrate utilisation test, hest
resistancetest and glycerol utilisation test were per-
formed on bacterid isolates?. Glasswareand prepared
mediaweresterilized usingmoist heat at 121°Cfor 15
minutes (ELECO, Cochin). Petri dishes, flasksand pi-
pettes were sterilized at 180°C using dry heat for 1
hour inahot air oven (Rotex, Kerala). Nutrient agar
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and brothused asculturemediaweresterilized at 121°C
at apressure of 15 Ib in moist heat for 15 minutes.
Samplepreparations, plating were performed inlami-
nar air flow filter hood (Kemi Labs). Standard |abora
tory practiceswerefollowed to avoid contamination
rsk.

Satistical analysis

One- and two-way ANOVA was performed using
Statographics 2.1 (STSC Inc., Rock vile, and MD).
Thedifferencein meanswasanalyzed using aTurkey
HSD test (p<0.05).

RESULTSAND DISCUSSION

| solation and char acterisation of microor ganisms

Agingdry cow dung collected fromthevillageswere
transported to the laboratory and incubated at 70°Cin
water bath for 10 minutesto destroy vegetativecells
for counter selecting against non-sporeformers. These
sampleswereinocul ated on nutrient agar and cultures
wereincubated at 37°C for 24 hoursin an anaerobic
jar. Threedifferent types of strainshaving gas produc-
tioninsugar mediumwith Durham’s tubes and increas-
ing turbidity wereisolated and re-incubated at 37°C
for 96, and checked daily for growth and gas produc-
tion in sugar medium. These cultureswere purified by
single colony isolation and incubated on agar plates
under strict anaerobic condition at 37°C for 12-15
days. Suchisolateswere characterised to identify the
gasproducing strains, are presentedinthe TABLE 1.
Clogtridia formswerere-streaked for purification and
re-tested for gas production and sporeformation.

Thecoloniesof theisolated purestrain weremostly
circular todightly irregular, whole, raised, and dull in
gppearance, gram positiverods, sporeforming, motile
insemi-solid agar, obligatory anaerobic, non-hydrogen
sulfidereducing, and showed growth optimum of 60°C,
and accordingtothiscriteriaall thethree strainswere
behaved likemember of Clostridia. Along with this,
strain-1 was only indole positive and identified as
Clostridium acetobutylicum, Strain-I1 only utilised
glycerol ascarbon sourceand identified asClostridium
butylicum, and Strain I11 was neither showed positive
indoletest resultsnor utilised glycerol ascarbon source
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TABLE 1: Biochemical testsfor differentiating strainsiso-
lated from aging cow dung

Tests Strain-I Strain-I1 Strain-11
Gram staining Grartr; agﬁﬁitive Grartr: azﬁﬁitive Grartr; agﬁﬁitive
Spore forming + + +
Motility + + +
Catalase
Indole +
Hydrogen sulfide reduction
Methyl red + + +
V oges proskauer
Citrate
Cellulase + - +
Hea sability orzominfor2omin  for omin
Glucose  Acidand Gas Acid and Gas Acid and Gas
Sugar Sucrose  Acidand Gas Acid and Gas Acid and Gas
utilisation | aotose Acidand Gas Acidand Gas Acid and Gas
Fructose =~ Acidand Gas Acid and Gas Acid and Gas
Glycerol utilisation - +

and wasidentified asutilised glycerol ascarbon source
and wasidentified as Clostridium beijerinckii. How-
ever, dl thestrainsproduced acid and gasin the sugar
test within 24 hours. The strainsthat grew and pro-
duced gasin sugar medium within 24 hourswere con-
sidered as better source for the production of hydro-
gen than those that showed sameresultslatter than 48
hours. Keeping within the scope of the present work,
only thestrain Clostridiumacetobutylicumisconsid-
ered for the subsequent work.

Acid hydrolysisof microcrystallinebetel nut shells

Cdluloserich beetlenut sellswere hydrolyzed by
treatingwith 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 and 5.0%
sulphuricacid or hydrochloric acid a ambient tempera-
turein atightly capped containersfor the period of 2
hours. At theend of thisprocess, mixtureisneutraized
by adding predetermined quantity of concentrated po-
tassium hydroxide solution, and was sterilized after neu-
tralization by Tynddlisation method, where solutionwas
free steamed for one hour on first day and for thirty
minutes on the next two successive days. Percentage
of the glucose produced by this processis estimated by
Dinitrosaicylic acid method®; keeping inmind thedi-
|ution occurred during the neutralization process. Con-
centration of glucosein either sulphuric acid or hydro-
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Figurel: Percentageof gluocosein acid hydrolysed micro-
crystallinebetel nut shells

chloric acid hydrolysed samplesisrepresentedin the
figure 1. Percentage of glucose availablein acid hy-
drolysed mixtureincreased (p<0.05) withincreasein
the concentration of either sulphuric acid or hydrochlo-
ricacid. Two hoursdigestion of microcrystalline betel
nut shell at 0.5% of sulfuric acid produces0.02 g/ml of
glucoseor at 0.5% of hydrochloricacid produces0.05g/
ml of glucose, and on the other hand two hoursdiges-
tion of microcrystallinebetel nut shell at 5% of sulfuric
acid produces0.23 g/ml of glucose or at 5% of hydro-
chloric acid produces0.14 g/ml of glucose. Hereit is
interesting to notethat up to 2.5% sulfuric acid is ef-
fective (p<0.05) in hydrolyzing celluloseto glucose
compared to hydrochloric acid, but beyond 2.5 %
hydrochloric acid iseffective (p<0.05) in hydrolyzing
celluloseto glucose compared to sulfuric acid. At 5%
hydrochloric acid production of glucosewas 1.64 folds
greater compared to 5 % sulfuric acid, however at
0.5 % sulfuric acid production of glucosewas 1.66
foldsgreater compared to 0.5 % hydrochloric acid. It
isvery important to note herethat unlike bacteria cel-
lulosedegradation, acid hydrolysisof thecdluloseinto
glucose can be manipul ated by varying the concentra-
tion of the acids and type of acid. However, much
work hasto be doneto establish concrete resultsin
this regard. Glucose produced here is the starting
material for the production of hydrogen. Microcrys-
talline betel nut shellshydrolysed by 5% hydrochloric
acid for two hourswill be used for subsequent pro-
ng.

Formulation of biomassand production of biohy-
drogen

Conversion of glucoseinto product such ashydro-
gen by Clostridium acetobutylicum isvery interest-

ing, because theraw material used for doing so abun-
dant and renewabl e, thewholeworld will be depending
onthisfor food, fuel and chemical suppliesinfuture.
Pulverized and hydrolysed bete nut shellsand cow dung
atheratioof 1:1, 1:2 and 2:1 wereair tightly packed in
the 1000mL Erlenmeyer flask, plugged by cotton and
were sterilized by Tyndallisation method, where solu-
tion wasfree steamed for one hour onfirst day and for
thirty minutes on the next two successive days. Each
flask wasinocul ated with the 200mL of culturebroth of
Clostridium acetobutylicum, and connected to
biohydrogen production unit and incubated at ambient
temperature on successivedays. Hydrochloricacid hy-
drolysed at 5% microcrystalinebete nut shellsand cow
dungat theratioof 1:1 1:2 and 2: 1 inocul ated with cul-
ture of Clostridium acetobuty- licum produced hy-
drogen gas of 220 mL/g, 260mL/gand 216 mL/g, re-
spectively. Inthe present study productivity isnot that
high. No concrete (p<0.05) conclusions can be made
out of theformer result, andto arrivea conclusivere-
markswe need to makelotsof work.

CONCLUSION

Biohydrogen isthe energy of thefutureasitisa
clean energy source with high energy content. Even
though microorganism can convert cdlluloseinto glucose,
acid hydrolysisispromising method asit can be ma-
nipulated by varying the concentration of acid and type
of theacid a room temperatureto improve productiv-
ity. Inonehand, 5% hydrochloric acid was effectivein
produci ng glucose compared to 5 % sulfuric acid, and
ontheother hand at 0.5 % sulfuric acid waseffectivein
the production of glucose compared to 0.5 % hydro-
chloricacid. Beetlenut shelsareabundantly availablein
South KanaraDistrict of Karnataka State as awaste
product that can be enriched with cow dung to produce
biohydrogen. However, much work hasto bedoneto
arrive at a conclusion to improve the state of art
biohydrogen production asasustainableenergy source.
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