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ABSTRACT KEYWORDS
Mixed fungal pretreatment of caster seed cake was carried out and then Anaerobic digestion;
introduced in acclimatized seed for biogas production. It exhibited acon- Caster seed cake;
siderable biogas production yield on caster seed cakewith 10% TS. Fun- Acclimatized seed;
gal pretreatment followed by autoclaving failed to boost biogas produc- Fungal pretreatment;
tion. Acclimatized seed used in this study served as enriched microbial M ethane;
consortia and water-soluble nutritional factors for enhancing the Biogas production.

biomethanation process. The maximum biogas production volume and
productionyield were 105 L and 0.190m%Kg TV S added with 53% meth-
ane content respectively. The highest percentage of TS(79%) reduced at
36d in digester with 15%. No critical fluctuationsin pH, acidity and total
volatile acids until the course of digestion reported. COD destructionin
digested dlurry reached maximum to 60%. Soluble sugars and soluble
proteins amost disappeared in feedstock at the end of digestion. The
degradation rate of hemicelluloses was greater than cellulose. In 10%
caster seed cake, nitrogen content disappeared maximum in digester in
acclimatized seed. Thus, in accordanceto all the experimental data, sug-
gested anaerabic digestion of caster seed cakein acclimatized seed could
be suitable for large scale biomethanation process.

© 2007 Trade SciencelInc. - INDIA

INTRODUCTION domestic community and industrid digestersof Khadi

and Village IndustriesCommission(KVIC) and Janata

Anaerobicdigestionisabiologicd process, inwhich  (Chinesetype) havebeenimplemented using cattledung
bacteriadecomposeorganic materid toyieldbiogasin  asafeedstock!¥. Dueto shortage of cattledung, more
absence of oxygen. Indiais apioneering country in  research activitieson searching aternative feedstock
biogas production. During the last fifty years, many have been engaged. Morethan 1000 million tones of
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agro-industrial, biomass, and food processing wastes
areavaladleinIndia out of whichlignocdluloscwastes
derived from cereals, pulses, oil seedsand plantation
cropsaccount for 318 milliontons?. Among agro-in-
dustrid resdues, ail industrid by-productslikegroundnut
shell and caster seed cake are occupied demand status
to convert to bio-fuel ascompensating electrical need
inindustrid sectors.

Anaerobic digestion hasgained importancenot only
asatechnology of wastetreatment, but aso for energy
production in the form of methane®. However, the
physical and chemical propertiesof feed materiasaf-
fect their rate of bioconversion® during anaerobic di-
gestion. Mushroom compost®®, fungal digested (As-
pergillus, Penicillium, Sporotricum) agro-industry
wastes®"l, microbial pretreated wheat bran®, chemi-
ca pretreated plant material ¥, and fungd pretrested
oil-industry wastes'® have dready studied inthevision
of enhanced biomethanation. Acdimétizationisthepro-
cess of organism being forced to adjust to changein
their environment. Neverthe ess, thecombination of fun-
gd pre-digestion and acclimati zation strategieshave not
doneyet. Since, the present paper demonstrated the
feasibility of considering caster seed cake asfeedstock
inbatch digester and the advantageous of acclimatized
seed on biomethanation aswell asanaerobic digestion
of organic congtituents.

MATERIALAND METHODS

Feedstock preparation

Caster seed cakewas collected locally and dried
at room temperature. It was powdered and sieved by
passing through a standard sieve to make as 0.5mm
size. It wasdried at 105°C for 5-7 h in oven before
biomethanation.

Fungal pretreatment

100g caster seed cake(0.5mm mesh) was placed
in2L Erlenmeyer flask moisturized with distilled water
and gterilized at 121°C for 30min. Theflask wasinocu-
lated with mixed fungal spore suspension (Aspergillus
conidiospores) and thenincubated at 30°C. After 10d
incubation, fungal biomasswasblended with caster seed
cakeand dried at 100°C for 6h.
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Acclimatization process

Buffalo dungwascollected localy and mixed with
tap water(1:2 ratio). After blending withtap water this
mixturewasintroduced in 5L bottledigester and then
incubated at 38°C. The digested dung slurry wasre-
covered sequentially by replacing with feed material
(0.5mmgize). It was acclimatized with caster seed cake
for 3months.

Biomethanation process

Batch digestion wasconducted in laboratory scale
glassreactor with 15% of fungd predigested feed stock
with 10% of the predigested slurry. Inthemeanwhile,
caster seed cake(with 10 and 15 %) wasloaded in 5L
digestion bottle. 4L of above acclimatized seed with
less than 0.2% TS was added into each digester in-
stead of tap water. The predigested buffalo dungwas
collected from our biogas plant(25m?®) and centrifuged,
and thenfiltered through aglasswool column. 1%(with
1% TYS) of this seed culture was used to start-up the
anaerobic digestion process. All digesterswereincu-
bated at 38°C for 40d.

Gasmeasur ement

The gasproduction was measured daily by raising
volumeof acid saline(pH 4, 20% NaCl) inagradually
marked aspirator bottle*Y and weekly average was
calculated for volume of biogas production expressed
asL/Kg TSadded.

Congtituent analysis

Total solidsindurry andtotd acidity andinorganic
phosphorusinfiltrateswere andyzed by standard meth-
0ds*2. Organic carbon and total nitrogenin biomass
were determined by Walkely and Black method and
kjeldhal method, respectively*¥. Cellulosewas mea
sured by Updegraff method(1969)™4. Hemicellulose
indigested(4g) dried solidwasstream didtilled with 0.01
N HCI. Thepooled distillatewas precipitated with 0.7%
phloroglucinol reagent for 12h and precipitatedried at
105°C, 12h. The percentage of hemicellulosewas cal-
cul ated asdry weight basi saccording to Krober’sfor-
muld™. Thesolublesugarsindigested durry(freefrom
solids) wasinverted with concentrated HCI overnight
and neutralized by 2.5M Na,CO, solution, and then
total reducing sugars were determined with
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dinitrosalicyclic acid reagent using glucose asastan-
dard*®, Total solublesugarswere determined by addi-
tion of non-reducing sugars and reducing sugars. 3M
NaOH digested slurry(5min) was filtered and then
soluble proteins were estimated by Lowry method
(1956)*7 using BSA asastandard.

GCanalysis

M ethane content in the biogas produced was ana-
lyzed by using a gas chromatograph (Sigma 2000,
Perkin Elmer), equipped with therma conductivity de-
tector and a2m porapak (80-100 mesh) column. Ni-
trogen wasused ascarrier gasat aflow rate of 30mL/
mint. Theoven, injector and detector temperatureswere
70, 100 and 170°C respectively.

RESULTSAND DISCUSSION

Asamatter of practice, itisimportant to maintain
by weight aC/N ratio closeto 20 for an optimum rate
of digestion. Thus, the chemical compositionsand com-
plexity of feed materials are determining the rate of
anaerobicdigestion. Aslistedin TABLE 1, the experi-
mental feedstock caster seed cake has 98% TS,
91%TVSand 19:1 C:N ratio. It wascomposed of 21%
cellulose, 12% hemicellulose, 18% starch, 4% tannin,
2.3% organic nitrogen and 0.38% organic phosphorus
initscdlular condtituents. It invoked to extend our study
for utilizing caster seed cake asasubstratein methane
enhancemen.

Asshownin TABLE 2, amaximum cumulative
biogas volume (42 L) recorded with 45% methane,
when digester loaded with fungd pretrested caster seed
cake (unautoclaved). In contrast, autoclaving did not
show itseffectiveness on caster seed cakefor biogas
production. It revea sthat autoclavingitsdf servingasa
mode of pretreatment may to somedegree convert the
polymeric macromol eculesto smaller subunits, which
inturnareutilized by fungi during pretreatment. Since,
therest of nutrientsin caster seed cake may not satis-
factory for boosting anaerobic bacteria growth.

Theoptimum biogas production wasachieved with
8% TS of cattle dung*® and with 12% TS of cow
dung®, and of market wastes(pretreated with chemi-
cas)i*3. Inthisstudy, the optimum biogas production
on caster seed cake (with 11-16 % TS) was observed

TABLE 1: Physiochemical analysisof caster seed cake

Constituent %
TS 98
TVS 91
Total ash 09
Water insoluble matter 80
Cellulose 21
Hemicelulose 12
Starch 18
Pectin 1.2
Total soluble sugars 2.6
Total nitrogen 2.3
Crude protein 14
Qil and fats 10
Coloring matters 15
Organic phosphorus 0.3
Tannin 4.0
Organic carbon 40
C: Nratio 19

TABLE 2: Effect of fungal pretreatment on biogasproduction
and anaer obicdigestion of or ganic constituentsin caster seed
cake(15%) at 36 daysin batch digester

Digester | Digester ||
From digested durry
pH 8.0 7.6
Total dkalinity (g L™) 9.0 11.9
Total acidity (g L™ 45 4.3
TFA (L™ 34 4.1
Reduction (%) of
TS 39 52
Cdlulose 45 41
Hemi cdlulose 82 86
Total nitrogen 29 25
Fina soluble protein 0.10 0.20
COD (g O./Kg) 149 150
Total gas production (L) 28 42
Methane content (%) 33 45

Digester 1: Autoclaved and fungal predigested caster seed cake
Digester 11: Unautoclaved and fungal predigested caster seed cake

inacclimatized seed and theresulted biogasyield was
0.171-0.190m*/KgTV'S. Themaximum biogas produc-
tion volume wasrecorded to be 105 L on caster seed
cakewith 15%(TABLE 3).

We have studied the effect of acclimatized seed
aonewith 1% biogasplant durry(control). Though con-
trol producedtota biogasvolume and methane content
only 280mL and 52% respectively, acclimatized seed
aonedid not serve supplementary as carbon sourceto
biogas production. Moreover, nutrientsin caster seed
cekearethrived by fungi used during pretreatment with
great extent. Therefore, in anaerobic digestion process
nutrients are unavailablefor the growth of anaerobic
bacteria. Thus, acclimation isthe period of time that
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TABLE 3: Effect of acclimatized seed on biogasproduction
and anaer obicdigestion of or ganic constituentsin caster seed
cakeat 36 daysin batch digester

Digester | Digester 11
From digested dlurry
pH 75 75
Total akalinity (g L™) 10.6 12.6
Total acidity (g L™ 3.8 4.0
Reduction (%) of
Ts 70 79
Cdlulose 34 46
Hemi cellulose 96 98
Total nitrogen 31.8 8.6
Final soluble protein(g L™) 1.0 33
Final reducing sugars(g L™) 0.05 0.12
Total gasvolume(L) 63 105
Production yield (m¥KgTVS) 0.171 0.190
Production yield (m*¥/KgT9) 0.157 0.175

M ethane content(%o) 44 53
Digester I: 10% Fungal predigested caster seed cake in acclimatized
seed, Digester 11: 15% Fungal predigested caster seed cake in acclima
tized seed

also not shifted to either above or below the optimum
range (pH 7.0-8.0).

Asit has high protein content, digesters can be
maintained evenfor long period. Thisattributesbuffer-
Ing capacity to digesters, and to establish themicrobia
populations. Volatilefatty acidsrelationshipsareim-
portant in anaerobic digestion of biological wastes, as
they are direct precursors of methang'*?223, TVA as
aceticacid indigested slurry recorded as 3.0-4.0g/L
so that such concentration not showed harmful effect
on anaerobic growth (TABLE 4), showing digesters
areinstablemode.

Thereduction of cdluloseand hemicdlulosein pre-
treated digester was 33-46% and above 90% respec-
tively. Thedegradation rate of hemicellulose presentin
caster seed cake was greater than cellul ose content,
whichwas comparatively better than theresults attrib-

TABLE 4: Effect of acclimatized seed on pH, TS, TFV, COD, and methanecontent during anaer obic digestion caster seed cake

in batch digester

Digestion time pH Final TS(%) TVF(L™ % COD destruction % CH,
(Days) 10% 15% 10% 15% 10%  15% 10% 15% 10% 15%
0.0 7.35 7.20 11 16 4.3 4.7 - -
5.0 7.48 7.60 5.7 7.5 8.7 9.1 18 28 27 24
10.0 7.68 7.42 4.2 4.3 6.4 5.9 30 35 40 38
15.0 7.50 7.70 4.2 35 41 4.0 45 46 44 53
20.0 7.44 7.60 39 34 3.2 2.8 51 56 36 42
35.0 7.52 7.68 3.0 3.35 7.2 7.68 58 60 32 36

needed for existing consortiato metamorphosesinto
consortiastructurecan moreefficiently utilizethegiven
subgtrate. Duringthistimetheorganismsincreaseinmass
and number to dominatethe environment accordanceto
the chemical composition of the substrate*2,

Thereductionintotal solidsishigher andfasterin
thermophilic digestersthan mesophilic digesters, but
maximum gasproductionisachieved onlyin mesophilic
condition®®?, Likethat, amaximum percentage of re-
ductionintotal solidswasfoundindigester having 15%
at 36 d under mesophilic condition(TABLE 3). Fungal
treatment followed by acclimatization strategy showed
greater reductionintotal solid thanfungal treatment
aone, suggesting the possibility of adopted anaerobic
microbia sourcesinacclimatized seed would promote
Substantial methaneyield.

Themethane productionistotally inhibited if the
pH ismaintained below thevalue of 4.0, Asshown
inTABLE 4, dkadinity exhibited indigested durry was
favorable for anaerobiosis and pH of the slurry was

uted to wheat bran residue by Nirmala Bardiyaand
Gaur'®. COD destruction in digested slurry was ob-
served in each digester. It reported that COD destruc-
tion reached maximum to 58 and 60%in digester hav-
ing 10 and 15% caster seed cakein acclimatized seed,
respectively (TABLE 4). Soluble sugars and soluble
proteinsin digested slurry almost disappeared from
caster seed cakewith agreet level. Solubleproteinand
nitrogen lossesranged from 19-26% and 25-30% re-
spectively. Similar results have been observedin crop
res dueswith poultry wastes asreported by El.Shinnawi
(1989)14,

CONCLUSION

Seeding of thedigester commonly involvestheuse
of an adequate population of both theacid forming and
methanogenic bacteria. Asagenerd guiddine, theseed
material should betwicethe volumeof thefreshma-
nuredurry during the start-up phasewith agradual de-
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creasein addition over a3 week periodd'®?, Theac-
climatized seed supposed to contain moreamounts of
water-soluble mattersinclude sugars, amino acidsand
freefatty acids. Since acclimatization was carried out
with samefeed materid, it may highly possibleto have
anaerobic microorganismsthat arebeing adoptedinthe
new environment. A cclimatized seed with caster seed
cake showed asignificant biogasvolume(105L) with
53% methane, but seed alone produced only 280 ml of
cumulative gas, it suggesting acclimatized seed was
served asamajor microbial source. Accumulation of
volatilefatty acidsin digesterswith attempt of fungal
pretrestment followed by acclimatized seed ismilder
than fungd treatment alone. Theseresultspillar the con-
cept that acclimatized seed will foster astable digester
processing regime. Fungal pretreatment is somewhat
lessimportant than acclimatized seed treated caster
seed cake in referenceto biogasyield. The reduced
retention time, theoretically calculated detention time
and high methane content are achieved dueto water
solublemattersdigestedinitidly causngasharp decline
inTSupholdstheview.

Microbid pretrestment could notimprovethebioges
yidd. Thenutrientsareutilized for biomassor diss pated
ascarbondioxideasan end product. Thismay beattrib-
uted by decreasing theretention timejust sufficient for
induction and release of hydrolytic enzymesand baring
thefeed stock utilization during pretrestment. Thus, mi-
croorganisms may monitor theleve of productsinthe
environment and areableto regulate synthesisof theen-
zymeaccordingly theexternad macromoleculeishydro-
lyzed and catabolized in the most efficient manner. En-
zymewill probably play akey roleintheintroduction of
environmentd friendly processesthat form cleaner prod-
uct inmuch milder, efficient and economical way tradi-
tional chemical pretreatment process based on large
amountsof toxioussolvents, acids, akai or other corro-
siveagents. Overall, we concludethat acclimatization
followed by microbid pretrestment istheoneof theim-
portant Srategiesby whichtheefficency of methanegen-
eration aswdl asbioconverson of organic congtituents
present in caster seed cake can beimproved. Thus, it
could a so be reduced the environmental crisescaused
by using chemicd pretrestment during solid wastesrecy-
cling processes. Apart fromthis, itiseasly avalableand
quite cheap, thusit can be considered asan dternative
feed stock for biogas production.

ACKNOWLEDGMENTS

Thefirgt two authorsaregrateful to Vice-Chance -
lor and Registrar of Gujarat vidyapith, Ahmedabad for
official permissionto carry out thisinvestigation. Uni-
versity Grants Commissionisduly acknowledged for
financid support.

REFERENCES

[1] Pradeep Chaturvedi; ‘Bio-energy Resources-Plan-
ning, Production and Utilization’, 1%Ed., Concept
Publishing Company; New Delhi, (1995).

[2] Krishna Nand; ‘Biomethanation from agro-indus-
trial and food processing wastes’, 1349-1372, in
V.K.Joshi, A.Pandey (Eds.); ‘Biotechnology: Food
Fermentation (Microbiology, Biochemistry and
Technology)’, Educational Publishersand Distribu-
tors, New Delhi, 2, (1999).

[3] V.Chandrasekhar, B.Nagamani, N.Kannan, K.
Ramasamy K; Ecol.Environ.Conser., 6(3), 323
(2000).

[4] M.M.El.Shinnawi, B.S.El.Tahawi, M.El.Houss eni,
S.F.Soheir; MIRCEN J., 5, 475 (1989).

[5] JM.Savoie, S.Libmond; World J.Microbiol.Biotech
nol., 10, 313 (1997).

[6] S.SumitraDevi, Krishnanand; J.Microbiol.Biotech
nol., 4(2), 110 (1990).

[71 H.R.Srilatha, Krishnanand, K.Sudhakar Babu, K.
Madhukara; Processin Biochem., 30(4), 327 (1995).

[8] B.Nirmala, C.Kapana; Indian J.Microbiol., 38, 25
(1998).

[91 A.Amuthussalem, M.N.Abubacker; Asian J.

Microbiol.Biotechnol .Environ.Sci., 1(12), 93 (1999).

P.Chellapandi; Enzymes and microbiological pre-

treatments of oil industry wastes for biogas pro-

ductioninbatch digesters, in GR.Pathade, PK .Goel

(Eds.); ‘Biotechnology for Environmental Manage-

ment’, ABD Publishers, Jaipur, 39-74, (2004).

V.PMishra; Production of combustible gas and

manure from bullock dung and other organic mate-

rials, Ph.D.Thesis, IARI; New Delhi, (1954).

E.Anson; ‘Standard methods for the examination

of water and wastewater’, 17 Ed. American Public

Health Association; New York, (1989).

R.K.Trivedi, PK.Goel; ‘Chemical and Biological

methods for water pollution studies’, 3Ed. Envi-

ronmental Publication; Karad, (1986).

[14] D.M.Updegraff; Anayt.Chem., 32, 420 (1969).

[10]

(1]

[12]

[13]

s LBioTechnology

An Tudian Yourual



140 Biomethanation of fungal predigested caster seed

BTAI], 1(3) December 2007

FuLL PAPER

[15] DST-MACSTraining Course; ‘Microbiologica as-
pects of biogas production: Laboratory manual’,
MACS, Agargar Research Centre; Pune, (1984).

[16] GL.Miller’ Analyt. Chem., 13, 426 (1959).

[17] O.H.Lowry, N.J.Rosenwbrough, A.L.Farr, F.Smith;
J.Biol.Chem., 193, 265(1956).

[18] D.R.Ranade, N.N.Nagarwala, J.A.Dudhbhate,
R.V.Gadre, S.H.Godbole; Indian J.Environ. Health.,
32, 63 (1990).

[19] M.PBryant; ‘Methane producing bacteria’, in R.W.
Dougherty Eds.; ‘Physiology and Digestion in the
Ruminant’, Butterworth, London, 411 (1974).

[20] R.S.Wolfe; ‘Microbial biochemistry of methane’,
inJ.R.Quale, Eds.; ‘Microbial Biochemistry’, Uni-
versity of Park Press, Baltimore, 1, 270 (1979).

[21] D.Saw, B.Olliver, PViaud, J.L.Garcia; MIRCEN
J., 5, 547 (1989).

[22] V.ANVolvin,V.B.Vasliev, SV.Rytov,A.V.Ponomarev;,
Biores.Tech., 48, 1 (1994).

[23] GAbhishek, K.Bragjeshori, GSanjay; J.Indus.Pollut.
Cont., 16 (2), 153 (2000).

BioTechnologqy —

Hn Tudian Jounual



