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ABSTRACT

Bioremediation of cassava bagasse was investigated using individual
and co-cultures. Two individual strains Bacillus pumilus and
Cellulomonas cellulans with cellulolytic activity were examined.
Concentration of reducing sugar and carboxy methyl cellulase (CM Case)
activity by these microbeswere determined regularly. Maximum CM Case
activities achieved were 0.51 and 0.55 U/mL with B. pumilus and C.
cellulans, respectively. Four different combinations, namely B. pumilus
+ S cerevisiae, B. pumilust+ Z. mobilis, C. cellulans + S.cerevisiae and
C. cellulanst Z. mobilis were investigated for ethanol production by
simultaneous saccharification and co-fermentation of cassava bagasse.
The end product ethanol was found to be in the following order C.
cellulanst+ Z. mobilis > B. pumilus+ Z. mobilis > C. cellulans + S.
cerevisiae > B. pumilus + S. cerevisiae. In the case of solid state
fermentation with 80 % moisture, Z. mobilis showed better fermentation
and ethanol yield of 4.3 g/g ethanol and 4.7 g/g ethanol in combination
with B. pumilus and C. cellulans respectively.
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Agro based raw materia sare used by severa in-
dustriesin India. Water and solid wastesfrom these
industriespolluteair, water aswell asland. Smoke, par-
ticulate emission and odor released before and after
processing of raw materialsareprincipd air pollutants.
Effluent and wastewater discharged fromtheseindus-
triespose major threat through water pollution. Pro-
cessed agro based raw materid saredischarged assolid
wastes; thesewastespollutethe soil if they are not uti-
lized or recycled properly. Curative strategiesto mini-

mizethese pollution problemsinclude (i) developing
end-of-pipetreatment, (ii) minimizing waste and (iii)
recycling waste as energy sourcefor biofuel produc-
tion. Thetreatment processesfollowed for solid waste
management must be cost effectiveand feasible!.
Cassava (Manihot esculenta), one of the drought
resistant crop, has starch rich tubers and servesas a
foremost staplefood in Asian and African countries.
High viscosity, clarity and freeze-thaw stability of cas-
savastarch had found its applicationin food industry,
pharmaceuticals, textileindustry, beverages, adhesives
and building materids. After separation of starchfrom
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cassavatubers, the residue contai ns about 55-60% of
starch that remaininseparablewith cdllulosefiberd?.

Owing to the processing cost and lack of technol -
ogy, cassavabased industries dispose theresidue as
landfills. DuetoitshighBOD and COD levd, thedis-
posed landsfills cause pollution and affect health and
quality of soil®®. Thechemica and biological reaction
between continuoudy rottening peel and residue affect
thenatura microfloraand soil quaity. Theresiduesare
also mixed with cattlefeeds asthey cannot supplement
nutrientsdirectly to catledueto very low nitrogen con-
tent. Researchershavetried toimprovethenuitritiona
content of residue for animal feed“ 9. A review by
Pandey et d. (2000) discussed elaborately about cas-
savabagasse and extraction of value added products
like enzymes, lactic acid, aromacompounds and etha-
nolf.

Biomassgenerated from variousagro based indus-
tries, lignocelluloserich plant biomass sugarcane mo-
lasses, paper and pul p industry waste, etc. have been
used for the generation of renewable energy!” 8. En-
ergy generated from biomass served as acheap and
eadly avail able source benefiting economic growth and
development of nationl® 19, The starch factory residue
with highamount of starch, cdluloseandlow lignin con-
tent could beasuitablelow cost substrate for produc-
tion of many valueadded products*Y. Mgor constraint
inutilization of lignocel lulosic wasteisbreak down of
complex cellulosic substratesinto simplefermentable
sugars. Different physical, chemica, microbia anden-
zymatic methods had been attempted by researchers
for completeutilization of lignocellulosic materia!?12-
4 Physical, chemical and enzymatic methodswere
expens veand energy consuming process, whereasmi-
crobial degradation could benefit extraction of value
added productsat low cost.

Thiscurrent paper focuses on solid-state fermen-
tation of sago industry waste for enzyme and ethanol
production. Thework aimed at economical way of de-
grading cellulose by exploiting cellulolytic bacteriaBa-
cillus pumilus and Cellulomonas cellulans for
celllulase production. Thehydrolysed product wassi-
multaneoudy fermented using Zymomonasmobilisand
Saccharomyces cerevisiae. Solid state fermentation
was opted asthe chosen coculture could ferment the
sago waste under low-shear environment and require
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lesscapitd investment. Thecdlulolyticactivity andtime
taken for cellulose hydrolysiswereinvestigated by Si-
multaneous saccharifi cation and fermentation (SSF) with
co-cultures.

MATERIALSAND METHOD

Organismsand cultureconditions

Bacterid strainsfor the present work were obtained
fromMicrobid Type Culture Collection and GeneBank
(MTCC), Chandigarh, India Bacilluspumilus(MTCC
7514) and Cellulomonas cellulans (MTCC 1769)
lyophilized cultureswere suspended in steriledistilled
water and grown on nutrient agar (beef extract 1.0g/L,
yeast extract 2.0 g/L, peptone 5.0 g/L, NaCl 5.0g/L
and agar 15.0g/L). Sub-culturesof thesebacterid strains
were prepared by suspending aloop full of seed cul-
turein nutrient medium. Zymomonasmobilis(MTCC
90) wasmaintained on Yeast Extract Glucose SatAgar
(Yeast extract 10.0g/L and Agar 15.0g/L in 100 mL of
sterilized glucose solution (20% w/v) and 10 mL each
of stock solutionsof MgCl.,, (NH,),SO, andKH,PO)).
Sub-cultureof Z. mobilisintheliquid mediumwaspre-
pared with same composition without agar. Commer-
cially available baker’s yeast (Saccharomyces
cerevisiae) was purchased from market and grownin
medium contai ning yeast extract 10 g/L, peptone 20 ¢/
L and glucose 20 g/L. Crude o amylasefrom labora-
tory culture, Aspergillusniger wasused for enzymatic
hydrolysisof starch. All themediacomponentswere
prepared using distilled water sterilizedat 121 °C, 15
ps.

Preparation of raw material and fermentation me-
dium

Cassava(Manihot esculenta) bagasse, asolid resi-
due, was collected from anearby Sagoindustry in Sa-
lem, Tamil Nadu. It wassun dried for 48 h, powdered
and sieved with standard mesh size of BSS# +25-30
for further use. Minerd salt solution containing KCI 0.2
g/L,(NH,).PO,19/L,MgSO,. 7H,00.2¢g/L, CaCO,
2¢g/L,K,HPO,0.5¢/L andKH,PO, 0.5¢g/L wasused
to supplement mineral ionsto microorganism. Cassava
bagasse, minerd sdt solution and water were sterilized
separately at 121 °C, 15 psi for 15 min. Cassava ba-
gassewasthen treated enzymatically with o amylase at
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80UC with pH of 5.8 for 1h and used throughout this
study. Moisture content was varied as 20, 40, 60, 80
(V/V) percentagesfor solid state fermentation.
Cassavabagasse (10 g) wastaken in 250 mL coni-
cd flask for batch mode of solid statefermentation and
10 mL of minerd st solutionwasaddedto dl flasks.
Moisture content was adjusted with sterilized distilled
water and pH was adjusted to 6.5 with 1 M NaOH
solution. After sterilization, 5% innoculum (B. pumilus
10° CFU/ml, C. cellulans 10" CFU/ml, Z. mobilis 10°
CFU/ml and S. cerevisiae 10° CFU/m) was added to
theflask under sterileconditions. Theflasksweremain-
tained at temperatureof 30+ 3 °C in a sterile room and

assayed periodicaly.
Analysis

Cassava bagasse was anaysed for its monosac-
charide and polysaccharide composition. Lane and
Eynon congtant titremethod was used for detemination
of Dextrose Equivalent (DE)™*¥, Starch composition
was determined according to method adopted by
Hodge, JE et d. Total cellulosewas estimated by an-
thronemethod!*¥. Ash content was determined by heat-
ing thebagasse at 550 °C for 2 h. Total reducing sugar
was estimated using 5-dinitrosalicylic acid (DNS)
method developed by Miller (1959)*7. Amount of
starch and cellulosein the sagoindustry cassavawaste
was determined by anthrone method*®. Assolid state
fermentation is a heterogeneous process composite
samplesweretaken and used for analysis. That is, ev-
ery timesamplesfrom different | ocationswerecollected
and mixed well to ensure homogeneity and that the
sampletakenisatruerepresentative sample, Collected
samplewasthen weighed (1 g) and mixed well with
citrate phosphate buffer (pH 5) and centrifuged at
10000 rpm for 10 min. The supernatant was anayzed
for reducing sugar colorimetricaly usngdinitrosdicylic
acid procedure™”. Supernatant was al so assayed for
cdllulaseactivity with carboxymethylcdlulase (CMC).
One percent CMC solution (Iml) and 1 ml of 0.1 M
citrarte bufferewereadded to 1 ml of supernantant and
maintained at 50 °C for 30 min. The reaction was
stopped by adding 3ml of DNS solution and analyzed
by Milled method. One unit of CM Caseisthe amount
of enzymerequiredtoliberate 1 umol of glucose equiva-
lentin 1 ml of solution/min). Ethanol estimationwasdone

according to themethod of Caputi et al. (1968) with
chromic acid*¥. Concentration of ethanol inthesuper-
natant after fermentation was determined colorimetri-
cally. Systroni cs spectrophotometer 2201 was used for
recordingtheoptica dengtiesof abovementioned andy-
gs

EXPERIMENTAL

Cdlulolytic bacterianamely Bacillus pumilusand
Cellulomonas cellulans were inocul ated to cassava
bagassetaken in conical flaskswith different moisture
content (20— 80%). They were analyzed for cellulase
activity on hourly basisand timefor maximum activity
wasrecorded. Theenzyme activity and total reducing
Sugar concentration wered so determined. Simultaneous
saccharification and fermentation wasthen carried out
separately by inoculating cdllul olytic bacteriaand fer-
menting microorganismsnamely Zymomonasmobilis
and Saccharomyce. The fermented product was as-
sayed for amount of ethanol produced. Temperature of
30+ 3 °C and pH 6.5 were maintained during micro-
bid hydrolys sand fermentation with varying moisture
content from 20— 80%.

RESULT AND DISCUSSION

COMPOSITION OF CASSAVA BAGASSE

Cassavabagasse from the sago industry was ana-
lyzed for itscomposition. The biochemical analysis
showsthéat theres duewasrich sourceof starch (59.1%)
and cdllulose (31.8%) with 7.4% moisture. It also con-
tained about 68% carbon and 1.7% ash. Total reduc-
Ing sugar estimated after enzymatic treatment was 5.7
g/gof dry substratewith DE 16. Fromtheandysiscas-
sava bagasse proved to be aval ue added agro-indus-
try waste that could be used for production of value
added products.

Cellulolytic activity of bacillus pumilus and
cellulomonascdlulans

Thecdllulase produced by hydrolytic action of bac-
teriawere examined. Figure 1(a) and 1(b) depict the
CM Case activity of two cellulolytic bacteria. In both
thefiguresthetrends of enzyme activity wereamost
smilar having exponentid increaseupto 12 hand then
remained constant. From the CM Case activities, as
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reported in thefigure, it could be seen that the organ-
ismsdegraded cellul ose content of the cassavabagasse.
Itishypothesized that the organismsinitialy grow by
consuming thereadily available carbon source, starch
hydrolysate, and | ater produced cellulaseto utilize cel-
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From theseresults, cassavabagasse appearedto bea
promisinglow cost substratefor cellulaseenzyme pro-
duction.

Cedlulosehydrolysisand total reducing sugar con-
centration
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Figure 1 : CMCase activities of (a) Bacillus pumilus and (b) Cellulomonas cellulans. [M oisture content: 20 — 80 %;

temperature; ambient temperature, 33+1°C]

The moisture content of the substrate played agreat
roleininfluencing the microbia growth and metabo-
lism. Themoisture contentsat 20 and 40%did not in-
fluence on bacteria growth whereas 60 and 80% mois-
ture supported the growth and utilization of the sub-
strate. Thishad resulted intheincreasein enzymeac-
tivity at 80% moisturewith 0.51 U/mL CM Caseactivi-
tiesfrom B. pumilusand 0.55 U/mL from C. cellulans.

__ (). Bacillus pumilus

= 20% moisture
—&— 40% moisture

Total reducing sugar concentration gi's substrate

0 —&— (0% moisture
0.0 I i | i T L —&— 80% moisture
0 5 10 13 20 25 30 38

Time (h)

Cassavabagasse autoclaved at 121 °C, 15 psi for
15 min could be considered as a hydrothermal pre-
treatment of substrate?. During thisstage, partial starch
hydrolysisand weakening of cellulosefibersmay take
place. Thisfacilitated themicrobia degradation of the
solid waste. B. pumilusand C. cellulans effectively
acted on the bagasse and converted it to reducing sug-
ars. Reducing sugar produced by the metabolic path-
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Figure 2 : Reducing sugar concentration of microbially hydrolyzed cassava bagasse by (a) Bacillus pumilus and (b)
Cellulomonascellulans[M oistur econtent: 20— 80 %; temperature: ambient temperature, 33t+1°C]
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way of B. pumilusand C. cdlulansareshowninFig-
ure2 (a) and (b) withinitial reducing sugar from enzy-
matic treatment taken asblank.

M aximum concentration of reducing sugar wasat-
tained with 80 % moisture content after 12 h of degra-
dation. 1.1 and 1.3 g/g of substratefrom B. pumilus
(Figure 3(a)) and C. cellulans (Figure 3(b)), respec-
tively, moisture content played asignificant roleinmi-
crobid hydrolysisby solid statefermentation. The80%
moi sture had nearly increased concentration of reduc-
ing sugar by two foldswhen compared with 20% mois-
ture. Both bacterid specieswereefficient inconverting
cellulosicfibersto smplesugargt 221,

6.0

B. pumilus + S. cerevisiae [
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Figure3: Comparison of ethanol yield from SSF of cassava
bagassewith four co-culturesafter 48 h 20- 80% moisture,
pH 6.5at 30°C

Simultaneous saccharification and fer mentation

Ethanol production by SSFwasinvestigatedinsolid
state fermentation. Ethanol yield at 48 hisshownin
Figure3.

Figure 3 showsthat SSF of cassavabagassewith
co-culture of Z. mobiliswithtwo cellulolytic bacteria
resulted in higher ethanol yield than those with
Scerevisaeunder smilar conditions.. The80% mois-
ture had favored ethanol productioninall thefour co-
cultures stated above. Maximum yieldsobtained were:
3.7 g/g ethanol with B. pumilus+ S cerevisiae, 4.3g/
g ethanol with B. pumilust Z. mobilis, 4.1 g/g ethanol
with C. cellulans+ Scerevisiaeand 4.7 g/g ethanol
with C. cdlulanst Z. mohilis. Theoretica ethanol yield
was estimated to be 5.3 g/g ethanol for dry cassava

substrate.

Thefermentation profile was different in case of
fermentation with S.cerevisiaeand Z. mobilis. After
48 h, rate of ethanol production started to decreasein
S.cerevisiae co-cultures as ethanol inhibited yeast
growth?, But in case of Z. mobilis the production
pathway remained constant even up to 95 h (datanot
shown). Theoreticd yidd of ethanol from substratewith
80% moisturewastabulatedinTABLE 1. It wasclearly
understood with these resultsthat using co-cultures of
Z.mobilisand C. cellulansor B. pumilus, better con-
version of cassavabagasse could be achieved.

TABLE 1: Observed and theoretical yield of ethanol from
cassava bagassewith 80% moisture

Microbial culture Observed Theoritical
combination ethanal () yield (%)
B. pumilus + S.cerevisiae 37 69.8
B. pumilus + Z. mobilis 4.3 81.1
C. cellulans + 41 77.4
S.cerevisiae
C. cellulans+ Z. mohilis 4.7 88.7
CONCLUSION

Bioremediation of cassavabagassewasinvestigated
usingindividua and co-cultures. Twoindividud strains
Bacillus pumilus and Cellulomonas cellulans were
examined for their cdllulolytic activity. Both organisms
showed CM Caseactivity upto 0.51 and 0.55 U/mL by
B. pumilusand C. cellulans, respectively. Maximum
concentration of reducing sugar was attained with 80
% moisture content after 12 h of degradationat 1.1 g/g
of substratefor B. pumilusand 1.3 g/g of substratefor
C. cdlulans. Among four co-cultures, maximum etha-
nol productionwas obtained from SSF of cassavaba-
gasse with C. cellulans+ Z. mobilisfollowed by B.
pumilust+ Z. mobilis, C. cellulans+ S.cerevisiaeand
B. pumilus+ S cerevisiae.
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