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Development of a microbial consortium for production of blend of enzymes
for hydrolysis of agricultural wastes into sugars
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This study presents development of a blend of enzymes capable of degrading lignocellulosic biomass from a locally isolated
microbial consortium through solid state fermentation. Different agro wastes (wheat bran, rice husk and pine needles) were taken
in all combinations as a substrate and at 1:1:1 ratio, optimum production of blend of enzymes was obtained with 0.673 U/ml,
0.214 U/ml and 0.032 U/ml activities respectively after 3 days of incubation at 37°C. This blend of enzyme hydrolysed pine
waste and released 0.454 g/g of sugar at 37°C at 120 rpm for 48 h. Produced blend of enzymes was found very potent and can have

great application in biofuel, phytochemical and other industries.
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Introduction

Lignocellulose biomass is one of the major renewable
sources of energy with annual 1 x 10 million tonnes
production®. Main components of lignocelluloses are
cellulose (35-50%), hemicelluloses (25-30%) and lignin
(25-30%)2°. Most of the biomass is disposed of by
burning®. Production of reducing sugars for fermentation
purposes is still a costly process’. Biological pretreatment
with enzymes is slower than chemical but does have
better efficiency and also do not require large volume of
chemicals®. For production of blend of enzymes, solid
state fermentation (SSF) has been more advantageous
than other approaches due to less water requirement
and lesser chances of contamination®**. Economical
production of blend of laccase, cellulase and xylanase
enzymes is an urgent need for bioethanol and biofuel
industries throughout the world. In nature, microbes
degrade lignocelluloses cooperatively®s. A microbial
consortium is more effective in biodegradation then single
microbes?®. Successive enrichment culture technique can
be used for establishing microbial consortial’. A number
of reports support co-cultivation of microbes with abilities
to release lignocellulosic waste degrading enzymes®.
Basidomycetes consortium capable of producing
cellulase, xylanase and peroxidases has been employed
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for lignocellulosic waste degradation®®®®. Haruta et al 2°
prepared a consortia that degraded many cellulosic
substances (filter paper, printing paper, cotton and rice
straws) by 60% within 4 days. Microbial consortia
prepared by Sarkar et al 2 was capable of producing
enzyme with concomitant activity and used to degraded
kitchen wastes (55-65%, by vol) with less time of
degradation and less foul smell. Pine needles as a
substrate is available throughout the year and is totally a
forest waste responsible for forest fire and animal
abortion?223, With dead pine needles, Pinus roxburghii 2?
occur wild in Himalayan ranges on a wide area.

This study presents development of a blend of
enzymes capable of degrading lignocellulosic biomass
froma locally isolated microbial consortium through solid
state fermentation.

Experimental Section
Chemicals, Reagents and Cellulosic Material

All chemicals and reagents were of ACS grade and
purchased from Himedia and S D Fine chemicals from
local distributor at Allahabad, India. Whatman filter paper
no. 1 was used to study stabilization of microbial
consortia. Cellulosic material [pine needles (PN), wheat
bran (WB), and rice husk (RH)] were used for substrate
optimization. Only PN was used for degradation
experiment. PN were grinded into powder form (2-5 mm)
and soaked in 1% NaOH for 24 h, washed with distilled
water until neutrality and dried at 60°C. Cellulosic
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Fig. 1—Laccase enzyme production in terms of enzyme activity with various lignocellulosic substrates
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Fig. 2—Xylanase enzyme production in terms of enzyme activity with various lignocellulosic substrates

material was autoclaved at 121°C for 15 min, prior
to use.

Screening Media Composition

Peptone cellulose solution (PCS) media (pH 7)
contained: NaCl, 0.5; peptone, 0.5; yeast extract, 0.1;
CaCQ,, 0.2; and filter paper, 0.5%. Laccase producing
microbes screening media** (pH 6) contained: ZnSO,,
0.001; Peptone, 3.0; glucose, 10.0; KH,PO,, 0.6; MnSO,,
0.5; K,HPO,, 0.0005; FeSO,, 0.05; MgSO,, 0.5; and
agar, 20 g/l, besides guaiacol, 0.2%. Xylanase producing
microbes screening media® contained: Birch wood xylan,
1.0; peptone, 5.0; yeast extract, 5.0; K,HPO,, 0.2; agar,
20.0 g/l. Cellulase producing microbes screening media®
(pH 9-10) contained: K,HPO,, 1.0; NaCl, 5.0; MgSO,,
0.2; KCI, 0.5; yeast extract, 5; peptone, 5.0; and agar, 20
g/l, besides CMC, 1%.

Isolation and Screening of Microbes

For construction of a microbial community, soil
samples were collected from lignocellulosic waste
decomposing sites in an around MNNIT campus. Soil
samples were mixed together, crushed and final mixture
(1 g) was taken in distilled water (10 ml) and serial dilution
was performed. Water (200 pl) from each test tube was
taken and then spread over the plates with respective
screening media. To screen xylanase producing microbes,
plates spread with different dilution factors were
incubated for 5 days at 30°C. Xylanase producing
microbes were detected based on the clear zone of
hydrolysis after flooding plates with 0.1% aqueous congo
red dye followed with repeated washing with 1 M NaCl
solution®. To screen laccase producing microbes, plates
were spread with 200 pl of various dilutions separately
and were identified on the basis of brown/reddish brown
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Fig. 3—Cellulase enzyme production in terms of enzyme activity with various lignocellulosic substrates

colour due to oxidation of guaiacol in presence of
peroxidase?*. To screen microbes with cellulase activity,
plates enriched with cellulose were spread with various
dilutions separately for 48 h at 28°C, and flooded with
iodine solution for 3-5 min®. Clear zone of hydrolysis
around fungal or bacterial strains was indicator of cellulose
producing microbes. Microbes isolated were inoculated
into 250 ml flasks containing autoclaved PCS medium
(100 ml) supplemented with PN (1.0 g), and with a filter
paper strip (0.3 g) as an indicator for cellulase activity?'.

Consortium Stabilization and Activity

For stabilization of consortia, cultures were incubated
at 40°C under static conditions. Once strip of filter paper
was completely degraded and PN softened, culture (1
ml) was transferred into fresh enrichment medium with
filter paper. Resulting cultures were combined together
in fresh PCS medium and sub cultured for several times
with culture transfers every 3 days. This culture was
stored at4°C in PCS medium. After consortia stabilization,
consortia was cultured in PCS medium containing 0.5%
(w/v) cellulosic materials (filter paper and PN) for 72 h
at 40°C as per reported?® procedure. By providing the
same conditions, uninoculated medium was used as
control. Inoculated flask containing Whatman paper strip
for degradation was observed by placing it in incubator.
Incubation was followed by filtration and solid filtered
residue was then mixed with 100 ml acetic acid/nitric
acid reagent?® and heated for 30 min at 100°C to remove
microbial cells. Acetic acid/nitric acid treated suspension
was filtered and residue was washed three times with
distilled water (100 ml) each time. Filtered solids were
dried at 80°C and determined gravimetrically® 2. To

calculate loss in lignocellulosic material, subtract residual
weight from total lignocellulosic weight. Degradation
ratio® was calculated as: Degradation ratio (%) = (M, -
M./ M,) x 100, where M, is total weight of cellulosic
materials before degradation and Mr is weight of residual
substrates after degradation. All experiments were
performed in triplicate and average values are reported.

Microbes and Production Media

Microorganisms utilized for production of enzymes
were grown in single as well as in consortia. Laccase
producer (LSD), xylanase producer (XSD) and cellulase
producer (CSD) were grown separately and in together.
Each microbe’s enzyme production was compared with
each other singularly as well in consortia. Substrates were
utilized in all possible combinations but overall weight
was kept at 1 g.

Solid State Fermentation (SSF)

SSF was carried out using Erlenmeyer flasks (250
ml each) Substrates (1 g) were added to each flask and
moistened with mineral basal salt (NaNO,, 2.5; KH,PO,
1; MgSO,.7H,0, 0.5; KCI, 0.5 g/l) in 1:1 ratio to
substrate. Then flasks were autoclaved at 121°C at 15
psi for 15 min. After sterilization, flasks were inoculated
with specific microbes with all possible combinations
singularly as well as in consortia. Incubate inoculated
media for 3 days, at 37°C.

Enzymes Extractions and Assays

Enzymes were extracted by mixing fermented
substrates with distilled sodium acetate buffer at pH 4.8
for cellulase, pH 6 for laccase and pH 5-6 for xylanase.
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Fig. 4—Enzyme production in terms of enzyme activity with various lignocellulosic substrate

Mixture was left for 2 h at room temperature. Solid
residue was separated from enzymatic solution by filtering
through Whatman no. 1 filter paper. Enzymes isolated
were crude and stored at 4°C. To analyse production of
enzymes by microbes, enzymatic assays were performed
for each culture. Cellulase and xylanase activity were
calculated by DNS reducing sugar method® and laccase
activity as repored®. Enzyme activity was calculated as
the amount of enzyme catalysing production of one um
of coloured product per ml per min.

Results and Discussion

Based on enzymatic activity, out of 50 microbial strains
isolated, 15 strains were selected. Microbes that showed
maximum clear zone were taken and named LSD, XSD
and CSD. Microbial consortia are more efficient and
stable to withstand changing environment conditions than
single uniform populations, because of being able to
communic“ate and differentiate'®. A consortium was
prepared by mixing these microbes. To optimise growth
of microbial consortia, different sets of temperature were
taken and microbes were allowed to grow. Maximum
activity was observed at 37°C for cellulase and xylanse.
Degradation of filter paper along PN was used an
indicator for stability of consortia and potency of the same
for degrading complex agriculture wastes. Two flasks
as control and test were used for studying degradation
of lignocellulosic wastes by consortia. Within 24 h, paper
strip started degrading and in 3.5 days, it was completely
degraded by stabilised consortia. In this study, final
transfer culture has: xylanase activity, 0.210; cellulase
activity, 0.655; and laccase activity, 0.032 U/ml. All
microbes from the end culture maintained their growth
as was confirmed by streaking them on agar plates.

This consortium was then analysed for its enzyme
producing ability. Production of microbes was carried
out with different agricultural waste substrates.
Production of enzymes was indirectly made associated
with the amount of sugar released. Maximum enzyme
production for cellulase with 62.5 umole of sugar released
from rice husk, 65.22 pmoles/ml with xylanase in wheat
bran while 0.85U/ml activity for laccase in wheat bran.
These kind of various agricultural residues generated
biomass can be utilized for the production of laccase,
cellulase and xylanase enzymes, which find great use in
biofuel industries, environmental and other pharma
sectors. Wongwatanapaiboon et al® used T. ressei
TISTR 3081 for production of cellulolytic enzymes, which
was carried on Mandels medium and xylolytic enzymes
in media containing birch wood xylan as substrate at 30°C
for 8 days; enzymes produced found use in ethanol
production from grasses. Microbial consortia made up
of Ralstonia sp., Clostridium sp., uncultured
Firmicutes, Propionibacteriumacnes, uncultured
betaproteobacterium, and Pantoea sp. showed 51%
degradation of rice corn stover powder and 81% of filter
paper in 8 days within anoxic conditions at 40°C?8. Okeke
& Lu® characterized a consortium capable of degrading
Bermuda grass. A consortia, developed from high
temperature sugarcane bagasse compost mainly
containing Clostridium sp., Thermoanaerobacterium
sp., and Shodocyclaceae, showed high stability and
degradation of rice straw (75%), corn stover (70%) and
bagasse (60%) within 7 days at 50°C*. Guevara &
Zambrano®*? consortia degraded pretreated sugarcane
leaves were up to 90%. In present study, final transfer
culture showed enzymatic activities of cellulase
(0.673 U/ml), xylanase (0.214 U/ml) and laccase
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(0.032 U/ml), whereas release of sugar was 0.454 g/g
with PN as substrate. Microbes from this culture when
transferred on the plates showed same type of colonies
as were present on the first plate, from where they were
isolated, thereby proving stability of microbes in the
consortia, hence shows stabilize co-existences.

Application of Enzymatic Cocktail Produced

Pine forest wastes were pretreated for hydrolysing,
with enzymes blend produced by consortia and sugar
released was found to be 0.250 g/g, at 50°C at 100 rpm,
1 g/15 ml (w/v) PN and phosphate buffer saline, in 48 h
of incubation in submerged fermentation. Similar studies
are reported with Bermuda grass®? and sugarcane
leaves®? for hydrolysis of lignocellulosic waste. Enzymes
based pretreatment of grasses showed reducing sugar
release of 500-600 mg/g3!.

Conclusions

This paper dealt with isolation of microbes able to
form consortia and can produce blend of lignocellulosic
degrading enzymes. At optimum temperature (37°C) for
production of enzymes, highest activities for consortia
were observed for cellulase (28.6 U/ml) and xylanase
(17.68 U/ml). Microbes were allowed to grown for three
days in Czepkdox media with PN at 37°C at 100 rpm
and filter paper as an indicator for degrading activities.
Process was repeated for many a times and an enzymatic
activity for final stable culture has: xylanase, 0.210;
cellulase, 0.655; and laccase, 0.032 U/ml; and release of
reducing sugar, 0.250 g/g. These experiment data of lab
scale, if carried out at industrial scale, can be helpful to
biofuel, pharma and environmental industries.

References

1 Sanchez O J & Cardona C A, Trends in biotechnological
production of fuel ethanol from different feedstocks, Bioresour
Technol, 99 (2008) 5270-5295.

2 Howard R L, Abotsi E, Jansenvan Rensburg E L & Howard S,
Lignocellulose biotechnology: issues of bioconversion and
enzyme production, Afr J Biotechnol, 2 (2003) 602-619.

3 WangW, YanL, CuiZ GaoY,Wang Y etal, Characterization of
a microbial consortium capable of degrading lignocelluloses,
Bioresour Technol, 102 (2011) 9321-9324.

4  Faulon J, Carlson G A & Hatcher P G, A three dimensional
model for lignocellulosic from gymnospermous wood, Org
geochem, 21 (1994) 1169-1179.

5 Malherbe S & Cloete T E, Lignocellulose biodegradation:
fundamentals and applications: A review, Environ Sci
Biotechnol, 1 (2003)105-114.

6 Levine J S, Biomass burning and global change, in Remote
Sensing and Inventory Development and Biomass Burning in

10

11

12

13

14

15

16

17

18

19

20

21

22

23

589

Africa, edited by J S Levine, vol 1 (MIT Press, Cambridge,
Massachusetts, USA) 1996, 35.

Valchev I, Nenkova S, Tsekova P & Lasheva V, Enzymatic
hydrolysis of maize stalks, BioResour, 4 (2009) 285-291.
Dale M C & Moelhman M, Enzymatic simultaneous
saccharification and fermentation (SSF) of biomass to the ethanol
in a pilot 130 liter multistage continuous reactor and separator,
Paper presented in Ninth Bienneal Bioenergy Conf, New York,
2000: www.nrbp.org/papers/049.pdf

Negi, S & Banerjee R, Optimization of culture parameters to
enhance production of amylase and protease from Aspergillus
awamori in a single fermentation, Afr J Biochem Res, 4 (2010)
73-80.

Negi S & Banerjee R, Extraction and purification of
Glucoamylase and Protease produced by Aspergillus awamori
in a Single Fermentation, Food Technol Biotech, 49 (2011)
310-315.

Negi S & Banerjee R, Optimization of extraction and purification
of glucoamylase produced by Aspergillus awamori in solid-
state fermentation, Biotechnol Bioproc Eng, 14 (2009) 60-66.
Negi S & Banerjee R, Characterization of amylase and protease
produced by Aspergillus awamori in a single bioreactor, Food
Res Inl, 42 (2009) 443-448.

Negi S & Banerjee R, Extraction and purification of protease
produced concomitantly with amylase by Aspergillus awamori
under SSF, Adv Life Sci, 3 (2009) 5-10.

Negi S & Banerjee R, Optimization of amylase and protease
production from Aspergillus awamori nakazawa in single
bioreactor through EVOP factorial design technique, Food
Technol Biotech, 44 (2006) 257-261.

Wongwilaiwarin S, Rattanachomsri U, Laothanachareon T,
Eurwilaichitr L, Igarshi Y et al, Analysis of a thermophilic
lignocellulose degrading microbial consortium and multi-species
lignocellulolytic enzyme system, Enz Microb Tech, 47 (2010)
283-290.

Sathishkumar M, Binupriya A R, Balk S H & Yun S,
Biodegradation of crude oil by individual bacterial strains and a
mixed bacterial consortium isolated from hydrocarbon
contaminated areas, Clean-Soil, Air, Water, 36 (2008) 92-96.
Liu C L, Wang X F, NiuJ L, LiY C, Guo P et al, Composition
diversity of the multifunctional bacterium community NSC-7,
J Environ Sci, 30 (2009) 2112-2117.

Baldrian P, Fungal laccases—occurrence and properties, FEMS
Microbiol Rev, 30 (2005) 215-242.

Baldrian P & ValaSkova V, Degradation of cellulose by
basidiomycetous fungi, FEMS Microbiol Rev, 32 (2008)
501-521.

Harutu S, Cui Z, Huang Z, Li M, Ishii M et al, Construction of
a stable microbial community with high cellulose-degradation
ability, Appl Microb Biotechnol, 59 (2002) 529-534.

Sarkar P, Meghvanshi M & Singh R, Microbial consortium: A
New approach in effective degradation of organic kitchen
wastes, Int J Environ Sci Develop, 2 (2011) 170-174.

Gupta B, Mehta R & Mishra V K, Fire ecology of ground
vegetation in Pinus roxburghii sergeant plantations in north-
west Himalaya-floristic composition and species diversity,
Caspian J Env Sci, 7 (2009) 71-78.

James L F, Call J W & Stevenson A H, Experimentally induced
pine needle abortion in range cattle, Cornell Vet, 67 (1977) 294.



590

24

25

26

27

28

Buddolla V, Chandra M S, Pallavi H & Reddy B R, Screening
and assessment of laccase producing fungi isolated from different
environmental samples, Afr J Biotechnol, 7 (2008) 1129-1133.
Kamble R D & Jadhav A R, Xylanase production under solid
state and submerged fermentation conditions by bacterial
strains, Afr J Microbiol Res, 6 (2012) 4292-4297.

Bajaj B K, Pangotra H, Wani M A, Sharma A & Sharma P,
Characterization of thermo- tolerant and acid/alkali tolerant -
glucosidase from bacterial isolate M+, J Sci Ind Res, 68 (2009)
242-247.

Wongwilaiwalin S, Rattanachomsri U, Laothanachareon T,
Eurwilaichitr L, Igarashi Y et al, Analysis of a thermophilic
lignocellulose degrading microbial consortium and multi-species
lignocellulolytic enzyme system, Enz Microb Tech, 47 (2010)
283-290.

FengY, YuY,Wang X, Qu Y, LiD et al, Degradation of raw corn
Stover powder (RCSP) by an enriched microbial consortium
and its community structure, BioresourTechnol, 102 (2010)
742-427.

29

30

31

32

33

JSCIIND RES VOL 72 SEPT - OCT 2013

Xu J & Cheng J J, Pretreatment of switchgrass for sugar
production with the combination of sodium hydroxide and lime,
Bioresour Technolol, 102 (2011) 3861-3868.

Jadhav A, Vamsi K K, Khairna Y, Boraste A, Trivedi S et al,
Optimization of production and partial purification of laccase
by Phanerochaete chrysosporium using submerged
fermentation, Int J Microbiol Res, 1 (2009) 9-12.

Wongwatanapaiboon J, Kangvansaichol K, Burapatana V,
Inochanon R, Winayanuwattikun P et al, The potential of
cellulosic ethanol production from grasses in Thailand, J Biomed
Biotechnol, (2012).

Guevara C & Zambrano M M, Sugarcane cellulose utilization
by a defined microbial consortium, FEMS Microbiol lett, 255
(2006) 52-58.

Okeke BC & Lu J, Characterization of a defined cellulolytic
and xylanolytic bacterial consortium for bioprocessing of
cellulose and hemicelluloses, Appl Biochem Biotechnol, 163
(2011) 869-881.



