SCIENTIFIC CORRESPONDENCE

Biotechnological process for the treatment of fleshing from tannery
industries for methane generation

Disposal of untreated wastes into land
and water bodies from tanneries results in
air and water pollution as well as emis-
sion of greenhouse gases like methane and
carbon dioxide. The atmospheric concen-
tration of methane is increasing at the
rate of 1% per year and has more than
doubled over the past two centuries'.
This problem can be mitigated through
adoption of eco-friendly waste-to-energy
recycling technologies for treatment and
processing of wastes before their disposal.
Biomethanation, which is environment-
friendly, is one of the most benevolent
technologies as it leads to generation of
energy from wastes, besides rendering
them suitable for application as a rich
source of organic manure. Biogas is rela-
tively odour-free, and the biosolids resi-
due after anaerobic digestion is rich in
nutrients and finds application as a or-
ganic fertilizer in agriculture’. The envi-
ronment is under increasing pressure from
solid and liquid wastes emanating from
industries, such as tanneries. Tannery
waste disposal problem leads to environ-
mental as well as social disharmony,
making it a major industrial pollution faced
by the country®. The solid wastes com-
prising sludge and fleshing are inevitable
by-products of the leather manufacturing
process and causes pollution. Yadav* has
pointed out that the Jajmau tannery gen-
erates about 400 tonnes solid waste per
day. The World Bank reported® that solid
wastes can represent up to 70% of the
wet weight of the original hides. Unless
this is treated in some way prior to dis-
posal, it poses odour as well as land pol-
lution. Tannery fleshings, the major solid
wastes emanating from the beam house
of a tannery could be subjected to bio-
methanation. The fleshing from industries
and bio-sludge from CETP (Common Ef-
fluent Treatment Plant) consists mainly
of carbohydrates, lipids, proteins and in-
organic materials. Microbes have the
ability to transform these polymers into
simple soluble molecules such as amino
acids, fatty acids and simple sugars. Anna-
purna Raju et al® have reported eco-
friendly enzymatic dehairing using
extracellular protease from a Bacillus sp.
Biological liquefaction of limed fleshing
and methane generation were conducted
by Ravindranath’. Microbial liquefaction
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method could be safe for the recycling of
organic substrates. It is one of the alter-
natives to conventional mechanical and
chemical methods. Karmaraguru et al.®
conducted hydrolysis of tannery fleshing
using chicken intestine proteases. Mu-
hammad Nauman Aftab et al.® have re-
corded the biodegradation of leather waste
by Bacillus subtilis. According to Chandra-
mouli'®, there are close to 3000 tanneries
in India, of which 812 are situated in
Tamil Nadu. In Dindigul district alone,
there are 63 tanneries'.

In Dindigul, the vegetable-tanning
process is commonly used. Around 25,000—
30,000 tonnes of hide is processed, which
is 6-7% of the total quantity processed in
India. Minimum effluent produced is
3000-4000 1 per 100 kg of hide™.

The objective of the present investiga-
tion is to accelerate the fleshing diges-
tion process by inoculating with efficient
proteolytic bacteria, after which it could
be subjected to biomethanation.

Tannery sludge was collected from the
CETP, Dindigul run by TALCO (Tamil
Nadu Leather Development Corporation)
and fleshing was obtained from the beam
house of Shri Ramajayam Tanners, Din-
digul.

The bacterial strains were isolated by
enrichment culture technique in nutrient
agar media. The isolates were purified by
streak plate method and the purified bac-
terial isolates were then transferred to the
nutrient agar slants and used for further
studies. The primary screening was done
by the hydrolysis of egg albumin, skimmed
milk casein and gelatin. Among the 12
strains isolated from the enrichment cul-
ture technique, two were selected based
on their proteolytic activity. Identifica-
tion of selected isolates was based on
morphological, biochemical and physio-
logical characteristics. This work was
also aimed at the analysis of physico-
chemical properties of tannery fleshing
and sludge, viz. total solids and moisture
content'?, electrical conductivity“, leS,
COD, ash content, volatile matter, total
Kjeldhal nitrogen'®, phosphorus'’, potas-
sium®® and total organic carbon'®. Lique-
faction of tannery fleshing was carried
out by inoculating them with 5% prote-
olytic bacteria in log phase of growth as
inoculum. The efficiency of liquefied tan-

nery fleshing and sludge in combination
with cow dung was studied for biogas
production for a period of 30 days in
batch digesters. Laboratory batch diges-
tions were done in vials of 150 ml capacity
and bottles of 31 capacity. Slurry prepa-
rations were made by mixing liquefied
fleshing and biological sludge (secon-
dary sludge) in ratios of 1:1 (Ty), 1:2
(T3), 2:1 (T3), 3:1 (T,) and 3:2 (T5). A
control digester (T;) was maintained us-
ing cow dung and water in the ratio of
1:1. The conditions of digestion of slurry
for the production of biogas are as fol-
lows: a set of vials was kept under open
sunlight and another set of vials was kept
under ambient temperature (30°C) using
an incubator. The methane produced was
estimated by gas chromatography (Nu-
con 5765) equipped with Flame lonizing
Detector and a column (2 m x 1/3 cm)
packed with Porapak-N 80/10 mesh. The
carrier gas was nitrogen”” and oven tempe-
rature was 80°C. Biogas production was
quantified every three days for a period
of 30 days. The volume of gas produced
in vials was measured by the downward
displacement of water in an inverted
burette and biogas production was repre-
sented as ml/h. Experiments were de-
signed to compare methane production
from raw and liquefied fleshing.

Tannery solid wastes (biological sludge
and fleshing) were first analysed for their
physico-chemical composition (Table 1).
Twelve strains were isolated from the en-
richment culture technique using cow
dung and tannery fleshing. Two isolates
(I and II) which showed higher proteolytic
ability were selected for further studies
based on casein hydrolysis (Figure 1) and
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Figure 1. Casein hydrolysis by proteolytic
bacterial isolates.
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Table 1. Physico-chemical characteristics of the feed stock materials
Parameter Tannery biosludge Fleshing
Total solids (%) 46.5 33.3
Moisture (%) 53.5 66.7
Volatile matter (%) 78.0 82.0
Total organic carbon (%) 15.60 32.2
Total Kjeldhal nitrogen (%) 3.80 3.27
Phosphorus (%) 0.09 0.26
Potassium (%) 0.40 0.52
C:Nratio 4:10 8.5:1
pH 8.0 8.2
EC (ds/m) 1.75 1.06
Appearance (colour) Grey to brown -
Odour Fishy -
Chromium (mg/kg) 2.8 -
COD (mg/kg) 2485 -

Table 2. Morphological, cultural and biochemical characteristics of bacterial isolates
Characteristics Isolate I Isolate II
Vegetative cells Short rod Straight rod
Gram staining —ve +ve
Spore staining No spore No spore
Acid fast staining Not acid fast Not acid fast
Motility +ve +ve
Catalase test +ve +ve
Oxygen relationship Aerobic Aerobic
Indole test —ve —ve
Casein hydrolysis Hydrolysed Hydrolysed

skimmed milk skimmed milk
Gelatin hydrolysis +ve +ve
Voges—Proskaur test —ve —ve
Methyl red test —ve —ve
Optimum temperature for growth (°C) 37-40 45-50
Fluorescence +ve —ve

Identification: The above characteristics indicate that isolate I is Pseudomonas fluorescence and
isolate 11 is Bacillus subtilis, according to the Bergey’s Manual of Determinative Bacteriology™..

Table 3.

Comparative gas production of raw fleshing and liquefied fleshing

Raw fleshing

Liquefied fleshing

Biogas production

Methane production

Biogas production

Methane production

Treatment (ml/h) (%) (ml/h) (%)
Control (Ty) 31.0 62 32.0 63
1:1(Ty) 21.0 a4 63.0 45
1:2(Ty) 24.0 53 71.0 55
2:1(Ts) 23.0 46 69.0 47
3:1(Tw) 27.0 55 81.0 59
3:2(Ts) 33.0 58 102.0 64

free amino acid liberation during hydro-
lysis.

These isolates were characterized based
on their morphological, cultural and bio-
chemical properties (Table 2). The bacte-
rial isolates I and II were identified as
Pseudomonas fluorescence and Bacillus

subtilis respectively, based on Bergey’s
Manual of Determinative Bacteriology21.
Results of the screening tests showed
that the tannery fleshing was completely
digested by the isolated proteolytic bac-
terial strains effectively. Zerdani et al.?
have studied digestion of solid tannery
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wastes by strains of Bacillus sp. isolated
from compost. In the second phase, in-
vestigations were carried out using lique-
fied fleshing mixed with biological sludge
(secondary sludge), cow dung and water
for biogas production. For solid organic
wastes, the common pre-treatment method
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is hydrolysis, which liquefies the substrate
in a bioreactor before using it as feedstock
for biomethanation®. It was observed
that the cumulative gas production and
methane content (maximum 64%) was in
Ts, which is almost similar to control (T)
in terms of methane content (63%; Table
3). Further investigations were carried
out and the results indicate that the bio-
logically liquefied tannery fleshing could
be effectively used for production of
methane at a higher rate, compared to
raw fleshing. Liquefied fleshing produ-
ced threefold the amount of gas compa-
red to raw fleshing, and methane content
was recorded as 64%. Ratna Chakrabor-
thy* had carried out similar studies on
the ecofriendly solid waste management
in the leather industry.

Proteolytic bacteria can treat tannery
solid waste (fleshing) biologically; this
microbial enzymatic hydrolysis could be
a safe method of recycling these organic
materials, thus enhancing the rate of bio-
degradability. The isolates tested were
better adapted to liquefaction of tannery
fleshing, which could be effectively used
for higher rate of biomethanation. After
biomethanation, the digested slurry ob-
tained could act as good organic manure.
Thorstensen and Madhur Shah® have
made a technical and economical evalua-
tion which indicates that tannery sludge
has definite value as a fertilizer based on
its nutrient content. This relatively sim-
ple biological treatment of leather waste
may provide a practical and economical
solution.

1. Safley, L. M., Report, US Environmental
Protection Agency, Washington DC,
1992.

2. Pratapchandran, P. K., Saravanan, R. and
Renganarayanan, S., Pollut. Res., 2006,
25, 139-146.

10.

11.

12.

13.

14.

15.

16.

17.

. Sarkar, N., J. Am. Leather Chem. Assoc.,

1941, 35, 463-467.

. Yadav, S. S., M. Tech. thesis, Centre for

Environmental Planning and Techno-
logy, School of Planning, Ahmedabad,
1998.

. World Bank, Pollution Prevention and

Abatement-Hand Book, Washington DC,
1999, p. 404.

. Annapurna Raju, A., Rose, C. and Mu-

ralidhara Rao, N., J. Am. Leather Chem.
Assoc., 1996, 91, 115-119.

. Ravindranath, E., Bioenergy News, 1998,

3, 13.

. Karmaraguru, S., Sastry, T. P. and Rose,

C., Anim. Feed Sci. Technol., 1997, 66,
139-147.

. Muhammad Nauman Altab, Abdul Hameed

and Ikram-ul-Haq, Chin. J. Proc. Eng.,
2006, 6, 462—465.

Chandramouli, D., Indian leather indus-
try: An Overview, Draft, Central Leather
Research Institute, 1998. Project Report,
Ane Schjolden F. I. L. Working Papers,
No. 21, October 2000.

Arora, H. C. and Chattapadhya, S. N.,
Water Pollut. Control, 1974, 74, 594—
6597.

Rani, P. and Singaram, P., Indian J. Ag-
ric. Chem., 1996, 31, 1-8.

APHA, Standard Methods for the Ex-
amination of Water and Wastewater,
Washington, DC, American Public
Health Association, AWWA, WPCF,
1975, 16th edn.

Jackson, M. L., Soil Chemical Analysis,
Prentice Hall of India Pvt Ltd, New
Delhi, 1973.

MAFF, Ministry of Agriculture, Fisheries
and Food. The Analysis of Agricultural
Materials, Reference Book 427, HMSO,
London, 1986.

Humphries, E. C., Modern Methods of
Plant Analysis (eds Paech, K. and Tracey,
M. V.), Springer-Verlag, Berlin, 1956, p.
479.

Olsen, S. R., Cole, C. L., Watanable, F.
S. and Dean, D. A., Report, USDA Circ,
1954, p. 939.

18. Stanford, S. and English, L., Agron. J.,
1949, 41, 446-447.

19. Wwalkey, A. J. and Black, C. A, Soil Sci.,
1934, 37, 27-28.

20. Pawinee Chaiprasert, Sakarindr Bhu-
miratana and Morakot Tanticharoen,
Thammast Int. J. Sci. Technol., 2001, 6,
1-9.

21. Bergey’s Manual of Determinative Bac-
teriology, 1994, 9th edn.

22. Zerdani, L. M. Faid and Malke, A., Int.
J. Agric. Biol., 2004, 6, 758-761.

23. Scherer, W. T. M., Gerink, M., Zeeman,
G. and Lettinga, G., Water Sci. Technol.,
2000, 41, 83-91.

24. Ratna Chakraborthy, EMCB-ENVIS node
on Environmental Biotechnology,
Newsl., 2003, 3.

25. Thorstensen, T. C. and Madhur Shah, J.
Am. Leather Chem. Assoc., 1979, 74, 14—
23.

ACKNOWLEDGEMENTS. N.V. thanks Uni-
versity Grants Commission, New Delhi for
financial support under the FIP scheme (in the
X plan) and Dr A. David Ravindran, Gandhi-
gram Rural University for guidance. He also
thanks the Secretary and Principal, Saraswathi
Narayanan College, Madurai for help.

Received 18 April 2007; revised accepted 5
October 2007

N. VASUDEVAN*
A. D. RAVINDRAN®

'Department of Botany,
Saraswathi Narayanan College,
Madurai 625 022, India
’Department of Biology,
Gandhigram Rural University,
Gandhigram 624 302, India
*For correspondence.

e-mail: florydevan@gmail.com

1494

CURRENT SCIENCE, VOL. 93, NO. 11, 10 DECEMBER 2007



