
Introduction

The press mud (also called filter cake) is a solid waste, gen-
erated on clarification of cane juice before its concentration
and sugar crystallization. It is a soft, spongy, lightweight,
amorphous, dark brown to black coloured material. It gener-
ally contains 60-85% moisture (w/w); the chemical compo-
sition depends on cane variety, soil condition, nutrients
applied in the field, process of clarification adopted and
other environmental factors. During the clarification of cane
juice using sulphitation process, most of the non-sugar com-
ponents are precipitated by addition of milk of lime and sul-
phur dioxide. The precipitate is allowed to settle in a clarifi-
er and the settled sludge is filtered by using rotary vacuum
filter. The amount of sulphitation process mud cake is about
3-4% of the weight of the cane crushed (Rao, 1997). It is
generally used as a fertilizer. 

Due to sugar and other organic constituents, the press mud
emits obnoxious odour causing environmental pollution. The
press mud, at many places, is being used as a fuel. The pos-
sibility of using a mixture of filter cake and bagasse in dif-
ferent proportions has been studied to use the mixture as a
fuel in the boilers for the generation of steam [Elkader and
Yassin, 1989]. It can be burnt directly in the form of bri-

quettes. On burning, it emits toxic gases SO2 and SO3, which
pollute the environment. Briquettes of press mud when used
in boiler as a fuel, it forms clinkers.

The present methods for disposal of press mud are not eco-
nomically suitable and pollute the environment. As it con-
tains appreciable proportion of biodegradable organic mat-
ter, it has very good potential for the production of biogas. In
addition, the digested slurry can be used as a good quality
fertilizer. Although few biogas plants, based on press mud,
are in operation, their performance is not satisfactory due to
the presence of wax and problem of fast acidification. Only
few studies have been reported on the anaerobic biomethana-
tion of press mud [Nunez and Silva, 1983: Sanchez et al.,
1996]. Attempts have also been made to produce the biogas
(methane) from filter cake by mixing it with bagasse
[Dasgupta and Nemerow, 1988] and agricultural and other
wastes (Mudamwar et al., 1990). 

Rouf et al. (1999) reported earlier the characterization of
press mud and its potential for biogas generation. In the pres-
ent study, optimization of biogas generation from press mud
and by mixing it with other wastes/residues, and effects of
various parameters has been investigated. 
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Press mud collected from sugar mills in Punjab, India were characterized and found to contain 75-80% organic matter, which mainly con-
sists of cellulose, hemicellulose, lignin, protein, sugar, wax, etc. Biogas generation from press mud in a 2-litre batch reactor was studied at
solid concentrations of 4 to 12%. Maximum yield of biogas was 0.24 L/g with 6% solids. Effect of Co++ and Ni++ concentrations on bio-
gas yield was also studied. It was maximum at 5 µ moles/L of Co++ and 6 µ moles/L of Ni++. The optimum C/N ratio for biogas generation
was 18, which was higher than the normal C/N ratio of 14 in the press mud. Other substrates such as cow dung, bagasse and cane pith when
mixed with press mud in different proportions have influenced biogas generation. Press mud when mixed with cow dung, biomethanation
process became more stable. Particularly, cane pith when mixed with press mud in 1:1 ratio, the generation of biogas increased significant-
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Materials and Methods

Substrate

The press mud samples were collected from sugar mills in
Punjab during the period between Novembers to March, as it
is available only during the harvesting period of sugar cane.
The samples were stored in a cold room, maintained at 4oC,
before analysis and other experiments.

Anaerobic Biomethanation

The collected press mud sample was diluted to different
solid concentrations in a 2-litre capacity wide mouth glass
bottle. Volume of the substrate in the bottle was one litre. It
was inoculated with the sludge collected from an anaerobic
digestion plant (for municipal sewage waste) and pre-accli-
matized with press mud for 30 days. The bottle was kept in
a room, maintained at 37oC. Volume of the gas generation
was measured by the water displacement technique.

Analytical Methods

Carbon and nitrogen contents in the press mud were deter-
mined with the help of a C-H-N elemental analyzer. Its mois-
ture and ash contents were estimated by gravimetric methods
by drying at 105 oC and by complete combustion at 800oC,
respectively. Volatile matter and calorific value were deter-
mined according to IS:10158-1982 and IS:1350(Part 4)-197
by bomb calorimeter, respectively. For estimation of fibre
content, about 20 gm of press mud was weighed accurately
and washed over a tared 200 mesh sieve until the water run
clear. Excess water is drained off and the sieve along with its
contents was dried in an oven at 105 oC to a constant weight.
Fibre content is calculated from the increase in weight of the
tared sieve (Mathur, 1997). 

Chemical oxygen demand (COD) of the sample was estimat-
ed by oxidising the substrate with potassium dichromate and
then titrating by ferrous ammonium sulphate [APHA, 1992].
Extracting with benzene in a Soxhlet apparatus and then dis-
tilling it to remove the benzene and quantitatively recovering
the wax measured the wax content. Sugar content in the
press mud sample was determined by measuring the optical
rotation of the filtrate solution of 25 gm press mud in 200
mL water using polarimeter. Sodium, potassium and calcium
contents were determined by flame photometer according to
IS: 10614-1983 and other metals by atomic absorption spec-
trophotometer (GBC, Australia make). Phosphate content
was determined according to IS: 6361-1971.  The protein

content was estimated from the nitrogen content by multiply-
ing it with 6.25.

Methane and carbon dioxide contents in the biogas samples
were analyzed by gas chromatographic technique using
Porapak Q column and thermal conductivity detector.
Analytical grade hydrogen was used as a carrier gas. 

Results and Discussion

Characteristics of Press Mud

General characteristics of press mud sample are given in
Table I. The moisture content in the samples varied from
74.9 to 78.7% (averaging 76.3%). The press mud used for
generation of biogas contained about 77% volatile solids.
The C/N ratio was ~14. The organic matter present in the
press mud consisted mainly of cellulose 11.4%, hemicellu-
lose 10%, lignin 9.3%, protein 15.1%, wax 8.4% and sugar
5.7% (Table I).  It also contained various micronutrients as
shown in Table II. The COD and pH of 6% press mud slurry
were 50.6 g/L and 7.1 respectively. In fact, the chemical
composition of press mud depends on the cane variety, soil
conditions, nutrients applied in the field, process of clarifica-
tion adopted and other environmental factors.

Acclimatization of Inoculum

Inoculum (digested sludge) was collected from a municipal
sewage treatment plant at Okhla, New Delhi, India. The
inoculum was acclimatized to press mud for 30 days. This
acclimatized inoculum was able to successfully produce bio-
gas from the press mud. Whereas direct inoculation with
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Table I: Characteristics of press mud samples

Sr. No. Parameter Average Value
1 Moisture (%) 76.3
2 Solids (%) 23.8
3 Volatile Matter (%) 76.6
4 Ash (%) 22.4
5 Wet Bulk Density 0.76
6 Fibre (%) 23.6
7 Sugars (%) 6.4
8 Wax (%) 7.2
9 Protein (%) 15.8
10 Calorific Value (kcal/kg) 3861
11 C/N Ratio 14.0
12 pH of 10% solids 7.5
13 COD of 10% solids (g/L) 86.9
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digested municipal sewage sludge did not prove successful
in biogas generation.

Effect of Solid Concentration

Studies on biogas generation in a 2-litre batch reactor were
carried out with solid concentrations of 4, 6, 8, 10 and 12%
of press mud. The maximum biogas yield of 0.241 L/g was
obtained with 6% solids as shown in Fig. 1. Higher solids
gave progressively greater accumulation of volatile fatty 

Fig. 1:  Biogas yield at different solid concentrations

acids (results not shown), and thus the lower pH led to pro-
gressively lower gas yield. The reduction of gas yield at
higher solid concentrations could also be due to poor mixing
of bacterial cell with the solids in the slurry. 

Effect of Temperature and pH

The effect of temperature on biogas yield was studied from
25 to 45 oC. The maximum biogas yield was found at
35-40o C as expected; the optimum temperature for anaero-
bic treatment is known to be 37o C. The rate of gas produc-
tion was relatively lower at temperatures less than 30o C or
more than 40o  C which did not favour the methanogenesis
by mesophilic bacteria.

The pH is another important parameter for biogas produc-
tion. Biogas generation from press mud was observed at pH
values of 6.5, 7.0, 7.5, 8.0 and 8.5. It was maximum in the
pH range of 7.0-7.5 as expected.

Effect of Carbon/Nitrogen (C/N) Ratio

Biogas generation was studied at C/N ratio of 14, 16, 18, 20
and 22. Cellulose powder was used to increase the C/N ratio
as press mud has a low C/N ratio of about 14. The C/N ratio
of 18 was found to be optimum for biogasification of press
mud as shown in Fig. 2. Gas yield at optimum C/N ratio was
0.267 L/g. Press mud has a C/N ratio of about 14 which is
little lower than the optimum.

Fig. 2:  Biogas yield at different C/N ratio

The C/N ratio of the substrate is an important parameter for
the biogas production. On the one hand, biodegradation of
nitrogenous compounds contributes to the neutral pH stabil-
ity by the release of ammonium cations. On the other hand,

Table II: Composition of press mud

Sr. No. Component % age (dry basis)
1 Cellulose 11.4
2 Hemicellulose 10.0
3 Lignin 9.3
4 Protein 15.1
5 Wax 8.4
6 Sugar 5.7
7 Micronutrients

Na 0.22
K 0.40
Ca 2.11
Mg 0.33
Fe 0.32
Zn 0.01
C0 Trace
Ni 0.02
Cr 0.01
Mn 0.04
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the nitrogen is also important for bacterial cell growth,
which is an important phenomenon in the whole process of
biomethanation. At low C/N ratio, carbon addition stimu-
lates methane production by reducing ammonia inhibition.
At high C/N ratio, carbon addition decreases the methane
yield as nitrogen becomes a limiting nutrient and bacteria
suffer a nutrient deficiency. The methane content of biogas
also depends on the C/N ratio. At higher C/N ratio, the per-
centage of methane decreases in the biogas.

For optimum methanogenic performance, C/N ratio of the
substrate needs to be changed quite often. It can be increased
by adding cellulose powder as a source of carbon and can be
decreased by adding commercial nitrogen containing com-
pounds like urea. The C/N ratio can also be modified by mix-
ing one substrate with the other one of complimentary C/N
ratio.   

Effect of Mixing Other Substrates with Press Mud

The C/N ratio of press mud is 14, which is lower than the
optimum required for biomethanation. To increase the C/N
ratio and to understand the interaction of press mud with
other substrates, various substrates (wastes) were mixed with
press mud in different proportions as given below.

1. Press mud and cow dung in the ratio of 2:1 and 1:1
2. Press mud and bagasse in the ratio of 2:1 and 1:1
3. Press mud and cane pith in the ratio of 2:1 and 1:1

The composition of different substrates is given in Table III.
Gas yield and stability of reactor was observed by noting the
change in pH with time. Degradation of volatile solids, gas
yield and gas compositions are given in Table IV.  The bio-
gas yield was 0.202 L/g in 30 days when press mud and cow
dung were mixed in 2:1 ratio. The yield decreased to 0.167
L/g when cow dung content was increased to make a mixture
in the ratio of 1:1. However, with both mixtures, the gas
yield was lower as compared to that with press mud alone
(Fig. 3). Nevertheless, the reactor became more stable as
cow dung has more buffering capacity as compared to press
mud although it has lower potential of biogas generation. 

Fig. 3.  Biogas generation from press mud by mixing with
cow dung

Biogas yield from the mixtures of press mud with bagasse
and with cane pith are given in Figs. 4 and 5. Gas production
increased significantly (by 58%) when the press mud was
mixed with cane pith in the ratio of 1:1.

Effect of Co++ and Ni++

The Co++ concentration of 4-20 µM/L and Ni++ concentra-
tion of 3-12 µM/L was added in the press mud slurry (6%
solids) to observe its effect on biogas generation. Co++ con-

Table III. Composition of different substrates                  

Substrate Moisture Total solids Volatile 
(%) (%) solids  (%)

Press mud 77.8 22.2 77.1
Cow dung 75.1 24.9 77.2
Kitchen waste 88.6 11.4 92.0
Bagasse 49.0 51.0 97.5
Cane pith 66.1 30.9 97.2

Table IV: Volatile solids (VS) degradation, gas yields and gas composition

Substrate VS degradation (%) Gas yield (L/g) Methane (%)
Press mud 49.4 0.241 64.1
Press Mud: cow dung (2:1) 39.5 0.202 64.2
Press mud: cow dung (1:1) 33.3 0.167 63.4
Press mud: bagasse (2:1) 48.4 0.263 64.3
Press mud: bagasse (1:1) 53.3 0.273 64.4
Press mud: cane pith (2:1) 56.3 0.290 65.6
Press mud: cane pith (1:1) 69.2 0.381 66.8
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Fig. 4: Generation of biogas from press mud by mixing
with bagasse

Fig. 5: Biogas generation from press mud by mixing
with cane pith

centration of 5 µM/L was found to be optimum which
increased the gas production by ~ 9% over that of control.
Similarly, optimum Ni++ concentration was found to be
around 6 µM/L, giving about 9% more gas over that of con-
trol. At optimum concentrations of Ni++ and Co++, the biogas
yield increased by ~14% as compared to that without addi-
tion of these trace metals. Both Co++ and Ni++ showed inhi-
bition at higher concentrations.

Effect of Other Parameters

Mixing of the reactor mass is also important for biomethana-
tion. Occasional stirring (2-3 times a day) for few minutes or
continuous stirring at a low speed helped in biogas genera-
tion. By mixing, the interaction between bacterial cells and
solid substrates is expected to be better, thereby increasing
the biogas generation. However, continuous stirring at high
speed was found to be not favourable. It appears that by con-
tinuous mixing at high speed results in excessive shearing
effect on the microbial cells. This in turn reduces the concen-
tration of viable cell mass, which ultimately influences the
biogas production.

Reducing the particle size of the press mud to smaller size
was found to improve the rate of biogas generation, probably
due to increase in surface area of the solid particles, which
results in better contact of bacterial mass with the solid sub-
strate. Particle size of minus 25 mesh was found to be opti-
mum.

Crude wax of press mud contains fats, oils, and hard wax,
which is hydrophobic in nature and forms scum on the sur-
face of the reactor. The wax content of the press mud was
reduced from 8.4% to 3.8% and then used for biogas gener-
ation. The yield of biogas decreased by 21.6%. Although
removal of crude wax decreased the scum formation in the
reactor, it decreased the yield of biogas. In fact, the C/N ratio
of the substrate decreased to 12.5 on removing the wax,
which was not favourable to biomethanation process. This
resulted in the decreased yield of biogas to 0.189 L/g.  A part
of the crude wax was also found to be degraded by anaero-
bic bacteria. 

Conclusion

The press mud contains ~ 77% volatile solids, which are
biodegradable in nature, and a good proportion of nitrogen
(C/N ratio of 14). This makes it a very good material for gen-
eration of bioenergy (methane) by anaerobic biomethana-
tion.  

The optimum conditions for biogas generation from press
mud are: solid concentration 6%, C/N ratio 18, pH 7.0-7.5,
and temperature 35-40o C.  Optimum concentration of
micronutrients, Co++ and Ni++, are 5 and 6 µM/L respective-
ly. Reduction of the solid particles to minus 25 mesh size
improves the biogas yield. Fast acidification due to conver-
sion of sugar into volatile fatty acids and low buffering
capacity in addition to lower C/N ratio are the main prob-
lems of press mud for biomethanation. Mixing of other sub-
strates of high C/N ratio like cow dung, bagasse and cane
pith can result in optimum C/N ratio. This will also reduce
the acidification problem and increase the buffering capaci-
ty. Mixing of cane pith in the ratio of 1:1 gives best perform-
ance of the reactor and biogas yield.

Partial removal of crude wax from the press mud can reduce
the problem of scum formation. This also reduces the C/N
ratio, which can be increased to the optimum level of 18 by
mixing it with cane pith, also available in the sugar mill.  The
digested slurry of press mud, which is rich in plant nutrients,
can be used as a fertilizer.
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