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ABSTRACT 
Anaerobic digestion is a biological process used to convert organic wastes 

into biogas and a stable biofertilizer for agricultural applications as 

environmentally friendly product. The produced biogas is used as an 

alternative renewable energy source. The aim of this study was to analyze 

the influence of paunch jlui~ (PF) content on biogas and methane yield from 

btif.falo dung as biowastes. A series of laboratory experiments using 2 L 

biodigesters (i.e., BDJ till BD6) were carried out in batch operation mode. 

Each biodigester was fed with frxed 750 g of fresh btef.falo dung (DJ and 

mixed with 750 ml of PF and distill water (W) with different ratios (i.e., 

BDJ= 50%, BD2= 50%, BD3= 37.5%, BD4= 37.5%, BD5=0% and BD6= 

I 00% of PF). The results showed that the best performance for biogas and 

methane production was the biodigester BD3 and BD4 with 37.5% of PF, 

i.e. biogas yield was 205.8 and 224.2 ml g VS1
, respectively, after 40 days of 

hydraulic retention time (HRT). While the other biodigesters BDJ, BD2, 

BD5 and BD6 with 50, 50, 0 and 100% of PF delivered a biogas yield of 

177.3, 133.1, 172.7 and 0 ml g VS1
, respectively. Additionalty, methane 

production showed the similar performance, i.e. digesters BD4, BD3, BDl, 

BD5, BD2 and BD6 delivered a methane yield of 144. 7, 130.3, 120.4, I 04.8, 

84.2 and 0.0 ml g VS1
, respectively. These results showed that, the highest 

biogas and methane yield was delivered when buffalo dung was treated with 

37.5% of PF. Although, many references showed that, 50% of PF delivered 

the highest biogas and methane yields. Therefore, the effect of PF 

concentration on biogas and methane production must be investigated 

intensive{y. 
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1. INTRODUCTION 

B iomass energy, as a renewable and sustainable fonn of energy, is 
becoming more important due to its environmentally-sound and 
energy-saving production methods (Berndes et al., 2003). When 

organic matter - such as food, plant debris, animal manure, sewage 
sludge, and biodegradable portions of municipal solid waste - undergoes 
decomposition in absence of free oxygen, it nonnally generates a gas 
which consists of 40-70% methane, the rest being mostly carbon dioxide 
with traces of other gases (Fe"er et al., 2011; Weiland, 2010). Anaerobic 
digestion (AD) can be considered as one of the most important techniques 
to convert organic waste into renewable energy in the fonn of methane 
(Holm-Nielsen et al., 2009). The reason that anaerobic digestion is a 
widely used technique can be contributed to the fact that, apart from the 
biogas production and organic waste stabilization, it has several other 
advantages, e.g. a low cell yield, a high organic loading rate, limited 
nutrient demands and low costs for operation and maintenance of the 
reactor system (Wijekoon et al., 2011). It must be mentioned that a 
mixture of C~ and C02 is not the only gas possible by anaerobic 
degradation of organic matter. Of the two, methane is produced only if 
methanogenic bacteria are involved in the anaerobic decomposition 
(Chen et al, 2008). 
The AD process is nonnally classified into three different temperature 
ranges, namely psychrophilic {<20 °C), mesophilic (20-40 °C) and 
thermophilic {>40 °C) (El-Mashad et al., 2004). kottner (2003) reported 
that the process of anaerobic digestion is running at its optimum 
temperature range of 25 to 38 °C (mesophilic conditions), the latter prefer 
temperatures in the range of 38 °C are greater stability of digestion 
process, easier tc, control and utilized in about 95 percent of all digesters. 
Furthermore, a mesophilic treatment at 38 °C reportedly destroys 99.9% 
of pathogens (Erickson et al., 2004). Under different conditions, and with 
other species of anaerobic microorganisms, gases such as hydrogen and 
hydrogen sulfide may be generated instead of methane (Diaz et al., 2010; 
Singh and Manda/, 2011). But methanogenic bacteria occur. very 
commonly in nature and in most instances anaerobic digestion does result 
in the generation of the predominantly C~-C02 mixture which is widely 
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referred as 'biogas' (Abbasi et al., 2012a). Nowadays, the use of biogas 
has spread from small farms to big animal farms. It is expected that 
biogas will be a significant source of energy in the future to preserve the 
environment, solve the pollution problem and to promote better health to 
agriculture and community. After animal excrement had be~n fermented 
in the biogas plant, it becomes a good quality and odorless substrate, 

which is better than fresh manure in improving the soil for the agriculture 
(Ndegwa and Thompson, 2001). A 'biogas digester' is also an essentially 
anaerobic digester/fermenter/reactor. This term is used for systems which 
are employed primarily for biogas production as distinct from other terms 
which are applied to systems which are primarily used for waste treatment 
and in which biogas is a major by-product (Abbasi et al., 2012b). 
Among domesticated livestock, ruminant animals (cattle, buffalo, sheep, 

goat, and camel) produce significant amounts of methane as part of their 
normal digestive processes (Chhabra et al., 2009; Nusbaum, 2010). In 
the rumen (large fore-stomach) of these animals, microbial fermentation 
converts feed into products that can be digested and utilized by the animal 
(Janssell, 2010; Weimer et al., 2009). This microbial fermentation 
process (enteric fermentation) produces methane as a by-product, which 

is exhaled by the animal. Methane is also produced in smaller quantities 
by the digestive processes of other animals, including humans, but 
emissions from these sources are insignificant (USEPA, 2012). 
Rumen in the mammalian animals is a natural cetlulose-degrading system 
and the microorganisms inside have been found to be able to effectively 

digest lignocellulosic biomass. Furthermore, methane or volatile fatty 
acids, which could be further converted to other biofuels, are the two 
major products in such a system (Yue et al., 2013). 
Rumen fermentation is always associated with the formation of biogas 
rich in methane, which is a valuable energy gas. Researchers have found 
that a high VF A concentration could be obtained in the rumen fluid 

inoculated reactor at the initial phase and methane was the major product 
in the subsequent period (Yue and Yu, 2009). Rumen microorganisms 

· exhibited higher ability and activity to degrade the lignocellulosic 

biomass, such as organic fraction of municipal waste and grass, compared 

to other usual anaerobic microorganisms (Sonakya et al., 2003; Lopes et 
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al, 2004; Liu et al., 2009). Methanogenic microorganisms also exist in 
rumen that converts acetate part in methane and carbon dioxide. In case of 
the use of rumen fluid inoculums for biogas production, Lopes et al. 
(2004) reported that a strong influence of the bovine rumen fluid 
inoculums on anaerobic bio-stabilization of fennentable organic fraction 
of municipal solid waste. However, the optimum inoculums content could 
not be detennined due to the fact that the experiments were not 
extensively investigated study using inoculums content more than 15% 
(Lopes et al., 2004). The rumen is an exclusive organ of ruminant animals 
in which digestion of cellulose and other polysaccharide molecules occur 

through the activity of specific microbial populations. The capacity of 
cellulose digestion that these animals possess is related to the presence of 

anaerobic microorganisms in its rumen, which decompose glucose 

polymer chains up to acetate. According to Aurora (1983) rumen contains 
the highly anaerobic bacteria dominated by cellulolytic bacteria able to 
biodegrade cellulosic material. In addition, Budiyono et al. (2009) and 
Sunarso et al. (2010) have also reported that rumen fluid inoculated to 
biodigester gave significant effect to biogas production. Rumen fluid 
inoculums caused biogas production rate and efficiency ~,{\Crease two to 
three times in compare to manure substrate without rumen fluid. In 
addition, to our best knowledge, in case of using rumen fluid as 
inoculums; data concerning the study of the effect of inoculums content to 
biogas production rate from cattle manure are vety limited. 
In Egypt, 18% of the agricultural wastes are used directly as fertilizer. 

Another 30% is used as animal fodder. The remainder is burnt directly on 
the fields or is used for heating in the small villages, using low efficiency 
burners (El-Mashad et aL, 2003). Dung (feces), manure (feces+ urine) 
and sluny (manure + water) are not only treated anaerobically to produce 
biogas, but also aerobically to reduce harmful gaseous emissions (Samer 
et al., 2014). 
Buffalo discharge was ranged between 8 to 12 kg/animal/day (Rofiqul et 
aL, 2008), 15 kg/animal/day (FAO, 2005) and 16.4 kg/animal/day (DGS, 
2006). The average compositions of fresh dung .are 20.5% total solids 
(TS) and its conten~ of.OTS 17.45%. While C:N ratios of fresh cattle and 
buffalo dung are 38.1 and 29.0, respectively (Shilpkar and Chaudhary, 
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2007). Nam/a aml Nakao (2003) pointed that one kg fresh buffalo dung 

produces 0.037 m3 of biogas. On the other hand, one kg OTS from 
buffalo dung produces 0.105 0.468 m3 of biogas while methane yield 

ranged between 0.069 to 0.284 m3 (Abdel-Hadi and Abd El-Azeem, 

2008). 
The objective of this study is to study the influence of paunch fluid 

content for biogas and methane production from buffalo dung using lab 

scale bench system. The results of this research will be used as a guide 
line for studying the effect of using metallic nanoparticles to enhance 

biogas production and methane yield. 

2. MATERIALS AND METHODS 

2.1 Fresh dung and paunch fluid 
The fresh raw dung was collected randomly from buffalo holding pen unit 

located in the Western Farm of the faculty of agriculture, Cairo 

University, Giza city, Egypt. While, the paunch contents. were obtained 
from a slaughtered buffalo (female, 2 years, 450 Kg); taken from the 

slaughterhouse of the same farm. 

2.2 Sample preparation 
The collected raw du11g was homogenized by mixer for 30 minutes. On 

the other side, the paunch fluid was prepared according to (Budiyono et 
al ..• 2009), where the paunch content was poured in a tank with capacity 

of 50 L then, 25 L of distilled water were added and mixed with the 

paunch content. The obtained slurry was filtered by cloth filter to separate 

solid content. 
2.3 Samples and substrate analysis 
The pH and the temperature were measured using a pH meter (Jenway 

3520, Staffordshire, UK). Total solids (TS), volatile solid (VS) and ash 

were determined using the standard methods (EPA, METHOD 1684, 
2001) using muffle furnace (Ney Tech, Vulcan D-550, York., USA) as 

shown in Table (1 ). 

W 1oral - W dish 

Total Solids(%)= *JOO (1) 
W sample - W dish 
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W total - Wash 
Volatile Solids(%)= ------ * 100 

Where: 

W total - W dish 

Wdish : Weight of dish, mg. 
Wsample : Weight of wet samftle and dish, mg. 
Wiota/ : Weight of dried residue and dish, mg. 
Wash : Weight of ash and dish after ignition, mg. 

(2) 

Organic carbon was calculated according to (Black et al., 1965) using the 
following equation: 

Organic carbon (%) = VS (%) I 1. 724 (3) 

Table (1): Chemical composition of fresh dung and paunch fluid. 

Fresh Dung Paunch Fluid parameter 
(D} (PF) 

TS(%) 17.01 1.49 
VS(%) 13.05 l.l7 
VS (%) from TS 76.72 78.52 
Ash(%) 3.96 0.69 
Organic carbon (% from VS) 44.52 46.14 

~ 

Total Nitrogen(%) 1.7 3.2 
C:N ratio 26:1 14:1 

i!H 6.87 6.37 

2.4 Experimental set up 

A batch anaerobic system was designed, according to the design 
guidelines and parameters developed by Samer (2010 and 2012), and 
constructed on the workshop Nat. Inst. of Laser Enhanced Sc. (NILES), 

Cairo University. The main experiment tools consist of: biodigester, 
temperature control and biogas measurement. A 2-liter wide neck reaction 
Pyrex flask (Scilabware, FR2LF, Staffordshire, UK) ~as used as 
biodigester, plugged with tightly Teflon cap, equipped with step motor (5 

rpm) for mixing the substrate for lmin every hour (Keshtkar et al., 2003) 
and gas outlet connected to biogas holder and measurement (in ml), 
through water trap to reduced·water vapor (Fig. I). 
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In order to withdraw samples or to enable pH measurements without 

intem1pting the anaerobic conditions of the system, a plastic tube with 
long of 12 cm and a diameter of 2 cm was fixed in a hole in the cap and 
immersed in the substrate. The temperature was controlled using a 
thennostatic water bath (Raypa, BAD-12, Barcelona, Spain) and 

maintained at 38.5±0.3 °C. 

Biagas Digesters Biogas Holders 

Fig. (1): The experimental lab scale biogas unit's set-up. 
The volume of biogas formed was measured by 'liquid displacement 
method' using ultra clear polypropylene graduated cylinder (1000 ml,± 

I 0 ml, Azlon) connected to gas outlet by 6 mm plastic hose at its base and 
placed upside down in another polypropylene cylinder (2000 ml, Azlon) 
filled with water (Fig. 2). Methane (CH4) and carbon di~~ide (C02) 
percentages were measured using portable gas analyzer (Geotech, 
GA2000, Warwickshire, UK). CH4 and C02 were measured by dual 
wavelength infrared cell with reference channel. The recorded data were 

downloaded from the gas analyzer to PC using Gas Analyzer Manager 
Software (GAM, version 1.4.0.12) in the form ofExcel Worksheet. 

6 

iii 

l· ll1od1~N~l 2· St<p m.it~r ~-pH lll<t~r jlQl1 
~- TI1eru1<»tlllc 11.1kr bath 5· Gas \1U1l<t 6- Vair< 

L_.o. i· \\"1l:'!lrnp H1radua1rd<}lwdti iJ..Ga1_3illalym 

Fig. (2): The schematic diagram of experimental laboratory set up. 
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2.5 Experimental design 
A series of laboratory experiments using 2000 ml biodigester; with 10% 
headspace of biodigester (Samer, 2010), were performed in batch 
operation mode to investigate the influence of rumen fluid content on 
biogas and methane production. EClch biodigester was fed with 750 g of 
fresh buffalo dung (D) and mixed with 750 ml paunch fluid (PF) and 

distilled water (W) with different ratios. According to (Budiyono et al, 
2009), the best performance for biogas generation was obtained if paunch 
fluid is in the range of 25-50%. Considering this range; two biodigesters 
were fed with 50% paunch fluid, two with 37.5%, one with 0.0% and one 
100% as shown in Table 2. While, Table 3, presents the initial 
composition of six biodigesters' substrate used in the study. 

Table (2): Experimental design of six biodigesters. 
Biodigester D:W:P Dung Water PF PF 

g ml ml % 

801 1 :0:1 750 0.0 750 50 

802 1 :0:1 750 0.0 750 50 

803 1:0.25:0.75 750 187.5 562.5 37.5, 

804 1:0.25:0.75 750 187.5 562.5 37.5 

8D5 1:1:0 750 750 0.0 0.0 

BD6 0:0:1 0.0 0.0 1750 100 

Table (3): Initial chemical composition of six biodigesters substrate 

Biodigester TS vs Ash Organic carbon C:N pH 

O/o O/o % %fromVS ratio value 

801 8.74 6.54 2.20 43.40 25.5:1 6.78 

BD2 8.64 6.29 2.35 42.23 24.8:1 6.77 

803' 8.71 6.42 2.28 42.78 25.2:1 6.78 

BD4 8.41 6.18 2.23 42.63 25.1:1 6.85 

BDS 7.91 5.91 1.99 43.37 25.5:1 7.1 

BD6 1.49 1.17 0.69 46.14 14:1 6.37 

The 38.5 °C (mesophilic bacteria ranges) was selected as optimum 
temperature of bacteria due to the fact that the paunch condition on 
animal ruminants is 38.5 °G (Budiyono et al., 2009) and the operation 
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was stabilized at 38.5±0.3 °C. The performance of each biodigester was 

assessed with respect to cumulative volume of biogas produced and 

corrected according to standard pressure (760 mm Hg) and temperature 
(0 °C) STP (Ha11se11 et al., 2004). 

3. RESULTS AND DISCUSSION 

3.1 The influence of paunch fluid content on biogas and methane 
production 

The influence of paunch fluid content on biogas and methane production 

were investigated by vatying the paunch percent in mixed samples with 

fixed 750 g of fresh buffalo dung as shown in Table 2. Budiyo110 et al. 
(2009) concluded that the best total solid contents for biogas generation 
was 7 -9%, therefore, the TS of each biodigester were stabilized in this 

range (i.e. 7.91-8.74%) as shown in Table 3. While, Table 4 shows the 
final composition of the effluent. 

The cumulative volumes of biogas and methane production were 

observed and recorded through 130 days. The daily biogas and methane 
production was recorded and the curves were drawn using all data which 

were displayed in an interval of 5 days. The peak of biogas and methane 

production rate was observed during 35-40 days of operation of all 

biodigesters as shown in Fig. 3; therefore, the cumulati.ve production 
curve was divided into two Stages: "Stage 1" is from 0 to 40 days and 
"Stage 2" is from 41 to 130 days. 

Table (4): Final composition of six biodigesters effluent. 

Biodigester TS vs Ash Organic Digestibility Digestibility pH 

carbon of TS of VS value 

O/o O/o % %fromVS % % 

BD I 5.82 4.22 1.60 42.08 33.38 35.40 7.4 

BD2 5.30 3.00 2.30 32.83 38.68 52.32 7.4 

BD3 5.16 3.47 1.69 39.04 40.74 45.92 7.3 

BD4 5.67 3.65 2.02 37.36 32.59 40.92 7.4 

BD5 5.77 4.01 1.76 40.31 26.99 32.14 7.3 

BD6 0.64 0.21 0.43 19.33 57.14 73.33 7.6 
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Fig. (3): Biogas and methane production rate during 130 days of 
anaerobic digestion. 

Fig. (4), present the cumulative biogas and methane production curves 
during "Stage l" (i.e. 0-40 days of the experiment) which have a tendency 
to obey sigmoid function (S curve) as generally occurs in batch growth 
curve and as stated by Budiyono et al. (2009). 
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Fig. (4): Cumulative production of biogas and methane during two 
Stages of experiment. 
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In most cases, biogas and methane production is very slow at the 
beginning and the end period of observation. This was anticipated 
according to the specific growth rate of methanogenic bacteria in the 
biodigester (Nopltarata11a et al., 2007). On the other hand, in the first 15 
days the biogas and methane production was inversely proportional to the 
paunch Jluid content, this observation disagree with Budiyo110 et al. 

(2009) who repo1ied that the substrates consisting of dung and paunch 
(12.5 to 50%) exhibit higher cumulative biogas production than substrates 
containing dung and water only (0% PF). This disagreement may be 
subjected to the competition between the bacterial cells or to longer time 

required to adaptation with the experimental conditions. 
In the range of 15-40 days, the biogas and methane production 

significantly increased owing to the exponential growth of 
microorganisms. After 40 days from the beginning of the experiments 
(i.e., Stage 2), the biogas and methane production tends to decrease due to 

the stationary phase of the microbial growth (Castillo et al., 1995). 

The con-elation analysis, which was carried out to evaluate the 
relationships between the cumulative biogas and methane production in 

one hand and the d:6estion time for all rumen fluid contents on the other 
hand, proved that these correlations were linear and highly significant 
where H..2-value ranged between 0.9582 and 0.9897 for cumulative 
production of biogas and between 0.9482 and 0.9775 for cumulative 

production of methane during "Stage l" of the anaerobic digestion as 
shown in Table (5). Additionally, "Stage 2" (i.e., 41-130 days of 
anaerobic digestion) shows the same high linearity but less than "Stage 

l", where R2-value ranged between 0.8971and0.9696 for cumulative 

production of biogas, and between 0.91 and 0.9751 for cumulative 
producti,on of methane as shown in Table (5), "Stage 2". The 
aforementioned results indicate that biogas and methane production 
significantly decrease through "Stage 2". All biodigesters produced more 
than 58.8 and 57.3% of total biogas and. methane yield, respectively, 

~uring "Stage l ",as shown in Fig. 5. Therefore, there is no economically 

reason to proceed further in "Stage 2" of the anaerobic digestion. 
BD3 and BD4 with 37.5°/ci rumen fluid produced the highest total biogas 
yields, 23125 and 24250 ml, respectively, during "Stage 1 ". While the 
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total biogas yields for BDl and BD2 (with 50% PF) were lower and 
amounted to 20290 and 14655 ml, respectively. Although, BD5 had 0.0% 
of paunch fluid the biogas yield was 17865 ml which is higher than BD2. 
Additionally, the total methane yield shows the same behavior as biogas 
production, where BD4>BD3>BD1>BD5>BD2 by 15652.64, 14646.32, 
13779.25, 10839.8 and 9275.26 ml, respectively. On the other hand, the 

resulted ratio of methane in biogas agrees with Lopes et al. (2004) who 
showed that the inoculum's amount contributed significantly in increasing 
the amount of methane in the biogas, where BDl (with 50% PF) produced 
the highest content of methane by 67 .9% of total biogas during "Stage l ", 
and then BD4 and BD5 (with 37.5 and 0.0% PF) which produced 64.5% 

and 60.7% methane, respectively as shown in Table 6. 

Table (5): R2-values for cumulative biogas and methane production curves. 

Biodigesters PF R
2 

- value 

O/o Biogas Methane 

Stage l Stage 2 Stage 1 Stage 2 

BDl 50.0 0.9603 0.9237 0.9529 0.91 

BD2 50.0 0.9586 0.9401 0.9591 0.9328 

803 37.5 0.9724 0.9277 0.9549 0.9437 

BD4 37.5 0.9582 0.9696 0.9482 0.9751 

BOS 0.0 0.9897 0.8971 0.9775 0.9141 

BD6 100 NIA NIA NIA NIA 

!~t)(f 
Bio gas Methane 

~ •~!JW T· · 1 .. J i JHOO \ ... ' 

I MOU·j· 

RJJt 8D2 BIJJ Bl>• nr~ DVI DVl DOJ DV4 DVS 

Biodigesters 

Fig. (5): Total biogas and methane yield during two stages of 

anaerobic digestion: 
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Table (6): Specific biogas and methane yield during "Stage l" 

----- -----

Biodigester PF Biog as Methane Average 
CH4 

O/o ml gvs-1 ml gvs-1 O/o 
---~-----------· 

BD 1 50.0 177.3 120.4 67.91 

BD2 50.0 133.l 84.22 63.29 

BD3 37.5 205.77 130.3 63.34 

BD4 37.5 224.2 144.7 64.55 

BDS 0.0 172.66 104.76 60.68 

BD6 100 0.0 0.0 0.0 
------------

4. CONCLUSIONS 

According to the results of this study, it can be concluded that: 

1. The first 15 days (i.e., Stage 1), the biogas and methane production 

was inversely proportional to the paunch fluid content. 

2. In the range of 15-40 days (i.e., Stage 1), the biogas and methane 

production significantly increased owing to the exponential growth of 

microorganisms. 

3. After 40 days from the beginning of the experiments (i.e., Stage 2), 

the biogas and methane production tends to decrease due to the 

stationary phase of the microbial growth. 

4. BD3 and BD4 with 37.5% paunch fluid produced the highest total 

biogas yields, 23125 and 24250 ml, respectively, during "Stage 1 ". 

While the total biogas yields for BDl and BD2 (with 50% PF) were 

lower and amounted to 20290 and 14655 ml, respectively. 

5. The correlation analysis between the cumulative biogas and methane 

production for all paunch fluid contents were linear and highly 
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significant where R2-value ranged between 0.9582 and 0.9897 for 

cumulative production of biogas and between 0.9482 and 0.9775 for 

cumulative production of methane during "Stage l" of the anaerobic 

digestion. 

6. During "Stage 2" the correlation analysis shows the same high 

linearity but less than "Stage 1 ", where R
2
-value ranged between 

0.8971 and 0.9696 for cumulative production ofbiogas, and between 

0.91 and 0.9751 for cumulative production of methane. 

7. The biogas and methane production significantly decrease through 

"Stage 2". All biodigesters produced more than 58.8 and 57.3% of 

total biogas and methane yield, respectively, during "Stage l ". 

Therefore, there is no economically reason to proceed further in 

"Stage 2" of the anaerobic digestion. 
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