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Abstract

The operating temperature and water to poultry waste ratio in anaerobic digestion process are among the factors that affect methane pro-
duction. Therefore, this paper aimed to investigate the influence of temperature and water to poultry waste ratio on anaerobic digestion of
poultry waste. In this study, three different temperatures were used; psychrophilic (25 °C), mesophilic (35 °C) and thermophilic (55 °C),
while two different water to poultry waste ratio were examined; 1: 1 and 2: 1 (water: poultry waste). The methane production was the
highest at mesophilic temperature followed by psychrophilic and thermophilic temperature with cumulative amount of methane at 14.99
x 10°L, 0.62 x 103 L and 0.22 x 103 L respectively. The highest methane production was observed at the water to poultry waste ratio of
2: 1 followed by ratio 1: 1 with cumulative amount of methane production at 0.11 x 10-3L and 0.05 x 10°L.
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1. Introduction

High demand of poultry products had led to the growth of poultry
industry. The intensification growth of poultry industry had result-
ed in accumulation of organic residues such as blood, feathers and
offal [15]. These organic residues could become an issue related to
environment if they were not managed properly [4].

In this regard, anaerobic digestion is one of the suitable technolo-
gies that can be adopted to treat high organic waste while produc-
ing clean renewable energy such as methane gas [1]. In addition,
anaerobic digestion has several advantages such as low initial
operation cost, low energy requirement during the process and low
sludge production [13]. Anaerobic digestion is a complex biopro-
cess that involves microorganisms in the absence of oxygen. There
are four stages in anaerobic digestion; hydrolysis, acidogenesis,
acetogenesis and methanogenesis. At the beginning of anaerobic
digestion process, complex organic compound such as lipids, pol-
ysaccharide, proteins and nitrates are degraded by hydrolysis pro-
cess into simpler compounds such as fatty acids, monosaccharide
and amino acids. During acidogenesis, the hydrolysis products are
converted into hydrogen, acetic acid and some into volatile fatty
acids and alcohols by facultative anaerobic bacteria. This is fol-
lowed by acetogenesis process, where acid former bacteria con-
verts long chain fatty acids and volatile fatty acids into acetate,
hydrogen and carbon dioxide. Finally, methanogenic bacteria
decompose acetic acid, hydrogen and carbon dioxide into methane
and carbon dioxide at methanogenesis stage [14].

The stability of anaerobic digestion can be affected by several
factors including pH, temperature, and carbon and nitrogen ratio,
addition of sludge and ratio of water added to poultry waste [7].
One of the key variable in anaerobic digestion is temperature;
psychrophilic (25 °C), mesophilic (35 °C), and thermophilic
(55 °C), temperature. Although there are three different tempera-

ture, Sibiya et al., (2014) reported that mesophilic and thermo-
philic temperature were more favorable for anaerobic digestion
process compared to psychrophilic temperature. In contrast,
Zinder et al. (1984) stated that higher temperature could be detri-
mental for anaerobic digestion process as it could kill the microbes
population present in anaerobic digester and reduce the methane
production [17, 19].

Water to poultry waste ratio is equally as important as temperature.
Water is important throughout the anaerobic digestion process as
it helps in dissolving the nutrient contain in substrate before it is
used by the microorganisms and also helps in pH buffering reac-
tion [8]. The aim of the present study is to investigate the influ-
ence of temperature and water to poultry waste ratio on methane
production from the anaerobic digestion of poultry wastes.

2. Methodology

2.1. Materials

Poultry wastes used in this study consisted of chicken fats and
chicken intestine collected from a slaughtering house in Meru,
Klang, Selangor. Inoculum used in this study is Palm Oil Mill
Effluent (POME) that was collected from Tuan Mee Palm Qil Mill
in Sungai Buloh, Kuala Selangor, Selangor. The experiment was
carried out by using 120 ml of serum bottle with 70 ml of effective
working volume as bioreactors.

2.2. Influence of water and poultry waste ratio

To ascertain the ratio of water to poultry waste for the optimiza-
tion of methane production, two different ratios were tested; 1: 1
and 2: 1 (water: poultry waste). The mixture of water and poultry
waste at two different ratios were blended by using Waring Com-
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mercial blender until it became slurry. Then, POME was added to
the slurry as a source of inoculum. After that, 70 ml of the slurries

at the ratio of 1: 1 and 2: 1 were poured in serum bottles separately.

The serum bottles were then maintained at 35°C in a water bath.
2.3. Influence of temperature

The mixture of water and poultry waste at the ratio of 2: 1 (water:
poultry waste) was blended until it became slurry. Then the slurry
was added with POME at the ratio of 2: 1 (POME: slurry) and
poured into serum bottles. To study the influence of temperature
on the methane production, the serum bottles were maintained at
three different temperature; psychrophilic temperature (25 °C),
mesophilic temperature (35 °C), and thermophilic temperature
(55 °C) in duplicates. Temperature was controlled by using water
bath.

2.4. Measurement of methane production

Methane production was measured daily within hydraulic reten-
tion time of 15 days by using gas chromatography with flame
ionization detector (GC- FID).

3. Results of research

3.1. Influence of water to poultry waste ratio

The results show that the water to poultry waste ratio had influ-
enced the methane production. Figure 1 and Figure 2 depict the
cumulative and daily volume of methane production of poultry
waste at the ratio of 1: 1 and 2: 1 (water: poultry waste). From
Figure 1, the highest methane production was observed at the ratio
of 2: 1 followed by ratio 1: 1 with cumulative amount of methane
at 0.11 x 103 I and 0.05 x 10 1.

As can be seen in Figure 2, the daily methane production for both
of the ratios had similar trends. Although the trends were identical,
methane production was higher when the poultry waste was added
with water at the ratio of 2: 1 compared to ratio of 1: 1 with the
range of methane production at 0.002 x 10 I- 0.01 x 10 | and
0.001 x 102 |- 0.005 x 107 I respectively. Methane production
was immediately started at day O for both of the ratios with the
volume of 0.001 x 103 | and 0.002 x 102 I. Previous study by Jha
et al. (2013) explained that the degradation process of substrates
improved with the addition of water. On day 1 until day 5, slight
fluctuated trends were shown for both of the ratios. These trends
occurred due to rapid digestion of sugars and amino acids as they
were not inhibited by pH reduction hence increased the methane
production [12]. On the other hand, methane production reduction
may be resulted from the slow degradation of long chain fatty
acids and hydrogen due to low tolerance of pertinent bacteria upon
low pH [11]. On day 6 until day 8, the methane production con-
tinued to increase. This is because, the natural composition that is
contained in the substrate and inoculum act as a buffer. Lehtomaki
et al. (2007) reported that methane production rose when microor-
ganisms are adapted to their environment. On day 9 until day 15,
the methane production of poultry waste added with water at the
ratio of 1: 1 started to decline from 0.004 x 10- | until 0.003 x 103
| while methane production of poultry waste added with water at
the ratio of 2: 1 showed a slightly different trend. On day 9 until
day 10, methane production of poultry waste added with water at
the ratio of 2: 1 dropped from 0.009 x 10- I until 0.006 x 102 I.
After that, on day 11 until day 12, the methane production in-
creased again. This trend most likely happened due to the accumu-
lation of volatile fatty acids and rose again because of the acclima-
tion of the microorganisms with their surroundings [14]. Finally,

the methane production for both of the ratios decreased. The dec-
rement of methane production most probably happened due to no
feeding process which led to deterioration of food source which is
needed by the microorganisms in order to have the energy to do
their work effectively [16].
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Fig.1. Cumulative volume of methane production at different wa-
ter to poultry waste ratio
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Fig.2. Daily methane production at different water to poultry
waste ratio

3.2. Influence of temperature

The influence of temperature on methane production through an-
aerobic digestion of poultry waste was investigated by using three
different temperature; psychrophilic (25 °C), mesophilic (35 °C)
and thermophilic (55 °C). Methane production of each tempera-
ture were measured daily within 15 days of hydraulic retention
time. Figure 3 and Figure 4 illustrate the cumulative and daily
volume of methane production at different temperature.

Figure 3 shows the daily trend of methane production at three
different temperatures. The methane production range at psychro-
philic, mesophilic and thermophilic temperature were 0.01 x 103
I-2.5x 1021, 0.006 x 10 1- 0.18 x 10 | and 0.005- 0.02 x 103 I.
From Figure 4, it can be clearly observed that the highest methane
production was achieved at mesophilic temperature with cumula-
tive amount of methane production at 14.99 x 107 | followed by
psychrophilic and thermophilic temperature with cumulative
amount of methane at 0.62 x 10 and 0.22 x 103 1.

As can be seen in Figure 4, methane production on day 0 until day
9 for the anaerobic digestion operated at psychrophilic tempera-
ture was slightly increased from 0.006 x 102 | to 0.05 x 10 I.
Slight increment could be a result of slow hydrolysis at low tem-
perature [18]. On day 10 until day 12, the methane production was
gradually decreased from 0.03 x 107 | to 0.01 x 102 I. The bio-
chemical process were disrupted by the shrinkage of microbes
population inside the digester due to their low tolerance upon low
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temperature hence, reduced methane production. Surprisingly, the
methane production rose to 0.18 x 10- | on day 13 until day 15.
This observation is in a good agreement with earlier studies by
Dhaked et al. (2010) which discovered that the degradation pro-
cess was slow at low temperature. Therefore, longer retention time
is needed to produce more methane gas.

After 15 days of anaerobic digestion, it was found that anaerobic
digestion operated at mesophilic temperature yielded the most
methane gas. On day O until day 9, the methane production at
mesophilic temperature showed an upward trend with the volume
of methane between 0.01 x 103 | to 1.77 x 103 I. Eze and Uzo-
dinma, (2009) reported that mesophilic temperature is the most
suitable temperature range for most of the methane performing
microorganisms. So, the microorganisms worked effectively and
increase the methane production. Apart from that, Leven et al.
(2007) also stated that anaerobic digestion operated at mesophilic
temperature was less affected by the inhibition of ammonia. On
day 10 until day 12, the methane production dropped from 1.76 x
103 | until 0.69 x 103 I. The inhibition of long chain fatty acids
may be one of the reason why the methane production decreased.
Accumulation of long chain fatty acids could reduce the pH inside
the digester and disrupt the methane production. On day 13, me-
thane production increased to 2.5 x 10 | due to acclimation of
methanogenic bacteria [12]. On day 14 until day 15, methane pro-
duction shrunk from 2.47 x 103 | to 0.99 x 103 | as there was no
feeding process [16].

At thermophilic temperature, the methane production showed
fluctuated trend with low volume of methane. From the plotted
graph in Figure 4, the highest methane production occurred on day
11 with a volume of 0.02 x 107 I. Previous study by Sibiya et al.
(2014) pointed out that operating anaerobic digestion at
thermophilic temperature led to unstable digestion process and
resulted in low methane production due to the inhibition of
ammonia that increased the pH values. The interaction between
ammonia and pH caused the anaerobic digestion process to be
inhibited at a steady state where the digestion process progressed
slowly with a very low volume of methane. According to Hash-
imoto (1983), microorganisms do not acclimatise towards ammo-
nia during thermophilic anaerobic digestion.
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Fig.3. Daily methane production at different temperature; psy-
chrophilic (15 °C), mesophilic (35 °C), thermophilic (55 °C)

Volume of methane (L){10-3)
-

o1 2 3 45 6 7 8
Dy

9 10 11 12 13 14 15

Fig.4. Cumulative methane production at different temperature;
psychrophilic (15 °C), mesophilic (35 °C), thermophilic (55 °C)

4. Conclusion

It can be concluded that temperature and ratio of water to poultry
waste affects the performance of methane production. The most
preferable temperature was at mesophilic temperature followed by
psychrophilic and thermophilic temperature while the ratio of 2: 1
(water: poultry waste) turned out to yield more methane gas com-
pared to the ratio of 1: 1.
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