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The effect of including palm oil sludge in cattle diet (silage) was conducted in vitro in order to ascertain
the suppressing effect on ruminal methanogenesis. The silage used for the study was Panicum
maximum, Centrocema pubscens, Bracharia decumbens and Andropogon gayanus. The silage were cut
into an average size of 3to 5 cm and ensiled for 21 days. Four treatment diets were formulated with the
silage by including palm oil sludge at 0, 10, 20 and 30%, respectively. Treatments were subjected to
anaerobic digestion in 10 L bio-digesters. Total gas production, percentage methane production,
volatile fatty acids and microbial population of the substrate were measured. Total gas production was
significantly suppressed in the treatment having 30% palm oil sludge for about 25 days while a lag
phase of 16 days was observed before a significant amount of methane was detected. Acetic acid
production increased only in T1 on the first week while T2, T3 and T4 decreased after which their
production remained irregular until the end of the experiment. Propionic acid production also increased
in T1 and T4 on the first week while T2 and T3 decreased after which their production maintained an
undefined pattern as the experiment progressed. Butyric acid production increased in T1, T2, and T4 on
the first week while T2 decreased after which an undefined trend of production was established.
Microbial population especially methanogens also reached its peak around the same period when there
was maximum gas production. It was concluded that ruminal methanogenesis can be suppressed in-
vitro by the inclusion of 30% palm oil sludge in the silage.
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INTRODUCTION

Methane emission from ruminant animals has become a
serious issue that attracts global attention. Methane
remains one of the greenhouse gases that cause climate
change. Report shows that enteric methane is the most

important greenhouse gas emitted (50 to 60%) at the
farm scale in ruminant production systems (Ogino et al.,
2007). Methane has the global warming potential of 25
and with longer residence time when compared to carbon
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dioxide with higher global warming potential of 82 and
shorter residence time (Wuebbles and Hayhoe, 2002;
Forster et al., 2007). Human activities accounts for 70%
of methane production and its rising concentration is
strongly correlated with increasing population of ruminants
(Moss et al., 2000; IPCC, 2007).

Murray et al. (1976) stated that about 90% enteric
methane produced by ruminants has its origin in the
rumen. Methane mitigation strategies in ruminants have
been reviewed critically by several authors. Mitigation
strategies notably on animal phenotype, biotechnologies
and additives were discussed but nutrition strategies
were described as the most developed and ready to be
applied in the field. Smink et al. (2004), Van Zijderveld
and Van Straalen (2004) and Van Laar and Van Straalen
(2004) noted that several Rob-Agro studies have been
performed and the effect of nutrition and feed additives
on methane emission evaluated. Lin et al. (2013) had
reported promising effect of different essential oils in
modulating rumen function in vitro. According to Hristov
et al. (2013) the inclusion of lipids in the diets of
ruminants is an effective strategy for reducing enteric
methane emission, but the applicability of this practice
will depend on its cost effectiveness and its effects on
feed intake, productivity and milk production. Hence, the
inclusion of palm oil sludge in ruminant diets may have a
great potential in reducing enteric methane emission
since it contains more phyto-nutrients (vitamin E, vitamin
K and alpha carotene, beta-carotene, lycopene and 20
other carotenes) than any other dietary oil. These
nutrients are powerful antioxidants that protect the oil
from oxidation. It is a waste and constitutes nuisance
around households and palm oil processing factories.
This study was therefore conducted to ascertain the
efficacy and effective levels of palm oil sludge in reducing
ruminal methanogenesis in vitro.

MATERIALS AND METHODS
Experimental diets and design

A mixture of forage materials which comprises of Panicum
maximum, Centrocema pubscens, Bracharia decumbens and
Andropogon gayanus were mixed in equal proportion for the
production of silage. The forage materials were cut to a size of
between 3 to 5 cm and ensiled for 21 days. The silage were mixed
with palm oil sludge at 0, 10, 20 and 30% inclusion levels to form
four treatment diets with four replicate each. The treatment diets
were subjected to anaerobic digestion in 10 L bio-digesters as the
in vitro rumen simulation. 5.8 kg of water, 2 kg of treatment diets
and 0.2 kg of rumen liquor were put in a 10 L biodigesters while the
remaining space was left for gas accumulation. The treatments
were replicated four times in a completely randomized design
(CRD). Total gas production and percentage methane obtained
were recorded using the Sperian gas analyzer; model number SN
66429, USA. Total gas volume was obtained through downward
displacement of water in gasometers. The volume of water
displaced therefore equals volume of gas produced. Sperian gas
analyser recorded the percentage of methane in the total gas and
that percentage was used to calculate the volume of methane from

Table 1. The proximate composition of treatment diets.

Dietary treatments

Components

T1 T2 T3 T4
Protein (%) 9.63 9.61 9.49 9.49
Fat (%) 4.03 5.20 5.90 6.35
Moisture (%) 66.73 61.85 62.60 63.50
Fibre (%) 5.77 5.82 6.48 5.88
Ash (%) 8.73 9.13 8.98 9.47

total gas volume. Gas collection and analysis were done every 24 h
for 90 days.

The diets were analyzed for crude protein, ash, fats, moisture
and fibre contents before and after the fermentation process
according to AOAC (2000). Changes in the concentration of volatile
fatty acids (acetic, propionic and butyric) were also determined
biweekly during the fermentation period for 90 days using
Spectrophotometer (BB Bran England model 7804 C) in a diluted
volumes of 0.1 ml in 10 ml samples. Changes in total microbial
population of the anaerobic fermentation medium were determined
through laboratory methods in food microbiology by Harrigan and
McCance P.25-28.

Preparation of diluent and media

Diluent (peptone water) and media (Nutrient agar) were prepared
according to manufacturer’s specification.

Microbiological analysis of samples

One milliliter (1 ml) of each sample was serially transferred into 9 ml
of the sterile diluent (peptone water) with a sterile pipette and
shaken vigorously. Serial dilution was continued until 106 dilution
was obtained.

Aliquot portion (0.1 ml) of the 106 and was inoculated onto
freshly prepared, surface-dried nutrient agar (NA). The inoculi were
spread with a sterile (hockey stick-like) glass spreader to obtain
even distribution of isolates after incubation. Nutrient agar and
MacConkey agar plates were incubated for 24 to 48 h at 37°C.
Anaerogen was used during the incubation process.

Enumeration of microbial population

Total plate counts for the nutrient and MacConkey Agar were done
by counting colonies at the reverse side of the culture plates. Total
colony count was expressed in colony forming units per millilitre
(cfu/ml) (Harrigan and McCance, 1990).

RESULTS AND DISCUSSION

The proximate composition of the treatment diets that
were subjected to anaerobic fermentation is presented in
Table 1. Figure 1 shows the methane production pattern
during the experiment. Methane production rate from T4
decreased significantly at the beginning of the curve
probably as a result of the inhibitory effect of palm oil
sludge. This inhibitory effect was maintained for about
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Figure 1. Volume of methane produced during the fermentation process.

nine days before it declined. Though, the rate of methane
production from T4 was still relatively lower until after 72
days before it started rising above others and reached its
peak around 87" day. This was similar to the ones
reported by Broughton et al. (1988), Salminen et al.
(2000) and Cirne et al. (2007).

The initial lag phase in methane production as was
observed may be attributed to the variation in the
concentration of palm oil sludge. S|gn|f|cant methane
production was first detected on the 16™ day of the
digestion process. The volume of methane produced
after the lag phase was lowest in treatment 4 (30% palm
oil sludge) than in the other treatments. The lowest level
of methane production in T4 was maintained for almost 9
days, after which the activities of the methanogens
increased and methane volume started to rise just as it
was observed in other treatments. The periodic volume of
methane production was almost the same in T1, T2 and
T3. The variability in methane production was attributed
to the different levels of palm oil sludge used in the study.
This tends to show that palm oil sludge is capable of
suppressing methane production in vitro. Kramer et al.
(2013) reported that numerically longer retention time of
grass silage-based rations (46.9 + 5.68 h) compared with
corn silage-based rations (36.9+4.28h) was in
accordance with Lund (2002). The lag phase of 16 days
implies that the inhibitory effect of the treatments might
also be high if applied in vivo. Treatment 4 (30% palm oil
sludge) produced the highest volume of methane toward
the end of the fermentation period when the level of palm
oil sludge in diet 4 could no longer suppress methane
production since the bacteria have acclamatized
themselves and can no longer be suppressed by oil. The
highest volume of methane produced towards the end of

the fermentation may not affect the applicability of the
research result since it is assumed to be the period when
the silage must have been digested in the animal and will
be in form of manure if it were to be in vivo. Therefore,
the inclusion of palm oil sludge in cattle diet can help to
suppress methane production in vitro. Peak gas
production was observed between 3 to 4 weeks of
fermentation for all the treatments and this was also the
period when microbial population reached its peak as
shown in Figure 2. This shows that the volume of gas
produced depends on the microbial load present. The
variation in microbial population present in the different
substrates also showed that the palm oil sludge had an
effect on the preponderance of the microbes since the
highest population was recorded in treatment 1(0% palm
oil sludge) and lowest in treatment 4 (30% palm oil
sludge). It is clear that oil coating can make a barrier to
microbial attachment to feed particles in the rumen
thereby reducing their activities (Narimani-Rad et al.,
2012). Methanogens co-exist with several anaerobes to
produce methane from carbon dioxide and hydrogen.
Hence, the major part of the hydrogen formed in the
rumen is converted into methane (Mills et al., 2001).
Murphy et al. (1982), Argyle and Baldwin (1988), Pitt et
al. (1996), Friggens et al. (1998) and Bannink et al.
(2006a) observed that different types of fermented
carbohydrate give different profiles of volatile fatty acid
production and hence methane yield. Figures 3, 4 and 5
show the production of volatile fatty acids during the
fermentation process. The acetic acid concentration
followed the same trend except in treatment 1(0% palm
oil sludge) that contain no palm oil sludge. As shown by
Figure 3, treatment 4 had the highest concentration of
acetic acid as compared to the three treatments that
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Figure 2. Total anaerobic microbial population
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Figure 3. Acetic acid production from the fermenting substrate.

contain palm oil sludge. However, the concentration
dropped around 50th day of the fermentation process.
Kohn and Boston (2000) and Offner and Sauvant (2006)
noted that during acetogenesis, acetate rather than
methane is formed from CO, and H,. Therefore, the
removal of H, by acetogenesis reduces methane yield
since H, and CO, can be converted to acetate by
acetogens which are also present in an anaerobic
environment (Johnson and Johnson, 1995; Demeyer and
Fievez, 2000; Moss et al., 2000). The production pattern
of propionic acid was slightly different from that of acetic
acid since their production from different treatments did

not behave alike by either increasing or decreasing at the
same time. Propionic acid concentration in T1 and T,
followed the same trend of production by increasing and
decreasing at the same time while the trend in
concentration of propionic acid in T, and T3 were the
same. However, butyric acid concentration followed the
same trend. There was relatively enhanced propionic
acid production in the first 2 weeks of production and a
concurrent reduction in the concentration of acetic acid.
This is in line with the earlier assertion that enhanced
propionic acid concentration reduces methane production
and at the same time reduces acetic and butyric acid
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Figure 4. Propionic acid production from the fermenting substrate.
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Figure 5. Butyric acid production from the fermenting substrate.

concentration.

Conclusion

An in vitro rumen simulation technique was conducted to
determine the effect of including palm oil sludge on
methane production in the diet (silage) of Cattle. The
results of the experiment have shown that inclusion of
30% palm oil sludge in silage is capable of suppressing
methanogenesis in vitro. The increase in the concen-
tration of acetic, propionic acid and butyric acid on the
first week shows that palm oil sludge in the diet of cattle
affect the concentration of volatile fatty acids. The
reduction in methane production for a period of 9 days at
30% inclusion of palm oil sludge as was observed in this

experiment also supports the applicability of this result
since there is an average retention period of 45 h in
animals.
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