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! Methanogenation or methanogenesis
2 Biohydrogenation
3 Methanogenic archaea
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! Chestnut (Castanea sativa)
2 Acacia (Acacia mearnsii)
3 Quebracho (Schinopsis quebracho-colorado)
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Table 1- Chemical compositions of pomegranate by product

Pomegranate by product

Chemical compositions

DM CP EE

ash NDF ADF TP TT CT HT

Pomegranate peel 93.24 2.89 156 2.86 23.62 1438 2756 23.61 15.24 8.37
Pomegranate oil 98.15 1.23 95.74 0.03 - - 3.20 1.05 0.13 0.92
Basic substrate 89.27 1640 4.39 6.19 4372 2651 - - - -
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ME (MJ/kg DM) = 2.20 + (0.136 x GP) + (0.0057 x
CP)

OMD (% DM) = 14.88 + (0.889 x GP) + (0.0448 x
CP) + (0.0651 x CA)
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Table 2- Effect of pomegranate oil on gas production in different times

Treatment! P-value
Time incubation? 5
1 3 4
2 11.38+1.14 13.00+1.14 10.33+1.14 10.63+1.14 0.44
4 21.88+0.78 21.36+0.78 20.29+0.78 20.87+0.78 0.56
6 29.01+1.92 30.67+1.92 25.714+1.92 27.13+1.92 0.37
8 34.25+2.60 40.08+2.60 33.55+2.60 33.15+2.60 0.29
12 40.37+£3.53 48.33+3.53 40.72+3.53 39.85+3.53 0.36
16 50.87+3.99 59.66+3.99 52.00+£3.99 50.75+£3.99 0.41
24 59.25+4.62 69.00+4.62 59.04+4.62 57.25+4.62 0.35
48 62.77+7.39 78.39+7.39 59.63+7.39 61.00+7.39 0.34
72 66.75+7.46 83.30+7.46 64.28+7.46 65.25+7.46 0.32
96 69.51+7.48 87.32+7.48 67.23+7.48 67.12+7.48 0.26

! Treatment 1: basic substrate without additional, treatment 2: basic substrate with 2% pomegranate oil, treatment 3:
basic substrate with 4% pomegranate oil, treatment 4: basic substrate with 6% pomegranate oil.
2 Data are included meanszstandard error. Means within the same line with different superscripts differ significantly

(P<0.05).
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Table 3- Effect of pomegranate oil on digestibility parameters basic substrate in in vitro

Treatment !

Parameter? P-value
1 2 3 4
(%DM) b 66.73+7.61 84.11+7.61 64.70£7.61 64.92+7.61 0.31
(ml/h) ‘e 0.09+0.004 0.08£0.004 0.09+£0.004 0.09%0.004 0.24
Metabolizable energy (MJ/kg DM)  10.35+0.64 11.67+0.64 10.32+0.64 10.08+0.64 0.36
OM digestibility (%DM) 60.08+4.11 76.22+4.11 67.33+4.11 59.99+4.11  0.35

! treatment 1: basic substrate without additional, treatment 2: basic substrate with 2% pomegranate oil, treatment 3: basic substrate
with 4% pomegranate oil, treatment 4: basic substrate with 6% pomegranate oil.

2 Data are included meanszstandard error. Means within the same line with different superscripts differ significantly (P<0.05).

3b =gas production of the potentially degradable (insoluble) fraction after 24h incubation (ml/200mg DM)

4¢ = the gas production rate within incubation (ml/h).
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Table 4- Effect of pomegranate oil on total gas, methane, carbon dioxide and hydrogen production after 24h
incubation
. treatments!
Traits?
P-value
1 2 3 4
Total gas (ml) 59.25+4.62 69.00+4.62 59.04+4.62 57.25%4.62 0.35
CH4 % 24.53+0.66 @ 23.32+0.66% 21.91+0.66 20.41+0.66 ° 0.01
CO2 % 31.96£3.11 32.14+3.11 31.84+3.11 33.09£3.11 0.15
H2 % 43.51+3.24 44.54+3.24 46.25+3.24 46.50+3.24 0.21

! Treatment 1: basic substrate without additional, treatment 2: basic substrate with 2% pomegranate oil, treatment 3: basic substrate
with 4% pomegranate oil, treatment 4: basic substrate with 6% pomegranate oil.
2 Data are included meanszstandard error. Means within the same line with different superscripts differ significantly (P<0.05).
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Table 5- Effect of pomegranate peel on gas production in different times

Time incubation?

Treatment! P-value
1 2 3 4
2 11.38+#0.36  11.50+0.36  10.88+0.36  11.00+0.36 0.57
4 21.88+0.71  21.3440.71  22.75#0.71  21.32#0.71 0.46
6 29.01+#0.95  28.33#0.95  31.25#0.95  28.56+0.95 0.15
8 34.25+0.85° 35.61+0.85° 38.63+0.85% 35.04+0.85° 0.04
12 40.37+1.13  42.05+1.13  45.00+1.13  42.17+#1.13 0.24
16 50.87+0.80  49.01+0.80  51.12+0.80  48.32+0.80 0.09
24 59.25+1.23% 53.67+1.23° 5524+1.23° 54.00+1.23° 0.03
48 62.77£1.38% 57.16+1.38° 57.52+1.38P 57.83+1.38° 0.05
72 66.75£1.60° 59.64+1.60° 60.82+1.60° 59.83+1.60° 0.03
96 69.51+1.778 61.00+1.77° 62.88+1.77° 60.50+1.77° 0.01

! Treatment 1: basic substrate without additional, treatment 2: basic substrate with 2.5% pomegranate peel, treatment 3: basic
substrate with 5% pomegranate peel, treatment 4: basic substrate with 7.5% pomegranate peel.
2 Data are included meanszstandard error. Means within the same line with different superscripts differ significantly (P<0.05).
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Table 6- Effect of pomegranate peel on digestibility parameters basic substrate in in vitro

Treatment® P-value
Parameter? 1 > 3 4
(%DM) b 3 66.73+1.53" 59.12+1.53¢ 60.45+1.53¢ i_sfg:fa 0.01
(ml/h) c* 0.09+0.002 0.11+0.002 0.12+0.002 0.11+0.002 0.0001>
Metabolizable energy (MJ/kg DM) 10.35+0.16 2 9.59+0.16° 9.80+0.16° 9.63+0.16° 0.03
OM digestibility (%DM) 67.53+1.08° 62.59+1.08" 63.99+1. 08>  02911.08 0.03

! Treatment 1: basic substrate without additional, treatment 2: basic substrate with 2.5% pomegranate peel, treatment 3:
basic substrate with 5% pomegranate peel, treatment 4: basic substrate with 7.5% pomegranate peel.
2 Data are included means+standard error. Means within the same line with different superscripts differ significantly

(P<0.05).

3 b =gas production of the potentially degradable (insoluble) fraction after 24h incubation (m1/200mg DM)

4 ¢ = the gas production rate within incubation (ml/h).
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Table 7- Effect of pomegranate oil on total gas, methane, carbon dioxide and hydrogen production after 24h
incubation

Traits?

Treatment!

1 2

P-value
3 4

Total gas (ml)  59.25+1.23% 53.67+1.23° 5524+1.23Y 54.00£1.23°  0.03

CH4 % 2453+1.28% 13.75+1.28° 13.95+1.28° 15.92+1.28"° 0.001
CO2 % 56.67+4.522 50.00+4.52% 47.70+4.52° 51.96+4.52 % 0.03
H2 % 18.80+4.61 36.25+4.61 38.35+4.61 32.12+4.61 0.08

! Treatment 1: basic substrate without additional, treatment 2: basic substrate with 2.5% pomegranate peel, treatment 3:
basic substrate with 5% pomegranate peel, treatment 4: basic substrate with 7.5% pomegranate peel.
2 Data are included means+standard error. Means within the same line with different superscripts differ significantly

(P<0.05).
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Introduction: Methane eructated from ruminants is considered to be one of the most important
contributors to global warming, imposing an environmental burden that cannot be ignored.
Meanwhile, it represents a loss of 2% to 15% of the gross energy intake (Johnson and Johnson
1995). Animal nutritionists have been studying manipulation of the rumen microbial ecosystem to
reduce methane emission without the adverse effects on rumen function. There is a need to identify
feed additives to modify ruminal fermentation characteristics and increase the efficiency of feed
utilization, thereby inhibiting the ruminal methanogenesis. In recent years, essential oils (Benchaar
2007), plant secondary metabolites such as condensed tannins and saponins (Pen et al., 2006; Bhatta
etal, 2009) and dietary lipids (Dohme et al., 2001) have arisen as attractive rumen modifiers to
improve rumen microbial metabolism as well as inhibit methane production in ruminants.
Particularly, Woodward et al. (2006) showed a positive effect of fish oil (FO) on reducing CH4
emissions in a short-term study, whereas no reduction was observed for a longer-term study. The
positive effects of tannin-rich plant extracts on methane emission and methanogens population in
vitro as well as in vivo have been examined (Patra et al., 2006; Patra and Saxena, 2010; Becker et
al., 2014). The objective of this study was to evaluate the effect of pomegranate by-products
(pomegranate oil and peel) on the in vitro rumen fermentation with respect to methane emissions.
Materials and methods: Basic substrate was contained of 600 g/kg forage and 400 g/kg
concentrate. Pomegranate oil was administered in doses of 2, 4, and 6% of substrate DM in the first
trial and in the second trial powder peel pomegranate was added in doses of 2.5, 5, and 7.5% of
substrate DM. Syringes were inoculated with 40 ml of a rumen fluid—buffer mix (10 ml rumen fluid
and 30 ml buffer) and were incubated at 39°C. The gas production was measured at different
incubation times and total gas production, CO2, hydrogen, and methane production were
determined after 24h of incubation. Data were analyzed by GLM procedure of SAS (2001)
software.

Results and discussion: The results of the first experiment showed that the addition of
pomegranate oil to substrate did not affect total gas production, digestibility parameters (b and c),
metabolizable energy (ME) and organic materails dry (OMD). Methane production was decreased
by addition of 6% of pomegranate oil (P< 0.05), but not by lower levels of oil. Lipids significantly

decreased CH4 emission in the short-term study ( —27%), but this effect was not observed after 11

wk of lipid supplementation. On the other hand, several in vitro trials have shown that FO reduced
CH4 methanogenesis (Fievez et al. 2003; Patra and Yu 2013). Saturated medium chain fatty acids,
C10-C14, also lead to methane reduction. At ruminal temperature, an increasing chain length of
medium chain fatty acids seems to reduce their efficiency in inhibiting methanogens and methane
formation due to lower solubility (Bucher et al. 2008; Patra 2012). Beauchemin et al. (2008)
reviewed the practical application of lipids to reduce methanogenesis. Oil supplementation to diet
decreased methane emission by 80% in vitro (Fievez et al. 2003) and about 25% in vivo
(Machmu“ller et al. 2000). The toxic effects of certain oils on rumen protozoa contributed to reduce
methane production (Machmu'ller et al., 1998). The addition of canola oil at 0%, 3.5% or 7% to the
diets of sheep reduced the number of rumen protozoa by 88-97% (Machmu’ller et al. 1998). The
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detrimental impact of unsaturated fatty acids has also been reported (Henderson1973). Machmulleur
et al. (1998) observed coconut oil as more effective inhibitor followed by rapeseed, sunflower seed,
and linseed oil. Coconut oil comprises medium chain fatty acids. Dong et al. (1997) compared
canola oil to coconut oil and demonstrated coconut oil as more effective methane inhibitor. Coconut
oil controlled rumen methanogens by changing the metabolic activity and composition
(Machmuller et al., 2003). The inclusion of sunflower oil to the diet of cattle resulted in 22%
decrease of methane emissions (McGinn et al., 2004).

In the second experiment, adding of 5 and 7.5% of pomegranate peel to substrate DM reduced (P
<0.05) total gas production after 24, 72, and 96 h of incubation. Metabolizable energy, b fraction,
and OMD digestibility reduced by pomegranate peel powder. Because these parameters dependent
the total gas production. Methane production was reduced by adding pomegranate peel to diet, but
no difference was observed between methane produced by diet contained different doses of
pomegranate peel. However, a direct effect of condensed tannins on rumen methanogens cannot
totally be excluded (Field et al. 1989). Furthermore, tannins decrease the degradation of nutrients in
the rumen, which then may be degraded in the hindgut. This could have contributed to a lower
methane emission, because hindgut fermentation differs from ruminal fermentation by resulting in a
lower methane production per unit of fermented nutrients (Fievez, et al. 1999). A meta-analysis of
in vivo experiments with tannins by Jayanegara et al. (2012) reported a relatively close relationship
between dietary tannin concentration and CH4 production per unit of digestible OM. According to
Goel and Makkar (2012), the antimethanogenic effect of tannins depends on the dietary
concentration and is positively related to the number of hydroxyl groups in their structure. These
authors concluded that hydrolyzable tannins tend to act by directly inhibiting rumen methanogens,
whereas the effect of condensed tannins on CH4 production is more through inhibition of fiber
digestion. They also pointed out that more animal research is needed with these compounds to
establish their antimethanogenic effect. Hydrolysable tannins are hydrolyzed in the rumen and some
could be toxic (Lowry et al., 1996; McSweeney et al. 2003).

Concluson: Addition of pomegranate oil and pomegranate peel powder to base substrate did not
have a significant effect on digestibility in in vitro conditions, but reduce the production of methane
gas as a harmful greenhouse gas in the atmosphere, that would loss significant portion of the energy
of the feed. Therefore, the use of pomegranate oil and pomegranate peel in the present experiment
as inexpensive edible compounds not only have no negative effects on feeding ruminants, but also a
good alternative to ionophors and other antigens.
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