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a b s t r a c t

This study presents an experimental investigation of the effect of corn grain replacement with prickly
pear cactus and M. oleifera leaf extract in ruminal diets. In the control diet, 40 and 70% of corn grain was
substituted with prickly pear cactus, while the level ofM. oleifera leaf extract was varied from 0 to 1.8mL/
g dry matter. A significant interaction between experimental diet and dosage of M. oleifera leaf extract
was observed for methane, carbon dioxide, and total gas production. An increase in the composition of
pear cactus in the diet resulted in a significant decrease in carbon dioxide, methane, as well as the total
gas production. A decrease in lag time of gas production was also observed. The asymptotic methane
production and the rate of methane production decrease in all the diets with the increase in M. oleifera
leaf extract doses. Addition of M. oleifera leaf extract to the control diet resulted in a decline in carbon
dioxide production, while the reverse was the case when M. oleifera leaf extract was added to pear cactus
containing diet. Therefore, replacement of corn grain with pear cactus and the addition of M. oleifera leaf
extract resulted in a decrease in the production of greenhouse gases. This is a promising formulation for
ecofriendly livestock diet.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Enteric methane produced during ruminal digestion of feed
contributes to up to 12% loss in gross energy (Johnson and Johnson,
1995). Furthermore, methane has global warming potential of
26e28 compared to carbon dioxide and methane emissions from
ruminant livestock can have significant impact on livestock's
contribution to global warming. Considering significant impacts of
methane production on animal performance and greenhouse gas
emissions, various approaches including supplementation of yeast
products (Elghandour et al., 2017) or salts of organic acids, addition
of exogenous enzymes (McGinn et al., 2004) or volatile oils
.

(Hern�andez et al., 2017) have been explored to reduce methane
production. Recently, unconventional feeds and agricultural
byproducts in diets of livestock have gained importance (Makkar,
2003) in order to solve the problems connected to shortage and
costs of feed ingredients, especially grains. However, information
regarding the nutritive values of these feeds is still lacking.

The inclusion of prickly pear cactus (PC; Optuntia spp.) offers an
alternative approach to replace energy-dense feed ingredient like
corn grain because PC exhibits greater dry matter digestibility and
high non-fibrous carbohydrate content (617 g/kg DM; Wanderley
et al., 2002). Recently, Elghandour et al. (2016) utilized PC as a di-
etary ingredient in animal diets in semiarid regions. Throughout
the tropics, ruminants produce high amounts ofmethane especially
because of low feed quality.

Plant extracts have shown tremendous potential in improving
nutritive value of feedstuff for animals in a dose dependent manner
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and these beneficial effects are attributed to the presence of sec-
ondary metabolites (Benchaar et al., 2008; Cedillo et al., 2014),
which have potential to alter ruminal fermentation (Salem et al.,
2014). M. oleifera tree, also recognized as ‘drumstick tree’, is
grown in most tropical areas and is of extreme economic and me-
dicinal importance (Makkar and Becker, 1995). Previous studies
have suggested M. oleifera as an option to replace for example
soybean meal and rapeseed meal for ruminants (Soliva et al., 2005)
and as a feed additive capable of altering ruminal fermentation
(Makkar and Becker, 1995). In addition, a better animal perfor-
mance with M. oleifera leaves supplementation probably due to
altered ruminal fermentation and microbial population was
observed (Kholif et al., 2015). Diet supplemented with extracted
and unextractedM. oleifera reducedmethane production compared
with diets containing rapeseed or soybeanmeal (Soliva et al., 2005)
and the effects were attributed to the presence of greater propor-
tion of a-linolenic acid or secondary metabolites such as tannins
and saponins. This study examines the effects of differentM. oleifera
leaf extract concentration in experimental diets containing
different levels of PC (as a substitute for corn grain) on in vitro
rumen fermentation parameters such as nutrient digestibility, gas
production parameters, and production of greenhouse gases
(methane and carbon dioxide).

2. Materials and methods

2.1. Moringa oleifera leaf extract

Moringa oleifera leaves from different young as well as mature
trees were randomly collected from the state of Veracruz, Mexico.
The fresh leaves were washed with tap water and chopped into
pieces of 1e2 cm in length. Extraction was performed with 8mL of
distilled water per g of leaf for 72 h at a temperature between 25
and 30 �C. Thereafter, the extraction mixture was incubated for
1 h at 39 �C and then gauze filtered. The filtrate was kept at 4 �C
until further use. A fresh M. oleifera leaf extract (MOLE) was pre-
pared every week.

2.2. Experimental diets

Basal experimental diet (P0) used in this study contains oats
straw, soybean hulls, barley, wheat bran, corn gluten feed,
molasses, and vitamin-mineral premix added at 249, 250, 120, 30,
30, 70, and 1 g/kg dry matter (DM). Prickly pear cactus was incor-
porated at three levels; P0 (no PC), P75 (PC added at 75 g/kg DM),
and P150 (PC added at 150 g/kg DM). The proportion of corn grain
was reduced from 250 g/kg DM in the P0 experimental diet to 175
and 100 g/kg DM for P75, and P150. While the organic matter (OM)
content was almost similar for all experimental diets, crude protein
(CP) content was greater for P0 compared to P75, and P150 sub-
strates. The diets were formulated in triplicate. M. oleifera leaf
extract was included with experimental substrate at four different
concentrations (0, 0.6, 1.2, and 1.8mL/g DM) for rumen degradation
assay in three runs of incubation in different weeks.

2.3. In vitro rumen degradation assay

Rumen fluid was collected from two Holstein steers 3 h after
feeding total mixed ration containing equal proportion of alfalfa
hay and commercial concentrate mixture. Rumen contents were
collected, composited, and strained using 4 layers of cheesecloth.
The strained rumen fluid was immediately transported to the lab,
maintained at 39 �C using a water bath, and continuously flushed
with CO2 to mimic ruminal milieu and maintain anaerobic condi-
tions. The strained rumen fluid was buffered with 3 vol of pre-
warmed artificial saliva (Goering and Van Soest, 1970) without
addition of trypticase. The buffered-ruminal fluid was used as an
inoculum for in vitro rumen degradation assay.

All experiments were run triplicate. Thereby three independent
runs in three different weeks were performed. Within a single run,
all samples were included in triplicate. Prickly pear cactus was
added in two concentrations (0, 75 and 150 g/kg DM) and
M. oleifera leaf extract in three doses (0, 0.6, 1.2, and 1.8mL/g DM).

Substrates (0.5 g) containing different concentrations of MOLE
were weighed in glass bottles and mixed with 50mL of buffered-
ruminal fluid (40mL buffer with 10mL rumen fluid) (Goering and
Van Soest, 1970). The headspace of glass bottles was flushed with
CO2 to maintain anaerobic ruminal milieu. Bottles were closed
using neoprene plugs and crimp-sealed to avoid leakage of gases
produced during fermentation. Incubations were performed at
39 �C for 72 h. The GP wasmeasured at 2, 4, 6, 8, 10,12, 14, 16,18, 24,
36, 48 and 72 h with pressure transducer connected to a voltmeter
using a syringe assembly as mentioned earlier (Theodorou et al.,
1994). Methane and CO2 were measured at 6, 10, 14, 18, 24, 48,
and 72 h using a Gas-Pro detector (Gas analyzer CORWCON model
Tetra3, Abingdon, UK). Bottles were placed on ice to stop the
fermentation process at the end of 72 h. Thereafter the bottles were
uncapped, and pH of the culture fluid was measured using elec-
trodes on a pHmeter (Conductronic pH15, Puebla, Mexico). Culture
fluid was filtered through glass crucibles to collect residue left after
fermentation. The residues were dried at 65 �C overnight for
determination of digestible DM.

2.4. Chemical analysis

Ash, acid detergent fiber (ADF), crude protein (CP), ether extract
(EE), lignin and DM were quantified according to the AOAC
methods (1997). The quantification ADF and Neutral detergent fi-
ber (NDF) was performed according to Van Soest et al. (1991). The
gas volumes recorded were fitted using NLIN procedure of SAS
(SAS, 2002) based on model described earlier (France et al., 2000).
In vitro metabolizable energy (ME) and OM digestibility were ob-
tained as previously described byMenke et al. (1979). Production of
microbial biomass (MCP) and the partitioning factor at 24 h of
fermentation (PF24) were measured according to the report of
Blümmel et al. (1997). The total gas volume measured after 24 h
was presented as gas yield (GY24) per gram of digestible DM.
Quantification of short chain fatty acids (SCFA) was based on cal-
culations described earlier (Getachew et al., 2002).

2.5. Statistical analyses

A completely randomize designwas used to analyzed the data of
biogas, methane and carbon dioxide production and degradability
using the generalized linear model procedure (SAS, 2002). Data of
each one of the 3 runs within the same sample (total mixed ration)
of the same level of prickly pear cactus (PC) and M. oleifera leaf
extract doses (MOLE) were averaged and used as an experimental
unit. Each run was used as an experimental unit according to the
following model:

Yijk ¼ m þ Di þ Mj þ (S � M)ij þ eijk

where: Yijk represents result of the ith experimental diet (Di) with
jth level of MOLE (Mj); m is the general mean; (D�M)ij is the
interaction between experimental diet and MOLE dose; eijk the
experimental error. Contrast statement was used to observe linear
or quadratic trend in various fermentation parameters in response
to increasing inclusion levels of PC and MOLE. Results were dis-
cussed as significant at 5% level of significance, while tendencies



Table 1
In vitro gas production kinetics in response to experimental diets with three
different levels of prickly pear cactus and four different levels Moringa oleifera leaf
extract (MOLE).

Rationa MOLE (mg/g DM) Gas production (mL/g DM)b

b c Lag

P0 0 281 0.030 1.92
0.6 281 0.035 1.97
1.2 270 0.040 1.98
1.8 265 0.036 1.95

P75 0 292 0.028 1.86
0.6 253 0.027 1.75
1.2 277 0.028 1.72
1.8 283 0.028 1.83

P150 0 262 0.027 1.84
0.6 297 0.030 2.15
1.2 242 0.024 1.80
1.8 288 0.027 2.20

Pooled SEMc 11.2 0.0030 0.109
Ration effect
Linear 0.820 0.002 0.044
Quadratic 0.664 0.025 0.080

MOLE effect
Linear 0.988 0.424 0.191
Quadratic 0.065 0.718 0.208

Ration�MOLE 0.019 0.424 0.275

a P75, prickly pear cactus was included in the experimental diet at 75 g/kg DM;
P150, prickly pear cactus was included in the experimental diet at 150 g/kg DM.

b b is the asymptotic gas production (mL/g DM); c is the rate of gas production
(/h); Lag is the initial delay before gas production begins (h).

c SEM standard error of the mean.
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were considered between 5 and 10% level of significance.

3. Results

Organic matter, CP, NDF, ADF, and EE content of P0 were 964,
130, 356, 121, and 24 g/kg DM, respectively. The inclusion of PC by
replacing corn grain reduced the concentration of CP to 119 and
113 g/kg DM for P75 and P150. The organic matter and EE content
averaged around 950 and 23 g/kg DM with inclusion of PC,
Table 2
In vitro methane production in response to experimental diets with three different levels

Rationa MOLE (mg/g DM) Methane production

mL/g of DM incubated

6 h 24 h 48 h

P0 0 8.8 27.9 42.5
0.6 5.7 19.4 31.6
1.2 4.4 15.1 24.8
1.8 6.6 21.2 32.7

P75 0 4.3 14.0 21.9
0.6 3.6 12.1 19.3
1.2 3.4 11.4 18.0
1.8 3.5 11.7 18.8

P150 0 3.6 11.7 17.9
0.6 3.7 12.0 18.8
1.2 3.5 11.4 17.5
1.8 4.6 14.8 22.6

Pooled SEMb 0.39 1.14 1.59
Diet effect
Linear <0.001 <0.001 <0.001
Quadratic 0.003 <0.001 <0.001

MOLE effect
Linear 0.061 0.056 0.053
Quadratic 0.002 0.002 0.002

Ration�MOLE 0.003 0.003 0.003

a P75, prickly pear cactus was included in the experimental diet at 75 g/kg DM; P150,
b SEM standard error of the mean.
indicating no significant effect. The NDF and ADF contents were
similar for P0 and P150; however, NDF and ADF concentrations
were higher for P75 compared to P0 and P150.

The interaction between diet and MOLE has a significant effect
on asymptotic GP (P¼ 0.02), but no effect on the rate of GP
(P¼ 0.42) or lag phase (P¼ 0.28), in response to various treatments.
The rate of GP (P< 0.01) and lag phase (P¼ 0.04) linearly decreased
with the inclusion of PC. No treatment effects were observed with
MOLE inclusion on gas kinetics (Table 1).

Methane production (mL/g DM), corrected for DM, along with
proportion of methane production was linearly and quadratically
reduced with inclusion of PC (P< 0.01; Table 2). MOLE dosage has a
significant linear and quadratic effect on total methane produced
from degraded DM, and the proportion of total gas produced.
Similarly, methane production was significant affected by the
interaction effects between diet and MOLE dosage.

The MOLE addition to the experimental diet has no significant
effect on GP (Fig. 1). An increase in MOLE dosage resulted in a
decrease in the asymptotic methane production (quadratic effect,
P¼ 0.002) and the production rate of methane (P< 0.05) in all diets
(Fig. 2). The interactions of diet type and MOLE dosage significantly
affect (P< 0.01) both methane and proportional methane produc-
tion (Table 2). P0 diet supplemented with MOLE resulted in a
decrease in carbon dioxide production (P< 0.05), but increased
(linear effect, P¼ 0.025) in the PC containing diets supplemented
with MOLE (Fig. 3). The interactions between diet type and MOLE
dosage has a significantly influence (P< 0.01) on carbon dioxide
production (Table 3). However, the asymptotic GP and the gas
production lag time were not affected by MOLE in PC containing
diets.

By replacing corn grain with PC in the experimental diets, a
linear and quadratic increase (P< 0.05) in fermentation pH, and
PF24 was observed (Table 4). However, the metabolizable energy,
OM, SCFA, MCP and GY24 decreased (linear and quadratic effect,
P< 0.05). Meanwhile, inclusion of MOLE into the experimental di-
ets has no significant effect on metabolizable energy, OM, SCFA,
MCP and GY24.
of prickly pear cactus and four different levels Moringa oleifera leaf extract (MOLE).

mL/g of DM degraded methane production, % total gas
production

6 h 24 h 48 h 6 h 24 h 48 h

13.6 43.4 66.1 18.4 19.0 19.7
8.9 30.1 49.0 10.4 11.9 13.8
6.8 23.2 38.2 7.9 9.2 10.9
9.8 31.5 48.4 12.6 13.8 15.1
6.5 21.3 33.3 11.2 11.3 11.3
5.6 18.6 29.6 10.9 11.0 11.2
5.4 18.0 28.4 9.7 9.8 9.9
5.3 17.9 28.7 8.0 8.5 9.0
5.6 18.0 27.6 9.0 9.2 9.4
5.5 18.1 28.4 6.8 7.3 7.8
5.4 17.4 26.8 11.4 11.2 11.1
7.0 22.4 34.2 10.0 10.1 10.2
0.61 1.80 2.51 1.03 0.93 0.87

<0.001 <0.001 <0.001 0.007 0.003 <0.001
0.003 <0.001 <0.001 0.013 0.001 0.001

0.033 0.029 0.026 0.008 0.009 0.015
0.004 0.004 0.004 0.024 0.014 0.011
0.003 0.002 0.003 0.009 0.008 0.002

prickly pear cactus was included in the experimental diet at 150 g/kg DM.
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Fig. 1. Effect of experimental diets with different inclusion levels of prickly pear cactus andMoringa oleifera leaf extract, at 0, 0.6, 1.2 and 1.8mL/g DM, on in vitro gas production (mL/
g DM). Experimental diets were characterized by replacing corn grain by 0, 75, and 150 g/kg DM prickly pear cactus for P0, P75, and P150, respectively.
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4. Discussion

4.1. Biogas production

The interactions between experimental diets and MOLE doses
reveal that diet composition, as well as MOLE concentrations affect
fermentation parameters related to GP in synergistic or antago-
nistic manner. Furthermore, it can be assumed that alterations of
the metabolic processes in the rumen depend on diet composition.
The observed short lag time without affecting GP when corn grain
was replaced by PC reflects high initial activity of the ruminal
microflora for diets with PC. The nutrient availability with experi-
mental diets is associated with GP profiles (Elghandour et al., 2015)
and it could be concluded that diets containing PC did not provide
the ruminal environment with nutrients or fermentable material
for significant microbial activity at the beginning of the incubation.
PC was reported to contain per dry matter 50% of non-fibrous
carbohydrates (Costa et al., 2009). It seems that this amount of
non-fibrous carbohydrates was sufficient to promote the fermen-
tation process, but not to have a significant effect on GP. Therefore,
it could be assumed that replacement of corn grainwith PC will not
affect the nutritive value of diets fed to ruminant livestock.

Secondary metabolites are present in MOLE and it was expected
that addition of MOLE would increase GP. It is vivid that addition of
Salix babylonica extracts in comparable amounts to those used in
this study to experimental diets resulted in higher GP and a
decrease in the lag time of gas production (Salem et al., 2014).
However, such an increase in GP was not observed in this study.
Either the nature or the amount of the secondary metabolites
introduced into the diets by MOLE addition might explain this
observation (Bodas et al., 2012).

4.2. Methane and carbon dioxide production

Reduction strategies for methane production from the livestock
sector are always desirable from an environmental perspective. The
reduction in methane production in the presence of PC reveals that
replacing corn grain by PC might be an effective strategy towards
reducing environmental footprint from livestock population. The
effects observed on methane production might be due to a
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Fig. 3. Effect of experimental diets with different inclusion levels of prickly pear
cactus, and Moringa oleifera leaf extract, at 0, 0.6, 1.2 and 1.8mL/g DM, on in vitro
carbon dioxide production. Experimental diets were characterized by replacing corn
grain by 0, 75, and 150 g/kg DM prickly pear cactus for P0, P75, and P150, respectively.
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suppressed protozoa populations and a decrease in ruminal
methanogenic and gram-positive hydrogen (H2) producing bacte-
ria. The major type of carbohydrate present in PC (non-fibrous
carbohydrates) was expected to shift from short chain fatty acids
production to a higher propionic acid concentration (Boadi et al.,
2004). Ruminal propionate is a H2 sink and increased propionate
concentration results in reduced supply of H2 for methane syn-
thesis and subsequently decreasing population of ruminal protozoa
(Polyorach et al., 2014). In contrast to the results of this study,
Elghandour et al. (2016) observed a higher methane production
with increasing amounts of PC in the experimental diets. The
reduction in CO2 productionwith inclusion of PCmight be due to an
increase of soluble protein in the experimental diets, since pro-
duction of H2 and CO2 from proteins is lower than from carbohy-
drates (Singh et al., 2012). The results obtained in this study are
contradictory to those obtained recently. It is not clear which fac-
tors caused this discrepancy. However, the use of different rumen
fluid donors, substrates, and feed additive might have resulted in
variable responses.

Addition of MOLE to the experimental diets resulted in a
decrease in methane production and an increase in CO2 production
without affecting total GP and the results concur with the studies
by Dey et al. (2014) when they used roughage based diet and Soliva
et al. (2005) using meadow grass hay based diets. The effects
observed onmethane production might be because of the presence
of secondary metabolites and some active component in the MOLE
(Mueller-Harvey, 2006). Plant components such as flavonoids
(Broudiscou et al., 2002) and tannins (Carulla et al., 2005) were
shown to inhibit the activity of methanogens and subsequently
reducing enteric methane emissions. Tannin induced reduction in
the activity of methanogens might be due to impaired fiber
(Tiemann et al., 2008) and protein digestion (Tavendale et al., 2005)
in the rumen.

4.3. Fermentation characteristics

The pH of culture media increased with inclusion of PC
accompanied by reduced short-chain fatty acid concentrations,
confirming negative correlation between SCFA production and
ruminal pH. The decrease in SCFA concentration with increasing PC
level in the experimental diet is consistent with observed reduction
in ME and OMD values. The observed rise in the value of PF24 and
decline in OMD with increase in the level of PC may be associated
with the reduced conversion of substrate fermented in rumen into
microbial biomass (Blümmel et al., 1999). Therefore, replacing corn
grain with PC negatively affected fermentability of the experi-
mental diets. The lower ME, SCFA, MCP and GY24 production could
be attributed to a lower concentration of readily available carbo-
hydrates required for ruminal microbial activity after replacement
of corn grain with PC. Dey et al. (2014) observed an increase in
in vitroOMD, DMD, SCFA, andMCPwith inclusion of MOLE contrary
to the results of the present study. The discrepancy between both
studies might be due to differences in the experimental conditions,
the nature of theMOLE, the level of inclusion, the experimental diet
used, and the rumen liquor donors.

5. Conclusion

Based on the results from the present study, inclusion of PC by
replacing corn grain cannot be recommended from a nutritional
perspective. However, methane production decreased with inclu-
sion of PC (41%) and MOLE (24%) after 24 h of incubation, making



Table 3
In vitro carbon dioxide (CO2) production in response to experimental diets with three different levels of prickly pear cactus and four different levelsMoringa oleifera leaf extract
(MOLE).

Rationa MOLE CO2 production

mL/g of DM incubated mL/g of DM degraded CO2 production, % total gas
production

6 h 24 h 48 h 6 h 24 h 48 h 6 h 24 h 48 h

P0 0 36 79 89 55 122 139 75 53 41
0.6 37 90 108 58 140 168 68 55 47
1.2 35 85 101 55 131 156 64 52 44
1.8 33 81 98 49 119 146 63 52 45

P75 0 17 56 85 27 85 130 46 45 44
0.6 17 53 80 26 82 123 50 48 46
1.2 18 56 85 28 88 134 49 48 46
1.8 32 83 106 49 127 161 75 61 51

P150 0 21 62 88 32 95 135 51 48 46
0.6 30 84 113 45 126 171 55 51 47
1.2 22 59 78 33 90 119 69 58 49
1.8 32 85 108 49 129 164 72 59 49

Pooled SEMb 2.2 4.0 4.1 3.2 5.8 5.9 6.7 3.5 1.5
Ration effect
Linear <0.001 <0.001 0.0036 <0.001 <0.001 0.003 0.025 0.313 0.032
Quadratic 0.135 0.813 0.285 0.090 0.603 0.434 0.918 0.367 0.033

MOLE effect
inear 0.008 0.002 0.003 0.001 0.002 0.006 0.043 0.013 0.002
Quadratic 0.039 0.022 0.021 0.051 0.035 0.042 0.560 0.821 0.715

Ration�MOLE 0.006 0.003 0.002 0.003 0.001 0.007 0.103 0.172 0.248

a P75, prickly pear cactus was included in the experimental diet at 75 g/kg DM; P150, prickly pear cactus was included in the experimental diet at 150 g/g DM.
b SEM standard error of the mean.

Table 4
Ruminal fermentation profilea in response to experimental diets with three different levels of prickly pear cactus and four different levelsMoringa oleifera leaf extract (MOLE).

Rationb MOLE (mg/g DM) pH ME DMD OMD SCFA PF24 MCP GY24

P0 0 5.82 6.87 641 467 3.20 5.97 515 167
0.6 5.80 7.23 639 490 3.47 5.87 539 171
1.2 5.91 7.40 652 504 3.63 5.73 555 174
1.8 5.96 7.10 666 482 3.40 5.87 532 170

P75 0 6.21 6.80 655 460 3.17 6.07 511 165
0.6 6.04 6.10 647 418 2.63 6.43 469 156
1.2 6.10 6.53 640 445 2.93 6.20 495 162
1.8 6.22 6.60 640 451 3.03 6.13 502 164

P150 0 6.07 6.27 653 426 2.77 6.23 480 160
0.6 6.50 6.97 661 473 3.37 5.90 528 169
1.2 6.35 5.67 653 388 2.27 6.73 442 149
1.8 6.33 6.53 658 445 3.00 6.13 499 163

Pooled SEMc 0.150 0.291 6.5 19.2 0.243 0.158 20.1 4.2
Ration effect
Linear 0.018 0.005 0.986 0.005 0.010 0.005 0.008 0.006
Quadratic 0.003 0.014 0.091 0.013 0.034 0.035 0.033 0.027

MOLE effect
Linear 0.289 0.677 0.070 0.605 0.618 0.734 0.603 0.584
Quadratic 0.877 0.441 0.185 0.489 0.391 0.178 0.524 0.273

Ration�MOLE 0.606 0.062 0.167 0.071 0.072 0.035 0.082 0.047

a Dry matter digestibility (DMD) is the amount of DM degraded in mg/g DM; Metabolizable energy (ME; MJ/kg DM); In vitro organic matter digestibility (OMD; mg/g DM);
short chain fatty acids (SCFA); Partitioning factor at 24 h post-incubation (PF24); gas yield post 24 h incubation (GY24).

b P75, prickly pear cactus was included in the experimental diet at 75 g/kg DM; P150, prickly pear cactus was included in the experimental diet at 150 g/kg DM.
c SEM standard error of the mean.
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both additives more sustainable alternatives compared to corn
grain diets. Hence, inclusion of PC andMOLE in ruminant diet might
be an effective strategy to reduce livestock impact on greenhouse
gas emissions. However, future research is required not only to
validate the findings in this study but also to balance the diets in a
way that the nutritional potential of the diets with PC and MOLE is
not reduced, and animal performance is not compromised.
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