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ABSTRACT

The present study assessed the influence of Moringa oleifera (MO) dried leaves and a physical form of a forage source
on the production performance and methane emission of dairy cows. Thirty Holstein-Friesian (10 primiparous and 20
multiparous) mid-lactating (DIM 181 + 17, mean + SD; 563 + 25 kg of BW) cows were blocked (based on the parity)
into groups of 6 and randomly assigned to each of five treatments; C= TMR (control diet), AP= TMR+4 Kg alfalfa
pellets, AH= TMR+4 Kg alfalfa hay, M2=TMR+2 Kg MO-dry leaves, M4= TMR+4 Kg Moringa dry leaves. The results
indicated a higher intake of Dry matter (DM) (22.2 Kg/d) and Crude protein (CP) (3.20 kg/d) in AP-supplemented cows.
The results showed increased NDF (neutral detergent fiber) (11.24 Kg/d) and ADF (acid detergent fiber) (9.41 Kg/d)
intakes in cows fed with the AH diet, and lower NDF (9.40 Kg/d) and ADF (7.35 Kg/d) intakes were observed in the
control group cows. Moreover, the highest DM digestibility (68.4%) was observed in cows offered the M4
supplementation. Whereas, the digestibility of CP (65.9%) was greater in cows receiving AP-augmented diets. The
results revealed enhanced NDF (57.2%) and ADF (52.8%) digestibilities in cows incorporated with AH in their diet. Our
observations reflected higher milk production (27.22 Kg/d) in cows provided with the dietary addition of AH. While,
increased milk production efficiency (MY/DMI) was found in cows fed with the dietary inclusion of M2 (1.36).
Moreover, the higher 3.5% FCM (27.32 Kg/d) and milk efficiency (FCM/DMI) were noticed in M4-supplemented cows
(1.35). Similarly, the milk composition % (protein, fat, TS, and SNF) was also improved in cows supplemented with M4
in their ration. Furthermore, a reduction in methane emission (CH4/kg DMI per day and CH4 g/kg 3.5% FCM) in M4
and M2 supplemented cows (CH4 g per day and CH4 g/ kg milk) was noticed. In conclusion, the dietary incorporation of
MO-dried leaves in combination with a forage source improves milk production efficiency, milk composition, and
decreases enteric methane emission in dairy cows.

Keywords: Tree leaves, Moringa oleifera, Forage, dairy cows, performance, methane

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (https://creativecommons.org/licenses/by/4.0/)

Published first online November 04, 2025 Published final November 30, 2025
INTRODUCTION which exacerbates global warming (Mafia et al., 2023).
The FAO reported that enteric CH4 production accounts
It is well established that the world's population for approximately 44% of the greenhouse emissions from
is growing rapidly, at a rate of 1.8% per year, and is the livestock industry (Gerber et al., 2013). Additionally,
projected to reach 9.8 billion by 2050 (United Nations, the cmissions Of. CH4 from ruminants s1gn1'fy a
2017). Therefore, the livestock sector is essential for substantial loss of dlet.ary energy that could otherwise be
global food production and supports the livelihoods of allocated to meat or m111.< synthesis (Patra ?I}d Yu, 2015).
billions of individuals globally (Kucukoflaz et al., 2024; Hence, enteric methane mitigation  from
Melasari et al., 2024). Ruminants (e.g., beef and dairy ruminants has emerged as a critical issue, ascribed to its
cows) are particularly significant because of their environmental implications and contribution to climate
distinctive digestive system, which allows them to change (Ardani ef al., 2024; Brenda et al.,.2024). Efforts
develop low-quality plant-based feeds into high-quality are currently underway to develop strategies that reduce
feed (Jiajun er al., 2024; Al-Galiby et al., 2023; Lileikis ~ CH4 emissions from ruminants by incorporating various
et al., 2023). Nevertheless, enteric fermentation in  feed sources into their diets (Haque, 2018). Dietary
ruminants produces a greenhouse gas , methane (CH4), manipulation primarily entails altering the ratios of
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roughage to concentrates or supplying high-quality
forages (Kholif et al., 2017). High-quality forages (i.e.,
grasses and legumes) possess higher protein levels and
readily digestible carbohydrates, which support the
improved performance of animals (Aluwong and Wuyep,
2011). Moreover, the legumes also contain secondary
metabolites (i.e., saponins), which may impact the
methanogenic archaea, consequently, decreasing methane
production (Morgavi et al., 2011). It has been reported
that forages are an important source of fibre, i.e., neutral
detergent fiber (NDF) and acid detergent fiber (ADF)
(Truong and Thu, 2023). However, the proportions of
NDF and ADF are affected by the stage of forage
maturity (Bo ef al., 2023; Huifen et al., 2023; Pan et al.,
2023). Alterations in the fiber contents of forages
modulate ruminal fermentation (Yue et al., 2023; Zhou et
al., 2024), which can contribute to greater
methanogenesis (Kholif et al., 2017), because of the
release of H, associated with the fibrous feeds (Loza et
al., 2021). The pelleting of the forage source, such as
alfalfa pellets, is also considered one of the essential
feeding strategies for minimizing methane production in
dairy cows (Beauchemin et al., 2022). It has been well-
documented that the pelleting of forages reflected the
improved efficiency of feed utilization (Hironaka et al.,
1996).

Moreover, the researchers are also striving to
develop alternative dietary strategies that employ
agricultural by-products and tree leaves to provide
sufficient nutrients and modify feed composition
(Boudalia et al., 2024). The utilization of tree leaves as
feed constituents serves as a viable mitigation strategy, as
the leaves possess greater nutritive value compared to
grasses, making them more desirable to livestock (Bryant
et al., 2014). Thus, Moringa oleifera (MO) is considered
an excellent source of nutrients (Saleemi et al., 2023;
Kholif et al., 2015; Bashir et al., 2024), attributed to the
ideally balanced mix of amino acids and fatty acid
profiles, along with a good digestibility of protein content
(Babiker et al., 2017). Several authors have described
that dietary supplementation with MO leaves has been
shown to enhance the DMI, milk yield, and milk
composition in dairy animals (Kholif ez al., 2018; Kholif
et al.,2019; Foidl et al., 2001). Moreover, MO leaves not
only possess nutritional properties but also serve as
sources of bioactive compounds, including phenolic acids
and flavonoids ( Kousar et al., 2024; Kekana et al.,
2019). These compounds positively impact feed
utilization and lessen CH4 production (Kholif ez al.,
2015).

To our knowledge, there is scarce information
available regarding the impact of a physical form of a
forage source, along with the supplementation of MO-
dried leaves, on the sustainable performance of dairy
cows. We hypothesized that the dietary inclusion of a
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physical form of a forage source (hay vs pellet), along
with the MO dried leaves, could be a valuable strategy to
improve the dairy cow’s performance while impacting
their methane emission. Therefore, the current study was
planned to assess the effect of supplementing lactating
dairy cows with the physically processed forage source
and MO-dried leaves on intake, milk production, milk
composition, and methane emission.

MATERIALS AND METHODS

This experiment was conducted at Al-Rahman
Dairy Farm, Dunya Pur, Pakistan. The experimental
protocols were reviewed and approved by the ethical
committee at the University of Agriculture, Faisalabad
(No. Agron/3095).

Experimental design and diets: Thirty Holstein-Friesian
(10 primiparous and 20 multiparous) mid-lactating (DIM
181 + 17, mean £ SD; 563 £ 25 kg of body weight) cows
were blocked (based on the parity) into groups of 6 and
randomly assigned to each of five treatments; C= TMR
(control diet), AP= TMR+4 Kg alfalfa pellets, AH=
TMR+4 Kg alfalfa hay, M2=TMR+2 Kg Moringa dry
leaves, M4= TMR+4 Kg Moringa dry leaves. The
experimental diets were prepared in line with the
nutritional requirements of the cows (NRC, 2001). The
experimental rations were fed twice a day at 08:00 and
20:00 hours during the trial for 12 weeks following a
two-week adjustment period. All the experimental
animals were provided with fresh and clean water ad
libitum. The nutrient composition of the treatment diets
(Table 1) was evaluated before the experimentation. The
refusals were recorded daily, and the diet adjustment was
made following a feed refusal rate 5% weekly.

Sampling procedure: The treatment diet samples were
collected daily, whereas the refusals were quantified,
recorded, and obtained following the same protocols. The
samples collected from each experimental unit (animal)
were combined (composite), and a representative sample
was taken for the chemical assessment (Chishti et al.,
2024). The samples were maintained at -20°C, stored in
the encased plastic bags, and properly labelled for
identification.

Chemical analysis: The samples (feed+faccal) were
analyzed for the DM, CP, EE, ash, NDF, and ADF. The
samples were dried in an oven at 60°C before processing
for subsequent analysis. The collected samples were
further analyzed for EE-method 920.39, CP-method
984.13, Nx6.25; Kjeldahl, and ash-method 942.05)
following AOAC (2005) guide. Whereas the NDF and
ADF concentrations were assessed per the procedure
outlined by Van Soest ef al. (1991).
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Table 1: Chemical composition of dietary treatments

J. Anim. Plant Sci., 35 (6) 2025

Ingredients (%)

Experimental diets

# C AH AP M2 M4
AH - 4 - - -
AP - - 4 - -
M2 - - - 2 -
M4 - - - - 4
CSM 4.5 3 3.5 6.5 6.5
Maize 10 12 10 13.5 13
Wheat bran 14.5 15 15 15.5 15
SFM 8.5 8 9.5 3.5 3.5
SBM 1.5 1.5 0 1.5 1.5
Canola meal 9.5 9.5 11 10.5 9.5
Maize Silage 39.5 35 35 35 35
Molasses 8 8 8 8 8
DCP 1 1 1 1 1
Mineral premix 1 1 1 1 1
Vit. Premix 1 1 1 1 1
Toxin binder 1 1 1 1 1
Chemical composition (%)

CP 14.61 14.67 14.8 14.84 14.88
EE 2.57 2.6 2.5 2.64 2.61
NDF 3541 355 34.2 33.74 33.7
ADF 22.5 22.7 21.6 21.07 21.1
ME (Mcal/Kg) 1.945 1.952 1.97 1.988 2.01

C-Control (TMR); AH- TMR + Alfalfa Hay 4 Kg; AP- TMR + Alfalfa pellets 4Kg; M2- TMR + Moringa 2 Kg; M4- TMR +
Moringa 4 kg; CSM- cotton seed meal; SFM-sunflower meal; SBM- soybean meal; CP-crude protein; EE-ether extract; NDF-neutral
detergent fiber; ADF-acid detergent fiber; ME- metabolizable energy

Milk production: All experimental cows were hand
milked twice a day at 06:30 hours and 18:30 hours. The
milk output of each experimental animal (cow) was
recorded, and milk samples were collected bi-daily. The
samples were subjected to treatment with 2-bromo-2
nitropropane-1, 3-diol and were maintained at 4°C until
analysis (Johnson et al., 2002). The milk composition
encompassing protein, fat, SNF, and TS was analysed
utilizing infrared methods (i.e., Lacto-Scan) weekly. The
FCM of 3.5% was determined following the NRC (2001)
formula: FCM=0.432xmilk yield+16.23xfat yield. The
production efficiency was determined by calculating the
daily milk production by the daily DMI.

Digestion trial: The digestibility trial was conducted in
the last week of the study. Digestibility was assessed
using the marker (i.e., chromium oxide) method. The
marker (20g) was incorporated into each cow's diet
immediately post-feeding and thoroughly mixed. Faecal
grab sampling was conducted, with sampling performed
every 3 hours throughout the day (Sarwar et al., 1992).
Samples were combined following the treatment diets,
and a representative sample was taken for chemical
evaluation. The samples of dietary treatments, refusals,
and faeces were evaluated for the DM, CP, NDF, and
ADF.
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Enteric methane evaluation: Two respiratory chambers
established at Al-Rahman Dairy Farm, Dunya Pur,
Pakistan, were used to assess the enteric methane
emissions of cows under each treatment. Classical
chambers equipped with air conditioning are primarily
utilized for the evaluation of methane to minimize the
possibility of air loss to the environment (Storm et al.,
2012). Because of the expense of the classical chambers,
less costly systems have been devised for methane
estimation (Castelan-Ortega et al., 2020). During our
study, we have used these low-cost chambers for methane
estimation. The chambers were 1.8 m (width) x 2.5 m
(height) x 3.8 m (length) with a volume of approximately
17™, The estimation for methane was based on the mean
rate of methane production/min. and flow rate/unit time.
The evaluation of CH4 was simultaneously done in the
two chambers, followed by a pause while following the
methodology of Tedeschi et al. (2022).

Statistical Analysis: The experimental data were
analyzed following a randomized complete block design
while using the Generalized Linear Model (GLM)
procedure (SAS, 2009). The means for dietary treatments
were compared using Tukey’s test. Statistical differences
were considered significant when P values were below
0.05 or 0.01.
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RESULTS AND DISCUSSION

Nutrient Intake and digestibility of cows fed
treatment diets: Nutrient intake and digestibility of cows
fed treatment diets are presented in Table 2. The dietary
inclusion of MO-dried leaves along with a forage source
has significantly affected (p<0.05) the nutrient intake and
digestibility in the experimental animals. These findings
indicated a higher DMI (22.2 Kg/d) and CPI (3.20 kg/d)
in AP-supplemented cows. These results are linked with
the findings of Hironaka et al. (1996), who reported that
pelleting of the roughage-based diets may lead to
enhanced DMI. Likewise, it has also been demonstrated
that the intake of feed is higher when forage undergoes
some processing, i.e., grinding and pelleting (Uden,
1988). Pelletizing of forages changes the physical form of
feedstuff, which reduces particle size and makes it easier
for animals to consume more feed while lowering the
effective fiber content (Knaus et al., 1999). Moreover, the
improvement in forage intake following pelleting also
exhibits higher nutrient digestibility (Van Soest, 1994).

The current study showed increased NDFI
(neutral detergent fiber intake) (11.24 Kg/d) and ADFI
(acid detergent fiber intake) (9.41 Kg/d) in the cows fed
with AH-incorporated diet, and lower NDFI (9.40 Kg/d)
and ADFI (7.35 Kg/d) were observed in the control group
cows. It has been established that forage NDF exhibits a
significant influence on feed intake and rumen fill in
high-producing cows (Kendall et al., 2009). Waldo
(1986) indicated that the NDF content of the diet serves
as the most effective indicator of the feed intake in dairy
cows. Moreover, Oba and Allen (1999) reported a
positive correlation between NDF digestibility and
intake. Improved fiber digestibility in alfalfa-based diets
leads to higher NDFI and ADFI. However, Mertens
(1987) stated that the voluntary feed intake of animals is
impacted by digestive tract fill when high-NDF feeds
(i.e., crop residues) are provided.

Nutrient Digestibility: The nutrient digestibility (%) in
all of the experimental animals was also influenced by
the treatment diets (Table 2). The results showed the
highest DM digestibility (68.4%) in cows with the M4
supplementation, and the lowest (57.3%) was found in
the control group cows. The higher DM digestibility is
linked with the lower fiber levels and secondary
metabolites of MO-leaves that improve rumen microbial
fermentation, which may lead to improved feed
utilization in cows. Whereas the digestibility of CP
(65.9%) was greater in cows receiving AP-augmented
diets. Pelleting involves grinding and compressing the
forage into dense, smaller particles and breaks open plant
cell walls, which could increase the surface area available
to rumen microflora (Ishaq et al., 2019). The increased
surface area may stimulate greater microbial
colonization, which may lead to improved nutrient
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utilization and enhanced protein degradation/digestion
(Norrapoke et al., 2025). However, contrasting results
were also reported because pelleting reduces fiber
particle size, which may lead to an increased rate of
ruminal passage (Van-Soest, 1994). The small particles
of pelleted forages pass faster than the larger particles of
chopped forages, which could result in decreased nutrient
digestibility (Waldo et al., 1986) because of the lower
ruminal retention rate.

The results revealed enhanced NDF (57.2%) and

ADF (52.8%) digestibility in cows provided with the
inclusion of AH in their ration. Moreover, the reduced
proportions of NDF (43.8%) and ADF (41.8%)
digestibility were found in the control group. High fiber
diets may theoretically slow ruminal passage due to the
increased requirement for microbial degradation;
however, the more digestible fiber provided by alfalfa
stimulates longer ruminal retention time, facilitating
enhanced breakdown by microbes and nutrient utilization
(Oba and Allen, 1999), resulting in higher fiber
digestibility. Moreover, the fiber in alfalfa promotes
chewing and saliva secretion, which aids in buffering
rumen pH and sustaining optimal fermentation
conditions, thereby enhancing fiber degradation (Jiang et
al., 2017).
Milk yield and milk composition of cows fed
treatment diets: The current observations showed that
the supplementation of graded levels of MO-dried leaves
with a forage source (hay vs pellet) considerably affected
the milk yield (Kg/d) and milk production efficiency
(Table 3) of dairy cows. The results revealed higher milk
production (27.22 Kg/d) in cows provided with the
dietary addition of AH compared with the control group
(23.51 Kg/d). These results agree with the findings of
Beauchemin and Buchanan-Smith (1989), who exhibited
higher milk production because of the dietary
supplementation of hay. The increased milk production of
hay-fed animals could be attributed to the increased fibre
digestibility (Saleena et al., 2024). Increased fiber
digestion can arise from changes in substrate utilization
by rumen microorganisms because of the greater
concentration of the cellulolytic organisms, which may
affect the rates of digesta passage. Similarly, it was also
found that the incorporation of hay in the forage-based
diet (Chishti et al., 2022) stabilized the ruminal fluid pH,
which may lead to an increase in milk production without
affecting milk composition (Woodford et al., 1986).
Furthermore, Zebeli et al. (2012) demonstrated that
enhanced fiber digestion provides metabolizable energy,
which supports milk production.

Moreover, milk yield was reported to increase
primarily due to higher intake of digestible NDF (Kendall
et al., 2009). At the same time, increased milk production
efficiency (MY/DMI) was found in cows fed with the
dietary inclusion of M2 (1.36). Moreover, the higher
3.5% FCM (27.32 Kg/d) and milk production efficiency
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(FCM/DMI) were noticed in M4-supplemented cows
(1.35). However, lower production efficiencies based on
MY (1.18) and FCM (1.13) production were observed in
cows offered the dietary incorporation of AP. The
variations in milk production outcomes across studies can
primarily be attributed to breed type, age, production
stage, and the dietary inclusion of MO leaves (Amad and
Zentek, 2023).

The improvement in milk production efficiency
could be assumed because of the presence of
phytochemicals in Moringa oleifera leaves associated

J. Anim. Plant Sci., 35 (6) 2025

with the enhanced fermentation efficiency (Shankhpal et
al., 2019). Moreover, the fat yield and efficacy of milk
production could be improved by the plant secondary
metabolites (i.e., phenols and tannins) in moringa
interlinked with the reduced rumen methanogenesis
(Shaani et al., 2016; Dong et al., 2019). Additionally,
MO leaves are considered a valuable source of
protein/amino acids, which can also improve the
performance of dairy cows by facilitating the utilization
of dietary nitrogen (Bashar et al., 2020).

Table 2: Nutrient Intake and digestibility of cows fed treatment diets

Parameters C M2 M4 AH AP SEM P-value
Nutrient intake, kg/d

DMI (Kg/day) 18.5°¢ 18.9¢ 20.1° 20.8° 22.2¢ 0.1757 <0.0001
CPI (Kg/day) 2.69° 2.776° 2.98° 3.13¢2 3.20° 0.0197 <0.0001
NDFI (Kg/day) 9.404 9.648¢ 10.55°  11.24° 9.79°¢ 0.0728 <0.0001
ADFI (Kg/day) 7.35°¢ 7.544°¢ 8.10° 9.417 7.69%¢ 0.1016  <0.0001
Nutrient digestibility, %

DMD 57.3° 62.8% 68.4° 67.8° 62.12 1.4959 0.0021

CPD 61.3% 56.3° 59.4%® 62,1 65.9* 1.8902 0.0500

NDFD 43.8° 48.1B° 53.1% 57.2° 51.20b¢ 1.6919 0.0024

ADFD 41.8° 44.4° 47.4% 52.8° 44.2° 1.6651 0.0079

abedyalues with different superscripts in a row differ significantly.

Abbreviations: C-Control (TMR); M2- TMR + Moringa 2 Kg; M4- TMR + Moringa 4 Kg; AH- TMR + Alfalfa Hay 4 Kg; AP-
TMR + Alfalfa pellets 4Kg; DMI- dry matter intake; CPI- crude protein intake; NDFI- neutral detergent fiber intake; ADFI- acid
detergent fiber intake; DMD- dry matter digestibility’ CPD- crude protein digestibility; NDFD- neutral detergent fiber digestibility;
ADFD- acid detergent fiber digestibility; SEM- standard error of the mean

Milk Composition: The effect of supplementation of
MO-dried leaves and a forage source on the milk
composition of experimental animals is exhibited in
Table 3. The milk quality (composition) was significantly
affected because of the dietary incorporation of MO-dried
leaves along with a forage source (p<0.05). The
improved milk composition % (protein, fat, TS, and SNF)
was observed in cows supplemented with M4 in their
ration. These results are linked with the observations of

Zhang et al. (2018) and Novianti et al. (2021), which
documented that MO has been used to improve milk
composition. Moringa has been shown to enhance milk
fat content while decreasing somatic cell count and
oxidative stress levels (Kekana et al., 2019). Dong et al.
(2019) also demonstrated that the dietary inclusion of
MO-leaves in the diet of goats improved the fat content
of milk; ultimately, this may result in an improvement in
milk lipid and milk solids content.

Table 3: Milk yield and milk composition of cows fed treatment diets

Parameters C M2 M4 AH AP SEM P-value
DMLI, (Kg/day) 18.5¢ 18.9¢ 20.1° 20.8° 22.22 0.1757 <0.0001
Milk Yield (Kg/day) 23.51¢4 25.65°¢ 26.1% 27.222 26.42° 0.12 <0.01
3.5% FCM 23.3¢ 25b 27.322 27.29% 25.1° 0.103 <0.01
ME 1.27¢ 1.362 1.3 1.31° 1.18¢ 0.004 <0.0001
ME FCM 1.26° 1.33b 1.35% 1.32° 1.134 0.003 <0.0001
Milk Composition (%)

Protein 3.01° 3.06° 3.222 3.05° 3.11% 0.0295 0.0001
Fat 3.59b 3.81° 4.232 4.07* 3.7% 0.0578 <0.01
TS 10.63° 11.022 11.112 10.89% 10.9% 0.0908 0.0071
SNF 8.51° 8.80% 8.88? 8.59¢ 8.67 0.0496 <0.01

abedyalues with different superscripts in a row differ significantly.

Abbreviations: C-Control (TMR); M2- TMR + Moringa 2 Kg; M4- TMR + Moringa 4 Kg; AH- TMR + Alfalfa Hay 4Kg; AP- TMR
+ Alfalfa pellets 4Kg; DMI- Dry matter intake; FCM- Fat corrected milk; ME- Milk production efficiency; TS- Total solids; SNF-

Solids not fat; SEM- Standard error of the mean
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Methane production: The findings revealed that the
production of methane in cows is affected due to the
dietary incorporation of MO-dried leaves in addition to
the physical processing of a forage source (Table 4). The
results showed greater methane production (CH4/kg DMI
per day and CH4 g/ kg 3.5% FCM) in the control group
cows, whereas a reduction in methane concentration was
found in cows fed with the M4 inclusion. Moreover, the
decreased emission of methane (CH4 g per day and CH4
g/ kg milk) was noticed in M2 cows. These results are
aligned with the study of Leitanthem et al. (2022), who
concluded that the supplementation of MO-leaves in feed
reduces methane emissions. Similar results for reduced

Table 4: Methane production of cows fed treatment diets

J. Anim. Plant Sci., 35 (6) 2025

methane production in cows were found by Dey et al.
(2014) and Soliva et al. (2005) on a forage-based diet.
Likewise, the emissions from the rumen were decreased
with the dietary addition of leaves or extracts of Moringa,
resulting from active modulation of the rumen
microbiome (Sarkar et al., 2016; Ebeid et al., 2020). The
effects of these foliage plants on methane inhibition may
be attributed to secondary metabolites, including
alkaloids, flavonoids, and tannins. These compounds
have the potential to interact with microbes in the rumen
and alter ruminal fermentation patterns, resulting in a
suppression of methanogenesis (Akanmu and Hassen,
2018; Dong et al., 2019; Ku-Vera et al., 2020).

Parameters C M2 M4 AH AP SEM  P-value
CHs (1 kg! DM day™) 20.804% 18.633¢ 17.700°¢ 19.746° 18.233¢  0.2663 <0.01
CH4 (g/day) 343.03° 314.90¢° 320.97¢ 379.222 356.28°  4.7943 <0.01
CH4 (g/kg milk) 15.237° 13.954¢ 13.999¢ 16.211* 15.670®* 0.2237  <0.01
CH4 (g/ kg 3.5% FCM) 14.986* 12.815 12.369° 14.660* 15.1222  0.2635 <0.01

abedyalues with different superscripts in a row differ significantly.
Abbreviations: C-cotrol (TMR); M2- TMR + Moringa 2 Kg; M4- TMR + Moringa 4 Kg; AH- TMR + Alfalfa Hay 4 Kg; AP- TMR

+ Alfalfa pellets 4Kg; SEM- standard error of the mean

Conclusion: The current study showcased the impact of
MO dried leaves and a physical form of a forage source
on the production performance and methane emission of
dairy cows. In conclusion, the dietary incorporation of
MO dried leaves in combination with a forage source
improves  milk  production efficiency Kg/Kg
(MY/DMI=1.36 in M2 and FCM/DMI=1.35 in M4), milk
composition, and decreases enteric methane emission in
dairy cows.
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