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Simple Summary: This study concludes that supplementation with Moringa oleifera leaves in concen-
trated mixtures improves nutrient digestibility, growth performance, immunity status, and an-
tioxidant activity in goat kids under different feeding regimens. Supplementation of Moringa
leaves—which are rich in protein, minerals, and beneficial biomolecules—can be used up to the
level of 10-20% in concentrated mixtures for better performance in goats. These also meet the essen-
tial necessities of small ruminants and overcome the problem of enteric methane emissions. Hence,
they may be recommended for goats as a protein source supplement and to mitigate the methane

emissions from ruminants.

Abstract: The development of different innovative feed resources for livestock is important to provide
the essential nutrients and diminish the emission of greenhouse gases. The purpose of the present
experiment was to study the response of replacing concentrate with Moringa oleifera leaves in terms
of the nutrient intake, digestibility, enteric methane emissions, and performance of goat kids with
a berseem-fodder-based diet under different roughage (R)-to-concentrate (C) ratios. Twenty-four goat
kids (3 months of age) were distributed into four groups of six animals each, using a randomized
block design (RBD). Kids of Group I (control) were fed a basal diet with 70R:30C without any tree
leaf supplementation. Group II kids were fed with 60R:40C, where 10% of the concentrate mix was
replaced with Moringa leaf (ML powder). In Group 111, kids were fed with 70R:30C with 20% ML
replacement. In Group IV, kids were fed with 80R:20C with 20% ML replacement. A metabolic
trial was conducted after 180 days of feeding to assess the impact of ML on blood metabolites,
antioxidant status, immunity parameters, and enteric methane emissions. The results revealed
that dry matter digestibility, organic matter, and NDF were better (p < 0.05) in ML-treated kids (GII
and GIII) compared to GI. Feed conversion and average daily gain were also enhanced (p < 0.05)
in the treated groups as compared to controls. Total blood protein and albumin were increased in GII
and GIII kids compared to GIL. Plasma cholesterol levels were decreased (p < 0.001) in GII, GIII, and
GIV as compared to GI. Glutathione peroxidase, catalase, and superoxide dismutase enzyme activities
were also enhanced in GII, GIII, and GIV compared to controls. ML supplementation improved
cell-mediated immunity and humoral immunity responses in goat kids. Enteric methane emissions
decreased in the treated groups as compared to the controls. Moringa oleifera leaf may be used up
to the level of 10-20% in concentrate mixes to improve digestibility, blood biochemical parameters,
immunity status, and antioxidant activity in goat kids. Supplementation of ML not only enhanced
the digestion and health of goat kids, but also decreased their methane emissions.

Keywords: enteric methane emissions; Moringa oleifera; goat; growth performance

1. Introduction

Goats make up about 27.74% of the total livestock population in the Indian sub-
continent, followed by cattle (35.92%), and play an important role in sustainable animal
agriculture. Almost 35 million farmers are directly involved in goat rearing. Goat rearing is
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generally practiced under semi-intensive rearing systems, and most farmers use approx-
imately 20-30% concentrated mixtures for their goats [1]. Recently, a challenge faced by
animal producers is the shortage and high price of concentrated feeds. Poor quality of
animal feed is a major factor in decreasing animal productivity in tropical countries [2].
Due to the constant increase in competition between humans and livestock for food, along
with the limited land area for the cultivation of fodder and food grains, the prices of protein
sources are continuously rising [3]. A protein-deficient diet causes inadequate growth
and reduced production performance. Therefore, the search for alternative protein sources
for livestock is of immense importance.

Recently, many studies have shown that tree leaves can be a good source of crude
protein and can positively influence the environment by mitigating methane emissions [4,5].
However, many factors may affect the utilization of such byproducts in ruminants” nutrition,
such as the protein and fiber contents or the concentrations of bioactive components, which
can directly influence rumen fermentation parameters [6]. Moringa oleifera (ML) is one of
the potential tree fodders, also known as the miracle tree, and is a native tree in India [7]. Its
leaves have nutritional value and are rich in crude protein content (29.40%), minerals such
as calcium (2.65%) and phosphorus (0.304 g/100 g), and vitamin C (188-279 mg/100 g) [8].
Additionally, approximately 47% of the protein in M. oleifera leaves is rumen bypass pro-
tein with a good amino acid profile. ML meal contains nine times more protein than
yogurt, with a good feeding effect, and can be used as a protein substitute in animal feed.
Consumption of ML as an animal feed supplement in tropical countries has numerous
benefits compared to other plants, as it can tolerate chill and drought stress, can be sim-
ply altered and assimilated by the animals, and has antinutritional properties [9]. The
presence of alkaloids, polyphenols, and polysaccharides in ML makes it useful as a feed
additive [10]. Nouman et al. [11] described the usage of ML for animal feed in ruminants,
leading to improvements in microbial protein synthesis in the rumen. Numerous studies
have been conducted that provided information on the effects of ML on the performance
and quality of milk in goats and cows [12]. Al-Juhaimi et al. [13] reported that ML im-
proved the immune system and oxidative status in goats through bioactive composites.
Supplementation with ML improved the ruminal fermentation, intake of feed, and milk
quality in Nubian goats [14].

Total anthropogenic greenhouse gas (GHG) emissions in terms of CO, equivalents
represent all economic sectors. Livestock contributes approximately 14.5%, and the overall
agricultural sector—including the livestock—emits roughly 23.20% of emissions in India.
Goats contribute approximately 5.38% of enteric methane emissions within agriculture.
Methane emissions not only contaminate the atmosphere, but also cause energy losses
(2-12%) and low production efficacy in animals. Animal feed is one of the most impor-
tant factors that influence the enteric methane emissions and their efficiency. Dietary
interventions have been found to be efficient in ruminants to reduce the enteric methane
production [15]. Nutritional methods and numerous native feeds/tree leaves may reduce
enteric methane release from cattle production by up to 15% [16]. An effective fed may
also produce less compost N and, consequently, less anaerobic fermentation to discharge
methane, ammonia, and nitrous oxide into the air. The usage of various plants with
anti-methanogenic potential has been proposed as a way to minimize methane emissions
through the presence of secondary metabolites. Leucaena leucocephala legumes have shown
a good methane mitigation effect when constituting up to 30-35% of diet dry matter in
cattle [17]. ML is a natural feed and cost-effective protein source that can modify the
fermentation pathways, inhibit the growth of methanogens, and alleviate methane from
buffaloes [18]. ML is a low-priced supplement as compared to other protein supplements
such as soybeans and sesame [19]. ML is easily adapted and digested by animals, and also
contains a variety of compounds that show the antimicrobial properties and improve the
feed utilization and performance of ruminants [20]. Supplementation of ML in goat food
improved the fat levels in milk and decreased the abundance of Methanobrevibacter ruminan-
tium, which is involved in methane production [21]. Application of ML (4%) in the diets of
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mice improved their size, weight, and survival rates, as reported by Zeng et al. [22]. Addi-
tion of 3.5% ML to the diet improved antioxidant status, milk production, and reproductive
functions in goats [23]. However, a comprehensive study replacing concentrate mixture has
not been conducted so far. We hypothesized that ML with high CP and bioactive molecules
could regulate ruminal fermentation and be utilized in ruminants. Only a few studies
on methane emissions and animal performance have been carried out on male goat kids.
Therefore, the goal of the present study was to observe the effects of Moringa oleifera leaves
on the methane emissions and production performance of male goat kids under organized
farm conditions.

2. Materials and Methods
2.1. Farm Description and Feed Preparation

The present study was conducted in the Livestock Research Centre, ICAR-NDRI,
Karnal, Haryana, India. This institution is situated at 29°42' N and 79°54’ E, 834 feet
above sea level. The maximum and minimum temperatures during summer are 45 °C and
4 °C, respectively, with a diurnal variation of 15-20 °C. Research practice and maintenance
were as per the standard of the Institute Animal Ethics Committee, and consent was also
obtained from the committee, with IAEC approval no. 92/16. This research was conducted
from December 2017 to July 2018. Moringa oleifera leaves were collected from the NDRI
farm, shade- and oven-dried, and ground to a powder before being packed in airtight
polythene bags, while Trifolium alexandrinum (berseem var. BL42) and the concentrate
mixtures were oven-dried at 60 °C. Desiccated samples were crushed and sieved (1 mm)
using an electrically operated Wiley mill. After complete drying, the samples were ground
and placed in sample bottles for further use.

Secondary metabolites such as tannins, saponins, total phenols, and flavonoids were
estimated using the standard protocols. Tannin estimation was carried out using the
method described by Nwinuka et al. [24]. Tannic acid (1 mg/mL) was used as the ref-
erence. The plant leaf extract (1 mL) was mixed with Folin—Ciocalteu reagent (0.5 mL)
and sodium carbonate solution (1 mL). The total volume was made up to 5 mL. Tannin
concentrations were determined by measuring absorbance at 755 nm and calculated as
tannic acid equivalents a from standard curve.

To estimate the total saponins, methanolic extract of leaves (500 puL) and anisalde-
hyde reagent (500 pL, 0.5%) were mixed in a test tube and left for 10 min. Sulfuric
acid (5%, 2 mL) was added to tubes, mixed properly, and kept in a water bath at 60 °C for
10 min. The tubes were cooled, and the absorbance was measured at 435 nm [25].

Total phenolic content (TPC) in the methanolic extract of ML was determined using
the Folin—Ciocalteu reagent assay. Folin—Ciocalteu reagent (750 mL), sodium carbonate
(7.5%, 2 mL), and methanolic leaf extract (200 mL) were added to a tube. The mixture was
diluted with deionized water to 7 mL, and then left at room temperature in the dark for 2 h.
The absorbance was measured at 765 nm using a spectrophotometer and calculated using
gallic acid equivalents (g/110 g of extract) [26].

Briefly, methanolic extract (1 mL) was added to a 10 mL volumetric flask containing
water (4 mL) for total flavonoid estimation. Sodium nitrate (0.3 mL, 5%) was added to
the flask, followed by aluminum chloride (0.3 mL, 10%) at 5 min and sodium hydroxide
(2mL, 1 M) at 6 min. Then, 2.4 mL of water was added to the flask, and absorbance was
measured at 510 nm and calculated as epicatechin equivalents (mg/g) [27].

2.2. Experimental Design

Twenty-four apparently healthy kids (3—4 months of age) were kept independently in
experimental sheds and sustained on similar basal feed (roughage and concentrate). Proper
deworming was performed on all animals during the initial period of the experiment itself.
Prior to the experimental feeding, feed intake was recorded for 10 days. During this period,
the animals also adapted to the changed environment. The body weight of the animals was
initially recorded for 2 consecutive days, and thereafter at 15 day intervals, with the animals
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separated into 4 groups, each consisting of 6 animals, in randomized block design. Group I
was the control group, with a 70R:30C ratio (roughage to concentrate) made up of berseem
and concentrate but no ML supplement. Group II was fed with 60R:40C containing 36%
concentrate and 4% Moringa oleifera leaf powder. In Group III, the goats were fed with
70R:30C containing 24% concentrate and 6% Moringa oleifera (Table 1). In Group 1V, the
goats were fed with 80R:20C containing 16% concentrate and 4% ML. All four groups’ diets
were isonitrogenous in nature.

Table 1. Different groups and feed ratios used in the experiment.

S.No. Groups Roughage (Berseem %) Concentrate (%) Moringa oleifera (%)
1. Group I 70 30 0
2. Group I 60 36 4
3. Group III 70 24 6
4 Group IV 80 16 4

2.3. Metabolic Trial

The metabolic trial was conducted at the end of experimental period for a 7-day
collection period to assess the nutrients’ digestibility and nitrogen balance in a specially
designed cage. Animals were kept in this cage for one week prior to the metabolic trial to
allow them to adjust to their surroundings. The height of the gate of the cage was 63 cm,
of which the free height was 30 cm and the iron plate height was 33 cm. The height of the
cage from the ground to the upper end and the cage floor was 200 and 30 cm, respectively,
with a width of 263 cm. Data on feed offered, feed refusal, and feces and urine voided
by the individual animals in all treatment groups were recorded on daily basis. Urine
samples were collected in plastic bottles from the metabolic chamber and preserved for
further analysis.

2.3.1. Analysis of the Mineral Nutrients Composition of the Feed

Dried (0.5 g) and crushed ML feed samples were weighed into digestion tubes, and
tri-acid mixture (10 mL) was added for digestion in a Kelplus micro digestion assembly. The
absence of white fumes and black particles in the residues suggested that the samples had
been completely digested. The digested samples were then filtered using filter paper. The
filter paper was rinsed many times with double-distilled water and an inductively coupled
plasma (ICP) optical emission spectrometer (iCap 6000, Thermo Scientific, Cambridge,
UK) was used for the analysis of minerals such as calcium, magnesium, iron, copper,
and zinc, while phosphorus (P) was estimated using spectrophotometric (Thermo Fisher
Scientific) methods [28].

2.3.2. Analysis of Samples for Chemical Composition

Different samples of feed and feces were collected during the metabolic trial on a daily
basis and dried at 60 °C in an oven to estimate the dry matter. Total N content was
estimated using the Kjeldahl method. The CP content for each feed sample was estimated
by multiplying the content of nitrogen by 6.25. Ether extract (EE) content was estimated
using a solvent extraction process [29]. Total ash content was estimated via combustion in
a muffle furnace. Neutral and acid detergent fiber (NDF, ADF) and lignin contents were
assessed using the method described by Van Soest et al. [30].

2.3.3. Growth Performance

The animals were weighed before being fed and given water in the morning on
two consecutive days at the start of the experimental feeding, and then at two-week inter-
vals for the duration of the six-month trial. An average of two days was used to calculate
body weight. The increase in body weight at weekly intervals was used to calculate the
growth rate, and the ratio of feed intake to gain was used to assess feed conversion effi-
ciency (FCE). FCE was calculated by the ratio of the ADG of an individual animal to its daily
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DMILI. The average daily gain (ADG) was determined by dividing the difference between the
initial and final live weight by the number of days. Gross energy (GE) values of roughage,
concentrates (including ingredients), and basal diets were calculated based using the
following equation: GE (Kcal/100 g DM) = (2.62 x % CP) + (8.37 x % EE) + (4.2 x % CF),
and DE and ME were calculated directly from GE.

2.3.4. Methane Estimation

The enteric methane (CH,4) production was estimated using the SF4 tracer gas tech-
nique for 5 days [31]. In this method, the permeation tubes were prepared by filling them
with specific amounts of SF¢ and inserted into the rumen with a known release rate. Each
animal was fitted with a halter and a capillary tube attached to an evacuated sampling
canister set to fill halfway in 24 h. Samples from the animal’s mouth and nose were taken
as the vacuum in the sampling canister gradually dissipated. Background CH4 and SFg
concentrations were measured for each day by placing one sampling kit in a naturally ven-
tilated house. The amounts of CH, and SF¢ in the animal samples were then corrected for
background concentration [32]. Following sample collection, the canister was pressurized
with nitrogen, and the concentration of SFs was determined using a gas chromatograph
(Nucon 5700, Nucon Engineers, New Delhi, India) equipped with an electron capture
detector (250 °C) and a 3.3 m molecular sieve column. To estimate the CHy concentration,
another gas chromatograph was equipped with flame ionization detector (100 °C) and a
stainless-steel column packed with Porapak-Q. In both gas chromatographs, the injector
and column were set to 50 and 40 °C, respectively.

2.3.5. Collection of Blood Samples

Blood samples (8 mL) were collected from six goat kids in each group on days 0, 30,
60, 90, 120, 150 and 180 in the early morning before the provision of feed and water. The
samples were taken from animals into vacutainers containing heparin. Immediately, the
vials were slightly rolled between the palms for proper mixing, kept in ice box, and stored
in the laboratory for further analysis. Blood biochemical analysis for glucose, protein,
albumin, and globulin contents was carried out using kits purchased from Recombigen Lab.
Pvt. Ltd., New Delhi, India (Cat.no. GLU-L1001, TTP-L250, ALB-L-100). The activities of
enzymes such as glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase
(SOD) were estimated using the methods described by Paglia and Valentine [33], Aebi [34],
and Madesh and Balasubramanian [35].

2.4. Immunological Analysis
2.4.1. Cell-Mediated Immune Response (CMI)

All of the goats were injected intradermally with phytohemagglutinin-P (150 ug PHA-P)
in the neck to measure the cell-mediated immune response in terms of delayed-type hy-
persensitivity (DTH) [36]. The DTH response was measured using a Vernier caliper and
expressed as the percentage increase in skin thickness.

2.4.2. Humoral Immune Response (HI)

HI was evaluated by hemagglutination tests using sheep red blood cells (SRBCs).
Animals were injected with SRBCs (2 mL, 10%) on the 60th day of the experiment, while
the booster dose was administered 7 days later. Blood was collected on days 0, 7, 14, 21,
and 29 (before injection) to estimate the antibody response. Approximately 2 mL of blood
was collected in sterile serum collection vacutainers, and the collected sera were transferred
aseptically to washed, marked plastic vials and stored at —20 °C until further analysis by
the hemagglutination (HA) test. Antibody titers were expressed in a logy basis [37].

2.5. Statistical Analysis

The results were statistically examined by means of SPSS software using the general
linear model procedure through one-way and two-way analysis of variance for growth pa-
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rameters, and repeated-measures ANOVA at p < 0.05 with Tukey’s test for blood parameters.
The values of the above parameters are presented as the mean =+ standard error.

3. Results
3.1. Mineral and Chemical Composition of Berseem Fodder, Concentrate, and Moringa oleifera Leaves

The calcium content was highest in berseem (1.92%), followed by Moringa oleifera
(1.85%) and the concentrate mixture (1.37%), while the phosphorus content was highest
in the concentrate mixture (0.79%), followed by berseem fodder (0.38%) and Moringa
oleifera (0.15%). The magnesium content was highest in Moringa oleifera (4.81%), followed
by the concentrate mixture (0.81%) and berseem fodder (0.40%). The Fe content was
287 ppm in the concentrate mixture, 289 ppm in the berseem fodder, and 330 ppm in the
Moringa oleifera. The levels of Cu and Zn (ppm) in the concentrate mixture (29.21 and 49.00,
respectively), berseem fodder (4.61 and 16.41, respectively), and Moringa oleifera (9.21 and
26.72, respectively) are presented in the Supplementary Materials (Table S1). The chemical
composition of the different feeds is presented in Table S2. The OM, CP, and EE contents (%)
were higher in ML (89.62, 23.37, and 7.13%, respectively) in comparison to the concentrate
feed (89.26, 20.14, and 4.45%, respectively) and berseem fodder (87.22, 17.56, and 2.98%,
respectively). On the other hand, the NDF, ADEF, and TA contents were lower in ML (26.86,
18.70, 10.03%) compared to berseem (59.29, 39.33, and 12.78%, respectively). On the basis of
dry matter percentage, the value of each phytochemical component—i.e., tannin, saponin,
TPC, and TFC—in Moringa oleifera leaves was calculated. The TPC content was the highest
(4.28%), followed by TFC (3.61%), tannin (2.02%), and saponin (1.01%).

3.2. Chemical Composition of Feed

The chemical composition of the total mixed ration (TMR) fed to the different groups
was isonitrogenous (CP concentration = 18%), and the remaining composition was broadly
similar, with the exception of NDF and ADF contents (Table 2). The TMR values of DM,
OM, CP, and EE in GII were the highest, as 48.17, 87.98, 18.72, and 3.49%, respectively,
followed by GIII (40.17, 87.77, 18.53, and 3.39%, respectively), GI (43.89, 87.75, 18.33, and
3.33%, respectively), and GIV (34.65, 87.55, 18.21, and 3.25%, respectively). The contents of
NDF, ADF, hemicellulose, cellulose, and TA were lower in GII (45.14, 28.66, 16.48, 18.11, and
12.01%, respectively) as compared to GI (48.58, 31.16, 17.42, 19.44, and 12.25%, respectively),
GIII (48.77, 31.58, 17.20, 20.22, and 12.21%, respectively), and GIV (52.28, 34.22, 18.06, 21.81,
and 12.44%, respectively).

Table 2. Chemical composition (%) of TMR in different groups of goats: GI (control), GII (60R:40C
with 10% of concentrate replaced with ML), GIII (70R:30C and 20% replacement of concentrate with
ML), and GIV (80R:20C and 20% replacement of concentrate with ML).

. j GI GII GIII GIV
Attributes (%) (70R:30C) (60R:40C) (70R:30C) (80R:20C)
Dry matter 4389+ 020  4817+012  4017+0.17 3465+ 0.14
Organic matter 87.75+0.15  8798+019  87.77+0.18  87.55+0.16
Crude protein 18334007 1872+ 0.14 18.53 + 0.13 1821 + 0.08
Ether extract 333 + 0.04 3.49 + 0.10 3.39 + 0.05 3.25 + 0.06
Neutral detergent fiber ~ 4858+ 0.18 4514 +015 48774012 5228 + 0.09
Acid detergent fiber 31164+ 016  28.66+020 3158 +0.11 34.22 4 0.14
Hemicellulose 1742 +010 1648 +0.11 17.20 + 0.15 18.06 + 0.06
Cellulose 19.44 + 0.15 18114012  2022+010  21.81 +0.11
Total ash 12254008 1201 + 0.12 12.21 + 0.1 12.44 + 0.09

3.3. Feed Intake and Digestibility of Nutrients in Different Groups

The digestibility coefficients of DM and OM were highest (p = 0.02) in GII (69.70% and
71.89%, respectively) and GIII (70.82% and 71.76%, respectively), followed by GIV (67.68%
and 69.75%, respectively), while the lowest coefficients were observed in GI (66.84% and
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69.56%, respectively). The digestibility of crude protein, EE, and ADF (%) was similar in all
of the groups. NDF digestibility was higher (p < 0.05) in GIII (56.04%) and GII (54.91%) as
compared to GIV (53.35%) and GI (52.94%) (Table 3). Organic matter intake was similar in
all of the groups (p < 0.07), while DMI was higher (p < 0.01) in GII and GIII as compared to
GI and GIV. Similarly, CP and NDF intakes were also higher in GII and GIII as compared to
GI and GIV. Overall TDN intake was higher in GII and GIII as compared to GI and GIV.

Table 3. Nutrient intake and digestibility in different groups: GI (control), GII (60R:40C with 10% of
concentrate replaced with ML), GIII (70R:30C and 20% replacement of concentrate with ML), and
GIV (80R:20C and 20% replacement of concentrate with ML).

Parameters GI GII GIII GIV SEM p-Value
Intake (g/d)

Dry matter 694.67° 4543 753143 +£425 752653 +£955  722.88° +3.77 5.97 0.01
Organic matter 613.65 £ 6.19 663.18 £+ 6.28 660.95 £ 21.56 633.63 = 4.81 7.09 0.07
Crude protein 110.39° + 3.09 123512 £1.17 118.86 @ £ 3.88 109.88 P + 0.83 1.78 <0.001

Neutral detergent fiber 339.39° 4 6.51 339.922 £322 366962 £11.97 37798 +287 5.31 0.01
Acid detergent fiber 216.85° + 6.07 215112 +£2.04 236.622 +7.72 246.40° +1.87 3.83 <0.001
Total digestible nutrients 420.08 ¢ £ 3.19 472253 +13.84 452273 41475 422.98b° + 11.85 6.53 0.01
Digestibility (%)

Dry matter 66.84 € + 0.44 69.70 2 +1.10 70.822 +£1.26 67.68 b 4+ 0.38 0.55 0.02
Organic matter 69.56 P + 0.68 71.892 £0.29 71.76 2 £ 0.61 69.75° 4 0.62 0.36 0.01
Crude protein 66.79 £ 1.01 65.47 + 0.64 65.08 £ 0.59 66.19 £ 1.09 0.42 0.52

Ether extract 73.28 £ 0.65 7472 £ 227 75.18 £ 0.69 73.86 + 2.18 0.77 0.84
Neutral detergent fiber 52.94b + (.45 54912 +0.90 56.042 + 0.77 53.35P +0.70 0.44 0.02
Acid detergent fiber 40.26 £1.87 42.88 £2.48 43.63 £2.16 41.79 £1.60 1.50 0.68
Means bearing different superscripts a, b, and c in the same row differ significantly (p < 0.05).
3.4. Overall Performance of Goats after 180 Days of the Feeding Trial
The initial body weight of goat kids in GI, GII, GIII, and GIV was similar in all groups
(Table 4). The final weight in GII (32.50 kg) and GIII (31.84 kg) was greater (p < 0.01) than
that in GI and GIV (28.43 and 29.15 kg, respectively). Overall weight gain was also higher
(p < 0.004) in GII (18.18 kg) and GIII (17.48 kg) than GI (14.13 kg) and GIV (14.59 kg). ADG
was highest (p < 0.001) in GII (101.01 g), followed by GIII (95.68 g), GIV (81.42 g), and GI
(79.22 g). However, FCR (gain: intake) was similar (p-value) in all of the groups.
Table 4. Growth performance of goats during the feed trial: GI (control), GII (60R:40C with 10% of
concentrate replaced with ML), GIII (70R:30C and 20% replacement of concentrate with ML), and
GIV (80R:20C and 20% replacement of concentrate with ML).

Attributes GI GII GIII GIV SEM p-Value
Initial BW (kg) 14.13 + 0.90 14.32 £ 0.61 14.36 + 0.38 14.56 £+ 0.89 0.61 0.981
Final BW (kg) 2843P 4089 32502 +£098 31.8424+054 29.15Y +0.84 0.72 0.005

Overall weight gain (kg) 1413 + 046 18182 £057 174824085  1459P +0.89 0.56 0.004
Average daily gain (g) 7922 4+1.13 101.012 £3.02 95682 +2.16 81.42° +1.28 1.87 <0.001
Feed conversion efficiency ~ 11.38° £1.02 13412 4+098 13152 +£0.01  11.21° £0.03 045 <0.003

Means bearing different superscripts a and b in the same row differ significantly (p < 0.05).

3.5. Impact of ML on N Balance in Goats

The N intake was highest (p < 0.01) in GII (19.87), followed by GIII (19.13), GIV
(17.67), and GI (17.75 g/d). The fecal and urinary N contents were similar in all of the
groups (Table 5). Total N loss was also highest in GII and GIII (17.01 and 16.53 g/d,
respectively), followed by GI and GIV (15.46 and 15.23 g/d, respectively). The N balance
was highest (p = 0.02) in GII (2.87) and GIII (2.60), followed by GIV (2.44), while the lowest
was found in GI (2.29 g/d). However, absorbed N (%) was also similar in all of the groups.
The percentage of nitrogen intake retained and absorbed was statistically similar.
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Table 5. N balance of experimental animals in different groups fed with replacement of concentrate
with Moringa oleifera leaves: GI (control), GII (60R:40C with 10% of concentrate replaced with ML),
GIII (70R:30C and 20% replacement of concentrate with ML), and GIV (80R:20C and 20% replacement
of concentrate with ML).

Parameter GI GII GIII GIV SEM p-Value
N intake (g/d) 17.75° + 0.45 19.872 £ 0.20 19.132 + 0.59 17.67° +0.14 0.28 <0.001
Fecal N (g/d) 542 +£0.21 5.56 £ 0.12 5.32+£0.12 4.96 + 0.09 0.08 0.06
Urinary (g/d) 10.04 £+ 0.66 11.44 + 0.33 11.21 £ 0.64 10.27 £ 0.16 0.27 0.17
Total N loss (g/d) 15.46° + 0.47 17.012 £0.26 16.532 £ 0.62 15.23° +0.12 0.25 0.02
N balance (g/d) 229b +0.15 2.872 +£0.10 2.602b 4+ 0.05 244°+0.13 0.07 0.01
Absorbed N (%) 69.28 +1.87 72.01 £0.75 72.09 £ 1.04 7191 £ 0.67 0.61 0.30
Nitrogen retention
Intake (%) 12.94 4+ 0.88 14.47 + 0.59 13.69 £+ 0.62 13.78 + 0.61 0.34 0.49
Absorbed (%) 18.81 £ 0.57 20.12 £0.93 19.04 £ 1.09 19.15 £ 0.76 0.53 0.85
Means bearing different superscripts a and b in the same row differ significantly (p < 0.05).
3.6. Enteric Methane Production in Goats
Methane emission expression (g/d, MJ/d, g/kg DMI) was not varied between the
groups; however, the trend (p-values 0.07 to 0.12) indicated that there was a close and
inverse association between enteric methane emission and the presence of ML in the
diet (Table 6).
Table 6. Enteric methane emissions of male kids in different groups fed with replacement of concen-
trate with Moringa oleifera leaves.
Parameter GI GII GIII GIV SEM p-Value
CHy(g/d) 8.83 + 0.07 8.24 +£0.32 8.13 + 0.22 8.77 £ 0.13 0.17 0.09
CHy M]/d) 0.49 £ 0.03 0.45 £ 0.02 0.45 + 0.01 0.48 £+ 0.01 0.02 0.12
CH, (g/kg DMI) 12.28 £+ 0.62 11.42 + 0.65 11.34 £ 0.73 11.50 + 0.06 2.08 0.06
CH,/Kg (DM digested) 17.34 + 0.84 15.01 £ 0.83 15.09 + 0.36 16.67 £ 0.32 0.57 0.08
CHy (g/Kg OMI) 13.85 £ 0.35 12.21 + 0.49 12.14 £ 0.79 13.84 + 0.14 0.44 0.06
CH, (g/kg NDFI) 25.31 £0.65 24.16 £ 0.90 22.21 £0.87 23.30 £0.33 0.67 0.08
CH4 energy loss as %
GE loss 2.68 £ 0.31 2.57 £0.10 2.55 £ 0.07 2.90 £ 0.03 0.12 0.471
DE loss 473 £0.26 4.38 £0.14 4.39 £ 0.06 4.70 £0.09 0.13 0.296
ME loss 591 +£0.12 544 +0.24 529 £0.17 5.83 £ 0.01 0.13 0.07

3.7. Effects of ML on Blood Parameters and Antioxidant Activities in Goats

Glucose concentrations were similar (p = 0.72) in all groups (GI, GII, GIII, and GIV),
at around 64 mg/dL (Table 7). The total blood protein contents in GII and GIII (6.97 and
6.99 g/dL, respectively) were higher (p < 0.001) than those in GIV and GI (6.77 and
6.74 g/dL, respectively). The same trend was observed in albumin content; the blood
albumin levels in GII and GIII (3.66 g/dL) were significantly different from those in GIV
and GI (3.44 and 3.38 g/dL, respectively). However, similar globulin levels (3.36, 3.31,
3.32, and 3.34 g/dL) were observed in GI, GII, GIII, and GIV, respectively. Similarly, the
A:G ratio was also similar in all of the groups (p = 0.005). Blood plasma cholesterol levels
were highest in GI (97.36 g/dL) (p < 0.001), followed by GIV (93.89 g/dL), GII (93.70 g/dL)
and, finally, GIII (92.36 g/dL). The levels of blood plasma AST, ALT, and ALP were found
to be within the biological range, and no differences were observed between the groups.
Antioxidant enzyme activities—i.e., GPx, CAT, and SOD—were highest (p < 0.001) in GIII
(15.03, 55.03, and 93.40, respectively), followed by GII (14.80, 54.80, and 93.28, respectively)
and GIV (14.68, 54.68, and 93.04, respectively), while the least activity for GPx, CAT, and
SOD was observed in the control group (GI).
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Table 7. Effects of replacement of concentrate with Moringa oleifera leaves on blood biochemical

parameters, enzymes, and antioxidant activity of goat kids.

Attribute GI GII GIII GIV SEM T P T*P
Glucose (mg/dL) 64.56 + 0.35 64.54 + 0.30 65.01 4+ 0.34 64.76 + 0.31 0.32 0.327 0.351 0.275
Total protein (g/dL) 6.74° +0.02 6.972 +0.04 6.992 +0.05 6.77° +0.02 0.03 <0.001 <0.001 <0.001
Plasma albumin (g/dL) 3382 +£0.03 3662 +£006  3.662+£005  3.44°+0.03 0.02 0.001 <0012  <0.001
Plasma globulin (g/dL) 3.36 +0.03 3.31 £0.03 3.32 +0.03 3.34 +0.02 0.02 0.232 <0.001 0.120
Albumin globulin ratio 1.01 £0.2 1.12 £+ 0.03 1.12 £ 0.02 1.03 £0.01 0.06 <0.001 <0.145 0.225
Plasma cholesterol (g/dL) 97.362 £ 025 93.70P+042 9236°4+053 93.89P +0.32 0.34 <0.001 <0.001 <0.001
Blood plasma AST (U/L) 195.29 £+ 1.04 194.17 £ 0.93 194.49 £+ 0.89 194.790.89 0.36 0.680 <0.001 0.478
Plasma ALT (U/L) 30.10 £ 0.35 29.92 +£0.32 30.08 + 0.27 29.99 + 0.29 0.29 0.910 <0.001 0.239
Blood plasma ALP (U/L) 101.33 £ 0.56 100.75 £ 0.50 100.49 £ 0.54 100.85 £ 0.56 0.52 0.479 <0.001 0.698
GPx activity (umol of b a a a
NDDPH oxidized/gHb) 1417° +0.18 14807 +0.25 15032 +0.27 14.68? £0.23 0.21 <0.001 <0.001 0.090
Catalase activity (umol of b a a a
H202 consumed,/min/g/Hb) 54.17° +£0.18 5480*+£025 55032 +£0.27 54.68?2£0.23 0.22 <0.001 <0.001 0.085
SOD activity (U/mg Hb) 91.69° +£ 029 932824030 93402 +034 93.042 +0.31 0.29 0.003 <0.001 0.025
Means bearing different superscripts a, b, and c in the same row differ significantly (p < 0.05).
3.8. Effects of ML on Cell-Mediated (CMI) and Humoral Immune (HI) Responses in Goats
CMI was checked in relation to DTH response towards PHA-P, and all kids displayed
a positive response (Figure la; Table S3). The skin thickness in GII (8.08 mm) was the
highest (p < 0.001), followed by GIV (7.62 mm), GII (7.57 mm) and, finally, GI (7.08 mm).
The humoral immunity (HI) was assessed as the antibody response to sheep erythrocytes
(SRBC) using the HA test. The results revealed that the titers reached the maximum value
on the 14th day post-inoculation, showing a declining trend thereafter up to the 21st day
post-inoculation (Figure 1b; Table S4). The antibody titer against SRBC was highest in GIII
(1.61 logy), followed by GII, GIV (1.48 log,), and GI (1.30 logy).
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Figure 1. Impact of replacement of concentrate with Moringa oleifera leaves in different groups of goat
kids on (a) cell-mediated immunity and (b) humoral immunity. Bars followed by different letters
indicate that the mean + SEM values showed significant differences (p < 0.05).

4. Discussion

Due to the poor quality of animal feeds, animal production is often restricted and
contributes to higher GHG emissions. In many countries, feedstuffs—especially protein
sources that are necessary for animals’ growth and development—have become exceed-
ingly expensive. Therefore, it is necessary to search for a replacement source of feed that
is palatable, abundant in proteins and minerals, and affordable for ruminants, as well
as reducing methane emissions. ML serves as a healthy, cheap, and reasonable source
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of nutrients, minerals, and proteins for ruminants. One of the best ways to improve rumi-
nants nutritional condition is by supplementation with plant-derived feed with adequate
nutritional value [38]. Moringa oleifera leaves are suitable for animal feed because they
are high in essential nutrients and low in antinutritional factors. More research has been
carried out on the impacts of ML in fattening goat kids; however, feeding ML to the kids
may reduce GHG emissions from the livestock sector. Therefore, this study investigated the
feeding of male goat kids with Moringa oleifera leaves (4%, 6%, and 4%) as a protein source
with different roughage-to-concentrate ratios (60R:40C, 70R:30C, and 80R:20C) to reduce
the enteric methane emissions.

We observed that ML had higher magnesium and iron contents than berseem and the
concentrate mixture. Trace minerals such as zinc, iron, copper, selenium, and manganese
are essential for various biochemical reactions, and play important roles in tissue repair,
protein metabolism, and boosting the immune system [39].

Moringa oleifera is an innovative fodder that contains essential nutrients required
for livestock, enhanced feed utilization efficiency, and animal performance. In this study,
it was observed that the CP content was higher in ML as compared to berseem and the
concentrate mixture, while the NDF content was lowest in ML, suggesting that ML is
palatable compared to other feeds [10]. Kholif et al. [40] observed that supplementation
with ML extract in Nubian goats improved the digestibility of OM, dry matter, and NDEF,
consistent with our results. This may be because the presence of phenolics, tannins, and
saponins present in ML alters the rumen environment positively for utilization of energy
by rumen microbes [41]. On the other hand, ML feed supplementation (100%) significantly
enhanced the CP and NDF in Bengal goats, as reported by Sultana et al. [42].

This study also revealed that the digestibility of selected nutrients was enhanced in GII
(60R:40C), where 10% of the concentrate was replaced with ML, and in GIII (70R:30C), with
20% replacement of the concentrate with ML as compared to the control group. This may
be because the presence of secondary metabolites such as tannins, saponins, and flavonoids
in ML may act as a hydrogen sink and thereby help in reducing methane production.
Improvement in microbial fermentation was observed when animals were fed with ML,
which improved their nutrient consumption along with roughage [43]. The presence of
phenolic composites and secondary metabolites in ML augmented the digestibility rate
and sustained an excellent ruminal atmosphere with a good feeding value [44]. However,
feed conversion efficiency remained statistically similar, indicating that ML may also have
enhanced digestibility and excretion.

The goats fed with ML had a higher daily weight gain, and the highest was found
in GII, GIII, and GIV as compared to the control group. This may have been due to the
augmentation in protein consumption present in Moringa leaves, which improved the feed
intake and digestibility and, thus, the growth, due to the presence of some bioactive metabo-
lites. Feeding the sheep with concentrate along with ML (25%) significantly enhanced the
intake of CP, weight gain, and nutrient digestibility due to the presence of some unknown
biomolecules [45,46]. Hassan et al. [47] found that supplementation with ML improved the
feed intake rate, body weight gain, and feed conversion efficiency—even in broiler chicks
under heat stress. Aregheore [48] observed the positive impact of ML (20 and 50%) feed on
the weight and digestibility of DM, CP, and OM in goats.

Nitrogen dynamics and availability were altered in this study, shown to be higher in
GII and GIII as compared to the control group, and essential for adequate bacterial protein
synthesis [49]. Utilization/absorption of ammonia-N in GII and GIV was the highest
(20.12 and 19.15%, respectively), while the lowest was in GI (18.81%). ML is known as a
better source of amino acids, improving the consumption of dietary N and increasing the
production of dairy animals [50]. Meanwhile, Kholif et al. [51] reported that the application
of ML decreased ruminal ammonia-N concentrations due to the presence of tannins and
phenols, which reduce the degradability of rumen proteins.

Methane emissions in GII (60R:40C) with 10% of concentrate replaced with ML and
GIII (70R:30C) with 20% replacement of concentrate with ML were decreased as compared
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to the control group. This might have been due to the presence of phenols, tannins, and
saponins in ML. The presence of «-linolenic acid, tannins, and phenolics had antimicrobial
effects, which can be a main cause of methane reduction [52,53]. Supplementation of ML to
replace soybean meal reduces methane production and ammonia-N in steers and goats.
Incorporation of ML along with yeast culture in goats reduced methane emissions to the
clean environment, as reported by Pedraza-Hernandez et al. [54]. Paulownia leaves are
high in bioactive components and help to lower the rumen methanogen count, resulting in
decreasing methanogenesis rates [5,6].

Blood parameters are well-known indicators that can provide information about
animals’ feeding and health status. Feed quality may cause alterations in the blood metabo-
lites [55]. Any change in glucose levels indicates that the animal is in stress or under a lot
of pressure for production. The presence of iron in ML is known to improve Hb levels
for better animal health. Total protein and blood albumin levels were also higher in the
treated groups (GII and GIII) compared to the controls. Cholesterol levels were found
to decrease in treated kids as compared to the control group. This may be due to the
supplementation of ML, which contains phenols—especially saponin—resulting in reduced
levels of cholesterol. The levels of serum cholesterol and triglycerides were decreased in
animals fed with ML [56,57].

It is known that liver enzymes such as aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) are indicators of hepatic health, and increased presence of these en-
zymes in the blood indicates inflammation and/or metabolic disorders [58]. The decreases
in AST and ALT levels in GII and GIII indicate that ML did not have any undesirable effects
on the liver. ML supplementation also exerted a protective effect on the liver, enhancing
the immune response and intestinal health of broilers [59]. Levels of antioxidant enzymes
such as GPx, CAT, and SOD were higher in ML-treated kids as compared to the control
group. ML fed to sows and piglets enhanced the serum total protein, GSH-Px, SOD, and
CAT contents, as reported by Sun et al. [60]. ML contains phenols and has antioxidant
properties that prevent oxidative injury in animals by increasing their antioxidant enzyme
activities [61]. Moyo et al. [62] also observed significant elevation in CAT and SOD activities
in goats, along with a reduction in MDA levels, when supplementing the feed with ML.
Supplementation of feed with ML (1.6 and 3.2%) in Beetal goats” feed increased plasma
protein content, along with CAT, POD, and SOD activities [63].

The DTH test is used to assess the response of the skin to intradermal inoculation with
antigens, which depends on antigen-specific memory T-cells. T-cell activation causes the
release of lymphokines, which are involved in the accumulation of macrophages, increase
vascular permeability, and cause vasodilatation and inflammation. They also activate the
phagocytic activity and lytic enzymes for more effective killing of microbes. The results
of our experiments revealed that ML can be used to improve the immune systems of
ruminants. This may be due to the ML, which contains the vitamins C, A, and K, and
stimulates the immune system by increasing T-cell proliferation, cytokine production, and
immunoglobulin synthesis, which are involved in the inflammatory response and cause
increased skin thickness [59]. The presence of amino acids in ML is also responsible for the
formation of immunoglobulins and major histocompatibility complexes, which mediate
the DTH reaction, although ruminal degradation and further absorption in the system have
not been studied thoroughly, and need further validation.

Humoral immunity includes the interaction of B cells with antigens and their prolifer-
ation into plasma cells, causing the secretion of antibodies. Antigens bind to antibodies,
which act as effectors in the humoral response, neutralizing the former by crosslinking
to form clusters that are ingested by phagocytic cells. Immunoglobulins, which are the
products of amino acids and glycoproteins, are essential to the immune system. ML
contains copper, which is involved in the functioning of ceruloplasmin in the immune
response. The presence of zinc, vitamins, and selenium is also vital for the development of
B lymphocytes [64].



Animals 2023, 13,97 12 of 15

5. Conclusions

This study concluded that Moringa oleifera leaves are a good source of nutrients (e.g.,
protein, trace minerals), and that the replacement of concentrate with Moringa oleifera up
to the level of 10-20% can improve nutrient digestibility, growth performance, immunity
status, and antioxidant activity in goats fed diets with different roughage-to-concentrate
ratios prevalent under field conditions. Hence, it may be recommended to use such feed
for better performance in goats as a supplementary protein source. Further study of
different animals with different concentrations of ML will be needed, which might help to
improve our understanding of microbial metabolic functions in the rumen under in vitro
and in vivo conditions.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ani13010097 /s1, Table S1: Proximate mineral composition of
berseem fodder, concentrate and Moringa leaves; Table S2: Chemical composition (%) of berseem
fodder, Concentrate and Moringa leaves; Table S3: Effect of replacement of concentrate with Moringa
oleifera leaves on cell mediated immunity of goat kids; GI (control), GII (60R:40C with 10% of
concentrate was replaced by ML, GIII (70R:30C and 20% replacement of concentrate with ML), GIV
(80R:20C and 20% concentrate mixture was replaced with ML); Table S4: Effect of replacement of
concentrate with Moringa oleifera leaves on humoral immunity of goat kids; GI (control), GII (60R:40C
with 10% of concentrate was replaced by ML, GIII (70R:30C and 20% replacement of concentrate with
ML), GIV (80R:20C and 20% concentrate mixture was replaced with ML).
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