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Abstract

This study was conducted to assess the effect of supplementation with Leucaena leucacephala (LL), and Moringa oleifera
(MO) tree leaves on growth and reproduction performance of indigenous goats in southern Mozambique. Fifty-six
indigenous goats with an average age of 8 months and a body weight of 17.57 + 3.97 kg were randomly divided into
seven treatments groups of 4 castrated males and 4 females each. Treatment 0 served as the control group (Co), and
these animals only grazed on natural pasture without any supplementation. In addition to the natural pasture, three
groups received 50 g (LLso), 75 g (LL7s) and 100 g (LL1oo) of L. lecocephala dried leaves, respectively while groups 4 to
6, received 40 g (MO40), 60 g (MOs0) and 80 g (MOso) of M. oleifera dried leaf meal, respectively. Leucaena leucocephala
contained 23.7% crude protein (CP) and 11.05 M]/kg DM of metabolizable energy (ME), while M. oleifera leaves
contained 28.8% CP and 7.61 M]/kg DM of ME. The study lasted for 16 months from July of 2015 to November of 2016.
Compared to the control, treatment supplementation of the tree leaves, irrespective of level, had a significant effect (p
< 0.05) on the overall body weight gain and the final body weight of the bucks but did not significantly affected the does
(p>0.05). No difference could be detected between the final body weight and overall average daily gain (p > 0.05) based
on the supplementation source (Leucaena Lecocephala versus Moringa oleifera dried leaf). Average daily gain (ADG),
during the dry season, ranged from -7.85 to 10.42 g/day for goats fed LL leaves and from -7.92 to 13.33 g/day for goats
fed MO and these values were higher (p < 0.05) compared to values recorded for the control goats (-36.11 to -20.74
g/day). All female reproduction efficiency parameters measured such as birth rate, twinning rate, birth weight and
weaning were significantly (p < 0.05) higher in supplemented goats compared to the control goats. Body weights at
birth and weaning weight of the offspring of supplemented goats were however not significantly (p > 0.05) affected by
supplementation. The highest survival rate (100%) was observed in goats supplemented with Moringa oleifera (MOao),
while the lowest was recorded in goats supplemented with Leucaena leucocephala leaves (LL7s). The results of this
study suggest that L. leucacephala and Moringa oleifera tree leaves could be used as supplementation to goats to
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overcome the adverse effects of seasonal fluctuations in feed quality on growth and reproductive performance.
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1. Introduction

The global goat population has increased during the last
decade and currently exceeds 1 billion goats with
approximately 95% of those found in developing countries
(FAOSTAT, 2014). Goats play an essential role for the
smallholder farmer, mainly as a source of income and
animal protein (Osaer et al,, 1999; Peacock, 2005), but also
contributing to the livelihoods of the poor through risk
mitigation and accumulation of wealth (Casey and Webb,
2010; Hossain et al., 2015; Ouchene-Khelifi et al., 2015).
In the (sub)tropics, goat farming is limited by several
factors which adversely affect its productivity. Nutrition,
based mainly on natural pasture, poses the most severe
problem since the composition of natural pasture species
and levels of nutrients show significant seasonal variation
(Hove et al,, 2001; Berihu et al,, 2015). During the dry
season (April to September), the natural pasture becomes
scarce and poor in quality and consequently does not
sustain the energy and nitrogen requirements of
ruminants for maintenance and other physiological
functions (Silanikove et al., 1996; Oni et al., 2010). Due to
poor nutrition goats may lose up to 20 - 40% of the body
weight (Clariget et al, 1998; Faftine and Zanetti, 2010),
have reduced performance and productivity (Lusweti,
2000) and become more susceptible to diseases (Kanani et
al,, 2006).

Supplementation during the dry season represents a
valuable economic alternative to improve the quality of
diet and reduce nutritional problems for smallholder goat
production compared to purchased concentrates or agro-
industrial by-products (Getu, 2006; Kanani et al.,, 2006;
Place et al, 2009). In Mozambique, the alternative feed
resources available in communal zones include crop-
residues from maize, rice, cowpea and groundnut (Preston,
1987; Zanetti, 2010). Moreover,
supplementation with cultivated legumes such as L.
leucocephala has been studied in the feeding system of
goats (Muir and Massaete, 1996; Faftine and Zanetti,

Faftine and

2010). Fodder trees and shrub forages are considered to
be good and cheap sources of protein and micronutrients
that can be used to increase the quality and availability of
feeds for ruminants during the dry season (Manaye et al,,
2009; Moyo et al, 2012; Bebeker and Abdalbagi, 2015,
Babiker et al, 2017). It has multiple advantages for
resource-poor smallholder farmers as it can be grown

locally, propagated efficiently and are less demanding
regarding the use of fertilisers, pesticides or advanced
technology (Mendieta-Araica etal., 2011).

Leucaena leucacephala and Moringa oleifera are important
sources of energy and protein in the tropics. Leucaena
leucacephala is a drought-resistant leguminous tree
(Devendra and Burs 1993), and its leaves are readily
consumed and nutritious (Yami et al., 2000). It provides
highly nutritious forage with an average crude protein
content of 237g/kg of dry matter (Damothiran and
Chandrasekaran, 1982; Kanani et al., 2006), but its use as
feedstuff for livestock is limited by the presence of the toxic
amino acid, mimosine. However, L. leucocephala has been
used to feed ruminants without adverse effects because of
the presence of ruminal micro-flora capable of degrading
mimosine (Kanani et al, 2006). In tropical agroforestry
systems, it is frequently used for a variety of purposes
including as provision of forage and shade for livestock,
fuelwood, soil stabilisation and fertility improvement
(Kang et al., 1984; Brewbaker, 1987). When intercropped
in a pasture forage program, it can provide a balanced diet
of protein and carbohydrates derived from the grasses
(Robert et al, 1996). Its potential benefits on goat
production have been confirmed in studies conducted in
tropical regions, which reported improvements in body
weight gain when it was used as a supplement to poor
pasture (Aletor and Omodara 1994; Kanani et al., 2006;
Rubanza et al.,, 2007; Mohamed et al,, 2015).

Moringa oleifera is an ideal protein supplement for
livestock that can be quickly grown, even under drought
condition (Oduro etal., 2008). Its leaves are nutritious with
a crude protein content ranging from 225 to 400 g/ kg DM,
and it has therapeutic and prophylactic properties (Moyo
et al,, 2011). This fodder tree is also rich in vitamins A, B
and C, and contain a higher level of calcium than milk
(Fahey, 2005; Midcap and De Witte, 2006; Mendieta-Araica
etal,, 2011; Gopalakrishnan et al., 2016). Moringa oleifera
seems to be readily accepted by animals, and no toxic effect
from its use has been reported. Sanchez et al. (2005, 2006)
showed the beneficial effects on intake, digestibility, milk
production and composition of dairy cows fed different
levels of foliage of M. oleifera. Several other studies
conducted to investigate the use of M. oleifera as a source
of protein in goats also reported improvements in feed
intake, nutrient digestibility, growth performance and milk
yield. This suggests that M. oleifera could be used as a low-
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cost alternative protein supplement for goat production
(Kanani et al.,, 2006; Asaolu et al,, 2011; Moyo et al., 2012;
Bebeker and Abdalbagi, 2015; Kholif et al., 2018).

The use of locally available fodder trees and shrub forages
represents a useful and cost-effective source of protein and
micronutrients for goats. In Mozambique, the use of these
alternative feed resources for goats is poorly documented
and has not been disseminated among smallholder
farmers. This study aimed to evaluate the effect L.
Leucacephala and M. oleifera leaves supplementation,
during the dry season, on indigenous goat production in a
subtropical environment in southern Mozambique

2. Material and Method

2.1. Study Setting

The study was conducted at the University Center of
Changalane, located in the district of Namaacha, in the
Maputo province of southern Mozambique. The Namaacha
district covers an area of 2196 km2 and is characterized by
a humid tropical climate with an average annual rainfall of
751 mm. However, the district has been experiencing a
substantial decrease in rainfall over the last few years,
having received an annual rainfall of only 260 mm in 2015
and 471 mm in 2016 (National Institute of Meteorology of
Mozambique, 2015-2016).

Most parts of the district are classified as semi-arid, with
visible desertification due to poor management caused by
overgrazing (MAE, 2005). In this district, the average
maximum annual temperature varies between 23° and 24
°C, with maximum highs of 36 °C. The rainy season is from
October to March and the dry season ranges from April to
September.

2.2. Experimental Design

2.2.1. Pre-experimental period

Before the onset of the experiment, goats were ear tagged
and de-wormed against gastrointestinal nematodes and
external parasites. The goats were submitted to a 21-days
adaptation period to feeding and housing and were
allowed to graze during the daytime and access water ad-
libitum.

2.2.2, Experimental period

Fifty-six 8-month-old indigenous goats, consisting of 28
females and 28 castrated males with an average body
weight (BW) of 17.4 = 0.7 kg were randomly selected and
divided into seven groups of 8 animals each (4 females and
four males). The groups were then randomly allocated to
one of seven treatments consisting of a natural pasture diet
combined with different levels of L. lecocephala (LL) or M.
oleifera (MO). Treatment 0 served as the control group (Co)
and consisted of a natural
supplementation. In Treatment 1 to 3, the goats grazed the
natural pasture with daily supplementation of 50 g (LLso),
75 g (LL7s) and 100 g (LL1oo) of L. lecocephala leaf meal
respectively. Treatments 4 to 6 included a daily
supplementation of 40 g (MO40), 60 g (MOso) and 80 g
(MOso) of M. oleifera leaf meal to goats on natural pasture.

pasture diet with no

Two bucks, previously selected and evaluated for their
reproduction capacity (N6thing, 2000) joined the females
during the natural grazing period in order to guarantee
mating.

During the dry season, the experimental groups were
provided with the respective levels of supplementation at
8:00 in the morning before grazing. Each goat was fed its
supplement in an individual box. The individual boxes
fulfilled the welfare standards, and the quantities of
supplement provided for each goat were adjusted monthly
according to body weight. The experiment was conducted
from July 2015 to November 2016.

2.3. Preparation of Leaf Meals

The leaves of L. lecocephala and M. oleifera were manually
harvested from mature trees at the Boane district and
Changalane village, in Maputo Province, during the
summer period when they are more readily available. They
were separated from branches cut from trees, air-dried
under shade by spreading them on clean plastic sheets and
turning several times for 72 h. Thereafter, the dried leaves
were cut into small pieces and stored in sisal bags until use.
2.4. Chemical Analysis of the Feeding Diets

To establish the supplementation levels of L. lecocephala
and M. oleifera, the dry and fresh forms of leaves were
analysed to determine the metabolizable energy (ME),
crude protein (CP), calcium (Ca) and phosphorus (P)
content. The analyses were carried out at the UP Nutrilab,
Department of Animal and Wildlife Sciences, Agricultural
Sciences Building - University of Pretoria.

2.5. Traits measured

2.5.1. Growth performance

Goats were weighed at the beginning of the experiment
and then fortnightly until the end of the experimental
period using a commercial scale. Weighing was performed
in the morning before supplementation was given. Average
daily gain (ADG) was calculated by subtracting the initial
body weight from the final body weight and divided by the
number of experimental days.

2.5.2. Reproductive performance and growth
performance of kids

The reproductive traits considered were the birth rate,
litter size, twinning rate and survival rate. These traits
were calculated as follow (Sen and Onder, 2016);

Birth rate = (number of does giving birth/number of does
mated) x 100

Litter size = (number of kids born/number of a does giving
birth)

Twinning rate = (number of twin kids/number of does
giving birth) x 100

Survival rate = (number of kids alive at weaning/number
of kids alive at birth) x 100

All kids were weighed at birth to determine the birth
weights and at four months of age to obtain the weaning
weights.

2.6. Statistical Analysis

Data were analysed using the statistical package SPSS
release 20 (IBM Corp, 2011). Analysis of BW and ADG were
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performed using Analysis of Variance (ANOVA) for a
completely randomised design, using the GLM procedure.
Treatment and sex were entered into the model as
independent variables while initial weight was considered
as a linear covariate to control variation. When treatment
effects were significant (p < 0.05) on the ANOVA, the effect
of type and level of supplementation were determined by
orthogonal contrast testing. A 5% significance level was
adopted. The following statistical model was used: Y;; =
u+Ti+y; + ﬁ(xij - J?) + €;;, where p is the general mean
effect, T; is the effect of treatment, yjis the effect of sex,

is the linear regression coefficient, x;; is the value of

covariate variable, X is mean value of the covariate, and ¢; j

is the random error effect.

3. Results

3.1. The Chemical Composition of The Feeder Tree
Leaves

The chemical analyses of L. lecocephalaand M. oleifera
dried leaves on ME, CP, Ca and Pare presented in Table 1.
A higher concentration of CP and P was observed in M.
oleifera than in L. lecocephala leaves, while on the contrary
the observed ME and Ca was lower than that of L.
lecocephala.

Table 1. Chemical analyses of L. lecocephala and M. oleifera dried leaves

Nutrient contents (on Dry Matter basis)

Feeder trees (g})ll\gO) ME CP Ca P
(M]l/kg ) (g /100g) (g/100g) (g /100g)

L. leucacepha 100 11.05 23.7 3.26 0.15

M. oleifera 100 7.61 28.8 2.21 0.24

3.2. Growth performance

Table 2 presents the results of the growth performance of
the goats throughout the study period. Final body weight
was influenced by dietary supplementation with either L.
lecocephala, or M. oleifera leaves. Generally, supplemented

bucks had higher (p < 0.05) final BW than control bucks.
Although higher levels of L. lecocephalaor M. oleifera
supplement showed higher weight gains compared to the
control animals, the average final BW was not significantly
different among the supplemented goats.

Table 2. Effect of supplementation with L. lecocephala and M. oleifera on growth performance of indigenous goats

Treatments
Trait SEM*  p-value
Control LLso LL7s LL1oo MOao0 MOeo MOso
Initial BW (kg)
Bucks 17.4 17.9 213 21.2 21.3 21.2 22.2 0.560 0.162
Does 16.3 14.9 14.2 14.3 14.3 14.3 14.9 0.491 0.956
Final BW (kg)*
Bucks 24.2b 31.8ab 35.82 34.92 31.3ab 36.02 34.1a 1.221 0.001
Does 21.3 22.5 25.4 24.2 21.6 249 22.6 0.594 0.461
ADG (g/day)
Bucks 6.9b 21.9ab 30.22 28.62 21.4qb 30.72 27.1a 1.747 0.001
Does 10.0 151 219 19.4 14.2 20.7 14.9 1.521 0.437

*Adjusted body weight, *SEM = standard error of mean, > Means in a row without a common superscript letter differ (p < 0.05)

Supplementary diet was only provided during the dry
season. Results
(g/head/day) of goats fed L. lecocephala or M. oleifera leaf

of the average daily weight gain

meals in two consecutive dry seasonsare presented in
Table 3. Generally, supplementation of goats with either L.
lecocephala or M. oleifera leaves, irrespective of level, had
a significant effect (p < 0.01) on weight gain. In year 2, all
goats lost weight during the dry season, but it was
significantly lower in supplemented goats compared to
control goats. In the same year the ADG did not differ
significantly (p > 0.05) between goats supplemented with
L. lecocephala and M. oleifera leaf meals.

Within L. Leucaena supplemented goats during the first
dry season of the study (year 1), a linear increasing of ADG
was observed with increasing levels of supplementation

with L. lecocephala, though increasing from 75 g to 100 g
did not increase the ADG significantly. In contrast, during
the last dry season of the study (year 2), increasing levels
of supplementation with L. leucacepha had no significant
effect on ADG, though a quadratic trend was observed. On
the other hand, during the first dry
supplementation with M. oleifera at 60 g significantly
increased the ADG compared to 40 g supplementation,
while increasing from 60 g to 80 g did not resulted in
benefit as the goats lost on average 5.69 g/head/day. A
similar trend on ADG, though not significant, was observed
during the second dry season with increasing levels of M.

season,

oleifera supplementation.
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Table 3. Average daily weight gain (g/head/day) of goats fed diets contained leaves of L. lecocephala (LL) or M. oleifera

(MO) in two consecutive dry seasons.

Diet Season
Dry 1 Rainy 1 Dry 2 Rainy 2

Co -20.74 10.06 -36.11 2.60
LLso -6.25 9.54 -7.85 1.86
LL7s 10.42 10.00 -3.06 0.93
LL100 2.22 10.58 -6.46 2.31
MOa40 -4.72 10.73 -7.92 1.90
MOs0 13.33 10.93 -4.03 2.29
MOso -5.69 10.14 -7.08 2.36

SEM 2.377 0.263 1.737 0.248

Contrasts
A <.010 0.773 <.001 0.417
B 0.031 0.303 0.282 0.630
C 0.264 0.170 0.754 0.649
D 0.280 0.727 0.444 0.979
E 0.020 0.470 0.382 0.299
F 0.897 0.891 0.851 0.128
G 0.014 0.558 0.491 0.621

Co = Control, LLso = Grazing + 50 g of L. leucacepha; LL7s = Grazing + 75 g of L. leucacepha; LL1oo = Grazing + 100 g of L. leucacepha
MO4o = Grazing + 40 g of M. oleifera; MOeo = Grazing + 60 g of M. oleifera; MOgo = Grazing + 80 g of M. oleifera

SEM = standard error of the mean.
A = control vs pooled Leucaena and Moringa treatments; B = LLso com

pared to LL7s; C = LLso compared to LL1oo; D = LL7s compared to

LL10o; E= MO4o compared to MOso; F = MO4o compared to MOso; G = MOso compared to MOso

To investigate if goats regardless of the season had
different growth performance throughout the study

period, body weights along the experimental period were
compared among treatments (Figure 1).

29.0 -
—
g -------- Control
5 240 - —=—LL50
= — = — MO40
%“ —= 1175
/A 190 MOBO
— e =T1100
140 ; ; ———— MOS0
) Jul |Aug|Sep Oct |Ncrv|Dec| Jan |Feb|]\/IaJ4Apr’N[a}| J'un| Jul IAugl Sep Octll\'cn*
Dry Wet Dry Wet
Season

Figure 1. Body weight (kg) of goats fed diets contained leaves
consecutive dry seasons (the year 2015 to 2016).

There was a tendency toward heavier weights when goats
were supplemented with either L. lecocephala or M.
oleifera compared to control goats. Between supplemented
groups, goats fed 60 g M. oleifera and 75 g L. lecocephala
leaf meals had heavier weights compared to goats fed
other supplement levels, but there were no significant
differences on weight gains resulting from both diets.
Control goats always showed the lowest weight gain
compared to supplemented goats, though no significant
effects of diets on weight gains were observed during the
rainy season. The goats in the control group didn’t show
compensatory growth during the rainy season as the
weight gain level during the rainy season was not
significantly different from the rest of the treatment

of L. lecocephala(LL) and M. oleifera (MO) in two

groups.
3.3. Reproductive
Performance of Kids

Performance and Growth
The results of some reproductive traits of does and growth
performance of newly born kids are presented in Table 4.
All does conceived during the experimental period, and the
birth rate of supplemented goats (100%) was higher
compared to control goats (75%). The twinning rate
ranged from 25 to 75% in does supplemented with L.
lecocephala or M. oleifera leaves. Live body weights at birth
and weaning weight were not significantly (p > 0.05)
affected by the type of supplement. However, increasing
levels of supplementary diets irrespective of source had a
linear effect (p < 0.01) on the weight of kids before
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weaning. Birth type and pre-weaning survival rate of the
kids varied among supplementation levels. Goats fed
higher level of supplement, except for LL1oo group, had
higher rates of twin births and lower pre-weaning survival
of the kids compared to other

rates levels of

supplementation. The pre-weaning survival rate of the
kids was higher in supplemented goats when compared to
control goats, though 71.4% of the kids died from the LL7s

group.

Table 4. Effect of diet on some reproductive traits and growth performance of goat kids

Birth Age at first L Survival Birth . .
. Lo . . Twinning rate . Weaning weight

Diet rate kidding Litter size %) rate weight (ke)

(%) (years) (%) (kg)
Co 0.75 2.30+0.10 1.00+0.00 50.0 1.60+0.70 7.05£0.05
LLso 100 2.15+0.10 0.75+0.50 75.0 2.23+0.13 9.30+0.15
LL7s 100 2.17+0.08 1.75+0.50 75.0 28.6 2.09+0.16 10.15+£0.35
LL10o 100 2.13+0.09 1.00£0.00 75.0 2.00+0.08 9.37+0.35
MOa40 100 2.10+0.12 1.00£0.00 100 2.33+£0.15 8.65+0.88
MOs0 100 2.24+0.09 1.25+0.50 25.0 80.0 2.14+0.14 9.13+0.43
MOso 100 2.10+0.14 1.25+0.50 25.0 60.0 2.12+0.20 9.53+0.64

4. Discussion

The chemical composition of L. lecocephala and M. oleifera
leaves used in this experiment have shown similar values
to those reported in other studies (Ndemanisho, 1996; Ben
Salem and Makkar, 2009; Gopalakrishnan et al, 2016).
Concerning dried L. lecocephala leaves in term of ME, CP
and P, the values were within the range reported by Ocran
(1994) and Ndemanisho (1996), while ME, CP and Ca in
dried M. oleifera leaves were similar to those values
reported by Ben Salem and Makkar (2009) and
Gopalakrishnan et al. (2016).

The positive effect of supplementation with either L.
lecocephala or M. oleifera on growth performance
observed in this study was due to the supply of high-
quality energy and protein from these feed sources,
compared to natural pasture which showed deficiency
during the dry season. This result is corroborated by
findings of Garcia et al.(1996), Muamba et al. (2014),
Hassan et al. (2015), Moyo et al. (2016) and Damor et al.
(2017) in goats supplemented with L. lecocephala and M.
oleifera during the dry season. Also, Faftine and Zanetti
(2010) reported that the low productivity observed in
goats fed natural pasture could have resulted from the low
efficiency of utilization of fibrous feeds due to the low
content of nitrogen, minerals and vitamins and high levels
of lignin during the dry season. Moreover, Payne (1990)
reported that forage species, in the tropics and sub-tropics,
mature and become fibrous rapidly, resulting in poor
quality forage. However, the non-significant differences on
growth between the control and other treatment groups
observed during the rainy season may probably be due to
reduced feed intake of the supplemented goats. Similarly,
Toukourou and Peters (1999) who studied the impact of
feed restriction on the growth performance of goat kids
found no difference in body weight gain among the
restricted and control groups. Generally, animals are able
to grow rapidly and recover body weights after periods of
restrictions, and this ability varies according to several
factors, such as species, breed, adaptability to harsh

conditions, the nature and severity as well as the duration
of feed restriction (Yagoub and Babiker, 2009; Onder et al,,
2015).

Leucaena leucocephala is considered rich in nutrients with
the potential to microbial growth and
subsequently allowing higher animal performance (Aletor
and Omodara, 1994). However, in the present study, a
quadratic effect on weight gain was observed with
increasing levels of supplementation, suggesting that
beyond certain levels, L. leucocephala supplementation
may lower the growth performance of goats, probably as
result of the presence of limiting factors. Anti-nutritional
compounds have been identified in fodder trees (Simbaya,
2002), and among them, tannins and mimosine are present
in L. lecocephala (Simon, 2012; Adedeji et al., 2013). These
compounds depending upon the situation can have
beneficial or deleterious effects on animals consuming
them (Kumar, 1992). The detrimental effect of anti-
nutritional factors in ruminants may range from reduced
animal performance to neurological problems and death of
the animal (D’Mello, 1992; Aemiro et al, 2004; Assefa,
2007; Sen and Onder, 2016). Several studies have
associated the consumption of L. leucocephala leaves with

sustain

lower growth performance in ruminants by limiting
nutrient utilisation of ingested feed material (Kumar,
1992; Leng, 1997). However, other studies have reported
that diets of moderate to high levels of L. leucocephala
could be fed to goats without adverse effects on weight
gain, as goats were capable of degrading mimosine, and
were very well adapted to increase their productivity rate
(Kumar and Ashwani, 1998; Yami et al., 2000).

On the other hand, goats fed M. oleiferameal had a
relatively higher growth performance compared to goats
fed L. leucocephala meal. The positive effect resulting from
M. oleifera supplementation was due to the high protein
contents. Several studies (Arivazhagan et al., 2000; Moyo
etal, 2012; Aboh etal, 2012; Asaolu et al,, 2012; Dougnon
et al, 2012; Moyo et al, 2016) have reported
improvements in growth performance of goats fed diets
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containing M. oleifera leaves. Increasing levels of M.
oleifera resulted in increased weight gain, though a
decrease was observed between 60 g and 80 g
supplementation levels, suggesting that a higher beneficial
effect was achieved at 60 g supplementation level.
Similarly, Bebeker and Abdalbagi (2015) fed goats with
three different levels of M. oleifera leaves and observed
that moderate levels of supplementation resulted in rapid
growth performance and could sustain and improve
livestock productivity.

Concerning reproductive performance, the higher birth
rate observed in goats fed L. leucocephala, or M. oleifera
leaf meals may have resulted from the use of these
supplements in animal feed. Supplementary feed rich in
energy and protein has a significant positive effect on
reproduction in general and ovulation rate in particular
(Blache et al,, 2008). Previous studies reported increased
ovulation rates (Rhind, 1992; Akingbade, 2002) and the
incidence of twins (Isaacs et al,, 1991; Rhind, 1992) in does
feed high protein diets.

Birth weight and weaning weight did not vary significantly
among treatments, but kids born from supplemented does
had relatively heavier weights compared to those from the
control group. Heavier birth weight and weaning weight of
kids may have resulted from heavier weights of does at
kidding and milking phase, therefore reflecting a positive
effect of supplementation. Similar results were observed in
other studies conducted for goats under different
production systems (Soundararajan et al., 2006; Bushara
and Abu Nikhaila, 2011). In contrast, the lower birth
weight and weaning weight observed in the control group
may be due to the effect of poor quality feeding during the
dry season. According to Deminicis et al. (2009),
insufficient energy supply is considered to be the primary
obstacle in the production of small ruminants, resulting in
reduced growth and reproductive performances.

While the high twinning rate observed in goats fed 75 g of
L. leucocephala leaf meal seems to be due to the positive
effect of supplementation, the survival rate of kids was the
opposite. This may be indicative of either lower milk
produced by does for offspring or a consequence of lighter
birth weights of twins, which may contribute to reduced
resistance to adverse conditions, such as climate. The
lower survival rate observed is in agreement with the
results presented by Akingbade et al. (2001) in South
Africa, Peacock (1982) in Kenya and Mackinnon and Rocha
(1985) in Mozambique, where individual twin goats had a
higher mortality rate. Also, L. leucocephala leaves have
some compounds that act as limiting factors (Ben Salem et
al,, 2001), affecting the reproductive tract either by their
toxicity or by interference in the reproductive control
mechanisms, which may result in weak offspring (Kumar,
1992; Leng, 1997).

However, offspring born to goats feed M. oleifera leaves
had high survival rates. This result may have been
influenced by the presence of compounds with therapeutic
properties in M. oleifera leaves (Bebeker and Abdalbagi,

2015), in addition to the effects of
supplementation on the does. Similar results were also
reported by Qwele et al. (2013) who showed that

consumption of a diet supplemented with M. oleifera could

positive

be a useful source to protect the animals from oxidative
stress-induced diseases.

Age at first kidding was not affected by the
supplementation with either L. lecocephala or M. oleifera
and ranged between 780 to 690 days. Similar results were
reported by Wilson et al. (1989) who found age at first
kidding of 693 + 36.3 days in Mozambique goats. Also,
Mackinnon and Rocha (1895) on their study with
indigenous goats in Mozambique showed similar results
with an average age at first kidding of 738 days.

5. Conclusion

Supplementation with L. leucacepha and M. oleifera leaves
during the dry season had a positive effect on the growth
rate and reproductive performance of goats. Moderate
levels of supplements (LL7s and MOeo) yielded better
results and can be used to overcome shortages of good
quality feeds. Therefore, L. leucacepha and M. oleifera
represent a good alternative to commercial supplements
that can be used by smallholder farmers for feeding goats

during periods of feed shortage.

Conflict of Interest

The authors declare that there is no conflict of interest.

Acknowledgements

The authors are grateful to the Project Sida/SAREC 2 - UEM
and Fundo Nacional de Investigagdo - Projecto No 164 -
Inv/FNI and Fundo Nacional de Investigacdo - Projecto No
164 - Inv/FNIand Fundo para a Investiga¢do Aplicada e
Multissectorial (FIAM)- Project No 5.2.4-Inv/FIAM for
their financial support.

References

Aboh AB, Dougnon JT, Tossa IG, Kpodekon MT, Akakpo RPA,
Youssao I. 2012. Growth performance, haematological and
serum characteristics of rabbit fed Moringa oleifera leaves
pellets as a substitute to commercial concentrate. Res Opin
Anim Vet Sci, 2(8): 454-458.

Adedeji 0S, Amao SR, Ameen SA, Adedeji T, Ayandiran TA. 2013.
Effects of varying levels of Leucaena Leucocephala leaf meal
diet on the growth performance of weaner rabbit. ] Environ
Issues Agric Dev Ctries, 5: 5-9.

Aemiro KSNR, Puniya AK. 2004. Effect of different levels of
chemical, moisture and reaction periods on chemical
composition, in vitro digestibility and tannin degradation of
Mango seed kernel (Maningifera India). In: Proceeding of the
11thAnnual Conference of the Ethiopian Society of Animal
Production, 28-30 August 2003, Addis Ababa, Ethiopia,
Institute of Agricultural Research; pp. 369-374.

Akingbade AA, Nsahlai 1V, Bonsi MLK, Morris CD, du Toit LP.
2001. Reproductive performance of South African indigenous
goats inoculated with DHP-degrading rumen bacteria and
maintained on Leucaena leucocephala-grass mixture and

BSJ Agri. / Gracinda Andre MATAVEIA et al.

99



Black Sea Journal of Agriculture

natural pasture. Small Rumin Res, 39: 73-85.

Akingbade AA. 2002. Productivity of South African indigenous
Nguni goats possessing Synergistes jonesii bacteria on
Leucaena leucocephala-grass and natural pastures. Thesis
submitted in fulfilment of the requirements for the degree of
Doctor of Philosophy in the Discipline of Animal and Poultry
Science, School of Agricultural Sciences and Agribusiness
University of Natal Pietermaritzburg, March, 2002.

Aletor VA, Omodara OA. 1994. Studies of some leguminous
browse plants, with particular reference to their proximate,
mineral and some endogenous anti-nutritional constituents. ]
Anim Feed Sci Technol, 46: 343-348.

Arivazhagan S, Balesenthil S, Nagini S. 2000. Garlic and neem leaf
extracts enhance hepatic glutathione and glutathione

enzymes during N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG)-induced gastric carcinogenesis in
rats. Phytother Res, 14: 291-293.

Asaolu VO, Akinlade JA, Aderinola, OA, Okewoye, AT and Alalade,
JA. 2012. Performance of grazing West African Dwarf goats on

dependent

moringa multinutrient block supplementation. Asian ] Anim
Sci, 6(6): 263-277.

Asaolu VO, Binuomote RT, Akinlade JA, Oyelami OS, Kolapo KO.
2011. Utilization of Moringa oleifera fodder combinations with
Leucaena leucocephala and Gliricidia sepium fodders by
WestAfrican dwarf goats. Int ] Agr Res, 6 (8): 607-619.

Assefa G. 2007. Evaluation of Tagasaste (Chamaecytisus
Palmensis) as forage for ruminants. A PhD dissertation,
Humboldt University, Berlin, Germany.

Babiker EE, Juhaimi FAL, Ghafoor K, Abdoun KA. 2017.
Comparative study on the feeding value of Moringa leaves as a
partial replacement for alfalfa hay in ewes and goats. Livest Sci,
195: 21-26.

Bebeker EA, Abdalbagi YMA. 2015. Effect of Feeding Different
Levels of Moringa on performance,
haematological, biochemical and some physiological
parameters of Sudan Nubian goats. Online ] Anim Feed Res, 2:
50-61.

Ben Salem H, Makkar HPS. 2009. Defatted Moringa oleifera seed
meal as a feed additive for sheep. Anim Feed Sci Technol, 150:
27-33.

Ben salem H, Nefzaoui A, Messaoudi L. 2001. Les blocs
alimentaires a base de grignons d’olive. Une alternative
économique pour la complémentation des fourrages pauvres.
Annal de 'INRAT, 74: 187-203.

Berihu M, Berhane G, Gebrechiristos S. 2015. Feeding and
management practices of free range goat production in Tahtay
Koraro District Northern Ethiopia. Am ] Soc Mgmt Sci, 6(2): 40-
47.

Blache D, Maloney AK, Revell DK. 2008. Use and limitations of
alternative feed resources to sustain and improve reproductive
performance in sheep and goats. Anim Feed Sci Technol, 147:
40-157.

Brewbaker JL. 1987. Leucaena:a multipurpose tree genus for
tropical agroforestry. In: Steppler HA and Nair PKR (Editors).
Agroforestry, A decade of development. international council
of research agroforestry, Nairobi, Kenya, pp 289-323.

Bushara [, Abu Nikahaila AMA. 2011.
reproductive of Taggar female kids as affected by concentrate

oleifera leaves

Productive and

rations under dryland farming in western Sudan. Egyptian ]
Anim Prod, 47: 151-160.

Casey NH, Webb EC. 2010. Managing goat production for meat
quality. Small Rumin Res, 89: 218-224.

Clariget RP, Forsberg M, Rodriguez-Martinez H. 1998. Seasonal
variation in live weight, testes size, testosterone, LH secretion,

melatonin and thyroxin in Merino and Corriedale rams in a
subtropical climate. Acta Vet Scand, 39: 35-47.

D’'Mello JPF. 1992. Chemical constraints to the use of tropical
legumes in animal nutrition. Anim Feed Sci Technol, 38: 237-
261.

Damor SV, Pawar MM, Ankuya K], Gami YM, Srivastava AK,
Chauhan HD, Chaudhary KR. 2017. Effect of feeding different
levels of Moringa (Moringa oleifera) leaves on growth
performance of Mehsana goat kids. Trends Biosci, 10: 3190-
3193.

Damothiran L, Chandrasekaran NR. 1982. Nutrition studies with
Leucaena forage. Res Rep, 3: 21-22.

Deminicis BB, Do Carmo Aradjo SA, Jardim ]JG. 2009. Maneio
nutricdo e alimentacdo de ovinos e caprinos: visdo geral e
analise econdmica. A Lavoura, 29-34.

Devendra C, Burs M. 1983. Goat production in the tropics.
Common wealth Bureaux, United Kindom. pp. 2-6.

Dougnon TJ, Aboh BA, Kpodékon TM, Honvou S, Youssao . 2012.
Effects of substituition of a pellet of Moringa oleifera to
commercial feed on rabbit’s digestion, growth performance
and carcass trait. ] App Pharm Sci, 2: 15-19.

Faftine OL]J, Zanetti AM. 2010. Effect of multinutrient block on
feed digestibility and performance of goats fed maize stover
during the dry season in the south of Mozambique. Livestock
Res Rural Dev, 22: 1-9.

Fahey JW. 2005. A Review of the Medical Evidence for Its
Nutritional, Therapeutic, and Prophylactic Properties. Part 1.
Trees Life ], 1: 5-15.

Food and Agriculture Organization Statistics (FAOSTAT). 2014.
Food and Agriculture 466 Organization Statistics. Rome, Italy.
faostat3.fao.org/home/E (access date: 12 February 2018).

Garcia GW, Ferguson TU, Neckles FA, Archibald KAE. 1996. The
nutritive value and forage productivity of L. leucocephala.
Anim Feed Sci Technol, 60: 29-41.

Getu K. 2006. Replacement of formulated concentrate mix with
vetch (Viciadasy carpa) hay to lactating crossbred dairy cows
fed on urea treated wheat straw. An MSc Thesis Presented to
the School of Graduate Studies of Haramaya University,
Ethiopia, pp. 10-16.

Gopalakrishnan L, Doriya K, Kumara SD. 2016. Moringa oleifera:
A review of the nutritive importance and its medicinal
application. Food Sci Hum Wellness, 5: 49-56.

Hassan AA, Abu Hafsa S H, Yacout MH, Khalel MS, Ibrahim MAR,
Mocuta D. 2015. Effect of feeding some forage shrubs on goats
performance and rum.en fermentation in dry season. Egyptian
] Sheep Goat Sci, 21-36.

Homann-Kee Tui S, Bandason E, Maute F, Nkomboni D, Mpofu N,
Tanganyika ], van Rooyen AF, Gondwe T, Dias P, Ncube S, Moyo
S, Hendricks S, Nisrane F. 2013. Optimizing livelihood and
environmental benefits from crop residues in smallholder
crop-livestock systems in Southern Africa. Socio-economics
Discussion Paper Series, 11: 1-64.

Hossain MS, Akhtar A, Hossain MH, Choudhury MP, Islam F. 2015.
Goat husbandry practices in the southern region of Bangladesh.
] Biosci Agric Res, 5: 59-64.

Hove L, Topps JH, Sibanda S, Ndlovu LR. 2001. Nutrient intake
and utilisation by goats fed dried leaves of the shrub legumes
Acacia angigustissima, Calliandra calothyrsus and Leucaena
leucocephala as supplements to native pasture hay. Anim Feed
Sci Technol, 91: 95-106.

Isaacs KL, Owens JL, Little John RP, Johnstone PD, Fennessy PF.
1991. Influence of maternal live weight on reproductive
performance and wool production of heterozygous Booroola
Merino x Coopworth (FecBFec+) and Merino x Coopvvo'rth

BS] Agri. / Gracinda Andre MATAVEIA et al.

100



Black Sea Journal of Agriculture

ewes. New Zealand ] Agr Res, 34: 55-67.

Kanani ], Lukefahr SD, Stanko RL. 2006. Evaluation of tropical
forage legumes (Medicago sativa, Dolichos lablab, Leucaena
leucocephala and Desmanthus bicornutus) for growing goats.
Small Rumin Res, 65: 1-7.

Kang GT, Wilson GF, Lawson TL. 1984. Alley cropping-a stable
alternative to shifting cultivation. International Institute of
Tropical Agriculture, Ibadan, Nigeria, pp 22.

Kholif AE, Gouda AG, Olafadehan OA, Abdo MM. 2018. Effects of
replacement of Moringa oleifera for berseem clover in the diets
of Nubian goats on feed utilisation, and milk yield, composition
and fatty acid profile. PubMed, 12 (5): 964-972.

Kumar GVP, Ashwani S. 1998. Phenotypic alterations in goats
feds ubabul Leucaena leucocephala. Indian ] Anim Sci, 68: 402-
404.

Kumar R. 1992. Anti-nutritional factors, the potential risks of
toxicity and methods to alleviate them. Proceedings of the FAO
Expert Consultation. Kuala Lumpur, Malaysia, 14-18 October
1991, Agricultural Research and Development Institute.

Leng RA. 1997. Tree foliage in ruminant nutrition. FAO Animal
Production and Health Paper 139, FAO Rome, Italy.

Lusweti EC. 2000. The performance of the Nguni, Afrikander and
Bonsmara cattle breeds in developing areas of Southern Africa.
S Afr Anim Sci, 30: 28-29.

Mackinnon D, Rocha A. 1985. Reproduction, mortality and
growth of indigenous sheep and goats in Mozambique. In:
Wilson R T and Bourzat D (editors). Small Ruminants in African
Agriculture. ILCA: Addis Ababa, Ethiopia, pp 154-162.

MAE (2005). Ministério de Administracdo Estatal, Série Perfis
Distritais de Mogambique; Perfis dos Distritos de Namaacha,
Magude (Maputo) e Distrito de Angénia (Tete).

Manaye T, Tolera A, Zewdu T. 2009. Feed intake, digestibility and
body weight gain of sheep fed Napier grass mixed with
different levels of Sesbania sesban. Livest Sci, 122 (1): 24-29.

Mendieta-Araica B, Sporndly R, Reyes-Sanchez N. Sporndly E.
2011. Moringa oleifera leaf meal as a source of protein in locally
produced concentrates for dairy cows fed low protein diets in
tropical areas. Livest Sci, 137: 10-17.

Midcap S, De Witte AL. 2006. Moringa oleifera, Medicinal and
Socio-Economic uses. 1% International Course on Economic
Botany, National Herbarium Leiden, the Netherlands. 1-18.

Mohamed KE, Salih AM, Zomrawi WB, Hamza MM, Elamin KM,
Dousa BM. 2015. The effect of drying methods on chemical
composition and digestibility of Leucaena Leucacephala leaves
Glob ] Anim Sci Resi, 3: 419-422.

Moyo B, Masika P], Hugo A, Muchenje V. 2011. Nutritional
characterization of Moringa (Moringa oleifera) Lam.) leaves.
Afr ] Biotechnol, 10: 12925-12933.

Moyo B, Masika PJ, Muchenje V. 2012. Effect of supplementing
crossbred Xhosa lop-eared goat castrates with Moringa
oleifera leaves on growth performance, carcass and non-
carcass characteristics. Trop Anim Health Prod, 44: 801-809.

Moyo B, Masika PJ, Muchenje V. 2016. Potential use of Moringa
oleifera leafin animal feeding: a Review. Int] Current Agric Res,
4:187-194.

Muambea IT, Ignatius VN, Mangeye HK, Hornick J. 2014. Nutritive
value of Adenodolichos rhomboideus leaves compared with
Leucaena leucocephala and Stylosanthes guianensis forages in
indigenous goats in Lubumbashi (DR Congo). Biotechnol Agron
Soc Environ, 18: 165-173.

Muir JP and Massaete E. 1996. Effect of physical restriction and
supplementation with Leucaena leucocephala on goat growth.
Small Rumin Res, 23: 103-108.

National Institute of Meteorology of Mozambique, 2015- 2016.

Ndemanisho EE. 1996. The use of Leucaena leucocephala (LAM)
de wit forage as a protein supplement for dairy goats. PhD
Thesis, Sokoine University of Agriculture, Morogoro.

Nothling JO. 2000. Semen evaluation as part of the evaluation of
bulls for breeding soundness. Course materials. Department of
roduction Animal Studies, Faculty of Veterinary Science,
University of Pretoria.

Ocran JN. 1994. The effect of feeding varying levels of Leucaena
leaf meal on performance and carcass characteristics of pigs.
MSc. Dissertation, University of Agriculture,
Morogoro.

Oduro I, Ellis WO. Deborah 0. 2008. Nutritional potential of two
leafy vegetables: Moringa oleifera and Ipomoea batatas leaves.
Sci Res Essays, 3: 57-60.

Onder H, Sen U, Takma C, Ocak S, Abact SH. 2015. Genetic
parameter estimates for growth traits in Saanen kids. ] Fac Vet
Med Univ Kafkas, 21(6): 799-804.

Oni AO, Arigbede OM, Oni 00, Onwuka CFI, Anele UY, Oduguwa
BO, Yusuf KO. 2010. Effects of feeding levels of dried cassava
leaves (Manihot esculenta, Crantz) based concentrates with
Panicum maximum basal on the performance of growing West
African Dwarf goats. Livest Sci, 129: 24-30.

Osaer S, Goossens B, Kora S, Gaye M, Darboe L. 1999. Health and
productivity of traditionally managed Djallonke sheep and
West African dwarf goats under high and moderate
trypanosomosis. Vet Parasitol, 82: 109-119.

Ouchene-Khelifi N, Ouchene N, Maftah A, Da Silva AB, Lafri M.
2015. Assessing admixture by multivariate analyses of
phenotypic differentiation in the Algerian goat livestock. Trop
Anim Health Prod, 47: 1343-1350.

Payne WJA. 1990. Goats. In: Payne, WJA (ed.), an introduction to
animal husbandry in the tropics. Longman Scientific and
Technical UK. 505-536.

Peacock C. 2005. Goats-A pathway out of poverty. Small Rumin
Res, 60: 179-186.

Peacock CP.1982. In Documents prepared for the Programme
Committee. ILCA, Nairobi, Kenya.

Place F, Roothaert R, Maina L, Franzel S, Sinja ], Wanjiku J. 2009.
The impact off odder trees on milk production and income
among smallholder dairy farmers in East Africa and the role of
research. ICRAF Occasional Paper No: 12, Nairobi: World
Agroforestry Centre, pp 26.

Preston TR and Lang RA. 1987. Matching ruminant production
systems with available resources in the tropics and sub-

Sokoine

tropics. Penambul Books. Armidale, New South Wales,
Australia.

Quele K, Hugo A, Oyedmi SO, Moyo B, Masika PJ, Muchenje V.
2013. Chemical composition, fatty acid content and antioxidant
potential of meat from goats supplemented with Moringa
oleifera leaves, sunflower cake and grass hay. Meat Sci, 93: 455-
462.

Rhind SM. 1992. Nutrition: Its effects on reproductive
performance and its hormonal control in female sheep and
goats. In: Speedy, AW. (ed), Progress in Sheep and Goat
Research CAB International, Wallingford. UK. pp. 25-51.

Robert AW, William RC, Keith D], Larry GB. 1996. Leucaena
forage analysis using near-infrared reflectance spectroscopy.
Anim Feed Sci Technol, 64: 1-9.

Rubanza CDK, Shem MC, Bakengesa SS, Ichinohe T, Fujihara T.
2007. Effects of Acacia nilotica, A. polyacantha and Leucaena
leucacephala leaf meal supplementation on performance of
Small East African goats fed native pasture hay basal forages.
Small Rumin Res, 70: 165-173.

Sanchez NR, Sporndly E, Ledin 1. 2006. Effect of feeding different

BS] Agri. / Gracinda Andre MATAVEIA et al.

101



Black Sea Journal of Agriculture

levels of foliage of Moringa oleifera to creole dairy cows on
intake, digestibility, milk production and composition Livest
Sci, 101: 24-31.

Sen U, Onder H. 2016. Poor placental traits reduce kid birth
weight in young Saanen dams at the first parity. Turkish ] Vet
Anim Sci, 40: 554-561.

Sen U, Onder H. 2016. The effect of estrus synchronization
programmes on parturition time and some reproductive
characteristics of Saanen goats. ] Appl Anim Res, 44(1): 376-
379.

Silanikove N. 1996. Interrelationships between feed quality,
digestibility and feed consumption and energy requirements in
Desert (Bedouin) and temperate (Saanen) goats. ] Dairy Sci, 69:
2157-2162.

Simbaya J. 2002. Potential of fodder tree/shrub legumes as a feed
resource for dry season supplementation of smallholder
ruminant animals. Pp. 69-76. In: Development and field
evaluation of animal feed supplementation packages.
Proceedings of the final review meetingof an IAEA Technical
Co-operation Regional AFRA Project organized by the
JointFAO/IAEA Division of Nuclear Techniques in Food and
Agriculture held in Cairo, Egypt, 25-29 November 2000.
International Atomic Energy Agency, Vienna, Austria.

Simon MK. 2012. Growth response and carcass characteristics of
rabbit fed graded levels of Leucaena leucocephala diets. C ] Vet
Sci, 6: 10-13.

Soundararajan C, Sivakumar T, Palanidorai R. 2006. Factors
affecting birth weight in goats. Indian Vet ], 83: 803-804.

Stewart R, Oldham CM. 1986. Feeding lupin for four days during
the luteal phase can increase ovulation rate. Proceeding Aust
Soc Anim Prod, 16: 367.

Toukourou Y, Peters K. 1999. Impact of feed restriction on the
growth performance of goat kids. Archiv fur Tierzucht, 42: 281-
293.

Wilson RT, Murayi TH, Rocha A. 1989. Indigenous African small
ruminants strain with potentially high reproductive
performance. Small Rumin Res, 2: 107-117.

Yagoub YM, Babiker SA. 2009. Effect of compensatory growth on
performance of Sudaness female goats. Pak ] Nutr, 11: 1802-
1805.

Yami A, Litherland AJ], Davis J], Sahlu T, Puchala R, Goetsch AL.
(2000) Effects of dietary level of Leucaena leucocephala on the
performance of Angora and Spanish doelings. Small Rumin Res,
38:17-27.

BS] Agri. / Gracinda Andre MATAVEIA et al.

102



