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ABSTRACT

Moringa oleifera and Leucaena leucocaephala are browse plants that are locally available
throughout the year in the tropics and their leaves which are high in protein can be used to supple-
ment feed for cattle. Hence, the study was set up to ascertain the effects of Moringa and Leucaena
supplementation on milk yield and composition of milk of lactating cows. Four Sanga cows with
an average weight of 340.27 kg were used in a 4x4 Latin Square design experiment over a four-
period feeding trial where each period lasted for 10 days. Forages were sampled with a quadrant at
each period of the experiment for dry matter composition analysis whilst the experimental diets
were supplemented and studied. Milk yield, supplementary feed intake, nutrient composition of
milk, biochemical and haematological indices of the blood and serum of the cows are parameters
that were measured. Analysis of variance (ANOVA) related to Latin square design was used to
separate the treatment means at a significance level of 5% using Minitab version 18 (2017). The
results of the study showed that milk yield recorded for the lactating Sanga cows between the treat-
ments ranged from 2218.5g/day/cow to 2423.38g/day/cow and were close to significance (p= 0.06).
The levels of glucose in the blood of lactating cows were between 4.10 and 4.438 mmol/L whilst red
blood cell count ranged from 5.742 to 6.388 10°uL. It was observed that supplementing lactating
cows with feed made of wheat bran, moringa and leucaena leaf meals did not result in high choles-
terol levels in the cows’ serum.

Keywords: Leaf meals, Nutrient intake, milk yield/feed intake ratio, blood and serum profile

INTRODUCTION of milk (Manu et al., 2014). Forages become

Milk yield of cows in smallholder cattle farms is
low and is partly due to poor feeding manage-
ment in these farms (Coffie et al., 2015). Inade-
quate nutrition impacts negative effect on the
growth and viability of the dairy industry
(Wanapat et al., 1999; Njarui et al., 2009).
Smallholder cattle farmers who usually have
limited land are mostly found to practice exten-
sive system of raising cattle hence, the cattle are
made to travel a longer distance to graze. The
animals are mostly underfed especially in the dry
seasons and consequently produce less quantity

scarce during this period and the little which is
available declines in protein content (Oppong —
Anane et al., 2000; Wanapat et al., 1999). Sup-
plementing the feed of the animals with concen-
trate is ideal to make up for the nutritional losses
but feeding concentrates as supplement to
“dairy” cattle is expensive (Karikari et al., 2008)
and due to the high cost, most smallholder cattle
farmers do not give supplements to their lactat-
ing cows (Adjorlolo et al., 2019). Nevertheless,
Ayuk et al. (2002) reported that tree legumes
such as leucaena have the potential to be fed to
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ruminants as a feed supplement. Leaves of
shrubs such as Moringa oleifera and Leucaena
leucocaephala have also been fed to animals as
protein supplement (Melese, 2011; Sodamade et
al., 2013). These legumes and shrubs are locally
available in Ghana, are high in protein and most
are available all year round. The crude protein
contents of Moringa and Leucaena leaves are
about 22%, and 26% respectively (Meena et al.,
2013). Another benefit of feeding Moringa oleif-
era to cattle is increased weight gain and milk
production. For instance, studies have revealed
that 32% and 43-65% increment could be
achieved in weight gain and milk production
respectively when Moringa oleifera is fed to
cattle (Wanapat et al., 1999; Meena et al., 2013).
It also improved feed digestibility and overall
animal health (Melese, 2011; Sodamade et. al.,
2013). Though leucaena contains mimosine (up
to 12% DM in young shoots), which is detri-
mental to non-ruminants, it is broken down in
the rumen of ruminants to DHP (3, 4 and 2, 3
dihydroxy-pyridine). Feeding dairy cows on cut-
and-carry Leucaena foliage allows a substantial
increase (14%) in milk yield, milk fat and pro-
tein content in milk (Melese, 2011; Sodamade et.
al., 2013). Though Leucaena contains tannins
(30mg/g), the level is below the quantity that
could adversely affect the nutritive value (Ayuk
et al., 2002) of the plant that could not serve the
purpose of supplementing cattle feed.

The present study was set up to evaluate the ef-
fect of feed supplementation with Moringa oleif-
era and Leucaena leucocaephala on milk com-
position and milk yield of local breed of dairy
cows in Ghana. The study also sought to assess
the influence of Moringa oleifera and Leucaena
leucocaephala on the serum biochemical and
haematological parameters of the lactating cows.

MATERIALS AND METHODS

Experimental Site

The on — farm study was carried out at Onwe
located on a GPS coordinate of 06°40.798'N

and 001°26.851' W in the Ejisu/Juaben Munici-
pality (now divided into two distinct Municipali-
ties) of the Ashanti Region of Ghana. The Re-
gion is at 06° 43’ N, 01°36” W of the equator at
an altitude of 290 m above mid-sea level. The
study area is a semi-deciduous forest ecological
zone and the rainfall for the area is bimodal. The

rainy season is from April to July and September
to November and the main dry season starts
from December to March (Coffie et al., 2015).
The mean annual rainfall is 1300 mm and the
average daily temperature is 27°C. (https:/
en.wikipedia.org/wiki/Ejisu-Juabe

n_Municipal District).

Preparation of Leaf Meals

The Moringa leaves used for the study were har-
vested from a Moringa farm established at the
Dairy/Beef Cattle Research Station, KNUST,
Kumasi. The Leucaena leaves were harvested at
Aprade Junction and around KNUST Senior
High School, Kumasi. Leaves of these browse
plants were air dried for three weeks. After re-
moving any remaining twigs (from the dried
leaves) the leaves were milled in a cormmercial-
ly operated mill. The Moringa leaf meal
(MoLM) and the Leucaena leaf meal (LeLM)
were used to compound the experimental diets
indicated in Table 1 and the chemical composi-
tion of MoLM and LeLM are presented in Table
2.

Experimental Cows, Design and Feeding
Trial

Four lactating Sanga cows with an average
weight of 340.27 kg were used for a feeding trial
over a four period in a 4x4 Latin Square Design
experiment. Each period lasted for ten days. The
lactating cows in each of the treatments were
housed individually under a shed and were given
between 500 — 1000 g of formulated diet daily
during the adjustment period of eight (8) days.
After the adjustment period, each lactating San-
ga cow was randomly assigned to one of the four
treatments shown in Table 1. Each cow was fed
2 kg/day of the experimental diets shown in Ta-
ble 1 for 10 days (period). The supplements
were given at 10:00 h (ie. after milking) and
cows that were unable to consume all the supple-
ment had access to the remaining supplement
when they returned from grazing at 18:00 h.
Water was provided to all the experimental cows
ad libitum.

Sampling of forages

The forages on the grazing fields were sampled
by throwing a 1 m x 1 m quadrant at each period
of the experiment. The forages found within the
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quadrant were identified, harvested at about 30
cm or lower from the top of the forages,
weighed, chopped and sampled for dry matter
content determination. The remaining forages
were air dried for three weeks, before being
blended into powder with a laboratory mill
(Wiley Mill, UK) using a 1 mm screen for fur-
ther analysis.

Sampling of blood for haematological and
biochemical tests

Blood samples were taken from the jugular vein
of the Sanga lactating cows at the end of the

experiment. The samples were collected in two
vacutainers, an Ethylenediamine tetra — acetic
acid (EDTA) coated vacutainer sample for the
analysis of haematological parameters and serum
vacutainer sample for biochemical indices. The
collected blood samples were transported on ice
to the Medical Laboratory of the KNUST Hospi-
tal, Kumasi for the analyses.

Parameters measured

Milk yield

Milk from each lactating cow in a treatment was
collected, weighed daily with a top pan balance

Table 1: Formula, ingredients and chemical composition of the experimental diets (+ SE)
Dietary Treatments

Ingredient (%) Treatment 1 Treatment 2 Treatment 3 Treatment 4

Moringa leaf meal 0.0 50.0 25.0 0.0

Leucaena leaf meal 0.0 0.0 25.0 50.0

Wheat bran 99.0 49.0 49.0 49.0

Common salt 1.0 1.0 1.0 1.0

Total 100 100 100 100

(Coz;:mical composition P-value

Dry Matter 85.15+0.56 86.23+0.63 85.00+0.79 87.35+0.74 0.38

Crude Protein 15.54+0.11° 20.36+0.44° 20.244+0.36° 19.11£0.38" < 0.001

Crude Fibre 13.14+0.58 14.11+0.81 13.79+0.36 13.95+0.23 0.61

Ether Extract 3.34+0.41° 4.65+0.11% 5.17+0.41° 4.21+0.28% 0.004

Ash 6.72+0.41° 13.05+0.46° 11.9240.49° 11.56+0.27°  <0.001

NFE 61.26+0.55 47.83+0.91° 48.90+1.38° 51.18£0.40°  <0.001

Energy (ME)* (MJ/kg) 1.21+0.01* 1.13£0.01° 1.16+0.01° 1.15£0.01*  <0.001

Detergent Fibre (%)

NDF 40.31+1.32° 30.10+1.00° 30.89+0.65" 32.20+0.69°  <0.001

ADF 12.1740.47°  13.59+0.87"  13.67+0.06" 14.40£0.21*  <0.001

Hemicellulose 28.140.94° 16.51+0.57° 17.22+0.63° 17.80+0.56°  <0.001

Means that do not share the same superscript in a row are significantly different (P< 0.05)

*Calculated; SE = Standard Error
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Table 2: Proximate and Detergent Fibre Composition (+ SE) of feed ingredients and forages

% Dry Matter Basis MoLM LeLM Wheat Bran Forage P-value
Dry Matter 90.25+£0.18™  90.58+0.46" 86.15+0.63°  92.79+0.67° <0.001
Crude Protein 23.89+£0.43"  18.46+0.53" 15.44£0.70°  7.80+0.30° <0.001
Crude Fibre 14.53+0.74*  16.09+0.54° 11.51+0.81°  37.98+2.15 <0.001
Ether Extract 4.52+0.24° 4.57+0.63 3.64+0.31%°  1.85+0.49° <0.001
Ash 12.60+0.63*  12.48+0.37° 4.98+0.30°  7.29+0.18° <0.001
NFE 44.46+1.06°  48.40+1.12" 64.43£1.47°  45.08+1.66° <0.001
Energy (ME)* (MJ/kg) 1.12£0.01° 1.1240.01° 1.26£0.01°  0.97+0.02° <0.001
Detergent Fibre (%)

NDF (%) 21.81+1.11¢  27.67+0.58° 39.3340.83°  57.44+1.33° <0.001
ADF (%) 13.74+0.19°  16.94+0.48° 11.75£0.35°  32.30+0.94 <0.001
Hemicellulose (%) 8.07+1.03°  10.73+0.59° 27.57+0.57°  25.14+1.13% <0.001

Means that do not share common letters in the same row are significantly (p<0.00) different; SE = Standard Error

*Calculated

(SF - 400) and recorded as the partial milk yeild.
The daily milk yield was then estimated using
the fomula S=M+0.6596M as reported by
Ahamefule et al. (2007). Where S is the daily
milk yield and the M in the equation is the milk
yield recorded in the morning.

Milk composition

Milk composition test was carried out at the end
of the experiment. The parameters measured
were protein, fat, solid not fat, total solids, densi-
ty and lactose content using Lactoscan Milk An-
alyser (Milkotronic Limited, Bulgaria) at the
Dairy Science Laboratory, KNUST Dairy/Beef
Cattle Research Station, Boadi. The energy con-
tent of the milk was calculated using the formu-
la, Cal /100g of milk = (% protein x 4) + (% fat
% 9) + (% lactose x 4) as described by Salman et
al. (2014).

Supplement intake

The supplement intake was measured by sub-
tracting the quantity of leftover feed from the
quantity of feed given to each of the cows on
daily basis.

Chemical composition of the leaf meals and
the supplementary diets
Proximate analysis was conducted on the leaf

meals and the supplementary diets using the
standard procedures of the Association of Offi-
cial Analytical Chemists (AOAC, 1990). The
ADF and NDF contents of the browse plants
used for supplementary diet formulation were
determined using the Ankom technique as de-
scribed by Ankom Technology (2017a) and
Ankom Technology (2017b) respectively with
the tests conducted in triplicates.

The metabolisable energy in the ingredients, the
four experimental diets and the forage were all
estimated by the method proposed by MAFF
(1975) ie.: ME (MJ/kg DM) = (0.012 x Crude
Protein) + (0.031 x Ether Extract) + (0.005 x
Crude Fibre) + (0.014 x Nitrogen Free Extract).

Haematological and serum biochemical
indices

The haematological parameters were measured
by the methods outlined by Rastogi (2008) and
Cheesebrough (2004) and the serum biochemical
indices were measured according to the methods
described by Cheesebrough (2005) and Singh
(2003).

Statistical Analysis
The analysis of variance (ANOVA) related to
Latin Square Design was used to analyze the
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data at significance level of 5% using Minitab
version 18 (2017). Means were differentiated
using Bonferroni pair comparison.

RESULTS

Forages grazed by the Sanga cows

Table 3 shows a list of the forage grazed by the
lactating cows during the experimental period.
Panicum maxima (Guinea grass) and Centrose-
ma pubescens (Centro) were reported to be
available on all the fields that the lactating cows
grazed during the study. The other forages were
only found on some of the grazing fields during
some of the periods of the trial. For instance,
Commelina spp and shrubs (eg. Ficus exaspera-
ta) on grazing fields used in periods 1- 3, Mimo-
sa spp was on the fields used during periods 1
and 2, Chromolaena odorata also found on
fields during periods 2 and 3 and Pennisetum
purpureum on fields in the third and fourth peri-
ods. Rice plants, rice straws and Sporobolus
pyramidalis were also found in the field where
the cows grazed during period 2 of the study.

Proximate Composition and Detergent Fibre
of Feed Ingredients

The dry matter percentage in Moringa leaf meal
(MoLM) and Leucaena leaf meal (LeLM) were
similar while the forage samples recorded the
highest dry matter percentage of 92.79% (Table
2). Mean crude protein value in MoLM
(23.89%) was significantly (p < 0.05) higher
than the crude protein obtained for LeLM. How-
ever, LeLM was nominally higher in crude fibre

than the MoLM. The highest fibre content was
recorded in the forages while wheat bran had the
lowest. Ether extract in the forage was similar to
that of wheat bran but lower than the figure for
MoLM and LeLM. Ash composition for MoLM
and LeLM were similar. Additionally, MoLM,
LelLM and the forages also had comparable ni-
trogen free extract (NFE) values. The neutral
detergent fibre (NDF) for LeLM (Table 2) was
significantly (p < 0.05) higher than the NDF in
MoLM. But the NDF value in MoLM was also
lower than the mean NDF for wheat bran and the
forages consumed by the Ilactating cows.
Moringa leaf meal and wheat bran had signifi-
cantly (p < 0.05) lower acid detergent fibre
(ADF) than leucaena leaf meal and the forages
consumed. Moringa leaf meal had lower (P<
0.001) hemicellulose than the forage samples
and the wheat bran but was similar to that of
leucaena leaf meal.

Proximate Composition and Detergent Fibre
of Experimental Diets

All the values for the proximate composition
parameters measured on the experimental diets
showed significant differences (p< 0.05) except
for dry matter and crude fibre composition
(Table 1).

The crude protein content of experimental diet
one (T1) was 15.54% and it was lower than the
crude protein in the other three dietary treat-
ments. There was no significant difference in the
crude fibre content between the four dietary

Table 3: Forages grazed by lactating Sanga cows during the various periods of the experiment

SN.  Forages Period1 Period2 Period3  Period 4
L. Guinea grass X X X X

2. Centrosema X X X X

3. Mimosa X X

4. Commelina X X X

5. Shrubs* X X

6. Chromolaena odorata X X

7. Rice plant and straw X

8. Sporobolus pyramidalis X

9. Pennisetum purpureum (Elephant grass) X X

*Shrubs include: Ficus exasperata; SN = Serial Number
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treatments. Ether extract for experimental diet 3
was significantly (p < 0.05) higher than that of
experimental diet 1. However, the mean ether
extract values for experimental diets 2, 3 and 4
were similar. Ash composition of experimental
diets 2 to 4 were similar. Nitrogen free extract
(NFE) content of feed for Treatment 1 was sig-
nificantly higher. The NFE in diets 2 to 4 were
similar. All the values for the three fibre compo-
nents studied in the work were significantly (p <
0.05) different. Neutral detergent fibre (NDF) of
experimental feeds (Table 1) in treatments 2 to 4
were comparable but significantly (p < 0.05)
lower than NDF in experimental diet 1. Acid
detergent fibre (ADF) values for the supplemen-
tary feed unlike the NDF values were similar for
all the feed used except for experimental diet 4.
The hemicellulose values for the supplementary
feed 1 was higher than that of treatments 2 to 4.

Effect of Supplementary Diet on Feed and
Nutrients Intake

The supplementary feed intake observed in Ta-
ble 4 shows that the inclusion of MoLM showed
significant (p < 0.05) decrease in feed intake by
the cows in the respective treatment groups.
Lactating cows in the control (T1) group (ie.
without any of the browse plants) had an intake
which was similar to the intake of cows in treat-
ment 4 (ie. with leucaena leaf meal only) whilst
the group which had supplementary feed that
contained MoLM only (T2) had the least feed
intake. However, there was no significant differ-

ence (p>0.05) in the nutrient and energy intake
between the treatment groups.

Effect of Experimental diet on Milk yield and
composition

Milk yield to supplementary feed intake ratio
(1.30 to 3.46) did not show significant variation
among the means in the treatment groups. It was
observed that milk yield (2218.5g/day/cow to
2423.38g/day/cow) recorded for the lactating
Sanga cows (Table 5) were close to significance
(p = 0.06) with treatment 2 (Moringa only) re-
cording the highest whilst cows in treatment 1
gave the least yield. There was no significant
difference (P < 0.05) in the means of the values
for composition of milk among the four treat-
ments. Treatment means for milk density, con-
ductivity and freezing point (Table 5) were sta-
tistically similar (P > 0.05).

Effects of experimental diets on haematologi-
cal profile of lactating Sanga cows

The red blood cell count (5.742 to 6.388 x 10/
pL) and haemoglobin values which ranged from
17.917+0.74 to 21.333+1.20 g/dL were observed
to be approaching significance (Table 6). While
lactating cows in treatment 2 recorded the high-
est value for haemoglobin and red blood cell
count, cows in treatment 1 had the least value
for haemoglobin and red blood cell count.

There was no significant difference in the pa-
rameters for blood platelet profile of lactating
Sanga cows except for platelet large cell concen-

Table 4: Supplementary feed and nutrient intake and milk yield/ feed intake ratio (+ SE)

Parameter Treatment 1 Treatment 2 Treatment 3 Treatment 4 P-value
Total intake (g/cow/day) 1739.53+121° 1166.46+218° 1443.30£171% 1542.95+190° 0.001
Dry Matter (g) 1481.21£103 1005.84+188 1226.81+145 1347.77£166 0.17
Protein (g) 230.11x16.0 204.79+38.3 248.31+29.4 257.42+31.7 0.60
Fat (g) 49.47+3.43 46.77+8.75 63.43+7.50 56.74+7.00 0.32
Ash (g) 99.54+6.90 131.26+24.6 146.24+17.3 155.80+19.2 0.15
Energy* (ME) MJ 17.92+1.24 11.37£2.13 14.23+1.68 15.50+1.91 0.08
Yield / supplement intake ratio 1.30+0.18 3.46+1.50 1.88+0.45 1.80+0.40 0.116

Means that do not share the same superscript on the same row are significantly different (P < 0.05); SE = Standard Error;

*Calculated
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Table 5: Mean Milk yield and composition of milk produced by lactating Sanga cows (+ SE)

Treatment 1 Treatment 2 Treatment 3 Treatment 4 P Value
Milk Yield/day (g) 2218.50+281 2423.38+278 2342.88+302 2328.63+290 0.06
Fat (%) 4.357+0.20 4.457+0.17 4.498+0.23 4.551+0.29 0.61
Protein (%) 2.886+0.03 2.843+0.03 2.86+0.02 2.85140.02 0.09
SNF (%) 7.88+0.09 7.765+0.07 7.813+0.07 7.791£0.06 0.10
Total Solids (%) 12.236+0.17 12.223+0.15 12.311+0.22 12.341+0.27 0.81
Lactose (%) 4.339+0.05 4.276+0.04 4.302+0.04 4.29+0.03 0.09
Milk Density (kg/m®) 1027.27+0.45 1026.74+0.38 1026.89+0.38 1026.76+0.41 0.61
Milk fat yield () 95.08+11.4 10651115 103.92+13.9 104.68+15 0.82
Conductivity (mS/cm) 3.95+0.14 3.823+0.11 3.804+0.09 3.816+0.11 0.20
Freezing Point (°C) -0.5042+0.006  -0.4968+0.005 -0.5003+£0.004  -0.4989+0.004 0.13
Milk Energy* (Cal/100g) 68.11£1.64 68.59+1.40 69.13+2.02 69.52+2.52 0.96

SE = Standard Error; *Calculated

tration (P-LCC) which showed a variation (p <
0.05) between the treatment groups (Table 6).
Lactating cows on the feed made with wheat
bran, Leucaena leucocaephala and salt (T4) had
the lowest value and the feed with wheat bran
and equal proportions of Leucaena leucocaepha-
la and Moringa (T3) had the highest value fol-
lowed by the feed with wheat bran, moringa and
salt (T2).

White blood cell values did not vary significant-
ly among the treatments. The values for the ma-
jor components of the white blood cells (ie. neu-
trophil, lymphocyte, monocyte, eosinophil, ba-
sophil) as shown in Table 6 followed the same
trend exhibited by the white blood cells.

Effects of browse plants on serum biochemi-
cal indices of lactating Sanga cows

The levels of glucose in the blood of the lactat-
ing cows in the various treatments (Table 7)
were between 4.10 and 4.438 mmol/L and the
differences in their means were observed to be
approaching significance (p=0.06). However,
there was a significant difference (p < 0.05) in
the means for albumin and alkaline phosphatase
between the lactating Sanga cows in the treat-
ment groups. All the mean values for globulin,
total protein, ALT and total bilirubin between
the groups did not show significant differences

(p > 0.05) but the values increased nominally
from T1 to T3 and dropped in T4. While AST
and direct bilirubin will rise and fall from one
treatment to the other, indirect bilirubin rose
from T1 to T2 and dropped further in T4. How-
ever, Gamma — GT increased nominally from
T1 to T4.

Though creatinine and urea values (Table 7) did
not show significant differences between the
treatments, creatinine value for lactating cows in
T3 was nominally higher and the urea value for
T1 was nominally lower.

The lipid profile results as presented in Table 7
did not show any significant differences for any
of the lipid tests conducted between groups. The
nominal mean values for the lipid profile
showed that the highest value for cholesterol and
triaglycerides were all recorded in T3 followed
by T1, T2, and T4 respectively.

DISCUSSION

Forages grazed by Sanga cows

The most common forage consumed by the lac-
tating Sanga cows were Panicum maxima and
Centrosema pubescens. The Panicum maxima
and Centrosema pubescens forages were also
reported by Coffie et al. (2015) to be grazed by
lactating cows. The presence of both grasses and
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leguminous forages means the lactating cows
probably grazed balanced forages on the grazing
fields throughout the study. However, the 7.8%
crude protein of the forage, which is similar to
the 7.5% (for confined N’dama calves) is lower
than the 12.37% (for grazing N’dama calves)
Deku and Karikari (2018) earlier reported. The
availability of Panicum maxima (guinea grass)
during the four phases of the study agrees with
the observation of Obese et al. (2013) that Pani-
cum maxima is one of the commonest grass spe-
cies. The rice plant and straw in some of the
fields suggests that either the ficld on which they
were found was an abandoned rice field or it was

rice field that had been left to fallow. The cows
also grazed on fields that had Mimosa and Chro-
molaena odorata which also point to the fact

that weeds were gradually taking over those
fields.

Proximate composition of experimental feeds
and feed materials

The crude protein (7.8%) in the forages con-
sumed by the lactating cows was similar to the
7.0 % CP required to support microbial activity
in the rumen of the lactating cows (Ahamefule et
al., 2002). The low crude protein in the forage
therefore supports the call for supplementing the

Table 6: Blood haematological profile of lactating Sanga cows (= SE)

Haematological profile Treatment 1 Treatment 2 Treatment 3 Treatment 4 P - value
Red Blood Cell (10%/uL) 5.742+0.22 6.388+0.26 5.772+0.14 6.177+0.25 0.07
Haemoglobin (g/dL) 17.917+0.74 21.333+1.20 18.6+0.95 19.733+1.35 0.06
Haematocrit (%) 28.633+1.73 31.95+1.70 27.767+1.11 30.567+1.63 0.132
MCV (um?®) 49.567+1.27 49.8+1.00 48+1.02 49.267+0.97 0.316
MCHC (g/dL) 63.433+2.38 66.95+1.63 66.9+1.96 64.133+1.42 0.205
RDW - CV (%) 13.233+0.07 13.3£0.22 13.267+0.23 13.233+0.21 0.984
RDW — SD (um?) 27.433+0.58 27.45+0.52 26.733+0.56 27.3+0.44 0.288
Blood platelet profile
PLT (10°/uL) 436.667+45.4 469.833+45.0 429.833+32.6 394+57.6 0.42
PCT (%) 0.325+0.03 0.358+0.03 0.332+0.03 0.297+0.04 0.30
MPV (um®) 7.483+0.11 7.75+0.19 7.717+0.15 7.583+0.11 0.33
PDW (um®) 9.2+0.54 10.3+0.64 9.933+0.53 9.5+0.37 0.25
P-LCC (10°/uL) 52.667+4.04¢ 59.833+6.02° 63.333+6.96° 47.167+5.55¢ 0.01
P-LCR (%) 12.5+0.65 13.65+1.45 14.7+1.08 12.467+0.84 0.22
Profile of white blood cells (10°/uL)

White Blood Cell 351.957+19.9 387.5+20.5 356.67+£21.5  383.075+22.5 0.31
Neutrophil 196.492+24.8 240.14+25.9 206.918+26.6 236.97+24.6 0.34
Lymphoctes 144.345+7.41 131.095+9.01 131.933+8.58  129.685+7.24 0.40
Monocyte 4.363+0.23 3.875+0.49 6.17+1.26 4.625+0.41 0.19
Eosinophil 4.423+1.24 9.867+3.39 8.735+2.94 9.133+2.66 0.31
Basophil 1.678+0.08 1.563+0.05 1.578+0.07 1.668+0.05 0.50

+ SE = Standard Error MCV: Mean Corpuscular volume, MCHC: Mean Corpuscular Haemoglobin Concentration, RDW —
CV: red blood cell distribution width — complete volume, RDW — SD: red blood cell distribution width — standard deviation,
PLT: Platelet PCT: Plateletcrit MPV: Mean platelet volume, PDW: Platelet Distribution Wilt, P-LCC: Platelet Large Cell

Concentration, P-LCR: Platelet Large Cell Ratio
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Table 7: Biochemical indices of (blood) serum for lactating Sanga cows (+ SE)

Liver Function Treatment 1 Treatment 2 Treatment 3 Treatment 4 P-value
Glucose (mmol/L) 4.188+0.11 4.175+0.07 4.1+0.08 4.438+0.14 0.06
Albumin (g/1) 20.956+2.81° 21.3242.12° 26.826+2.55 22.183+2.37° 0.04
Globulin (g/1) 36.398+6.42 39.70145.09 41.613+4.37 35.954+5.32 0.31
Total Protein (g/1) 57.353+9.11 61.024+7.08 68.443+6.59 58.14+7.63 0.15
Alkaline phos (U/T) 171425.7° 171.5+18.2° 231.5430.4° 175.625+21.5° 0.04
ALT(U/T) 28.463+4.25 29.729+3.63 34.913+3.93 29.988+4.15 0.12
AST (U/T) 69.038+7.78 58.596+2.63 79.188+7.90 66.825+8.61 0.10
Direct Bil (umol/1) 2.037+0.28 1.667+0.06 2.343+0.51 2.144+0.31 0.34
Total Bil (umol/1) 0.995+0.20 1.004+0.12 1.1£0.12 0.875+0.12 0.17
Indirect Bil (umol/l) -1.041+0.38 -0.664+0.10 -1.245+0.56 -1.3+0.37 0.34
Gamma - GT (U/I) 19.742.50 20.329+1.89 21.243.52 23.05+4.79 0.65
Renal function

Creatinine (umol/l) 105.175+7.50 107.988+6.79 120.962+10.3 110.85+10.3 0.15
Urea (mmol/l) 8.094+0.75 9.877+0.81 9.815+0.80 9.479+0.80 0.17
Lipid profile

Cholesterol (mmol/l) 2.885+0.41 2.861+0.40 3.299+0.42 2.783+0.38 0.33
Triglycerides (mmol/l) 0.255+0.04 0.23+0.01 0.28+0.03 0.246+0.03 0.59

Means with same superscript in the same row are significantly different (P< 0.05); SE = Standard Error; Bil: Biliru-
bin, ALT: Alanine Transaminase, AST: Aspartate Aminotransferase, Gamma — GT: Gamma — Glutamyl Transferase

diets of lactating cows (Karikari ef al, 2008;
Moore et al., 1999; Susanti and Marhaeniyanto,
2007). The supplements given to the lactating
Sanga cows had crude protein values of 15.54,
20.36, 20.24 and 19.11% for Treatments 1 to
four respectively. The crude protein in the sup-
plement used in Treatment 1 was significantly
lower than the crude protein in Treatments 2 to
four because it was made of wheat bran and salt
only without any of the leaf meals. However, the
crude fibre levels were similar for the feeds used
in the four treatments. It is unclear why ether
extract (5.17%) for the feed used in Treatment 3
(mixture of Leucaena and Moringa) had a higher
value compared to that of wheat bran only and
those containing wheat bran and moringa; and
wheat bran and Leucaena. The ash content of the
feed used in Treatment 1 (6.72%) was very low
compared to the 11.56 to 13.05 obtained for T2
to T4 and it could affect the health of the lactat-
ing cows and the calves. However, the addition
of salt, Moringa and Leucaena leucocephala leaf
meals increased the ash content significantly.

The percentage increase seems too high but it
could be attributed to a possible synergetic ef-
fect in the compounded supplementary feed.

The fibre content of 37.98% in the present for-
age was close to the 34.79% observed in forage
fed to confined N’dama calves and higher than
25.73% crude fibre in forages grazed by N’dama
calves in a previous report by Deku and Karikari
(2018). The 23.89% crude protein content rec-
orded for Moringa leaf meal was similar to the
23.51% reported by Nouman et al. (2014) but
lower than the 251g/kg DM and 29.6% reported
by Makkar and Becker (1996) and Ogunbosoye
et. al. (2015) respectively. The ash content for
Leucaena (12.48%) was higher than the 11.4%
reported by Ayssiwede et al. (2010). The crude
protein for Leucaena leucocephala leaf meal of
18.46% was below the 24.9% obtained by
Ayssiwede et al. (2010) and 25 — 44% reported
by Aletor and Omodara (1994). Variations in the
composition of materials could be due inter alia
to the processing of the materials. However, the
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crude protein for both the Moringa and Leucae-
na fell within the range of 17.1% to 31.2% for
browse plants (Fadiyimu et al., 2011).

Detergent fibre composition of feed and feed
materials

The compounded supplementary feeds contain-
ing equal proportions of the leaf meals did not
show significant (p > 0.05) differences in ADF,
NDF and hemicellulose values from the feeds
compounded with either of the leaf meals. The
NDF and hemicellulose for the supplementary
feed, Treatment 1 (wheat bran only) were signif-
icantly (p < 0.05) higher but the ADF was simi-
lar to those of the other three treatments.
Though the feed used in T1 was significantly
higher in NDF, ADF and hemicellulose than the
three other feeds, they were all within the 30-
75% NDF range (Van Soest, 1994) and 17 —
61% ADF range (Topps, 1992; Budi and Wina,
1995).

The NDF and ADF values for Leucaena leuco-
cephala leaf meal were significantly (p < 0.05)
higher than that of Moringa oleifera leaf meal
and this could be due to the method of prepara-
tion of the materials and maturity of the leaves
(Van Soest, 1994; Oba and Allen 1999). The
NDF and ADF values obtained for Moringa leaf
meal were lower than the 11.40% for NDF and
8.49 % for ADF reported by Moyo et al. (2011)
and the present ether extract value was also be-
low the 5.95 — 18.58% range earlier reported
(Ogunbosoye et al., 2015).

Supplementary feed intake

An intake of 1739.53 g out of 2000 g of the sup-
plementary feed allowed in Treatment 1 implies
that the feed was highly accepted by the cows.
However, the addition of leaf meals reduced the
intake of the supplementary feeds. The intake of
feed (1542.95g) in Treatment 1 was similar to
the intake of feed in Treatment 1 but was signif-
icantly (p < 0.05) higher than the intake
(1166.46 g) of the Treatment 2 feed. This means
that using as high as 50% leucaena leaf meal in
the supplementary diet of lactating cow does not
negatively influence feed intake. Intake of the
feed made of equal amounts of Moringa oleifera
and Leucaena leucocephala leaf meals was sim-
ilar to the one in treatment two. Increasing
moringa leaf meal only to 50% inclusion level

with wheat bran decreased feed intake signifi-
cantly (p < 0.05). The reduction could be due to
poorer palatability of the Moringa leaf meal (Su
and Chen, 2020). The significantly (p < 0.05)
lower intake of the Moringa feed did not have
any detrimental effect on milk yield. This could
be due to its relatively high crude protein and
crude fibre which aided rumen activity for im-
proved nutrient availability.

Effect of browse plant on milk yield and com-
position

The milk yield of the lactating cows for the 4
treatments was between 2218.5 and 2423.38 g/
day/cow and was lower than the 2.7L (2789 g)
reported by Karikari er al. (2008). It was ex-
pected that supplementation with the MoLM
and LeLM would have increased milk yield and
enhanced composition significantly as reported
by Martono et al. (2016) but the increase was
only close to significance for yield, and for pro-
tein and lactose contents. This could be due to
the duration of milk collection from the cows,
the kind of roughage fed and the energy compo-
sition of the consumed feed (Abughazaleh,
2008; Fernandes et al., 2009).

Effects of browse plants on blood haemato-
logical profile of lactating Sanga cows

The haematological profile studied included the
red blood cells, platelet and white blood cells
profiles. The three haematological profiles have
been discussed below.

Red blood cells

Red blood cell counts which ranged from 5.742
to 6.388 x 10%/uL were within the normal limit
of 4.9 — 7.5 x 10°uL (Wood and Quiroz — Ro-
cha, 2010), 5 — 10 x 10%pL (Kraft and Durr,
2005) and 5.1- 7.6 x 10°/uL (George et al.,
2010). This indicates that the lactating cattle
were in good health (Roland et al., 2014). How-
ever, the MCHC values were higher than the
normal limits of 36 — 39 g/dl (George et al.,
2010). The high MCHC value (Table 6) could
be due to hemolysis (Gaven et al., 2010).

Haemoglobin

Haemoglobin (HGB) test results (17.92 — 21.3
g/dL) were above the 8.4 -12.0; 9-14; 8.5- 12.2
g/dL reported by Wood and Quiroz — Rocha
(2010); Kraft and Durr (2005) and George et al.
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(2010) respectively. The high haemoglobin val-
ues suggest that the lactating Sanga cows might
have had some health challenge (Roland et al.,
2014). The haematocrit value for treatment 2
and treatment 4 were slightly above the 28.5 —
30.02% reported by Coroin et al. (2017) but
within the 28 — 38 % reported by Kraft and Durr
(2005). The MCV and RDW — CV were also
within the normal ranges reported by Wood and
Quiroz-Rocha (2010).

Blood platelet profile

Platelet count values (Table 6) were within the
normal physiological range of 160 — 650 x 10%/
pL (Wood and Quiroz-Rocha, 2010) and the
MPV values of 7.43 — 7.75 were close to the
upper limit of the 4.5 — 7.5 um® reported by
George et al. (2010). This showed that all the
lactating cows had high supply of iron and
enough of the platelets were produced and their
loss was not at a faster rate and so they did not
stand the chance of suffering thrombosis
(Roland et al., 2014).

Profile of white blood cells

White blood cells figures (351.96 — 387.5 x 10°/
uL) were higher than the 7.8 — 15.1 x 10/L re-
ported by Coroian et al. (2017). Though WBC
decreases with age and lactating cows record
lower WBC counts than their non-lactating
counterparts, the high values recorded in this
study may be due to tick infection (Roland et
al.,2014).

Effects of browse plants on biochemical indi-
ces of serum

The biochemical indices considered were liver,
renal functions and lipid profile of the lactating
Sanga cows and are discussed below.

Liver function

The glucose values of 4.10 to 4.438 mmol/L
obtained from the lactating Sanga cows in this
study was within the range of 3.33 — 6.11 mmol/
L reported by Tietz (1995). The present result
suggests that the lactating cows could obtain
enough glucose for the functioning of the mam-
mary gland (Davis and Bauman, 1974) and milk
and lactose secretion (Ahrne et. al., 1983).

Though Treatment 3 (T3) had significantly (p <
0.05) higher serum albumin, the result for all
four treaments in this study were below the 29.2

—36.9 g/L, 30.0 — 35.5g/L and 35 — 50 g/L rec-
orded in earlier works by Coroian et al. (2017),
Pampori (2003) and Singh (2003) respectively.
It is possible that the higher nutritional demand
for milk synthesis could have led to the low
albumin levels in the lactating Sanga cows.
However, a mixture of equal levels of moringa
and leucaena mixed with wheat bran appeared
to have sustained the albumin level to a signifi-
cant (p < 0.05) level in the lactating cows as
observed in Treatment 3 (T3).

Renal functions

The values of 8.09 to 9.88 mmol/L observed in
this study for urea was higher than the 1.07 —
1.47 mmol/L (19.18 — 26.4 mg/dL) and 3.6 to
8.9 mmol/L in the serum of lactating cows pre-
viously reported by Coroian et al. (2017) and
Merck Veterinary Manual (2010) respectively.
The creatitine values observed in this study
were within the normal range of 44 — 194mmol/
L (Merck Veterinary Manual, 2010). The creati-
nine and urea values which did not show signifi-
cant (p > 0.05) differences indicated that the
moringa and leuceana leaf meals used in this
study had similar effects on the kidney functions
of the lactating cows.

Lipid profile

The cholesterol values of 2.783 to 3.299 mmol/
L observed in this study were lower than the
110.6- 128.8 mg/dL earlier reported (Coroian et
al., 2017) but higher than the earlier report of
2.47 mmoL (Damptey et al., 2014). However, it
was within the normal range of 1.6 — 5.0 mmol/
L (Merck Veterinary Manual, 2010). This sug-
gests effective use of energy as the lactating
cows require high amount of energy to synthe-
sise milk. Supplementing lactating cows with
feed made of wheat bran, moringa and leucaena
leaf meals did not result in high cholesterol lev-
els in the cows’ serum. The triglyceride levels
of 0.23 to 0.28 mmol/L were similar to the 0.25
mmol/L reported for Sanga cattle by Adjorlolo
etal. (2019).

CONCLUSION

Using 50% of leucaena leaf meal in T3 had an
intake which was similar to the feed without leaf
meal, even though the use of 50% moringa leaf
meal led to a significant decrease in feed intake
it did not have negative effect on milk yield.
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The supplementary feed intake of the Leucaena
leaf meal diet was higher than that of Moringa
leaf meal. The effect of this variation in feed
intake on milk yield was close to significance
but the nutritional quality of the milk were simi-
lar. The Mean corpuscular haemoglobin concen-
tration and haemoglobin levels in the lactating
Sanga cows were negatively affected but the
liver enzyme concentration showed that there
was no detrimental effect on the liver of the
lactating Sanga cows used.
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