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Abstract: Cassava leaves are a by-product of cassava root after harvest, and are highly nutritious. The potential of cassava
leaves as protein substitute to conventional protein sources was investigated in broiler diet. One hundred and eighty “Cobbsgy”
unsexed two weeks old broilers were used to assess the partial substitution of groundnut cake with cassava leaf meal (CLM) on
growth characteristics and blood indices in the research unit of the University of Ngaoundere. The birds were randomly alloted to
four treatments groups of fourty five birds each in which CLM was incorporated at 0, 4%, 6% and 8% for treatments ML 0%, ML
4%, ML 6% and ML 8% respectively. Each treatment was replicated three times with fifteen birds per replicate in a complete
randomize design. Treatment effect was evaluated on 09 birds / treatment at the end of the trial. FI (147.88 g), TG (2042.71 g),
ADG (68.09 g), LW (2757.33 g), CW (2162.00 g), CY (96.04%), heart (0.55 g) and gizzard (1.91 g) as well as Plt (3.56*10°/L)
and TRIG (55.67 mg/dL) contents were higher (P < 0.05) in birds fed ML 6% diet. FCR (2.37) and PEC (2.51) were higher (P <
0.05) in birds fed ML 8% and Control diets. WBC (125.40*10°/L), RBC (2.51*10'%/L), Hb (12.74 g/dL) and Ht (34.00%)
contents and also serum levels in TP (2.64 g/dL), TOT CHOL (78.01 mg/dL), HDL (44.02 mg/dL), ASAT (209.14 IU), ALAT
(19.22 UI) and in mineral [P (5.75 mEq/L), Ca (9.68 mEq/L and Mg (2.10 mEq/L)] were higher (P < 0.05) in birds consuming
ML 4% diet. These results suggest that inclusion of M. esculenta leaf meal up to 6% supports optimum performances and
improves blood indices of broilers.
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major factor limiting the development and expansion of

1. Introduction

Poultry production remains the most wide spread of all
livestock enterprises. Broiler production in particular
represents a good source of protein, of income, and quick
returns on investment [1]. Indeed, Broiler breeding is a short-
cycle breeding that can produce good quality protein in 45
days at a lower cost. Unfortunately, feed cost remains the

broiler farming. Most of the feed cost comes from protein
concentrates such as fish meal, soybean meal and peanut
meal. Prices of these conventional protein sources have risen
so high in recent times that it is no longer economical to use
them in poultry feeds [2]. Replacement of expensive
conventional feed ingredients with cheap and available
substitutes represents a suitable strategy at reducing feed cost
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and encouraging production. One possible source of cheap
protein is the leaf meals of some tropical legume browse
plants. Leaf meals do not only serve as protein source but
also provide some necessary vitamins, minerals and
oxycaretenoids which cause yellow colour of broiler skin,
shank and egg yolk [3].

Cassava leaves considered as a byproduct of cassava root
harvest is (depending on the varieties) rich in protein (14 -
40% Dry Matter), minerals, Vitamin B1, B2, C and carotenes
[4, 5]. Cassava leaves can yield more than 6 tons of crude
protein per hectare a year with the proper agronomic
practices directed towards foliage harvesting [6]. The
nutritive value of cassava leaves trough available literature,
clearly suggests that, apart from lower methionine, lysine and
perhaps isoleucine content, the amino acid profile of cassava
leaf protein compares favourably with those of milk, cheese,
soyabean, fish and egg [7]. In spite of these good qualities,
the nutritional potentials of cassava leaf meal and cassava
protein concentrates remain currently under-researched [7].
The major drawback to the widespread use of cassava leaves
as food is “cyanide scare” as its content of cyanogenic
glucosides could, depending on the variety, be 6 times higher
than in the roots. Apart from cyanide, tannin and possibly
phytin [8] may limit the nutritional value of cassava leaves.
Studies on the use of leaves and other vegetative parts of
plants in monogastrics have shown that pretreatment through
sun drying improves palatability, ingestion, growth and
renders antinutritional factors inactive [9, 10].

The use of cassava (Manihot esculenta) as a protein source
for poultry farming has been recently of high interest [3, 11].
Cassava leaves have quality attributes that makes it a
potential replacement for soyabean meal, fish meal or
groundnut cake in non-ruminant diets which could help cut
down dependence on traditional protein sources use in
poultry keeping [10, 12, 13]. Hence, the need therefore, to
explore the use of non-conventional feed sources that have
the capacity to yield the same output as conventional feeds,
and perhaps at cheaper cost is the aim of this study.

2. Materials and Methods
2.1. Study Site

The study was conducted at the University of Ngaoundere,
capital of the Adamawa region in Cameroon. This town is
located between the 6th and 8th degrees of North latitude and
between the 11™ and 15™ degree of East longitude on the
Adamawa ridge. Ngaoundere is a transition zone between the
northern lowlands and the southern Cameroon plateau. This
position gives it a Sudano-Guinean climate with a rainy
season of 8 months, from April to November and a dry
season of 4 months, from December to March. The plant
cover consists of Sudano-Guinean shrub savannah. The
annual rainfall varies between 900 and 1500 mm. Average
temperatures vary between 23 and 25°C. The region of
Adamawa, thanks to its climate and its vegetation cover, is a
zone of strong potentialities.

2.2. Sampling and Production of Cassava Leaf Meal

The processing technique of cassava (Manihot esculenta
Crantz) was as earlier reported [10]. Briefly, the leaves of
cassava harvested at the pre-flowering stage were separated
from stems, pooled together and sun-dried until the leaves
become crispy while still retaining the greenish coloration.
The dried cassava leaves were then milled using a hammer
grinding machine to produce cassava leaf meal (CLM) and
stored in airtight condition until utilization.

2.3. Experimental Diets and Animal Management

Four iso-nitrogenous diets were formulated to meet the
nutritional requirements of broilers during the growth-
finishing [14] phase with partial substitution of peanut cake
such that Diet 1 (ML 0%) contained no CLM and served as
the Control, Diets 2 (ML 4%), 3 (ML 6%) and 4 (ML 8%)
contained 4, 6 and 8% CLM respectively (Table 1). Each of
the diets representing a treatment was analyzed for proximate
composition [15]. One hundred and eighty (180) two 2 weeks
old broilers of the “Cobbsy,” strain obtained from the starter
phase were balanced for weight and randomly assigned to the
four dietary treatments in a complete randomized design.
Each treatment group of 45 birds was further subdivided into
three replicates of 15 chicks each and kept in a cage (size 2.2
x 1.9 x 2.45 m). Cages were all mounted in a house (9 m long
and 4 m wide) built in hard, the upper third being made of
wire mesh to allow good ventilation and sufficient natural
light. The chicks were raised on deep litter (wood shavings)
of good absorbent quality and artificial light (electric bulb)
provided to encourage the birds to eat at night. Feed and
water were provided ad libitum on a daily basis and the birds
were subjected to standard management procedure. Feed
intake and body weights were recorded weekly. The birds
received proper vaccination care.

Table 1. Chemical composition of the experimental diets.

Calculated chemical composition

Feed Characteristics

ML 0% ML 4% ML 6% ML 8%
ME (Kcal/Kg DM) 2926,71 2794,15 2661,2 2596,33
Crude protein (% DM) 20,75 20,69 20,23 20,36
Energy/Protein 128,62 134,40 132,86 128,77
Fat (% DM) 5,34 4,19 4,06 4,30
Crude Fiber (% DM) 5,01 4,98 4,89 5,79

ME= Metabolisable Energy; DM= Dry Matter; ML 0% = control ration
(with no M. esculenta leaf meal); ML 4% = ration containing 4% M.
esculenta leaf meal; ML 6% = ration containing 6% M. esculenta leaf meal;
ML 8% = ration containing 8% M. esculenta leaf meal.

2.4. Growth Performances Evaluation

Weekly weights were recorded to establish growth curve.
The weight of the feed given, feed leftover and also weight of
birds were recorded weekly and then the feed intake was
determined by subtracting the leftover feed from total feed
offered. The feed intake, average daily gain, feed conversion
ratio [16] and the protein efficiency coefficient were
calculated using the following formula [17].
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Total feed given (g)—Feed leftover (g)

Feed Intake (FI) =

Experimental period (Number of days)

Weight gain of the animal during a period (g)

Average daily gain (ADG) =

Feed conversion ratio (FCR) =

Protein ef ficiency coef ficient (PEC) =

2.5. Slaughtering of Birds and Sample Collection

Carcass and organs characteristics were conducted
according to the method described by Mweugang et al. [18].
Briefly At the end of the 30 days feeding trial, 9 birds per
treatment (3 per replicates) were randomly selected, fasted
overnight, then slaughtered, dressed and eviscerated. Weights
of the visceral organs and carcass were recorded and
expressed as percentage of live weight.

2.6. Blood Sample Collection

Blood samples (2.5 ml) were collected into labeled
Ethylene-deamine-tetra-acetic acid (EDTA) treated tubes
from three birds per replicate for a total of nine per treatment
at the end of the 30 days trial for haecmatological analysis
evaluation. Evaluations were performed on blood samples
using an automated hematology analyzer (Humacount;
Human, Weisbaden, Germany). The recorded parameters
were white blood cells, red blood cells, hemoglobin,
hematocrit and platelets.

Another blood sample (2.5 ml) collected in the sterile glass
test tubes was allowed to coagulate at room temperature for
30 min and were subsequently centrifuged at 3000 g for 10
min. Serum was removed and stored frozen at (—4°C) until
required analysis. Estimation of biochemical parameters in
serum such as Total cholesterol [19], Triglycerides [20],
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high-density lipoprotein (HDL) [21] and Total proteins [22]
were measured. The activity of transaminases, Aspartate
aminotransferase (ASAT) and Alanine Aminotransferase
(ALAT) [23] was determined.

Serum mineral content were determined as recommended
by Hochleithner and Schwendenwein [24].

2.7. Statistical Analysis

Data collected were subjected to analysis of variance as
described for completely randomized design [25], and
differences between treatment means were separated using
Duncan’s New Multiple Range Test [26].

3. Results

3.1. Effect of Cassava Leaf Meal on Growth Performances
of Broilers During Growth-Finishing Phase

3.1.1. Live Weight Evolution of Broilers

The weight evolution of chicks during the growth-finishing
phase is a sigmoid curve similar in all batches (Figure 1). During
weeks 2, 3 and 4, all animals presented a comparable evolution
(p>0.05) whatever the treatment. However, at the end of the
experiment (5" week), animals receiving Control, ML 4% and
ML 6% diets had comparable and statistically (P<0.05) higher
weight evolution than those receiving ML 8% diet.

ML 6% et ML 8%

Time (weeks)

Figure 1. Weight evolution of broilers during growth-finishing phase according to experimental diets.

ML 0% = control ration (with no M. esculenta leaf meal); ML 4% = ration containing 4% M. esculenta leaf meal; ML 6% = ration containing 6% M. esculenta

leaf meal; ML 8% = ration containing 8% M. esculenta leaf meal.
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Table 2. Growth characteristics of broilers during growing-finishing phase Animals fed ML 4% and ML 6% had total gains (TG)
according to experimental diets. comparable to those of the Control and significantly

Growth Control Rations with Manihot leaf meal o 7 (P<0.05) higher than those of ML 8% group. The same
parameters 0% ML4% ML6% ML 8% trend was observed in ADG. The feed conversion ratio
FI 13218 141.81  147.88 14671~ 1.34 ~ 0.00 (FCR) was decreasing as follows ML 8%> ML 6%> ML
us ALl AL ] L0 Al (ALY 4%> Control. The protein efficiency coefficient (PEC) of
ADG 68.86 67.93 68.09 62.04 0.69  0.00 imals in th trol batch sh d ionifi i

FCR 192 209 217 237 002 000 animals in the control batch showed a significantly
PEC 251 230 230 2.10 0.02 0.00 (P<0.05) hlgher value and those receiving ML 8% showed

] ) ] ] significantly (P<0.05) lower value.
Fl=feed intake; TG=total gain; ADG=average daily gain; FCR=feed

conversion ratio; PEC=protein efficiency coefficient; Sem= standard error of 3.1.3. Characteristics of Carcass and Organs of Broilers
mean; P= probability. ML 0% = control ration (with no M. esculenta leaf

. o .
meal); ML 4% = ration containing 4% M. esculenta leaf meal; ML 6% = Birds fed COIl'tI'O.l and ML 6% d¥ets pr.esenteq a
ration containing 6% M. esculenta leaf meal; ML 8% = ration containing 8% comparable and significantly (P<0.05) higher live weight

M. esculenta leaf meal. (LW), in contrast to birds fed ML 8% which presented lower
value (P<0.05) (Table 3). The same trend was observed for
3.1.2. Growth Characteristics of Broilers carcass weight (CW) and carcass yield (CY). Heart and

The substitution of peanut meal by M. esculenta leaf  gizzard of birds fed 6% and 8% ML diets were comparable
meal showed that birds receiving 6% and 8% ML diets had  and statistically (P<0.05) higher than those fed ML 4% diet.

a comparable and statistically (P<0.05) higher feed intake  Heart and spleen did not differ significantly (P>0.05)
(FI) and those in Control lower value (P<0.05) (Table 2).  whatever the ration.

Table 3. Carcass and organ characteristics of broilers during growth-finishing phase according to experimental diets.

Rations with Manihot leaf meal

Carcass parameters Control ML 0% ML 4% ML 6% ML 8% Sem P

LW (g) 2759.66 2646.17 2757.33 2595.00 51.14 0.08
CW (g) 2167.50 2116.33 2162.00 2018.50 37.95 0.04
CY (%) 86.54 85.04 86.04 84.79 28.45 0.02
Liver (g) 1.65 1.63 1.62 1.64 0.5 0.99
Heart (g) 0.42 0.43 0.55 0.54 1.12 0.01
Spleen (g) 0.10 0.09 0.09 0.10 0.1 0.64
Gizzard (g) 1.76 1.62 1.91 1.94 1.77 0.04

LW=live weight; CW=carcass weight; CY=carcass yield; Sem= standard error of mean; P=probability; ML 0% = control ration (with no M. esculenta leaf
meal); ML 4% = ration containing 4% M. esculenta leaf meal; ML 6% = ration containing 6% M. esculenta leat meal; ML 8% = ration containing 8% M.
esculenta leaf meal.

. 4% batch recorded significantly (P<0.05) higher RBC, Hb
3.2. Effect of Cassava Leaf Meal on Hematological and Ht levels compared to birds of other batches (Control,

Parameters of Broilers During Growth-Finishing Phase ML 6%, ML 8%) which recorded lower values (P<0.05)

White blood cells (WBC) of animals fed ML 4% was ~(RBC) as well as birds of ML 8% batch (Hb and H). Birds
significantly (P<0.05) higher than that of animals of Control ~ €c€1VINg 6% ML presented significantly higher (P<0.05) Plt
and ML 8% batches who presented comparable and content while those receiving 4% ML presented lower
significantly lower (P<0.05) levels (Table 4). Birds of ML ~ (P<0.05) value.

Table 4. Hematological parameters of broilers during growth-finishing phase according to experimental rations.

Rations with Manihot leaf meal

Hematological parameters Control ML 0% ML 4% ML 6% ML 8% Sem P

WBC (*10°/L) 117.27 125.40 122.17 117.29 222 0.05
RBC (*10'/L) 2.26 2.51 2.30 221 0.04 0.00
Hb (g/dL) 68.86 12.74 12.13 11.40 0.2 0.00
Ht (%) 1.92 34.00 32.36 29.86 0.4 0.00
Plt (*10°/L) 251 1.50 3.56 226 0.5 0.04

WBC=white blood cell; RBC=red blood cells; Hb=hemoglobin; Ht=hematocrit; Plt=blood platelets; Sem=standard error of mean; P=probability; ML
0%=control ration (with no M. esculenta leaf meal); ML 4% = ration containing 4% M. esculenta leaf meal; ML 6% = ration containing 6% M. esculenta leaf
meal; ML 8% = ration containing 8% M. esculenta leaf meal.

3.3. Effect of Cassava Leaf Meal on Biochemical Parameters of Broilers During Growth-Finishing Phase

3.3.1. Protein Content of Broilers
The protein level went down as follows: ML 4%>ML 6%>Control>ML 8% (Figure 2).
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Figure 2. Protein content of broilers during growth-finishing phase according to the experimental diets.

ML 0% = control ration (with no M. esculenta leaf meal); ML 4% = ration containing 4% M. esculenta leaf meal; ML 6% = ration containing 6% M. esculenta
leaf meal; ML 8% = ration containing 8% M. esculenta leaf meal.

supplemented groups and lower (P<0.05) in the Control
batch. Animals subjected to 6% ML obtained higher
(P<0.05) triglyceride (TRIG) content and those of the
Control group lower (P<0.05) content.

3.3.2. Lipid Profile of Broilers

CLM supplementation induced higher total cholesterol
level (TOT CHOL) (P<0.05) in birds of ML 4% batch and
lower level (P<0.05) in birds of ML 8% batch (Figure 3).
HDL level was higher (P<0.05) and comparable in

90 - a
80

70

mTOT CHOL
mHDL

Concentrations

= TRIG

Control ML 4% ML 6% ML 8%

Rations

Figure 3. Lipid profile of birds during growth-finishing phase according to experimental diets.

ML 0% = control ration (with no M. esculenta leaf meal); ML 4% = ration containing 4% M. esculenta leaf meal; ML 6% = ration containing 6% M. esculenta
leaf meal; ML 8% = ration containing 8% M. esculenta leaf meal; TOT CHOL= total cholesterol; HDL= High density Lipoproteins; TRIG= triglycerides.

(P<0.05) in animals fed ML 8% diet (Figure 4). ALAT
content of birds consuming 0%, 6% and 8% CLM presented
comparable values and statistically (P<0.05) lower than those
of birds consuming 4% CLM.

3.3.3. Toxicity Contents of Broilers
The incorporation of CLM in the ration resulted in higher
(P<0.05) AST level in animals fed ML 4% diet and lower
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Figure 4. ASAT and ALAT contents of birds during growth-finishing phase according to experimental diets.

ML 0% = control ration (with no M. esculenta leaf meal); ML 4% = ration containing 4% M. esculenta leaf meal; ML 6% = ration containing 6% M. esculenta

leaf meal; ML 8% = ration containing 8% M. esculenta leaf meal.

3.3.4. Effect of Cassava Leaf Meal on Mineral Contents of
Broilers During Growth-Finishing Phase
Chickens from the Control batch recorded higher (P<0.05)
P content while those receiving 6% and 4% CLM recorded
higher (P<0.05) Ca and Mg values respectively (Table 5).

Table 5. Mineral characteristics of broilers during growth-finishing phase
according to experimental rations.

Parameters Control Rations with Manihot leaf meal

(mEq/L) 0% % 6% 8% Sem P

P 7.35 575 6.09 5.61 05 005

Ca 8.83 968 9.83 8.78 03 0.00
Mg 1.88 210 170 1.69 0.1 004

P=phosphorus; Ca=calcium; Mg=magnesium; Sem= standard error of mean;
P=probability; ML 0% = control ration (with no M. esculenta leaf meal); ML
4% = ration containing 4% M. esculenta leaf meal; ML 6% = ration
containing 6% M. esculenta leaf meal; ML 8% = ration containing 8% M.
esculenta leaf meal.

4. Discussion

Proteins are one of the main components of cells, they
have a building role and are involved in the growth of
organisms [27]. The comparable weight increase observed in
birds fed Control, 4% and 6% ML rations during the 5™ week
of the trial suggests that high inclusion level of CLM (8%)
may not support growth performance of broilers at growth-
finishing phase due to the presence of cyanogenetic
glycosides and tannins which are predominant anti-nutrients
in cassava leaves [3, 28, 29] responsible of retarding growth
[10, 30] and lowering the digestibility and absorption of
dietary nutrients [3, 10, 12, 13].

The observed increase in FI in animals fed up to 8% ML
could be the result of the treatment applied to M. esculenta
leaves because sun drying have been reported to improve
palatability, nutrient and vitamin contents [9, 10]. Our results

agree with those of Melesse et al [31] who reported that
Rhode Island Red chicks fed on 2%, 4% and 6% Moringa
Stenopetala leaf meal showed a significantly higher FI than
control ones. This result is in contrast with the findings of
Theukwumere et al. [3] who supported the fact that above 5%
inclusion in broilers diet, CLM depressed FI. Several works
supported observations of these authors [32-35]. However,
Tesfaye et al. [36] reported comparable FI in Ethiopia in
broiler finishing ration (Hubbard Classic) fed increasing
levels of Moringa oleifera leaf meal (0%, 5%, 10%; 15% and
20%); Similarly, Oloruntola et al. [37] made the same
observations in rabbits in Nigeria fed increasing levels of
Mucuna pruriens leaf meal (0%, 4%; 8% and 12%); Findings
of Eichie et al. [30] in Nigeria observed identical FI in all
chickens fed graded levels (25%, 50%; 75% and 100%) of
Leucaena leucocephala in finishing broilers compare to the
control group. FI values of this study (147.88 g: ML 6% and
146.77 g: ML 8%) are all lower than the reference value of
the Cobbs, strain during the same period: 203 g reported by
Cobb-Vantress [38] and higher than that reported by Zanu et
al. [39]: 116.5 g; by Aka-Tanimo et al. [33]: 53.19 g. This
difference can be explained by the low palatability of the
other types of leaves used in these different studies. Indeed,
the low consumption of the leaf-based ration would be due to
the anti-nutritional factors present in the leaves such as
terpenoids, lactones, pyrans and tannins (at the origin of the
bitterness in a plant) which reduce the appetite of animals
thus lowering their food consumption [40]. Our results
confirm the high palatability of rations containing M.
esculenta leaves [10, 12, 13, 41]. The drying time, the nature
the composition of the different leaves, the strain and the age
of animals used in these different works may also explain the
differences.

The decrease in ADG of birds fed M. esculenta leaf meal
could be attributed to anti-nutritional factors present in the
feed that reduce the bioavailability of nutrients during
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digestion. These substances either act by complexing
nutrients and preventing their absorption along the
gastrointestinal tract, inhibiting the activity of enzymes
responsible for their hydrolysis, or inducing toxicity at high
doses [42]. The ADG obtained at the end of the trial (45
days) in birds receiving ML 4% (67.93 g) and ML 6% (68.09
g) treatments are comparable and significantly higher
(P<0.05) than that reported by Aka-Tanimo et al. [33] in
broilers fed 2.5% M. indica leaf meal as protein source
(53.19g); by Tesfaye et al. [36] in broilers fed 5% M. oleifera
leaf meal (24.7 g) and by Zanu et al. [39] in broilers fed 5%
L. leucocephala leaf meal (34.2g).

The feed conversion ratio (FCR) is an important index of
performance which is a direct indication of how best feed
offered to birds was utilized for meat production. The lower
the FCR value, the better the feed utilization [35]. Replacing
groundnut cake with CLM at higher proportions in the diet was
accompanied with low feed utilization compare to the Control.
This result corroborates with earlier findings of several authors
[30, 33, 35, 43]. The FCR (2.37: CL 8%) of this study is closed
to values reported by Ansari et al. [43] (2.10), Eichie et al. [30]
(2.66), Adedeji et al. [35] (2.56), Aka-Tanimo et al. [33] (2.09)
and Sese et al. [42] (2.43) but lower than the value 3.4 reported
by Zanu et al. [39]. But Beg et al. [32] reported no significant
(P>0.05) difference in FCR among supplemented neem leaf
meal groups of broiler chicken than antibiotic and control
groups. Similarly, Alam et al. [44] found non-significant FCR
in all Neem treated groups compared to that of control group
of broiler. However, FCR alone is not sufficient to predict the
efficiency of a protein as the amount of feed ingested does not
always reflect the amount of protein ingested or assimilated.
For this reason, other growth parameters that take into account
the amount of protein ingested, such as the PEC, have been
determined.

Proteins are firstly consumed to support body growth, and
in this respect the ratio of growth weight to the ingested
protein, known as PEC, above 2 are of good nutritional
quality and allow good growth. In this study, groundnut cake
meal proteins with a PEC of 2.51 are of good nutritional
quality and M. esculenta leaf meal proteins with PEC of 2.30
(ML 4% and ML 6% respectively) and 2.10 (ML 8%) are
also of good nutritional quality and hence can allow for good
growth. Fasuyi et al. [45] observed a reduced PEC in broiler
chicks fed varying levels of A. cruentus leaf meal which is
concomitant to our results. However, Nworgu and Fasogbon
[46] observed increased PER in growing pullets fed 2, 4 and
6% Centrosema pubescens leaf meal which is not in
accordance with the current study.

CLM substitution to groundnut cake in broilers ration up
to 6% increased yield of most carcass characteristics (LW,
CW and CY) in the current study which appeared to be a
consequence of increased FI and growth rate of birds
suggesting a high protein uptake responsible for the weight
increase [44]. On the other hand, the rise in weight gain is
due to the presence of macro and micro minerals in M.
esculenta leaf meal [7, 28]. The higher body weight gain in
broilers consuming leaf meal could also be due to its appetite

and digestion stimulating, anti-bacterial properties, which aid
to lessenthe microbial load of birds and enhanced the feed
consumption and feed efficiency of birds [47]. Indeed, as
reported by Granum et al. [48], the beneficial effect of
cassava leaves is thought to be due to their richness in
condensed tannins, which give them anthelmintic properties.
It seems that tannins act on the metabolism of larvae by
preventing their migration in the organism, which would
inhibit their development process.

Our result agrees with findings of Theukwumere et al. [3]
who reported improved carcass traits at 5% CLM in the diet
of broilers in Nigeria contrary to Tesfaye et al. [36] who
reported that Moringa olifera leaf meal substitutions in
broilers ration reduced yield of most carcass characteristics.
On the other hand, Ansari et al. [43] and Gayathri and Panda
[47] reported improved carcass characteristics with graded
levels of Azadirachta indica leaf meal fed to broilers. The
values of ML 6% subjects in CY (86.04%) are higher than
the values reported in other studies: 78.89% [35]; 72.41%
[32], 72.60% [33]; 77.85% [34] and 81.3% [39] but our
values are lower than the 91.03% value [36].

A proportionate increase in the size of heart and gizzard
with increase in the level of CLM in the ration has been
observed. Indeed birds fed with 6 and 8% CLM recorded the
highest weights in these organs. This observation was also
made by Gayathri and Panda [47] who reported higher
relative weights of the heart and gizzard in broilers.
Similarly, Onibi et al. [11] reported higher relative weight of
the gizzard in broilers chicken finishers fed partial equi-
protein replacement of soyabean meal with cassava and
Leucaena leaf meals; Okpanachi et al. [49] also noted a
proportionate increase in the size of gizzard with increase in
the level of urea-treated and untreated rice milling waste in
broilers. This increase could be as a result of increasing
dietary fiber as CLM is gradually incorporated into the diet,
leading to increased peristaltic movement and muscle tone as
mentioned by Onibi et al. [11]. High fiber content of feeds
has been reported to stimulate activity of gizzard resulting in
increased musculature [11, 49, 50]. Similarly, the marked
increase in heart weight of 6 and 8% CLM birds with
increase in the level of CLM in the diets could be associated
with higher fibre content which might have led to intense
work on this organ who has to pump a lot of oxygenated
blood to help detoxify toxins in any material [49].

Hematological parameters are good indicators of
physiological, pathological and nutritional status of an
animal. Changes in haematological parameters have the
potential of being used to elucidate the impact of nutritional
factors in diet on animals. With the exception of Plt content,
all other parameters (WBC, RBC, Hb and Ht) were elevated
in subjects fed with 4% CLM. This implies that cassava
leaves improve blood parameters in chickens. Platelets are
membrane bound cell fragments which accumulate at site of
broken blood vessels to form clots. They have a big role in
hemostasis, by preventing blood loss. Their level in the blood
also followed the quality of ingested protein, lower for 4%
CLM than for other level of CLM inclusion. The values of
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this study are within the reference values reported in broiler
chicken [51] and are close to the values reported in other
studies [30, 32, 33, 34, 39].

Total serum protein has been reported as an indication of
the protein retained in the animal body [2]. The increasing
total serum protein content of broilers receiving dietary CLM
up to 6% inclusion suggests good protein retention in these
birds as observed by Tesfaye et al. [36]. The protein values of
this study are within the reference values reported in broiler
chicken [52].

Variations recorded in lipid profile of birds supplemented
to CLM as observed in this study could be due to the fact
that protein, amino acid composition, lipid fractions, fiber
and phytosterols legumes may have significant impact on
the metabolic mechanisms that affect the intestinal
microflora, cholesterol and triglyceride synthesis and
excretion of bile acids [53]. The increased HDL (good
cholesterol) in birds fed CLM as determined in the result is
of health benefits to the consumers, especially those
predisposed to heart diseases [54]. The Cholesterol and
Triglycerides contents of this study are within the reference
values reported in broiler chicken [52].

ALT and AST are important in the diagnosis of heart liver
diseases and also the transamination in the metabolism of
specific amino acids [55]. The elevated level of serum ALT
in birds fed 4% CLM is indicative of liver damage. This
result is not in agreement with that of Ansari et al. [43] who
observed that decreased in the activities of ASAT and ALAT
in serum evidenced the positive effect of leaf meal on liver
parenchyma of broiler chicks fed Azadirachta indica dried
leaf meal as phytogenic feed additive. The abnormally rising
AST concentration indicates liver and biliary system disease,
skeletal muscle disease, myocardial injury/diseases,
haemolytic disorder and haemolysis [37]. ALT and AST
contents of this study are within the reference values reported
in broiler chicken [52].

Minerals are essential for broiler growth, and are involved
in many physiological and biosynthetic processes in the body
[56]. They function primarily as catalysts in enzyme systems,
and are constituents of hundreds of proteins involved in
intermediary metabolism, hormone secretion pathways, and
immune defense system [57, 58]. Calcium is required for
bone ossification, regulation of skeletal and cardiac muscle
activity, activation of several enzymes, transmission of nerve
impulses, hormone mediation, membrane permeability, blood
coagulation and maintenance of osmotic pressure [59].
Phosphorus is also an important constituent of bones, but also
of nucleic acids and phospholipids [60]. Magnesium is
important, like calcium, in the transmission of nerve impulses
and muscle contraction. Without it, phosphorus could not be
well used by the body when it is involved in reactions that
produce energy, because it is an activator of many ATPases.
It is also active at the cellular level and has a role to play in
protein synthesis. Generally, there was a pronounced improve
of the serum mineral content of broilers that received dietary
CLM up to 6% inclusion. This presumably may be due to the
fact that leaf meals do not only provide protein, but also

some essential vitamins such as vitamins A and C, minerals,
etc. [7]. The mineral contents of this study are within the
reference values reported in broiler chicken [52].

5. Conclusion

M. esculenta leaf meal can be included in the diet of
broilers up to 6% without any deleterious effects on their
performances, haematological indices, serum biochemical
constituents and mineral content. The use of CLM should
be encouraged and may lead to broilers low-cost
production.
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