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Abstract

The growth performance, cost, haematological and serum parameters, egg production, and egg quality
traits of layers offered cassava root meal (CRM) diets supplemented with or without activated charcoal were
examined in a 14-week feeding trial. A total of 256 ISA Brown point of lay birds (18 weeks old) were divided
into 8 dietary treatments in a completely randomized design. Each treatment was replicated 4 times with 8
birds per replicate in a 2x4 factorial arrangement. A maize-wheat offal-concentrate diet was the control diet.
The maize was replaced with CRM at 25, 50, and 75% for activated and non-activated charcoal diets. The
values obtained for final live weight and weight change, average daily feed intake, hen-day production, egg
weight, and feed conversion ratio, all differed significantly (p<0.05) among the groups for treatment effect
except egg weight for inclusion and interaction effects. The 75% replacement group also had the least feed
intake but similar egg weight with other groups. However, the feed cost reduced (p<0.05) as the
replacement level of CRM increased down the group. The haemologlobin, white blood cell, mean
corpuscular haemoglobin and blood platelets were significantly (p<0.05) affected by the various inclusion
levels of CRM. For serum parameters, globulin, total protein, Alanine aminotransferase, Alkaline
phosphatase and total cholesterol were not significantly (p>0.05) affected by activated charcoal
supplementation. However, albumin, Aspartate aminotransferase and triglyceride were significantly
(p<0.05) affected. It was concluded that replacement of maize with CRM with or without activated charcoal
supplementation beyond 50% level reduced the feed intake and hen day production of layers, and charcoal
supplementation at 40g/kg feed in cassava-based diets gave a better production performance and
improved health status of layers.

Index Terms: Charcoal, Chicken, Egg, Haematological parameters, Serum biochemistry
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1. INTRODUCTION

Africa is currently plagued with food crisis, due partly to the unprecedented rise in human
population and the alarming drop in per capita food production particularly in the last
decade [1]. The food deficit situation is indeed more serious with protein deficiency when
compared with the availability of calories and microelements. In order to be able to
provide protein in adequate quantity and quality, the rearing of poultry which represents
more than 80% of the total livestock production in Africa [2] appears to be a way of
meeting this need. To meet the high demand for animal protein, farmers as well as
scientists are looking out for birds that have sufficient potential to augment the availability
of this essential protein at a cheaper cost. Layer production plays an important role in this
aspect globally [3].

According to Fafiolu [4], a major problem that affects the poultry industries in the tropics
is the escalating price of feed ingredients, such as maize and soya bean meal. The
seasonal fluctuation in the supply of conventional feed ingredients requires alternative
sources to be explored to ensure the optimum performance of the birds. The majority of
components in commercial poultry diets comprise cereal grains as the energy source. In
this regard, maize is the most commonly used cereal, about 45 to 60% of poultry diets
because of its high energy content and low anti-nutritional factors [5]. However, in the
production of this concerned cereal grain (maize), it is not adequate for direct human
consumption, formulating livestock diets, and other industrial uses. The difficulty of
obtaining foreign exchange in many African countries has considerably reduced the
imports of maize and other cereals. These shortages have led to an increase in the price
of maize and a consequent increase in the cost of production for intensive poultry
production enterprises.

The competition for cereals by humans and the livestock industry makes it important to
explore the potentials of other energy sources such as cassava root as an alternative to
maize in poultry diets [6]. One of such alternatives is cassava. Yet, the ability of cassava
to produce cyanide is the basis of its toxicity. Among the processing methods to reduce
toxicity is sun drying, grating, soaking in water, fermentation, or a combination of these
processes. The use of feed additives (toxin binder) such as activated charcoal can also
be implored. And despite the fact that cassava root meal has been found to be an
alternative energy source to maize in the diets of livestock and the limitation imposed by
cyanide content, little or no information is available on how activated charcoal can be
exploited to reduce the effects of cyanide on the egg quality and production.

This work, therefore, explores the potential of cassava root meal as a feed resource with
little or no effect of anti-nutritional factors on growth performance, cost, haematological
and serum parameters, egg quality, and production under the influence of activated
charcoal.
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2. MATERIALS AND METHODS
2.1 Experimental location and feed preparation

The experiment was conducted at the Poultry Unit of Teaching and Research Farm,
Ladoke Akintola University of Technology, Ogbomoso, Oyo State, Nigeria. Fresh cassava
roots of sweet variety (TMS 3052) were procured locally. The cassava roots were cleaned
of dirt with the use of water and cut into smaller pieces. They were later sun-dried for a
number of days with regular turning until maximum dryness and constant weight were
achieved. The dried materials were milled using a hammer mill to obtain cassava root
meal (CRM). Four experimental diets were formulated to contain CRM at 0, 25, 50 and
75% levels of replacement for maize and supplemented with activated charcoal at 40g/kg
feed. Another four diets containing the same level of CRM as described above were also
formulated but without activated charcoal supplementation.

Vital feed® Concentrate for layers produced by Grand Cereals Oil and Mill was used in
feed formulation of the experimental diets and it contained the following nutrients/energy:
4% Fat Max., 9% Calcium Min., 30% Protein Min. and 2600kcal/kg metabolizable Energy.
A maize-wheat offal-concentrate diet was the control diet.

Table 1: Composition of Experimental Feeds and Their Calculated Nutrient

Analysis
Inaredient Replacement levels of CRM for Maize (%)
g ?o/ |)e S Activated charcoal No activated charcoal

° T1(0) | T2(25) | T3(50) | T4(75) | T5(0) | T6(25) | T7 (50) | T8 (75)
ﬁ?ja"a root - 1.25 | 2250 | 33.75 - 1125 | 2250 | 33.75
Maize 45.00 33.75 22.50 11.25 45.00 33.75 22.50 11.25
Wheat offal 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Concentrate 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00
Activated + + + + ) ) ) )
charcoal
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

Calculated composition
2792.8 | 2766.4

ME (kcal/kg) 0 8 2740.15 | 2713.83 | 2792.80 | 2766.48 | 2740.15 | 2713.83
Crude protein 17.75 16.93 16.10 15.29 17.75 16.93 16.10 15.29
Crude fibre 3.63 3.82 4.00 4.22 3.63 3.82 4.00 4.22
Calcium 3.88 3.43 2.98 2.53 3.88 3.43 2.98 2.53
Phosphorus 0.52 0.51 0.50 0.49 0.52 0.51 0.50 0.49

ME= Meatabolizable energy
2.2 Layers and Management

A total of 256 Isa Brown Point of Lay birds (18 weeks old) were purchased from a
reputable farm and used for the experiment. They were weighed individually on arrival,
housed in a battery cage pen and habituated for four (4) weeks before the
commencement of the feeding trial. The birds were randomly allocated to eight (8) dietary
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treatments in a completely randomized design. Each treatment was replicated four (4)
times with eight (8) birds per replicate. The arrangement of the experiment is a 2 x 4
factorial arrangement. Routine vaccinations and medication schedule were strictly
adhered to as required. The birds had access to feed and fresh clean water ad libitum for
a period of 14 weeks.

2.3 Data Collection

Records of performance were kept on daily basis. Feed intake was monitored daily. The
average feed intake was determined by subtracting the residual feed in the feeders for
each replicate at the end of the day after being weighed using the sensitive balance from
the total feed served. Then, the feed consumed per replicate was divided by the number
of birds for that time. Feed conversion ratio was calculated as quantity of feed
consumed/week divided by average eggs weight/week. Hen day production was
calculated by dividing total number of eggs produced by total number of birds and
multiplying the answer by 100.

Cost examined were feed price per kilogram [7]. For quality traits, eight eggs per
treatment were randomly picked from eggs collected during the last day of the week,
weighed individually and carefully broken out at the equatorial region into clean smooth
container to measure the following internal characteristics: yolk colour, yolk diameter,
albumen and yolk heights as well as their respective weights. Egg length and width were
measured with vernier calipers and the data was used to compute egg shape index. Egg
shape index was calculated by dividing egg width by egg length. The shell thickness was
measured by breaking the egg shell into smaller pieces, shell membrane was manually
removed and the thickness of the egg shell was measured using a micrometer screw
gauge expressed in millimetres. Each egg shell was measured at three different points;
the top (narrow end), bottom (broad end) and middle of the eggs and the average
calculated. Yolk index was calculated as the ratio of the yolk height to the diameter, and
the yolk colour was determined with the aid of Roche colour fan [7].

For haematology and serum parameters, two birds from each replicate were randomly
selected and bled through the wing blood veins. Blood sample for hematological analysis
were collected into bottle containing ethylene diamene tetra-acetic acid (EDTA) as anti-
coagulants while blood sample meant for serum biochemical analysis were collected into
bottle free from EDTA. Hematological constituents were determined in the laboratory
using an auto-analyzer [8]. The samples were allowed to clot prior to centrifuging the
serum to determine serum metabolites such as total proteins, aminotransferases,
phosphatase, urea, creatinine, triglyceride, and cholesterol, were determined. The
methods employed were as attested by Ojediran and Emiola [8]. These were done on last
day of the feeding trial.

2.4 Statistical Analysis

The data obtained were subjected to a one-way analysis of variance (ANOVA) of SAS [9].
Significant means were compared using Duncan’s multiple-range test of same package
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at probability value less than 5 percent (p<0.05).

3. RESULTS

The cassava root meal’s proximate composition is shown in Table 2. The observed
proximate composition showed that it had 89.42% dry matter, 2.69% crude protein, 4.26%
crude fibre, 1.15% ether extract, 82.77% nitrogen free extract, 3.94% ash and 3.58%
hydrogen cyanide.

Table 2: Proximate and cyanide composition of cassava root meal

Component (%) Value (%) SEM
Dry matter 89.42 0.69
Crude protein 2.69 0.28
Crude fibre 4.26 0.40
Ether extract 1.15 0.17
Nitrogen free extract 82.77 1.87
Ash 3.94 0.48
Hydrogen cyanide 3.58 0.23

SEM=Standard error of mean

The treatment effect of CRM on the performance indices of layers is shown in Table 3.
There were significant (p < 0.05) differences across treatments in the values obtained for
final live weight (FLW), weight change (WC), average daily feed intake, egg weight, hen-
day production, feed conversion ratio, and cost of feed per kg. The final live weight
recorded were 1530.38, 1672.50, 1583.75 and 1405.63g/b respectively. Birds fed diet
with 25% CRM had the highest live weight, followed by those fed diet 0% and 50% CRM
while those fed diet with 75% CRM had the least weight (p<0.05). Observations on weight
changes followed the same pattern. The feed intake in birds fed 0-50% CRM (p>0.05)
were higher than those fed diet with 75% CRM (p<0.05). Birds fed 0-25% CRM had higher
hen day production while those fed 50-75% CRD experienced a reduced hen day
production. The egg weight of birds fed 25% and 75% CRD differ significantly (p<0.05)
while those fed other diets compared favourably. The feed conversion ratio (FCR)
reduced linearly, although, those fed diets 0-50% had higher FCR while those fed 75%
CRM had the least.

Table 3: Treatment effect of CRM on the performance indices of layers

Parameters % CRM

0 25 50 75 SEM
Initial weight (g) 1366.75 | 1414.75 1395.75 | 1401.25 | 27.71
Final live weight (g) 1530.38° | 1672.50% | 1583.75"° | 1405.63° | 30.77
Weight change (g) 163.63° 257.75° 188.00%° 54.38¢ 29.85
Average feed intake (g) 107.252 109.132 105.502 97.88P 1.26
Hen day production (%) 91.932 94.642 83.48° 75.22¢ 1.47
Egg weight (g) 49.9620 51.562 49.88%° 48.83 0.79
Feed conversion ratio 2.152 2.122 2.122 2.01° 0.04
Cost per Kg feed () 121.75 115.56 109.38 103.19 0.31
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abed: means within the same row bearing different superscripts differed significantly (P<
0.05)

The effect of the supplementation of activated charcoal (AC) on the performance of layers
is shown in Table 4. Feed intake and egg weight were not significantly (p > 0.05) affected
by activated charcoal supplementation. However, final live weight, weight change and
hen day production significantly increased in birds fed diet with AC supplementation
likewise the feed conversion ratio was significantly(p<0.05) improved with AC
supplementation in layers fed diet.

Table 4: Supplementation effect of activated charcoal on the performance indices

of layers
Parameters Activated charcoal
+ - SEM
Initial weight (g) 1390.69 | 1398.88 | 19.59
Final live weight (g) 1580.502 | 1540.63° | 28.83
Weight change (g) 189.812 141.75bP 3.25

Average feed intake (g) 103.94 105.94 0.89
Hen day production (%) 87.812 84.82 1.04

Egg weight (g) 49.76 50.35 0.56
Feed conversion ratio 2.09b 2.112 0.03
Cost per Kg feed (N) 132.47 92.47 0.22

ab: means within the same row bearing different superscripts differed significantly (P<
0.05)

+: Charcoal supplementation
-: Non-charcoal supplementation

Table 5 presented the interaction effect of CRM and AC supplementation on the
performance indices of layers. Birds fed diets with activated charcoal had depressed
average feed intake and feed conversion ration among the diets (p<0.05) with significant
differences within treatment at 0% CRD inclusion. Birds fed 25% CRM with or without
AC supplementation competes favourably (p > 0.05) with those fed the control diets for
all performance indices evaluated among treatments. However, birds fed 75% CRM
recorded the lowest value for performance indices evaluated (final live weight, weight

change, average feed intake, and hen-day production) with or without AC
supplementation.

Table 5: Interaction effect of CRM and activated charcoal supplementation on the
performance indices of layers

Charcoal % CRM
Parameters supplementation 0 25 50 75 SEM
Initial weight (g) + 1360.00 | 1399.50 | 1394.50 | 1408.75 | 2.36
- 1372.75 | 1430.00 | 1397.00 | 1395.75 | 2.41
Final live weight (g) + 1557.00 | 1645.00 | 1672.50 | 1447.50 | 2.91
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- 1503.75° | 1700.002 | 1495.00° | 1463.75 | 2.33

Weight change (g) + 197.00% | 245.502 | 178.00° 38.75¢ | 2.27

- 131.00% | 270.00@ | 98.00%° 68.00° | 2.51

Average feed intake (g) + 103.50% | 108.502 | 106.502 97.25> | 1.62
- 111 109.752 | 104.50° 98.50¢ | 1.51

Hen day production (%) + 92.342 96.872 85.72b 76.34¢ | 1.65
- 91.522 92.412 81.25b 7411 | 1.70

Egg weight (g) + 50.25 51.71 48.88 48.20 1.23

- 49.67 51.42 50.88 49.46 0.63

Feed conversion ratio + 2.06Y 2.1 2.18 2.02 0.05
- 2.24 2.14% 2.06b° 1.99¢ 0.04

cost per Kg feed (R) + 141.75 135.56 129.38 123.19 | 0.44
101.75 95.56 89.38 83.19 0.44

abed: means within the same row bearing different superscripts differed significantly (P<
0.05)

XY: means within the same column bearing different superscripts differed significantly (P<
0.05)

Table 6 showed the treatment effect of CRM on the egg quality traits of layers. Significant
differences (p<0.05) were observed in the values for egg shape index, egg weight, shell
surface area and albumen weight across all treatments. However, all other egg quality
parameters measured were not significantly (p>0.05) influenced. The 25% CRM group
had the highest (p<0.05) value for egg weight and shell surface are among the CRM
treatment groups. However, 75% CRM group recorded the highest value for albumen
proportion (61.16%) while the least value was recorded in 50% CRM group (58.39%).
Similarity (p>0.05) was however observed between the control group and 25% CRM
group for all egg quality parameters measured.

Table 6: Treatment effect of CRM on the egg quality traits of layers

Parameters % CRM

0 25 50 75 SEM
Egg shape index 0.68° 0.692 0.66¢ 0.67°¢ | 0.01
Egg weight (g) 49.9620 51.562 49.88% | 48.83° | 0.79
Shell weight (%) 13.86 14.59 14.03 13.38 | 0.53
Shell thickness (mm) 0.37 0.33 0.33 0.32 0.02
Shell surface area (cm?) 62.842b 64.232 62.76%> | 61.83° | 0.69
Albumen weight (%) 59.01b 59.92ab 58.39° 61.162 0.65
Haugh unit 75.46 75.19 75.47 76.42 0.78
Yolk weight (%) 2713 25.37 27.54 25.37 0.81
Yolk index 0.45 0.48 0.48 0.48 0.03
Yolk colour 8.98 8.58 8.44 8.33 0.27

abc: means within the same row bearing different superscripts differed significantly (P<

0.05)
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Table 7 showed the supplementation effect of activated charcoal on the egg quality traits
of layers. No significant (p>0.05) differences were observed in all the egg quality
parameters measured as a result of activated charcoal supplementation.

Table 7: Supplementation effect of activated charcoal on the egg quality traits of

layers

Parameters Activated charcoal

+ - SEM

Egg shape index 0.68 | 0.68 | 0.00
Egg weight (g) 49.76 | 50.35 | 0.56
Shell weight (%) 14.15 | 13.77 | 0.37
Shell thickness (mm) 0.36 | 0.32 | 0.01
Shell surface area (cm?) | 62.11 | 62.06 | 0.74
Albumen weight (%) 59.95 | 59.29 | 0.46
Haugh unit 75.17 | 76.09 | 0.55
Yolk weight (%) 25.79 | 26.92 | 0.57
Yolk index 0.47 | 0.48 | 0.01
Yolk colour 8.51 8.66 | 0.19

+: Charcoal supplementation
- Non-charcoal supplementation

The interaction effect of CRM and AC supplementation on the egg quality traits of layers
is expressed in Table 8. There were significant differences (p<0.05) in the egg shape
index of layers fed different experimental diet with and without AC supplementation.
Feeding of CRM did not affect (p > 0.05) the egg shell thickness of various treatments in
the supplemented group but reduced (p<0.05) in the non-supplemented group. Similarity
(p>0.05) was observed in the egg weight, shell surface area, albumen height, haugh unit,
yolk weight, yolk shape index and yolk colour of both AC supplemented and non-
supplemented group at various CRM levels. However, birds fed 75% CRM had value of
egg’s albumen weight higher (p<0.05) than other treatments in the AC supplemented
group except 25% CRM. In all egg quality parameters evaluated, similar (p>0.05) values
were obtained for both group supplemented with or without activated charcoal against the
various CRM levels.

Table 8: Interaction effect of CRM and activated charcoal supplementation on the
egg quality traits of layers

Charcoal % CRM
Parameters supplementation 0 25 50 75 SEM
Egg shape index + 0.69%° | 0.70° | 0.67° | 0.68% | 0.01
- 0.692 | 0.68% | 0.67%° | 0.67° | 0.01
Egg weight (g) + 50.25 | 51.71 | 48.88 | 48.21 | 1.24
- 49.67 | 5142 | 50.88 | 49.46 | 0.63
Shell weight (%) + 13.64 | 1556 | 14.21 | 13.21 | 0.80
- 14.07 | 13.62 | 13.84 | 13.55 | 0.44
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Shell thickness (mm) + 0.40 0.35 0.33 0.35 | 0.03
- 0.352 | 0.31® | 0.33%* | 0.29° | 0.01

Shell surface area (cm?) + 63.09 | 64.35 | 61.86 | 61.27 | 1.10
- 62.58 | 64.11 | 63.65 | 62.39 | 0.60

Albumen weight (%) + 59.16° | 59.912° | 59.05b | 61.672 | 0.61
- 58.86 | 59.92 | 57.73 | 60.65 | 1.10

Haugh unit + 75.73 | 73.36 | 74.71 | 76.90 | 1.10

- 7518 | 77.02 | 76.23 | 75.94 | 0.86

Yolk weight (%) + 2720 | 24.34 | 26.65 | 24.94 | 0.90

- 27.06 | 26.40 | 28.43 | 25.80 | 1.21

Yolk index + 0.44 0.47 0.48 0.49 | 0.02

- 0.47 0.49 0.48 0.47 | 0.01

Yolk colour + 9.13 8.25 8.21 8.46 | 0.30
8.83 8.92 8.67 8.21 0.40

a: means within the same row bearing different superscripts differed significantly (P<
0.05)

Table 9 showed the treatment effect of cassava root meal (CRM) on the haematological
indices of layers. The haemologlobin (Hb), white blood cell (WBC), mean corpuscular
haemoglobin (MCH) and blood platelets were significantly (p<0.05) affected by the
various inclusion levels of CRM. However, no significant (p>0.05) differences were
observed in the packed cell volume (PCV), red blood cell (RBC), mean corpuscular
volume (MCV) and mean corpuscular haemoglobin concentration (MCHC). Birds fed
diets with 0% and 25% CRD had significantly different (p<0.05) haemoglobin value while
those fed diets 50-75% CRD compared favourably. This trend is similar for mean
corpuscular haemoglobin. Birds fed 0% CRD had the least white blood cell count
compared (p<0.05) with those fed diets with 25-75% CRD which had higher values. Birds
fed 25% and 50% CRD had significantly higher (p<0.05) platelet count while those fed
0% and 75% CRD had lower values.

Table 9: Treatment effect of CRM on the haematological indices of layers

Parameters % CRM

0 25 50 75 SEM
Packed cell volume (%) 30.72 29.59 27.37 28.08 | 2.62
Red blood cell (x108/mm?3) 1.87 2.04 1.82 1.92 0.15
Haemoglobin (g/dL) 4.90° 7.572 6.58% | 6.88% | 0.82
White blood cells (x103/mm3) 176.60° | 191.772 | 193.992 | 201.692 | 7.92
Mean corpuscular volume(u?) 148.13 | 155.12 | 151.86 | 152.68 | 2.23
Mean corpuscular haemoglobin (uug) 36.25 | 38.562 | 37.06% | 37.473° | 0.55
Mean corpuscular haemoglobin concentration (%) | 24.13 24.77 24.49 24.37 | 047
Plateletes(x 103/mm? ) 99.50° | 107.882 | 108.63% | 98.50> | 2.47

a: means within the same row bearing different superscripts differed significantly (P<
0.05)

Table 10 shows the supplementation effect of activated charcoal on the haematological
indices of layers. Charcoal supplementation significantly (p<0.05) increased the values
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of PCV and decreased WBC while supplementation effect did not affect (p>0.05) RBC,

Hb, MCV, MCH, MCHC and platelets.

Table 10: Supplementation effect of activated charcoal on the haematological
indices of layers

Activated charcoal

Parameters + n SEM

Packed cell volume (%) 32.412 25.47b 1.85

Red blood cell (x10%/mm?) 2.03 1.79 0.11
Haemoglobin (g/dL) 7.1 5.86 0.58

White blood cells (x10%/mm3) 195.02 1 511,822 | 5560

Mean corpuscular volume(u?3) 150.26 | 153.63 1.58

Mean corpuscular haemoglobin(uug) 37.22 37.45 0.39

Mean corpuscular haemoglobin concentration (%) | 24.75 24.13 0.33
Platelets (x 103/mm?3 ) 105.50 | 101.75 | 1.75

b: means within the same row bearing different superscripts differed significantly (P< 0.05)
+: Charcoal supplementation
- Non-charcoal supplementation

Interaction effects of CRM and activated charcoal supplementation on the haematological
traits of layers is shown in Table 11. Birds fed the control and experimental diets with
activated charcoal showed significant (p<0.05) differences in the values for packed cell
volume (PCV) obtained; birds fed the control diets with AC supplementation had the
highest (p<0.05) value (35.47%) of PCV while the lowest value (23.94) was recorded in
birds fed 75% cassava root meal (CRM) without AC. However, for non-supplemented
groups, similarity (p>0.05) was observed in PCV among the various treatments, while
significant differences (p<0.05) were recorded in the PCV of the supplemented group
against the non-supplemented group for the different CRM levels as the former was better
than the latter.

With or without charcoal supplementation, both red blood cell (RBC) and haemaglobin
(Hb) values remained the same (p>0.05) for all CRM inclusion levels among the treatment
groups. Interaction effect did not affect (p>0.05) both RBC and Hb values at all CRM
levels. The white blood cell count (WBC) significantly increased (p<0.05) as a result of
feeding CRM. The effect was more pronounced in the absence of AC supplementation.
Replacement of CRM for maize with AC supplementation did not affect the mean
corpuscular volume (MCV) of the birds but increased (p<0.05) the mean corpuscular
haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) at 25%
CRM level. Similarity (p>0.05) was however observed for MCH and MCHC values among
the various treatments within the non supplemented group. Birds fed CRM based diet had
an increase in the value for blood platelet in the presence of AC though 25 and 75% were
similar to control while only 25% CRM without supplement was higher than control among
the other group. The interaction effect significantly (p<0.05) influenced the platelet count
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at 25% and 50% CRM levels for both supplemented and non-supplemented group.

Table 11: Interaction effect of CRM and activated charcoal supplementation on the
haematological indices of layers

Charcoal % CRM
Parameters suplementation 0 25 50 75 SEM

Packed cell volume (%) + 35.473 34.112x | 27.85bx | 32.233x | 1,21

- 25.97Y 25.07Y 26.89Y 23.94y 1.28
Red blood cell ¥ 1.88 2.25 184 | 247 | 0.16
(x108/mm?) ' ) ) ' '

- 1.86 1.83 1.79 1.67 0.21
Haemoglobin (g/dL) + 5.15 8.88 6.88 7.53 0.80

- 4.65 6.25 6.29 6.24 1.10
White blood cells ¥ 170.0° | 191.56% | 194.75% | 223.672 | 1.56
(x10%3/mm?)

- 196.42° 208.63P | 213.443> | 228.792 | 1.38
Mean corpuscular ¥ 14850 | 15215 | 150.53 | 149.86 | 1.44
volume(u3)

- 147.75° 158.082 | 153.202> | 155.502> | 1.39
Mean corpuscular + 36.55° 39.312 36.78° 36.26° | 0.56
haemoglobin (uug) - 35.95 37.81 37.35 38.70 0.71
Mean corpuscular + 24.48° 25.902 24.64° 23.98> | 0.23
haemoglobin
Concentration (%) - 23.79 23.63 24.35 24.76 0.71
Platelets(x 103/mm?3 ) + 99.50° 102.00° | 118.252 | 102.25° | 1.64

- 99.50° 113.752 99.00° 94.75bP 1.85

ab: means within the same row bearing different superscripts differed significantly (P<

0.05)

XY: means within the same column bearing different superscripts differed significantly (P<

0.05)

Table 12 shows the treatment effect of CRM on the serum traits of layers. Similarities
(p>0.05) were observed between the control and the CRM treated groups for the values
of albumin, globulin, total protein, aspartate amino transferase (AST) and total
cholesterol. The values of alanine amino transferase (ALT) of the control diet was
significantly lower (p<0.05) than all the CRM treated groups with the 75% CRM group
having the highest value (45.541U/L). However, the 50% CRM group had the significantly
(p<0.05) lower value of alkaline phosphatase (24.47 IU/L) compared to others while the
highest (p<0.05) value (37.29 IU/L) was recorded in the control diet though statistically
similar to all CRM treatments except the 50% CRM group. The replacement of CRM for
maize significantly (p<0.05) lowered the values obtained for trighyceride.
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Table 12: Treatment effect of CRM on the serum biochemical indices of layers

% CRM
Parameters 0 25 50 75 SEM
Albumin (g/dL) 1.69 1.79 1.83 1.73 | 0.08
Globulin (g/dL) 1.46 0.78 1.01 145 | 0.16
Total protein (g/dL) 3.15 2.57 2.84 3.18 | 0.24

Alanine aminotransferase (IU/L) 34.92° | 41.402° | 43.502 | 45.542 | 1.19
Aspartate aminotransferase (IU/L) | 65.61 63.71 | 7416 | 67.36 | 3.42

Alkaline phosphatase (IU/L) 37.292 | 31.15% | 24.47° | 34.652 | 2.33
Triglyceride (mg/dL) 152.362 | 70.03° | 71.96° | 66.78° | 3.72
Total cholesterol (mg/dL) 55.57 5410 | 58.95 | 68.85 | 7.35

abc: means within the same row bearing different superscripts differed significantly (P<
0.05)

The supplementation effect of activated charcoal on the serum traits of layers is presented
in Table "13. Globulin, total protein, ALT, ALP and total cholesterol were not significantly
(p>0.05) affected by activated charcoal supplementation. However, albumin, AST and
triglyceride were significantly (p<0.05) affected. AST and triglyceride significantly
increased (p<0.05) as a result of charcoal supplementation whereas; it lowered the
albumin level from 1.79g/dL to 1.73g/dL.

Table 13: Supplementation effect of activated charcoal on the serum biochemical
indices of layers

Activated charcoal

Parameters + - SEM
Albumin (g/dL) 1.73° 1.792 | 0.05
Globulin (g/dL) 1.37 098 | 0.12
Total protein (g/dL) 3.10 277 | 017

Alanine aminotransferase (IU/L) 38.79 | 40.39 | 0.84
Aspartate aminotransferase (IU/L) | 70.472 | 59.95° | 3.83

Alkaline phosphatase (1U/L) 33.77 | 30.01 | 1.65
Triglyceride (mg/dL) 94.632 | 85.93° | 2.63
Total cholesterol (mg/dL) 61.51 | 57.23 | 5.20

a: means within the same row bearing different superscripts differed significantly (P<
0.05)

+: Charcoal supplementation
- Non-charcoal supplementation

Table 14 showed the interaction effect of CRM and activated charcoal supplementation
on the serum biochemical indices of layers. The albumin and globulin of the birds in both
the activated charcoal (AC) supplemented and non-supplemented group were affected
(p<0.05) as a result of dietary treatments whereas interaction effect only affected (p<0.05)
the 50% and 75% CRM group as a result of charcoal supplementation. Similarity (p>0.05)
was observed in the values for total protein, aspartate amino transaminase and total
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cholesterol among various treatments within the AC supplemented and non-
supplemented groups. Similarly, there was no statistical difference (p>0.05) between the
AC supplemented group against the non-supplemented group for the various CRM levels.

An increase was recorded in the value for alanine amino transaminase as a result of
feeding CRM in both supplemented and non-supplemented group whereas, replacement
of CRM for maize decreased (p<0.05) the total triglyceride of birds in both supplemented
and non-supplemented group. Birds fed 50% CRM recorded the lowest value for the liver
enzyme alkaline phosphates (ALP) either with AC supplementation or no
supplementation. Nevertheless, the value for ALP recorded at feeding 25% CRM is
greater (p<0.05) with charcoal supplementation than that recorded with no charcoal
supplementation.

Table 14: Interaction effect of CRM and activated charcoal supplementation on
the serum biochemical indices of layers

Charcoal % CRM

Parameters supplementation 0 25 50 75 SEM
Albumin (g/dL) 1.71 1.81° | 2.05 | 2.12% | 0.04
1.662P 1.77%0 | 1.62% | 1.34% | 0.11
1.46° 0.83¢ 0.91¢ | 1.52= | 0.07
1.482 0.73¢ 1.10° | 1.382v | 0.03
3.17 2.64 2.96 3.64 0.32

3.14 2.50 2.72 2.72 0.25
+ 34.98> | 43.132 | 44.212 | 45242 | 1.44
- 34.86° | 39.67% | 42.792 | 45.85% | 1.45
66.45 69.55 | 82.18 | 63.71 | 1.59

64.78 57.87 | 66.13 | 51.02 | 1.30
37.442 | 38.522% | 24.67° | 34.462° | 1.87
37.142 | 23.78% | 24.28° | 34.842 | 1.77
156.942 | 79.81bx | 76.15° | 65.65° | 1.12
- 147.772 | 60.262 | 67.79° | 67.91° | 0.92
Total cholesterol (mg/dL) + 55.51 57.07 | 63.19 | 70.27 | 1.66
- 55.64 51.13 | 54.72 | 67.44 | 1.81

abe: means within the same row bearing different superscripts differed significantly (P<
0.05)

XY: means within the same column bearing different superscripts differed significantly (P<
0.05)

+

+ |

Globulin (g/dL)

Total protein (g/dL)

+

Alanine aminotransferase
(IU/L)

Aspartate aminotransferase
(1IU/L)

+

+ |

Alkaline phosphatase (1U/L)

+ |

Triglyceride (mg/dL)

4. DISCUSSION

The competition for maize being because of the uses as food, feed and feedstock for
alternative fuel caused price hike. This had called for the search for alternatives as feed
resources. Cassava root is rich in calories. It had been reported to replace maize in
livestock feeds [10]. [11], [12] but for the hydrogen cyanide [13] which necessitates
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processing such as drying, soaking, grating, grounding, fermentation, dehydration,
among other treatments [14]. Cassava root meal is low in protein but high in energy and
is considered an energy source [15], and processing employed had been proved to
influence the proximate composition [12] and [16].

The average daily feed intake of a bird is the expression to the total feed consumed for
egg production and metabolic activities. With exclusion of the 75% CRM diet (which
recorded a decrease), daily feed intake remained the same as the level of cassava root
meal increased in the experimental diets. The findings on feed intake, final live weight
and weight change which decreased at 75% CRM level was a likelihood of poor utilization
of CRM due to probable residual level of hydro-cyanide in the diet. Cyanide has been
implicated in protein utilization in animal [17]. It was also reported that cyanide causes
reduction in growth rate by inhibiting intra-thyroidal uptake of iodine, causing increase in
secretion of thyroid stimulating hormone (TSH) and thereby causing a reduction in
thyroxin level which is necessary for growth [18]. This was partially similar to previous
findings where a decrease in daily feed intake as the inclusion level of cassava increased
in the experimental diet of the layers [19], [20] and [21]. The result of this experiment
agreed with the report of Oladunjoye et al. [22] who observed a similarity in feed intake
of birds fed cassava peel meal and maize based diet up to a substitution level of 70%.

The similarity observed in hen day production between layers on diets 1 and 2 is an
indication that the inclusion of CRM in layer diets up to 25% adequately maintained body
weight, which helped in sustaining efficiency of egg production. Aderemi et al. [23]
showed that feeding egg type chicken with supplemented cassava root seviate had no
adverse effect on hen day production. However, the results showed that when the CRM
replacement increased beyond 25%, the hen day production decreased, this perhaps
could be attributed to reduced feed intake which negatively affected egg production of
layers [24]. Li et al. [25] reported a significant correlation between daily feed intake, egg
production and egg weight; it was reported that a reduction in feed intake decreased egg
weight. The lower feed intake observed in 75% CRM group could be responsible for the
lower egg weight recorded in birds fed diet 4.

The reduction observed in the unit cost of feed as the level of cassava root meal increased
in the diet can be attributed to the lower price of cassava root meal compared to that of
maize. The lower value observed for feed cost is in agreement with the report of Obikaonu
and Udedibie [26] that inclusion of cassava meal in pigs and poultry resulted in significant
economic benefits.

There was no mortality among the treatment birds throughout the duration of the
experiment. The zero mortality suggests that the various replacement levels of CRM for
maize were not deleterious to the health of the laying hens.

The use of activated charcoal supplementation on the layers fed cassava root meal based
diet did not affect egg weight. Prolonged ingestion of activated charcoal substantially did
not increase feed intake. This is contrast to the report of Olayeni [27] who fed activated
charcoal to grower pigs and recorded an increase in their feed intake. Banner et al. [28]
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observed that lambs on a basal diet of alfalfa pellets supplement with a charcoal-barley
mix ate more Sagebrush than lambs supplemented only with barley. Kutlu et al. [29] had
also reported a significant increase in feed intake of birds fed diet with activated charcoal
supplementation. In this study, birds on activated charcoal supplementation performed
better in terms of hen day production, final live weight and weight change. This can be
attributed to the ability of activated charcoal to capture cyanide present in CRM which
might have hindered the efficient absorption and utilization of nutrient for growth. This has
helped to adequately maintain good body weight, which helps in sustaining efficiency of
egg production.

The interaction effect of cassava root meal and activated charcoal supplementation was
also significant on the average daily feed intake (ADFI), hen day production (HDP) and
feed conversion ratio (FCR). The reduction in feed intake of birds fed CRM with or without
AC beyond 50% might be associated with increased presence of anti-nutritional factors
which according to Tewe [30] naturally reduced feed intake. The lower feed intake might
be responsible for the subsequent depressed egg production and perhaps the probable
imbalance in amino acid content and protein profile of CRM based diets.

The similarity observed in the shell thickness is validated with earlier report by Enriquez
and Ross [31] who reported that there was no negative effect on egg shell thickness due
to the addition of CRM at the levels of 10, 25 and 50%. The non-significance of shell
thickness implied that all the dietary treatments were adequate in calcium which was
similar to a finding that cassava based diet did not interfere with calcium metabolism in
the laying hen [32]. Shell thickness is a function of the calcium and phosphorus levels in
layer ratio.

Similarity was also observed in the yolk colour but it reduced linearly as the level of CRM
replacement increased. The colour of egg yolk largely depends on the pigments including
carotenes and xantophylls from diets as laying hens cannot synthesize the pigments. The
xantophylls in corn is a great contributor of yolk pigmentation [33]. The numerical
decreases in yolk colour can be attributed to increasing level of CRM being fed largely at
the expense of corn which relatively reduces the xantophyll concentration. Aderemi et al.
[34] observed that the inclusion of whole cassava meal did not affect egg shell thickness
and yolk weight, but yolk colour was decreased as the whole cassava meal inclusion
increased beyond 12.5%. Yolk weight and index were not affected by the dietary
treatment and are within acceptable values [35], [36]. The yolk index is a measure of the
standing up quality of the yolk.

Aina and Fanimo [37] reported that shell thickness, Haugh unit and shell weight were not
affected by the dietary supplementation of 52.3% cassava. Saparattananan et al. [38]
indicated that feeding cassava or corn basal diets had similar egg shell thickness and
Haugh unit. This corroborates the observed similarity in Haugh unit across all treatments.
The Haugh unit values recorded for the four treatments groups were within the range of
freshly-laid eggs [34]. Haugh units of 72 and above are indications of freshness in eggs:
an index of ability of albumen to remain viscous. Egg shape index is defined as the ratio
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of width to length of the egg, and it is an important criterion in determining egg quality.
Alkan et al. [39] established a significant negative correlation between the egg shape
index and shell thickness.

Activated charcoal supplementation had no significant effect on all internal egg quality
characteristics measured. This agreed with the findings of Kutlu et al. [29]. The similarity
observed might be related to the fact that the major components of charcoal are calcium,
potassium and magnesium [29]. Hence it possesses no other nutritional quality than to
improve the shell thickness. Kutlu et al. [29] stated that the major components of charcoal
are calcium, potassium and magnesium and they have no effect on the internal egg
quality characteristics. This corroborates the result obtained in this study as no difference
was observed statistically among various CRM levels with or without activated charcoal.
Previous authors [22], [34], and [40] also reported no significant differences in the egg
quality traits of layers fed various cassava products up to 50% level.

Similarities in the values of packed cell volume (PCV) among the treated groups
suggested no deleterious effect on their health status as they all fell within the range of
normal healthy growing chickens [41]. Packed cell volume is involved in the transport of
oxygen and absorbed nutrients. The same trend was observed for red blood cell (RBC),
mean corpuscular volume (MCV) and mean corpuscular haemoglobin concentration
(MCHC) since they were not significantly different. This result is however contrary to the
result of Oyewumi [40] who reported significant differences in the values of PCV and MCV.
The haemoglobin (Hb) values showed an increase as a result of replacement of cassava
root meal (CRM) for maize. However, values were within the normal range for healthy
birds as postulated by Jain [42]. The low value of Hb in treatments 1, 3 and 4 suggest
iron deficiency (anemia)as evidenced by the report of Graiter et al. [43] observed a direct
relationship between dietary iron, Hb, PCV and serum iron.

Replacement of cassava root meal for maize significantly increased the white blood cell
count of the birds. The rise that was observed could be due to anti-nutritional factors
possibly residual hydrocyanic acid in these diets. This result disagrees with Oyewumi [40]
who reported no significant difference in white blood cell count of layers fed cassava grit
meal. The lower WBC of layers fed control diet could be speculatively associated with
superior nutrition, though it has not been shown to be directly predicated on the nutritional
plane of the individual.

Mean values for MCH are significantly higher in birds fed CRM. The MCH reflects the
haemoglobin concentration of red blood cell and may be used to diagnose the type of
anemia present in an animal. Variation could be due to the differences in CRM levels of
diet and production performance. High platelet concentration observed in 25% CRM
group and 50% CRM group suggested that the process of clot formation will be shorter
resulting to lower loss of blood in the case of any injury and also helps in wound healing
[44].

Utilization of activated charcoal supplementation has not been able to provoke any
appreciable influence on PCV, Hb, RBC, WBC and platelet either below or above
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literature values as cited by Jain (1986), though significant increase in the value of WBC
and platelets was observed, whereas MCH value was depressed. The decrease in the
value of WBC as a result of charcoal supplementation is probably as a result of its
capacity of neutralizing or reducing the cyanide present in CRM and also promotes an
environment in the gut where influence or effects of anti-nutritional factors or toxins were
minimized [45]. However, almost all haematological parameters assayed were not
significantly influenced by the diet and were all in the normal range reported by Mitruka
and Rawnsley [41].

Interaction of CRM and activated charcoal was able to reduce the values of PCV as the
level of CRM increased beyond 25% in the supplemented group but did not affect those
birds within the non-supplemented group and this observation is significantly better for
those birds fed diets supplemented with activated charcoal. The observation could be
related to the effect of activated charcoal to counteract the effect of HCN in cassava based
diets. Olayeni [27] reported a significant decrease in the values of PCV when different
levels of CRM with or without activated charcoal supplementation were fed to finishing
pigs. According to Isaac et al. [47], PCV is involved in the transport of oxygen and
absorbed nutrients. Hence, increased PCV showed a better transportation and thus
resulted in an increased primary and secondary polycythemia. All values reported for PCV
were however within the literature range cited by Mitruka and Rawnsley [41].

White blood cell concentration significantly increased with or without supplementation as
CRM inclusion levels increased in the diet of the layers. However, activated charcoal
supplementation caused a rise in the value of 25% CRM level. The increament
experienced was due to the cyanide effect as the animals are probably exposed to high
risk of toxicity. However, the numerical decrease (at all CRM level) in the supplemented
group suggested that charcoal was able to reduce the effect of HCN and the birds were
able to generate antibodies in the process of phagocytosis and have high degree of
resistance to HCN toxicity.

The serum biochemical indices of the experimental birds indicated the roles of cassava
root meal and its crude fibre content in layer’s diets. Madubuke and Ekenyem [48],
Ikeagwu,[49] and Isikuwenu et al. [50], observed that the consumption of different types
of feed by any species of animal had some measurable effects on the blood (plasma) and
the constituents of the animal blood. Also, Iheukwumere et al. [51] also indicated that any
feed consumed by an animal could be used to determine the metabolic state of the animal
as well as the quality of the feed.

The similarities recorded in Albumin, globulin and total protein values showed that the
birds fed the experimental diets had good plane of nutrition. The result agrees with the
result obtained for broilers fed cassava enhanced with dried cage layer waste and
fermented with rumen filtrate diet [52]. Higher albumin concentration in the serum of any
animal indicates high plane of nutrition ([53]. Total serum protein had been reported as
an indication of the protein retained in the animal body [51], [54], [55]. However, these
values were lower than the ranged values documented by Mitruka and Rawnsley [41].
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This might be attributed to poor utilization of the protein fed to the experimental birds.

Oladunjoye et al. [55] observed that feeding cassava peel based diet lowered the
cholesterol level as a result of high fibre content in the diet. However, in the current study,
similarity was observed in the serum cholesterol levels. Triglycerides are synthesized in
the intestinal mucosa and in the liver from the digestion of dietary components and the
absorption of fatty acids. Serum triglyceride levels of poultry are influenced by sex, diet,
and hormonal factors [56]. In the present study, significant reduction was observed in the
triglyceride levels of all birds fed CRM in an apparent trend. This is not in agreement with
the report of Tewe and Bokanga [57] who reported a higher fat deposition in birds that
received cassava containing diets.

Although, a measurement of enzyme activities in serum is very important diagnostic tool
of diseases, the wide range of activity make it difficult to interpret [58]. Aspartate amino
transaminase is a very sensitive, non-specific biomarker of liver disease in birds.
Conversely, ALT is of poor diagnostic value in birds due to its existence in many tissues
[58]. In this study, activated charcoal supplementation had a positive influence on the
marker enzymes ALT and ALP while it lowered the triglyceride.

Effect of CRM and AC on the albumin and globulin of the birds were inconsistent, although
the effect of charcoal supplementation at 50% and 75% was more pronounced. This
showed that charcoal supplementation was able to counteract the effect of HCN in
cassava based diets. The alanine aminotransaminase (ALT) increased while the alkaline
phosphatase decreased up to 50% CRM inclusion levels in both the supplemented and
non-supplemented group. The increase in the values of ALT is an indication that protein
synthesis and energy status quo of the body performance of the birds were sustained. It
also indicated the normal functioning of the liver despite the ingestion of cassava based
diets was attained. All values reported were within the reported range [41].

The lower triglyceride value that was observed in the blood of birds fed cassava root meal
with or without activated charcoal supplementation could be due to the fibrous nature of
CRM and its inclusion level [59]. This effect had been attributed to the use of lipid-based
moiety for energy generation rather than body fat formation [60]. However at 25% CRM
level, the superiority of the supplemented group over the non-supplemented group might
be related to the effect of activated charcoal to attenuate cyanide toxin which might have
improved the nutrient availability as a result of less anti-nutritional factor.

5. CONCLUSION

In conclusion, replacement of maize with CRM with or without activated charcoal
supplementation beyond 50% level reduced the feed intake and hen day production of
layers while replacement of 25% CRM for maize gave a better performance relative to
maize based diet and therefore optimum for increased production. Most egg quality traits
evaluated were not affected by feeding CRM with or without activated charcoal
supplementation and were within acceptable ranges while the inclusion and feeding of
CRM based diet affected some haematological and biochemical indices of layers.
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However, activated charcoal supplementation improved these effects for better
performance. It is recommended that further investigations need to be carried out to
compare various supplementation levels of activated charcoal in the diets of layers most
especially diets that contain ingredients with anti-nutrients at higher inclusion levels.
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