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SUMMARY

A total of 120 local hens at the point of lay were randomly assigned, 2 per cage, with 10
replicates per diet in a completely randomized design, to 6 palm kernel cake (PKC)-based layer
diets that contained 20% CP and 2,700 kcal of ME/kg of feed. The PKC was included at levels
of 10, 20, 30, 40, and 50% in diets 2, 3, 4, 5, and 6, respectively. Diet 1 without PKC served as
the control. To make the diets isocaloric, 0.5, 1.48, 3.35, 5.22, 7.11, and 8.98% palm oil was
added to diets 1, 2, 3, 4, 5, and 6, respectively. Feed and water were offered ad libitum for 12
wk. The hen-day production (53.8 to 63.3%) peaked at dietary PKC levels of 20 to 40%. Feed
conversion ratio was also the lowest in hens fed the 20 to 40% PKC-based diets, but it was
poorer than the control diet for those fed 50% PKC. The least hen-day production was obtained
for birds on the 50% PKC-based diet. The albumen height (3.16 to 3.73 mm) was highest for
eggs laid by hens fed the control and 10% PKC diets. The egg yolk indexes obtained for hens
fed 0 to 10% dietary PKC (0.2) were significantly higher than those obtained for hens fed 20
to 50% PKC (0.13 to 0.15). The yolk color score increased significantly (P < 0.05) across the
diets (from 1.0 to 5.9) as the level of palm oil increased. The egg weight, egg circumference,
eggshell thickness, egg shape index, and weights of the albumen and yolk were similar across
diets. Feeding up to 40% PKC with added palm oil had no adverse effect on the performance of
Nigerian local hens and the quality of their eggs.
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DESCRIPTION OF PROBLEM

Humans and livestock, especially poultry,
compete for cereals and other grains as food.
The cost of cereals and other conventional feed
ingredients is increasing in Nigeria because of

'Corresponding author: kaydafl@yahoo.com

their diverse use and the high cost of importa-
tion resulting from the high exchange rate. This
has been reducing the profit margin of poultry
farmers or making the business less attractive in
Nigeria. Palm kernel cake (PKC), the by-prod-
uct of or residue from oil extraction from the en-
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dosperm of the oil palm fruit (Elaeis guineensis
Jacq.), is cheap, nontoxic, and readily available
in southern Nigeria. The protein requirements of
Nigerians have not been able to be met by de-
pending solely on exotic or imported breeds of
livestock, especially chickens; hence, the need
exists to exploit the potential of local breeds to
supplement meat production for the populace.
Local or indigenous fowl are abundant, outnum-
bering all other livestock species in Nigeria;
their number was estimated to be about 123.9
million in 1978 [1], 115.9 million in 2003 [2],
and 84 million in 2006 [3]. Nigerian local hens
are widely reared on free range in Nigeria be-
cause of their highly valued eggs and adaptabil-
ity to the local environment. Even though little
or no adequate care is given in term of housing,
nutrition, and medication, they serve as the ma-
jor source of dietary protein and as an important
source of dietary protein for low-income rural
and indigenous dwellers. There is a paucity of
information on feeding PKC to local hens kept
under an intensive system of management. The
performance and egg quality traits of Nigerian
local fowl fed varying dietary levels of PKC
with added vegetable oil were assessed over a
period of 12 wk.

MATERIALS AND METHODS
Experimental Birds and Design

The study was carried out at the Zartech unit
of the Teaching and Research Farm of the Uni-
versity of Ibadan, Ibadan, Nigeria. Nigerian lo-
cal hens and cocks on free range were procured
from local markets in the state of Oyo, Nigeria,
and allowed to breed. The birds were multicol-
ored, black, brown, or off-white in plumage
color with thin, scaled, feathered or unfeathered,
black-, yellow-, or white-colored shanks [4-7].
Fertile eggs laid by these hens were hatched in
the hatchery, and the emerging chicks were fed
chick and grower mash. The chicks were later
sexed and raised to the point of lay (24 wk of
age). During the course of rearing from 1 d old
to the point of lay, the birds were vaccinated
against infectious bursal disease, Newcastle
disease, and fowlpox infection. Prophylactic
antibiotics and a coccidiostat with electrolytes
or antistress were also administered. A high
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level of hygiene and sanitation was maintained
throughout the period of study. A total of 120
local birds at the point of lay weighing 861.10
to 1,015.20 g were randomly selected and their
BW were equalized across dietary treatments
before assigning them to cages, at 2 per cage,
with 10 replicates per diet in a completely ran-
domized design. The dimensions of the cage
were 33.2 cm in length, 39 c¢cm in breadth, 45.5
cm at the front height, and 39.5 cm at the back
height per cubicle. The house was roofed with
asbestos, and wire netting was fixed around the
house for proper ventilation. The experimental
procedures were approved by the lecturers and
postgraduate committee of the Department of
Animal Science, University of Ibadan, Ibadan,
Nigeria, before the experiment commenced.

Experimental Diets

Six layer mash diets (herein referred to as
diets that were isonitrogenous and isocaloric)
containing 20% CP and 2,700 kcal of ME/kg of
feed were formulated with varying dietary levels
of PKC. Diet 1 without PKC served as the con-
trol. The other 5 diets contained 10, 20, 30, 40,
and 50% PKC, which was used to replace corn,
soybean meal, and wheat bran (tagged diets 2, 3,
4, 5, and 6, respectively). Palm oil was included
(0.5 to 8.98%) to balance the energy content so
that the diets remained isocaloric (i.e., 2,700
kecal of ME/kg). As the inclusion level of PKC
in the diets increased from 0 to 50%, the CF
progressively increased (Table 1), which was a
result of the increasing fiber content of the test
ingredient (PKC). Birds were given access to
feed and water ad libitum. The composition of
the experimental diets is as shown in Table 1.

Data Collection

Indices measured included ADFI, daily egg
production, hen-day production (HDP; %), FCR
(kg of feed/kg of egg), egg weight or mass (g),
circumference or eggshell surface area (cm),
egg length (cm), egg width (cm), egg shape in-
dex, eggshell thickness (mm), eggshell weight
(g), yolk weight (g), yolk height (cm) and width
(cm), yolk index, albumen weight (g), albumen
height (mm), Haugh units, and yolk color score.
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Table 1. Composition of experimental diets with varying dietary levels of palm kernel cake (PKC) fed to Nigerian

local hens
Diet

Item 1 2 3 4 5 6

Ingredient, %
Corn 47.06 41.38 32.03 22.68 13.29 3.92
Soybean meal 30 28.70 27.00 25.36 23.26 21.96
PKC! — 10 20 30 40 50
Wheat bran 10.4 6.4 5.58 4.70 3.97 3.10
Palm oil 0.5 1.48 3.35 5.22 7.11 8.98
Fish meal (72% CP) 1.30 1.30 1.30 1.30 1.30 1.30
Bone meal 3 3 3 3 3 3
Opyster shell 7 7 7 7 7 7
Sodium chloride 0.30 0.30 0.30 0.30 0.30 0.30
Layer premix’ 0.25 0.25 0.25 0.25 0.25 0.25
Methionine 0.10 0.10 0.10 0.10 0.10 0.10
Lysine 0.09 0.09 0.09 0.09 0.09 0.09
Total 100 100 100 100 100 100

Calculated analysis, % or as indicated
ME, kcal/kg 2,701.70 2,700.49 2,700.24 2,700.48 2,700.41 2,700.42
CP, % 20.01 20.02 20.03 20.05 20.05 20.08
CF, % 3.79 445 5.28 6.11 6.95 7.78
Calcium, % 3.71 3.73 3.74 3.76 3.78 3.79
Phosphorus, % 0.74 0.73 0.73 0.72 0.72 0.71
Methionine, % 0.41 0.40 0.44 0.45 0.45 0.46
Lysine, % 1.19 1.17 1.16 1.14 1.13 1.12
CE’ % 9.00 9.50 10.60 11.10 11.80 12.00

!The PKC used contained 17.75% CP, 23.90% CF, 11.75% EE, 8.60% ash, 38.00% nitrogen-free extract, 46.10% NDF, 32.00%

ADF, and 5.2% lignin [22].

Supplied the following per kilogram of diet: vitamin A, 4 x 10° TU; vitamin D5, 8 x 10° TU; tocopherols, 4 x 10° TU; vitamin
K3, 800 mg; folacin, 200 mg; thiamine, 600 mg; riboflavin, 1,800 mg; niacin, 600 mg; calcium pantothenate, 2 g; pyridoxine,
600 mg; cyanocobalamin, 4 mg; biotin, 8 mg; manganese, 3 g; zinc 20 g; iron, 3 g; choline chloride, 80 g; copper, 2 g; iodine,
480 mg; cobalt, 80 mg; selenium, 40 mg; butylated hydroxytoluene, 25 g; and anticaking agent, 6 g.

*Determined by analysis [37].

Data Analysis

All data obtained were subjected to ANOVA
using the GLM of SAS software [8]. Treatment
means were compared by the Duncan option of
the software.

RESULTS AND DISCUSSION

Performance Traits

The performance traits of Nigerian lo-
cal hens fed varying or graded levels of PKC
are shown in Table 2. The ADFI of local hens
(63.97 to 73.44 g/bird per 12 wk) increased
with PKC inclusion and was significantly (P <
0.05) higher for hens fed PKC-based diets than
those obtained for birds fed the control diet
(64.02 g/bird per day) except for those fed the

30% PKC-based diet, whose feed intake values
were similar. The increase in feed intake could
be due to the fibrousness (4.45 to 7.78% CF) of
the feed because PKC has been reported to con-
tain about 16.2 to 25.3% CF [9—11] and 81% of
PKC carbohydrate is in the form of nonstarch
polysaccharides, of which insoluble-cellulose
polysaccharide accounts for 33.6% of the DM
[12]. Fibrous feeds that contain PKC have been
reported [10, 13] to have high bulk density, low
viscosity, and low water-holding capacity and
thus exhibit a faster passage rate in the digestive
tract. The nutrients in fibrous feeds are diluted
with fiber components and would not easily be
released during digestion; this will cause hens to
adjust their feed intake to obtain the necessary
energy and other nutrients required for optimal
performance. It has been reported that birds eat
to meet their energy requirement [5, 14, 15].
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Table 2. Performance traits of Nigerian local hens fed diets containing varying levels of palm kernel cake (PKC)

591

1

Diet
Parameter 1 2 3 4 5 6 SEM
Daily feed intake, g/bird per 12 wk 64.02°  69.42° 71.97* 63.97° 69.28° 73.44 0.48
Hen-day production, % 53.80° 56.77° 62.26™ 61.78" 63.33" 55.47™ 0.71
FCR, kg of feed/kg of egg 3.02° 3.06" 2.89" 2.63° 2.84" 3.47° 0.10

*“Mean values within the same row with different superscripts are significantly different (P < 0.05).
'Diets 1, 2, 3, 4, 5, and 6 contained 0 (control), 10, 20, 30, 40, and 50% PKC, respectively.

Inclusion of dietary fat has also been indicated
to increase the palatability of the diet, decrease
dustiness, and improve the texture of the feed,
feed intake, and utilization of dietary nutrients
[16,17].

Local hens fed PKC-based diets (10 to 50%
PKC) had a significantly (P < 0.05) higher HDP
(55.47 t0 63.33%), which peaked at dietary PKC
levels of 20 to 40%, compared with the HDP ob-
tained (53.80%) for those fed the control diet.
Therefore, PKC inclusion had no adverse effect
on bird performance in term of egg production.
The percentage of HDP obtained in this study
(53.80 to 63.33%) compared with the 55.1 to
64.54% HDP reported by Onwudike [18, 19]
when feeding the Harco strain of laying hens 0
to 50% PKC for 8 to 10 mo. Longe and Adekoya
[20] obtained 56.9 to 69.9% HDP in layers fed
0 to 31.8% PKC-based diets for 12 wk. How-
ever, a higher HDP (70.4 to 80.1%) was reported
[11] when 0 to 50% palm kernel meal was fed
to Single Comb White Leghorn hens for 20 wk.

The FCR also varied significantly (P < 0.05),
from 2.63 to 3.47, with hens fed 20 to 40% PKC-
based diets, giving a lower, better, more efficient,
and more favorable FCR; however, the FCR of
hens fed 50% PKC was poorer than that of hens
fed the control diet. This can be attributed to the
inclusion of palm oil in the diets, coupled with
the fact that the diets were balanced for nutri-
ents because they were isocaloric and isonitrog-
enous. The inclusion of synthetic sources of me-
thionine and lysine helped balance and improve
the quality of the amino acid profile, cancelling
the negative effect of the lysine:arginine ratio of
PKC and thus meeting the requirements of the
birds for maintenance and egg production. On-
wudike [19] obtained FCR of 3.09 to 3.12 and
had a better HDP when feeding the Harco strain
of laying hens diets containing up to 40% PKC

and 2% methionine. Palm kernel cake has been
shown to be deficient in methionine, lysine, leu-
cine, and isoleucine [13, 21].

Egg Quality Traits

The egg quality traits of Nigerian local hens
fed varying or graded levels of PKC are shown
in Table 3. Egg weights (38.42 to 40.49 g) were
similar across diets, with no significant differ-
ences in weights (P > 0.05). The inclusion of
varying levels (0 to 50%) of PKC did not have
a negative effect on egg weight, egg circumfer-
ence, or egg length, meaning that the dietary
PKC was nutritious and useful despite its fi-
brousness and imbalanced amino acid profile.
The mean egg weight (38.88 to 40.49) obtained
in this study was larger than that obtained (33.20
to 37.40 g) in another study [22] probably be-
cause of the addition of palm oil, as many re-
searchers have reported [23, 24]. The increase in
egg weight has been suggested to be a response
to a higher intake of linoleic acid or the presence
of fat in the diet per se [23] as well as increased
plasma estradiol [24]. The egg weights so ob-
tained were within the observed range and val-
ues (35.80 to 42.84 g) reported for local eggs by
Udeh and Omeje [25], Asuquo et al. [26], Olori
and Sonaiya [27, 28], and Oluyemi et al. [29].
The physical characteristics of the egg play an
important role in the process of embryo devel-
opment and successful hatching. Nurashin and
Romanov [30] identified egg weight, eggshell
thickness and porosity, egg shape index (de-
scribed as the maximum breadth-to-length ra-
tio), and the consistency of contents as the most
influential egg parameters.

The values for egg surface area or circumfer-
ence obtained in this study (55.63 to 57.16 cm)
were higher than the 49.6 + 4.1 to 53.0 + 3.2
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Table 3. Egg quality traits of Nigerian local hens fed varying dietary levels of palm kernel cake (PKC)

Diet
Parameter 1 2 3 4 5 6 SEM
Egg weight, g 40.49 40.47 39.66 39.43 38.88 38.42 0.29
Egg circumference, cm 57.16 57.13 56.39 56.20 55.63 55.21 0.28
Egg length, cm 5.01 4.95 5.02 5.05 4.95 4.95 0.01
Egg width, cm 3.87° 3.75% 3.78% 3.77% 3.78% 3.72° 0.01
Egg shape index 0.77 0.76 0.75 0.75 0.76 0.75 0.002
Eggshell thickness, mm 0.33 0.34 0.33 0.33 0.32 0.33 0.003
Eggshell weight, g 4.12% 422° 3.86™ 3.87% 3.73° 4.05% 0.04
Albumen weight, g 21.33 21.49 20.41 20.59 19.78 19.55 021
Albumen height, mm 3.61% 3.73° 3.34% 3.28° 3.16° 3.34% 0.03
Haugh units 74.39° 75.34° 71.97° 71.28° 69.97° 71.06 0.25
Yolk weight, g 15.05 14.76 14.50 14.97 15.37 14.82 0.13
Yolk height, cm 0.96° 0.99° 0.79" 0.80° 0.76" 0.79° 0.01
Yolk width, cm 5.14% 5.08° 5.49° 5.39%® 5.63 5.37%® 0.03
Yolk index 0.20° 0.20°* 0.15° 0.15° 0.13° 0.15° 0.003
Yolk color score 1.00" 2.13° 3.40¢ 4.30° 4.86° 5.85° 0.06

*"Mean values within the same row with different superscripts are significantly different (P > 0.05).
'Diets 1, 2, 3, 4, 5, and 6 contained 0 (control), 10, 20, 30, 40, and 50% PKC, respectively.

cm reported by Olori and Sonaiya [27, 28] for
eggs from Nigerian indigenous chickens. Yeas-
min and Howlider [31] reported eggshell surface
areas of 52.60 + 0.60 to 53.46 + 0.60 cm for eggs
from normal and dwarf indigenous hens from
Bangladesh.

The width of eggs from hens fed the corn-
soybean diet (control diet) without PKC (3.87
cm) was significantly higher than the width
(3.72 to 3.78 cm) of eggs from hens fed the di-
ets with PKC. The egg length (4.95 to 5.05 cm),
egg shape index (0.75 to 0.77), eggshell thick-
ness (0.32 to 0.34 mm), albumen weight (19.55
to 21.49 g), and yolk weight (14.50 to 15.37 g)
were similar (P > 0.05) across diets. The egg
lengths (4.95 to 5.05 cm) were similar to those
(5.05 £ 0.27 cm) reported by Olori and Sonaiya
[27]. The width of eggs from hens fed the PKC-
based diets (3.75 to 3.78 cm) was significantly
(P <0.05) lower than the width of eggs obtained
from hens fed diet 1 (control diet), which were
higher than 3.66 £ 0.12 to 3.72 + 0.13 cm, as re-
ported by Olori and Sonaiya [27]. The egg shape
index (0.75 to 0.77) was similar for hens fed the
PKC-based diets, but the values obtained were
higher than the 0.72 + 0.03 reported previously
for eggs from local Nigerian fowl reared on free
range [28, 29].

The eggshell thickness of eggs from local
hens fed the PKC-based diets (0.32 to 0.33) was

adequate for egg protection and was within the
range of values (0.29 £ 0.01 to 0.39 = 0.04 mm)
reported for indigenous or local hens by Aga-
viezor et al. [32], Yeasmin and Howlider [31],
Asuquo et al. [26], and Oluyemi et al. [29].
Some dietary fats have been shown [33] to im-
pair calcium absorption and thus affect eggshell
thickness. However, the palm oil used in this
study, which is known to be rich in saturated
fatty acids, did not result in a significant reduc-
tion in eggshell thickness at the inclusion levels
tested. The eggshell weight varied from 3.73 g
in hens fed the 40% PKC-based diet to 4.22 g in
those fed the 10% PKC-based diet.

The albumen weights (19.55 to 21.49 g) were
also similar across treatments. The albumen
weights (19.55to 21.33 g) recorded in eggs from
local hens fed PKC-based diets were within the
range of 17.2 £ 2.8 and 23.17 g reported for Ni-
gerian local chickens by Asuquo et al. [26] and
Olori and Sonaiya [27, 28] but were lower than
the 34.10 to 35.31 g reported by Keshavarz and
Nakajima [23], obtained in eggs from a com-
mercial strain of Single Comb White Leghorn
pullets fed 2 levels each of energy (2,816 and
3,036 kcal of ME/kg), protein (14 and 18%)), and
fat (0 and 4%). Asuquo et al. [26] also reported
that the eggs of ISA-Brown layers contained
34.01 £ 1.13 to 39.98 + 1.28 g of albumen. The
yolk weights of local eggs obtained in this study
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(14.50 to 15.37 g) were similar to those reported
by various researchers who have investigated lo-
cal or indigenous chicken eggs, indicating that
dietary PKC at varied levels had no negative ef-
fects on the yolks of the eggs. Weights of the
egg yolks were lower than the weights of the al-
bumen, a relationship that is true for most table
eggs. Rose [34] asserted that heavier eggs have
proportionately less yolk and more albumen.

The albumen height (3.16 to 3.73 mm),
which dictates the Haugh units, varied signifi-
cantly (P < 0.05) across diets. Higher values
were obtained in eggs from hens fed the control
and 10% PKC-based diets than for those from
hens fed the other diets. The Haugh units (69.97
to 75.34) also varied significantly (P <0.05); the
eggs of local hens fed 0 to 10% PKC-based diets
had significantly higher (P < 0.05) values (74.39
to 75.34) than those obtained (69.97 to 71.97)
for hens on the other diets. The Haugh units
(69.97 to 75.34) fell within the range classified
by Brandt et al. [35] as being high-quality eggs
(=70 and above) and were far greater than the
value of very inferior-quality eggs (<40). The
egg weight, albumen height, and Haugh units
are directly related, and they determine the qual-
ity and market value of eggs.

The yolk height was significantly (P < 0.05)
higher for the eggs of hens fed the 0 and 10%
PKC-based diets (0.96 to 0.99 cm) than for
the eggs of hens fed 20 to 50% PKC-based di-
ets (0.76 to 0.80 cm). The egg yolk widths of
birds fed the 20 to 50% PKC-based diets (5.37
to 5.63 cm) were higher than those obtained for
hens fed the control and 10% PKC-based diets.
The egg yolk index varied significantly (P <
0.05) from 0.13 to 0.20. The egg yolk index, ex-
pressed as the ratio of yolk height to yolk width,
decreased significantly, from 0.20 to 0.13, as the
level of PKC inclusion level increased beyond
10% in the diets of Nigerian local hens. The val-
ues (0.13 to 0.20) were similar to those obtained
in local hens fed varying levels of energy and
protein [22] but were lower than the 0.33 to 0.50
reported by Thekaronye and Ngoddy [36] as the
accepted range for the yolk index of fresh eggs
from exotic chickens.

The yolk color score increased significantly
(P < 0.05), from 1.00 in eggs laid by hens fed
the control diet through 2.13, 3.40, 4.30, and
4.86 for eggs from hens on diets 2, 3, 4, and 5,
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respectively, to reach the peak (5.85) in diet 6
as the level of palm oil in the diets increased.
The highly significant (P < 0.01) increase in
yolk color score across diets can be attributed to
the increasing dietary level of palm oil, which is
very rich in xanthophyll, a lipid-like compound.
Rose [34] reported that the yellow color of the
yolk is caused by xanthophyll and that the xan-
thophyll content in the yolk is almost complete-
ly dependent on the xanthophyll content of the
diet. Hence, the higher the level of palm oil in
the diet, the greater the intensity of yolk yellow
pigment and the higher the yolk color score.

CONCLUSION AND APPLICATIONS

Nigerian local laying hens can use PKC up
to a 40% level of inclusion with added palm oil
in their diets without any adverse effect on the
laying performance and egg quality.
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