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Abstract - Undegraded Palm Kernel Cake
(UPKC) and Degraded Palm Kernel Cake
(DPKC) were used in eight week feeding of layers
at 0%, 10%, 20% and 30% inclusion level. One
hundred and twenty, 32 week old Isa brown layers
were randomly allotted to four experimental diets
with three replicates of ten birds each. Pure
culture of Aspergilius niger mycelium was
inoculated on autoclaved palm kernel cake by
Solid State Fermentation (SSF) method for ten
days and used as Degraded Palm Kernel Cake
(DPKC). Proximate analysis was carried out on
the DPKC and UPKC, and also on the feed. Six
weeks into the experiment, three birds were
selected from each of the replicate for metabolic
trial. The droppings were collected daily,
weighed, dried and analysed for proximate
content. Parameters considered included feed
intake, Hen Day Production (HDP), egg weight,
weight gain, Feed Conversion Ratio (FCR),
mortality, economy of production and nutrient
digestibility. Crude protein, gross energy, NFE
and ether extract of degraded PKC increased by
6.88%0, 9.33%, 4.90% and 7.80% respectively
while fibre content reduced by 4.08% and ash
context by 4.37%. Results on performance of
birds revealed that no significant (P>0.05)
differences were observed for egg production, egg
weight and feed conversion ratio. Feed intake of
birds fed 30% DPKC was significantly (P>0.05)
lower than other treatments. However, weight
gain of birds fed 30% UPKC was significantly
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(P<0 05) lower than those on DPKC. Higher
(P<0.05) nitrogen retention, crude fibre
digestibility and metabolizable energy were
recorded for birds fed DPKC diets compared to
those on 30% UPKC. With better nutrient
utilization and weight gain, DPKC could be
included at up to 30% in layer ration.

Keywords:  Aspergillus  niger, Biodegration,
Nutrient utilization, Laying performance and
Palm kernel cake

I.  INTRODUCTION

Palm Kernel Cake (PKC), a by-product of oil palm
processing is abundant in Nigeria, but its poor
digestibility limits its inclusion in livestock feeds
especially in monogastric nutrition (Onifade and
Babatunde, 1999). Inclusions of high level of this
agro-industrial by-product and others in feed
formulations for monogastric lead to formation of
viscous digesta (Jenkin et al., 1978), increased
digesta transit time, low digestibility and palatability
(lyayi and Aderolu, 2004 and Babatunde et al.,
1975). There was overall decrease in nutrient
digestion and excretion of sticky wet dropping when
agro-industrial by-products were fed to monogastrics
(Lawal et al., 2010 and Silverside and Bedford,
1999). High fiber levels and presence of anti-
nutritional factors in agro-industrial by-products were
implicated in the observations reported. A possible
option available for the efficient utilization of these
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by-products is total or partial conversion of the
complex plant materials into peptides or amino acids,
oligo or monosaccharides (Bachler, 2005; lyayi and
Aderolu, 2004 and Desterhoft, 1991). Methods of
improving PKC utilization in livestock feeds include
moist heating, grinding and chopping, steam pressure
(Dierick et al., 1989 and Longe, 1988) or at least
inclusion in rations at minimal level (Panigrahi and
Powel, 1991). The application of exogenous enzymes
to improve the nutritive quality of agro-industrial by-
products has been reported (Lawal et al., 2010 and
Norain, 2002). Another option is the solid-state
fermentation of the residues allowing the degradation
of complex plant cell wall.

Solid-state fermentation of palm kernel cake will
convert complex cell wall materials into peptides or
amino acids, oligo or monosacharides (Bachler, 2005
and lyayi and Aderolu, 2004). Solid state
fermentation is the process in which solid substrates
are decomposed by known mono or mixed culture of
micro-organisms under controlled environmental
conditions with the aims of producing high quality
products. One of the fungi used in solid state
fermentation is Aspergilus niger. It is a cellulotytic
mould, which possesses a complete cellulase system
and utilizes different cellulosic substrates for the
production of protein (Singh et al., 1990). A. niger
gave a better colony radial growth, high biomass
production and high rate of starch utilization (Abu et
al., 1999). The effect of A. niger on palm kernel cake
will reduce its fibre content and increase its nutritive
value.

Various inclusion levels of PKC have been
recommended by various workers. Yeong (1985)
recommended 15% inclusion level for broiler, while
Onwudike (1986) revealed that diets containing 28%
PKC can be given to broiler. However, Longe and
Adekoya (1988) reported 31.80% inclusion level of
PKC and Radim et al. (2000) recommended 25%
inclusion in layer rations.

This study was designed to access nutritional
improvement of A. niger degradation of palm kernel
cake and to evaluate effects of feeding degraded palm
kernel cake on performance and nutrient utilization of
layers. This study assessed biodegraded palm kernel
cake for use in layers diet and its effects on
performance and nutrient utilization.

Il. MATERIALS AND METHODS

Organism and Culture Condition

A culture of Aspergillus niger was obtained from
stock culture cultivated on Potato Dextrose Sugar,
(PDA) slant at Microbiology Laboratory,
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Department of Botany and
University of Ibadan, Nigeria.
Fermentation of palm kernel cake
Four samples of 150g each milled palm kernel
cake obtained from a palm kernel oil processing
plant in Ibadan was placed in each of four, 250 ml
conical flask that first plugged with cotton wool
and followed by aluminum foil and sterilized at
121°C for 15 minutes in autoclave. Then 45ml
sterile water was added to raise the moisture of
the substrate to 30% as described by Ofuya and
Nwajuibi (1990). 10 mm? of inoculum
(Aspergillns niger) was added under aseptic
condition and then incubated in the oven for 5
days at 30°C. Each of these sub-culture samples in
the conical flasks was then poured into 10 kg
milled sterilized, moistened palm kernel cake and
mixed thoroughly with gloved hands. It was then
incubated in the black nylon bag for 10 days and
then turning was done every alternate days. The
samples were oven dried and stored for use as
degraded palm kernel cake (DPKC).

Microbiology.

I1l. FEEDING AND METABOLIC TRIALS

One hundred and twenty, 32-week old Isa brown
hybrid layers were randomly allotted to four
experimental diets as shown in table 1 in a
completely randomized design. There were thirty
birds per treatment with three replicates each.
Feed and water were supplied ad libitum. The
feeding trial lasted for eight weeks. Six weeks
into the experiment, three birds were selected
from each of the replicate for metabolic trial. A 3-
day adjustment period was allowed. After then the
birds were offered 1509 of the experimental diet for
three days. Remnants were recorded everyday. Flat
trays covered with aluminum foil were placed
under each cage compartment. The droppings were
collected daily using the total collection method.
The collections were weighed, dried and stored for
laboratory analysis. Parameters considered included
feed intake, hen day production, egg weight, weight
gain. Feed Conversion Ratio (FCR), mortality,
economy of production and nutrient digestibility.
Data collected were subjected to descriptive
statistics and Analysis of Variance (ANOVA)
using SAS (1997). Where differences exist
between means, Duncan multiple range test was
used to separate the means.
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IV. RESULTS AND DISCUSSION

Table 2 showed proximate composition of UPKC and
DPKC. The crude protein was raised from 15.98% in
UPKC to 17.02% in DPKC. The microbes used (A.
niger) utilized Non Starch Polysaccharides (NSPs)
in PKC to release microbial protein which increased
crude protein content of the substrate (Liu and
Baidoo, 2005). The increase in crude protein
content was lower than value reported by Bachtar
(2005) who observed upgraded final protein content
of fermented cassava products to vary between
16.5% - 18.5%. Utilization of NSP in PKC also
released intracellular soluble carbohydrate and
hence increased gross energy was observed in
DPKC. Gross energy of DPKC was 3.73Cal/kg as
compared to 3.41Cal/kg in UPKC. This confirmed the
report of lyayi and Aderolu (2004) that solid state
fermentation increased energy levels of degraded
palm kernel cake. Crude fibre content decreased
from 7.21% to 6.88%. This was due to metabolic
activities of the fungus on cell wall material of PKC
(Desterhoft et al., 1991). Ether extract was increased
from 3.97% to 4.28% contrary to Abu et al. (1997)
that observed decrease in lipid content of sweet
potato after degradation. Table 3 showed proximate
composition of the diets, the values were similar
(P>0.05).

V. PERFORMANCE OF LAYERS FED
DEGRADED PKC

Feed intake of birds fed 30% DPKC was significant
(P<0.05) and lowest (118.64g/bird/day) compared to all
other experimental diets as shown in table 4, while the
highest value was recorded for birds fed 30% UPKC
(122.15g/bird/day). The amount of feed consumed is
attributable primarily to the energy level of the ration
(Leeson and Summer, 1997). Metabolic activities of the
fungus increased energy level of 30%

DPKC containing diet and hence reduced feed intake.
Egg production of layers on all the experimental diets
was similar (P>0.05). Birds on 30% DPKC recorded
the highest (87.52%) value and birds on 20% DPKC
had the lowest value (85.31%). This result confirmed
Longe and Adekoya (1988) and Onwuidike (1986) that
up to 30% inclusion level of PKC will not adversely
affect performance of layer.

Results on FCR and egg weight were similar (P>0.05).
Values recorded for 30% UPKC and 10%-30% DPKC
were 4.20 and 55.8g; 4.19 and 58.20g; 4.27 and 56.59g;
4.06 and 57.61g, respectively. Mortality record was
zero. This shows that toxic effects of A. niger was
reduced to safe level through drying. Proper drying
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after degradation is very important because A. niger can
cause aspergillosis because of its ability to produce
carcinogenous toxins (Riper, 1974.)

Average daily weight gain of birds fed 30% UPKC
(0.56g/day) was significantly (P<0.05) lower than the
control diet (36g/day), 10%, 20% and 30% DPKC
(3.9g/day, 2.36g/day and 3.38g/day, respectively).
Weight gain increased with increased in DPKC
inclusion level. Poor nutrient utilization of UPKC
containing diets was the reason for progressive poor
weight gains (Babatunde et al., 1975).

VI. NUTRIENT UTILIZATION

Table 5 showed nutrient utilization of birds fed the
experimental diets. Results obtained revealed that
NFE digestibility and ether extract retention were
similar (p>0.05) for all the experimental diets and the
values ranged between 87.25% and 90.29% and
83.63% and 87.61%, respectively. Nitrogen retention
and energy utilization of birds fed 30% DPKC were
significantly (p<0.05) higher than those on 30%
UPKC. Poor nutrient utilization of birds fed
undegraded PKC was due to high fibre content of
PKC that was reported to reduce nutrient utilization
(Babatunde et al., 1975; Kenelly and Aheme, 1980;
Rotenberg and Anderson, 1980 and Ogbonna et al.,
1988). Solid state fermentation degraded cell wall
material of PKC and consequently released
intracellular nutrient and also eliminated anti-
nutritional factors and physiological effects of NSP
(Graham and Anan, 1991; Annision and Choct,
1991). Better nutrient utilization of birds fed
degraded PKC might also due to reduction in
intestinal viscocity (Silverside and Beldford, 1999)
which improved digesta transit time. Significant
weight gain of birds fed degraded PKC was as a
result of better nutrient utilization compared to
undegraded PKC.

VII.CONCLUSION

Solid state fermentation of palm kernel cake
improved its nutritive value. Egg production and feed
conversion ratio of birds fed undegraded and
degraded palm kernel cake were not adversely
affected. However, degradation of palm kernel cake
through solid state fermentation significantly affected
feed intake and weight gain. Lower feed intake and
better weight gain as a result of better nutrient
utilization will support long term feeding of layers
with degraded PKC.
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Table 1: The Gross Composition of the Experimental Diets
Ingredients 30% UPKC 10% DPKC 20% DPKC 30% DPKC
Maize 38 38 38 38
Palm oil 3.0 3.0 3.0 3.0
Wheat offal 6.0 6.0 6.0 6.0
Groundnut cake 10 10 10 10
Fish meal 72% 2.6 2.6 2.6 2.6
Undegraded PKC 30 20 10 -
Degraded PKC - 10 20 30
Oyster shell 7.5 7.5 7.5 7.5
DCP 2.2 2.2 2.2 2.2
Premix 0.25 6.25 0.25 0.25
Salt 0.25 0.25 0.25 0.25
Lysine 0.1 0.1 0.1 0.1
DL Methionine 0.1 0.1 0.1 0.1
Total 100 100 100 100
Calculated value Energy Kcal/Kg 2599.66 2599.66 2599.66 2599.66
Crude protein 16.41 16.4 16.4 16.4

UPKC — Undegraded Palm Kernel Cake;

DPKC - Degraded Palm Kernel Cake; DCP - Dicalcium phosphate
* Premix composition per kg: Vitamin A=4,000,0001.U, Vitamin D3;=1,200,0001.U, Vitamin E=3,2001U,
Vitamin K=800mg, Vitamin B; =800mg, Vitamin B, 200mg, Vitamin Bg-480mg, Vitamin B;,=4,800mg,
Biotin=12mg, Niacin 4,000mg, Panthothenic acid =2,800mg, Folic acid=240mg, Choline chloride 2,000mg,
Vit. C =4,000mg; Mn=32,000mg Mg=40,000; Cu=3,200mg; Zn=20,000; C=180mg; 1=80mg; Se=40mg
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Table 2: Proximate composition of Undegraded and degraded PKC

Composition (%) Undegraded palm kernel cake Degraded palm kernel cake
Dry matter 88.43 90.8

Crude protein 15.98 17.02

Ether extracts 3.97 4.28

Crude fibre 7.21 6.88

Ash 5.93 457

NFE 55.34 58.05

Phosphorus 0.50 0.45

Gross energy (Kcal/g) 3.41 3.73

Table 3: Proximate composition of the experimental diet

Dietary Treatments

Parameters%o 30%UPKC 10%DPKC 20%DPKC 30%DPKC
Dry matter 89.84 89.98 90.17 90.57
Crude protein 16.41 16.75 16.89 16.97
Either extracts 4.02 4.27 4.49 4.52
Crude fibre 6.67 6.24 6.03 6.04
Ash 9.19 11.12 11.61 9.52
NFE 53.55 51.60 51.17 53.52
Calcium 3.76 3.97 3.47 4.02
Phosphorus 0.46 0.47 0.49 0.51
Gross Energy Kcal 3.40 3.49 3.64 3.72

Table 4: Performance Characteristics of birds fed experimental diets

Parameters Dietary Treatments

30%UPKC 10%DPKC 20%DPKC 30%DPKC +SEM
Hen day production% 87.30 86.91 85.31 87.54 4.77
Egg weight () 55.81 58.20 56.59 57.61 3.35
Feed intake g/bird/day 122.15° 121.48° 121.31° 118.64° 0.33
Feed conversion ratio 4.20 4.19 4.27 4.07 0.5
Weight gain g/bird/day 0.56° 3.99% 2.36° 3.38° 0.98
Mortality (%) 0 0 0 0 0

®Means in the same row with different superscript one significantly (p>0.05)

Table 5: Apparent Nutrient Digestibility or birds in Experimental Diets

Dietary Treatments

Parameter% 30%UPKC 10%DPKC 20%DPKC 309%DPKC +SEM
Dry matter 66.33° 68.71° 71.72° 74.24° 0.95
Cride fibre 27.88° 33.25° 43.25° 46.72° 1.81
NFE 87.25 89.85 89.42 90.29 1.32
Ash 20.62° 26.94" 41.58° 44.56° 3.61
Ether Extract 83.63 84.51 87.51 87.61 1.71
Nitrogen retention 43.28° 49.90b° 62.71% 65.27° 2.39
Energy Utilization 80.61° 83.22% 88.80° 86.74° 1.87
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