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INTRODUCTION
Palm kernel cake (PKC) is the residue left after oil
extraction from palm kernel through mechanical process
using screw press, which is abundantly produced
throughout the year in kernel crushing plant. In 2019, the
amount of PKC produced from 19.86 million tonnes of
crude palm oil (CPO) was 2.59 million tonnes (Ghulam et
al., 2020; Malaysian Palm Oil Board, 2020). Hence, PKC
is mostly traded globally as animal feed but its acceptance
level varies due to chemical compositions and animal
digestive system. For example, cow can accept up to 60%
PKC, while layer and broiler chicken can tolerate up to
50% and 30% PKC, respectively. However, pigs have the
least tolerance for PKC as it can only consume 5% PKC
in their diet formulation. This articles provides an overview
and potential application of PKC as part of raw material in
animal feed formulation.
CHEMICAL COMPOSITION OF PALM KERNEL CAKE
Utilisation of PKC as feed for livestock animals mostly
depending on its chemical composition, which is most
likely varies according to type of oil palm fruits, palm
kernel sources and extraction process (mechanical or
solvent). According to Nuzul Amri (2013), PKC produced
in Malaysia typically contains 7.9% oil, 14.8% protein,
16.7% crude fibre, 6.4% moisture, 3.9% ash and 50.3%
carbohydrate as depicted in Figure 1. PKC also contains
15% dirt and shell content (Rohaya et al., 2017) and the
metabolisable energy of PKC is in the range of 1479 –1792
-1
kcal kg as reported by Alimon (2004) and Sundu et al.
(2005). Although PKC supplies both protein and energy,
it has low metabolise energy for poultry due to high fibre
content (Kperegbeyi and Ikperite, 2011).
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Figure 1. Chemical composition of palm kernel cake.

APPLICATION OF PALM KERNAL CAKE IN CHICKEN
FEED
PKC could be used to substitute conventional feed
ingredients such as maize and soyabeans in poultry
diets owing to their low cost and availability (Onuh et al.,
2010). However, the use of commercial PKC for chicken
feed is currently limited due to the high fibre and shell
content (Rohaya et al., 2017), where fibre is accounted
for 18%-21% (Lawal et al., 2010). The insoluble mannosebased polysaccharide (mannan) in the fibre is not
favourable for nutrient digestibility (Saenphoom et al.,
2013) for monogastric animals. Mannan possesses antinutritional property which hinders full nutrient utilisation
of PKC, resulting in feed conversion ratio depression and
reduction in weight gains by 20%-25% in monogastric
animals (Dusterhoft and Voragen, 1991). Other factor that
influences the limitation is lignin content (15%) originated
' et al.,
from shells in PKC (O’mara et al., 1999; Cervero
2010).
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Nevertheless, a few researchers have delved into the
potential of PKC to be utilised in chicken feed. According
to Ezieshi and Olomu (2004; 2008), the broiler chickens
can be fed with 30% PKC in the starter diet to replace up
to 50% corn without any negative effect on their growth
performance. Besides, the feed intake and feed ratio to
chicken growth was found to be higher in the PKC diet
and this factor could increase feed cost per kg weight
gain. Furthermore, broiler chickens could consume
30% PKC in finisher diet at 21 days age, substituting
50% soya as protein source (Ezieshi and Olomu, 2004;
Okuedo et al., 2006; Ezieshi and Olomu, 2008) (Figure
2). Besides, insignificant difference was reported between
diets incorporated with PKC and without PKC on sensory
analysis such as juiciness and meat texture (Okuedo et
al., 2006).

Figure 2. Broiler chicks can tolerate up to 30% palm kernel cake
(PKC) in the diet.

A study by Perez et al. (2002) indicated that the layer
chickens aged 18 weeks were fed with PKC up to 50% and
surprisingly there were no differences observed in feed
intake, mortality, feed conversion ratio (FCR) and weight
of eggs in all PKC diets. However, 50% PKC inclusion in
the diet exhibited adverse effect on egg production which
could be due to high fibre content in PKC. Thus, it can be
inferred that the inclusion of PKC in layer chicken diets
should not be more than 50%. In another study, probiotics
were included in the diets containing PKC for layer chicks
and the results were promising as inclusion up to 1.0 g
-1
kg probiotic has increased the body weight, haemoglobin
concentration, leucocyte and lymphocyte (Ezema et al.,
2011). Moreover, layer chicks which consumed probiotics
have laid eggs earlier at 18 weeks age compared to the
chicks consuming control diet that laid eggs starting at
week 20. The study also showed that the inclusion of
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probiotic has induced cell immunity mechanism in the
layer chicks as the monocyte and eusinophyl counts were
higher in the control diet than the diet with PKC.
On another note, Abiola and Adekunle (2002) utilised
PKC from 18%-27% together with water melon skin to
substitute 30% corn in the rooster chicken diets of 120
days old. It was found out that the diet containing 18%
PKC and 10% watermelon skin gave negative results in
terms of body weight gain, feed intake and feed efficiency
as compared to the control diet (18% PKC only). This
was because the increment of high polysaccharide in the
chicken due to the inclusion of watermelon seed skin led
to the decrease in the body weight gain. The presence of
non-starch polysaccharide (NSP) contributes to the low
digestibility of nutrient by poultry. To break down the NSP,
supplementation of poultry diets with specific enzyme will
facilitate the process (Joziefak et al., 2004). Several studies
have shown that enzyme inclusion on diets containing PKC
could improve its nutritive quality and make it more available
to poultry (Daud et al., 1997; Chong et al., 2008; Sekoni et
al., 2008). Supplementation of complex multienzymes at
0.05% had successfully increased weight, feed gain, total
tract dry matter, fat and NSP digestibilities, and ileal fat
digestibility in broilers chicken and rooster chicken (Meng
and Slominski, 2005; Tisch, 2005; Slominski et al., 2006).
The enzymes contained 63 600 U/g xylanase, 48 300 U/g
glucanase, 10 000 U/g pectinase, 10 900 U/g mannanase
and 340 U/g cellulose. The enzymes were included up
to 0.05% in broiler chickens and 1% in rooster chicken
diets that contained soyabean of 32% (w/w) and 15%
(w/w), respectively, in feed formulation (Slominski et al.,
2006). The enzyme complex also successfully increased
-1
true metabolise energy from 2717-3751 kcal kg and fat
digestibility in the rooster chicken.
In addition, fermented PKC through biological pretreatment could lower the fibre content in PKC and thus
could be given to broiler chicks up to 30% Noraini et al.,
2009; Mohd Firdaus 2014. Fermented PKC was included
in the broiler chicks’ diet and was given to the chicks for
21 days. However, it was found that the body weight gain
(BWG), average daily gain (ADG), feed intake and FCR of
broiler treated with 30% fermented PKC diet were 308.9
g per bird, 22.07 g per bird per day, 382.3 g per bird and
1.24, respectively, without significant difference relative to
the broiler fed with the control diet (without PKC) which
were 319.2 g per bird, 22.8 g per bird per day, 388.3 g per
bird and 1.22, respectively.
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APPLICATION OF palm kernel cake INRUMINANT
FEED
Nutritionally, PKC is an ideal feed for most ruminants due
to the protein and crude fibre content in the range of 15%20% (Chong et al., 2008). Cows showed higher tolerance
towards PKC compared to other livestock animals at 60%
without deleterious effect on growth, average daily feed
intake, body score and nitrogen digestibility (Umunna et
al., 1980). Daily body weight gain (DBWG) for calf that
received 60% PKC basal diet was 0.41 kg higher than
the control (0.31 kg). The FCR was 6.29, lower than the
control (9.29) which indicated good acceptance on PKC
(Umunna et al., 1980). In contrary, goats and sheeps
could not consume up to 90% PKC. The studies carried
out on sheeps and goats fed with PKC up to 90% for 20
weeks showed fatality of animals due to copper toxicity
(Hair-Bejo and Alimon, 1995; Akpan et al., 2005). Anatomy
analysis had been carried out and it was found out that
high copper in the blood had led to enlargement of kidney,
hepatic fibrosis on periportal and nicrosis inside epithelial
tubule cell in cortex renal of the goat. According to Akpan
et al. (2005), high level of copper was detected in the blood
-1
-1
(3.02 µg ml ), heart (1058 µg g ) and cortex renal (430.5
-1
µg g ) of lamb that was fed with 90% PKC. High copper
level was also detected in heart (1089 ppm), testis (10.6
ppm) and blood plasma (0.63 ppm) of the Sumatran serow
that was fed only with 60% (w/w) PKC and palm frond
(Yaakub et al., 2009).
To reduce copper toxicity in sheeps and goats, an
addition of zinc with or without ammonium molibdate, i.e.
-1
23 ppm ammonium molibdate with 600 mg kg natrium
sulphate, could reduce copper level to half in the organs
and blood plasma (Hair-Bejo and Alimon, 1995; Yaakub et

(a)

al., 2009). Unfortunately, continuous usage of zinc could
lead to increase in zinc concentration in the heart and
kidney. Akpan et al. (2005) proposed a solution to eliminate
zinc accumulation and to reduce copper through phytase
inclusion. Phytase is important to increase phosphorus,
protein, amino acid, carbohydrate and energy adsorption
(Rani and Ghosh, 2011). Their study proved that the
enzyme reduced copper level in the goat’s blood by 1.97
-1
-1
µg ml , inside the heart by 627.7 µg g of copper and
-1
inside the renal cortex by 396.3 µg g copper. Moreover,
the phytase enzyme increased more body weight gain than
PKC diet with zinc and the control diet which had corn, fish
meal and grass in the formulation. The ADG for PKC diet
with enzyme was 55.3 g, while PKC diet with zinc and PKC
only were 50.3 g and 40.1 g, respectively (Akpan et al.,
2005). Figure 3 shows feed formulated with PKC given to
cow and Boer’s goat.
APPLICATION OF PALM KERNEL CAKE IN OTHER
ANIMALS FEED
Apart from poultry and ruminant, there were several
studies conducted to evaluate the effect of PKC inclusion
in other animals feed formulation. A study by Orunmuyi
et al. (2006) reported that PKC could be given up to 30%
to rabbits weighing an average of 922 g. PKC based
diets were prepared from 0% to 40% and formulated
isonitrogenusly with 20% crude protein. The findings
showed that the daily feed intake and daily body weight
gain of rabbits fed with PKC up to 30% did not differ from
the control diet. In fact, there was no difference in carcass
weight among all treatments. In another study carried out
,
by Carrion et al. (2011), the inclusion of 20% PKC did not
adversely affect the feed intake and energy digestibility
for rabbits aged 35 days. Moreover, no mortality was

(b)

Figure 3. Feed formulated with palm kernel cake (PKC) given to (a) cow and (b) Boer’s goat.
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recorded throughout the study. On the other hand, Ng
and Chong (2002) studied the application of PKC in fish
feed formulation to completely substitute soy. It was found
that only 20% PKC could be included in the diet of small
fish (Oreochromis sp.) with average weight of 8 g. Final
body weight, weight gain and FCR for fish fed with 20%
PKC were 30.5 g, 280.4% and 1.73 g, respectively, and
there were no significant differences with the control diet
(without PKC) in terms of final body weight (32.1 g), weight
gain (300.3%) and FCR (1.63). In the study, 1.6% of
enzyme was added into 40% PKC diet but the inclusion of
the enzyme did not alter the growth and feed intake.
In contrary, pigs are among the animals that are less
tolerant towards PKC than other livestock animal. In fact,
pigs with average body weight of 25 kg could not consume
0.4% PKC as they showed low ADG and high FCR (Rhule,
1996; Adesehinwa, 2007). For pigs with the average body
weight of 36.5 kg, they could tolerate up to 0.3% PKC
inclusion only when the corn was fully substituted with
PKC in the formulation (Adesehinwa, 2007). Although
PKC reduces the feed cost per day and feed cost per kg
live body weight, it only works on starter diet.
Finisher pigs with average body weight of 50.5 kg
exhibited low acceptance of 5% PKC as the final body
weight, ADG, growth performance and nutrient digestibility
decreased (Ao et al., 2011). Although Rhule (1996) stated
that the ADG between control diet and PKC diet indicated
no significant difference and the lowest FCR was obtained
by PKC diet, the study only used a small quantity of PKC
-1
by 0.4% or 400 g kg . In addition, there was no significant
difference on pig’s meat quality, meat color, sensory test
and pH between the control diet and diet with 5% PKC
(Ao et al., 2011). The digestibility energy of pigs weighing
between 40 kg and 76 kg did not increase although palm
-1
kernel oil was added up to 120 g kg (Agunbiade et al.,
1999; Ao et al., 2011). Nevertheless, enzyme could be
added in PKC-based diet for pigs. In a study by Ao et al.
(2011), cocktail carbohydrase enzymes were introduced
between 0.1% and 0.2% in 5% PKC diet and the result
showed that the final body weight, ADG and nutrient
digestibility did not differ with the control diet without PKC.
It was also found that there was no difference between
PKC diet with without enzymes in terms of lymphocytes,
white blood cells and red blood cells. Overall, the maximum
tolerance level of PKC inclusion in livestock animals feed
formulation is summarised in Figure 4.
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Pig 5%
Fish 20%
Broiler chicken 30%-40%
Sumatran serow (goat) 45%
Layer chicken 30%-50%
Cow 60%-80%

Figure 4. Maximum tolerance level of palm kernel cake (PKC) inclusion
in livestock animals feed formulation.

CONCLUSION
In conclusion, numerous studies have been conducted
on the effect of PKC on livestock animals and proved that
most of livestock animals were able to consume PKC at
their maximum tolerance level without negative impact on
the growth performance of the animals. The potential use
of PKC can also be extended to pets as there are several
studies conducted on pets such as rabbits.
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