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ABSTRACT
The study was conducted to develop a nutrient-balanced goat feed pellet from oil palm by-products and to 
assess the effects of the feed pellet on growth performance and carcass traits of Katjang goats. Treatment 
groups consisted of oil palm by-products based (OPB), control without addition of oil palm by-products 
control (CNT) and commercial (COM) pellets. Twelve 12-month-old Katjang goats were assigned to the 
three treatment groups and subjected to 14-weeks of feeding trial. Each group was offered 1.5% body weight 
(BW) of respective pellets and ad libitum supply of Napier grass. Feed intake (FI) was recorded daily and 
the BW of the goats was recorded weekly. At the end of the feeding trial, all goats were slaughtered for carcass 
traits study. All treatment groups showed no significant difference in BW increment (p=0.51) and average 
daily gain (ADG) (p=0.94). There were no significant differences (p>0.05) between the treatment groups 
for carcass traits parameters. As a conclusion, the OPB pellet has shown to contain complete nutrient for 
goat’s diet and was comparable to the COM feed pellet in terms of growth performance of Katjang goat. The 
inclusion of oil palm by-products in the feed formulation did not adversely affect the carcass traits of the 
goats.
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INTRODUCTION

Utilisation of local resources is one of the 
approaches to support the growing productivity 
and sustainability in agriculture industry 
(Rodriguez and Preston, 1997). Sontakke et 
al. (2014) described that the utilisation of the 
agricultural by-products not only could reduce 
the overall feed cost but could also decrease the 
competition for food between human and animals. 
Oil palm plantations in Malaysia covert a total 
of 5.81 million hectares in 2017 (MPOB, 2018). 
Crude palm oil (CPO) production for 2018 was 
19.52 million tonnes (Kushairi et al., 2018). The 

huge oil palm plantation area and the volume of 
CPO production annually have contributed to 
the increase of waste and by-products. Palm oil 
industry produces approximately 21.625 t ha–1 of 
solid biomass annually, which consists of oil palm 
fronds (OPF), 78%; empty fruit bunches (EFB), 9%; 
mesocarp fibre (PPF), 6%; oil palm trunks (OPT), 
5%; and palm kernel shell, 2% (Hosseini et al., 2015). 

Most of the oil palm by-products have great 
potential to be utilised as ingredients in compound 
ruminant feeds. The proximate composition of 
the oil palm by-products is presented in Table 1. 
However, some of the by-products need further 
processing before they can be used effectively in 
livestock ration (Mohamed et al., 2012). OPF can be 
utilised as a satisfactory alternative roughage source 
for ruminants. The OPF inclusion into the ruminant 
diet can be either as freshly chopped, silage or 
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treated with other physical methods (Sudaryanto, 
2017). EFB is a solid residue produced in abundance 
at oil palm mill after the oil extraction process. At 
present, EFB is widely used as organic mulch at the 
plantation, pulp for making paper, wood composite 
products and fibreboard (Abdullah and Sulaiman, 
2013). Although these practices contribute to EFB 
disposal, there are still plenty of EFB available that 
can be used for other purposes, for instance as a raw 
material in ruminant ration. Yet, information on its 
utilisation as animal feed is very limited (Ginting et 
al., 2018).

In crushing plant, palm kernels are crushed to 
yield crude palm kernel oil and the by-product is 
the palm kernel cake (PKC). The production of PKC 
from this process is around 50% of the palm kernel. 
As one of the major world’s producer of palm oil, 
Malaysia produces more than 2 million tonnes of 
PKC annually, much of which is exported to Europe, 
New Zealand, Korea, China and other countries 
(MPOB Annual Report, 2016). The crude protein 
(CP) content in PKC ranges between 12%-18%, 
making it suitable to be utilised as a protein source 
for ruminant feed, mostly in beef and dairy cattle 
feed (Fereira et al., 2012; Tipu et al., 2014; Pimentel 
et al., 2015). 

CPO refining process produces about 5% palm 
fatty acid distillates (PFAD),  another by-product. 
PFAD is a readily available, relatively stable to 
oxidative rancidity and has considerable nutritive 
value, especially as fat supplement for livestock 
(Tomkins and Drackley, 2010). The primary market 
for PFAD in the livestock feed industry is as 
ruminant diets, either as hydrogenated fatty acids 
or as calcium soap (Palmquist, 2004). The use of 
PFAD in animal feed formulation is a practical, cost-
effective and safe approach to produce good growth 
performance without any negative effects (Aliyu-
Paiko and Hashim, 2012).

Goat and sheep farming industry in Malaysia is 
small. Thus, Malaysia still depends on the import 
of mutton and lamb from other countries such as 

Australia, New Zealand and Indonesia (Meat and 
Livestock Australia, 2018). As compared to poultry 
(103.33%), eggs (119.06%) and beef cattle (23.42%), 
the goat’s self-sufficiency level (SSL) in 2017 only 
reached 11.41% (DVS, 2018). The main factor 
contributing to the low goat’s SSL is the lack of 
local quality feed, thus, most of the feed ingredients 
have to be imported at higher price, leading to the 
unsustainable production of meat throughout the 
year. 

Malaysia imports more than 70% of raw 
materials annually to support the animal feed 
industry, including 2000 t and 1000 t of corn and 
soyabean meal, respectively. Ministry of Agriculture 
and Food Industries Malaysia (2016) reported that 
the value of imported animal feed in Malaysia was 
almost RM6.7 billion in 2016. To develop domestic 
ruminant industry, there is a need to improve and 
produce sufficient feed resources to support the 
production of these animals. By-products from the 
Malaysian oil palm industry are seen as promising 
alternative components for ruminant feed as they are 
cost-effective and are locally available throughout 
the year. It is hypothesised that inclusion of oil palm 
by-products in the feed formulation can provide 
adequate nutrients for goats to support their growth. 
Thus, the objectives of this study were to develop a 
nutrient-balanced goat feed formulation using oil 
palm by-products and to evaluate the effects of the 
formulated pellet on the growth performance and 
carcass traits of Katjang goats.

MATERIALS AND METHODS

Animals and Materials

Katjang goats, raw materials for feed production 
(corn, soyabean meal, rice bran, PKC, EFB, PFAD 
and others) and commercial feed were purchased 
from local suppliers. OPF was obtained from MPOB 
Keratong Oil Palm Plantation, Pahang, Malaysia.

TABLE 1. PROXIMATE COMPOSITION OF OIL PALM BY-PRODUCTS

Proximate analysis OPFa PKCb EFBc

Dry matter (DM) 36.4 88.0-94.5 -

Ash (% DM) 6.6 3.0-12.0 -

Crude fat (% DM) 1.2 5.0-8.0 3.2

Crude protein (% DM) 5.8 14.5-19.6 3.7

Crude fibre (% DM) 44.8 13.0-20.0 48.8

Nitrogen free extract (NFE) (%) 43.3 46.7-58.8 -

Note:	 OPF - oil palm frond; PKC - palm kernel cake; EFB - empty fruit bunch.
	 aAdapted from Zahari and Alimon (2005).
	 bAdapted from Alimon (2004).
	 cAdapted from Zahari et al. (2003).
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Pellet Formulation

Two types of pellets were formulated to meet 
maintenance requirement for growing goats 
in accordance with the guidelines of nutrient 
requirements of small ruminants (NRC, 1981) as 
follows: control (CNT) pellet was formulated without 
using oil palm by-products based ingredients, 
and oil palm by-products based (OPB) pellet was 
formulated using OPF, PKC, EFB and PFAD. The 
other ingredients that were used in the pellet 
formulation are presented in Table 2. Another type of 
pellet was the commercial pellet (COM) purchased 
from a local supplier. Both CNT and OPB pellets 
were formulated to be isocaloric and isonitrogenic 
with COM pellet using New Century™ formulation 
software (FORMAT International, USA).

Proximate Analysis

The dry matter (DM), moisture, ash, CP, crude 
fat, crude fibre (CF) and gross energy (GE) of the 
pellet samples were analysed according to the 
Association of Official Analytical Chemist (AOAC, 
1990) procedures. Organic matter was calculated 
based on ash content (100 - ash content). Nitrogen 
free extract (NFE) was calculated using the equation 
below, as described by McDonald et al. (2010):

NFE  (%) =	 100% – (moisture % + ash % 
		  + crude fat % + crude protein %
		  + crude fibre %).

Feeding Trial and Growth Performance

The experimental design was a completely 
randomised design with three treatment groups 
that corresponded to three different types of pellets; 
either CNT, COM and OPB with four goats per 

treatment group. Twelve male Katjang goats of 
12-month-old with initial body weight (BW) of 
about 14.7±1.1 kg were randomly assigned to one of 
the treatment groups. The Katjang goats were kept 
in individual pens of 1.8 × 1.8 m with free access to 
water. Each group was fed twice daily with 1.5% 
BW of respective pellets and ad libitum supply of 
Napier grass. The goats were allowed for two weeks 
of adaptation period to adapt to the experimental 
conditions and diet prior to the 14-weeks of feeding 
trial. 

The goats were weighed on the first day of the 
feeding trial and followed by weekly weighing 
before the morning feeding to determine the BW 
of the animals. Feed intake (FI) of each goat was 
recorded daily based on the amount of feed offered 
and refused. The amount of feed offered was 
adjusted weekly based on changes in BW of the 
goats. The average daily gain (ADG) was calculated 
by dividing the difference between initial and final 
BW by the period of feeding trial.

Slaughter and Sampling

At the end of the feeding trial, all goats were 
fasted for 24 hr with free access to water before 
slaughtering. The goats were weighed again before 
being slaughtered and recorded as slaughter weight. 
The slaughtering was done according to Halal 
method outlined in MS 1500:2009 (Department of 
Standard Malaysia, 2009). Each carcass was first 
weighed as hot carcass. Subsequently, the pelt, 
head, internal organs (lung and trachea, liver and 
kidney) and internal fats including peritoneal and 
mesenteric, kidney, channel, and heart fats were 
weighed separately. Each carcass was then chilled for 
24 hr at 4°C. The next day, chilled carcasses were re-
weighed and were split into two equal halves (right 
and left). The cuts were weighed and expressed 

TABLE 2. INGREDIENTS OF OIL PALM BY-PRODUCTS BASED AND CONTROL PELLETS

Ingredient (%) OPB CNT

Corn 18.0 19.0

Soyabean meal 16.0 18.0

Rice bran 11.0 20.0

Oil palm by-products (consists of PKC, OPF, EFB and PFAD) 49.6 -

Rice straw - 35.0

Soyabean oil - 2.7

Molasses 3.50 4.00

Salt 0.50 0.50

Limestone 1.50 0.25

Dicalcium phosphate - 0.25

Vitamin mineral premix 0.25 0.30

Note:	OPB - oil palm by-products based formulated pellet; CNT - pellet without oil palm by-product inclusion; 
PKC - palm kernel cake; OPF - oil palm frond; EFB - empty fruit bunch; PFAD - palm fatty acid distillates.
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as percentage of the total weight of the carcasses. 
Each cut was then further divided into meat, bone, 
and fat and the data was used to calculate carcass 
composition. 

Statistical Analysis

Statistical analysis was performed using the 
Statistical Analysis System (SAS) statistical software 
package, version 9.1.3 (SAS Institute Inc., USA). 
Data obtained from all analytical parameters 
were analysed using one way analysis of variance 
(ANOVA), with significant differences determined 
by Duncan’s new multiple range test. Statistical 
significance was considered at p<0.05. 

RESULTS AND DISCUSSION

Proximate Analysis of Feed Pellets

The proximate composition of all pellets is 
shown in Table 3. The oil palm by-products in OPB 
pellet was formulated to contain a similar level of CP 
(isonitrogenous) and GE (isocaloric) content to CNT 
and COM pellets. OPB has been shown to contain 
complete nutrients for goat diet in accordance 
with the goat’s nutrient requirements and was 
comparable to the COM pellet.

Growth Performance

Growth performance of Katjang goats fed with 
different pellets is shown in Table 4. There was no 
significant difference (p=0.62) in the initial BW 
between goat fed with OPB, CNT or COM diets, 
indicating homogeneity in the weight of animals 
used in this study. The feeding of OPB, CNT and 
COM on goats had no significant effect (p=0.93) on 
the final BW of Katjang goat at the end of feeding trial. 
Overall, all treatment groups showed no significant 
difference (p=0.51) in BW increment, which was 
from 14.1-20.9 kg (48.23%), 13.2-20.4 kg (54.54%) 
and 14.0-20.6 kg (47.14%) for OPB, CNT and COM, 
respectively. The ADG was also not significantly 
different (p=0.94) between treatment groups. 
Although there was no significant difference, ADG 
of OPB group was numerically higher (68.88 g day–1)
than goats in the COM group (66.84 g day–1), but 
lower than goats in the CNT group (72.96 g day–1). 
The findings suggest that it is possible to incorporate 
OPB into goat’s feed without negatively affecting 
the growth performance of the goats. Isocaloric and 
isonitrogenous content among OPB, CNT and COM 
treatments might be the reason for the acceptable 
growth performance of the Katjang goat. The result 
was in agreement with findings by Haryanto (2011), 
Rahman et al. (2013) and Ebrahimi et al. (2015). 
Haryanto (2011) reported that Ettawah crossbred 

goats fed with molasses protected PKC based diet 
was able to gain up to 70.24 g day–1 in BW. Rahman 
et al. (2013) observed Boer x local crossbred goats fed 
with 2% BW of PKC based concentrate diets gained 
52.5 g day–1 of BW. Meanwhile, study by Ebrahimi 
et al. (2015) showed that 25% of OPF inclusion in 
male Katjang crossbred goats diet resulted in ADG 
of 75.71 g day–1.

No significant differences (p>0.05) were observed 
for the dry matter intake (DMI) of the pellet, Napier 
grass and the diet as a whole (Table 5). However, OPB 
group had the highest total DMI with 572.54 g day–1,
followed by CNT and COM groups, with 572.33 
and 548.41 g day–1, respectively. The DMI (% BW) 
of goat fed with OPB pellet at 3.11% BW, which is 
within the requirement for goat in tropical regions, 
reported to range from 3.0%-3.66% BW (Devendra 
and McLeroy, 1982; Ashok and Wadhwani, 1992). 
The good DMI (% BW) indicates the inclusion of 
oil palm by-products into goat pellet did not give 
negative effect on the FI of the animals and the pellet 
was well accepted by the goats.

Yusuf et al. (2014) suggested that animals 
FI is influenced by several factors, such as diet 
composition, availability and palatability of the 
feed. Abubakr et al. (2013) reported that oil palm 
by-products such as PKC are usually considered as 
unpalatable feed. However, the current study has 
shown that inclusion of oil palm by-products up 
to 49.6% did not affect the animal FI, suggesting 
that the palatability might have been improved 
by processing the feed materials into pellet form. 
According to Leng (1990); Joo et al. (2012); Abubakr 
et al. (2013) and Karimizadeh et al. (2017), the 
FI can be improved through various processing 
techniques and supplementation. For example, Joo 
et al. (2012) suggested that feeding a combination 
of Napier and OPF to goats offer better results in 
certain aspects compared to the feeding of Napier 
grass or OPF alone, besides reducing feed cost 
and environmental waste. Thus, the results of this 
current study indicate that oil palm by-products 
based pellet provides adequate nutrients for goats 
to support their growth.

Carcass Traits and Composition

Carcass traits and composition of goats fed 
with different pellets are shown in Table 6. There 
were no significant differences (p>0.05) in carcass 
traits between goats fed with OPB, CNT and COM. 
Overall, the slaughter weight of goat from all 
treatments ranged between 19.00-19.55 kg, whereas 
hot and cold carcass weights were between 8.10-
9.13 kg and 8.00-8.98 kg, respectively. The lowest 
dressing percentage was observed in goat fed with 
CNT at 43.84%, which is slightly lower than general 
dressing percentage of 45%-50% for male goats as 
reported by Raghavan (1988). However, dressing 
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percentage result in this study was within the range 
(37%-55%) as reported by Ensminger (2002).

The goats fed with OPB had no significant 
differences (p>0.05) on carcass composition such 
as meat, bone and fat percentage when compared 
with that of CNT and COM. These results showed 
that feeding the goats with oil palm by-products 
did not negatively affect the carcass composition. 
One of the plausible reasons is because of the 
similar intake of isocaloric and isonitrogenous 
feed between OPB, COM and CNT. There was 

no significant difference in growth performances 
thus, resulting in similar carcass weight at the end 
of the feeding period. This finding was consistent 
with the observation by Ebrahimi et al. (2013) who 
reported that feeding 25% oil palm by-products 
in the diet had no effect on the carcass yield when 
compared to the group fed with 100% commercial 
pellet. Abubakr et al. (2013) also reported that 
feeding goats with oil palm by-products did not 
significantly affect the dressing percentage and 
meat percentage of goats.

TABLE 3. PROXIMATE COMPOSITION OF OIL PALM BY-PRODUCTS BASED, CONTROL AND 
COMMERCIAL PELLETS

Proximate analysis OPB CNT COM

Dry matter (DM) 90.58 87.89 87.37

Moisture content (% DM)a 9.42 12.11 12.63

Ash (% DM) 7.74 10.72 6.90

Organic matter (% DM)a 92.26 89.28 93.10

Crude fat (% DM) 4.36 5.59 4.00

Crude protein (% DM) 15.58 16.16 16.01

Crude fibre (% DM) 21.66 16.76 13.56

Nitrogen free extract (NFE) (%)a 41.25 38.65 46.91

Gross energy (cal g–1) 3954 3858 3933

Note:	OPB - oil palm by-products based formulated pellet; CNT - pellet without oil palm by-product inclusion; 
COM - commercial pellet.

	 aCalculated value.
	 Moisture content = 100 – dry matter.
	 Organic matter = 100 – ash.
	 Nitrogen free extract (%) =100% – (moisture % + ash % + crude fat % + crude protein % + crude fibre %).

TABLE 4. GROWTH PERFORMANCE OF KATJANG GOATS FED WITH OIL PALM BY-PRODUCTS 
BASED, CONTROL AND COMMERCIAL PELLETS

Parameter OPB CNT COM p-value

Initial body weight (kg) 14.10 ± 1.27 13.20 ± 1.40 14.00 ± 0.75 0.62

Final body weight (kg) 20.90 ±1.33 20.40 ± 2.18 20.60 ± 1.75 0.93

Total body weight gain (kg) 6.80 ± 1.28 7.20 ± 1.33 6.60 ± 1.37 0.51

Average daily gain (g day–1) 68.88 ± 13.05 72.96 ± 13.58 66.84 ± 13.98 0.94

Note:	OPB - oil palm by-products based formulated pellet; CNT - pellet without oil palm by-product inclusion; 
COM - commercial pellet.

	 Values shown are means ± s.d. (n=4).

TABLE 5. FEED INTAKE OF KATJANG GOATS FED WITH OIL PALM BY-PRODUCTS BASED, 
CONTROL AND COMMERCIAL PELLETS

Parameter OPB CNT COM p-value

Pellet DMI (g day–1) 252.43 ± 0.00 252.43 ± 0.00 250.55 ± 2.17 0.46

Napier DMI (g day–1) 322.83 ± 0.29 319.90 ± 3.63 311.34 ± 13.43 0.17

Total DMI (g day–1) 572.54 ± 0.29 572.33 ± 3.63 548.41 ± 15.60 0.54

DMI (% BW) 3.11 ± 0.20 3.27 ± 0.31 3.13 ± 0.21 0.61

Note:	OPB - oil palm by-products based formulated pellet; CNT - pellet without oil palm by-product inclusion; 
COM - commercial pellet; DMI - dry matter intake; BW - body weight.

	 Values shown are means ± s.d. (n=4).
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CONCLUSION

The growth performance and carcass quality 
of Katjang goats fed with oil palm by-products 
based pellet were comparable to goats fed with 
formulated control pellet, as well as those fed with 
the commercial pellet. The inclusion of oil palm by-
products ingredients in goat pellets did not have 
any adverse effect on the palatability of the pellet. 
Therefore, oil palm by-products can be included 
in the feed formulation without compromising the 
growth performance and carcass composition of 
Katjang goats.
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