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Abstract

Palm oil is a natural energy source ingredient in poultry diets that offers a broad range of beneficial effects on the performance
of broiler chickens. This review was conducted to highlight the impact of palm oil as a feed ingredient on growth perfor-
mance and carcass quality, as well as the biochemical, antioxidant activity and tissue fatty acids (FA) composition of broiler
chickens. Palm oil inclusion in broiler chickens’ rations contributes significantly to the high metabolisable energy (ME)
of feed formulation, increases feed palatability and decreases digesta passage rate in the intestine. The reviewed literature
indicated that dietary palm oil has a beneficial effect on broiler chickens’ overall growth performance traits. The addition
of palm oil can also improve the heat tolerance of chickens reared in high ambient temperature conditions. Regardless of
breed and breeding conditions, palm oil exhibits good oxidative stability in broiler chickens due to the presence of prevalent
phytonutrient elements in this oil. The inclusion of palm oil increased palmitic (C4.,) and oleic (C,4.;) acids in tissue depos-
its, which improves meat stability and quality. Moreover, molecular studies have revealed that higher mRNA expression of
several lipid-related hepatic genes in broiler chickens fed palm oil. Nonetheless, dietary palm oil can influence FA deposition
in tissues, modulate lipoprotein and triglycerides (TG) levels, and cytokine contents in the blood serum of broiler chickens.

Keywords Antioxidant - Broiler chickens - Carcass quality - Fatty acids composition - Growth performance - Palm oil

Introduction

Chicken meat is a widely available and affordable source of
high-quality protein for the majority of the world’s human
population. Malaysia is one of the highest chicken meat con-
sumers in Asia, with estimated per-capita consumption of
49.3 kg in 2020 (DVS. 2019). Global broiler chickens pro-
duction is projected to continue to grow as the demand for
chicken meat is driven by the increasing population growth
rates. Diversifying the feeding strategies is one of the pivotal
aspects of broiler chicken production due to the increasing
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feed ingredient prices. However, meeting the recommended
metabolism energy supply in poultry feeds is essential in
optimizing the cost of feeding (Long et al. 2019). The use of
oils or fats is a common economic practice in modern poul-
try production because they provide 2.25 times more energy
per gram than carbohydrates (Oladunjoye 2018).

Oils contribute significantly to high-energy feed formula-
tion in poultry diets and improve the growth performance
of broiler chickens (Khatun et al. 2018). Oils have com-
monly been used as metabolisable energy (ME) sources in
diets to enhance energy density that can be easily stored
in adenosine triphosphate (ATP) by non-ruminants animals
(Jalali et al. 2015). Enhancement of nutrient utilisation and
performance of broiler chickens via optimal inclusion of fats
or oils has been extensively investigated (Wu et al. 2011;
Khatun et al. 2018; Attia et al. 2020; Villanueva-Lopez et al.
2020). Most of the studies mainly focused on the effects of
oil inclusion on growth performance, feed efficiency, carcass
quality, fat deposition in muscle and synthesis of fatty acid
(FA) deposits in adipose tissues of broiler chickens. Besides
supplying energy, dietary oil also could increase the diet
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palatability, diminish the pulverulence and increase hydroly-
sis of lipoproteins, contributing to essential FA (Chwen et al.
2013; Nobakht et al. 2011). However, the effects of lipid
sources on overall performance in broiler chickens mainly
depend on the types, structure and functions of the lipids,
the breeder type of broiler chicken and the calorie-protein
ratio of the diets (Ahiwe et al. 2018).

Oil palm (Elaeis quineensis Jacq.) fruits are made of
almost 80% mesocarp (by weight of the fruit), and approxi-
mately 40-45% of this mesocarp presents itself as high-qual-
ity edible oil. The oil from mesocarp extracted mechani-
cally is recognised as crude palm oil (CPO) which is a deep
orange-coloured liquid due to the high carotenoid content
(Kua et al. 2018). The CPO contains several substances

considered impurities (Table 1) that must be removed using
several processes. CPO is usually refined via a chemical or
physical process where it turns into a fine golden-yellow
refined oil for further end-use applications. Figure 1 shows
the typical flowchart of palm oil processing.

Like other natural oils, palm oil comprises mainly tria-
cylglycerols (TAG) and minimal free fatty acid (FFA) con-
tent. Palm oil consists of both saturated fatty acids (SFA)
and unsaturated fatty acids (UFA), which might influence
poultry production parameters depending on inclusion levels
in the diet. SFA of palm oil comprises mainly of palmitic
acid (Cy4., 44%), with 4.5% stearic acid (C,g.;) and small
amounts of myristic acid (C,4.y). The SFA contributes to
palm oil stability and has potential as natural free radical

Table 1 Composition of crude
and refined palm oil

Fig. 1 Palm oil processing flow-
chart. Note: EFB, empty fruit
bunch; RBD, refined, bleached
and deodorised

Components Crude palm oil  Refined palm oil ~ Reference
Free fatty acids (%) 3-5% 0.1% May and Nesaretnam (2014)
Phospholipids (ppm) 5-130 NA Goh et al. (1982)
Carotenoids (ppm) 500-700 ND Jacobsberg (1974)
Tocopherols and Tocotrienols (ppm) 6001000 350-630 Lin (2011)
Phytosterols (ppm) 300-500 NA Goh et al. (1984)
Squalene (ppm) 200-500 NA Goh et al. (1984)
Methyl sterols (ppm) 40-80 NA Goh et al. (1982)
Triterpene alcohols (ppm) 40-80 NA Goh et al. (1982)
Aliphatic alcohols (ppm) 100-200 NA Jacobsberg (1974)
NA, not available; ND, not detectable
Oil extraction at Mill
EFB enters the plant
for processing | . > Crude plam oil

v

Sterilization in large
pressure vessels
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scavengers (Sundram et al. 2003). The UFA of palm oil
mainly consists of monounsaturated fatty acids (MUFA),
namely oleic acid (Cg.;, 39.3%) and polyunsaturated acid
(PUFA), with 10% linoleic acid (C;5.,) and a minimal
amount of linolenic acid (Cg.3) (Sundram et al. 2003). In
addition, palm oil also consists of phytonutrients, such as
vitamin E (600-1000 ppm), carotenoids (500-700 ppm),
phytosterols (300-620 ppm), squalene (250-540 ppm), co-
enzyme Q10 (10-80 ppm), polyphenolics (40-70 ppm) and
phospholipids (20-100 ppm), which are the main elements
though which it exhibits its nutritional and antioxidant prop-
erties (Loganathan et al. 2010).

Palm oil is pervasively used in broiler and layer chickens’
feeds in Malaysia for decades (Saminathan et al. 2020). Palm
oil is relatively cheap with high ME content that can sub-
stitute high-cost conventional feed ingredients to produce
cost-effective poultry feed. Most studies revealed that palm
oil shows pronounced efficiency in promoting the growth of
broiler chickens (Zulkifli et al. 2003; Rahman et al. 2010;
Tancharoenrat et al. 2013; Akter et al. 2014; Nooraida and
Abidah 2020). Moreover, dietary palm oil could impact the
meat cholesterol and serum lipid profile in broiler chickens
(Khatun et al. 2017). Palm oil also exhibits oxidative stabil-
ity due to the presence of prevalent phytonutrient elements
(May and Nesaretnam 2014). There is extensive informa-
tion on the nutritional value, biochemical properties, feeding
responses and energy metabolisms in broiler chickens fed
with diets containing palm oil, and the prospect for palm oil
utilisation in broiler chicken production is enormous. This
paper reviews the use of palm oil to improve broiler chicken
growth performance, carcass characteristics, meat quality,
FA profile and deposition, antioxidant activity and blood
and serum profiles.

Effect of dietary palm oil on growth
performance of broiler chickens

Broiler chickens fed with low-fat rations showed poor
growth performance and feathering and high mortality
rates, affecting overall meat production (Nooraida and
Abidah 2020). Nevertheless, it has been extensively doc-
umented that broiler chickens fed on high-energy rations
had improved feed and energy consumption, daily weight
gain (DWG) and feed conversion ratio (FCR) (Abdulla et al.
2016; Long et al. 2018; Nooraida and Abidah 2020). To
the best of our knowledge, oils have also been extensively
used in the diets of broiler chickens reared at high ambi-
ent temperature to increase feed energy concentration and
promote bird’s growth performance (Mujahid et al. 2009).
Furthermore, palm oil could be less expensive in some areas
of the world relative to other oils, and its widespread use in

broiler chicken feeding could reduce feed costs and improve
performance and production (Table 2).

A study conducted by Panja et al. (1995) found that the
inclusion of 60 g/kg of palm oil in the broiler diet improved
DWG by 12.4% and energy consumption under warm, humid
conditions and comparable to broiler chickens fed with soy-
bean oil. Likewise, feeding a diet consisting of 60 g/kg palm
oil resulted in significantly higher average daily gain (ADG,
1.87 g/day) and greater duodenal villi height (101 pm) in
male broiler chickens (strain Cobb 500) than that fed linseed
oil (Abdulla et al. 2016). A recent study by Nooraida and
Abidah (2020) showed that supplementing 40 g/kg CPO into
the Cobb 500 broiler chickens diet significantly increased
weight gain and carcass weight by 0.72 and 0.61 kg, respec-
tively than the control. Another study by Long et al. (2019)
reported that 40 g/kg or 60 g/kg palm oil inclusion did not
significantly affect ADG but had a lower average daily FI
(P=0.019) and feed-to-gain ratio (P=0.031) compared to
birds fed with a basal diet from day 1 to 42. Previously, Long
et al. (2018) showed that Arbor Acres-strain chicks fed 30 g/
kg mixed plant oils containing 20% palm oil showed greater
ADG (59.5 g/day) than that fed soybean oil alone (54.9 g/
day) in an overall trial period (1 to 42 days). The improve-
ment in weight gain could be due to the favourable effects of
the counter-balance between SFAs (from 20% palm oil) and
PUFAs (from 15% linseed oil) in mixed oils. On the other
hand, Nwoche et al. (2003) reported that partial replacement
of maize with optimal palm oil inclusion (40 g/kg) resulted
in a significant increase in body weight by 8.4% and least
cost per unit weight gain when compared to birds fed with
that of the control (diet without palm oil addition). In con-
trast, Khatun et al. (2018) found that the addition of palm oil
or soybean oil in broiler chicken rations did not significantly
influence birds’ growth performance. Comparable energy
efficacy between palm oil and soybean oil rations due to a
similar SFA to UFA ratio content (2.05 and 2.15, respec-
tively) could result in similar growth performance effects.

The definite mechanism(s) underlying the growth-promot-
ing effects of palm oil is unclear, but a plausible explanation
for significant improvement in broilers’ growth performance
is the improvement in palatability of diets, decreased digesta
passage rate and presence of high concentrations of palmitic
and oleic acid in palm oil that improved oil utilisation and,
eventually, enhanced weight gain (Jung et al. 2010). Moreo-
ver, it has been well documented that broiler diets with palm
oil addition also had high-energy efficacy than diets without
the oil inclusion. Therefore, palm oil can be used to partially
substitute corn grain as a high-energy grain source and a cost-
effective ingredient in the broiler diet without compromising
the overall growth performance traits.

Several studies have found that FI of broiler chickens was
not affected by palm oil (Jung et al. 2010; Abdulla et al.
2016; Long et al. 2018). As a matter of fact, broiler chickens
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Table 2 The effects of palm oil in broiler chickens diet on growth performance and efficiency in terms of weight gain, feed intake and feed con-

version ratio

Inclusion level Breed/condition

Findings and recommendations Reference

40, 60 and 80 g/kg CPO Cobb 500/ambient temperature at

24 °C and relative humidity at 70%

20, 40 and 60 g/kg palm oil Female Sanhuang chickens/ambient

temperature maintained at 33 °C

60 g/kg palm oil Cobb 500/environmentally controlled
room with temperature maintained

at 33 °C

20, 40 and 60 g/kg palm oil Broiler chicks of Anak strain

60 g/kg palm oil
chicks/floor pen with ventilation

20, 30, 40 and 50 g/kg palm oil Hubbard classic broiler chicks/experi-

mental period of 35 days

80 g/kg palm oil Cobb male broiler/environmentally

controlled chamber

Palm oil in the starter (104.4 g/
kg) and finisher (91.1 g/kg)
diets

ronmentally controlled house

0 to 25 g/kg palm oil Unsexes (Sanders) 1-day-old broiler
chicks/temperature maintained

between 95 °F and 65 °F

Male commercial (Vedette ISA) broiler

Male broiler chicks (Cobb strain)/envi-

40 g/kg CPO level in the broiler diet
resulted in good broiler efficiency in
terms of weight gain, feed intake (FI)
and feed conversion ratio (FCR)

Nooraida and Abidah (2020)

1 average daily gain (ADG), | low
average daily feed intake (ADFI) and
| FCR

1 ADG, 1 villi height without influenc-
ing FI

Long et al. (2019)

Abdulla et al. (2016)

40 g/kg palm oil showed optimum 1 Nwoche et al. (2003)
body weight, weight gain and | least
cost per unit weight gain

Resulted in 1 daily weight gain (DWG)
by 12.4%, 1 Fl and | FCR compared
to chickens fed with basal diet

Panja et al. (1995)

40 g/kg palm oil indicate optimum 1
weight gain

Rahman et al. (2010)

80 g/kg palm oil 1 body weight on day Htin et al. (2007)
42 days and | adverse effects of heat
stress

Diets containing high levels of
palm oil 1 growth performance, |
mortality and 1 survivability of heat-
stressed broiler chickens

Zulkifli et al. (2003)

1 live weight at slaughter, 1 dressing
percentage with increasing level of
palm oil inclusion

Anigbogu (2001)

CPO, crude palm oil; 1, increase; |, decrease

fed a diet containing palm oil improved the efficiency of feed
utilisation (resulting in lower FCR) compared to chickens
fed diets with the same caloric amount of linseed oil or soy-
bean oil (Abdulla et al. 2016). Panja et al. (1995) found that
broiler chickens fed with 60 g/kg palm oil had a better FCR
than birds fed the basal diet on day 28 and thereafter. For
chickens, the dietary factor that influences the efficiency of
feed utilisation is the passage rate of feed through the diges-
tive system. Abdulla et al. (2016) suggested that a broiler
diet supplemented with palm oil could reduce the transit
time of digesta in a chicken’s alimentary canal and thus help
increase nutrient utilisation and absorption from the diet,
which would eventually reduce the FI and result in lower
FCR.

Effect of dietary palm oil on heat tolerance
in broiler chickens

Commonly, broiler chickens raised in a tropical region have

a heat intolerance ability and are more susceptible to heat
stress due to increased metabolic heat generated concerning

@ Springer

rapid growth rates when heat dissipation capacity does not
grow likewise (Rafei-Tari et al. 2021). It is widely accepted
that the utilisation of dietary oils as supplementation in a hot
weather feeding programme is favourable for broiler chicken
production strategy (Zulkifli et al. 2007; Daghir 2009).
The beneficial effects of palm oil in a broiler ration on
alleviating the consequences of heat stress have been shown
to have a marked reduction in mortality rates (Zulkifli et al.
2003). Based on previous studies (Zulkifli et al. 2003; Htin
et al. 2007; Wang et al. 2013), the mortality data suggest
that feeding broiler chickens with a diet containing palm
oil could enhance the survival rate in extremely high ambi-
ent temperature conditions compared to other edible oils.
This is because palm oil contains almost 50% SFA, which
has marginal effects against high environmental tempera-
ture stress resistance. In accordance with this, Wang et al.
(2013) found that the growth performance of Arbor Acres
broiler chickens under heat stress conditions was enhanced
by palm oil addition (40 g/kg in starter diet and 50 g/kg in
finisher diet) rather than linseed oil. Htin et al. (2007) found
that adding 80 g/kg palm oil to broiler chickens grower diet
(21-52 days) improved their growth performance in a heat
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stress challenged environment (36 + 1 °C for 2 h/day) by
reducing the impact of heat stress when compared to that
of the coconut oil and soybean oil. Zulkifli et al. (2003)
revealed that increased levels of palm oil in poultry diets
could improve the survivability of Cobb 500 chickens
exposed to high environmental temperatures. The study
showed that broiler rations containing 91.1 g/kg of palm oil
reduced mortality of heat stress challenged broiler chickens
by as much as 75%. Broiler chickens’ energy metabolisms
and body temperatures are closely associated with heat-
related stress survivability. Therefore, feeding palm oil-
based rations to birds could restrain body temperature rises
in response to heat stress that might lead to hyperthermia
(Rafei-Tari et al. 2021).

The higher inclusion level of palm oil (80-90 g/kg) in
broiler chickens’ diet could resist against high environmental
temperatures, but it also led to the meat of an undesirable
composition of fatty acid and reduced the palatability of the
feed (Zulkifli et al. 2007). On the contrary, edible oil is rich
in UFA, which produces the meat of more favourable bal-
anced fatty acid, but UFA aggravates heat stress by inducing
higher body temperature and reducing the performance of
chickens (Ferrini et al. 2008). It has been suggested that the
combination of palm oil and other edible oil rich in UFA
such as linseed oil and soybean oil could have a synergistic
effect in mitigating heat stress in broiler chickens as well
as improving the performance and meat quality. Therefore,
further study is needed to determine the combination effects
as a better alternative than single oil for broilers exposed to
high environmental temperature.

Effect of dietary palm oil on carcass
characteristics and meat quality of broiler
chickens

Palm oil, CPO or a mixture of palm oil and palm fatty acids
distillate (PFAD) are important sources of vegetable oils
with differing FA compositions that could be used in broiler
chicken feed as an alternative to animal fats without any neg-
ative impacts that compromise carcass quality (Rodriguéz
et al. 2002). The utilisation of dietary palm oil in chicken
diets is fascinating because of its SFA content, which can
positively impact meat juiciness and firmness (Smink et al.
2008). However, the high content of SFA and MUFA in palm
oil tends to increase the abdominal fat deposit in broiler
chickens more than other commercial vegetable oils, mainly
due to the low oxidation rate of FA (Ferrini et al. 2008).
Das et al. (2014) reported that carcass yield, breast meat
and thigh meat of Hubbard Classic broiler chickens had an
increased level from palm oil inclusion up to 30 g/kg. On
the other hand, CPO inclusion in broiler diet, regardless of
level, gave significantly higher (P < 0.05) carcass weight

compared to other oil palm-based fats (PFAD and Malay-
sian Palm Oil Board-High Energy, MPOB-HIE, a fat-based
on PFAD but with emulsifier inclusion), basal and com-
mercial feed (Nooraida and Abidah 2020). Specifically,
the highest thigh and drumstick weights were observed
from broiler chicken fed diets with 40 g/kg and 60 g/kg
CPO, compared with other fats. Meanwhile, a diet contain-
ing 80 g/kg CPO corresponds to the highest weight for
the breast part. According to the previous research, rapid
development in protein accretion in chicken muscle when
the level of oil supplementation increases in broiler ration
could increase breast and thigh weight of broiler chickens
(Das et al. 2014). Moreover, higher dietary protein and
energy levels particularly from oil supplementation had
little influence on carcass yield or the yield and composi-
tion of edible meat (Skfivan et al. 2018).

Valencia et al. (1993) discovered that dressing percent-
age, breast, drumsticks and abdominal fat weight were not
significantly affected by different levels of palm oil addition
in male chickens of commercial broiler strain diet; however,
an undesirable composition of FAs was observed in adipose
tissue by the inclusion of palm oil from day 21 to 42 of the
trial. Smink et al. (2010) found that palmitic acid concentra-
tion in breast muscle increased by 11.4% in broilers fed with
palm oil compared to those fed with sunflower oil. Similarly,
Skfivan et al. (2018) found that the concentration of palmitic
acid was significantly high in the meat (605 mg/100 g) and
abdominal fat (21,544 mg/100 g) of Ross 308 broiler chick-
ens when fed a diet with palm oil. The increasing level of
palmitic acid is more pronounced because this acid is highly
dense in palm oil and readily absorbed and deposited within
the chicken’s muscle. Ura et al. (2008) also found signifi-
cant improvement in vitamin E concentration in the liver,
breast and thigh meat of broiler chickens supplemented with
increasing levels of palm oil up to 80 g/kg for 1 to 42 days
when compared to the basal diet (without palm oil). Vitamin
E has an essential function as a biological antioxidant in
reducing meat deterioration and helps to maintain immune
function and animal health.

Meat colour is one of the important factors when consum-
ers assess the meat quality trait since they correlate colour to
freshness. Ayed et al. (2015) showed that chickens receiving
palm oil supplemented diet traduce a slight loss of the red
colour (a*) and an increase in yellow colour (b*) of muscle
after 6 days of storage when compared chickens fed with
basal diet (without palm oil). The increase in yellowness is
might due to the deposition of carotene from palm oil into
the chicken muscle. However, Khatun et al. (2018) and Zaki
et al. (2018) found that meat colour did not change with
6% palm oil or soybean oil dietary supplementation. Effect
of feeding broiler chicken on different types of vegetable
oils showed significant differences in pH values of chicken
meat. Several studies revealed that chickens fed with palm
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oil produced breast meat with a pH ranging from 5.78 to
5.99 (Khatun et al. 2018; Long et al. 2018; Zaki et al. 2018).
These values are within the ranges of normal pH reported
for chicken breast meat.

Although there are some reports describing the effects of
palm oil on meat quality (Smink et al. 2010; Skfivan et al.
2018), little research has been done to study the impact
of palm oil on drip and cooking loss in chicken meat and
meat products. Data of cooking loss (%) and drip loss (%)
of broiler chicken meat fed on different types of oils showed
that no significant differences were found between broiler
fed on palm oil and soybean oil (Zaki et al. 2018; Khatun
et al. 2018). However, Panja et al. (1995) found that dietary
palm oil had a significant effect on the proximate analysis
of broiler chicken meat. Accordingly, crude fat in the car-
cass was increased from 32.03 to 38.28% with increasing
palm oil (0 to 8%) in broiler diets, but the opposite trends
were found for crude protein and ash content. The decline
in crude protein and ash is likely due to the substantially
higher rate of fat gain during the feeding period. Fat, protein
and ash are the basic body constituents making up most of
the carcass dry matter content. Similarly, Ayed et al. (2015)
observed that broiler carcass fat content was higher in the
palm oil treatment group compared to the basal diet. The
increase in fat content also indicated that the amount of
energy consumed by the chicken was excessive and concur-
rently produced higher abdominal fat deposits in birds. Fat
deposition is crucial in modern broiler chicken production
schemes because it is associated with selection for increased
body weight in broilers.

Effect of dietary palm oil on gene expression
in broiler chickens

Few studies have addressed the effects of palm oil on gene
expression profiling in broiler chickens related to mRNA
expression, oxidation activity, lipid metabolism and heat
stress modulation. Basically, modulation in the gene expres-
sion is strongly associated with mediatory FA metabolism
effects in the cell, either by directly or indirectly altering
signalling pathways via a nuclear hormone receptor, such as
peroxisome proliferator-activated receptors (PPARs) genes
(Sato et al. 2004). A wide range of FA derivatives triggers
these PPARs’ gene expression activities at the cellular level,
and therefore, they are called lipid sensors. Furthermore,
the effects of various dietary oil on the regulation of tran-
scription and gene expression have been defined in poultry.
Nonetheless, underlying alterations to the anti-inflammatory
and immune response that might contribute to changes in
downstream performance are not as well described.
Scientific evaluation of the relationship between mRNA
regulation level and biological parameters can assess the

@ Springer

functionality of gene expression data obtained from a study.
Royan et al. (2011) discovered signs of a strong relation-
ship between the adipose PPARy gene upregulation that
occurred in the abdominal fat deposition and adipose tissue
of broiler chickens fed with a diet supplemented with palm
oil compared to that of the soybean oil. The finding revealed
that palm oil could be safely incorporated into the diets
of broiler chickens to enrich chicken meat with potential
health-beneficial FA. Skiivan et al. (2018) demonstrated that
the higher mRNA expression of hepatic FA synthase and
desaturases (AS-, A6- and A9-) and mitochondrial enzyme
carnitine palmitoyltransferase (CPT) were detected in Ross
308 strain chickens fed with palm oil compared to that of
the chickens fed with rapeseed oil. However, the expression
of HMG-CoA (rate-limiting enzyme of cholesterol synthe-
sis) reductase was increased in broiler chickens fed palm oil
compared to those fed diets containing rapeseed oil or lard
(Skiivan et al. 2018). Smink et al. (2010) found that mRNA
expression of CPT, which is a key gene in control mitochon-
drial, peroxisomal fatty acid oxidation and beta-oxidation of
fatty acids, as well as the enzyme activity of CPT hepatic
activities, was comparable in broiler chickens fed diets sup-
plemented with palm oil or sunflower oil.

Recently, Khatun et al. (2020) found that the combina-
tion of palm oil and sunflower oil with L-arginine and vita-
min E altered the expression of cytokine genes by reducing
the expression of NF-a, whereas TGF-1 was upregulated,
which could positively affect the immune response of the
chickens. Although several studies indicated that the inclu-
sion of palm oil in broiler chicken rations could influence
cytokines expression and modulate immunological function,
further research is required to better understand the impact
of palm oil on gene expression under stress conditions and
specific disease challenges.

Effect of dietary palm oil on blood
and serum profiles in broiler chickens

The FA composition of depot fat or edible poultry tissues
reflects that of dietary supplementation of the fats or oils
in complete rations (Rymer and Givens 2005; Khatun et al.
2017). Likewise, oil supplementation in the poultry diet can
modulate the lipoprotein and triglycerides (TG) levels in
the serum (Wongsuthavas et al. 2007; Zhu et al. 2014). The
altering effect of various types of oil supplementation on
serum lipoproteins and TG concentrations has been widely
discussed (Viveros et al. 2009; Velasco et al. 2010; Aghaei
et al. 2012). However, the actual influencing mechanisms
behind the reported effect of dietary oil supplementation on
serum lipid alteration have not been completely understood.
Moreover, edible oil in the poultry diet can influence serum
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lipid profile and meat cholesterol level, which corresponds
to the type of oil consumed.

Generally, dietary oils containing a significantly higher
level of SFA tend to increase blood TG concentration and
decrease the unsaturated FA/SFA ratio of deposition fat
in broiler chickens’ meat (Miliéevié et al. 2014). Palm oil
is high in SFAs, and feeding broiler chickens a diet high
in palm oil may reduce B-oxidation rate by concurrently
decreasing TG absorption from the blood to adipose tis-
sues, which increases blood TG. In accordance with this
statement, Velasco et al. (2010) demonstrated that feeding
broiler chickens a diet supplemented with palm oil had a
higher blood TG concentration compared to those fed a diet
supplemented with sunflower oil. In addition, chickens fed
with palm oil had significantly (P <0.05) higher serum TG
levels and significantly (P <0.05) decrease low-density lipo-
protein concentrations than chickens that consumed soybean
oil or a mixture of dietary palm oil and soybean oil (Gheisari
et al. 2017). Triglycerides are important for health, but high
levels can raise blood cholesterol levels and increase the risk
of heart disease in broiler chickens.

Other advantages of oil addition into the broiler diet are
improved absorption of fat-soluble vitamins and calcium
(Leeson and Atteh 1995). Palm oil is rich in vitamin E, with
the majority present as tocotrienols with a minor tocophe-
rols component that can be easily absorbed into the ani-
mal bloodstream (Nagendran et al. 2000). The combination
effects of tocotrienols with other palm oil phytonutrients,
such as tocopherols, polyphenols and carotenes, have been
shown to have a synergistic effect on protection against
serum peroxidation and reducing oxidative stress (Ali and
Woodman 2015). Long et al. (2019) reported that dietary
inclusion of 20-40 g/kg palm oil treatments significantly
increased glutathione peroxide activity and reduced serum
lipid peroxidation (malondialdehyde (MDA) concentration)
of broiler chickens when compared to the diet without palm
oil. Furthermore, supplementation of 60 g/kg palm oil in
broiler diet significantly decreased total antioxidant capac-
ity (T-AOC) (p =0.027) and catalase activity (P=0.018) in
serum samples as compared to chickens fed with basal diet,
which prevent tissue or cells damage (Long et al. 2019).
However, the authors concluded that no significant differ-
ences (P> 0.05) were observed in broiler serum MDA and
T-AOC levels among the dietary treatments supplemented
with palm oil (0-60 g/kg) at 42 days of age, which could
suggest that the inclusion of palm oil had less effect on the
antioxidant status of serum in female Sanhuang chickens.

Sudharsan et al. (2020) demonstrated that a combination
of rapeseed oil and palm oil in the broiler chicken diet sig-
nificantly decreased the serum lipid concentration, whereas
Khatun et al. (2018) revealed that feeding a ration containing
palm oil could alter the blood lipid profiles without com-
promising the meat quality in broiler chickens. However,

detrimental effects of increases in total plasma creatine
kinase activity have been addressed in poultry produc-
tion in response to exposure and transportation conditions
(Mitchell and Sandercock 1995). In earlier work, Zulkifli
et al. (2007) revealed that broiler chickens of the Cobb strain
fed a diet consisting of 80 g/kg palm oil under heat stress
conditions resulted in a significant (P <0.05) reduction in
serum creatine kinase concentration, which showed mild
damage of individual muscle that causes minimal membrane
permeability and consequent leakage of enzymes and other
markers into the bloodstream. However, we did not find any
information in the literature on the effect of palm oil supple-
mentation on serum glutathione peroxidase GPxA and lipid
peroxidation activity, which play an essential biological role
in protecting chickens from oxidative damage.

Modulation effects of palm oil supplement in broiler diet
on the anti-inflammatory cytokines interleukin-10 (IL-10)
and transforming growth factor-p (TGF-f), as well as on
pro-inflammatory cytokine IL-1p, IL-6 and tumour necro-
sis factor-a (TNF-a), in the serum have been documented.
A study by Long et al. (2019) revealed that the inclusion
of palm oil (40 g/kg and 60 g/kg) in the Sanhuang broiler
chicken diet modulates the balance between pro-and anti-
inflammatory cytokines in serum by significantly increas-
ing IL-1P content but improves TGF-f and IL-10 contents
in both starter and grower periods when compared to basal
diet treatment. Moreover, the addition of 60 g/kg palm oil
in the broiler diet significantly reduced TNF-a content on
days 21 and 42 compared with the basal diet (without palm
oil). These results suggest that dietary inclusion of palm
oil could modulate anti-inflammatory cytokines (a series of
immunoregulatory molecules) and shows the limited effect
on antioxidative status in broiler chickens.

Effect of dietary palm oil on fatty acids
profile and fat deposition in broiler chickens

Nutritional benefits of chicken meat are mainly correlated to
its fat content and FA composition (Rodriguez-Sanchez et al.
2019). The FA composition in monogastric animal muscle
or fat deposition may be significantly influenced by the diet
administered (Abdulla et al. 2015). Fatty acid digestibility
in the gastrointestinal tract and lipid composition in chicken
meat is influenced by the type of dietary fat or lipid source in
broiler rations and the age of the chickens (Pefia-Saldarriaga
et al. 2020). The stored fats in meat are mainly SFA and
MUPFA. The FA properties of broiler chickens’ abdominal fat
could also be modulated by various sources and levels of oil
or fat supplementations. For instance, SFAs are often read-
ily tolerant of being absorbed and deposited in abdominal
fat or body tissues, while PUFAs are susceptible to oxida-
tion to generate energy (Baido and Lara 2005). Moreover,
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lack of enzyme activity A12 and A15 desaturase can cause
chickens to be unable to synthesize essential FA (Head et al.
2019). Thus, dietary intake of oils is needed as a precursor
for important FA.

Extreme amounts of n-6 PUFA concentration and a con-
currently high level of n-6/n-3 ratio in a diet can prompt the
pathogenesis of many diseases in humans, including inflam-
matory diseases, autoimmune diseases and cardiovascular
diseases; in contrast, a lower n-6/n-3 ratio (increased level
of n-3 PUFA) exerts suppressive effects. Zaki et al. (2018)
demonstrated that broiler chickens fed with palm oil had an
increased total n-3 and lower n-6/n-3 ratio when compared
to broiler chickens fed with soybean oil. In another study,
broiler chickens fed starter or grower diets supplemented
with palm oil produced healthy meat enriched with n-3
PUFA concentration and a lower n-6/n-3 FA ratio (Lépez-
Ferrer et al. 2001). Therefore, palm oil could be used as a
potential energy source in broiler chicken feeding with ben-
eficial effects on meat quality and human health. In another
study, increasing levels of palm oil in broiler rations resulted
in improving the SFA deposition efficacy and a reduced
level of PUFA, which could promote modulatory effects on
chicken adipose tissue hardness, thus proving to be benefi-
cial in a marketing strategy (Valencia et al. 1993). Consistent
with other studies, Nyquist et al. (2013) reported that substi-
tution of animal fat with palm oil showed positive effects on
the nutritional value of broiler chicken muscle with regard
to FA proportions.

Nonetheless, several studies showed that the inclusion of
dietary oil rich in SFA in broiler chickens’ rations resulted
in efficient FA deposition in broiler chickens when compared
to that of those fed rations rich in PUFA (Crespo and Esteve-
Garcia 2001, 2002; Long et al. 2018). Abdulla et al. (2015)
reported that palmitic acid (C,¢,,) concentration increased in
meat from broiler-fed palm oil compared to those fed diets
supplemented with linseed oil and soybean oil. The higher
content of palmitic acid (C4.) in broiler chickens fed on
palm oil may be due to palm oil’s high palmitic acid content.

Table 3 Edible vegetable oil antioxidants and their effects

Furthermore, Zhong et al. (2014) reported that palm oil is
more stable than linseed oil, increasing the fats’ oxidative
stability and maintaining an apposite SFA balance in chicken
meat. However, Wang et al. (2013) revealed that the com-
bination of palm oil and linseed oil in broiler rations could
maintain the balance between the SFA and PUFA proportion
and enhance the n-3 PUFA content in the meat of Arbor
Acres broiler chickens. These findings suggest that high lev-
els of a-linolenic acid (C18:3n-3) in mixed oils (palm oil and
linseed oil) may act as a precursor for long-chain n-3 PUFA
such as C20:5n-3 and C22:6n-3 so that more deposition of
n-3 PUFA occurs in the muscle of broiler chickens (Viveros
et al. 2009).

Effect of dietary palm oil on antioxidant
activity in broiler chickens

Antioxidant properties of palm oil are another interesting
subject in poultry production, as they can prevent lipid per-
oxidation in the muscles of broiler chicken meat (Rama Rao
et al. 2011). Previous studies have attempted to systematise
edible vegetable oil antioxidant compounds’ characteristics
and their effects, as summarised in Table 3. Even though
phytonutrients are present in a minimal amount (< 1%) in
palm oil, they nonetheless have acted as a natural antioxidant
agent, protecting the poultry and its products from oxida-
tive damage (May and Nesaretnam 2014; Dian et al. 2017).
Moreover, several studies have reported the oxidative stabil-
ity effect of carotenes and a-tocopherol in palm oil on meat
quality (Ura et al. 2008; Nyquist et al. 2013).

Lipid peroxidation, a dynamic chain reaction of free radi-
cals, includes oxidative stress triggered by thermal process-
ing in the presence of oxygen. The high content of PUFAs
in broiler diets can improve the quality of meat, but they are
susceptible to lipid damage that can cause oxidative dam-
age, which later can reduce the quality of meat and harm the
consumer (Attia et al. 2020). This lipid oxidation reaction

Type of vegetable oil Antioxidant compounds Antioxidant action

Palm oil Tocotrienols, tocopherols, carotenoids, phenolic acids and flavonoids Lipid antioxidant acts on
the radicals; free radical
acceptor

Soybean oil Tocopherols, total phenolic, isoflavones Free radical acceptor

Olive oil Tocopherols, B-carotene, lutein, squalene, lipophilic and hydrophilic phenols Free radical acceptor

Corn oil Tocols, carotenoids, polyphenols Free radical acceptor

Rapeseed oil Esters of phenolic acid and glycosides Free radical acceptor

Sunflower oil phenolic acids
Coconut oil

Cottonseed oil a- and y-tocopherols

Vitamin E, fraction of polyphenols (phenolic acids), ferulic acid and p-coumaric acid

Free radical acceptor
Free radical acceptor
Free radical acceptor

Source: Loganathan et al. (2010); Gupta et al. (2019)
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rate is associated with the duration and intensity of thermal
processing. Contrarily, SFA is stable against lipid oxidation.
Adeyemi et al. (2015) reported that the dietary oil blend of a
balanced SFA and UFA, such as palm oil, in broiler chickens
could be an effective strategy to enhance the product quality
and minimise oxidative spoilage. A study by Akter (2015)
also found that supplementation of 30-40 g/kg CPO in the
broiler chickens’ rations could be effective for enhancing
oxidative stability and meat quality and reduced (P <0.05)
the lipid peroxidation (TBARS) values in the liver sample.

The beneficial effects of oil palm tocotrienols have been
widely studied for their nutritional and health properties,
including antioxidant activities, anti-cancer effects and
cholesterol-lowering mechanisms (Shahidi and de Camargo
2016). Several studies have shown that ingestion of palm
tocotrienols resulted in enhanced antioxidant activity by
inhibiting chicken protein oxidation and lipid peroxidation
compared with a-tocopherols (other isomers of vitamin E in
palm oil) (Kamat et al. 1997; Seppanen et al. 2010). Thus,
the incorporation of palm oil into poultry diets provides a
natural dietary source of vitamin E that is absorbed in the
chicken’s intestine to perform its functions, improving the
body’s total antioxidative status.

The inclusion of palm oil in poultry diets leads to
increased tocotrienol and tocopherol contents in meat, liver
and adipose tissues (Kang et al. 1998). It has been sug-
gested that feeding chickens with a diet that contains palm
oil resulted in a more excellent oxidative stability in broiler
meat, which is caused by the higher levels of palm vitamin
E (potential antioxidative agents) rather than by the lower
PUFA content of palm oil (Rebolé et al. 2006). Long et al.
(2019) found that incorporation of 20 g/kg or 40 g/kg palm
oil in chicken diets decreased MDA, an oxidative damage
indicator, and catalase activity, which is the antioxidant indi-
cator, and increased total antioxidant capacity (T-AOC) in
chicken meat when compared to the diet without palm oil
inclusion at 21 days of age.

Conclusions and future recommendations

The rising price of energy-rich feedstuff has prompted a
search for alternative energy sources in the poultry diet.
Replacement of conventional feed ingredients such as grain
corn in the broiler chickens diet with palm oil was economi-
cally beneficial in contributing significantly to high ME and
improving growth performance and biochemical properties
of tissues and blood. There is strong evidence that palm
oil has a positive effect on the production performance of
broiler chickens, which is reflected in enhanced BWG and
improved FCR and meat quality. Palm oil also exhibits oxi-
dative stability in chickens due to the presence of prevalent
phytonutrient elements. Moreover, palm oil in broiler diets

was found to have a stronger impact on mRNA expression
involved in lipid metabolism and modulate the balance
between pro- and anti-inflammatory cytokines. Therefore,
palm oil has great potential for use as an ingredient in broiler
chicken production in oil palm-producing countries due to
its contribution to developing a cost-effective feeding system
and, ultimately, reducing the production cost without affect-
ing their growth performance.

The utilisation of palm oil in the broiler chickens’ diet
should be strengthened to expand its role in increasing the
productivity of high-quality meat and improving other poten-
tial health benefits on a commercial scale. Although palm oil
can enhance the survival rate of broiler chickens in extremely
high ambient temperature conditions, it is recommended to
consider analysing changes in different environments keep-
ing in mind the expected environmental changes (in future),
including increased temperatures. In addition, the authors
concluded that there is a lack of studies on the impact of palm
oil on the gastrointestinal tract microbiota for better growth
and improved health of poultry. Therefore, future studies
should be conducted to evaluate the efficacy of dietary palm
oil in mitigating the colonisation of pathogenic microorgan-
isms in poultry gut systems using a molecular approach.
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