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ABSTRACT

One-hundred male broiler chickens (Cobb500) were assigned randomly in a completely
randomized design (CRD) into four dietary treatment groups to determine the effects of various
components (whole kernel, kernel oil, kernel defatted) of candlenut (Aleurites moluccana) kernel
on growth performance, carcass yield, and proximate and fatty acid composition in meat during the
grower-finisher stage. Each treatment consisted of 5 replicates with 5 birds for each replications. From
21 to 42 days of age, the birds were offered either one of the following dietary treatments namely;
Basal diet containing no candlenut kernel (T1), Basal diet containing 2.5% whole candlenut kernel
(T2), Basal diet containing 2.5% candlenut kernel oil (T3), and Basal diet containing 2.5% candlenut
kernel defatted (T4). The significant difference was determined when the probability level was p<0.05.
Birds fed the experimental diets showed no significant difference on growth performance, carcass
yield, and proximate and fatty acid compositions in meat. However, birds fed diets containing various
components of candlenut had small effect on reducing feed intake, decreasing crude protein and crude
fat contents in meat, and increasing total C18:21-6 and n-6 PUFA. In conclusion, supplementation of
various components of candlenut kernel in broiler diet did not improve growth performance, carcass

yield, and proximate and fatty acid compositions in meat.
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INTRODUCTION

The use of antibiotics as a growth promoter in live-
stock feed has been banned in many countries since 2006
due to its harmful residues in animal products. This ac-
tion started in Europe where Sweden was the first coun-
try to ban the use of antibiotic growth promoter (AGPs),
followed by other countries. In July 2011, the Republic
of Korea also banned the use of these AGPs (Lee et al.,
2017). Although the use of AGPs started since the 1950s,
it was banned due to the universal human security
factor. Instead, researchers have sought various alterna-
tives to address this issue. The use of natural growth
promoter comprising plant resources such as herbs and
spices, fat dietary source such as linseed meal, flaxseed
meal, chia meal, and rapeseed oil, has been shown to
have a beneficial effect in which they do not only im-
prove the digestion of nutrients, but also increase gut
morphology, immune system, fatty acid profile of meat,
growth, and feed efficiency of animal (Hashemi et al.,
2014; Al-Khalifa et al., 2012; Mridula et al., 2011, Carillo
et al.,, 2008) and the products are also safe for human
consumption.

Candlenut or its scientific name Aleurites moluc-
cana is a common spice that contains high levels of
fatty acids. It is also known as Buah Keras in Malaysia,
Kemiri in Indonesia, Indian Walnut in India, and Kukui

in Hawaii. A. moluccana kernels are commonly used for
cuisine, beauty cosmetic, and skin care. Since it comes
from Euphorbieceae family, it contains phorbol, saponin
(Rohaida et al., 2014), and phytotoxin (Covacevich et
al., 1987). However, the amounts of these components
depend on the type of variety as some varieties have
been shown to be non toxic (Walter & Sam, 2002), safe
for internal uses due to the lack of toxicity, and its ex-
tract also has the potential to treat selected Autoimmune
Inflammatory Diseases by inhibiting the growth of the
bacterial triggers (Mpala et al., 2017). The kernel contains
more than 60% extracted oil, and some researchers note
that it can react in a living cell (Martin et al., 2010). The
most special characteristic of this seed is that it is known
to contain high proportions of polyunsaturated fatty
acid (PUFA) such as Omega-3, Omega-6, and Omega-9
which between the ranges of 28.1% to 29.5%, 38.1% to
41.6%, and 21.6% to 22.6%, respectively (Martin ef al.,
2010; Rohaida et al., 2014).

Supplementing either treated or untreated candle-
nut meal at 2% level was shown to enhance the fatty
acid profiles in broiler chickens meat (Rohaida et al.,
2014). The hypothesis was that various components
of candlenut kernel would affect the performance and
carcass characteristics of broiler chicken, especially
candlenut kernel defatted due to less saponin content.
This present study was therefore conducted to deter-
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mine the effects of components of raw candlenut kernel
supplementation in the diet on growth performance,
carcass yield, and proximate and fatty acid composition
in the meat of broiler chickens.

MATERIALS AND METHODS
Preparation of Raw Kernel and Chemical Analysis

Ten kilograms of raw candlenut kernel was pur-
chased from a local market and stored in a cool and dry
place. A mortar and pestle were used to grind the kernel
to obtain particles of 2-3 mm diameter. The ground
candlenut kernel was separated into three components;
(1) candlenut kernel, (2) candlenut kernel oil, and (3)
defatted candlenut kernel. A coconut oil press machine
from Jabatan Pertanian Ulu Dusun, Sandakan was used
to extract the oil from the kernels.

The nutrient contents in candlenut kernel, diets,
and meat such as moisture, dry matter, ash, crude
protein, crude fiber, crude fat, and nitrogen-free extract
were analyzed according to the methods described by
Association of Official Analytical Chemists (AOAC,
1984) method, while anti-nutrient content, saponin, was
determined using the method adopted by Nwosu et al.
(2010). The gross energy contents of the samples were
determined using a Fully Automatic Bomb Calorimeter
C2000, Adiabatic, IKA®, from Germany. Composition
of fatty acids in the samples was also determined us-
ing Gas Chromatography (Ebrahimi et al., 2014). Each
sample was performed using at least three replicates.

Experimental Animal and Dietary Treatment

A total of 100 day-old male broiler chicks, Cobb500,
were bought from a local commercial hatchery and
were allocated randomly in floor pens, measuring 0.6 m
length, 0.5 m width, and 0.3 m high in an open house
type. Upon arrival, the chicks were wing-banded, indi-
vidually weighed, and recorded before being placed in
the brooding. Anti-stress preparation was given through
drinking water for 3 consecutive days started on the 1¢
day of chicks arrival. IB and ND vaccinations were car-
ried out on the 7" and 14" days via eye drop. Drinking
water and feed were given ad libitum. From day 1 to
day 21, the chicks were fed broiler commercial starter
diet containing 21% crude protein (CP) and 2900 kcal/
kg metabolism energy (ME). On day 21, all birds were
individually weighed and divided equally into four
dietary treatment groups (Table 1) namely; T1, basal diet
containing no candlenut kernel (Control); T2, basal diet
supplemented with 2.5% whole candlenut kernel meal
(CK); T3, basal diet supplemented with 2.5% candlenut
kernel oil (CKO); and T4, basal diet supplemented with
2.5% candlenut kernel defatted (CKD). The experiment
was conducted in a completely randomized design
(CRD) where each treatment group had 5 replicates, and
each replicate had 5 birds. Beginning from day 21 to day
42, birds were fed according to their respective dietary
treatment groups. All diets were formulated in isoni-
trogenous to meet the nutrient requirement of chickens
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(NRC, 1994) for Cobb ration. The diets were given to the
birds in mash form.

Variables and Sampling

Body weight, body weight gain, feed intake, feed
conversion ratio, and mortality rate were measured to
determine their growth performances. Body weight
and feed intake were measured weekly, body weight
gain and feed conversion ratio were calculated based
on body weight and feed intake data. At the end of the
experiment, one bird from each replicate was selected
randomly, slaughtered according to the method of halal
procedure, scalded, de-feathered, and eviscerated (in-
ternal organ were removed). The dressed weight (head,
feather, leg, and internal organs were removed), liver,
kidney, abdominal fat pad (from the proventriculus
surrounding the gizzard), and gizzard were obtained
and recorded. They were expressed as a percentage of
live weight (Tohid et al., 2008; Tang et al., 2011; Leke et
al., 2018). Whole breast, thigh drumstick, and wings
yield were manually cut and weighed and were ex-
pressed of carcass weight (Freitas et al., 2018: Reyes et al.,
2018). Fifty gram of the left breast and thigh meat was
taken, placed in a seal clear plastic sample, and imme-
diately stored at -20°C prior to proximate and fatty acid
analysis.

Experimental Design and Statistical Analysis

All the data except mortality were analyzed using
One Way ANOVA according to the general linear model
(GLM) procedure of SAS9.4 (SAS2009). Significant dif-
ferences among treatments means were determined
at p<0.05 by Duncan’s Multiple Range Test (DMRT).
Mortality was determined by Chi-Square Test.

RESULTS

The growth performances of broiler chickens
fed with various components of candlenut kernel are
presented in Table 2. Supplementation of 2.5% various
components in broiler diets did not improve growth
performance of body weight, body weight gain, feed
conversion ratio (FCR), and mortality rate, except feed
intake. The lowest feed intake (116.8 g) was observed in
T2 (CK) compared to control and other treatments.

Table 3 shows the dressing percentage, various
cuts, and organs of the broiler carcass. There was no
significant difference in the cuts and organs weights of
birds fed various dietary treatments.

There was no significant difference observed
among the proximate compositions of broiler meat,
except for the crude protein and fat contents (Table 4).
The highest crude protein and crude fat were found in
birds on treatment T2 which were 23.15% and 36.61%,
respectively.

Table 5 shows the fatty acid composition (% of fatty
acid) of breast muscle. There was no significant differ-
ence was observed among the dietary treatment groups,
unless for C18:2n-6 and n-6 PUFA. Supplementation of
2.5% various components of candlenut kernel in the diet
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increased the omega-6 (C103.8:211-6) and n-6 PUFA com-
pared to control group (T1). The highest C18:2n-6 and
n-6 PUFA were found in T3 (CKO) which were 21.98%
and 25.40%, respectively. However, there was no signifi-
cant impact was observed on fatty acid composition (%
of total fatty acid) of thigh muscle (Table 6).

DISCUSSION

Modification of broiler diets by including various
components of ground candlenut kernel improved the
fatty acid profiles in the diet. Differences fatty acids
contribute in varying amounts to the composition of dif-
ferent tissues (Kanakri et al., 2017).

In the present study, supplementation of various
components of ground candlenut kernel at 2.5% in the
diets increases the crude fat up to 12.95%, and saponin

Table 1. Composition of experimental broiler grower-finisher diet

content also increased (0.85%) in the diet which was
higher in CK compared to the other treatments. As the
crude fat in the diets increased, the saponin content
also increased. Even though the crude fat and saponin
contents of the diet did not show a significant (p<0.05)
difference, it might slightly affect the feed intake.
The result of feed intake obtained in this study also
concluded that the feed intake was inversely related to
energy concentration in the diet. This result might be
due to the caloric requirement of the birds (as much as
12.5% crude fat in T2) was fulfilled and thus they ate
less. Previous findings also noted that fulfillment of
caloric requirement causes less feed intake (Abbas et
al., 2016). However, less feed intake might be due to the
higher saponin content in T2 (0.85%). Saponin has been
claimed to reduce feed intake and inhibit the growth
rate of poultry, and show toxicological effects with the

Dietary treatments

T1 (Control) T2 (CK) T3 (CKO) T4 (CKD)
Ingredients (%)
Ground yellow corn 60.00 60.00 60.00 60.00
Soybean meal dehulled 25.00 25.00 25.00 25.00
Fish meal 7.00 7.00 7.00 7.00
Crude palm oil 5.40 2.90 2.90 2.90
Limestone 1.30 1.30 1.30 1.30
Fine salt 0.25 0.25 0.25 0.25
Mineral premix’ 0.25 0.25 0.25 0.25
Vitamin premix? 0.25 0.25 0.25 0.25
Lysine 99% 0.20 0.20 0.20 0.20
DL-Methionine 98% 0.15 0.15 0.15 0.15
Mono dicalcium phosphate (MDCP) 0.10 0.10 0.10 0.10
Choline chloride 0.10 0.10 0.10 0.10
Candlenut 0.00 2.50 2.50 2.50
Laboratory analysis:
Dry matter (%) 86.88+0.80 88.33+0.25 88.74+0.03 88.20+0.01
Ash (%) 7.53+0.20 5.62+0.20 5.43+0.09 5.59+0.29
Crude protein (%) 20.5+0.12 20.7+0.29 20.2+0.10 20.9+0.45
Crude fiber (%) 6.35+0.25 6.50+0.40 6.90+0.50 6.60+0.30
Crude fat (%) 5.34+0.40 12.95+0.27 9.68+0.21 8.55+0.30
Gross energy (MJ/ kg) 16.68+0.39 16.86+1.09 17.53+0.79 17.97+0.67
Saponin (%) 0.165+0.02¢ 0.848+0.032 0.548+0.16® 0.383+0.07¢
C18:1n-9 31.55+0.532 29.51+0.00° 31.12+0.67" 29.40+0.11°
C18:2n-6 32.79+0.18¢ 40.03+0.002 35.85+1.02° 40.25+0.052
C18:3n-3 3.62+1.95 4.34+0.00 4.06+0.56 2.70+0.10
Saturated fatty acid (SFA) 31.66+1.522 25.54+0.00° 27.87+1.87% 27.11+0.03%
Monounaturated fatty acid (MUFA) 31.91+0.61= 30.09+0.00° 32.20+0.302 29.93+0.19°
n-6 PUFA 32.79+0.18¢ 40.03+0.002 35.85+1.02° 40.25+0.052
n-3 PUFA 3.62+1.95 4.34+0.00 4.06+0.56 2.70+0.10
n-6/n-3 12.67+6.75 9.22+0.00 8.95+0.99 14.94+0.55
Note:

Means in the same row with different superscripts differ significantly; All data are on dry matter basis; n-6 PUFA= omega-6 polyunaturated fatty acid;
n-3 PUFA= omega-3 polyunaturated fatty acid; n-6/n-3= ratio omega-6 and omega-3; T1=basal diet containing no candlenut kernel (Control); T2= basal
diet supplemented with 2.5% whole candlenut kernel meal (CK); T3= basal diet supplemented with 2.5% candlenut kernel oil (CKO); T4= basal diet

supplemented with 2.5% candlenut kernel defatted (CKD)

Mineral premix (per kg): selenium 0.2 g; iron 80 g; manganese 100 g; zinc 80 g; copper 15 g; potassium chloride 4 g; magnesium oxide 0.6 g; sodium

bicarbonate 1.5 g; iodine 1 g; cobalt 0.25 g.

2Vitamin premix (per kg): vitamin A 50IU; vitamin D 10 IU; vitamin E 75 g; vitamin K3 20 g; vitamin B1 10 g; vitamin B2 30 g; vitamin B12 0.1 g;

D-calcium pantothenate 60 g; nicotinic acid 200 g; folic acid 5 g; biotin 235 g.
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Table 2. Growth performance of broiler chickens fed various components of ground candlenut kernel on day 42 of age (Mean+SE)

Dietary treatments

Variables

T1 (Control) T2 (CK) T3 (CKO) T4 (CKD)
Initial body weight (g/bird) 869.0+3.78 864.9+1.44 865.6+2.64 867.2+2.71
Final body weight (g/bird) 2141.8+53.79 2162.4+19.88 2226.5+16.01 2216.6+22.28
Average daily gain (g/bird) 60.6+2.56 61.8+0.99 64.8+0.67 64.3+1.03
Feed intake (g/bird/day) 121.1+1.382 116.8+1.17° 122.6+1.252 123.7+0.98=
Feed conversion ratio 2.21+0.168 1.94+0.030 1.94+0.023 2.01+0.037
Mortality (%) 0 0 0 0

Note: *Means in the same row with different superscripts differ significantly (p<0.05); All data are on dry matter basis; T1= basal diet containing no
candlenut kernel (Control); T2= basal diet supplemented with 2.5% whole candlenut kernel meal (CK); T3=basal diet supplemented with 2.5%
candlenut kernel oil (CKO); T4= basal diet supplemented with 2.5% candlenut kernel defatted (CKD).

Table 3. Carcass yield of broiler chickens fed various components of A. moluccana kernel on day 42 of age (Mean+SE)

Dietary treatments

Variables

T1 (Control) T2 (CK) T3 (CKO) T4 (CKD)
Carcass weight (g) 1374+61.81 1467+87.70 1419+75.95 1419+97.86
Dressing % 65.0+1.82 63.3+1.19 64.2+0.94 66.7+0.67
Liver (%) 1.81+0.198 1.70+0.095 1.78+0.075 1.95+0.247
Abdominal fat pad (%) 1.91+0.143 1.84+0.427 1.73+0.228 1.22+0.053
Gizzard (%) 1.55+0.114 1.60+0.078 1.59+0.070 1.68+0.097
Breast (%) 22.69+1.0 22.93+1.2 22.42+0.7 21.54+1.6
Thigh (%) 27.81+6.3 28.39+7.6 29.96+8.1 28.16+11.1
Wing (%) 11.24+0.4 11.15+0.4 11.53+0.5 11.70+0.6

Note: All data are on dry matter basis; T1=basal diet containing no candlenut kernel (Control); T2=basal diet supplemented with 2.5% whole candlenut
kernel meal (CK); T3= basal diet supplemented with 2.5% candlenut kernel oil (CKO); T4= basal diet supplemented with 2.5% candlenut kernel
defatted (CKD).

Table 4. Proximate composition in broiler meat (Mean=SE)

Dietary treatments

Components (%)

T1 (Control) T2 (CK) T3 (CKO) T4 (CKD)
Dry matter 26.78+0.12 27.24+0.42 27.01+0.09 27.36+0.29
Moisture 73.42+0.09 72.76+0.42 72.99+0.09 72.64+0.29
Ash 1.94+0.03 1.93+0.06 1.80+0.07 1.80+0.16
Crude protein 22.93+0.242 21.48+0.32b 23.15+0.272 21.48+0.26°
Ether extract 31.02+0.41° 28.47+0.69¢ 36.61+0.472 15.09+0.654

Note: *Means in the same row with different superscripts differ significantly (p<0.05); All data are on dry matter basis; T1= basal diet containing no
candlenut kernel (Control); T2= basal diet supplemented with 2.5% whole candlenut kernel meal (CK); T3=basal diet supplemented with 2.5%
candlenut kernel oil (CKO); T4= basal diet supplemented with 2.5% candlenut kernel defatted (CKD).

Table 5. Fatty acid composition (% of total fatty acid) of breast muscle (Mean=SE)

Dietary treatments

Fatty acids

T1 (Control) T2 (CK) T3 (CKO) T4 (CKD)
C18:1n-9 38.48+0.77 34.90+1.02 32.64+0.53 32.78+4.22
C18:2n-6 15.960.89° 16.61+0.920 21.98+0.23 17.57+0.53°
C18:3n-3 4.46£1.61 3.78+0.50 4.29+0.25 2.59+0.36
SFA 35.85+0.95 37.74+1.02 33.64+0.28 37.47+2.56
MUFA 41.30+1.25 38.69+0.29 35.880.08 36.48+6.04
n-6 PUFA 18.0420.68 19.23+1.16™ 25.40+0.56° 22.4312.76M
n-3 PUFA 4.80£1.52 4.33+0.43 5.040.20 3.61£0.72
n-6/n-3 412+1.16 451£0.72 5.03£0.31 6.31+0.49

Note: Means in the same row with different superscripts differ significantly (p<0.05). All data are on dry matter basis; T1= basal diet containing no
candlenut kernel (Control); T2= basal diet supplemented with 2.5% whole candlenut kernel meal (CK); T3= basal diet supplemented with 2.5%
candlenut kernel oil (CKO); T4= basal diet supplemented with 2.5% candlenut kernel defatted (CKD); SFA= Saturated Fatty Acid; MUFA=
Monounsaturated Fatty Acid; n-6 PUFA= Omega-6 Polyunsaturated Fatty Acid; n-3 PUFA= Omega-3 Polyunsaturated Fatty Acid; n-6/n-3= Ratio
Omega-6 and Omega-3.
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Table 6. Fatty acid composition (% of total fatty acid) of thigh muscle (Mean+SE)

Dietary treatments

Fatty acids

T1 (Control) T2 (CK) T3 (CKO) T4 (CKD)
C18:In-9 31.18+3.35 34.63+0.69 30.51+4.02 30.38+0.67
C18:2n-6 16.12+2.05 18.19+1.04 20.09+0.96 19.31£1.12
C18:3n-3 6.96+4.17 3.38+0.33 4.37+0.04 2.9+0.28
SFA 37.50+0.46 35.62+0.29 36.17+3.58 36.40+0.18
MUFA 34.16+3.59 39.29+1.64 33.08+5.12 35.23+2.73
n-6 PUFA 20.58+1.45 21.15+1.54 25.48+1.15 24.68+2.20
n-3 PUFA 7.72+4.57 3.93+0.19 5.26+0.38 3.66+0.35
n-6/n-3 4.28+2.72 5.41+0.65 4.84+0.13 6.74+0.04

Note: All data are on dry matter basis; T1=basal diet containing no candlenut kernel (Control); T2=basal diet supplemented with 2.5% whole candlenut
kernel meal (CK); T3= basal diet supplemented with 2.5% candlenut kernel oil (CKO); T4= basal diet supplemented with 2.5% candlenut kernel
defatted (CKD); SFA= Saturated Fatty Acid; MUFA= Monounsaturated Fatty Acid; n-6 PUFA= Omega-6 Polyunsaturated Fatty Acid; n-3 PUFA=
Omega-3 Polyunsaturated Fatty Acid; n-6/n-3= Ratio Omega-6 and Omega-3.

level in diets. In contrast, the other researchers noted
that saponin was used as a feed additive to promote a
better growth rate and feed efficiency, lower serum
cholesterol level, reducing the emission of ammonia
from animals’ excreta, assist the absorption of nutrient,
and improve carcass quality. Thigh meat seemed higher
than breast meat. A similar result was reported by Leke
et al. (2018) that thigh meat (237.80 g) was higher than
breast meat (216.60 g) when he conducted an experi-
ment to determine the use of fish oil as a by-product of a
fish canning factory in diet on the performance and lipid
profiles of native chicken. This result could be due to
the different fatty acid contents in various components
of candlenut had different effects that contributed more
to thigh than to breast meat yield. The percentages of
wings and abdominal fat pad obtained in this study are
within the range (Faria et al., 2010). Furthermore, many
experiments showed no significant difference in broiler’s
growth performance parameters when different fat
sources were fed (Poorghasemi ef al., 2013).

Saturated fatty acids component such as palmitoleic
acid could reduce bad cholesterol, as well as fat depo-
sition in blood vessels and blood clot formation, while
unsaturated fatty acid could improve the flavor of meat
and health benefits. In the present study, the increased
level of crude fat and saponin contents in the diet (CK)
may lead to decreased feed intake. It also produced
lower dressing weight and wings weight. These results
indicate that as the level of crude fat in the diet increase,
the contents of saponin in the diet will increase. The
increase in saponin content of the diet will reduce the
amount of feed intake that normally will decrease the
percentage of carcass yield. The supplementation of
sheanut cake containing saponin at a rate of more than
25 g/kg in the broiler diet also reduces carcass yield.
However, in the present study, no significant (p>0.05)
difference was observed within the dietary treatments.
Poorghasemi et al. (2013) also demonstrated that dietary
fat source did not alter the weight of internal organs and
small intestinal.

Fat-based feedbacks such as soyabean oil, rapeseed
oil, and other processed fat products did not affect the
chemical composition of chicken meat. Bostami ef al.
(2017) also reported that the chemical composition of
broiler meat was not affected by different dietary fat

sources, unless for crude fat in breast meat. Candlenut
kernel oil in T3 group had the highest content of fat
(36.61%) than control (31.02%). This condition could be
related to the higher contribution of unsaturated fatty
acid (USFA) to the diet.

The total of n-6 PUFA in T3 (CKO) was automati-
cally higher than those in control and other treatment
groups. Higher n-6 PUFA content could be due to the
higher C18:2n-6 component in T3. Incorporation of poly-
unsaturated fatty acid (PUFA) component in the breast
was higher than in the thigh. Koreleski & Swiatkiewicz
(2007) demonstrated that the inclusion of different levels
of fatty acids in a diet plays an important role in the in-
creased some of the fatty acid components in breast and
thigh muscles. The sources of dietary fat could affect
the lipid content depending on the type of muscle (del
Puetro et al., 2017) (i.e. the lipid content was lower in
pectoralis muscle than in Gastrocnemius muscle in broiler
supplemented with inorganic and organic selenium).
The breast was demonstrated to contain higher PUFA
than thigh (Trembekka et al.,, 2016). In opposite, the
concentrations of total lipids and fatty acids were sig-
nificantly higher in thigh and leg than in breast muscle
(Morales-Barrera et al., 2013).

CONCLUSION

Supplementing 2.5% of various components of
candlenut kernel in the diet did not improve growth
performance, carcass yield, the chemical composition of
broiler meat, and fatty acid composition of breast and
thigh muscles of finishing broiler chickens.
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