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ABSTRACT
Background: Candlenut is one of the vegetable oil-producing plants as a source of biodiesel raw materials. One of the innovations is
to increase the production and quality of candlenut oil by treating the kernels before roasting. Kernel condition (whole or fine powder)
and roasting temperature affects and the oil production. This study aims to determine the condition of the kernel at various roasting
temperatures on the production, yield and quality of the oil.
Methods: Using a one-factor completely randomized design, kernel conditions with variations in roasting temperature consists of
7 (seven) levels, such as T0= Finely ground kernel, without roasting; T1= Whole kernel, roasted at 80C for one hour, then mashed;
T2= Whole kernel, roasted at 90C for one hour, then mashed; T3= Whole kernel, roasted at 100C for one hour, then mashed;
T4= finely ground kernel, baked at 80C for one hour; T5= Finely ground kernel, baked at 90C for one hour; T6= Finely ground kernel,
baked at 100C for one hour. Each treatment was repeated 5 times and further tested with Duncan’s multiple range test at 0.01 level.
Result: The results showed that the  roasted fine powder kernels resulted in higher oil production, oil weight and oil yield compared
to unroasted kernels and whole roasted kernels. The best results were found in finely ground kernels roasted at 90C. The roasting
temperature lowers the free fatty acid content of the oil, whole kernels produce lower free fatty acids than finely ground kernels. The
lowest free fatty acids were found in whole kernels baked at 90C.
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INTRODUCTION
The need for fuel oil increases along with the increase in
the world’s population and the fuel is obtained from fossils.
The increasing demand for energy causes exploitation,
higher consumption of energy from petroleum and depletion
of petroleum reserves. One solution to overcome this
problem is to look for renewable energy sources that can
be produced continuously and sustainably (Giri et al., 2013;
Kumar et al., 2014). Alternative fuels in the form of biofuels
(biodiesel, bioethanol and biogas) can be sourced from
various plants such as coconut, oil palm, jatropha,
candlenut, sugarcane and other oil-producing plants (Giri
et al., 2013; Aliyu et al., 2017; Thangaraj et al., 2018; Konur,
2021). Biodiesel is a potential alternative fuel as an
environmentally friendly substitute for diesel oil  (Xu and
Wu, 2003; Karmakar and Mukherjee, 2017; Anwar et al.,
2019; Ragade et al., 2022).

Candlenut oil is one of the vegetable oils has the
potential to be used as biodiesel (Salamah, 2010), containing
oil ranging from 30%-60%, can be a promising source for
commercial biodiesel production (Shaah  et al., 2021),
suitable if free fatty acids are low (Pranowo et al., 2016),
this is also supported by the increase in candlenut production
in Indonesia from 106,280 tons in 2015 to 118,150 tons in
2020 (BPS, 2021). Candlenut oil can be obtained by
extraction after heating the kernel which will affect the oil
yield (Shaah et al., 2021). The results showed that the oil
yield reached 60 per cent (Pranowo et al., 2016), however,
the condition of the fine or coarse kernel and the roasting
temperature are factors that influences the yield and quality

of the i.e candlenut oil produced. The finely ground kernels
produced a higher amount of oil than whole kernels. Putri
(2019) revealed that powder kernels with 90C roasting
resulted in higher oil weight and oil yield. This is due to the
fact that the cell walls of the candlenut powder break easily
when heated and the extraction process will be more evenly
distributed (Arlene et al., 2010; Gürdil et al., 2020) .

The amount of hazelnut oil obtained is also influenced
by temperature and roasting time. The right temperature
and roasting time affect the breakdown of cells and coagulate
the proteins present in the kernel and will speed up the
release of oil. In addition, temperature affects the water
content in the oil, the less water content in the oil produces
better quality. The high amount of water content causes the
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oil to be hydrolyzed which can cause a high acid value, the
oil will go rancid easily or cannot withstand long storage
(Estrada et al., 2007).

Arlene et al. (2010) reported that, the powder-sized
kernels produced higher oil than whole-sized kernels, while
the temperature showed that the best conditions for obtaining
candlenut oil at a temperature of 60C were to produce a
yield of 89.63% v/v (Hariani et al., 2013), the maximum yield
was obtained when the size of the hazelnut seeds was
powdered and at a temperature of 90C (Arlene et al., 2010).

Furthermore, information that is not widely known is
how the potential yield and quality of candlenut oil from whole
kernels are roasted first and then mashed compared to
kernels that are mashed first and then roasted at 80C, 90C
and 100C, whether there is a relationship between whole
kernels and mashed kernels with temperature gradations
on the amount of yield and quality of the oil obtained. Based
on this background, a study was conducted to determine
the amount of yield and quality of candlenut oil in whole
kernels and finely ground kernels with innovative heating
temperatures. The results of this study obtained good kernels
(whole or fine powder) with optimal roasting temperature in
producing the highest amount of yield and good quality of
candlenut oil to be used as a source of biodiesel. The
purpose of this study was to determine the condition of the
kernel at various roasting temperatures on the production,
yield and quality of the oil.

MATERIALS AND METHODS
The research was carried out at the Agroecotechnology
Laboratory, Faculty of Agriculture, Universitas Malikussaleh
from August 2021 to November 2021 using a one-factor
completely randomized design. Kernel conditions with
variations in roasting temperature, consisting of  7 (seven)
such as T0= Fine powder kernel, without roasting, then
extracted; T1= Whole kernel, roasted at 80C for one hour,
then mashed and extracted; T2= Whole kernel condition,
roasted at 90oC for one hour, then mashed and extracted;
T3= Whole kernel roasted at 100C for one hour and, then
ground and extracted; T4= Finely ground kernel powder,
roasted at 80C for one hour and extracted; T5= Finely ground
kernel powder, roasted at 90C for one hour and extracted;
T6= Finely ground kernel powder, roasted at 100C for one
hour and extracted. Each treatment level was repeated 5
times and if there was a significant difference, it was further
tested with Duncan’s multiple range test level at 0.01. The
materials used were hazelnut kernel, thimble soxhlet,
n -hexane and alcohol; the tools used were oven,
thermometer, soxhlet, analytical balance, 10 ml vial, blender
and measuring cup. Candlenut seeds were obtained from
community gardens and then dried in the sun for two days
to reduce the moisture content. Before separating the shell
from the hazelnut meat (kernel), the hazelnut seeds were
put in the freezer for 24 hours to facilitate the release of the
kernel from the shell. Kernel separation was done
mechanically with a shell-breaking machine, whole kernels

and broken kernels were sorted. The process of extracting
oil from the kernel was carried out by the following procedure:
1) T0 treatment was carried out by breaking the kernel into a
fine powder using a blender and then extracting the oil, 2)
treatments T1, T2 and T3 were done by roasting the whole
kernels for 1 hour in an oven at 80C, 90C and 100C,
then crushed into powder with a blender and extracted the
oil, 3) T4, T5 and T6 treatments were done by breaking the
kernels into powder smooth using a blender, then baked for
1 hour in an oven at a temperature of 80C, 90C and 100C
then extracted the oil. A total of 50 grams of kernel according
to the treatment was extracted using Soxhlet and n-hexane
as solvent at 67C for 1 hour. The extracted oil was collected
in a 10 mm vial and measured by the weight of oil (grams),
amount of oil production (milliliters), oil yield (%) and free
fatty acid content in oil (%).

RESULTS AND DISCUSSION
Oil weight and oil production
The results of showed that, the level of treatment of finely
ground kernels roasted at 90C for 1 hour (T5) resulted in
the largest weight of oil  (24.41 g±1.47) and production of
candlenut oil (29.05 ml±5.05 ) which was significantly make
differed from the control treatment level (T0) and the whole
kernel roasted at 80C, 90C and 100C (T1, T2 and T3),  but
not significantly different from the level of treatment of fine
powder kernel in the oven at 80C and 100C (T4 and T6).
The lowest yields of oil weight (15.78 g±0.66) and total oil
production 18.23 ml±0.53) were obtained at the control
treatment (T0) (Fig 1 and Fig 2).

Roasted fine powder kernels (T4, T5  and T6) yielded
higher oil weight and oil production than control (T0) or
roasted whole kernels (T1, T2 and T3). The amount of weight
and oil production at the treatment level of fine powder kernel
roasted at 90C is thought to be caused by the higher the
roasting temperature, the lower the oil viscosity so that the
oil comes out easily from the seed cells. One that affects
the viscosity is the roasting temperature (Subroto et al.,
2017). In addition, fine powder kernels (small size) have a
wider surface area and are more easily in contact with heat
during the heating process in the oven (Nurnasari and
Prabowo, 2019), making it easier to reduce the viscosity of
the oil. In addition, when roasting at a temperature of 90C,
the pores of the cell walls of the finely ground candlenut
material become easily broken. Heating the material which
is smooth and has a large surface area makes the pores of
the cell wall of the material open due to rupture, thus the oil
easily comes out when extracted (Orhevba and Jinadu, 2011).

Oil yield
The results showed that the level of treatment of finely
ground kernel powder roasted at 90C for 1 hour (T5) resulted
in the highest oil yield of 48.82% (±2.95) which was
significantly make differed from the control treatment level
(T0) and the treatment level. Whole kernels were roasted at
80C, 90C and 100C (T1, T2 and T3), but not significantly
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make differed  from the level of treatment with finely ground
kernels roasted at 80C and 100C. The lowest yield of oil
was obtained at the control treatment level (T0), which was
31.56% (±1.32) (Fig 3).

The finely ground and roasted kernels (T4, T5  and T6)
produced a higher oil yield than the control (T0) or roasted
whole kernels (T1, T2 and T3). The high oil yield at the
treatment level of fine powder kernels and roasted at a

temperature of 90C is thought to be caused by higher
heating which can coagulate proteins in the kernel so that
the viscosity of the oil decreases and makes it easier for
the oil to come out when extracted (Putri, 2019). The higher
the heating temperature, the easier it is for the oil to leave
the seed cells when extracted (Lumbantoruan et al., 2014;
Gürdil et al., 2020) because the cell membranes are
damaged a lot during heating and the amount of protein

Fig 1: Candlenut oil weight.

Fig 2: Candlenut oil production.
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Fig 3: Candlenut oil yield.
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denaturation is higher (Amaral et al., 2006). In addition, it
is also influenced by the water content in the seeds, where
the oil yield obtained increases with increasing heating
temperature, this is because the water content in the
material has decreased. However, the results of present
finding are differed from the research conducted by Riyanta
et al. (2021) who reported that, the higher the roasting
temperature, the lower the yield of hazelnut oil produced.
In present study, the best roasting temperature was
obtained at 90C and decreased at 100C although this
decrease was not significantly differend from the 90C
roasting temperature.

The yield of candlenut oil without roasting (T0)  was lower
than that of roasting (T1-T6) either with whole kernels or finely
ground kernels. The roasting treatment of finely ground
kernels (T4, T5  and T6) resulted in a higher oil yield than
roasting whole grains (T1, T2 and T3). This shows that the
kernel condition (size) and roasting temperature affects the
yield of candlenut oil produced. The fine powder kernel and
roasting temperature of 90C resulted in a high oil yield (Fig 3).
In present study, the kernel roasting temperature of 90C
for one hour was sufficient to provide a higher oil yield,
although it did not show a significant difference between
80C and 100C.

Free fatty acids
The results of the anova showed that the candlenut oil from
the kernel without roasting (T0) produced higher free fatty
acids, of 0.142% (±0.004) compared to the roasting
temperature treatment and showed a very significant
difference as compared to T1, T2, T3 and T6   (Fig 4). It can be
seen that, result of roasting the kernels (whole or fine
powder) were found to be in lower free fatty acids than those
without roasting. Fine powder kernels at 80C and 90C (T4
and T5) roasting temperatures did not show significant
differences with T0. The lower free fatty acids in the kernel
roasting temperature treatment were thought to be due to a
fast reaction caused by the effect of the heat generated.
Higher temperature reduces free fatty acids in candlenut oil

(Özdemir et al., 2001; Amaral et al., 2006). Increasing the
temperature carried out in the roasting process results in a
decrease in free fatty acid levels (Özdemir et al., 2001), but
will increase the quality of candlenut oil as biodiesel which
is of better quality (Saputra et al., 2019; Ardjmand et al.,
2020). Higher temperature reduces free fatty acid levels in
candlenut oil and this indicates that the quality of candlenut
oil was found to be better, this result has been proven by
testing lower levels of exhaust emissions i.e. carbon
monoxide and hydrocarbons (Pham et al., 2018).

CONCLUSION
From the present study it is concluded that, fine powder
kernel roasted at 90C resulted in higher oil weight, oil
production and oil yield. Roasted whole kernels produce
lower free fatty acids than finely ground kernels. The roasting
temperature decreased the free fatty acids in the candlenut
oil produced, the best temperature was obtained at 90C.
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