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ABSTRACT: The oil content of a fresh palm bunch (OCB) is a crucial factor in deciding the price of oil palm between
the farmers and the oil palm mill owners. The mill owners usually use visual inspection and their experience to
estimate the oil content, which does not provide an accurate estimate. The chemical extraction method (traditional
oven drying combined with automated Soxhlet extraction) is the only method that is recommended as a standard
for oil content analysis and practical use in Thailand. This method provides reliable results, but is time consuming.
This study investigated the feasibility of a quick test to determine the oil and moisture content of the mesocarp using
microwave drying to replace oven drying, and magnetic stirring to replace automated Soxhlet extraction. The results
showed that the time required for the microwave drying technique was 6 min, while the time for the oven method was
24 h. Using magnetic stirring could also reduce the oil extraction time from 2 h to 10 min compared to automated
Soxhlet extraction. Based on validation data, the method of microwave drying combined with magnetic stirring for
OCB analysis gave a good correlation with the standard method and is thus recommended for a quick OCB analysis.
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INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) is an important
food and energy crop abundant in Southeast Asia.
It originated from South Africa and was brought
into Southeast Asia in 18841. In August 2015,
the US Department of Agriculture (USDA) reported
that Malaysia and Indonesia were the world leaders
in palm oil production and export, with Thailand
being in the third position for oil palm production
in Southeast Asia2. Palm oil comes in two types
based on the part of the palm fruit from which the
oil is extracted—crude palm oil from the mesocarp
part and crude palm kernel oil from the palm kernel
part (Fig. 1). Palm oil is used as a raw material not
only in the food industry but also for fuel, especially
biodiesel. The Thai Government has therefore tried
to promote oil palm plantations with farmers by
launching several policies to facilitate and create
stakeholder activity. One of the important policies
was to promote a fresh palm bunch trading system3.

At present, the price of fresh palm bunches is
decided by the fraction of oil content per fresh palm
bunch (OCB). The term oil content (OC) means the
fraction of the weight of extracted oil per weight

of dried mesocarp and the term OCB means the
fraction of the total weight of extracted oil per total
weight of a fresh palm bunch. Many researchers are
trying to estimate the OCB and the OC quickly using
different techniques as detailed below.

Near infrared spectroscopy (NIR) has been used
to determine the OC in fresh palm fruits4, 5. The
OCB in fresh fruit palm bunches using an NIR
technique has also been analysed6. An automatic
machine vision procedure (digital image process-
ing) has been used to study the OCB in fresh palm
bunches7. In addition, the ultrasonic technique
has been applied to the study of the OC in fresh
palm fruits8. All these techniques however are not
being used in Thai trade, as they predict the total
oil content and not the OCB. The practical use for
OCB analysis in Thailand has followed the standard
method of Malaysia. The National Research Centre
for Oil Palm of Malaysia has set the standard OCB
method using two steps in the analysis once the
mesocarp has been separated from the fresh palm
fruit. The first step determines the moisture content
(MC) in the fresh mesocarp. The MC is the weight
loss obtained after drying at 100±5 °C for 24 h us-
ing a hot-air oven. The second step determines the
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Fig. 1 Fresh oil palm fruit.

OC in the dried mesocarp using solvent extraction
using an automated Soxhlet extractor for 2 h (14 h
for conventional Soxhlet equipment). Then the
obtained MC and OC are calculated and converted
to the OCB9.

Microwave techniques in the drying process
have been investigated in many studies. Microwave
energy offers many advantages such as, less time,
space saving, energy saving, and increased quality
of the palm oil. Heating carried out using mi-
crowaves results from microwave energy generated
by exposing the material to an electromagnetic
field. Dipolar substances, especially water, which
is the main ingredient in the oil palm fruit, can
be thoroughly heated by dielectric heating using
microwave irradiation10. Cheng et al used a mi-
crowave technique to dry palm fruits that com-
pletely removed the MC within 5 min11. In addition,
the heating time using microwaves could increase
the carotene and vitamin E content and reduce
free fatty acids. These properties indicate good
quality crude palm oil11, 12. Solvent extraction has
become the commonly used commercial technique
to recover oil from oilseeds. Hexane solvent is pre-
ferred as it efficiently extracts the oilseed, leaving
small residues in the seedcake. A single stage of
solvent extraction is the main protocol and requires
a long time for extraction. Nowadays, however, a
short oil extraction time is needed, so multi-stage
oil extraction has been used to reduce the time
required for analysis. Achten et al13 and Nokkaew
and Punsuvon14 used a multi-stage technique for
complete oil recovery. They split the total extractant
volume into several portions by carrying out three or
more extraction steps.

The present study aims to develop a quick anal-
ysis of the OCB by omitting the use of the hot-air
oven and automated Soxhlet extraction. We aim to

determine the optimum time for mesocarp drying
using microwaves and the optimum conditions of oil
extraction from the dried mesocarp using magnetic
stirring. Finally, we aim to validate our process to
confirm its precision and accuracy by comparison
with the OCB standard method9.

MATERIALS AND METHODS

Materials

Fresh oil palm bunches (FPB) of the Tenera species
were obtained from the Oil Palm Technology Devel-
opment for Local Commercial Biodiesel Industry in
Newly Planted Area Project, Faculty of Agriculture,
Kasetsart University, Thailand and used as raw ma-
terial in this experiment. The age of the oil palm
trees was about 4–5 years and the weight of each
FPB was about 10–15 kg. The FPB were harvested
and after collection were sent to the laboratory
within 2 days for analysis.

Sample preparation

The FPB were weighed and divided into 3 zones
(apical, equatorial, and basal) (Fig. 2). Then
the FPB was chopped into spikelets (Fig. 3a) from
the stalk, and palm fruits were further separated
from each spikelet (Fig. 3b). Approximately 250 g
(around 20–30 palm fruits) of representative palm
fruits were selected for the OCB analysis. The
mesocarp was scraped fully, leaving only the nut,
and then weighed (Fig. 3c).

Apical

Equatorial

Basal

Fig. 2 FPB divided into 3 zones (apical zone, equatorial
zone and basal zone).
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Fig. 3 Other parts separated from FPBs: (a) spikelets, (b) palm fruits, and (c) mesocarp.

Optimum moisture content from microwave
drying

The scraped mesocarp was dried for different peri-
ods (0–10 min) at 850 W and 2450 MHz in a house-
hold microwave oven (Samsung ME109MSTD, Ko-
rea). The dried mesocarp from each drying time
was weighed for MC determination based on the wet
weight as MC= 1−wdried/wfresh, where wdried is the
weight of dried mesocarp and wfresh is the weight of
fresh mesocarp.

The experiments were performed in duplicate.
The MC from the experiments and the MC from
the standard method13 were then compared. In
addition, the temperature of the mesocarp was mea-
sured after heating using an infrared thermometer
gun.

Optimum conditions to extract oil using
magnetic stirring

A sample of 3 g of dried mesocarp was used to study
multi-stage oil extraction with magnetic stirring.
Several parameters were considered to optimize OC
recovery, namely the ratio of dried mesocarp to hex-
ane solvent (1:5, 1:7, and 1:10 w/v), the duration
(5 and 10 min), and the temperature (35 and 55 °C).
The stirring rate was kept constant following the
work of Nokkaew and Punsuvon14 who found that
the best stirring rate for oil extraction from Jatropha
curcas meal was at 400 rpm. At each stage of
oil extraction, a sample was collected by filtration
and the solvent was removed from the oil using
evaporation, followed by weighing for oil content
determination as OC= woil/wdried, where woil is the
weight of oil.

Re-oil extraction with fresh solvent at each stage
was carried out until the weight of the extracted oil
did not increase. The experiments were performed
in duplicate. The OC from the experiments and
the OC from the standard method9 were then com-

pared.

Calculation of oil content per fresh palm bunch

OCB was obtained using the following equations:

wdried,bunch = wfresh,bunch(1−MC),
woil,bunch = wdried,bunch(OC),

OCB= woil,bunch/wbunch,

where wdried,bunch is the weight of dried mesocarp
in each bunch, wfresh,bunch is the weight of fresh
mesocarp in the bunch, woil,bunch is the weight of
total oil in the bunch, and wbunch is the weight of
the bunch.

Validation experiment

A validation experiment was carried out between
the new method and the standard method to com-
pare the difference between the methods. The OCB
analysis flow chart for both methods is represented
in Fig. 4.

RESULTS AND DISCUSSION

Optimum moisture content conditions for
microwave drying

The physical appearance of the dried mesocarp be-
fore and after microwave drying for various heating
times (0–10 min) is shown in Fig. 5. As the exposure
duration was extended, the weak orange colour of
fresh mesocarp changed to orange, strong orange,
yellow, brown, and black with a heating time of 0,
2, 4, 6, 8, and 10 min, respectively. The changed
colour of the mesocarp indicated that microwave
heating had an effect during drying and with in-
creasing time, eventually burnt the dried mesocarp
which was the same as reported by Cheng et al11. A
heating time of 6 min resulted in effective drying as
water was removed from the mesocarp due to the
temperature being increased from 35 °C (ambient
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Fig. 4 Flow chart of OCB analysis for (a) new method and
(b) standard method.

0 min 2 min 4 min 6 min 8 min 10 min

Fig. 5 Physical appearance of mesocarp after microwave
heating for different periods.

temperature) to 100 °C. Fig. 6 shows the surface
temperature of the mesocarp during microwave
heating. The results showed that the temperature
increase was directly proportional to the heating
time. In addition, as the temperature increased,
the oil in the mesocarp melted and dissolved the
carotene pigment resulting in the colour of the dried
mesocarp changing from weak orange to yellow.
When the surface temperature of the dried meso-
carp exceeded 100 °C (Fig. 6), it caused burning
and decomposition of the mesocarp and carotene
pigment11.

Effect of microwave heating on moisture
content

The initial MC in the mesocarp analysed using the
standard method was 31% (w.b.). The effect of
microwave drying compared with hot-air drying
shown in Fig. 7 reveals that microwave drying for
6 min decreased the MC from 31% to 0%, while
conventional drying took at least 5 h to reach 0%
MC. Currently, conventional drying takes 24 h to

0

30

60

90

120

150

0 2 4 6 8 10

Te
m

pe
ra

tu
re

 (
o C

)

Time (min)

100 oC

Fig. 6 Surface temperature change of dried mesocarp
during microwave drying.
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Fig. 7 Comparison of effect of (a) microwave drying and
(b) hot air drying on MC over time.

ensure complete water removal from the sample;
in practice, however, 5 h (300 min) of drying time
at 100 °C was sufficient. Nur Khairunnisha et al15

explained that the microwave heating progress oc-
curred from the inside to the outside of the material
at a higher speed than in conventional drying which
occurs from the outside to the inside of the material.

Optimum conditions for oil extraction using
multi-stage magnetic stirring

The optimum conditions for microwave drying at
6 min were selected to remove water from the
ground mesocarp. The OC analysis using 6 min of
microwave drying followed with oil extraction using
automated Soxhlet extraction for 2 h was conducted
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Fig. 8 Oil extraction using multi-stage magnetic stirring
at (a) different ratios of dried mesocarp to hexane solvent
(oil extraction keeping constant temperature at 55 °C,
10 min duration time and stirring rate at 400 rpm);
(b) different duration times (oil extraction keeping con-
stant temperature at 55 °C, 1:10 (w/v) ratio of dried
mesocarp to hexane and stirring rate at 400 rpm); (c) dif-
ferent temperatures (oil extraction keeping 1:10 (w/v)
constant ratio of dried mesocarp to hexane, for 10 min
duration time and stirring rate at 400 rpm).

as the reference method and produced a yield of
66% OC. The results of replacing the automated
Soxhlet extraction with multi-stage magnetic stir-
ring are shown in Fig. 8. The total OC is the sum of
the OC for the current stage plus the former stages.
For example, the total OC for the third stage was
the total OC from all 3 stages. Given a target total
OC of nearly 67%, it can be seen that the first stage
procedure already achieved this with a ratio of 1:10
of dried mesocarp to hexane, 10 min extraction,
time and 55 °C as shown in Fig. 8a to Fig. 8c, re-
spectively. The optimum conditions produced 66%
OC. The results shown in Fig. 8 also indicated that

Table 1 Validation test for OCB determination between
the new method and the standard method.

Sample OCB (%) Error*

no. New method Standard method (%)

1 19.34 19.42 0.43
2 20.07 20.00 0.34
3 20.00 19.99 0.04
4 20.33 20.23 0.49
5 26.59 26.43 0.63

* Error= |1−OCBnew/OCBstandard|

multi-stage extraction with an increased hexane to
dried mesocarp ratio had the greatest influence on
oil extraction.

Validation test for oil content per fresh palm
bunch

The validation test compared the new method
(6 min of microwave drying + one stage of mag-
netic stirring) for OCB determination with the stan-
dard method. Five separate samples of fresh palm
bunches were used as the raw material for OCB
determination. The obtained results were compared
and the difference between the two methods was
determined. The results of the validation test in
Table 1 show that the difference between methods
was less than 1% which indicates that both methods
produced a similar result. Thus the new method can
be used to replace the conventional method for OCB
determination.

CONCLUSIONS

The feasibility was examined of using microwave
drying combined with magnetic stirring for the de-
termination of the OCB in fresh palm bunches. The
results revealed that this combination could reduce
the operating time to 16 min instead of 26 h without
any substantial difference in the OCB analysis when
compared with the standard method. It can be
concluded that this new method shows promise
as a method to replace the non-scientific approach
currently used in oil palm trading between farmers
and mill owners in Thailand. In addition, this new
method was not only reliable when compared with
the standard method but also had a much faster
analysis time.
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