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Abstract

The paper aims to study the position of the optimum oil palm ripeness at the bunch different positions. 
This information is essential to complete a measurement procedure to detect oil palm fresh fruit bunch (FFB) 
maturity so that the detection devices can directly measure the optimal mature position as a representative 
of the entire FFB characteristics. In this study, the oil palm FFB (Elaeis guineensis Jacq. var. tenera) 
with the various ripeness stages (4 until 24 weeks after anthesis) were collected and divided from three 
positions, i.e., proximal, central and distal. Moreover, each fruit in each of these positions was subjected to 
sample preparation to identify water and oil content. The water and oil content were completed based on 
the oven test method and the Soxhlet extraction technique, respectively. The optimum ripeness position is 
determined based on the lowest water content and the highest oil content. Based on the analysis, during 
the process of oil palm maturation occurs a decrease in water content and an increase in oil content. In 
addition, the average water content of palm fruit (4 until 24 weeks after anthesis) varies greatly depending 
on its position based on the analysis, i.e., proximal (45.83 ± 20.66%), central (33.88 ± 21.18%) and distal 
(41.93 ± 21.49%). The average oil content of oil palm fruit (4 until 24 weeks after anthesis) in the central 
position is higher oil content (25.13 ± 14.18%) compared to the proximal (13.92 ± 12.25%) and distal position 
(15.98 ± 11.64%). We suspect that the chemical content differences of palm fruit in various positions are 
due to the inequality of the respiration rate and ethylene production throughout FFB. In addition, overall it 
can be concluded that the fruit in the central FFB position has an optimal ripeness level compared to the 
proximal and distal position. Thus, the measurement position recommended in evaluating palm maturity is 
at the central position of FFB.
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Introduction

Indonesia is the largest country in the production 
and export of oil palm products, which is more well-
known as crude palm oil (CPO) (Makky and Soni 
2013a, 2013b, 2014, Cherie et al. 2015, Makky 
2016, Makky et al. 2018, Cherie et al. 2019). 
Moreover, to produce high-quality CPO, fresh fruit 
bunches in oil palm must be harvested at optimal 
mature conditions (Misron et al. 2017). However, 
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��� ��
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maturity level of oil palm fresh fruit bunches (FFB) is 
still a major unresolved issue in the palm oil industry 
(Saeed et al. 2013). Generally, the FFB maturity 
level is divided into three categories, namely unripe, 
ripe and overripe (Saeed et al. 2012, Makky et al. 
2014c). So far, in determining the FFB ripeness is 
still done manually and traditionally using human 
vision by trained workers. The common practice 
used as a bunch ripeness is based on the number 
or percentage of detached fruits per bunch (Makky 
and Soni 2014). The maximum oil yield is found only 
when the fruit is about to be detached from the bunch. 
Of course, this maturity evaluation has weaknesses 
such as subjective and qualitative judgment which 
leads to inconsistency of measurement. Therefore, 
this problem attracted the attention of researchers 
to develop accurate techniques in evaluating the 
maturity level of oil palm. Some proposed techniques 
involved oil content measurement, inductive and 
image processing (Saeed et al. 2012, Makky and 
Soni 2014, Misron et al. 2017, Salambue et al. 
2018). 

Based on state of the art, scientist reported 
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�� ���� �
������� ������ ��� ���� 
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based on its chemical content such as water and 
oil content in the fruit (Makky and Soni 2014, Iqbal 
et al. 2015). Both parameters provide distinctive 
characteristics according to FFB maturity. For 
example, mature FFB with ripeness stage of 18-21 

weeks after anthesis has higher oil content (58.30%) 
than unripe FFB in 7 weeks after anthesis (5.90%) 
(Misron et al. 2017). Thus, those parameters have 
been adopted as an approach to predict the maturity 
level of oil palm. However, the accuracy of various 
maturity detection devices is still relatively low, 
which is around 75-85% (Saeed et al. 2012, Iqbal 
et al. 2015, Salambue et al. 2018). This accuracy 
can be improved by investigating the position of the 
�	��������	���������������
��
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maturity measurement is carried out. The position 
of the fruit may be at the proximal, central and distal 
locations of FFB. Therefore, the user can focus the 
measurement on the position of the optimum ripe 
fruit to obtain the overall characteristics of FFB, and 
the performance of sophisticated devices currently 
present will be even more precise. 

However, no knowledge has ever been reported 
concerning the optimum position as a reference for 
evaluating maturity in each FFB. This information is 
critical to reveal due to each FFB consists of many 
fruits and the possibility of its maturity level varies 
greatly based on its position. Therefore, based on the 
above issues, the purpose of this study is to identify 
the position of the optimum oil palm ripeness at the 
bunch of different positions. Further, the impact of 
this study is to complete a measurement procedure 
in evaluating oil palm maturity. 

Material and Methods

Fruit collection
The selection of oil palm fruit in FFB was 

standardized throughout the research. A total of 
six FFBs from tenera varieties (Elaeis guineensis 
Jacq. var. tenera) were harvested from the Oil 
Palm Cikasungka Plantation, Bogor, Indonesia. To 
determine the stages of ripeness, oil palm trees 
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Figure 1. (a) division of FFB position; (b) oil palm fruit; (c) cross-section of oil palm fruit.
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at full anthesis. This was assisted by professional 
labours in the plantation. Overall FFB collected 
has various stages of ripeness, i.e., 4, 8, 12, 16, 
20 and 24 weeks after anthesis. According to Abbas 
(1994), 1-20 weeks are grouped as unripe fruit, 
�����
�� ����!� ������ 
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In this study, each FFB has a length of about 50 ± 
5 cm. Furthermore, the FFB region is divided into 
three positions namely proximal, central and distal 
(Figure 1a). A total of 4 fruits from outer part of the 
FFB is collected from each position and the tissue 
mesocarp was subjected to sample preparation 
to identify the chemical content of the fruit (Figure 
1c). The process of fruit selection is strictly selected 
based on the relatively the same colour, size, and 
weight. Besides the fruits were also ensured in a 
condition without a bruise. A total of 72 fruits were 
��������������������
����
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in FFB. 

Analysis of Chemical Content in Fruit
In this study, water and oil content were 

selected as a parameter to identify the optimum 
mature position in FFB. This analysis must be 
completed at Agricultural Postharvest Laboratory 
(BB-Pascapanen) on the same day when the 
fruit is taken from FFB to avoid inconsistency and 
contamination. The detailed stages of water and oil 
content analysis are as follows:

Water content
The water content of fruit was determined using 

an oven test method (SNI 01-2891-1992 standard) 
(Mandang et al. 2018). The main principle in this 
method is to evaporate the water in the fruit by using 
heating at a temperature of 105 oC for 3 hours. This 

process is repeated until the sample mass become 
constant. Difference between sample weight before 
and after heating is considered as water content.

Oil content
The oil content measurement was completed 

based on the Soxhlet extraction technique (standard 
SNI 01-2891-1992). A total of 2 g of the sample 
from the oil palm fruit is connected with a Soxhlet 
extraction tool (SZC-D 13 soxhlet extraction) at a 
temperature of 80 oC for one hour. Next, the samples 
were extracted using petroleum ether solvent for 6 
hours and dried at 105 oC for 3 hours. This process 
is repeated until the sample mass become constant. 
The oil content is expressed in the ratio between the 
sample weight difference before and after extraction 
and the initial sample weight. 

Statistical analysis and ripeness evaluation
Water and oil content parameter in each FFB 

position were subjected to two-way analysis of 
�
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�
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2013 (Microsoft, Washington, DC, USA) and the 
comparison of means was performed with Turkey’s 
test at p<0.05. Also, the optimum maturity position 
in FFB was determined based on the lowest water 
content and the highest oil content.

Results

Chemical Content During Ripeness Process
The water and oil content in oil palm fruit during 

the ripening process has unique characteristics. In 
general, during the process of oil palm maturation 
occurs a decrease in water content and an increase 
in oil content (Figure 2). Water content in oil palm 

Figure 2. Water and oil content characteristics during ripeness process.
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gradually decreases during maturation, i.e., from 
69.99% (4 weeks) to 15.90% (24 weeks). While 
oil content increases with increasing maturation 
process. The changes of oil content increase 
gradually from 5.67% (4 weeks) to 40.84% (24 
weeks). The same characteristics have been 
discovered by Iqbal et al. (2015) regarding changes 
in water and oil content during the maturation 
process of oil palm. 

Based on the analysis, FFB harvested in various 
stage of ripeness (4-24 weeks after anthesis) had 
average water and oil content of 40.55 ± 5.51% 
and 18.34 ± 4.87%, respectively. There's not a lot 
of difference from the previous research report 
regarding palm fruit maturity, i.e., about 35% for 
water content and 20% for oil content (Iqbal 2015). 
?��� �������� ��� ����� ������ 
������ ��
�� ���� ���� 
��
24 weeks after anthesis is considered as optimal 
harvest time to obtain high oil content.

Optimum Ripeness Position
The chemical content of water and oil content 

�
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Figure 3 and 4 show water and oil content from 
oil palm fruit harvested in various FFB positions 
such as proximal, central and distal. Based on 
the analysis, the average water content of palm 
fruit (4-24 weeks after anthesis) varies greatly 
depending on its position, i.e., proximal (45.83 
± 20.66%), central (33.88 ± 21.18%) and distal 
K!�"QX�Y���"!Q[\"�?�������������������������
������

that the palm fruit at the central position has the 
lowest water content compared to the proximal and 
distal position. Moreover, regarding oil content, the 
average oil palm fruit (4-24 weeks after anthesis) in 
the central position has higher oil content (25.13 ± 
14.18%) compared to the proximal (13.92 ± 12.25%) 
and distal position (15.98 ± 11.64%). Statistically, 
the chemical content (water and oil content) in the 
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against the proximal and distal position. Whereas 
the water and oil content in the proximal and distal 
	�������������������������������#���
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Fourie et al. (1991), variations in chemical content 
in various fruit positions can differ depending on 
many factors, mainly because of the environmental 
conditions, technology, climate, cultivars, etc.

The maturity level of oil palm fruit in FFB 
varies greatly and will not mature in the same 
circumstances. The results of this study indicate 
that the central position in FFB has optimal maturity. 
This is evidenced by the lowest water content and 
the highest oil content. Misron et al. (2017) reported 
that the more mature the oil palm fruit, the higher 
the oil content; thus, the water content in fruit would 
decrease further. According to Oh and Kamaruddin 
K�Q|Q\�� ���� 
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from the 15th week of anthesis and continues to 
increase until the 20th week. 

As explained in the introduction section, the 
knowledge about the optimal mature position will be 
used as a reference to evaluate the FFB ripeness. 

Figure 3. Comparison of water content in various 
FFB positions. The different notation on the same 
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value, Turkey’s test at p<0.05.

Figure 4. Comparison of oil content in various 
FFB positions. The different notation on the same 
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value, Turkey’s test at p<0.05.
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This study revealed that the optimum mature 
position is at the central position of FFB. Thus, 
the palm ripeness detection device can directly 
measure in the central position as a representative 
of the overall FFB characteristics. 

Discussion

The main goal of this investigation was to identify 
the position of the optimum oil palm ripeness at the 
bunch different positions. The results of this study 
indicate that the water and oil content in palm fruit 
varies greatly depending on the fruit position. Based 
on the analysis, the central position in FFB has an 
optimal level of maturity compared to the proximal 
and distal position. Theoretically, the fruit maturity is 
������
�����������
����

�������
�����#����	��
�����
rate and ethylene production (Tranbarger et al. 2011, 
Makky et al. 2014b, 2014a). According to Nualwijit 
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climatic fruit, where during the ripening process, 
there is an increase in both respiration rate and 
ethylene production. The uneven of respiration rate 
and ethylene production in FFB leads to differences 
in the chemical content of palm fruit in various 
positions. The water and oil content stored in cells 
in the mesocarp generally decreased and increased 
respectively with increasing stages of ripening. 
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transformation occurring in ripening fruit. Creation 
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developmentally related process and, apparently, a 
universal phenomenon in ripening fruit (Frenkel and 
Hartman 2012). Usually, the water content during 
the ripening process often decreases due to the 
transformation of starch into reducing sugars and 
consequently an increase of osmotic potential that 
induces the movement of water from the exocarp 
to the mesocarp (Aghofack-Nguemezi et al. 2008). 
Also, as the fruit approaches maturity, the oil 
content formation increases rapidly to about 50% 
of mesocarp weigh (Poku 2002). This oil content 
is stored in a particular place inside the mesocarp 
known as lipid bodies. Generally, lipid bodies are 
small and spherical in shape with diameters ranging 
from 0.50-2.5 μm (Ho et al. 2014). In the ripening 
process, the oil content is usually determined by 
the hydrolysis by lipolytic enzymes process (Poku 
2002, Iqbal et al. 2015). The lower the content of 
lipolytic enzymes, the higher the oil content in palm 
fruit. Concomitantly, Abbas (1994) explained that 
the accumulation of oil in the mesocarp has almost 
the same rate with the decrease of water content. 
Therefore, the close relationship between the water 
and oil content in mesocarp gives a possibility as a 
parameter to gauge ripeness. 

The impact of this study is to complete 
measurement procedure in detecting the maturity 

of palm fruit due to the various existing devices 
(Saeed et al. 2012, Makky and Soni 2014, Misron 
et al. 2017) are not paying attention to the optimal 
mature position as a measurement point. For 
example, Saeed et al. (2012), use the whole 
position (proximal, central and distal) to evaluate 
palm maturity and show an accuracy of 80%. Based 
on the analysis, the recommended measurement 
position in evaluating oil palm maturity is in the 
central position of FFB. The proximal and distal 
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different chemical content. Through measurements 
that only focus on the central FFB area, hopefully, 
this can improve the performance of the palm 
maturity detection device.

Conclusion

This work revealed the critical information 
regarding the optimum position of ripe fruit at 
various positions in FFB (proximal, central and 
distal). This optimum maturity position is evaluated 
based on the lowest water content and the highest 
oil content. Based on the analysis, the average 
water content of palm fruit varies greatly depending 
on its position, i.e., (45.83 ± 20.66%), central (33.88 
± 21.18%) and distal (41.93 ± 21.49%). Besides, 
in terms of oil content, the average oil palm fruit in 
the central position has higher oil content (25.13 
± 14.18%) compared to the proximal (13.92 ± 
12.25%) and distal position (15.98 ± 11.64%). The 
results of this study clearly showed that the fruit 
in central FFB area had an optimal maturity level 
compared to the proximal and distal position. This 
���
�	��
����������#�
��
� �������
�� ������
��
���#�
the FFB maturity. Thus, the palm maturity detection 
device can directly measure the central position as 
a representative characteristic of the overall FFB. 
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