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ABSTRACT 
 

The quality of CPO (Crude Palm Oil) is determined by the Free Fatty Acid (FFA) with the standard value below 5%. 
High FFA in CPO will cause further difficulties due to low refining rate and quality like rancidness and odor. The 
objective of this research was to determine the factors that affect the FFA content in CPO. This research was 
conducted from January until April 2021. Fruit samples were collected from BKLE and PNRE East Kotawaringin and 
analyzed to Analytical Laboratory PT BGA. The FFA value was determined using the titration method according to 
Indonesian National Standard (SNI). Based on this research, several factors such as rat and moth attacks, fruit 
maturity, fruit handling, and delayed delivery to the palm oil mill affected the FFA value. These factors caused an 
increase in the FFA value up to 41.10%‒204% compared to the average FFA value is only 0.77%‒1.29%. Therefore, 

minimizing the pre‐processing problem will reduce the potential of FFA value increment so that good quality CPO 
can be obtained. 
 

Keywords: fruit handling, fruit maturity, pest attack, titration method   

 

ABSTRAK 

 
Kualitas CPO (crude palm oil) ditentukan oleh kadar asam lemak bebas (ALB) dengan nilai standar di bawah 5%. 

Kandungan ALB yang tinggi dalam CPO akan menyebabkan berbagai kerugian akibat rendahnya nilai pemurnian dan 
rendahnya kualitas seperti tengik dan bau. Penelitian ini bertujuan menentukan faktor-faktor yang memengaruhi 
kadar ALB pada CPO. Penelitian dilakukan pada bulan Januari sampai April 2021. Sampel buah diambil dari Kebun 
BKLE dan Kebun  PNRE, Kotawaringin Timur, dan dianalisis di Laboratorium Analitik PT BGA. Nilai FFA diukur 
dengan metode titrasi menurut Standar Nasional Indonesia (SNI). Berdasarkan hasil penelitian, beberapa faktor 
seperti serangan tikus dan ulat pemakan buah kelapa sawit, kematangan buah, penanganan buah, dan keterlambatan 
pengiriman ke pabrik kelapa sawit memengaruhi nilai FFA. Faktor-faktor tersebut menyebabkan peningkatan nilai 
FFA hingga 41,10%‒204% dibandingkan kondisi buah normal, yang hanya meningkat 0,77%‒1,29%. Meminimumkan 
faktor-faktor prapengolahan akan mengurangi potensi peningkatan nilai FFA sehingga dapat diperoleh CPO yang 
berkualitas baik. 

 
Kata kunci: kematangan buah, metode titrasi, penanganan buah, serangan hama 

 

INTRODUCTION 

 
Vegetable oil in the world comes from several plants 

such as oil palm, soybean, sunflower, and rapeseed. 
Among other oil crops, oil palm is the most efficient 
crop in oil production, land management, harvesting, 
and processing (Murphy 2014). Oil palm can produce 
two types of oil, namely crude palm oil (CPO) from fruit 
mesocarp and palm kernel oil (PKO) from palm kernel. 
Palm oil has been used for human consumption, and it 
has become a source of edible oil (Ali et al. 2012). The 
results of CPO derivatives through purification produce 
edible products such as cooking oil, margarine, and 
shortening. The cooking oil consumption in Indonesia 

reached 8.81 kg/capita/year in 2019. The projection of 
cooking oil demand is predicted to reach 9.94 
kg/capita/year in 2022 (Kementan 2020). 

The high market demand for cooking oil impacts the 
demand for crude palm oil both in terms of quantity and 
quality. Many factors determine the quality of palm oil 
and result in the oil price. The most frequent parameter 
is a free fatty acid (FFA) that has been concerned 
during production, storage, and marketing (Saad et al. 
2007). The high content of free fatty acids in CPO will 
cause difficulties for the purification process to obtain 
quality derivatives (Japir et al. 2016). The high FFA 
value in CPO will cause its derivative products to get a 
high FFA value. The high value of FFA in its derivative 
products will undoubtedly be dangerous if used for 
human consumption (Bazina & He 2018). Cooking oil 
products with high FFA content will harm health, 
especially if reused (Goswami et al. 2015). The high 
FFA value of cooking oil contributed to several 
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diseases such as heart disease (Putri & Anggraini 
2015), obesity that leads to insulin resistance, and type 
2 diabetes. Consuming food with high levels of free 
fatty acid will increase the level of low-density 
lipoprotein (LDL), lower the level of high-density 
lipoprotein (HDL) of blood, and reduce the response to 
the hormone insulin (Boden 2003).  

The quality of crude palm oil based on SNI 01-2901-
2006, namely water and impurity content, iodine 
number, FFA level maximum of 0.5%, 50 g/100 g, and 
0.5%, respectively (BSN 2006). Palm oil mills usually 
use an FFA value maximum of 5% as written in the 
Palm Oil Refiners Association of Malaysia (PORAM) 
standard; it is acceptable for trade purposes (Dewi et 
al. 2014). Processing at the palm oil mill and good 
condition of fresh fruit bunches (FFB) play an essential 
role in producing good oil (Tan et al. 2009). To achieve 
the standard CPO qualification, good production 
management before processing is needed. This 
research aims to determine the pre-processing factors 
that affect FFA levels in crude palm oil production. 
 
 

MATERIALS AND METHOD 
 

This research was conducted on Bangun Koling 
Estate (BKLE), Panaga Raya Estate (PNRE), and the 
Analytical Laboratory, Research Department, PT 
Bumitama Gunajaya Agro, Pundu Village, East 
Kotawaringin Regency, Central Kalimantan, Indonesia. 
The research was conducted from January to April 
2021. 

 

 
Field Sampling 

Sample in this research was bunch spikelet and 
loose fruit. Sampling was carried out at various post-
harvest factors: pest attack, ripeness level, handling, 
and delivery time. Pest attack was determined based 
on rat and oil-palm-bunch moth attacks on the fruit. The 
level of bunch ripeness is based on the amount of loose 
fruit before harvest, known as the minimum ripeness 
system standard (MRS). The level of fruit maturity 
consists of MRS1, MRS3, and MRS5, and each level 
has good and damaged conditions. The condition of 
good and damaged fruit was determined visually on the 
fruit. The good fruit condition was smooth without any 
bruise, while the damaged condition had the damaged 
more than 50% of the fruit. The MRS levels followed by 
a number indicate the amount of loose fruit before 
harvesting; the higher the number, the riper the fruit. 
Delayed delivery time was simulated purposely with 
immediate, one, three, and five hours after harvesting. 
After each sample reached the delaying time, it was 
continued to the processing step. 

Handling factor was determined with fruit freshness 
and condition of loose fruit. The sampling of loose fruit 
freshness consists of fresh, half fresh, and rotten. Ten 
loose fruits were taken in each criterion, covering good 
and damaged conditions. Bunch and lose fruits are 

taken at the fruit collection point by predetermined 
criteria. The bunch samples were chopped right at the 
stalk to get spikelet, and ten spikelets were taken as 
the sample in each criterion. The spikelet sample was 
wrapped tightly in plastic and then carried carefully to 
the laboratory right away after sampling. 
 

Laboratory Analysis 

The FFA value analysis was carried out in the 
analytical laboratory of PT Bumitama Gunajaya Agro. 
Samples were dried using an oven at 105o C for 24 
hours to reduce the moisture content. First, the FFA 
content was determined using the titration method 
described in SNI 01-2901-2006 (BSN 2006). Then, the 
percentage of FFA value was calculated using this 
equation: 

% FFA =(25.6  N  V)/W 
Where:  
N = Normality of sodium hydroxide 
V = Volume of sodium hydroxide used  
W = Weight of oil sample 
 
 

RESULTS AND DISCUSSIONS  
 

Post Harvesting Factors 

The pests that generally attacks oil palm fruits are 
rats and oil palm bunch moth. Rat species mostly come 
from Rattus tiomanicus Miller (The Malayan Wood 
Rat), Rattus argentiventer Robinson & Kloss (The Rice 
Field Rat), and Rattus tanezumi (Temminck), while the 
oil palm bunch month is Tirathaba mundella Walker. 
The FFA values in the samples that were attacked by 
pests are shown in Table 1. The attacked fruit samples 
appear to have a higher FFA value than the healthy 
condition samples. FFA of fruit that rats attacked 
increased 43.41% compared to healthy conditions. 
Rats eat the flesh of the fruit flesh or mesocarp, which 
causes the injured fruit, as shown in Figure 1(a). The 
activity of eating rats and oil palm bunch moth caused 
injured to the fruit mesocarp palm oil. The remaining 
parts of the injured fruit increase the value of FFA due 
to exposure to air resulting in oxidation and hydrolysis 
(Ngando et al. 2006). 

The highest increment in FFA value was shown in 
spikelets caused by the oil palm bunch moth. The FFA 
value increased up to 184% compared to the healthy 
sample. The higher FFA value was caused by oil palm 
bunch moth than rat attack. It might be due to bunch 
moth attacks in outer and inner fruit, while rat primarily 
attacks outer fruit only and cause more area of fruits to 
be damaged and exposed to the air. (Figure 1b). The 
more area of injury exposed to the air will increase 

Table 1 Free fatty acid (FFA) values based on pest attack 

Pest attack FFA (%) 

Rats 1.85 

Oil palm bunch moth 3.67 

Healthy 1.29 
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lipolytic enzyme production, thus increasing FFA value. 
The lipase enzyme activity increased the FFA value 
(Ruswanto et al. 2020). Another study found that 3-
MCPD increased over time in the presence of lipase 
activity. Increment of FFA also was found to increase 
3-chloropropan-1,2-diol (3-MCPD) ester. High 
exposure to 3-MCPD is considered to increase the risk 
for human health, so tolerable daily intake is 
suggested. This compound is classified as food 
contaminants with possible human carcinogens 
(Sudibyo & Lestari 2015). In addition to rat attacks and 
oil palm bunch moths, injury to oil palm fruit may be 
caused by other causes such as squirrel attacks and 
fruit harvesting activities. Injury to fruit is attempted to 
be as minimal as possible to suppress the increase in 
the FFA value in the CPO. 

The higher FFA value was caused by oil palm bunch 
moth than rat attack (Table 1). It might be due to bunch 
moth attacks on outer and inner fruit and cause more 
area of fruits to be damaged and exposed to the air. 
Mainly rat attacks outer fruit only. Therefore, it is crucial 
to maintain the pest attack by rats and oil palm bunch 
moths to always be below the economic threshold so 
that the losses caused by these pests are still within 
tolerable limits. 

The FFA values with ripeness level and condition 
are shown in Figure 2. In good and damaged 
conditions, the percentage of free fatty acid increased 
simultaneously on every ripeness level. The higher the 
level of ripeness, the greater chance of hydrolysis, 
which leads to FFA formation. The FFA level was 
observed significantly different and higher from under-
ripe to over-ripe. FFA levels in fresh fruit bunch with 
loose fruit < 50 grains were 1.1%, 50‒100 grains 
(2.5%), 100‒200 grains (3%), and > 200 grains (4.6%) 
(Corley & Law 2001). The lowest FFA level was shown 
on MRS1 with good condition (0.77%), but an increase 
of 83.11% compared to the damaged condition 
(1.41%). The increment of FFA value from good to the 
damaged condition on the MRS3 and MRS5 was 
87.61% and 129%, respectively. The process of 
harvesting oil palm fruit must be carried out at the right 
time when the oil palm fruit enters the optimum ripening 

phase. If the ripe palm fruit is harvested when it has 
passed the optimum ripe phase, marked by the number 
of loose fruits, then the resulting CPO will have a high 
FFA content.  

The value of FFA in samples of several types of 
freshness and condition is shown in Figure 2(b). The 
highest FFA value was shown from rotten and 
damaged fruit (Figure 3a), and the lowest was fresh 
and good fruit (Figure 3b). After the fruit damage, the 

 

Figure 1 Pest attack on oil palm bunch (a) by rats and (b) by moths. 

 

 

 

Figure 2 Comparison of Free fatty acid (FFA)  level on good 
and damaged fruit condition in different (a) 
ripeness level and (b) fruit freshness. 

 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

MRS 1 MRS 3 MRS 5

F
re

e
 f

a
tt

y 
a
c
id

  
(%

)

Ripeness level 

Good Damaged

0

5

10

15

20

25

30

Fresh Half fresh Rotten

F
re

e
 f

a
tt

y 
a
c
id

  
(%

)

Ripeness Level 

Good Rotten

(a) (b) 

(a) 

(b) 



180                                                    JIPI, Vol. 27 (2): 177181 

 

FFA value increased 41.10%, 45.97%, and 204% in 
half fresh, rotten, and fresh fruit, respectively (Figure 
2b). The FFA value of fresh fruit, both in good and 
damaged conditions, was lower than half fresh and 
rotten fruit. Rotten fruit can occur due to poor handling 
(delays in harvesting and delays in sending fruit to the 
mills) and pest and disease attacks. Poor fruit handling 
will cause many loose fruits to be not collected and left 
in the field for the next or couple of harvesting rounds 
(Sharif et al. 2017). Poor handling also increases the 
chance to damage the fruit. Mesocarp lipase is one of 
the lipid-related enzymes active upon abscission of the 
fruit and bruised (Sambanthamurthi et al. 2000). 
Therefore, immediate processing after harvest is 
needed to inactive the lipase to prevent the increment 
of FFA value (Ngando et al. 2006). 

Palm oil comprises unsaturated and saturated fatty 
acids (Ulfah et al. 2016). Saturated fatty acids 
components mainly are palmitic C16 (44%), while the 
unsaturated fatty acids are oleic C18:1 (37%) and 
linoleic C18:2 (9%) (Ali et al. 2012). The FFA will be 
formed along with hydroperoxide when unsaturated 
fatty acids are oxidized, significantly when damaged. 
Hydroperoxide will covert to aldehyde and cause a 
rancid flavor and odor (Ruswanto et al. 2020). 

Delivery Time 

Following the fruit harvesting and placing in the fruit 
collection point by the harvester, the fruit is then sent to 
the mills. Delivery to the mills using a truck that picks 
up the fruit at each fruit collection point. It causes 
differences in each harvested oil palm's delivery and 
processing times. The value of FFA at different delivery 
and processing times is shown in Figure 4. The 
relationship between time and FAA is highly correlated 
with Pearson correlation value was 0.93, and the value 
of determination R2 was 0.87. The regression equation 
for this relationship was y = 0.724 + 0.32 x, where y =  

FFA value (%) and x = delayed processing hours. 
The longer the delivery time and processing of oil palm 
bunches will increase the FFA value. The FFA value 
will increase naturally after the oil palm bunches are 
harvested, even in bunches with good conditions. 
Respiration and physiological activities of harvested 
fruit bunches still undergo after the bunch harvested, 
chemical content of palm oil in the mesocarp still can 
change. Long processing delay extends fruit to contact 
between air and water and produces high FFA due to 
high lipase enzyme activity that accelerated the oil 
hydrolysis process (Ruswanto et al. 2020). Labor 
arrangements, transportation, and road conditions are 

 

Figure 3 Fruit freshness and condition: (a) rotten and damaged and (b) fresh and good. 

 

 

Figure 4 Relationship between delayed processing times and free fatty acid (FFA) values. 
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critical that the harvested palm oil fruit can be delivered 
directly to the mill on the same day after harvest. 
 
 

CONCLUSION 

 

Rat and bunch moth attacks increase FFA value up 
to 43% and 184%, respectively. Preventing any further 
loss with integrated pest management is suggested. 
The right level of maturity and good fruit handling will 
prevent any increment of FFA value. Delayed delivery 
to the processing after harvesting will increase FFA 
value even with proper handling due to the natural 
process. Immediate processing is expected to 
minimize FFA increment. 
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