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ABSTRACT 

Free Fatty Acid (FFA) value is widely used as an indicator for crude palm oil 

(CPO) quality. However, current methods used to measure FFA value are quite time 

consuming and complex. The application of near infrared (NIR) spectroscopy has 

drawn the interest to replace the conventional methods to measure FFA value as NIR 

has been shown to be effective in other food and agriculture industries. At the same 

time, improved predictive models have facilitated FFA estimation process in recent 

years. In this research, 176 CPO samples acquired from Felda Johor Bulker Sdn Bhd 

were investigated. A FOSS NIRSystem was used to take absorbance measurements 

from these samples. The wavelength range for the spectral measurement is taken at 

1600nm to 1900nm. FFA content of each sample was determined by chemical 

titration method and three prediction models were developed relating FFA value to 

spectral measurement. The first prediction model based on Partial Least Square 

Regression (PLSR) yielded a regression coefficient (R) of 0.9808 and 0.9684 for the 

calibration and validation set respectively. The second prediction model built from 

Principal Component Regression yielded an R of 0.8454 and 0.8039 for the 

calibration and validation set respectively. The third prediction model built from 

Artificial Neural Network (ANN) yielded R of 0.9999 and 0.9888 for the calibration 

and validation set respectively. Results show that the NIR spectroscopy in a spectral 

region of 1600nm to 1900nm is suitable and adequate for FFA measurement of CPO 

and that the accuracy of prediction is high. Results shows that the prediction model 

using ANN gives the best prediction model of all three models tested.  
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ABSTRAK 

 Nilai Asid Lemak Bebas (FFA) telah digunakan secara menyeluruh sebagai 

kayu ukur kualiti minyak sawit mentah (CPO). Walau bagaimanapun,  kaedah-

kaedah sedia ada untuk mengukur nilai FFA mengambil masa yang agak lama dan 

rumit. Penggunaan spektroskopi infra-merah (NIR) telah menarik minat kajian ini 

bagi menggantikan kaedah sedia ada untuk mengukur FFA kerana keberkesanan 

kaedah tersebut dalam bidang makanan dan agrikultur. Pada masa yang sama, 

perkembangan model ramalan telah banyak membantu dalam proses anggaran FFA 

pada tahun-tahun kebelakangan ini. Dalam kajian ini, sebanyak 176 sampel CPO 

diperoleh daripada Felda Johor Bulkers Sdn Bhd untuk tujuan penyelidikan. FOSS 

NIRSystem telah digunakan untuk mengambil bacaaan serapan gelombang daripada 

sampel. Julat panjang gelombang bagi bacaan tersebut diambil daripada 1600nm 

sehingga 1900nm. Kandungan FFA yang terdapat dalam setiap sampel ditentukan 

dengan menggunakan kaedah penitratan kimia dan tiga model ramalan dibentuk bagi 

meramal kandungan FFA daripada gelombang tersebut. Model ramalan pertama 

menggunakan Regresi Kuasa Dua Terkecil Separa (PLSR) menghasilkan ralat umum 

ramalan (R) sebanyak 0.9808 dan 0.9684 bagi kumpulan data untuk latihan dan 

percubaan masing-masing. Model ramalan kedua pula mengunakan Regresi 

Komponen Utama (PCR) menghasilkan R sebanyak 0.8454 dan 0.8039 bagi 

kumpulan data untuk latihan dan percubaan masing-masing. Model ramalan ketiga 

menggunakan Jaringan Saraf Buatan (ANN) menghasilkan R sebanyak 0.9999 dan 

0.9888 bagi kumpulan data untuk latihan dan percubaan masing-masing. Dapatan ini 

menunjukkan bahawa julat gelombang 1600nm hingga 1900nm adalah sesuai dan 

memadai bagi mengukur nilai FFA yang terkandung dalam minyak sawit mentah 

dengan nilai ramalan yang tinggi. Keputusan menunjukkan bahawa model ramalan 

menggunakan ANN adalah model ramalan terbaik di antara ketiga-tiga model yang 

dikaji. 
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  CHAPTER 1

INTRODUCTION 

1.1 Introduction 

Palm oil has been a major source of edible oil that is safe and nutritious for 

humans since thousands years ago.  Palm oil yields per hectare the most compare to 

other oil crops like rapeseed oil, groundnut oil, sunflower oil and soya bean oil [1]. 

Palm oil is used around the world as cooking oil and as an ingredient in margarine 

and shortening.  This oil is also included in the mixture of fats and used in the 

manufacturing of various products including cosmetics. 

1.1.1 Palm Oil Industry in Malaysia  

The palm oil industry is a very vital industry which contributes tremendously 

towards the Malaysian economy.  In May 2014, Malaysia‟s Palm Oil Board (MPOB) 

reported that, Malaysia had produced more than 7 million tonnes of raw oil or most 

known as crude palm oil (CPO) [2].  This amount is about 1 million tonnes more 

than what was produced in 2013.  In the near future, Malaysia aims to produced 26-

35 tonnes per hectare from the current production of 20.2 tonnes per hectare [2].  

 

 

The rapid growth in palm oil production is a valuable asset for our country.  

Malaysia‟s production of CPO and other palm oil based products is well known all 

over the world.  In fact, Malaysia is the second world exporter after Indonesia [3-4].   
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1.1.2  Quality Assessment in Palm Oil Industry 

High quality palm oil gives finer product. Therefore, it is important for the 

palm oil industry to produce high quality palm oil.  However, producing a high 

quality palm oil requires it to be checked through several meticulous stages.  With a 

lot of parameters to be checked and conventional method used, palm oil quality 

assessment can be a very time consuming procedure to be conducted.  

 

 

How to assess the quality of palm oil for trading purpose?  In daily life, as for 

most fruits, before buyers were about to buy them, they can simply tell the quality by 

looking at the skin, colour, or smell.  However, it is quite troublesome to determine 

the oil palm condition only with physical observation alone. Despite the various 

stages of oil refining, good quality oil can only be processed from a good quality oil 

palm fruit. However, grading oil palm fruit is not an overnight and simple job. 

Traditionally, fruit pickers will depend on the fruit skin, colour or smell to determine 

the ripeness, even though it is not an accurate way to determine the quality of the 

fruit. 

 

 

Therefore, another way of assessment is needed in order to tell the quality of 

palm oil.  For crude palm oil, the quality can be assessed by two ways; physical 

properties and chemical characteristic.  For physical properties, the parameters will 

be its smoking point, colour and viscosity.  While for chemical characteristic, the 

parameters are iodine value, free fatty acid (FFA) value, peroxide value, dirt portion, 

moisture content and Deterioration of Bleaching Index (DOBI) (see Appendix A) 

[5]. 

 

 

For the purpose of this research, FFA value is used as the indicator for palm 

oil quality.  In fact, the FFA value of palm oil is the most essential indicator of 

quality for selling palm oil especially in export and domestic industrial markets [6].  
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Besides, the fatty acid value plays a key role to the physiochemical properties 

therefore this is a useful information for future research [7].   

 

 

As stated earlier, there are a few stages starting from the extraction process 

up to trading process that requires palm oil quality to be checked. The first stage is 

when oil is produce at the extraction mill before it being transported by the tankers.  

Second stage is when the tankers brought the oil to be stored at the bulkers while the 

third stage is before the oil being distributed for trading purpose.  Figure 1.1 

illustrates the stages of FFA value determination for the whole flow. 

 

 

Figure 1.1 Stages for Quality Check Routine in Palm Oil Industry 

1.2  Problem Statement 

For the time being, most factories are using conventional wet chemical 

analysis for the FFA determination of palm oil.  The method is time consuming [8] 

and less accurate due to limitations such as human error especially because the 

assessment is very complicated and only can be done by experts.  S. Balasundram et 

al. [9] proposed the use of an automatic system to empower oil yield and/or oil 

quality mapping to expedite precision oil palm management.  Therefore, an 

 

First stage:  

Oil produce at extraction 

mill 

Second stage: 

Oil transported by 

tankers 

Third stage: 

Oil before trading 

purpose  
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automated-computerized system should be utilized to check for quality of CPO 

especially FFA. 

1.3 Research Objectives 

The objectives of this work are: 

1. To determine the compatibility of using NIR for non-destructive 

measurement in predicting FFA value in CPO 

2. To develop a prediction system to determine FFA value in CPO by 

using NIRs spectral data.  

1.4 Scope of Study  

The scope of this project comprises the following: 

a) Using CPO samples throughout the project. 

i. 176 samples were used for this project. 

ii. CPO samples were taken from Felda Johor Bulkers Berhad, Pasir 

Gudang, Johor. 

iii. Samples were produced between 1st December 2012 and 7th 

December 2012. 

b) Using NIRS absorbance mode to measure the spectrum of the 

samples. 

i. Wavelength used is from 1600nm to 1900nm only. 

c) Consider only one quality parameter to assess which is FFA value. 
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For sample preparation, both conventional and proposed NIR method will be 

conducted.  Analyses used for modelling prediction system are Partial Least Square 

(PLS) Regression, Principal Component Regression (PCR) and Artificial Neural 

Network (ANN) from MATLAB. 

1.5  Significant of Study  

The accomplishement of this project meet one of the Entry Point Project 

(EPP) for palm oil industry which is to improve worker‟s productivity [10].  This is 

because, by using computational techniques to determine FFA value in CPO, as 

proposed by this project, the procedure can be done rapidly.  On the other hand, the 

companies can reduce their overdependence on manual labour. This can help them to 

work faster and increase efficiency in the lab during quality check routine. 

1.6 Thesis Outline 

The thesis consists of six chapters. Chapter 1 represent a general introduction 

about palm oil and FFA measurement procedure, the objectives and the scope of 

work of the research.  

 

 

Chapter 2 presents the literature review that provides the background of the 

research reported in this thesis.  The review focuses on the research activities in the 

NIR development in agriculture. This chapter also describes studies pertaining to the 

successful development and deployment of various applications using NIR spectral 

data and system regression model which include the linear (PLSR and PCR) and 

non-linear (ANN) modelling. 

 

 

Chapter 3 describes the theoretical background on topics related to FFA, 

definition of chemical composition of FFA in relation to NIR capability, 
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understanding on linear and non-linear prediction theories, description of system 

modelling and finally recommended validation model to be used. 

 

 

Chapter 4 discusses the data collection processes in this research. This is 

followed by the analysis of the obtained data. The design of the system identification 

models are described as well. 

 

 

Chapter 5 describes the analysis of the result on models using linear and non-

linear regression technique to determine the FFA value of CPO.  These models is 

evaluated and validated through the analysis of the performance indicators applied in 

previous research. 

 

 

Finally, Chapter 6 discusses the overall conclusion and includes some 

recommendations for future work.  
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