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ABSTRACT  

The study used near-infrared reflectance spectroscopy and hybrid calibration methods to predict oil and free 

fatty acid  content of oil palm fruitlets  non-destructively. The reflectance and chemical content of oil palm 

fruitlets were measured and the calibration between near infrared spectra and chemical content was performed 

using hybrid calibration methods. The developed hybrid calibration model was validated to predict oil and free 

fatty acid of other oil palm fruitlets. The best models to predict oil and free fatty acid of oil palm fruitlets 

respectively were  the hybrid model of Partial Least Square-Artificial Neural Network with 25 factor components  

(R2 = 0.96; SEP= 2.21%, RPD = 4.79)  and 19 factor components (R2 = 0.96; SEP= 0.25%, RPD = 4.24)  using 

Savitzky-Golay first derivative spectra pre-treatment.  

 

ABSTRAK  

Penelitian ini menggunakan spektroskopi inframerah dekat dan metode kalibrasi hibrid untuk memprediksi 

kandungan minyak dan asam lemak bebas buah sawit secara nondestruktif.  Reflektan dan kandungan kimia 

buah sawit diukur dan kalibrasi antara spektra inframerah dekat dan kandungan kimia dilakukan menggunakan 

metode kalibrasi hibrid. Model kalibrasi hybrid yang dibangun divalidasi untuk memprediksi kandungan minyak 

dan asam lemak bebas buah sawit lainnya. Model terbaik untuk memprediksi masing masing kandungan 

minyak dan asam lemak bebas buah sawit adalah model hibrid Partial Least Square-Artificial Neural Network 

dengan input 25 factor component  (R2 = 0,96; SEP = 2,21%, RPD = 4,79) dan 19 factor component (R2 = 

0,96, SEP = 0,25%, RPD = 4,24) menggunakan pretreatment spektra turunan pertama Savitzky-Golay.  

 

INTRODUCTION 

 Palm oil is one of the most important commodities in the world for vegetable oil production (Murphy et 

al., 2021). Oil and free fatty acid  (FFA) content are  the important criteria for quality of oil palm fruitlets (OPF) 

or crude palm oil (CPO). According to quality standard for CPO in Indonesian Standard of SNI 01-2901-2006, 

the maximum allowable FFA content in CPO is 5% (BSN, 2006). When the FFA content exceeds this limit, it 

can cause rancidity and damage to the oil, reducing its shelf life (Akbar et al., 2022). 

 Presently, determination of oil and free fatty acid content of OPF is carried out destructively in the 

chemical laboratory that require a long time and complicated procedures. Several non-destructive technologies 

for assessing the oil and free fatty acid of OPF have been explored, including those based on electrical 

properties (Sinambela et al., 2020; Mellyana et al., 2024), image analysis (Makky, 2016), and near-infrared 

spectroscopy (NIRS) (Makky and Soni, 2014; Iqbal, 2015; Novianty et al., 2020, Novianty et al., 2022). The 

advantages of implementing NIR technology in agriculture include rapid response times, competitive costs, 

and being non-destructive (Blanco and Villarroya, 2002). Makky and Soni, (2014), predicted the FFA content 

of OPF using artificial neural network (ANN) calibration methods with a VIS-NIR series spectrometer.  
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 Iqbal et al., (2018), developed a predictive model for the FFA content of OPF using absorbance in the 

wavelengths of 700-2500 nm from NIRFlex N-500 spectrometer and Partial Least Square Regression (PLSR) 

calibration, but the result was not satisfied. The better results of NIR method in predicting oil content of OPF 

were obtained using absorbance in the wavelengths of 1000-1500 nm from NIRFlex N-500 spectrometer and 

using Partial Least Square (PLS) calibration (Novianty et al., 2020) and empirical mode decomposition 

calibration method (Novianty et al., 2022).  

 Recently, a hybrid method combining Partial Least Square-Artificial Neural Network (PLS-ANN) is 

studied as an alternative prediction model in many fields, including near infrared spectroscopy. Idrus and Kim, 

(2019), successfully applied PLS-ANN in predicting blood haemoglobin using near-infrared spectrum. PLS-

ANN showed a better quality compared to PLS in terms of coefficient of determination and mean square error 

value. A similar result is also shown by Yu et al., (2018), in the prediction of consumer liking scores of ready-

to-drink green tea beverages and Song et al., (2014), for inversion of inland water chlorophyll-a using PLS-

ANN. Therefore, this research aims to assess hybrid calibration method and NIR spectroscopy to predict oil 

and FFA content in OPF non-destructively. 

 

MATERIALS AND METHODS 

Sample Preparation and NIR Measurement 

 About 396 samples of  OPF (Elaeis guineensis Jacq. Var. tenera) were harvested from Cikabayan Farm, 

IPB University. The samples consisted of 10 groups of maturity age (number months from full bloom) namely 

3 months, 4 months, 4 months 1 week, 4 months 2 weeks, 4 months 3 weeks, 5 months, 5 months 1 week, 5 

months 2 weeks, 5 months 3 weeks, and 6 months. The identification of sample age was established by 

considering the point at which OPF undergo a significant change in oil content, which typically occurs within 4 

to 6 months. (Novianty et al., 2020, Akbar et al., 2022). NIR spectrum data acquisition was carried out using 

the NIRFlex N-500 spectrometer (BUCHI Labortechnic AG, Switzerland) equipped with fibre optic solid by 

shooting the gun of the fibre optic solid to the sample in the wavelength range of 1000-1500 nm with a 0.4 nm 

interval, a scan speed of 3 scans/s and the ambient temperature around 22 – 25 °C. Before NIR measurement, 

the spectrometer was calibrated by using a standard reference material with known characteristics. The 

selection of 1000-1500 nm wavelength was based on the previous research results (Novianty et al., 2120, 

Novianty et al., 2022) that showed more accurate prediction in determining chemical content of OPF. The light 

energy reflected by the OPF samples was captured by the detector as reflectance data or spectrum data, 

which was then recorded by the instrument.  

 

Chemical Content Measurement 

 Oil content of OPF samples was determined using Soxhlet extraction method (AOAC, 2000) as 

described in Novianty et al., (2020). The determination of free fatty acid content in the OPF is using titration 

method  according to AOAC 940.28 procedures (AOAC, 2003; Irfan et al., 2023). 

 

NIR Spectra Pre-treatments 

 Reflectance spectra was transformed to absorbance and some NIR spectra pre-treatments were carried 

out in order to reduce noise, baseline shift, and enhance peak or variation of spectra namely the first derivative 

Savitzky-Golay pre-treatment (SG1), normalization (N01), and standard normal variate (SNV). The spectra 

pre-treatments improved the accuracy of prediction by NIR spectroscopy (Budiastra et al., 2020). 

 

The Development of Calibration Model  

 A hybrid calibration method that combined multivariate analysis and artificial neural network  (PLS-ANN, 

PCA-ANN) and a single multivariate calibration of PCR and PLSR were applied to develop calibration between 

spectra data and chemical content of OPF. PCR is suitable for large datasets (NIR spectra) (Perera et al., 

2021) and produces principal components (PC) as representations of new uncorrelated variables resulting 

from the transformation (Costantini et al., 2024). Meanwhile, PLS extracts predictors for the analysis of 

dependent and independent variables (Liu et al., 2022) and generates factor components (FC) as 

representations of new data related to the original data (NIR spectra). ANN is a tool for modelling non-linear 

statistical data where complex relationships between various inputs  (NIR spectra) and outputs (chemical data) 

are modelled for pattern recognition (Hamdani et al., 2023).  
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 PCR and PLSR calibration were carried out to obtain some numbers of PC and FC and then correlated 

with chemical data using  software the Unscrambler X. Meanwhile, hybrid models are a combination of 

multivariate analysis of PCA or PLS and Artificial Neural Network model. In hybrid model (PCA-ANN and PLS-

ANN), some numbers of PC extracted from PCA and FC from PLS  were input to ANN model (Figure 1).   

 Hidden layer that was used in this study consisted of 1 (one) layer with 2 neuron per layer. The output 

layer represented the oil or FFA content that was predicted by the hybrid model. Hybrid model  utilized a feed-

forward neural network trained by a back propagation algorithm (multi-layer perceptron) using software Rapid 

Miner.  

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

Fig. 1 - Hybrid calibration model (PCA-ANN, PLS-ANN) 
 

Model Evaluation 

 The statistical parameters used to evaluate calibration and prediction  models include the coefficient 

of determination (R2), standard error of calibration (SEC), standard error of prediction  (SEP), coefficient 

of variation (CV), residual predictive deviation (RPD), and consistency. A good model's validity can be 

assessed based on the following statistical parameters, such as R2 value ≈ 1, SEP ≈ SEC≈0, RPD ≥ 2, 

consistency values within the range of 80-110%, and CV < 10% (Munawar et al., 2019; Palou et al., 2023). 

 

RESULTS 

NIR spectra of oil palm fruitlets 

 Fig. 2(A) illustrates the original absorbance spectra obtained from NIRS measurements on oil palm 

fruitlets. There are some variations in absorbance spectra of ten maturities of OPF, indicating variation in 

its chemical content. The spectra peak at wavelengths of 1200 and 1450 nm indicates the water 

absorption. The water content of OPF is high so it is identified visually from spectra. The oil and FFA 

content absorption peaks (have C-O and O-H bonds) could not be identified, but it was estimated in the 

wavelength ranges of 1200-1300 nm and 1408-1470 nm (Iqbal, 2015; Lengkey et al., 2013; Sudarno et 

al., 2017). So, it is necessary to find out the methods to identify the absorption peak of oil and FAA in the 

NIR region.  

 One of the most powerful of spectra pre-treatment that could show more absorption peaks than 

original spectra is the first derivative Savitzky-Golay pre-treatment (SG1). The results of the spectrum 

refinement process with the first derivative Savitzky-Golay pre-treatment (SG1) can be seen in Fig. 2(B). 

The oil palm fruitlets spectra after correction with SG1 form a more slender pattern with clearer peaks and 

valleys compared to the original spectra, especially for FFA content. This is because the first der ivative 

functions as a separator for chemical components that experience overlapping (Bou-Orm et al., 2020).   

 The result of another spectra pre-treatment, namely normalization (N01), can be observed in Fig. 

2(C). Normalization pre-treatment forms a pattern that is similar to the original spectra but with a narrower 

range between spectra values. Normalization pre-treatment serves to reduce the range of reflectance 

values into the range of 0-1, thereby minimizing the effect of sample particle size differences (Lengkey et 

al., 2013). However, normalization could not exhibit especially oil and FFA absorption peaks, similar to  

original spectra. 
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 Meanwhile, Fig. 2(D) represents the result of standard normal variate (SNV) pre-treatment. It can 

be observed from Fig. 2(D), SNV pre-treatment reduces the interference of noise waves, resulting in a 

smoother and denser spectrum (Nurhasanah et al., 2019). Similar to normalization spectra pre-treatment, 

the SNV also could not show the absorption peaks of oil and FFA.   

 

 
 

(A)         (B)  

  

 

 
 

(C) 

 
 

             (D) 

 

 

Fig. 2 - NIR Spectra of OPF  :(A) -Original ;(B) -SG1 ;(C) - N01 ;   (D) -SNV 

 

 

Oil and Free Fatty Acid (FFA) Content in Oil palm fruitlets 

 The oil content and FFA of samples of 10 maturity age are shown in Table 1. The oil content of OPF 

ranges from  0.64% to 45.65%. As FFA content ranged from 1.08% to 5.51%. The oil and FFA content of 

OPF increased from unripe OPF (3 months age) to ripe OPF (6 months age). The oil content of OPF is 

significantly higher than FFA content. The variation of oil and FFA content of the samples is good enough 

to develop a good calibration, indicated by their standard deviation. 

 

Table 1 
The oil and FFA content of oil palm fruitlets  

Chemical 
content 

Calibration/Training [n-277] Validation/Testing [n=119] 

Mean Standard 
Deviation 

Minimum Maximum Mean Standard 
Deviation 

Minimum Maximum 

Oil [%] 21.79 9.60 0.64 45.65 21.64 10.58 0.67 45.56 

FFA [%] 3.28 1.11 1.08 5.51 3.41 1.07 1.09 5.25 
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Calibration and Prediction Results for Oil Content 

 Table 2 shows the results of calibration and validation using four kinds of calibration methods at 

different spectra pre-treatments. PLSR calibration results are better than PCR ones. These results are as 

predicted since PLSR include the chemical content in the transformation of the spectra into the factor 

components  which is used in calibration with chemical content of OPF. Meanwhile, PCR used spectra 

data only in transformation of  the spectra to the principle components without involving chemical content 

of OPF. 

 
Table 2 

The calibration and validation results for predicting oil content in oil palm fruitlets 

Pre-Treatment Method Input 
   Calibration     

[n=277] 
    Validation                       

[ n=119] 

      
Consistency 

[%] 

R2 SEC[%] SEP [%] CV [%] RPD  

Original 

PCR 

22 PC 0.82 4.10 4.52 20.89 2.34 90.79 

23 PC 0.83 3.99 4.24 19.61 2.49 93.93 

24 PC 0.82 4.06 4.25 19.63 2.49 95.61 

PLSR 

12 FC 0.84 3.83 3.82 20.41 2.77 86.67 

14 FC 0.88 3.27 3.80 17.57 2.78 85.95 

15 FC 0.90 3.01 3.82 17.66 2.77 78.74 

PCA-
ANN 

22 PC 0.88 3.30 4.23 19.55 2.50 78.03 

23 PC 0.90 3.05 3.75 17.32 2.82 81.22 

24 PC 0.91 2.89 3.91 18.07 2.71 73.87 

PLS-
ANN 

20 FC 0.94 2.38 2.66 12.28 3.98 89.60 

21 FC 0.94 2.32 2.66 12.18 3.98 88.05 

22 FC 0.94 2.36 2.59 11.99 4.08 91.14 

SG1 

PCR 

23 PC 0.82 4.11 4.66 21.54 2.27 88.25 

24 PC 0.82 4.08 4.62 21.36 2.29 88.30 

25 PC 0.82 4.07 4.62 21.36 2.29 88.10 

PLSR 

7 FC 0.87 3.52 4.21 19.45 2.51 83.72 

8 FC 0.89 3.24 4.01 18.51 2.64 80.97 

9 FC 0.90 3.00 3.85 17.79 2.75 78.02 

PCA-
ANN 

15 PC 0.87 3.43 4.05 18.70 2.61 84.68 

16 PC 0.88 3.32 4.01 18.53 2.64 82.87 

17 PC 0.87 3.49 4.37 20.18 2.42 79.92 

PLS-
ANN 

16 FC 0.94 2.28 2.54 11.73 4.17 89.80 

24 FC 0.96 1.88 2.22 10.24 4.77 84.92 

25 FC 0.96 1.86 2.21 10.21 4.79 84.33 

N01 

PCR 

19 PC 0.82 4.06 4.41 20.37 2.40 92.01 

20 PC 0.83 3.99 4.37 20.17 2.42 91.49 

25 PC 0.83 3.92 4.36 20.13 2.43 89.98 

PLSR 

12 FC 0.87 3.47 4.17 19.29 2.53 83.08 

13 FC 0.88 3.47 3.93 18.18 2.69 83.98 

14 FC 0.90 3.08 3.90 18.02 2.71 78.90 

PCA-
ANN 

19 PC 0.89 3.24 4.44 20.52 2.38 72.95 

20 PC 0.86 3.55 4.27 19.71 2.48 83.15 

21 PC 0.89 3.20 4.28 19.78 2.47 74.71 

PLS-
ANN 

22 FC 0.94 2.35 2.66 12.27 3.98 88.50 

23 FC 0.95 2.35 2.35 10.87 4.50 92.19 

25 FC 0.95 2.09 2.42 11.20 4.37 86.21 

SNV 

PCR 

23 PC 0.82 4.12 4.43 20.45 2.39 93.07 

24 PC 0.82 4.06 4.43 20.45 2.39 91.84 

25 PC 0.82 4.04 4.39 20.27 2.41 92.19 

PLSR 

11 FC 0.85 3.76 4.55 21.04 2.32 82.47 

14 FC 0.89 3.18 3.96 18.31 2.67 80.23 

15 FC 0.90 3.09 4.01 18.52 2.64 77.08 

PCA-
ANN 

20 PC 0.88 3.29 4.27 19.72 2.48 77.03 

23 PC 0.89 3.22 4.13 19.06 2.56 78.04 

24 PC 0.90 3.04 4.23 19.56 2.50 71.76 

PLS-
ANN 

24 FC 0.94 2.37 2.53 11.68 4.19 93.80 

25 FC 0.95 2.10 2.55 11.80 4.14 82.35 

26 FC 0.95 2.14 2.49 11.51 4.25 85.99 
Notes: Blue Block = Best model for hybrid calibration method  with and without pre-treatments  ; Yellow Block = The Best Model 
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This result agrees with Budiastra et al., 2020 that compared PLS and PCR calibration method in 

predicting trigonelline and chlorogenic acid of intact coffee bean and Kurniasari et al., 2018 in predicting 

soluble solid of persimmon.  Similarly, PLS-ANN calibration method is much better than PCA-ANN in any 

pre-treatments. This result confirms that PLS calibration method is always better than PCR. PLS-ANN 

calibration method is better than PLSR and PCA-ANN calibration method is better than PCR. It means 

that hybrid model gives the best performance in predicting oil content of OPF. This result agrees with the 

results of previous research which examined hybrid methods (PLS-ANN) in predicting blood haemoglobin 

(Idrus and Kim, 2019) and inversion of inland water chlorophyll-a (Song et al., 2014). The hybrid model is 

better than single PLSR or PCR since it could compensate the non-linear relationships between NIR 

spectra and chemical content of OPF.  

 Commonly, spectra pre-treatment improves calibration and validation performance compared to the 

original spectra (without pre-treatment). However, it this study, this only happened with the PLS-ANN 

method. Spectra pre-treatments combined with the PLS-ANN method provided higher calibration and 

validation performance compared to the original spectra as indicated by lower errors (SEC, SEP), and 

higher RPD values (Table 2). This also shown that the PLS-ANN method requires a larger number of 

components (FC) to develop better calibration and validation results.  

 The best model to predict oil content of OPF is PLS-ANN with 25 Factor Component (FC) input 

using SG1 pre-treatment (R2 = 0.96; SEC= 1.86%, SEP= 2.21%, CV= 10.21%, RPD = 4.79). This result  

agrees with Lengkey et al., (2013), that also found that the best pre-treatment for oil prediction of oil 

content of Jatropha Curcas L was using first derivative Savitzky-Golay. The first derivative of Savitzky-

Golay pre-treatment was effective in improving accuracy (Bou-Orm et al., 2020) because the percentage 

of moisture content in OPF in this study was high enough in unripe OPF. This result is slightly better  than 

Novianty et al., (2022), that used EMD-ANN calibration method.  The result is much better than Novianty 

et al., 2020 that used similar instrument and PLS calibration in predicting oil content of OPF. But the result 

is not better than Makky and Soni, (2014), (R2=0.98) and Sudarno et al., (2017), (R2=0.95) that used 

different NIR instruments and wavelength region. However, the PLS-ANN is a promising hybrid method 

to improve accuracy of NIR spectroscopy in determining oil content of OPF.  

Fig. 3 - Plot of predicted oil content by NIR using the best PLS-ANN  model vs actual oil content 
 

 Fig. 3 shows the plot of predicted oil content by NIR using the best PLS-ANN model and the 

chemically tested one of oil content. The high coefficient of determination (R2) value of 0.96, a low SEC 

value of 1.86%, a low SEP value of 2.21%, a low CV value of 10.21%, and high RPD value of 4.79 indicate 

that this model is excellent for predicting oil content in OPF non-destructively. 
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Calibration and Prediction Results for FFA Content 

 The calibration results of the model using the original absorbance spectra could not produce satisfactory 

models for predicting FFA content, except for PLS (17 FC) and  hybrid model (Table 3).  

 

 Table 3 

The calibration and validation results for predicting FFA content in oil palm fruitlets 

Pre-Treatment Method Input 

Calibration 

 [ n = 277] 

Validation 

 [ n = 119 ] 
Consistency 

[%] 
R2 SEC [%] SEP [%] CV [%] RPD 

Original 

PCR 

10PC 0.54 0.75 0.74 21.74 1.45 101.82 

13PC 0.60 0.71 0.67 19.53 1.62 106.18 

20PC 0.77 0.53 0.61 17.79 1.77   87.92 

PLSR 

10FC 0.77 0.54 0.61 17.82 1.77   88.60 

12FC 0.83 0.46 0.61 16.97 1.77   80.19 

15FC 0.90 0.36 0.51 14.90 2.12   70.47 

PCA-
ANN 

10PC 0.56 0.78 0.78 22.93 1.38   99.35 

13PC 0.62 0.70 0.71 20.98 1.50   97.94 

17PC 0.83 0.46 0.53 15.58 2.03   86.98 

PLS-
ANN 

10FC 0.77 0.54 0.53 15.52 2.03 102.09 

13FC 0.85 0.43 0.53 14.03 2.03   89.32 

15FC 0.88 0.38 0.43 12.69 2.49   88.63 

SG1 

PCR 

10PC 0.75 0.56 0.59 17.23 1.83   95.20 

13PC 0.78 0.52 0.54 16.00 1.97   95.36 

25PC 0.81 0.48 0.52 15.29 2.06   93.07 

PLSR 

6FC 0.83 0.46 0.54 15.81 2.00   84.99 

16FC 0.97 0.19 0.62 18.22 1.73   30.56 

19FC 0.98 0.15 0.64 18.90 1.67   23.56 

PCA-
ANN 

10PC 0.58 0.73 0.80 23.51 1.34   91.52 

13PC 0.73 0.59 0.62 18.26 1.73   95.00 

24PC 0.87 0.40 0.48 14.00 2.25   83.45 

PLS-
ANN 

12FC 0.93 0.31 0.32   9.52 3.32   94.44 

16FC 0.95 0.26 0.28   8.29 3.81   90.58 

19FC 0.96 0.23 0.25   7.45 4.24   90.36 

N01 

PCR 

10PC 0.53 0.77 0.75 21,96 1.44 102.55 

13PC 0.68 0.63 0.66 19.24 1.64   96.47 

25PC 0.80 0.49 0.52 15.33 2.06   94.36 

PLSR 

13FC 0.87 0.41 0.51 14.91 2.12   80.69 

25FC 0.97 0.51 0.65 19.14 1.65   31.01 

29FC 0.98 0.16 0.68 20.08 1.57   23.68 

PCA-
ANN 

10PC 0.45 0.83 0.84 24.61 1.28   98.55 

13PC 0.71 0.63 0.64 18.76 1.68   99.06 

15PC 0.81 0.48 0.57 16.87 1.87   84.34 

PLS-
ANN 

22FC 0.93 0.29 0.34   9.94 3.17   84.56 

25FC 0.95 0.34 0.30   8.67 3.64   88.05 

29FC 0.96 0.22 0.27   7.93 3.98   82.25 

SNV 

PCR 

10PC 0.57 0.73 0.77 22.58 1.40   94.76 

13PC 0.67 0.65 0.69 20.18 1.56   93.98 

25PC 0.81 0.49 0.53 15.63 2.02   92.00 

PLSR 

13FC 0.86 0.41 0.51 14.94 2.11   80.77 

24FC 0.96 0.22 0.61 18.05 1.75   35.36 

26FC 0.97 0.19 0.63 18.40 1.72   30.55 

PCA-
ANN 

10PC 0.44 0.83 0.89 26.05 1.21   93.97 

13PC 0.68 0.66 0.70 20.45 1.54   95.39 

17PC 0.84 0.44 0.54 15.79 2.00   82.39 

PLS-
ANN 

23FC 0.94 0.28 0.32   9.44 3.34   87.67 

24FC 0.93 0.29 0.32   9.54 3.31   90.30 

26FC 0.94 0.27 0.30   8.89 3.55   87.57 
Notes: Blue Block = Best model for hybrid calibration method  with and without pre-treatments; Yellow Block = The Best Model 

 
 Similar to oil content, the PLSR is more accurate than PCR. The PLS-ANN is more accurate than PCA-

ANN in any pre-treatment spectra. Spectra pre-treatments also increase calibration and prediction 

performance in FFA content.  It is caused by the ability of spectra pre-treatment to reduce noise, overlapping 

absorption peaks (SG1) and enhance spectra differences (N01 or SNV) in relatively small amount of FFA 

content of oil palm fruitlets.  
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 Table 3 also shows that the first derivative Savitzky-Golay (SG1) pre-treatment is the best pre-treatment 

for all calibration models. This result agrees with Lengkey et al., 2013 that also found that the best pre-

treatment for prediction of FFA content of Jatropha Curcas L was using first derivative Savitzky -Golay.  

 The PCR needs more numbers of PC in order to make a good calibration and prediction in any spectra 

pre-treatment. Conversely, The PLS needs less numbers of FC to develop a good calibration and prediction.  

 The best model for predicting FFA content is the PLS-ANN model with a pre-treatment first derivative 

Savitzky-Golay (SG1) of 19 FC (Table 3). This result agrees with Lengkey et al., (2013), that also found that 

the first derivative of Savitzky-Golay pre-treatment was the best pre-treatment for predicting FFA content of 

Jatropha Curcas using PLS. The result is better than Iqbal et al., (2018), (R2=0.24 and RPD=1.27) that used 

the similar instrument, which might be due to the ability of PLS-ANN to compensate a non-linearities 

relationship between NIR spectra and FAA content of OPF. The accuracy is lower than Makky and Soni (2014) 

due to the different instrument and wavelength region used (400-1000 nm).  

 Fig.4 illustrates the plot of predicted FFA content by NIR using the best model (PLS-ANN using 19 FC 

with SG1) and the chemically tested one of FFA content. The high coefficient of determination (R2) value of 

0.96, a low SEC value of 0.23%, a low SEP value of 0.25%, a low CV value of 7.45%, and high RPD value of 

4.24 indicate that this model is excellent in predicting FFA content of OPF. 

 
Fig. 3 - Plot of predicted FFA content by NIR using the best PLS-ANN model vs actual FFA content 

 
 
 

 

CONCLUSIONS 

 The hybrid method of PLS-ANN increased accuracy of NIR spectroscopy in predicting oil and FFA 

content of OPF non-destructively. The best model to predict oil content of OPF was PLS-ANN with 25 Factor 

Component (FC) input and using Savitzky-Golay first derivative pre-treatment (R2 = 0.96 ; SEC=1.86%, 

SEP=2.21%, CV=10.21%, RPD = 4.79). For FFA content, the best model was also PLS-ANN with 19 FC input  

using Savitzky-Golay first derivative pre-treatment (R2 = 0.96; SEC=0.23%, SEP=0.25%, CV=7.45%, RPD = 

4.24). The PLS-ANN model developed can be used as a rapid and non-destructive method for determining  oil 

and FFA content in oil palm fruitlets. 
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