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 Agarwood oil is consumed during traditional ceremonies and even in 

medicinal purposes due to its effective therapeutic characteristic. As a part of 

ongoing research on agarwood oil, this paper presented a k-nearest neighbor 

(k-NN) modelling of agarwood oil samples available in the capital of 

Malaysia market. The work involved agarwood oil samples from three 

sources which are lab, local manufacturer and market. The inputs are the 

chemical compounds and the output is the oil’s resources. The input-output 

was divided into training and testing dataset with the ratio of 80% to 20%, 

respectively, before they were fed to the k-NN for model development as 

well as model validation. During the model development, the k-value was 

varied from 1 to 5, and their accuracy was observed. The result showed that 

the k=1 and k=2 shared the similar accuracy for training and testing datasets, 

which are 98.63% and 100.00%, respectively. This study revealed the 

capabilities of the k-NN model in classifying the agarwood oil samples to 

the three sources: lab, local manufacturer and market. It was a significant 

study and contributed to further work especially those related to agarwood 

oil research area. 
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1. INTRODUCTION 

Agarwood essential oil is widely used for perfumes and medication purposes. Usually, agarwood is 

resin-impregnated heartwood originating in the tree trunk of the genus Aquilaria. It is referred to as dense, 

heavy, or fragrant resinous wood. Formation of resin is produced due to natural infection of microorganism 

as well as insects [1]–[3]. In order to protect itself, genus Aquilaria secretes substances enriched with high 

volatile organic compounds called resin around the infected area. The resin that is produced in response to 

the infection is normally dark in color. These substances are known as secondary metabolites which play a 

role in plant defense mechanisms [4]–[6]. Due to the high demand, the prices of the pure agarwood essential 

oil become expensive. The price of agarwood is reflected by its quality. High quality agarwood may reach up 

to US$ 30, 000 per kilogram. However, low quality agarwood may only cost a few dollars per kilogram [4]. 

Color and odor of agarwood affect its quality [7]. Generally, high quality agarwood features in dark brown 

color and long-lasting aroma. Light color agarwood and easily faded odor is indicated as low quality.  

https://creativecommons.org/licenses/by-sa/4.0/
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Literature showed that agarwood oils are mainly composed of the terpenoids group, which is 

sesquiterpenes, sesquiterpene alcohols, oxygenated compounds and chromone derivatives. A number of 

compounds have been extracted from Aquilaria species such as alkalosis, tannins, phenols, terpenoids, 

quinones and flavonoid [5]–[8]. Terpenoids that are also called isoprenoids are one of the largest groups of 

natural products found in nature with more than 30,000 known examples and their example is growing. 

Terpenoids are based on the isoprene unit, which is 2-methylbuta-1, 3-diene. As claimed previously, the 

highest quality of agarwood oil has a lot of resin which means that it contains various kinds of oxygenated 

sesquiterpenes and chromone derivatives [8]. Reflective to that, the presence of sesquiterpenes differentiate 

the premium of agarwood oil in the market. Some of the important sesquiterpene compounds which are 

agarospirol, jinkohol-eremol, jinkohol and kusunol may contribute to the characteristic aroma of agarwood 

[7], [8]. While in Malaysia agarwood oils, some of chemical compounds detected are 3-phenyl-butanone,  

α-guaiene, β-agarofuran, α-agarofuran, agarospirol and jinkoh-eremol as in previous study by [9], [10]. 

Unfortunately, only a few reports of agarwood oil quality studies have been conducted in Malaysia [9],  

[11]–[13]. Therefore, the previous paper reported the differences in the oil compositions between agarwood 

essential oil that was obtained from the Kuala Lumpur market and from local traders with the aim to enrich 

knowledge about the oil [14], [15]. As a part of ongoing research from the previous research [16], this paper 

presented k-NN Modelling of agarwood oil samples available in the capital of Malaysia market as one of the 

study cases.  

k-nearest neighbours (k-NN) is a simple algorithm that stores all available cases and classifies new 

cases based on a similarity measure (e.g., distance functions). k-NN has been used in statistical estimation 

and pattern recognition already in the beginning of 1970’s as a non-parametric technique. It is a supervised 

machine learning algorithm, and has been proven its capability for both classification and regression 

problems as well as for both binary and multi-class classifications [17]–[20]. Consider the following binary 

classification as in Figure 1. After a new point is added to the data set, the new point is determined to belong 

to which class it was grouped. After the number of neighbours (k) is selected, the nearest neighbours are 

identified based on the Euclidean distance of the new point to those neighbours. Calculation of Euclidean 

distance or Euclidean metrics is shown in Figure 2 [15], [16]. 

 

 

  
  

Figure 1. Binary classification [20] Figure 2. Euclidean distance concept [20] 

 

 

There are several distance metrics that can be used for k-NN modelling such as Euclidean,  

City-block, Cosine, and Correlation and for this paper Euclidean distance was chosen [21]. The data needs to 

be scaled during the training stage. For example, for k value equal to 7 is selected, so the seven nearest 

neighbors are identified. The new point belongs to a class which has the highest neighbour. The most 

excellent esteem for K is chosen in odd numbers, and in case an indeed number is chosen it may conclude up 

with the same number of neighbors. As the number of K increments the chosen locale might alter as on 

Figure 3, in the event that k=3 is selected at that point Class A (red) is planning to be the Class that the 

unused point has a place, in any case by expanding the k to 7, the chosen locale would be Class B (green) 

[22]–[25]. 
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Figure 3. k=3 and k=7 and neighbours’ new point [23] 

 

 

2. MATERIALS AND METHOD 

2.1. Agarwood oil samples and sample preparation 

Samples of agarwood oil were collected from three different sources: i) extracted in the laboratory 

by using lab scale hydrodistillation (L), ii) obtained from industrial set-up hydrodistillation in factory directly 

from local manufacturer (LM), and iii) Kuala Lumpur market (M). As for lab scale hydrodistillation samples 

(L), they are agarwood chips, obtained from a nature forest located in Rompin, Pahang. The extraction was 

done by using hydrodistillation (HD) method. Several parameters of each extraction were applied to obtain 

the best and optimum condition for agarwood oil extract. Prior to extraction, ground agarwood chip was 

soaked in water for several days sequentially to break down the parenchymatous and oil glands. The samples 

were diluted in dichloromethane (DCM) with analytical grade for gas chromatography mass spectrometer 

(GC-MS) and gas chromatography system (GC-FID) determination. Details on the extraction procedure, 

analysis of GC-MS and GC-FID and identification of the compounds can be found in [15]. 

 

2.2. Development of k-NN modelling 

Figure 4 shows the flowchart of the k-NN model development carried out in this study. The whole 

process started by getting all the raw data, samples preparation and identification from the previous 

researcher [14]. Next, pre-processing data has been carried out, which means the data are normalized, 

randomized and split into training and testing datasets with the ratio of 80% to 20%, respectively. The next 

stage is where the k-NN model was developed using the training dataset and distance variation of Euclidean 

was implemented. Here, the k value is varied from 1 to 5. After that, the remaining 20% belongs to the 

testing dataset that were used to test the built k-NN network. The model will be accepted once it achieves the 

accuracy above than 80% (as standard practice in system identification [16]). However, if it is not, it will 

undergo data pre-processing again.  

The k-NN model will separate agarwood oil samples to three groups extracted in the laboratory by 

using lab scale hydrodistillation (L), obtained from industrial set-up hydrodistillation in the factory directly 

from local manufacturer (LM) and Kuala Lumpur market (M). In mathematics, a distance implies the idea 

between two points that represent length between them. It allows the separation of similar and separate 

compounds. Usually, the ratio between training and testing is equal to 80%:20%. The step of the k-NN 

algorithm [19]–[21]: 

Step 1: Information entropy is calculated, 

Step 2: Find value k for training set, 

Step 3: Training set split into group of clusters, 

Step 4: Obtain mean of cluster so center of every cluster can be obtained, 

Step 5: The cluster nearest to test sample is determined with Euclidean distance formula, 

Step 6: Weighted Euclidean distance formula will calculate interval between sample in cluster and test 

sample. Then k-NN is formed, 

Step 7: Class label for test sample is chosen from the highest probability. 

Using k-NN method, the k’ neighbours from 1 to 5 is used to classify the input to its nearest neighbours that 

is the compound in agarwood oil samples. The interval metric introduced by Euclidean has been reviewed 

and adjusted during the execution. 
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Figure 4. k-NN model development 

 

 

3 RESULTS AND DISCUSSION 

3.1 Agarwood Oil Extraction  

In this study, a total of 86 agarwood samples were used that consists of seven samples from 

extracted in the laboratory by using lab scale hydrodistillation (L), 30 samples from industrial set-up 

hydrodistillation in factory directly from local manufacturer (LM) and 49 samples from Kuala Lumpur 

market (M). Figures 5 (a), 5(b) and 5(c) show the graphical observation for three groups of sample sources 

which are extracted in the laboratory by using lab scale hydrodistillation (L), obtained from industrial set-up 

hydrodistillation in factory directly from local manufacturer (LM) and Kuala Lumpur market (M), 

respectively. By taking the chemical composition (%) maximum to 30.00%, several observations can be 

made. Two of them are the range of chemical composition and the highest peak of chemical composition. For 

the first observation i.e., the range of chemical composition; the agarwood oil samples from lab (L) are 

between 0.00% to less than 10.00%, the agarwood oil samples from local manufacturer (LM) are between 

0.00% to less than 13.00% and the agarwood oil samples from 0.00% to less than 28.00%. Here, it can be 

said that different sources of samples produced different peaks and amounts of composition (%) for the 

agarwood oil. The second observation is the highest peak for each group. It can be seen that for agarwood oil 

samples from lab (L), the highest peak belongs to compound C40 (hexadecanol) with a composition of 

8.08%. For agarwood oil samples from local manufacturer (LM), the highest peak is belonging to compound 

C5 (aromadendrene) with the composition of 12.05% and for the agarwood samples from Kuala Lumpur 

market (M), the highest peak belongs to compound C14 (tridecanol) with the composition of 26.01%. 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 5. Graphical observation for three groups of sample sources (a) extracted in the laboratory by 

using lab scale hydrodistillation (L), (b) industrial set-up hydrodistillation in factory directly from local 

manufacturer (LM), and (c) Kuala Lumpur market (M) 
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Table 1 tabulated the accuracy of k-NN modelling (training and testing dataset) from k=1 to  

k=5. In general, the accuracy obtained is from 50.00% to 100.00%. At k=1 and k=2, the training and testing 

accuracies are similar which is 98.63% and 100.00%, respectively. At k=3, the training accuracy is 80.82% 

and testing accuracy is 83.33%. At k=4, the training accuracy is 72.60% and the testing accuracy is 72.22%. 

Lastly, at k=5, the training accuracy is 63.01% and the testing accuracy is 50.00%. It was found that at k=1 

and k=2, the developed k-NN model obtained the highest accuracy among all with the training is 98.63% and 

testing is 100.00%. Thus, it can be said that, at k=1 and k=2, the developed k-NN model able to differentiate 

the agarwood oil samples to three groups; extracted in the laboratory by using lab scale hydrodistillation (L), 

industrial set-up hydrodistillation in factory directly from local manufacturer (LM) and Kuala Lumpur 

market (M), successfully. The result also is supported with the graphical modelling as shown in Figure 6. 

 

 

Table 1. Accuracy of k-NN modelling (training and testing dataset) from k=1 to k=5 
k-Value Training (%) Testing (%) 

1 98.63 100.00 

2 98.63 100.00 
3 80.82 83.33 

4 72.60 72.22 

5 63.01 50.00 

 

 

 
 

Figure 6. Graphical k-NN modelling for accuracy of training and testing for k=1 to k=5 

 

 

4. CONCLUSION 

The k-NN modelling of agarwood oil samples available in the capital of Malaysia market was 

successfully presented in this paper. The results revealed the capability of the k-NN model with variation of 

its k-values from 1 to 5. Among the k-values, k=1 and k=2 obtained similar accuracy by having 98.63% for 

training dataset and 100.00% for testing dataset. The finding in this study is important as it contributed to the 

agarwood oil samples from different sources especially to grading related research areas. For future work, it 

is recommended that more samples should be analyzed with the k-value above than 5 and their performances 

can be observed, together with other performance criteria such as confusion matrix. 
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