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 This study explores the application of machine learning (ML) techniques in 

the classification of agarwood oil, focusing on the use of various algorithms 

such as k-nearest neighbors (KNN), support vector machines (SVM), 

random forest (RF), and artificial neural networks (ANN). Since 2013, ML 

has played a pivotal role in analyzing agarwood oil, particularly by 

leveraging data from a variety of chemical compounds found in the 

Aquilaria genus. Through a systematic review and bibliometric analysis 

using the SCOPUS database, this study compiles and highlights recent 

works that have successfully employed ML techniques for the quality 

assessment of agarwood oil. These studies utilize chemical data, such as gas 

chromatography-mass spectrometry (GC-MS) and nuclear magnetic 

resonance (NMR), for the classification and detection of different oil grades. 

The review reveals a broad range of ML applications, demonstrating their 

growing importance in the field of essential oil analysis. By systematically 

presenting the findings from recent research, this work emphasizes the 

potential for further exploration of ML in the standardization and 

improvement of agarwood oil classification techniques. 
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1. INTRODUCTION 

Aquilaria essential oils, extracted from trees in the Aquilaria genus, are highly valued for their 

aromatic profiles and medicinal properties, particularly in industries such as perfumery and traditional 

medicine [1]–[6]. However, analyzing the chemical complexity of these oils, especially their sesquiterpene 

content, has presented significant challenges. Traditional methods, such as human sensory evaluations, are 

subjective and inconsistent, making them unreliable for precise analysis [7]–[10].  

In recent years, the application of artificial intelligence (AI), particularly machine learning (ML), 

has emerged as a promising solution to these challenges. Researchers have increasingly turned to AI-driven 

techniques to enhance the analysis of Aquilaria essential oils by identifying complex chemical patterns and 

processing large datasets with higher accuracy and efficiency [7], [11], [12]. ML algorithms such as artificial 

neural networks (ANN), random forest (RF), support vector machines (SVM), and k-nearest neighbors 

(KNN) have demonstrated the potential to automate and improve the accuracy of chemical compound 

identification from gas chromatography (GC) data [13]. These methods excel in analyzing high-dimensional 

https://creativecommons.org/licenses/by-sa/4.0/
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data, identifying subtle patterns and classifying compounds based on their spectral features, offering a 

significant advantage over traditional methods [14]–[16]. 

The primary focus of this review is to evaluate the functionality and performance of ANN, RF, 

SVM, and KNN in the analysis of Aquilaria essential oils. By assessing the performance criteria such as 

accuracy, sensitivity, specificity, and computational efficiency, this review will provide insights into which 

ML techniques are most suitable for processing GC data. Moreover, the paper covers research conducted 

from 2014-2023, providing a comprehensive overview of how these ML techniques have been applied in 

essential oil analysis. This review also addresses the challenges and future potential of applying AI to 

enhance the field of essential oil chemistry [15], [17]–[19]. 

 

 

2. METHOD 

ML analysis of Aquilaria essential oils relies on GC-derived chemical profiles requiring high-

quality data and effective feature extraction [10], [20]–[26]. Classical classifiers (ANN, RF, SVM, and KNN) 

are widely validated for essential oil analysis [20], [27]. Accordingly, a systematic literature review of 

Scopus-indexed studies (2013-2024) was conducted using bibliometric and content analyses. 

 

2.1.  Literature search and screening strategy 

This review followed the preferred reporting items for systematic reviews and meta-analyses 

(PRISMA) reporting guidelines to ensure transparency and reproducibility of the literature screening process 

[28], [29]. Literature retrieval was conducted using the Scopus database, chosen for it is comprehensive 

coverage of peer-reviewed journals in engineering, chemistry and applied sciences. The search employed 

combinations of the keywords “essential oil”, “agarwood oil”, “machine learning”, “artificial neural 

networks”, “random forest”, “support vector machine”, “k-nearest neighbors”, and “chemical compound 

classification”, applied to titles, abstracts and keywords for publications from 2013-2024. Title and abstract 

screening excluded studies not related to essential oils or ML-based analysis, while full-text assessment 

further removed articles lacking quantitative performance evaluation or sufficient chemical analytical data. 

The final set of eligible studies was subjected to qualitative content analysis, as summarized in Figure 1. 

 

 

 
 

Figure 1. PRISMA-style flow diagram of the literature search, screening and selection process 

 

 

2.2.  Aquilaria species overview 

The study focuses on four common species of Aquilaria found in Malaysia, which include A. 

malaccensis, A. hirta, A. beccariana, and A. rostrata. These species are known for their economic value due 

to the high demand for agarwood, a fragrant resin used in traditional medicine, perfumes and religious rituals. 

Table 1 summarizes the key characteristics, commercial value and conservation status of these species.  
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All of these species are listed under Convention on International Trade in Endangered Species of Wild Fauna 

and Flora (CITES) Appendix II, which regulates their trade to ensure sustainability, while their International 

Union for Conservation of Nature (IUCN) statuses range from vulnerable to near threatened, reflecting 

concerns over habitat loss and overharvesting [30], [31]. 

 

 

Table 1. Characteristics and applications of common Aquilaria species found in Malaysia [3], [32], [33] 
Aquilaria 
species 

Habitat Leaf characteristics Key compounds in 
essential oils 

Commercial value 
(agarwood) 

Conservation status 
(CITES/IUCN) 

Aquilaria 

malaccensis 

Lowland 

tropical forests 

Large, elliptic-oblong 

leaves with smooth 

surface 

Agarol, sesquiterpenes High, due to high-

grade resin 

CITES Appendix II, 

IUCN: vulnerable 

Aquilaria hirta Hill slopes and 

highland areas 

Small, velvety, 

pubescent leaves on 

abaxial surface 

aromadendrene, 

guaiene 

Moderate CITES Appendix II, 

IUCN: near 

threatened 
Aquilaria 

beccariana 

Swampy 

lowland areas 

Broad leaves with 

smooth upper surface 

Α-guaiene, β-

eudesmol 

High, valued for 

fragrance use 

CITES Appendix II, 

IUCN: vulnerable 

Aquilaria 
rostrata 

Coastal 
tropical forests 

Narrow, lanceolate 
leaves with distinct 

veins 

Eudesmol, agarol Moderate CITES Appendix II, 
IUCN: near 

threatened 

*Note: conservation status is the threat level faced by the species, according to the IUCN Red List [30] or Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) [31]. 

 

 

2.3.  Investigating advanced machine learning techniques 

This study reviewed four widely used ML algorithms, ANN, RF, SVM, and KNN, for essential 

oil classification based on chemical composition, reflecting their dominance in agarwood-related research. 

SVM with radial basis function (RBF) kernels is frequently applied due to it is robustness on small and 

complex gas chromatography-mass spectrometry (GC-MS) datasets [15], [34], [35], while RF provides 

reliable performance through ensemble learning and feature-importance analysis [19], [21]. KNN remains 

an effective approach for species and quality-grade discrimination [36], [37], and ANN has shown high 

predictive accuracy in modelling essential-oil composition patterns [16], [38], [39]. Most studies employed 

preprocessing steps such as normalization, noise reduction, feature selection and principal component 

analysis (PCA) to improve data quality [16], [26], with model parameters optimized using cross-validation 

and grid search. Performance was evaluated using standard metrics including accuracy, precision, recall, 

specificity, and F1-score [13], [40]. Table 2 presents a comparative analysis of these four ML techniques, 

highlighting their features, advantages, and disadvantages. Despite the potential of advanced and hybrid 

models, their adoption remains limited due to small and imbalanced datasets, making these classical 

algorithms the most practical choices in current studies. 

 

 

Table 2. Comparative analysis of ML techniques for essential oil classification 
Features ANN RF SVM KNN 

Algorithm ANN Ensemble of 

decision trees 

Hyperlane with largest 

margin 

Classifies based on KNN 

Suitable for Complex, non-linear 
problems 

Classification 
(primarily) 

High-dimensional data, 
outlier-resistant 

Simple data, classification 
and regression 

Advantages Captures intricate 

patterns, efficient with 
large datasets 

Robust to outliers, 

handles complex 
interactions 

Effective for high-

dimensional data, robust to 
outliers 

Simple to implement, 

versatile 

Disadvantages Black box model, 

hyperparameter sensitive 

Computationally 

expensive for large 
datasets 

Sensitive to kernel choice, 

computationally expensive 

Sensitive to noise and 

outliers, high dimensionality 
issues 

 

 

3. RESULTS AND DISCUSSION 

This study conducted an in-depth analysis of ML applications for the classification of Aquilaria 

essential oils. It examined key challenges in chemical analysis, particularly the complex sesquiterpene 

composition of agarwood oil. The growing integration of AI and ML has significantly improved the 

precision, automation, and efficiency of essential oil detection and classification. 

 

3.1.  Yearly distribution of ML algorithms in agarwood oil (2014-2024) 

The temporal distribution of studies published between 2013 and 2024, as shown in Figure 2, 

illustrates the evolution of ML algorithm usage for agarwood oil classification. ANN was the sole algorithm 

applied in 2013, marking the initial adoption of ML in this field [41], followed by ANN and KNN in 2014. 
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By 2017, SVM, RF, and KNN were introduced, reflecting increasing interest in multi-algorithm evaluation to 

better handle complex GC-MS data. RF gained prominence between 2018 and 2019, with multiple studies 

reported, while ANN and KNN were temporarily absent. In 2021, RF, SVM, and ANN were concurrently 

explored, indicating renewed multi-model comparison. Subsequently, KNN, SVM, and ANN became more 

prominent in 2022 and 2024, whereas RF was no longer applied in 2024. Overall, ANN dominated early 

studies, RF prevailed in mid-years, and KNN and SVM gained prominence in recent research, reflecting 

continual methodological refinement. 

 

 

 
 

Figure 2. Number of studies applying ANN, RF, SVM, and KNN algorithms for agarwood oil classification 

 

 

3.2.  ML algorithm distribution in agarwood oil studies 

Figure 3 illustrates the distribution of ML algorithms used in agarwood oil classification across the 

reviewed studies. SVM was the most frequently applied method (39%), reflecting it is robustness in handling 

non-linear, high-dimensional chemical data with strong accuracy, and generalization. Both KNN and ANN 

were each used in seven studies (25%), demonstrating complementary strengths: KNN performed well on 

smaller, well-separated datasets, while ANN achieved strong predictive performance, particularly when 

trained with synthetic data. RF appeared in three studies (11%), providing reliable multi-dimensional analysis 

and useful feature-importance evaluation, confirming its continued relevance in agarwood oil research. 

 

 

 
 

Figure 3. Distribution of ML algorithms applied in agarwood oil classification studies 

 

 

3.3.  Summary of ML applications in essential oil classification 

Table 3 summarizes successful ML applications in agarwood and essential oil classification. ANN, 

RF, SVM, and KNN are most frequently reported due to their ability to model complex, non-linear GC-based 

chemical data [15], [19], [21]. Collectively, these approaches support accurate, reproducible, and objective 

quality evaluation across Aquilaria species [34], [37], [42], [43]. 
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Table 3. Summary of successful studies leveraging ML for agarwood oil and other essential oil classification 
Article Algorithms Functionality Performance criteria results/findings 

[38], 
[44] 

ANN To classify the grade of agarwood oil 
based on its chemical composition. 

i) Original GC-MS data (n=16): 
‒ Accuracy: 75% 

‒ Sensitivity: 0% 

‒ Specificity: 100%  
ii) Original GC-MS with synthetic data (n=90): 

‒ Accuracy: 100% 

‒ Sensitivity: 100% 
‒ Specificity: 100%  

Synthetic data effectively mitigated small-sample limitations 

in ANN-based agarwood oil classification. 
[39], 

[45], 

[46] 

ANN with 

LM 

algorithm 

An ANN-Levenberg Marquardt (LM) 

model was developed to grade 

agarwood oil quality using 11 
chemical inputs across four quality 

levels, trained on 660 samples. 

‒ Accuracy: 100%  

‒ Sensitivity: 100%  

‒ Specificity: 100%  
‒ Precision: 100%  

The model demonstrated excellent classification performance 

with rapid convergence. 

[43], 

[47] 

PLS-DA 

and RF 

To classify the gaharu (agarwood) 

samples into one of three grades 

(high, intermediate, or low) based on 
their chemical constituents. 

The ¹H-NMR-based metabolomics approach demonstrated 

good grading performance (72.92% agreement; κ=0.69), 

supporting its effectiveness for gaharu quality assessment 
based on chemical composition.  

[19], 
[21], 

[48] 

RF To discriminate between the 
formation modes of natural agarwood 

using the GC–MS raw data of 

artificial agarwood as the training 
sets. 

Agarwood samples formed by four 

different methods:  
‒ Physical injury 

‒ Chemical stimulation 

‒ Fungal infection 
‒ Comprehensive stimulation 

i) Highest accuracy: 81.7% 
ii) Kappa value: 75.2% 

iii) Cross-validation: 45.5% 

iv) R boundary: 0.9 
Natural agarwood samples: 

‒ Physical injury: 17.1% 

‒ Chemical stimulation: 22.9% 
‒ Fungal infection: 2.9% 

‒ Comprehensive stimulation: 57.1% 

The GC-MS derived apparent abundance (R) was closely 
associated with agarwood quality and can serve as a quality 

index. 

[15], 
[49] 

SVM Evaluated the agarwood oil quality to 
high and low using RBF and 

multilayer perceptron (MLP). 

RBF: i) accuracy: 94.7368%, ii) sensitivity: 100.00%,  
iii) specificity: 93.3333%, and iv) precision: 80.00%. 

MLP: i) accuracy: 89.4737%, i) sensitivity: 100.00%,  

iii) specificity: 86.6667%, iv) precision: 66.6667%. 
RBF tuned kernel parameter is better compared to MLP. 

[34], 

[42] 

SVM Implemented the RBF tuned 

parameter in SVM for agarwood oil 
quality classification.  

RBF: i) accuracy: 94.7368%, ii) sensitivity: 100.00%,  

iii) specificity: 93.3333%, iv) precision: 80.00%. 
The RBF-tuned SVM model met all classification 

performance criteria for agarwood oil quality. 

[14], 
[50] 

BSVM Assess statistical learning model 
Boolean support vector machines 

(BSVM) to the problem of agarwood 

oil quality categorization. 

Performance measures for BSVM: i) accuracy: 89.4737%,  
i) sensitivity: 100.00%, iii) specificity: 86.6667%,  

iv) precision: 66.6667%. Boolean learning functions showed 

limited tolerance in maximizing hypermargin for agarwood oil 
classification. 

[51], 

[52] 

KNN KNN was applied to classify 

agarwood oil quality based on 
chemical compounds. 

Min–max scaling (0–1) was applied, and the KNN model  

(k =1–8) achieved 100% classification accuracy for agarwood 
oil quality. 

[36], 

[53] 

KNN To classify Cymbopogon oil species 

(citronella and lemongrass) using a  
KNN model.  

Accuracy (k =1 until k =5): 

‒ Training test: range between 88% to 100% 
‒ Testing test: range between 66% to 100% 

KNN (k =1, 2) achieved 100% accuracy for classifying 

citronella and lemongrass oils.  
[54], 

[55] 

KNN To classify agarwood oil samples 

based on their origin (lab, local 

manufacturer, market) using a KNN 
model. 

Accuracy (k =1 and k =2): 

‒ Training test: 98.63% 

‒ Testing test: 100% 

KNN effectively classified agarwood oil samples into three 

sources. 

[37] KNN To developed a new method for 
classifying agarwood oil quality using 

chemical composition analysis and a 

KNN model. 

‒ Accuracy: 100% 
‒ Sensitivity: 100% 

‒ Specificity: 100% 

‒ Precision: 100% 
The KNN model successfully classified all samples correctly 

based on their quality grade. 

 

 

Figure 4 compares the performance of four ML algorithms using mean±standard deviation (SD) 

accuracy and F1-score distributions. Figure 4(a) shows the mean±SD accuracy across studies, where  

ANN and KNN achieved the highest mean accuracies (87.5%±17.7 and 99.3%±1.1, respectively), while  

RF exhibited greater variability, indicating sensitivity to dataset composition. Figure 4(b) presents the  
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F1-score distribution, with SVM demonstrating stable and strong performance comparable to KNN, 

confirming their robustness across diverse essential oil datasets [47], [54]. Across the reviewed literature, 

ANN performed well on larger or synthetically augmented datasets [38], [39], [44], RF delivered moderate 

but reliable results [19], [21], [43], [47], SVM with RBF kernels showed strong accuracy and generalization 

on complex GC-MS data [42], [49], and KNN achieved near perfect classification on smaller, well separated 

datasets [37], [52], [54]. These findings indicate that algorithmic robustness improves with dataset 

representativeness, while classical ML approaches remain the most practical choice due to limited data 

availability and standardization. 
 
 

  
(a) (b) 

 

Figure 4. Comparative performance of ML algorithms for Aquilaria essential oil classification of  

(a) mean±SD accuracy and (b) F1-score distribution across algorithms 
 
 

3.4.  Challenges and limitations 

Despite promising performance, several challenges limit the broader application of ML for 

agarwood essential oil classification. Most studies rely on small and imbalanced datasets, often requiring 

synthetic data augmentation, which may introduce bias and overfitting, reducing generalizability. The 

absence of standardized GC-MS data formats, acquisition parameters, compound reporting and preprocessing 

pipelines further complicates performance comparison, model transferability and reproducibility. Variations 

in feature selection, scaling and validation strategies contribute to data heterogeneity, meaning aggregated 

performance metrics should be interpreted cautiously. These limitations highlight the need for standardized 

chemical datasets, consistent analytical workflows, explicit reporting of ML configurations, larger  

multi-species samples and cross-laboratory validation to support reliable real-world deployment. 
 
 

4. CONCLUSION 

This review demonstrates the effectiveness of AI and ML techniques, particularly ANN, RF, SVM, 

and KNN, in advancing the classification and quality assessment of Aquilaria essential oils using GC–MS-

derived chemical data. Model robustness and classification accuracy are strongly influenced by dataset 

quality, compound diversity and parameter optimization. Future research should explore transfer learning, 

deep convolutional neural networks and multimodal data fusion integrating GC-MS with complementary 

spectroscopic techniques such as Fourier transform infrared (FTIR). The establishment of open, standardized 

benchmark datasets would further enhance reproducibility and fair model comparison. Although limited to 

published studies with heterogeneous experimental settings, these constraints reflect the current state of the 

literature. Overall, AI-driven frameworks offer strong practical potential for automated quality control and 

authentication in the perfumery and agarwood industries. 
 
 

ACKNOWLEDGEMENTS 

The authors acknowledge financial support from the Ministry of Higher Education Malaysia under 

the Fundamental Research Grant Scheme (FRGS/1/2023/ICT11/UITM/02/1). Appreciation is extended to the 



Int J Artif Intell  ISSN: 2252-8938  

 

Applications of artificial intelligence in analyzing Aquilaria essential … (Noor Aida Syakira Ahmad Sabri) 

1093 

Advanced Signal Processing Research Interest Group and the Faculty of Electrical Engineering,  

Universiti Teknologi MARA (UiTM) Shah Alam, for technical support and research facilities. The authors 

also thank the BioAromatic Research Centre of Excellence (BARCE), Universiti Malaysia Pahang Al-Sultan 

Abdullah (UMPSA), for assistance with data extraction. 

 

 

FUNDING INFORMATION 

The authors gratefully acknowledge the financial support provided by the Ministry of Higher 

Education Malaysia through the Fundamental Research Grant Scheme (FRGS), under grant number 

FRGS/1/2023/ICT11/UITM/02/1. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Noor Aida Syakira 

Ahmad Sabri 

✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓  

Nur Athirah Syafiqah 

Noramli 

✓ ✓ ✓   ✓  ✓ 
 

✓ ✓ 
 

  

Muhammad Ikhsan 

Roslan 

✓  ✓ ✓  ✓ 
 

  ✓ ✓  
  

Nurlaila Ismail ✓ ✓  ✓      ✓  ✓ ✓ ✓ 

Zakiah Mohd Yusoff ✓   ✓ 
 

 ✓ ✓  ✓ ✓ ✓  
 

Ali Abd Almisreb ✓ ✓ ✓    ✓   ✓ ✓    

Mohd Nasir Taib ✓ ✓  ✓      ✓ ✓ ✓ ✓  

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 

 

 

INFORMED CONSENT 

We have obtained informed consent from all individuals included in this study. 

 

 

DATA AVAILABILITY 

Data availability is not applicable to this paper as no new data were created or analyzed in this study. 

 

 

REFERENCES 
[1] S. Y. Lee and R. Mohamed, “The origin and domestication of Aquilaria, an important agarwood-producing genus,” in Agarwood, 

2016, pp. 1–20, doi: 10.1007/978-981-10-0833-7_1. 
[2] S. Pang et al., “Aromatic components and endophytic fungi during the formation of agarwood in Aquilaria sinensis were induced 

by exogenous substances,” Frontiers in Microbiology, vol. 15, Aug. 2024, doi: 10.3389/fmicb.2024.1446583. 

[3] M. F. Yunus, M. S. Salleh, M. H. A. Ponari, P. C. Kuswandi, and M. S. M. Hamdan, “Nutrient requirement and fertilizer management 
for agarwood plantations: a review,” Agrivita, vol. 46, no. 2, pp. 413–423, Jun. 2024, doi: 10.17503/agrivita.v46i2.4437. 

[4] Y. V. Thi et al., “An updated review of Aquilaria species: distribution, chemical constituents and authentication methods,” Asian 

Journal of Plant Sciences, vol. 23, no. 2, pp. 146–167, Mar. 2024, doi: 10.3923/ajps.2024.146.167. 
[5] P. Wu et al., “Extraction process, chemical profile, and biological activity of aromatic oil from agarwood leaf (Aquilaria sinensis) by 

supercritical carbon dioxide extraction,” Journal of CO2 Utilization, vol. 77, Nov. 2023, doi: 10.1016/j.jcou.2023.102615. 

[6] S. Takamatsu and M. Ito, “Agarotetrol in agarwood: its use in evaluation of agarwood quality,” Journal of Natural Medicines, 
vol. 74, no. 1, pp. 98–105, Aug. 2020, doi: 10.1007/s11418-019-01349-w. 

[7] H. Yang et al., “Advanced analytical techniques for authenticity identification and quality evaluation in essential oils: a review,” 

Food Chemistry, vol. 451, Sep. 2024, doi: 10.1016/j.foodchem.2024.139340. 



                ISSN: 2252-8938 

Int J Artif Intell, Vol. 15, No. 2, April 2026: 1087-1096 

1094 

[8] T. Yan et al., “The key odor-active components differed in cultured agarwood from two germplasms of Aquilaria sinensis trees,” 

Industrial Crops and Products, vol. 194, Apr. 2023, doi: 10.1016/j.indcrop.2022.116185. 
[9] Y. Liu, J. Wei, Z. Gao, Z. Zhang, and J. Lyu, “A review of quality assessment and grading for agarwood,” Chinese Herbal 

Medicines, vol. 9, no. 1, pp. 22–30, Jan. 2017, doi: 10.1016/s1674-6384(17)60072-8. 

[10] M. H. Haron, M. N. Taib, N. Ismail, N. A. M. Ali, and S. N. Tajuddin, “Statistical analysis of agarwood oil compounds based on 
GC-MS data,” in 2018 9th IEEE Control and System Graduate Research Colloquium, ICSGRC 2018, Aug. 2018, pp. 27–30,  

doi: 10.1109/ICSGRC.2018.8657571. 

[11] S. Ma, Y. Fu, Y. Li, P. Wei, and Z. Liu, “The formation and quality evaluation of agarwood induced by the fungi in Aquilaria 
sinensis,” Industrial Crops and Products, vol. 173, Dec. 2021, doi: 10.1016/j.indcrop.2021.114129. 

[12] Z. M. Yusoff, S. A. Nordin, Z. Muhammad, and N. Ismail, “Examining the trend in agarwood oil studies for the 5 recent years 

(2019-2023): a comprehensive bibliometric analysis using VOSviewer,” Journal of Electrical and Electronic Systems Research, 
vol. 27. pp. 87–101, Jan. 16, 2025. doi: 10.24191/jeesr.v27i1.011. 

[13] N. M. Sarih, N. Ismail, N. Akhtar, and S. N. Tajuddin, “Analysis of GC-FID and GC-MS microwave-assisted hydrodistillation 

extraction (MAHD) of agarwood chips,” International Journal of Integrated Engineering, vol. 13, no. 6, pp. 180–189, Aug. 2021, 
doi: 10.30880/ijie.2021.13.06.017. 

[14] L. A. Demidova, “Two‐stage hybrid data classifiers based on SVM and KNN algorithms,” Symmetry, vol. 13, no. 4, Apr. 2021, 

doi: 10.3390/sym13040615. 
[15] K. A. A. Kamarulzaini, N. Ismail, M. H. F. Rahiman, M. N. Taib, N. A. M. Ali, and S. N. Tajuddin, “Evaluation of RBF and MLP 

in SVM kernel tuned parameters for agarwood oil quality classification,” in 2018 IEEE 14th International Colloquium on Signal 

Processing and its Application, CSPA 2018, IEEE, Mar. 2018, pp. 250–254, doi: 10.1109/CSPA.2018.8368721. 
[16] N. Z. Mahabob, A. F. M. Amidon, Z. M. Yusoff, N. Ismail, and S. N. Tajjudin, “Comparison of ANN performance towards 

agarwood oil compounds pre-processing based on principal component analysis (PCA) and stepwise regression selection 

method,” Journal of Electrical and Electronic Systems Research, vol. 19, pp. 51–55, Oct. 2021, doi: 10.24191/jeesr.v19i1.007. 
[17] E. Clark, L. Nazhandali, and C. A. L. Abbott, “Machine learning classification of gas chromatography data,” M.Sc. Theses, 

Department of Electrical Engineering, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 2023. 
[18] B. Krishnan, “Classification of chemicals present in essential oils using deep learning algorithm,” Natural Volatiles and Essential 

Oils, vol. 8, no. 4, pp. 3607–3617, 2021. 

[19] L. Lebanov, L. Tedone, A. Ghiasvand, and B. Paull, “Random forests machine learning applied to gas chromatography–mass 
spectrometry derived average mass spectrum data sets for classification and characterisation of essential oils,” Talanta, vol. 208, 

Feb. 2020, doi: 10.1016/j.talanta.2019.120471. 

[20] Y. Lin et al., “DNA barcoding identification of iucn red listed threatened species in the genus Aquilaria (Thymelaeaceae) using 
machine learning approaches,” Phytochemistry Letters, vol. 55, pp. 105–111, Jun. 2023, doi: 10.1016/j.phytol.2023.04.007. 

[21] X. Zhou et al., “Characterization of agarwood by gas chromatography–mass spectrometry and a random forest model,” Analytical 

Letters, vol. 55, no. 9, pp. 1364–1381, Dec. 2022, doi: 10.1080/00032719.2021.2005081. 
[22] S. Ma, T. Yan, Y. Chen, and G. Li, “Chemical composition and bioactivity variability of two-step extracts derived from 

traditional and ‘qinan’ agarwood (Aquilaria spp.),” Fitoterapia, vol. 176, Jul. 2024, doi: 10.1016/j.fitote.2024.106012. 

[23] Y. Çetintaş, A. Çetintaş, Y. Sıcak, and M. Öztürk, “Examination of the chemical composition and anti-diabetic activities of the 
oils of Abelmoschus esculentus, Peganum harmala, and Aquilaria agallocha cultivated in Muğla,” International Journal of 

Secondary Metabolite, vol. 11, no. 3, pp. 584–591, Aug. 2024, doi: 10.21448/ijsm.1413509. 

[24] Z. M. Yusoff and N. Ismail, “Datasets of chemical compounds in three different species of aquilaria using gc-ms coupled with 
GC-FID analysis,” Data in Brief, vol. 53, Apr. 2024, doi: 10.1016/j.dib.2024.110209. 

[25] M. M. S. Hamdan et al., “Microscopy and chemical composition of healthy and resinous wood from the agarwood-producing 

species, Aqualaria beccariana,” Biointerface Research in Applied Chemistry, vol. 14, no. 1, 2024, doi: 10.33263/BRIAC141.013. 
[26] A. Y. B. Abdullah, L. S. Wong, B. Samling, and S. F. Sim, “Grading of agarwood based on their chemical profiles using GC-MS 

incorporating chemometric approaches,” Malaysian Journal of Chemistry, vol. 26, no. 2, pp. 86–95, Apr. 2024,  

doi: 10.55373/mjchem.v26i2.86. 
[27] J. Li et al., “Chemical analysis of different parts from agarwood columns by artificially agarwood-inducing method based on GC–

MS and UPLC-TOF-MS,” Fitoterapia, vol. 178, Oct. 2024, doi: 10.1016/j.fitote.2024.106156. 

[28] Y. Z. H.-Y. Hashim et al., “A bibliometric analysis of agarwood research, 1959-2021,” Journal of Agrobiotechnology, vol. 13,  
no. 2, pp. 37–64, Nov. 2022, doi: 10.37231/jab.2022.13.2.296. 

[29] E. Tokolahi, C. Hocking, P. Kersten, and A. C. Vandal, “Quality and reporting of cluster randomized controlled trials evaluating 

occupational therapy interventions: a systematic review,” OTJR Occupation, Participation and Health, vol. 36, no. 1, pp. 14–24, 
Dec. 2016, doi: 10.1177/1539449215618625. 

[30] IUNC, “The IUCN red list of threatened species-version 2020-3,” The National Red List. Accessed: Dec. 18, 2024. [Online]. 

Available: https://www.nationalredlist.org/node/52888 
[31] United Nations Office on Drugs and Crime, World wildlife crime report 2020: trafficking in protected species, United Nations 

Publication, 2020.  

[32] M. H. A. Noor, A. Mohamad, R. Othman, and S. N. Baharum, “Morphological evaluation on leaf characteristics of common 
Aquilaria species in Malaysia,” in Research and Development Seminar 2014, 2014. 

[33] W. D. Nugroho, R. Pujiarti, and N. P. Tiyasa, “Wood anatomical characteristics of agarwood-producing species (Aquilaria sp.),” 

Wood Research, vol. 64, no. 5, pp. 759–768, 2019. 
[34] M. A. A. Ngadilan, N. Ismail, M. H. F. Rahiman, M. N. Taib, N. A. M. Ali, and S. N. Tajuddin, “Radial basis function (RBF) tuned 

kernel parameter of agarwood oil compound for quality classification using support vector machine (SVM),” in 2018 9th IEEE 

Control and System Graduate Research Colloquium (ICSGRC), Aug. 2018, pp. 64–68, doi: 10.1109/ICSGRC.2018.8657524. 
[35] M. Azim et al., “Observation on polynomial and radial basis function in support vector machine (SVM) tuned parameters for 

agarwood oil quality grading,” Journal of Tomography System and Sensors Application, vol. 4, no. 1, pp. 16–25, 2021. 

[36] K. A. Athirah, N. Ismail, M. N. Taib, N. A. M. Ali, M. Jamil, and S. Lias, “Modelling of cymbopogon oils species using k-nearest 
neighbours (KNN),” in 2019 IEEE 7th Conference on Systems, Process and Control 2019, doi: 10.1109/ICSPC47137.2019.9068086. 

[37] S. M. H. M. Huzir et al., “Agarwood oil grade clustering of aquilaria malaccensis species using extraction by gc-ms analysis: 

efficient knn algorithm based on patterns visualization of two-dimensional graph,” Malaysian Journal of Chemistry, vol. 26, no. 
1, pp. 324–331, Feb. 2024, doi: 10.55373/mjchem.v26i1.324. 

[38] N. Ismail, M. H. F. Rahiman, M. N. Taib, N. A. M. Ali, M. Jamil, and S. N. Tajuddin, “Application of ann in agarwood oil grade 

classification,” in 2014 IEEE 10th International Colloquium on Signal Processing and its Applications, Mar. 2014,  

doi: 10.1109/CSPA.2014.6805751. 



Int J Artif Intell  ISSN: 2252-8938  

 

Applications of artificial intelligence in analyzing Aquilaria essential … (Noor Aida Syakira Ahmad Sabri) 

1095 

[39] S. M. H. M. Huzir, A. H. I. H. Al-Hadi, Z. M. Yusoff, N. Ismail, and M. N. Taib, “Accurate agarwood oil quality determination: a 
breakthrough with artificial neural networks and the levenberg-marquardt algorithm,” IEEE Access, vol. 12, pp. 50389–50403, 

2024, doi: 10.1109/ACCESS.2024.3381627. 

[40] G. F. Hertono, R. K. Wattimena, G. A. Mendrofa, and B. D. Handari, “Classifying coal mine pillar stability areas with multiclass 
SVM on ensemble learning models,” Journal of Engineering and Technological Sciences, vol. 56, no. 1, pp. 95–109, Feb. 2024, 

doi: 10.5614/j.eng.technol.sci.2024.56.1.8. 

[41] N. Ismail, N. A. M. Ali, M. Jamil, M. H. F. Rahiman, S. N. Tajuddin, and M. N. Taib, “Differentiating agarwood oil quality using 
artificial neural network,” Malaysian Journal of Analytical Sciences, vol. 17, no. 3, pp. 490–498, 2013. 

[42] G. J. Maulany, P. I. Santosa, and I. Hidayah, “Multiple intelligence learning style detection in e-learning using support vector 

machine (SVM) algorithm,” in 2024 7th International Conference on Informatics and Computational Sciences (ICICoS), Jul. 
2024, doi: 10.1109/ICICoS62600.2024.10636915. 

[43] S. N. Ismail et al., “Discriminative analysis of different grades of gaharu (Aquilaria malaccensis Lamk.) via 1H-NMR-based 

metabolomics using PLS-DA and random forests classification models,” Molecules, vol. 22, no. 10, Sep. 2017,  
doi: 10.3390/molecules22101612. 

[44] D. C. Swarnkar, A. K. Singh, and K. Shubham, “Application of ANN for prediction of settlement of ring foundation,” Signal, 

Image and Video Processing, vol. 18, no. 11, pp. 7537–7554, Nov. 2024, doi: 10.1007/s11760-024-03363-2. 
[45] R. G. Mohamed, M. A. Ebrahim, and S. H. E. A. Aleem, “Enhancing fault-clearing algorithm for renewable-energy-based distribution 

systems using artificial neural networks,” Clean Energy, vol. 8, no. 5, pp. 97–116, Oct. 2024, doi: 10.1093/ce/zkae056. 

[46] S. Pacci, O. Dengiz, P. Alaboz, and F. Saygın, “Artificial neural networks in soil quality prediction: significance for susta inable 
tea cultivation,” Science of the Total Environment, vol. 947, Oct. 2024, doi: 10.1016/j.scitotenv.2024.174447. 

[47] Y. Rimal, N. Sharma, and A. Alsadoon, “The accuracy of ML models relies on hyperparameter tuning: student result 

classification using random forest, randomized search, grid search, Bayesian, genetic, and optuna algorithms,” Multimedia Tools 
and Applications, vol. 83, no. 30, pp. 74349–74364, Feb. 2024, doi: 10.1007/s11042-024-18426-2. 

[48] C. Chen, J. Liang, W. Sun, G. Yang, and X. Meng, “An automatically recursive feature elimination method based on threshold 

decision in random forest classification,” Geo-Spatial Information Science, vol. 28, no. 4, pp. 1494–1519, Sep. 2025,  
doi: 10.1080/10095020.2024.2387457. 

[49] A. Kumar, S. Sinha, S. Saurav, and V. B. Chauhan, “Prediction of unconfined compressive strength of cement–fly ash stabilized 

soil using support vector machines,” Asian Journal of Civil Engineering, vol. 25, no. 2, pp. 1149–1161, Jul. 2024,  
doi: 10.1007/s42107-023-00833-9. 

[50] N. Ismail, H. Ariffin, M. H. F. Rahiman, M. N. Taib, N. A. M. Ali, and S. N. Tajuddin, “Statistical learning BSVM model to the 

problem of agarwood oil quality categorization,” in 2018 IEEE Conference on Systems, Process and Control (ICSPC), 2018,  
doi: 10.1109/SPC.2018.8703975. 

[51] M. A. Abas et al., “Agarwood oil quality classifier using machine learning,” Journal of Fundamental and Applied Sciences,  

vol. 9, no. 4S, pp. 62–76, 2018, doi: 10.4314/jfas.v9i4s.4. 
[52] M. R. Mahdiani, E. Khamehchi, S. Hajirezaie, and A. H.-Sarapardeh, “Modeling viscosity of crude oil using k-nearest neighbor 

algorithm,” Advances in Geo-Energy Research, vol. 4, no. 4, pp. 435–447, Dec. 2020, doi: 10.46690/ager.2020.04.08. 

[53] C. J. Ma and Z. sheng Ding, “Improvement of k-nearest neighbor algorithm based on double filtering,” in 2020 5th International 
Conference on Mechanical, Control and Computer Engineering (ICMCCE), Dec. 2020, doi: 10.1109/ICMCCE51767.2020.00343. 

[54] E. H. A. Latib, N. Ismail, S. N. Tajuddin, J. Jamil, and Z. M. Yusoff, “K-nearest neighbor modelling of agarwood oil samples 

available in capital of Malaysia market,” International Journal of Electrical and Computer Engineering, vol. 12, no. 3,  
pp. 3158–3165, Jun. 2022, doi: 10.11591/ijece.v12i3.pp3158-3165. 

[55] R. K. Halder, M. N. Uddin, M. A. Uddin, S. Aryal, and A. Khraisat, “Enhancing k-nearest neighbor algorithm: a comprehensive 

review and performance analysis of modifications,” Journal of Big Data, vol. 11, no. 1, Aug. 2024, doi: 10.1186/s40537-024-
00973-y. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Noor Aida Syakira Ahmad Sabri     obtained her Bachelor of Engineering (Hons) 

in Electronic Engineering from Universiti Teknologi MARA (UiTM), Shah Alam, Malaysia, 

in 2022. Currently, she is a graduate research assistant at the Faculty of Electrical 

Engineering, UiTM Shah Alam, where she is pursuing postgraduate studies. Her research 

interests include advanced signal processing and ML, particularly in the analysis and 

classification of agarwood oil, leveraging computational methods to improve the accuracy and 

efficiency of chemical composition analysis. She can be contacted at email: 

aidasyakiraaa01@gmail.com. 

  

 

Nur Athirah Syafiqah Noramli     received her B.Sc. (Hons) in Computer Science 

from Universiti Teknologi MARA (UiTM) Cawangan Melaka Kampus Jasin. She is currently 

pursuing her studies as a postgraduate student at the Faculty of Electrical Engineering at 

Universiti Teknologi MARA (UiTM) Shah Alam, Selangor, Malaysia. Her research interests 

include advanced signal processing and ML. She can be contacted at email: 

athirah.noramli1@gmail.com. 

https://orcid.org/0009-0007-1203-9307
https://scholar.google.com/citations?hl=en&user=4QpoQ8MAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=59154422700
https://www.webofscience.com/wos/author/record/JWP-9535-2024
https://orcid.org/0009-0007-2140-576X
https://scholar.google.com/citations?user=YkJUbWgAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=59417251700
https://www.webofscience.com/wos/author/record/LBH-9013-2024


                ISSN: 2252-8938 

Int J Artif Intell, Vol. 15, No. 2, April 2026: 1087-1096 

1096 

 

Muhammad Ikhsan Roslan     earned his Master of Science in Electronic Systems 

Design Engineering from Universiti Sains Malaysia (USM), Penang, Malaysia, in 2022 with 

first-class honors. He is currently a server validation engineer specializing in IP-level 

validation at AMD Global Services, while also pursuing full-time postgraduate studies at the 

Faculty of Electrical Engineering, Universiti Teknologi MARA (UiTM), Shah Alam, 

Malaysia. With a strong passion for research in engineering, particularly in artificial 

intelligence, he combines academic excellence with practical experience, showcasing a 

dedicated commitment to advancing the field. He can be contacted at email: 

muhammadikhsanroslan@gmail.com. 

   

 

Nurlaila Ismail     received the M.Sc. and Ph.D. degrees in Electrical Engineering 

from Universiti Teknologi MARA (UiTM), Malaysia. She is currently an associate professor 

at Faculty of Electrical Engineering, Universiti Teknologi MARA (UiTM) Shah Alam, 

Malaysia. Her research interests include advanced signal processing, machine learning, and 

artificial intelligence. She can be contacted at email: nurlaila0583@uitm.edu.my. 

  

 

Zakiah Mohd Yusoff     received her bachelor’s degree in Electrical Engineering 

and Ph.D. in Electrical Engineering from Universiti Teknologi MARA, Shah Alam, in 2009 

and 2014, respectively. She is a senior lecturer who is currently working at Faculty of 

Electrical Engineering, Universiti Teknologi MARA, Shah Alam, Malaysia. In May 2014, she 

joined Universiti Teknologi MARA as a teaching staff. Her major interests include process 

control, system identification and essential oil extraction systems. She can be contacted at 

email: zakiah9018@uitm.edu.my. 

  

 

Ali Abd Almisreb     is currently an associate professor at the Faculty of Computer 

Sciences and Engineering, Director of Graduate Council and Editor in Chief at International 

University of Sarajevo. He received a M.Sc. degree in Computer Science and Ph.D. degree in 

Electrical Engineering/Computer Engineering from Universiti Teknologi MARA, Malaysia. 

His major interests include deep learning, machine learning, computer vision voice 

recognition, and quantum computing. He can be contacted at email: alimes96@yahoo.com. 

  

 

Mohd Nasir Taib     received the degree in Electrical Engineering from the 

University of Tasmania, Hobart, Australia, the M.Sc. degree in Control Engineering from 

Sheffield University, UK, and the Ph.D. degree in Instrumentation from the University of 

Manchester Institute of Science and Technology, UK. He is currently a senior professor at 

Universiti Teknologi MARA (UiTM), Malaysia. He heads the Advanced Signal Processing 

Research Interest Group at the Faculty of Electrical Engineering, UiTM. He has been a very 

active researcher and over the years had author and/or co-author many papers published in 

refereed journals and conferences. He can be contacted at email: dr.nasir@uitm.edu.my. 

 

https://orcid.org/0009-0002-8290-7927
https://scholar.google.com/citations?user=9g8dgHEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=59665287200
https://www.webofscience.com/wos/author/record/LKJ-1880-2024
https://orcid.org/0000-0002-8504-4875
https://scholar.google.com/citations?hl=en&user=zqnQYNYAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=35092702500
https://www.webofscience.com/wos/author/record/JJC-3675-2023
https://orcid.org/0000-0003-1865-0856
https://scholar.google.com/citations?hl=en&user=ljUEoQsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=50062202600
https://www.webofscience.com/wos/author/record/76485230
https://orcid.org/0000-0001-7581-5747
https://scholar.google.com/citations?hl=en&user=jVHZgq0AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=50460937600
https://www.webofscience.com/wos/author/record/ITV-5088-2023
https://orcid.org/0000-0003-1050-3341
https://scholar.google.com/citations?hl=en&user=jaeXBGMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56216710600
https://publons.com/researcher/C-9433-2009/

