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ABSTRACT  

Conventional Brix prediction of pineapple is time-consuming and destructively. Even 

few of the applications of near infrared spectroscopy in diffuse reflection mode had 

been implemented in determining the Brix of pineapple, those applications did not 

investigate the effect of pineapple surface (geometrical effect) and the measurement 

setup on the prediction performance. This study investigates the geometrical effect 

with three parameters including the effect of different parts of pineapple on the diffuse 

reflectance, relationship between diffuse reflectance and soluble solids content (SSC), 

and effect of measurement position on the calibration model. The measurement setup 

was investigated through pre- and post-dispersive (with fiber optic design) NIRS 

technique. Three parameters were studied with pre-dispersive sensor.  First, the effect 

of acquired difference reflectance from different parts of pineapple i.e. top, middle, 

and bottom was investigated with boxplot technique. Then, the relationship between 

the diffuse reflectance and SSC was evaluated with correlation plot. Lastly, nine 

independent artificial neural networks were separately trained to investigate the 

geometrical effects on different parts of pineapple. Results show that the concave 

surface of top and bottom parts of pineapples would affect the reflectance of light and 

deteriorate the prediction performance. With bifurcated fiber optic design, the 

predictive model of middle part of pineapples achieved the best performance i.e. root 

mean square error of prediction and correlation coefficient of prediction of 1.313 °Brix 

and 0.7408 respectively. The main finding of the research is that the geometrical effect 

that affects the Brix prediction can be minimized by proper measurement setup.  
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ABSTRAK 

Ramalan nanas Brix konvensional memakan masa dan merosakkan. Walaupun 

beberapa aplikasi spektroskopi inframerah dekat dalam mod refleksi difus telah 

dilaksanakan dalam menentukan Brix nanas, aplikasi tersebut tidak menyelidiki 

pengaruh permukaan nanas (efek geometri) dan pengaturan pengukuran pada prestasi 

ramalan. Kajian ini mengkaji kesan geometri dengan tiga parameter termasuk 

pengaruh bahagian nanas yang berlainan pada pantulan resapan, hubungan antara 

pantulan meresap dan kandungan pepejal larut (SSC), dan pengaruh kedudukan 

pengukuran pada model penentukuran. Penyediaan pengukuran disiasat melalui teknik 

NIRS sebelum dan sesudah penyebaran (dengan reka bentuk gentian optik). Tiga 

parameter dikaji dengan sensor pra-penyebaran. Pertama, kesan pemerolehan 

perbezaan yang diperoleh dari bahagian nanas yang berbeza iaitu bahagian atas, 

tengah, dan bawah disiasat dengan teknik boxplot. Kemudian, hubungan antara 

pantulan difus dan SSC dinilai dengan plot korelasi. Terakhir, sembilan rangkaian 

saraf tiruan bebas dilatih secara berasingan untuk mengkaji kesan geometri pada 

bahagian nanas yang berlainan. Hasil kajian menunjukkan bahawa permukaan cekung 

bahagian atas dan bawah nanas akan mempengaruhi pantulan cahaya dan merosakkan 

prestasi ramalan. Dengan reka bentuk serat optik bifurcated, model ramalan bahagian 

tengah nanas mencapai prestasi terbaik, iaitu ralat punca min punca ramalan dan pekali 

korelasi ramalan masing-masing 1.313°Brix dan 0.7408. Penemuan utama 

penyelidikan adalah bahawa kesan geometri yang mempengaruhi ramalan Brix dapat 

dikurangkan dengan penyusunan pengukuran yang betul.  
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the study 

Pineapple is a kind of popular fruit in tropical which is well-received by the society. It 

contributes over 20% of the tropical fruit produced in the world. Besides, pineapple 

contains vitamin C, vitamin A and fiber and has many health benefits. In Malaysia, 

export pineapple product can be categorized into four major types including pineapple 

juice, canned pineapple, fresh pineapple, and ornamental. According to the 

information of Malaysia Pineapple Industry Board (MPIB), the total exportation of 

pineapple product reached RM184 million in 2018 [9]. Malaysia pineapple has become 

a new source of wealth for the country. Among the internal quality of pineapple, the 

soluble solids content (SSC) with unit °Brix is used as the internal quality indicator of 

pineapple [10]. The SSC is one of the main factors that affect its market value and 

quality [11]. However, the conventional Brix measurement of pineapple is 

destructively and time-consuming [12].  Firstly, the pineapple was dissected and the 

pulp was squeezed into juices. Then, the juice was measured with digital refractometer 

to get its Brix. The invasive and time-consuming process is impossible to ensure that 

each exported pineapple product able to fulfil the exported Brix requirement.   

Near infrared (NIR) region is a part of electromagnetic radiation with spectral 

range from 780 to 2500nm [13]. NIR energy with specific wavelength can be partially 

absorbed by specific molecular bonds that consist of hydrogen e.g. C-H and O-H to 

become mechanical energy of molecular overtone and vibrations [14]. The amount of 

this energy transformation (also known as absorption) is affected by the chemical 
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composition and the physical properties of an examined sample. By using calibration 

or machine learning methods, the hidden information of the acquired NIR spectra can 

be extracted and utilized to quantitatively or qualitatively analyze the samples [15]–

[18]. 

Near infrared spectroscopy (NIRS), a rapid and non-invasive sensing technique 

in qualitative and quantitative analysis using NIR region, has been widely 

implemented in various fields e.g. construction [19], agriculture [20]–[29],  medical 

[30]–[32], drug [33]–[35], tobacco [36], [37], wood species [38]–[40], textiles 

[41],[42], and soil [43]–[48]. NIRS is promising to be an alternative of various existing 

sensing techniques which is destructive, time-consuming, and expensive. A typical 

NIRS data acquisition consists of five main steps. First, the positions of the energy 

source, the NIR detector, and the measured object are fixed in a NIR acquisition 

system. Second, white and dark calibrations are conducted by correcting the measured 

NIR spectrum with respect to the 100% and 0% reference spectra. After the signal 

calibration, an examined sample is allocated at the position of the measured object for 

NIR spectrum acquisition. In most cases, the acquired spectrum is pre-processed to 

reduce or remove unwanted signals e.g. baseline shifts due to scattering effects. 

Finally, the relationship between the pre-processed spectrum to the components of 

interest is established using machine learning or chemometrics. This is because the 

information of NIR spectrum is highly overlapping and corelated to its adjacent 

wavelengths. 

Each sample has a different exterior appearance and composition. According 

to the Beer-Lambert law, the light absorbance is linearly proportional to the 

concentration of absorbing composition for non-scattering samples under constant 

light path arrangement [49]–[51]. However, this law is inapplicable for scattering 

samples due to the variable of individual photon and the complication of light 

scattering in the samples [52]. In a scattering sample, the detected light from the 

sample will change according to the appearance and dimension of each sample. This 

implies that the positioning of NIRS light illumination and detection (i.e. a suitable 

sensing mode) will affect the performance of NIRS in terms of the quality and 

robustness of the acquired data. 

In general, NIRS has been classified into three basic acquisition modes i.e. 

reflection, transmission, and interaction collecting in the NIR energy from samples [1]. 

These sensing modes can be discriminated according to the positions of energy source 
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and detector. For the reflection, the energy source and detector are always mounted in 

ways i.e. angle between the source and detector is 45˚[29], [43], [53]  that specular 

reflectance will be eliminated [54]. For the transmission, the energy source is placed 

opposite of the detector. For the interaction, the light source and detector are positioned 

parallel to each other by assuming that the detector will not acquire any specular 

reflectance and diffuse reflectance of the surface. In short, both the reflection and 

interaction aim to acquire diffuse reflectance and avoid specular reflectance. 

 When the light reflects from a surface is scattered in many angles in case of 

only the specular reflectance, it is called diffuse reflectance. Near infrared diffuse 

reflection mode has revealed its potential as a powerful and non-destructive technique 

for rapid analysis [49]–[57]. Despite abundant studies of diffuse reflection were carried 

out in non-destructive Brix determination, lack of studies was concerned about the 

underlying mechanism. This could limit the understanding of diffuse reflection 

mechanism and underestimate its potential.  

Optical geometry can be defined by the position between the source and 

detector and the sample’s surface [52]. Most of the studies were using the fiber optic 

reflectance probe and integrating sphere module for diffuse reflectance acquisition 

[63]–[70]. Basically, the fiber optic reflectance probe will directly apply either contact 

or contactless measurement without considering the effect of the sensor position 

[71],[72]. The typical design of the fiber optic probe is the several light source cables 

and detection cable are always mounted together in a single coaxial cable [4]. Due to 

the aforementioned design, the fiber optic reflectance probe is always 0˚ angle toward 

the sample in any position.  

 Consequently, the diffuse reflectance due to the geometry of sample has not 

been substantially studied. The uneven skin of sample may have unexpected reflection 

which is worthy to further investigate. Thus, a better understanding about the diffuse 

reflection is needed to improve the accuracy of acquired signals. Better understanding 

will definitely improve the accuracy of non-destructive internal quality measurement 

using NIRS technology. This is because better understanding of diffuse reflection will 

lead to a better diffuse reflectance acquisition design which will have a better signal to 

noise ratio (SNR). A higher accuracy of internal quality prediction will ultimately help 

the farmer in harvesting and reduce the unnecessary fruit waste and indirectly improve 

the global fruit security. 
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1.2 Problem statement 

Currently, conventional Brix measurement for pineapple is destructively and time-

consuming. Near infrared spectroscopy (NIRS) is a promising tool in rapid, fast, and 

non-destructive Brix measurement of fruit [2]. Even though few of the applications of 

NIRS in diffuse reflection mode had been implemented in determining the internal 

quality of pineapple, those applications did not investigate the effect of pineapple 

surface (geometrical effect) and the measurement setup (pre- and post-dispersive 

technique) on the prediction performance. Lack of the understanding about the 

geometrical effect and measurement setup on the diffuse reflectance acquired from the 

pineapple will deteriorate the performance of NIRS.  

Furthermore, the uneven skin on top, middle, and bottom of the pineapple may 

provide different and unexpected reflection which will affect the internal quality 

prediction. Thus, the geometrical effect on pineapple and measurement setup of diffuse 

reflection mode for pineapple internal quality prediction non-invasively is worth to be 

further studied. The Brix of pineapple will remain the same once they are harvested 

[10]. Better understanding in diffuse reflection will help the farmer in harvesting and 

reduce the unnecessary fruit waste and then improve the global fruit security. 

1.3 Hypothesis 

A better understanding of pre- and post-dispersive NIRS measurement setup can 

improve the Brix prediction performance for pineapple.  

1.4 Aim 

The aim of the research is to provide a better understanding of pre- and post-dispersive 

NIRS measurement setup in diffuse reflection mode to improve the Brix prediction 

performance for intact pineapple. 
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1.5 Objectives 

This research work embarks on the following objectives: 

 

1. To study the parameters that involve in validating the consistency and 

correctness of pre-dispersive near infrared (NIR) diffuse reflectance 

acquisition for non-destructive Brix determination of intact pineapple. 

2. To establish the relationship between the acquired pre-dispersive NIR diffuse 

reflectance and the Brix of intact pineapple using the optimal parameters. 

3. To compare the accuracy of pre-dispersive and post-dispersive NIR diffuse 

reflectance acquisition in non-destructive Brix determination of intact 

pineapple. 

1.6 Scopes of study 

The scope of this research is stated as below:  

 

1. This research is only focused on two effects on the diffuse reflection mode: 

• Measurement setup i.e. pre- and post-dispersive techniques of near 

infrared spectroscopy. 

• Geometrical effect of intact pineapple including the top, middle, and 

bottom parts. 

2. Two existing near infrared sensors with pre- and post- dispersive technique 

were utilized in data acquisition： 

• The pre-dispersive sensor consisted of photodiode and five light 

emitting diodes with five different wavelengths i.e. 780, 851, 870, 910 

and 940nm. 

• The post-dispersive sensor consisted of bifurcated fiber optic design 

and a spectral sensor which able to detect wavelengths range at 680, 

730, 760, 810 and 860nm. 

3. Three parameters were investigated in this study:  

• Effect of different parts of pineapples i.e. top, middle, and bottom on 

the acquired diffuse reflectance. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



99 

 

 

REFERENCES 

[1] B. M. Nicolaï et al., “Nondestructive measurement of fruit and vegetable quality 

by means of NIR spectroscopy: A review,” Postharvest Biol. Technol., vol. 46, 

no. 2, pp. 99–118, 2007. 

[2] S. Srivichien, A. Terdwongworakul, and S. Teerachaichayut, “Quantitative 

prediction of nitrate level in intact pineapple using Vis-NIRS,” J. Food Eng., 

vol. 150, pp. 29–34, 2015. 

[3] C. L. Y. Amuah, E. Teye, F. P. Lamptey, K. Nyandey, J. Opoku-Ansah, and P. 

O. W. Adueming, “Feasibility Study of the Use of Handheld NIR Spectrometer 

for Simultaneous Authentication and Quantification of Quality Parameters in 

Intact Pineapple Fruits,” J. Spectrosc., vol. 2019, 2019. 

[4] S. Saranwong and S. Kawano, “Performance of a portable near infrared 

instrument for Brix value determination of intact mango fruit,” vol. 181, pp. 

175–181, 2003. 

[5] H. Liang, M. Zhang, C. Gao, and Y. Zhao, “Non-Destructive Methodology to 

Determine Modulus of Elasticity in Static Bending of Quercus mongolica Using 

Near-Infrared Spectroscopy,” Sensors (Basel), vol. 18, no. 6, pp. 1–11, 2018. 

[6] A. Rady and A. Adedeji, “Assessing different processed meats for adulterants 

using visible-near-infrared spectroscopy,” Meat Sci., vol. 136, pp. 59–67, 2018. 

[7] L. E. Agelet and C. R. Hurburgh, “A Tutorial on Near Infrared Spectroscopy 

and Its Calibration,” Crit. Rev. Anal. Chem., vol. 40, no. 4, pp. 246–260, 2010. 

[8] K. S. Chia, M. N. H. Jam, Z. Gan, and N. Ismail, “Pre-dispersive near-infrared 

light sensing in non-destructively classifying the brix of intact pineapples,” J. 

Food Sci. Technol., vol. 57, no. 12, pp. 4533–4540, 2020. 

[9] Malaysia Pineapple Industry Board (2018), “current status of the pineapple 

industry.” Retrieved from: http://www.mpib.gov.my/en/publication/?lang=en. 

[10] K. S. Chia, H. Abdul Rahim, and R. Abdul Rahim, “Prediction of soluble solids 

content of pineapple via non-invasive low cost visible and shortwave near 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



100 

 

 

infrared spectroscopy and artificial neural network,” Biosyst. Eng., vol. 113, no. 

2, pp. 158–165, 2012. 

[11] X. Fu et al., “Determination of soluble solid content and acidity of loquats based 

on FT-NIR Spectroscopy,” J. Zhejiang Univ. Sci. B, vol. 10, no. 2, pp. 120–125, 

2009. 

[12] M. Nur, H. Jam, and K. S. Chia, “Investigating the Relationship between the 

Reflected Near Infrared Light and the Internal Quality of Pineapples Using 

Neural Network,” Int. J. Adv. Sci. Eng. Inf. Technol., vol. 7, no. 4, pp. 1389–

1394, 2017. 

[13] Y. Liu et al., “Quality evaluation of fried soybean oil base on near infrared 

spectroscopy,” J. Food Process Eng., vol. 41, no. 7, p. e12887, 2018. 

[14] V. E. Dabkiewicz, S. de Mello Pereira Abrantes, and R. J. Cassella, 

“Development of a non-destructive method for determining protein nitrogen in 

a yellow fever vaccine by near infrared spectroscopy and multivariate 

calibration,” Spectrochim. Acta - Part A Mol. Biomol. Spectrosc., vol. 201, no. 

2017, pp. 170–177, 2018. 

[15] D. Cheng, W. Cai, and X. Shao, “Understanding the Interaction Between 

Oligopeptide and Water in Aqueous Solution Using Temperature-Dependent 

Near-Infrared Spectroscopy,” Appl. Spectrosc., vol. 72, no. 9, pp. 1354–1361, 

2018. 

[16] C. Li, H. Guo, B. Zong, P. He, F. Fan, and S. Gong, “Rapid and non-destructive 

discrimination of special-grade flat green tea using Near-infrared 

spectroscopy,” Spectrochim. Acta - Part A Mol. Biomol. Spectrosc., vol. 206, 

pp. 254–262, 2019. 

[17] J. C. Hashimoto et al., “Quality Control of Commercial Cocoa Beans 

(Theobroma cacao L.) by Near-infrared Spectroscopy,” Food Anal. Methods, 

vol. 11, no. 5, pp. 1510–1517, 2018. 

[18] I. O. Afara et al., “Characterizing human subchondral bone properties using 

near-infrared (NIR) spectroscopy,” Sci. Rep., vol. 8, no. 1, pp. 1–10, 2018. 

[19] Z. Yang et al., “Fast determination of oxides content in cement raw meal using 

NIR spectroscopy combined with synergy interval partial least square and 

different preprocessing methods,” Measurement, vol. 149, p. 106990, 2020. 

[20] M. Jakubíková, J. Sádecká, and A. Kleinová, “On the use of the fluorescence, 

ultraviolet–visible and near infrared spectroscopy with chemometrics for the 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



101 

 

 

discrimination between plum brandies of different varietal origins,” Food 

Chem., vol. 239, pp. 889–897, 2018. 

[21] C. Li, L. Li, Y. Wu, M. Lu, Y. Yang, and L. Li, “Apple Variety Identification 

Using Near-Infrared Spectroscopy,” J. Spectrosc., p. 7, 2018. 

[22] S. Jun, L. Yating, W. Xiaohong, D. Chunxia, and C. Yong, “SSC prediction of 

cherry tomatoes based on IRIV-CS-SVR model and near infrared reflectance 

spectroscopy,” J. Food Process Eng., vol. 41, no. 8, p. e12884, 2018. 

[23] R. N. M. J. Páscoa, S. Moreira, J. A. Lopes, and C. Sousa, “Citrus species and 

hybrids depicted by near- and mid-infrared spectroscopy,” J. Sci. Food Agric., 

vol. 98, no. 10, pp. 3953–3961, 2018. 

[24] S. G. Germany, “Rapid detection of cAMP content in red jujube using,” 

Optoelectron. Lett., vol. 14, no. 5, pp. 380–383, 2018. 

[25] A. Goke, S. Serra, and S. Musacchi, “Postharvest Dry Matter and Soluble Solids 

Content Prediction in d’Anjou and Bartlett Pear Using Near-infrared 

Spectroscopy,” HortScience, vol. 53, no. 5, pp. 669–680, 2018. 

[26] C. NIU, H. GUO, J. WEI, M. SAJID, Y. YUAN, and T. YUE, “Fourier 

Transform Near-Infrared Spectroscopy and Chemometrics To Predict 

Zygosacchromyces rouxii in Apple and Kiwi Fruit Juices,” J. Food Prot., vol. 

81, no. 8, pp. 1379–1385, 2018. 

[27] S. R. Delwiche, R. W. Higginbotham, and C. M. Steber, “Falling number of soft 

white wheat by near-infrared spectroscopy: A challenge revisited,” Cereal 

Chem., vol. 95, no. 3, pp. 469–477, 2018. 

[28] L. C. Carvalho et al., “Using Intact Nuts and Near Infrared Spectroscopy to 

Classify Macadamia Cultivars,” Food Anal. Methods, vol. 11, no. 7, pp. 1857–

1866, 2018. 

[29] Z. Bodor et al., “Application of near infrared spectroscopy and classical 

analytical methods for the evaluation of hungarian honey,” 1st Int. Conf. 

Biosyst. Food Eng., no. October, 2016. 

[30] Y. Imoto, T. Otsuka, T. Shimazaki, T. Ninomiya, and S. Fuchida, “Objective 

evaluation of taste stimuli with near-infrared spectroscopy measurements of 

prefrontal cortex activity,” Biomed. Res., vol. 29, no. 13, pp. 2713–2717, 2018. 

[31] Z. Deng, Q. Huang, J. Huang, W. Zhang, C. Qi, and X. Xu, “Association 

between central obesity and executive function as assessed by stroop task 

performance: A functional near-infrared spectroscopy study,” J. Innov. Opt. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



102 

 

 

Health Sci., vol. 11, no. 01, p. 1750010, 2018. 

[32] Y. Guo, Y. Wang, T. Marin, E. Kirk, R. M. Patel, and C. D. Josephson, 

“Statistical methods for characterizing transfusion-related changes in regional 

oxygenation using near-infrared spectroscopy (NIRS) in preterm infants,” Stat. 

Methods Med. Res., vol. 28, no. 9, pp. 1–14, 2018. 

[33] R. M. Correia et al., “Portable near infrared spectroscopy applied to abuse drugs 

and medicine analyses,” Anal. Methods, vol. 10, no. 6, pp. 593–603, 2018. 

[34] N. O. Sierra-Vega, A. Sánchez-Paternina, N. Maldonado, V. Cárdenas, R. J. 

Romañach, and R. Méndez, “In line monitoring of the powder flow behavior 

and drug content in a Fette 3090 feed frame at different operating conditions 

using Near Infrared spectroscopy,” J. Pharm. Biomed. Anal., vol. 154, pp. 384–

396, 2018. 

[35] C. mei Liu, Y. Han, S. geng Min, W. Jia, X. Meng, and P. pei Liu, “Rapid 

qualitative and quantitative analysis of methamphetamine, ketamine, heroin, 

and cocaine by near-infrared spectroscopy,” Forensic Sci. Int., vol. 290, pp. 

162–168, 2018. 

[36] Z. Li et al., “Identification of oil, sugar and crude fiber during tobacco 

(Nicotiana tabacum L.) seed development based on near infrared spectroscopy,” 

Biomass and Bioenergy, vol. 111, no. August 2017, pp. 39–45, 2018. 

[37] T. Liu, Q. Zhang, D. Chang, Y. Niu, W. Lu, and Z. Xiao, “Characterization of 

Tobacco Leaves by Near-Infrared Reflectance Spectroscopy and Electronic 

Nose with Support Vector Machine,” Anal. Lett., vol. 51, no. 12, pp. 1935–

1943, 2018. 

[38] S. Y. Park, J. C. Kim, S. Yeon, S. Y. Yang, H. Yeo, and I. G. Choi, “Rapid 

prediction of the chemical information of wood powder from softwood species 

using near-infrared spectroscopy,” BioResources, vol. 13, no. 2, pp. 2440–2451, 

2018. 

[39] M. Nabavi, J. Dahlen, L. Schimleck, T. L. Eberhardt, and C. Montes, “Regional 

calibration models for predicting loblolly pine tracheid properties using near-

infrared spectroscopy,” Wood Sci. Technol., vol. 52, no. 2, pp. 445–463, 2018. 

[40] T. Inagaki, Y. Asanuma, and S. Tsuchikawa, “Selective assessment of duplex 

heat-treated wood by near-infrared spectroscopy with principal component and 

kinetic analyses,” J. Wood Sci., vol. 64, no. 1, pp. 6–15, 2018. 

[41] H. Chen, C. Tan, Z. Lin, and T. Wu, “Rapid Determination of Cotton Content 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



103 

 

 

in Textiles by Near-Infrared Spectroscopy and Interval Partial Least Squares,” 

Anal. Lett., vol. 51, no. 17, pp. 2695–2707, 2018. 

[42] H. Yan and H. W. Siesler, “Identification of textiles by handheld near infrared 

spectroscopy: Protecting customers against product counterfeiting,” J. Near 

Infrared Spectrosc., vol. 26, no. 5, pp. 1–11, 2018. 

[43] Y. Hong et al., “Application of fractional-order derivative in the quantitative 

estimation of soil organic matter content through visible and near-infrared 

spectroscopy,” Geoderma, vol. 337, no. October 2018, pp. 758–769, 2019. 

[44] M. Lopo, C. A. Teixeira dos Santos, R. N. M. J. Páscoa, A. R. Graça, and J. A. 

Lopes, “Near infrared spectroscopy as a tool for intensive mapping of vineyards 

soil,” Precis. Agric., vol. 19, no. 3, pp. 445–462, 2018. 

[45] J. Liu, Y. Zhang, H. Wang, and Y. Du, “Study on the prediction of soil heavy 

metal elements content based on visible near-infrared spectroscopy,” 

Spectrochim. Acta - Part A Mol. Biomol. Spectrosc., vol. 199, no. 2017, pp. 43–

49, 2018. 

[46] M. Knadel et al., “Soil Specific Surface Area Determination by Visible Near-

Infrared Spectroscopy,” Soil Sci. Soc. Am. J., vol. 82, no. 5, p. 1046, 2018. 

[47] A. Pérez-Bejarano and C. Guerrero, “Near infrared spectroscopy to quantify the 

temperature reached in burned soils: Importance of calibration set variability,” 

Geoderma, vol. 326, no. March, pp. 133–143, 2018. 

[48] A. D. Vibhute, K. V. Kale, S. C. Mehrotra, R. K. Dhumal, and A. D. Nagne, 

“Determination of soil physicochemical attributes in farming sites through 

visible, near-infrared diffuse reflectance spectroscopy and PLSR modeling,” 

Ecol. Process., vol. 7, no. 1, 2018. 

[49] J. Lin, L. Yu, W. Li, and H. Qin, “Method for Identifying Maize Haploid Seeds 

by Applying Diffuse Transmission Near-Infrared Spectroscopy,” Appl. 

Spectrosc., vol. 74, no. 4, pp. 1–7, 2017. 

[50] I. S. Uzuki et al., “Reagentless Estimation of Urea and Creatinine 

Concentrations Using Near-Infrared Spectroscopy for Spot Urine Test of Urea-

to-Creatinine Ratio,” Adv. Biomed. Eng., vol. 7, pp. 72–81, 2018. 

[51] J. Yadav, A. Rani, V. Singh, and B. Moahn, “Comparative Study of Different 

Measurement Sites using NIR Based Non-invasive Glucose Measurement 

system,” Procedia Comput. Sci., vol. 70, pp. 469–475, 2015. 

[52] J. Sun, R. Künnemeyer, A. Mcglone, and N. Tomer, “Investigations of optical 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



104 

 

 

geometry and sample positioning in NIRS transmittance for detecting vascular 

browning in apples,” Comput. Electron. Agric., vol. 155, pp. 32–40, 2018. 

[53] F. H. Mustafa, P. W. Jones, and A. L. McEwan, “Near infrared spectroscopy 

for body fat sensing in neonates: Quantitative analysis by GAMOS 

simulations,” Biomed. Eng. Online, vol. 16, no. 1, pp. 1–17, 2017. 

[54] R. Lu, “PREDICTING FIRMNESS AND SUGAR CONTENT OF SWEET 

CHERRIES USING NEAR–INFRARED DIFFUSE REFLECTANCE 

SPECTROSCOPY,” Trans. ASAE, vol. 44, no. 5, pp. 1265–1271, 2001. 

[55] H. Chen, C. Tan, Z. Lin, and T. Wu, “Classification and quantitation of milk 

powder by near-infrared spectroscopy and mutual information-based variable 

selection and partial least squares,” Spectrochim. Acta Part A Mol. Biomol. 

Spectrosc., vol. 189, pp. 183–189, 2018. 

[56] C. Wang, W. Cai, and X. Shao, “Experimental and Chemometric Optimization 

to Enhance the Performance of Near-infrared Diffuse Reflectance 

Spectroscopy,” Anal. Lett., vol. 51, no. 4, pp. 537–546, 2018. 

[57] P. Liu, J. Wang, Q. Li, J. Gao, X. Tan, and X. Bian, “Rapid identification and 

quantification of Panax notoginseng with its adulterants by near infrared 

spectroscopy combined with chemometrics,” Spectrochim. Acta - Part A Mol. 

Biomol. Spectrosc., vol. 206, pp. 23–30, 2019. 

[58] F. Caro, M. Constantino, I. Martins, and A. Weintraub, “PLS, iPLS, GA-PLS 

models for soluble solids content, pH and acidity determination in intact 

dovyalis fruit using near-infrared spectroscopy,” For. Sci., vol. 49, no. 5, pp. 

738–751, 2018. 

[59] A. K. Hazarika et al., “Quality assessment of fresh tea leaves by estimating total 

polyphenols using near infrared spectroscopy,” J. Food Sci. Technol., vol. 55, 

no. 12, pp. 4867–4876, 2018. 

[60] Y. Shimokawa, E. Hayakawa, K. Takahashi, K. Okai, Y. Hattori, and M. 

Otsuka, “Pharmaceutical formulation analysis of gelatin-based soft capsule film 

sheets using near-infrared spectroscopy,” J. Drug Deliv. Sci. Technol., vol. 48, 

no. April, pp. 174–182, 2018. 

[61] D. Eisenstecken, B. Stürz, P. Robatscher, L. Lozano, A. Zanella, and M. 

Oberhuber, “The potential of near infrared spectroscopy (NIRS) to trace apple 

origin: Study on different cultivars and orchard elevations,” Postharvest Biol. 

Technol., vol. 147, pp. 123–131, 2019. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



105 

 

 

[62] Y. Cui et al., “Identification of maize seed varieties based on near infrared 

reflectance spectroscopy and chemometrics,” Int. J. Agric. Biol. Eng., vol. 11, 

no. 2, pp. 177–183, 2018. 

[63] G. Tian, Y. Wei, J. Zhao, W. Li, and H. Qu, “Application of near-infrared 

spectroscopy combined with design of experiments for process development of 

the pulsed spray fluid bed granulation process,” Powder Technol., vol. 339, pp. 

521–533, 2018. 

[64] V. Giovenzana, R. Beghi, A. Tugnolo, L. Brancadoro, and R. Guidetti, 

“Comparison of two immersion probes coupled with visible/near infrared 

spectroscopy to assess the must infection at the grape receiving area,” Comput. 

Electron. Agric., vol. 146, pp. 86–92, 2018. 

[65] R. M. Lees, L. H. Xu, and B. E. Billinghurst, “Far-infrared synchrotron-based 

spectroscopy of CH3SH from 50 to 560 cm−1: Near-free-rotor torsion-rotation 

structure and torsion-vibration interactions,” J. Mol. Spectrosc., vol. 352, pp. 

45–56, 2018. 

[66] J. Xue, L. Ye, C. Li, M. Zhang, and P. Li, “Rapid and nondestructive 

measurement of glucose in a skin tissue phantom by near-infrared 

spectroscopy,” Optik (Stuttg)., vol. 170, pp. 30–36, 2018. 

[67] L. R. Costa, P. F. Trugilho, and P. R. G. Hein, “Evaluation and classification of 

eucalypt charcoal quality by near infrared spectroscopy,” Biomass and 

Bioenergy, vol. 112, pp. 85–92, 2018. 

[68] K. Druckenmüller, K. Günther, and G. Elbers, “Near-infrared spectroscopy 

(NIRS) as a tool to monitor exhaust air from poultry operations,” Sci. Total 

Environ., vol. 630, pp. 536–543, 2018. 

[69] L. Zhu, H. Chang, Q. Zhou, and Z. Wang, “Improving the Classification 

Accuracy for Near-Infrared Spectroscopy of Chinese Salvia miltiorrhiza Using 

Local Variable Selection,” J. Anal. Methods Chem., vol. 2018, p. 9, 2018. 

[70] S. Nisgoski, F. R. R. Batista, T. L. Naide, N. C. C. Laube, A. C. R. Leão, and 

G. I. B. de Muñiz, “Discrimination of wood and charcoal from six Caatinga 

species by near-infrared spectroscopy,” Maderas. Cienc. y Tecnol., vol. 20, no. 

2, pp. 199–210, 2018. 

[71] E. Arendse, O. A. Fawole, L. S. Magwaza, H. Nieuwoudt, and U. L. Opara, 

“Fourier transform near infrared diffuse reflectance spectroscopy and two 

spectral acquisition modes for evaluation of external and internal quality of 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



106 

 

 

intact pomegranate fruit,” Postharvest Biol. Technol., vol. 138, pp. 91–98, 2018. 

[72] T. Inagaki, H. Yonenobu, Y. Asanuma, and S. Tsuchikawa, “Determination of 

physical and chemical properties and degradation of archeological Japanese 

cypress wood from the Tohyamago area using near-infrared spectroscopy,” J. 

Wood Sci., vol. 64, no. 4, pp. 347–355, 2018. 

[73] C. Watanawan, T. Wasusri, V. Srilaong, C. Wongs-Aree, and S. Kanlayanarat, 

“Near infrared spectroscopic evaluation of fruit maturity and quality of export 

Thai mango (Mangifera indica L. var. Namdokmai),” Int. Food Res. J., 2014. 

[74] L. Carlos, C. Júnior, G. Henrique, and D. A. Teixeira, “Determination of 

‘Palmer’ mango maturity indices using portable near infrared (VIS-NIR) 

spectrometer,” Postharvest Biol. Technol., vol. 130, no. December 2016, pp. 

75–80, 2017. 

[75] N. Nakthong, R. Wongsagonsup, and T. Amornsakchai, “Characteristics and 

potential utilizations of starch from pineapple stem waste,” Ind. Crops Prod., 

vol. 105, no. November 2016, pp. 74–82, 2017. 

[76] M. P. I. B. MPIB, “No Title.” [Online]. Available: 

http://mpib.gov.my/en/statistik?p_p_id=56_INSTANCE_e5uN&p_p_lifecycle

=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-

6&p_p_col_count=1&page=1. 

[77] L. Zhang, B. Zhang, J. Zhou, B. Gu, and G. Tian, “Uninformative Biological 

Variability Elimination in Apple Soluble Solids Content Inspection by Using 

Fourier Transform Near-Infrared Spectroscopy Combined with Multivariate 

Analysis and Wavelength Selection Algorithm,” J. Anal. Methods Chem., vol. 

2017, no. 1, pp. 1–9, 2017. 

[78] J. A. Cayuela and C. Weiland, “Intact orange quality prediction with two 

portable NIR spectrometers,” Postharvest Biol. Technol. J., vol. 58, pp. 113–

120, 2010. 

[79] L. Pan, R. Lu, Q. Zhu, J. M. Mcgrath, and K. Tu, “Postharvest Biology and 

Technology Measurement of moisture , soluble solids , sucrose content and 

mechanical properties in sugar beet using portable visible and near-infrared 

spectroscopy,” Postharvest Biol. Technol., vol. 102, pp. 42–50, 2015. 

[80] C. Butzke, “Juice and must preparation in winemaking,” no. L. 

[81] M. Li, R. R. Pullanagari, T. Pranamornkith, I. J. Yule, and A. R. East, 

“Quantitative prediction of post storage ‘Hayward’ kiwifruit attributes using at 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



107 

 

 

harvest Vis-NIR spectroscopy,” J. Food Eng., vol. 202, pp. 46–55, 2017. 

[82] M. A. Quelal-Vásconez, É. Pérez-Esteve, A. Arnau-Bonachera, J. M. Barat, and 

P. Talens, “Rapid fraud detection of cocoa powder with carob flour using near 

infrared spectroscopy,” Food Control, vol. 92, pp. 183–189, 2018. 

[83] M. S. Shuler et al., “Continual near-infrared spectroscopy monitoring in the 

injured lower limb and acute compartment syndrome: An FDA-IDE trial,” Bone 

Jt. J., vol. 100-B, no. 6, pp. 787–797, 2018. 

[84] V. Giovenzana, R. Beghi, R. Romaniello, A. Tamborrino, R. Guidetti, and A. 

Leone, “Use of visible and near infrared spectroscopy with a view to on-line 

evaluation of oil content during olive processing,” Biosyst. Eng., vol. 172, pp. 

102–109, 2018. 

[85] X. Lai et al., “Rapid Simultaneous Determination of Andrographolides in 

Andrographis paniculata by Near-Infrared Spectroscopy,” Anal. Lett., vol. 51, 

no. 17, pp. 1–16, 2018. 

[86] K. Phuangsombut, A. Phuangsombut, A. Talabnark, and A. Terdwongworakul, 

“Empirical reduction of rind effect on rind and flesh absorbance for evaluation 

of durian maturity using near infrared spectroscopy,” Postharvest Biol. 

Technol., vol. 142, no. April, pp. 55–59, 2018. 

[87] O. O. Olarewaju et al., “Model development for non-destructive determination 

of rind biochemical properties of ‘Marsh’ grapefruit using visible to near-

infrared spectroscopy and chemometrics,” Spectrochim. Acta - Part A Mol. 

Biomol. Spectrosc., vol. 209, pp. 62–69, 2019. 

[88] R. A. Al-Asadi and A. M. Mouazen, “A prototype measuring system of soil 

bulk density with combined frequency domain reflectometry and visible and 

near infrared spectroscopy,” Comput. Electron. Agric., vol. 151, no. June, pp. 

485–491, 2018. 

[89] Z. Jianqiang et al., “Automatic classification of tobacco leaves based on near 

infrared spectroscopy and nonnegative least squares,” J. Near Infrared 

Spectrosc., 2018. 

[90] M. N. H. Jam and K. S. Chia, “A Five Band Near-Infrared Portable Sensor in 

Nondestructively Predicting the Internal Quality of Pineapples,” no. March, pp. 

10–12, 2017. 

[91] K. M. Arun, K. A. Smitha, P. G. Rajesh, and C. Kesavadas, “Functional near-

infrared spectroscopy is in moderate accordance with functional MRI in 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



108 

 

 

determining lateralisation of frontal language areas,” Neuroradiol. J., vol. 31, 

no. 2, pp. 133–141, 2018. 

[92] G. Bauernfeind, S. C. Wriessnegger, S. Haumann, and T. Lenarz, “Cortical 

activation patterns to spatially presented pure tone stimuli with different 

intensities measured by functional near-infrared spectroscopy,” Hum. Brain 

Mapp., vol. 39, no. 7, pp. 2710–2724, 2018. 

[93] C. H. Han, H. J. Hwang, J. H. Lim, and C. H. Im, “Assessment of user voluntary 

engagement during neurorehabilitation using functional near-infrared 

spectroscopy: A preliminary study,” J. Neuroeng. Rehabil., vol. 15, no. 1, pp. 

1–10, 2018. 

[94] P. N. Schaare and D. G. Fraser, “Comparison of reflectance, interactance and 

transmission modes of visible-near infrared spectroscopy for measuring internal 

properties of kiwifruit (Actinidia chinensis),” Postharvest Biol. Technol., vol. 

20, no. 2, pp. 175–184, 2000. 

[95] X. Fu, Y. Ying, H. Lu, and H. Xu, “Comparison of diffuse reflectance and 

transmission mode of visible-near infrared spectroscopy for detecting brown 

heart of pear,” J. Food Eng., vol. 83, pp. 317–323, 2007. 

[96] B. P. Khatiwada, P. P. Subedi, C. Hayes, L. C. C. C. Jnr, and K. B. Walsh, 

“Assessment of internal flesh browning in intact apple using visible-short wave 

near infrared spectroscopy,” Postharvest Biol. Technol., vol. 120, pp. 103–111, 

2016. 

[97] V. Di Egidio, N. Sinelli, S. Limbo, L. Torri, L. Franzetti, and E. Casiraghi, 

“Evaluation of shelf-life of fresh-cut pineapple using FT-NIR and FT-IR 

spectroscopy,” Postharvest Biol. Technol., vol. 54, no. 2, pp. 87–92, 2009. 

[98] S. Pizato, R. C. Chevalier, M. F. Dos Santos, T. S. Da Costa, R. Arévalo Pinedo, 

and W. R. Cortez Vega, “Evaluation of the shelf-life extension of fresh-cut 

pineapple (Smooth cayenne) by application of different edible coatings,” Br. 

Food J., vol. 121, no. 7, pp. 1592–1604, 2019. 

[99] A. de Sousa Marques, J. T. N. Nicácio, T. A. Cidral, M. C. N. de Melo, and K. 

M. G. De Lima, “The use of near infrared spectroscopy and multivariate 

techniques to differentiate Escherichia coli and Salmonella Enteritidis 

inoculated into pulp juice,” J. Microbiol. Methods, vol. 93, no. 2, pp. 90–94, 

2013. 

[100] B. P. Khatiwada, K. B. Walsh, and P. P. Subedi, “Internal defect detection in 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



109 

 

 

fruit by using NIR Spectroscopy,” Acta Hortic., vol. 1120, pp. 337–342, 2016. 

[101] J. Guthrie and K. Walsh, “Non-invasive assessment of pineapple and mango 

fruit quality using near infra-red spectroscopy,” Aust. J. Exp. Agric., vol. 37, no. 

2, pp. 253–263, 1997. 

[102] J. Guthrie, B. Wedding, and K. Walsh, “Robustness of NIR calibrations for 

soluble solids in intact melon and pineapple,” J. Near Infrared Spectrosc., vol. 

6, no. 1–4, pp. 259–265, 1998. 

[103] K. B. Walsh, M. Golic, and C. V. Greensill, “Sorting of fruit using near infrared 

spectroscopy: Application to a range of fruit and vegetables for soluble solids 

and dry matter content,” J. Near Infrared Spectrosc., vol. 12, no. 3, pp. 141–

148, 2004. 

[104] H. A. Rahim, C. K. Seng, and R. A. Rahim, “Analysis for soluble solid contents 

in pineapples using NIR spectroscopy,” J. Teknol. (Sciences Eng., vol. 69, no. 

8, pp. 7–11, 2014. 

[105] H. Chen, C. Tan, and Z. Lin, “Authenticity Detection of Black Rice by Near-

Infrared Spectroscopy and Support Vector Data Description,” Int. J. Anal. 

Chem., vol. 2018, p. 8, 2018. 

[106] A. Bahri, S. Nawar, H. Selmi, M. Amraoui, H. Rouissi, and A. M. Mouazen, 

“Application of visible and near-infrared spectroscopy for evaluation of ewes 

milk with different feeds,” Anim. Prod. Sci., vol. 59, no. 6, pp. 1190–1200, 

2018. 

[107] A. M. Mouazen and R. A. Al-Asadi, “Influence of soil moisture content on 

assessment of bulk density with combined frequency domain reflectometry and 

visible and near infrared spectroscopy under semi field conditions,” Soil Tillage 

Res., vol. 176, pp. 95–103, 2018. 

[108] G. Yousefi, M. Homaee, and A. A. Norouzi, “Estimating soil heavy metals 

concentration at large scale using visible and near-infrared reflectance 

spectroscopy,” Environ. Monit. Assess., vol. 190, no. 9, 2018. 

[109] V. Giovenzana, R. Beghi, S. Parisi, and L. Brancadoro, “Potential effectiveness 

of visible and near infrared spectroscopy coupled with wavelengths selection 

for real time grapevine leaf water status measurement,” J. Sci. food argiculture, 

vol. 98, no. 5, pp. 1935–1943, 2018. 

[110] N. Prieto, M. E. R. Dugan, M. Juárez, Ó. López-Campos, R. T. Zijlstra, and J. 

L. Aalhus, “Using portable near-infrared spectroscopy to predict pig 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



110 

 

 

subcutaneous fat composition and iodine value,” Can. J. Anim. Sci., vol. 98, no. 

2, pp. 221–229, 2018. 

[111] Y. Liu, W. Liu, X. Sun, R. Gao, Y. Pan, and A. Ouyang, “Potable NIR 

spectroscopy predicting soluble solids content of pears based on LEDs,” J. 

Phys. Conf. Ser., vol. 277, pp. 1–11, 2011. 

[112] J. A. Cayuela and J. F. García, “Nondestructive measurement of squalene in 

olive oil by near infrared spectroscopy,” LWT - Food Sci. Technol., vol. 88, pp. 

103–108, 2018. 

[113] M. P. Diago, J. Fernández-Novales, S. Gutiérrez, M. Marañón, and J. 

Tardaguila, “Development and Validation of a New Methodology to Assess the 

Vineyard Water Status by On-the-Go Near Infrared Spectroscopy,” Front. Plant 

Sci., vol. 9, 2018. 

[114] B. Lambert, M. T. Sikulu-Lord, V. S. Mayagaya, G. Devine, F. Dowell, and T. 

S. Churcher, “Monitoring the Age of Mosquito Populations Using Near-

Infrared Spectroscopy,” Sci. Rep., vol. 8, no. 1, pp. 1–9, 2018. 

[115] V. S. Mayagaya et al., “Non-destructive determination of age and species of 

Anopheles gambiae s.l. using near-infrared spectroscopy,” Am. J. Trop. Med. 

Hyg., vol. 81, no. 4, pp. 622–630, 2009. 

[116] D. Liu, Q. Li, W. Li, B. Yang, and W. Guo, “Discriminating forchlorfenuron-

treated kiwifruits using a portable spectrometer and Vis/NIR diffuse 

transmittance spectroscopy technology,” Anal. Methods, vol. 9, no. 28, pp. 

4207–4214, 2017. 

[117] P. P. Subedi and K. B. Walsh, “Assessment of sugar and starch in intact banana 

and mango fruit by SWNIR spectroscopy,” Postharvest Biol. Technol., vol. 62, 

no. 3, pp. 238–245, 2011. 

[118] P. P. Subedi, B. Walsh, and D. W. Hopkins, “Assessment of titratable acidity in 

fruit using short wave near infrared spectroscopy . Part B : intact fruit studies,” 

J. Near Infrared Spectrosc., vol. 20, no. 4, pp. 459–463, 2012. 

[119] W. Guo, W. Li, B. Yang, Z. Zhu, D. Liu, and X. Zhu, “A novel noninvasive and 

cost-e ff ective handheld detector on soluble solids content of fruits,” J. Food 

Eng., vol. 257, no. December 2018, pp. 1–9, 2019. 

[120] Y. Zheng, X. cong Qin, L. Dong, J. rong Dou, H. quan Wang, and M. Zhou, 

“Effect of ion concentration on the temperature measurement model of 

extracellular fluid by near-infrared spectroscopy,” Optik (Stuttg)., vol. 156, pp. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



111 

 

 

128–134, 2018. 

[121] Y. Hattori, Y. Seko, J. Peerapattana, K. Otsuka, T. Sakamoto, and M. Otsuka, 

“Rapid identification of oral solid dosage forms of counterfeit pharmaceuticals 

by discrimination using near-infrared spectroscopy,” Biomed. Mater. Eng., vol. 

29, no. 1, pp. 1–14, 2017. 

[122] L. Huang, L. Meng, N. Zhu, and D. Wu, “A primary study on forecasting the 

days before decay of peach fruit using near-infrared spectroscopy and electronic 

nose techniques,” Postharvest Biol. Technol., vol. 133, no. July, pp. 104–112, 

2017. 

[123] Q. Xie, R. Wu, X. Zhong, Y. Dong, and Q. Fan, “Real-time simultaneous 

detection of microbial contamination and determination of an ultra low-content 

active pharmaceutical ingredient in tazarotene gel by near-infrared 

spectroscopy,” RSC Adv., vol. 8, no. 48, pp. 27037–27044, 2018. 

[124] Y. Yang et al., “Determination of geographical origin and icariin content of 

Herba Epimedii using near infrared spectroscopy and chemometrics,” 

Spectrochim. Acta - Part A Mol. Biomol. Spectrosc., vol. 191, pp. 233–240, 

2018. 

[125] X. Li, J. Huang, Y. Xiong, J. Zhou, X. Tan, and B. Zhang, “Determination of 

soluble solid content in multi-origin ‘Fuji’ apples by using FT-NIR 

spectroscopy and an origin discriminant strategy,” Comput. Electron. Agric., 

vol. 155, pp. 23–31, 2018. 

[126] E. Arendse, O. A. Fawole, L. S. Magwaza, H. Nieuwoudt, and U. L. Opara, 

“Comparing the analytical performance of near and mid infrared spectrometers 

for evaluating pomegranate juice quality,” LWT - Food Sci. Technol., vol. 91, 

pp. 180–190, 2018. 

[127] L. Huang, D. Wu, H. Jin, J. Zhang, Y. He, and C. Lou, “Internal quality 

determination of fruit with bumpy surface using visible and near infrared 

spectroscopy and chemometrics: A case study with mulberry fruit,” Biosyst. 

Eng., vol. 109, no. 4, pp. 377–384, 2011. 

[128] A. J. O’Neil, “The application of multiple linear regression to the measurement 

of the median particle size of drugs and pharmaceutical excipients by near-

infrared spectroscopy,” Analyst, vol. 123, no. 11, pp. 2297–2302, 1998. 

[129] X. Bian, P. Diwu, Y. Liu, P. Liu, Q. Li, and X. Tan, “Ensemble calibration for 

the spectral quantitative analysis of complex samples,” J. Chemom., vol. 32, no. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



112 

 

 

11, pp. 1–13, 2018. 

[130] L. Wang, H. Liu, L. Liu, Q. Wang, S. Li, and Q. Li, “Prediction of peanut 

protein solubility based on the evaluation model established by supervised 

principal component regression,” Food Chem., vol. 218, pp. 553–560, 2017. 

[131] S. V. Suryakala and S. Prince, “Investigation of goodness of model data fit using 

PLSR and PCR regression models to determine informative wavelength band 

in NIR region for non-invasive blood glucose prediction,” Opt. Quantum 

Electron., vol. 51, no. 8, 2019. 

[132] P. Maniwara, K. Nakano, D. Boonyakiat, S. Ohashi, M. Hiroi, and T. Tohyama, 

“The use of visible and near infrared spectroscopy for evaluating passion fruit 

postharvest quality,” J. Food Eng., vol. 143, pp. 33–43, 2014. 

[133] G. Bin Huang, Q. Y. Zhu, and C. K. Siew, “Extreme learning machine: Theory 

and applications,” Neurocomputing, vol. 70, no. 1–3, pp. 489–501, 2006. 

[134] D. M. Pirouz, “An Overview of Partial Least Squares,” SSRN Electron. J., pp. 

1–16, 2012. 

[135] M. I. a Lourakis, “A Brief Description of the Levenberg-Marquardt Algorithm 

Implemened by levmar,” Comput. Sci., vol. 3, p. 2, 2005. 

[136] B. Eren, M. Yaqub, and V. Eyüpoğlu, “Assessment of Neural Network training 

algorithms for the prediction of Polymeric Inclusion Membranes Efficiency,” 

SAÜ Fen Bilim. Enstitüsü Derg., vol. 20, no. 3, pp. 533–542, 2016. 

[137] M. Sun, D. Zhang, L. Liu, and Z. Wang, “How to predict the sugariness and 

hardness of melons: A near-infrared hyperspectral imaging method,” Food 

Chem., vol. 218, pp. 413–421, 2017. 

[138] P. S. Tong, C. Ng, R. Spanish, R. Ripley, and M. Gajah, “The MD2 ‘Super 

Sweet’ pineapple ( Ananas comosus ),” vol. 1, no. 4, pp. 2–3, 2020. 

[139] I. Kavdir, R. Lu, D. Ariana, and M. Ngouajio, “Visible and near-infrared 

spectroscopy for nondestructive quality assessment of pickling cucumbers,” 

Postharvest Biol. Technol., vol. 44, no. 2, pp. 165–174, 2007. 

[140] X. Lin, J. L. Xu, and D. W. Sun, “Investigation of moisture content uniformity 

of microwave-vacuum dried mushroom (Agaricus bisporus) by NIR 

hyperspectral imaging,” Food Sci. Technol., vol. 109, pp. 108–117, 2019. 

[141] Z. Genisheva, C. Quintelas, D. P. Mesquita, E. C. Ferreira, J. M. Oliveira, and 

A. L. Amaral, “New PLS analysis approach to wine volatile compounds 

characterization by near infrared spectroscopy (NIR),” Food Chem., vol. 246, 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



113 

 

 

no. October 2017, pp. 172–178, 2018. 

[142] H. Tian et al., “Weighted SPXY method for calibration set selection for 

composition analysis based on near-infrared spectroscopy,” Infrared Phys. 

Technol., vol. 95, no. July, pp. 88–92, 2018. 

[143] S. Fan, B. Zhang, J. Li, W. Huang, and C. Wang, “Effect of spectrum 

measurement position variation on the robustness of NIR spectroscopy models 

for soluble solids content of apple,” Biosyst. Eng., vol. 143, pp. 9–19, 2016. 

[144] E. V. M. and G. D. Hall, “Distribution of Total Soluble Solids , Ascorbic Acid 

, Total Acid , and Bromelin Activity in the Fruit of the Natal Pineapple ( Ananas 

comosus L . Merr .) Author ( s ): Erston V . Miller and Gladys Downey Hall 

Published by : American Society of Plant Biol,” vol. 28, no. 3, pp. 532–534, 

2016. 

[145] X. Xu, H. Xu, L. Xie, and Y. Ying, “Effect of measurement position on 

prediction of apple soluble solids content (SSC) by an on-line near-infrared 

(NIR) system,” J. Food Meas. Charact., vol. 13, no. 1, pp. 506–512, 2018. 

[146] V. Giovenzana, R. Civelli, R. Beghi, R. Oberti, and R. Guidetti, “Testing of a 

simplified LED based vis / NIR system for rapid ripeness evaluation of white 

grape ( Vitis vinifera L .) for Franciacorta wine,” Talanta, vol. 144, pp. 584–

591, 2015. 

[147] J. Yi, Y. Sun, Z. Zhu, N. Liu, and J. Lu, “Near-infrared reflectance spectroscopy 

for the prediction of chemical composition in walnut kernel,” Int. J. Food Prop., 

vol. 20, no. 7, pp. 1633–1642, 2017. 

[148] A. Sandak, J. Sandak, D. Janiszewska, S. Hiziroglu, M. Petrillo, and P. Grossi, 

“Prototype of the Near-Infrared Spectroscopy Expert System for Particleboard 

Identification,” J. Spectrosc., vol. 2018, no. 1, pp. 1–11, 2018. 

[149] M. E. Bahrami, M. Honarvar, K. Ansari, and B. Jamshidi, “Measurement of 

quality parameters of sugar beet juices using near-infrared spectroscopy and 

chemometrics,” J. Food Eng., vol. 271, p. 109775, 2020. 

[150] L. Khurnpoon and P. Sirisomboon, “Rapid evaluation of the texture properties 

of melon (Cucumis melo L. Var. reticulata cv. Green net) using near infrared 

spectroscopy,” J. Texture Stud., vol. 49, no. 4, pp. 387–394, 2018. 

[151] S. Chen et al., “Rapid estimation of leaf nitrogen content in apple-trees based 

on canopy hyperspectral reflectance using multivariate methods,” Infrared 

Phys. Technol., vol. 111, p. 103542, 2020. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



114 

 

 

 

APPENDIX A 

LIST OF PUBLICATIONS 

 

1. F. W. Hong, and K. S. Chia, “A review on recent near infrared spectroscopic 

measurement setups and their challenges,” Measurement, vol. 171, p. 108732, 

2021. (ISI indexed, Q1, impact factor: 3.364) 

2. F. W. Hong, and K. S. Chia, “Investigation of parameters that affect the 

acquired near infrared diffuse reflected signals in non-destructive soluble 

solids content prediction” Engineering Journal, vol. 24, no. 6, p. 79-90 2020. 

(Scopus indexed) 

3. F. W. Hong,  and K. S. Chia, “Design and Develop a Near-Infrared System for 

Intact Pineapples” MALTESAS, vol. 1, no. 2, p. 12-23, 2018. (Google Indexed) 

 

 

  

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH




