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Monitoring the process is crucial for ensuring high quality in wood-based 
panel production. Interest in the distribution of resin in fibers and particles 
has increased during the last couple of decades. This study considered 
the potential to determine urea formaldehyde (UF) resin content in fiber 
mat using near-infrared (NIR) spectroscopy. Fiber mats with various resin 
contents were investigated with NIR combined with the partial least 
squares (PLS) regression and root mean square error of calibration and 
validation (RMSECV). The external factors, such as the distance between 
the fiber optic probe and the sample surface and light sources, were also 
evaluated. The results showed that this technique can sufficiently 
determine the resin content in the resinous fiber mat with accuracy of up 
to 95%. The light sources and the distances from the probe to the surface 
did not significantly influence the discrimination and prediction of resin 
content. 
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INTRODUCTION 
 

A major aspect of the industrial production of wood-based panels is quality control. 
In wood-based panels, an adhesive plays an important role in holding wood particles or 
fibers together. The most common adhesives used to produce fiberboard are urea-
formaldehyde (UF) resins (Gavrilović-Grmuša et al. 2008). Urea formaldehyde is 
indispensable for the process of manufacturing wood products in the wood industry, 
especially in the production of wood-based panels and the gluing of furniture elements. 
Nevertheless, not only the type of resin, but also the distribution of the fibers is equally 
important for quality of final products. The resin distribution and resin content affect the 
mechanical properties of the wood-based panels (Andre et al. 2010; Irle et al. 2010; Taheri 
et al. 2016).  

It is useful to have tools that can determine resin content and can be applied for 
online process determination. Many research studies have monitored the UF distribution 
in wood-based panels using various technologies, such as confocal laser scanning 
microscopy (CLSM) (Grigsby et al. 2005; Cyr et al. 2006), fluorescent UV spectroscopy 
(Radotić et al. 2006), and X-ray photoelectron spectroscopy (XPS) (Grigsby and Thumm 
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2004; Xing et al. 2005; Pakdel et al. 2008). However, these methods were unable to provide 
the rapid online determination of the resin content for better quality control. 

Near-infrared spectroscopy (NIR) technique has gained widespread acceptance as 
a powerful tool with the potential to rapidly predict chemical and physical properties on 
the production line or with the use of handheld instruments (Cooper et al. 2011). In NIR 
spectroscopy, the wavelength between 800 to 2500 nm is used for the non-destructive 
measurement of organic materials such as agricultural products or foods (Tsuchikawa 
2007). The NIR wavelength region has two major advantages: the high velocity and low 
cost of spectral acquisition that facilitates the collection of the data, as it requires little or 
even no preparation of the material (Schwanninger et al. 2011). 

Recently, the NIR technique has gained more attention. It has been used as an on-
line or on-site measurement of wood chemical composition (Alves et al. 2011; Lepoittevin 
et al. 2011), wood mechanical and physical properties (Schimleck et al. 2011; Alves et al. 
2012), and even on wood species identification (Lazarescu et al. 2017; Ramalho et al. 
2018). In the case of wood and biomass material, NIR spectra are collected in transmission 
or diffuse reflection mode. However, due to the weak penetration ability of NIR spectra 
into wood, the NIR diffuse reflective mode is widely used (Raymond et al. 2001; 
Tsuchikawa et al. 2001). 

The NIR spectroscopy together with chemometric tools and multivariate 
techniques, such as partial least squares (PLS), has increased its applications in diverse 
academic and industrial fields (Wold and Sjöström 1998; Hulland 1999). An advantage of 
PLS compared to other chemometric methods is that strong collinearities are tolerated in 
X and the moderate amounts of missing data. Additionally, it can handle many Ys at the 
same time as well (Wold et al. 2002). Thus, it has come into wide use in the multivariate 
calibration of the NIR spectroscopy during the last couple of years (Jiang et al. 2007; Snel 
et al. 2018). Partial least squares was originally developed as a multivariate calibration 
method and has been widely used in discrimination analysis (Rambla et al. 1997). Because 
the partial least squares discriminant analysis (PLS-DA) was based on the regression model 
between the category variables of the sample and the NIR spectral characteristics, the 
category variables of the training set sample were assigned according to the amount of resin 
content. Savitzky-Golay smoothing was used as a preprocessing method to reduce the high 
frequency signal noise due to hardware set-up imperfections. Then, the first derivatives 
were used according to the Savitzky-Golay algorithm. 

The objective of this research was to investigate the feasibility of the rapid 
determination of UF resin content in resinous fiber mat using the NIR spectroscopy 
technique combined with PLS analysis. The major external factors that could affect the 
results, such as the distance from the fiber optic probe to the sample surface and external 
light sources, were evaluated. 
 
 
EXPERIMENTAL 
 
Resinous Fiber Mat Preparation 

The fresh eucalyptus (Eucalyptus robusta) fiber of 5% moisture content (MC) was 
obtained from the production lines at a wood-based panel plant (Fenglin Group, Nanning, 
Guangxi, China). When the length of the fiber was in the range 0 to 0.6mm, the weight 
percentage was 9.2%; when the fiber length was 0.6 to 2.5mm, the weight percentage was 
78.8%; when the length of the fiber was 2.5 to 30mm, the weight percentage was 12.0%. 
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Urea formaldehyde was prepared at Shenglin Timber Slab Co., Ltd. (Yi County, Hebei, 
China) with a solids content of 50%. A variable amount of resin was mixed to 2000 g dry 
fiber using a glue spreader (XWT5, Changzhou Weierqiang Transmission Machinery Co., 
Ltd., Jiangsu, China). The blending time depended on the amount of UF added. The 
temperature during blending was controlled at 7 °C. Twelve resin contents, which are ratios 
of solid resin to oven-dry fiber were 2%, 4%, 6%, 8%, 9%, 10%, 11%, 12%, 14%, 16%, 
18%, and 20%. Urea formaldehyde was blended and evenly distributed in wood fibers to 
form the resinous fiber mat. The mats were then placed on a petri dish with a diameter of 
32 cm and a depth of 5 cm and evenly were pressed by hand in 10 min. After spreading the 
resinous fibers, the surface was compacted with a flat plate to make it even. 

 
NIR Spectroscopic Method and Multivariate Techniques 
NIR spectroscopic method  

The NIR spectral information was captured with an ASD Lab Spec Pro 
spectrometer (Analytical Spectral Devices, Boulder, CO, USA) at a wavelength ranging 
from 780 to 2500 nm at a 1 nm interval. The diameter and thickness of the sample were 32 
cm and 5 cm, respectively. The light-emitting diodes (TG905) were used as the illuminator. 
The fiber optic probe had a spot diameter of 50 mm. The hand-held fiber optic probe was 
set perpendicularly to the sample surface. The distance between the fiber optic probe and 
the sample surface was 55 mm. After the fiber with different resin contents were evenly 
mixed, 30 resinous samples were randomly selected to gather near-infrared spectra and 
then 30 spectra were averaged. The white reference spectra were obtained with the 
commercial microporous Teflon (JY-WS1) to assure 100% light reflection in the NIR 
range.  
 
Partial least squares discriminant analysis 

The software Unscrambler X 10.4 (CAMO Software AS, Oslo, Norway) was used 
for multivariate analysis. In the model, two-thirds of the samples were randomly chosen to 
be a part of the calibration group. The remaining samples were used as the validation group. 

Reportable statistical parameters to describe the resulting calibration were the 
respective determination coefficient Rcal2 and Rcv2 and the root mean square errors and for 
calibration (RMSEC) and cross-validation (RMSECV), respectively. 

To consider the uneven gluing on the production line, the different resin contents 
were divided into three categories: low “L”, medium “M”, and high “H”. The L was defined 
at the range of 2 to 6% resin content; the M, at 8 to 12%; and the H, at 14 to 20%. 

The statistical parameters, such as the category variable values (Yp), the target 
values (Yt), and deviation (D) of the prediction sub-set were calculated. If the Yp was greater 
than 0.5 and D was less than or equal to 0.5, then the result indicated that the sample 
belonged to the corresponding category. If the Yp was less than 0.5 and D was less than or 
equal to 0.5, then the result predicted the sample did not belong to the category. If the D 
was greater than 0.5, that meant that the discriminant was unstable. 

The formula for Yp was as follows, 
Yp = Yt ± D         (1) 

where Yt is the predicted target value of 1. The deviation indicated that the sample used for 
prediction was similar to the samples used to make the calibration model. 
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Distance from the fiber optic probe to the sample surface 
To explore the effect of the distance from the fiber optic probe to the sample surface 

on the accuracy of the model, three distances of 25, 55, and 85 mm with the corresponding 
spot diameters of 30, 50, and 70 mm, respectively, were used. The NIR spectral and the 
white reference with 100% reflectance were acquired on the corresponding samples 
simultaneously. The various resin contents consisted of 4%, 8%, 12%, and 20%. The 
spectrum was collected per second on the sample surface, and 30 spectrums were collected 
for each resin content. 
 
External light sources 

To simulate the conditions with the different external light sources in the production 
line, four light sources of the indoor fluorescent light, dark, luminescence, and the warm 
light, were selected in this experiment. The distance of the fiber optic probe to the sample 
surface was 55 mm with the spot diameter of 50 mm. The colour temperature of 
luminescence was 6000 K, and color temperature of warm light was 3000 K. The external 
light sources were 30 cm away from the sample, and the angle between the irradiation 
direction and the sample surface was 45°. Three resin contents used were 4%, 12%, and 
20%. Thirty spectra were collected at each adhesive content. 
 
 
RESULTS AND DISCUSSION 
 
NIR Spectra 

The NIR spectra with the absorption bands in the range of 500 to 2500 nm collected 
from the different resin contents are shown in Fig. 1.  
 

 
Fig. 1. NIR spectra for various resin content in resinous fiber 

Wavelength (nm) 
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The curves are similar for the different absorption intensities (spectrum peaks). 
There are some overlaps in the spectra in Fig. 1 due to the non-uniformity of the material. 
Figure 3 shows three spectra of resin content for the ranges of L, M, and H. The fiber 
mats with a resin content of 18% (high, H) had a higher absorbance; the fiber mats with a 
resin content of 12% (medium, M) had medium absorbance; and the fiber mats with a 
resin content of 6% (low, L) had lower absorbance. Within a certain range, higher resin 
contents resulted in higher absorbance of the resinous fiber mats. 

Although the NIR spectral region provides much information, the spectra-structure 
correlations were still more difficult to establish in the NIR region than in the mid-IR 
(Schwanninger et al. 2011). Figure 2 shows the first derivatives of the spectra of the 
samples with the resin contents.  

 
Fig. 2. First-derivative of NIR spectra for resin content in resinous fiber; wavelength ranging from 
1200 to 2300 nm 
 
 

Wavelength (nm) 
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Characteristic wavelengths representing resin can generally be found at 1470 nm 
and 1499 nm (1st overtone NH stretching) (Workman and Weyer 2008). Niemz et al. (1992) 
used the wavenumbers 1900, 2020, and 2110 nm for analyzing wood chips with UF resin. 
Rials et al. (2002) measured the physical properties of medium-density fiberboards and 
infrared wavelengths of 2050 and 2250 nm characteristic for the N-H overtones of the UF 
adhesive. For the secondary compounds, the determination was limited to a mass fraction 
greater than approximately 0.1 to 0.5%, although it also was related to the functional groups 
presented in these compounds (Schwanninger et al. 2011). Homogeneous materials were 
the reason for spectral overlap. At the same time, for the near-infrared spectroscopy, the 
multivariate data analysis was necessary because a nonlinear relationship existed. The 
PLS-DA model can be useful to analyse the chemical composition in a NIR spectrum. 
 

 
Fig. 3. NIR spectra for three resin contents (6%, 12%, and 18%) in resinous fiber 
 
PLS-DA Analysis 

The classification models were developed based on the raw spectral (500 to 2300 
nm) using the PLS-DA algorithm according to a discriminant approach. Table 1 shows the 
statistics of calibration. The Rcal2 values were 0.95, 0.95, and 0.97 with low RMSEC values 
of 0.10, 0.11, and 0.08, respectively. For the validation, the Rcv2 values were 0.87, 0.86, 
and 0.92 corresponding to the RMSECV values of 0.16, 0.18, and 0.13, respectively. The 
higher correlations were found for the large ratios of adhesive to fiber. The low coefficient 
of discrimination was found in the heterogeneous resinous fibers and the rough  surfaces 
(Campos Barbosa et al. 2009).  

Wavelength (nm) 
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Due to the fact that raw materials in fiberboards industry are always changing, 
controlling the quality of products is required to maintain the same quality standard. To 
minimize these disturbances, more measurements could improve the situation. 
 
Table 1. Reportable Statistics of Calibration of Gluing Quantity Models 

Gluing Quantity Range of 
Resin Content 

Calibration Validation 

Rcal2 RMSEC Rcv2 RMSECV 
L 

(n = 90) 2 to 6% 0.95 0.10 0.87 0.16 

M 
(n = 150) 8 to 12% 0.95 0.11 0.86 0.18 

H 
(n = 120) 14 to 20% 0.97 0.08 0.92 0.13 

 
Tables 2 and 3 show the statistical results of the accuracy values obtained for the 

determination of gluing samples using the PLS-DA model. The Yp values of the sample 
were greater than 0.5 and the deviation values were less than 0.5. Using the discriminant 
analysis of PLS-DA, the accuracy values of the three gluing quantities were 100%. It was 
possible to figure out the resin content in the wood fiber mat using near-infrared 
spectroscopy combined with the PLS-DA model. The NIR can be an useful tool for online 
process control (Sjöblom et al. 2004; Gosselin et al. 2011; Tsuchikawa and Kobori 2015; 
Schimleck et al. 2020). Spectral preprocessing techniques were also employed with the 
Savitzky-Golay smoothing and with the first derivative spectra providing slightly improved 
results. Therefore, it was feasible to rapidly detect the UF resin content in resinous fiber 
mats using NIR spectroscopy combined with PLS analysis during the gluing process. 
 
Table 2. Discrimination Analysis for the Resinous Fiber Mats Using PLS-DA 
Model with Yt = 1  

Category Resin 
Content 

Yp Deviation 
Avg. Max. Min. Avg. Max. Min. 

L 
(n = 30) 

2% 0.964 1.25 0.69 0.138 0.16 0.12 
4% 0.884 1.09 0.74 0.147 0.19 0.13 
6% 0.997 1.20 0.87 0.138 0.15 0.12 

M 
(n = 50) 

8% 0.947 1.16 0.57 0.172 0.20 0.14 
9% 0.944 1.19 0.55 0.191 0.24 0.16 
10% 0.902 1.08 0.61 0.214 0.23 0.2 
11% 0.947 1.14 0.78 0.199 0.23 0.17 
12% 0.806 1.30 0.55 0.207 0.24 0.18 

H 
(n = 40) 

14% 1.004 1.08 0.92 0.13 0.15 0.12 
16% 0.925 1.14 0.70 0.113 0.14 0.10 
18% 0.923 1.31 0.73 0.139 0.16 0.12 
20% 0.843 1.11 0.51 0.127 0.14 0.12 
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Table 3. Discrimination Accuracy Rates for the Resinous Fiber Mat with PLS-DA 
Models 

Gluing 
Quantity 

Range of Resin 
Content Correctness Errors Discrimination 

Accuracy Rate 
L 

(n = 30) 2 to 6% 30 0 100% 

M 
(n = 50) 8 to 12% 50 0 100% 

H 
(n = 40) 14 to 20% 40 0 100% 

 
External Factors That Could Affect the Resinous Determination 
Distance from fiber optic probe to the measured surface  

The accuracy values affected by the distances from the fiber-optic probe to the 
sample surface on samples of gluing fibers are shown in Table 4. The accuracy values for 
high resin contents were 100% when the probe was 25 mm and 85 mm apart from the test 
surfaces. However, when the resin content was in the medium range (8 to 12%), the 
accuracy value decreased to 95%. The results indicated that the various resin contents were 
discriminated using the PLS-DA model combined with NIR spectroscopy technology. The 
high accuracy values show that the distance between the probe and the test surface may not 
significantly influence the results of discrimination. Theoretically, under certain 
conditions, a farther distance and a larger spot diameter results in a larger spectrum 
collection range. However, the absorbance of the near-infrared spectrum was also 
weakened. The spot diameter was proportional to the distance in a certain range. However, 
as the distance increased, the effective illumination boundary of the light source was not 
easy to determine. There was no need to strictly limit the distance from the fiber optic probe 
to the surface of material conditions of the production line. 
 
Table 4. Discriminated Accuracy Rate for the Different Distance between the 
Fiber Optic Probe and the Measured Surface 

Gluing 
Quantity 

Range of 
Resin Content  

Distance 
25 mma 55 mmb 85 mmc 

L 
(n = 10) 2 to 6% 

Correctness 10 10 10 
Errors 0 0 0 

Accuracy Rate 100% 100% 100% 

M 
(n = 20) 8 to 12% 

Correctness 20 19 20 
Errors 0 1 0 

Accuracy Rate 100% 95% 100% 

H 
(n = 10) 14 to 20% 

Correctness 10 10 10 
Errors 0 0 0 

Accuracy Rate 100% 100% 100% 
a The corresponding spot diameter was 30 mm. 
b The corresponding spot diameter was 50 mm. 
c The corresponding spot diameter was 70 mm. 
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Light sources  
Table 5 also shows the discriminated results of the different light sources using 

PLS-DA modelling and predicting. The discrimination accuracy rates for four types of light 
sources were nearly the same, about 100%. It seems that light sources did not affect the 
prediction results. There have been a few studies on the effects of external light sources 
using NIR. There was no need to strictly designate the light sources conditions of the 
production line. 
 
Table 5. Discriminate Accuracy Rates for Various Light Sources 

Gluing 
Quantity 

Range of 
Resin 

Content 
 

Light Sources 

Dark Fluoresce
nt Light 

Luminesce
nce 

Warm 
Light 

L 
(n = 10) 2 to 6% 

Correctness 10 10 10 10 
Errors 0 0 0 0 

Accuracy rate 100
% 100% 100% 100% 

M 
(n = 20) 8 to 12% 

Correctness 20 10 20 20 
Errors 0 0 0 0 

Accuracy rate 100
% 100% 100% 100% 

H 
(n = 10) 14 to 20% 

Correctness 10 10 10 10 
Errors 0 0 0 0 

Accuracy Rate 100
% 100% 100% 100% 

 
 
CONCLUSIONS 
 
1. The near infrared (NIR) spectroscopy technology combined with partial least squares 

discriminant analysis (PLS-DA) ranging from 500 to 2500 nm can be useful to 
instantaneously determine UF resin presence in resinous fiber mats with accuracy of 
up to 95%. 

2. The model correlation using raw NIR spectra were strong in both calibration and 
validation. Strong correlations were obtained in calibration and validation yielding high 
R2cal and R2val values of 0.95 to 0.97 and 0.86 to 0.92 with low root mean square error 
of calibration (RMSEC) and root mean square error of calibration and validation 
(RMSECV) of values of 0.08 to 0.11 and 0.13 to 0.16, respectively. 

3. The effects of external factors, such as light sources and distances from the fiber optic 
probe to the measured surface, were not significant in the rapid determination of the 
resin contents. 

 
 
ACKNOWLEDGMENTS 
 

The authors acknowledge the financial support of the Fundamental Research Funds 
for Central Public Welfare Research Institutes (Grant No. CAFYBB2021ZJ001), the China 
National Natural Science Fund (Grant No. 31770766) and the Program for Leading Talents 
of Science and Technology of Yunnan Province (Grant No. 2017HA013). 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Yu et al. (2022). “Detecting UF resin in fiberboard,” BioResources 17(3), 4043-4054.  4052 

REFERENCES CITED 
 
Alves, A., Santos, A., Rozenberg, P., Pâques, L. E., Charpentier, J., and Schwanninger, 

M. (2012). “A common near infrared—based partial least squares regression model 
for the prediction of wood density of Pinus pinaster and Larix × eurolepis,” Wood 
Science and Technology 46(1-3), 157-175. DOI: 10.1007/s00226-010-0383-x 

Alves, A., Simões, R., Stackpole, D. J., Vaillancourt, R. E., Potts, B. M., Schwanninger, 
M., and Rodrigues, J. (2011). “Determination of the syringyl/guaiacyl ratio of 
Eucalyptus globulus wood lignin by near infrared-based partial least squares 
regression models using analytical pyrolysis as the reference method,” Journal of 
Near Infrared Spectroscopy 19(5), 343-348. DOI: 10.1255/jnirs.946 

Andre, N., Young, T., and Zaretzki, P. (2010). “Real-time process modeling of wood 
composite panels,” in: Processing Technologies for the Forest and Biobased 
Products Industries, Kuchl, Austria, pp. 28-33. 

Campos Barbosa, A. C. M., Hein, P. R. G., Mendes, L., Mendes, R. F., Mendes, L. M., 
and Chaix, G. (2009). “Near infrared spectroscopy to evaluate composition of agro-
based particleboards,” BioResources 4(3), 1058-1069. DOI: 
10.15376/biores.4.3.1058-1069 

Cooper, P. A., Jeremic, D., Radivojevic, S., Ung, Y. T., and Leblon, B. (2011). “Potential 
of near-infrared spectroscopy to characterize wood products,” Canadian Journal of 
Forest Research 41(11), 2150-2157. DOI: 10.1139/x11-088 

Cyr, P., Riedl, B., Wang, X., and Shaler, S. (2006). “Urea-melamine-formaldehyde 
(UMF) resin penetration in medium-density fiberboard (MDF) wood fibers,” Journal 
of Adhesion Science and Technology 20(8), 787-801. DOI: 
10.1163/156856106777638716 

Gavrilović-Grmuša, I., Miljković, J., Điporović-Momčilović, M., and Radošević, G. 
(2008). “Penetration of urea-formaldehyde adhesives in wood tissue - Part I: Radial 
penetration of UF adhesives into beech,” Bulletin of the Faculty of Forestry 2008(98), 
39-48. DOI: 10.2298/gsf0898039g 

Gosselin, R., Rodrigue, D., and Duchesne, C. (2011). “A hyperspectral imaging sensor 
for on-line quality control of extruded polymer composite products,” Computers & 
Chemical Engineering 35(2), 296-306. DOI: 10.1016/j.compchemeng.2010.07.020 

Grigsby, W. J., Thumm, A., and Kamke, F. A. (2005). “Determination of resin 
distribution and coverage in MDF by fiber staining,” Wood and Fiber Science 37(2), 
258-269. 

Grigsby, W., and Thumm, A. (2004). “Visualisation of UF resin on MDF fibre by XPS 
imaging,” Holz als Roh- und Werkstoff 62(5), 365-369. DOI: 10.1007/s00107-004-
0499-5 

Hulland, J. (1999). “Use of partial least squares (PLS) in strategic management research: 
A review of four recent studies,” Strategic Management Journal 20(2), 195-204. 
DOI: 10.1002/(SICI)1097-0266(199902)20:23.0.CO;2-7 

Irle, M., Barbu, M. C., Niemz, P., Carvalho, L. H., Martins, J. M., Costa, C. A. V., 
Muszyski, L., Launey, M. E., Sernek, M., Dunky, M., et al. (2010). Wood-Based 
Panels: An Introduction for Specialists, Brunel University Press, London, UK. 

Jiang, Z., Yang, Z., So, C., and Hse, C. (2007). “Rapid prediction of wood crystallinity in 
Pinus elliotii plantation wood by near-infrared spectroscopy,” Journal of Wood 
Science 53(5), 449-453. DOI: 10.1007/s10086-007-0883-y 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Yu et al. (2022). “Detecting UF resin in fiberboard,” BioResources 17(3), 4043-4054.  4053 

Lazarescu, C., Hart, J. F., Pirouz, Z., Panagiotidis, K., Mansfield, S. D., Barrett, J. D., and 
Avramidis, S. (2017). “Wood species identification by near-infrared spectroscopy,” 
International Wood Products Journal 8(1), 32-35. DOI: 
10.1080/20426445.2016.1242270 

Lepoittevin, C., Rousseau, J., Guillemin, A., Gauvrit, C., Besson, F., Hubert, F., da Silva 
Perez, D., Harvengt, L., and Plomion, C. (2011). “Genetic parameters of growth, 
straightness and wood chemistry traits in Pinus pinaster,” Annals of Forest Science 
68(4), 873-884. DOI: 10.1007/s13595-011-0084-0 

Niemz, P., Körner, S., Wienhaus, O., Flamme, W., and Balmer, M. (1992). 
“Orientierende untersuchungen zur Anwendung der NIR-Spektroskopie für die 
Beurteilung des Mischungsverhältnisses Laubholz/Nadelholz und des Klebstoffanteils 
in Spangemischen [Indicative studies on the use of NIR spectroscopy to assess the 
mixing ratio of hardwood/softwood and the proportion of adhesive in chip mixtures],” 
European Journal of Wood and Wood Products 50(1), 25-28. DOI: 
10.1007/BF02635551 

Pakdel, H., Cyr, P., Riedl, B., and Deng, J. (2008). “Quantification of urea formaldehyde 
resin in wood fibers using X-ray photoelectron spectroscopy and confocal laser 
scanning microscopy,” Wood Science and Technology 42, 133-148. DOI: 
10.1007/s00226-007-0155-4 

Radotić, K., Kalauzi, A., Djikanović, D., Jeremić, M., Leblanc, R. M., and Cerović, Z. G. 
(2006). “Component analysis of the fluorescence spectra of a lignin model 
compound,” Journal of Photochemistry and Photobiology B: Biology 83(2006), 1-10. 
DOI: 10.1016/j.jphotobiol.2005.12.001 

Ramalho, F. M. G., Andrade, J. M., and Hein, P. R. G. (2018). “Rapid discrimination of 
wood species from native forest and plantations using near infrared spectroscopy,” 
Forest Systems 27(2), article ID e008. DOI: 10.5424/fs/2018272-12075 

Raymond, C. A., Schimeleck, L. R., and Muneri, A. (2001). “Nondestructive sampling of 
Eucalyptus globulus and E. nitens for wood properties. III. Predicted pulp yield using 
near infrared reflectance analysis,” Wood Science and Technology 35(3), 203-215. 
DOI: 10.1007/s002260100092 

Rials, T., Kelley, S. S., and So, C. (2002). “Use of advanced spectroscopic techniques for 
predicting the mechanical properties of wood composites,” Wood and Fiber Science 
34(3), 398-407. DOI: 10.1023/A:1020387819222 

Schimleck, L. R., Monteiro de Matos, J. L., da Silva Oliveira, J. T., and Bolzon Muniz, 
G. I. (2011). “Non-destructive estimation of pernambuco (Caesalpinia echinata) clear 
wood properties using near infrared spectroscopy,” Journal of Near Infrared 
Spectroscopy 19(5), 411-419. DOI: 10.1255/jnirs.953 

Schimleck, L., Matos, J. L. M., Higa, A., Trianoski, R., Prata, J. G., and Dahlen, J. 
(2020). “Classifying wood properties of loblolly pine grown in Southern Brazil using 
NIR-hyperspectral imaging,” Forests, Multidisciplinary Digital Publishing Institute 
11(6), article no. 686. DOI: 10.3390/f11060686 

Schwanninger, M., Rodrigues, J. C., and Fackler, K. (2011). “A review of band 
assignments in near infrared spectra of wood and wood components,” Journal of 
Near Infrared Spectroscopy 19(5), 287-308. DOI: 10.1255/jnirs.955 

Sjöblom, E., Johnsson, B., and Sundstrom, H. (2004). “Optimization of particleboard 
production using NIR spectroscopy and multivariate techniques,” Forest Products 
Journal 54(6), 71-75.  



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Yu et al. (2022). “Detecting UF resin in fiberboard,” BioResources 17(3), 4043-4054.  4054 

Snel, F. A., Braga, J. W. B., da Silva, D., Wiedenhoeft, A. C., Costa, A., Soares, R., 
Coradin, V. T. R., and Pastore, T. C. M. (2018). “Potential field-deployable NIRS 
identification of seven Dalbergia species listed by CITES,” Wood Science and 
Technology 52(5), 1411-1427. DOI: 10.1007/s00226-018-1027-9 

Taheri, F., Enayati, A. A., Pizzi, A., Lemonon, J., and Layeghi, M. (2016). “Evaluation of 
UF resin content in MDF boards after hot-pressing by Kjeldahl method,” European 
Journal of Wood and Wood Products 74(2), 237-242. DOI: 10.1007/s00107-015-
1003-0 

Tsuchikawa, S., Torii, M., and Tsutsumi, S. (2001). “Directional characteristics of near 
infrared light reflected from wood,” Holzforschung 55(5), 534-540. DOI: 
10.1515/HF.2001.086 

Tsuchikawa, S. (2007). “A review of recent near infrared research for wood and paper,” 
Applied Spectroscopy Reviews 42(1), 43-71. DOI: 10.1080/05704920601036707 

Tsuchikawa, S., and Kobori, H. (2015). “A review of recent application of near infrared 
spectroscopy to wood science and technology,” Japan Wood Research Society 61, 
213-220. DOI: 10.1007/s10086-015-1467-x 

Wold, S., and Sjöström, M. (1998). “Chemometrics, present and future success,” 
Chemometrics and Intelligent Laboratory Systems 44(1-2), 3-14. DOI: 
10.1016/S0169-7439(98)00075-6 

Wold, S., Sjöström, M., and Eriksson, L. (2002). “Partial least squares projections to 
latent structures (PLS) in chemistry,” in: Encyclopedia of Computational Chemistry, 
John Wiley & Sons, Ltd., New York, NY, USA, pp. 79-90. DOI: 
10.1002/0470845015.cpa012 

Xing, C., Riedl, B., Cloutier, A., and Shaler, S. M. (2005). “Characterization of urea–
formaldehyde resin penetration into medium density fiberboard fibers,” Wood Science 
and Technology 39(5), 374-384. DOI: 10.1007/s00226-005-0294-4 

 
Article submitted: March 1, 2022; Peer review completed: April 16, 2022; Revised 
version received and accepted: May 10, 2022; Published: May 13, 2022. 
DOI: 10.15376/biores.17.3.4043-4054 


	Rapid Determination of Urea Formaldehyde Resin Content in Wood Fiber Mat Using Near-infrared Spectroscopy
	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES CITED


