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A B S T R A C T   

In recent years, efforts to develop new materials for the food industry have focused mainly on polysaccharides- 
and proteins-based films or coatings. Fast and inexpensive analytical tools are needed to guarantee their com-
positions. This work evaluates the feasibility of a rapid and accurate method based on UV-VIS-NIR spectroscopy 
combined with chemometric techniques to analyze polysaccharide-based films for authentication and compo-
sition determination. As case study, cellulose-based films (vegetable and bacterial) combined with chitosan and 
polyvinyl alcohol were used as biocomposite models. Applying chemometric techniques, it was obtained models 
to predict the content of chitosan, polyvinyl alcohol and cellulose. Linear discriminant analysis was used to 
authenticate cellulose films, showing an accuracy of 100% to classify cellulose films as function on the cellulose 
source (vegetable or bacterial). It was concluded that UV-VIS-NIR spectroscopy combined with chemometrics can 
be used to authenticate the origin and determine the composition of polysaccharide-based films.   

1. Introduction 

The global production of plastics almost reached 370 million tons in 
2019, assuming a production in Europe of 58 million tons. Packaging is 
the main plastic consumer, being the 39.6% of the total demand (https: 
//www.plasticseurope.org/en/resources/market-data). Only 9% of the 
total global plastic production is recycled, being 12% incinerated, and 
79% accumulated in landfills or the environment. If current production 
and waste management trends continue, roughly 12,000 million tons of 
plastic waste will be in landfills or in the natural environment by 2050 
(Geyer, Jambeck, & Law, 2017). The growing demand associated with 
the limitations of the management of its waste, has led serious envi-
ronmental problems. Awareness about the impact of currently produc-
tion and consumption systems on the environment has stimulated 
worldwide interest in the redesign of products, processes and services, 
seeking the sustainable use of raw materials, the reduction of plastic 
waste and sustainable systems (da Silva et al., 2021; de Medeiros et al., 
2021; Foschi & Bonoli, 2019). 

In this sense, the European Commission is strongly committed to 
issues related to the production of plastic materials and the management 
of plastic waste, with the implementation of new European policies and 
strategies aimed at achieving sustainability, as has been published in the 
European strategy for plastics in the circular economy local and regional 

dimension (European Commission, 2018; Foschi & Bonoli, 2019). Euro-
pean Commission aims to achieve 100% of reusable or easily recyclable 
plastic packaging placed on the market by 2030 (European Commission, 
2018). 

Due to the environmental crisis, the increase in social environmental 
awareness and the change in the environmental policies of the world 
powers, biodegradable materials from renewable sources emerge as a 
viable alternative for the reduction of plastic waste. 

In recent years, polysaccharides and proteins have been the most 
extensively studied group of biopolymers to develop biodegradable, and 
also edible, films and coatings to apply on food and reduce the use of 
synthetic polymers (Khan, Sadiq, & Mehmood, 2020). These materials 
are obtained from natural and renewable sources such as plants, animals 
or microorganisms (Khemir et al., 2020; Nisar et al., 2019). In the group 
of polysaccharides, the main materials studied for food packaging are 
cellulose and its derivatives, chitosan, starch, alginate, pectin, pullulan 
and carrageenan. Within the group of proteins are gelatin, whey, soy 
proteins, wheat gluten, corn zein, casein and keratin (Cazón & Vázquez, 
2021a; Cazon, Velazquez, Ramírez, & Vázquez, 2017; Mohamed, 
El-Sakhawy, & El-Sakhawy, 2020). Currently, the results of the poly-
saccharide- and protein-based films or coatings indicate that these ma-
terials are far from being able to completely replace food synthetic 
plastic packaging available on the market. However, these materials and 
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their combinations as biocomposites, have been showed extraordinary 
properties which could achieve a partial replacement, as well as being 
an extra stress factor on packaging. In addition, several studies have 
demonstrated the feasibility of these materials to develop active and 
intelligent films or packaging that promise to be the next generation of 
food packaging (Janjarasskul & Suppakul, 2018; Krepker et al. 2017). 

Many works in the literature on the characterization of protein- or 
polysaccharide-based materials and their biocomposites clearly 
demonstrate how their functional, structural and physicochemical 
properties have a strong dependence on the formulation of the final 
compound (Cazón & Vázquez, 2021b; Vázquez, Velazquez, & Cazón, 
2021b; Vázquez, Velazquez, & Cazón, 2021a). For example, it was 
observed how a small variation of plasticizers, the relationship between 
the polymers used or variations in the concentration of other additives 
completely modify the material interactions. Even as they are hydro-
philic materials, their interaction with the humidity of the surrounding 
atmosphere will vary, which directly affects the water activity and 
properties of the material (Cazon & Vázquez, 2019; Cazón & Vázquez, 
2021b; Cazon et al., 2017). 

On this basis, it is needed to develop a simple, rapid and low-cost 
analytical method that allows a precise real-time monitoring of the 
concentration of each component of the matrix at each stage of the 
manufacturing process. The concentration control system could guar-
antee the functionality of the film or coating and its behavior during its 
estimated shelf life under the storage conditions for which it has been 

developed. 
The UV-VIS-NIR spectroscopy plays an important role to evaluate or 

predict the intermediate or finished product quality attributes due to 
their capacity to be a rapid, non-destructive and non-polluting method 
that requires minimal or no sample preparation (Rodionova, Fernández 
Pierna, Baeten, & Pomerantsev, 2021). In this method, the product is 
irradiated with UV-VIS-NIR radiation and the absorbed or transmitted 
radiation is measured. The spectral characteristics of the sample change 
through wavelength as function on its chemical composition, as well as 
on its light scattering properties which are related to the microstructure 
(Nicolaï et al., 2007). UV-VIS-NIR spectra process monitoring can be a 
very powerful tool in the biopolymer industry for the reduction of the 
cycle time and the cost of the analytical process (Fischer & Eichhorn, 
1998). Detailed knowledge of the product composition makes possible 
to respond to process variations directly (Fischer, Bayer, Eichhorn, & 
Otto, 1997). 

The great feasibility and simplicity of UV-VIS-NIR spectroscopy has 
meant that in recent years it has been evaluated for the quality control 
and product classification of several manufacturing process or hetero-
geneous products, such as the determination of polyphenolic com-
pounds of red wines (Martelo-Vidal & Vázquez, 2014), cholesterol in egg 
yolk (Puertas & Vázquez, 2019a), volatile compounds in white grapes 
during ripening (Ripoll, Vazquez, & Vilanova, 2017), cellulose content 
in pulp (Zhou et al. 2018), mango quality attributes (Munawar, von 
Hörsten, Wegener, Pawelzik, & Mörlein, 2016), chemical composition of 

Fig. 1. UV-VIS (a) and NIR (b) region spectra of the bacterial cellulose samples with chitosan and polyvinyl alcohol. MCQP is bacterial cellulose with chitosan and 
polyvinyl alcohol. 
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plant materials (Huang & Yu, 2019), flax fiber composition (Huang & 
Yu, 2019), moisture content of wet granulation in a fluidized bed dryer 
(Barla, Kumar, Nalluri, Gandhi, & Venkatesh, 2014), discriminating 
geographic origin of sesame oils (Liu et al., 2019) or detection of soy-
bean meal adulteration (Rodionova et al., 2021), among others. 

Chemometric tools are required to extract the information provided 
by UV-VIS NIR spectra. Advanced multivariate statistical techniques are 
used to establish mathematical and statistical relationships between UV- 
VIS-NIR spectra, the chemical interpretation of data and target quality 
parameters (Munawar et al., 2016; Nicolaï et al., 2007). 

In this work, the UV-VIS-NIR spectroscopy combine with chemo-
metric tools has been evaluated to demonstrate its feasibility to develop 
qualitative and quantitative predictive models to control the composi-
tion of polysaccharide-based films. Regenerated cellulose (RC) films 
from vegetable origin and bacterial cellulose (BC) combined with chi-
tosan and polyvinyl alcohol (PVOH) were used to test the UV-VIS-NIR 
spectra and chemometric tools to performance and validate accurate 
predictive components compositions and cellulose origin classification 
methods. 

2. Materials and methods 

BC films were elaborated using Komagataeibacter xylinus from the 

“Colección Española de Cultivos Tipo” (CECT), yeast extract provided by 
Scharlau Microbiology (Barcelona, Spain) and D(+)-glucose mono-
hydrate (99% extra pure) and sodium hydroxide (98%) purchased from 
Acros organics (Geel, Belgium). Pure RC films were obtained from extra 
pure cellulose microcrystalline (average particle size 90 µm), urea 
(99.5%) for analysis, sodium hydroxide (98%) and acetic acid (99.5%) 
purchased from Acros organics (Geel, Belgium). Composite films were 
elaborated using chitosan (Mw 100,000–300,000) and acetic acid 
(99.5%) from Acros organics (Geel, Belgium) and polyvinyl alcohol, 
degree of hydrolysis (calculated on dried substance) ≥ 98% and mo-
lecular weight (MW) approx. 30,000 obtained from Merck KGaA 
(Darmstadt, Germany). The samples were conditioned using extra pure 
anhydrous sodium bromide (99%) from Acros organics (Geel, Belgium). 

2.1. Preparation of films 

RC/chitosan/PVOH and BC/chitosan/PVOH were elaborated by 
immersion of the cellulose-based films in chitosan/PVOH baths at 
several concentrations published elsewhere (Cazon, Vazquez, & Velaz-
quez, 2018b; Cazon, Velázquez, & Vázquez, 2019). Two Petri dishes 
were prepared for each batch. Dried films of 12 × 45 mm were cut and 
equilibrated in desiccators with saturated sodium bromide solution 
(57% relative humidity) at 25 ºC for 5 days and later measured in a 

Fig. 2. UV-VIS (a) and NIR (b) region spectra of the regenerated cellulose samples with chitosan and polyvinyl alcohol. CVQP is regenerated cellulose with chitosan 
and polyvinyl alcohol. 
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UV-VIS-NIR spectrophotometer. 

2.2. Spectral analysis 

Spectral measurements were carried out in a V-670 spectropho-
tometer (Jasco Inc., Hachioji, Tokyo, Japan) in transmittance mode at 2 
nm intervals with a scan speed of 1000 nm/min and "medium" speed 
response. The samples were placed in the sample compartment using a 
special cell to measure the films transmittance. The sample must 
completely cover the circular section of this accessory where the light 
beam will pass through it. The spectrum region evaluated in this study 
included UV (190–380 nm), VIS (380–780 nm) and NIR (780–2500 nm) 
ranges. Measurements were performed in duplicate for each film 
formulation and at room temperature. The spectral data was recorded 
using Spectra Manager™ II software (Jasco Inc., Hachioji, Tokyo, Japan) 
and then exported to The Unscrambler® X software Version 10.5 (Camo, 
Oslo, Norway) to perform the pretreatments and obtain the different 
classification models. 

The Unscrambler® X software supports multivariate data sets and 
incorporates the most common chemometric calibration algorithms. It 
was used for quantification and authentication. Smoothing (Savitzky- 
Golay) for preprocessing and variable selection was used since the 
optimized model with less variables require less time for calibration and 
prediction (Andersen & Bro, 2010). 

Prior to the setting up of the regression models to obtain the 

predictive quantification and classifications models, the Principal 
Component Analysis (PCA) of the spectra was performed. 

Calibration models were obtained to quantify the chitosan, PVOH 
and RC concentrations of the cellulose-based films using Principal 
Component Regression (PCR) or Partial Least Squares Regression (PLS). 
The validation of predictive models was performed by full cross- 
validation. Predictive capabilities of the calibration models and their 
validation were evaluated by five important statistical indicators, 
namely the root mean square error of calibration (RMSEC), root mean 
square error of cross-validation (RMSECV), the coefficient of determi-
nation of calibration (r2

c), the coefficient of determination of cross- 
validation (r2

cv) and the residual predictive deviation of cross- 
validation (RPD). The prediction error of a calibration model is 
defined by RMSEC and RMSECV when cross validation is used. The 
optimal number of latent variables was selected by a criterion of mini-
mum RMSECV value. RPD is defined as the ratio of the standard devi-
ation of the response variable and the standard error of prediction 
performance RMSECV (Nicolaï et al., 2007). The supervised Linear 
Discriminant Analysis (LDA) and Support Vector Machines (SVM) ap-
proaches were performed to classify samples based on the cellulose 
source. 

3. Results and discussion 

BC/chitosan/PVOH and RC/chitosan/PVOH biocomposite samples 

Fig. 3. a) Scores for bacterial cellulose samples combined with chitosan and polyvinyl alcohol and b) Regression coefficients of the PLS model of PVOH for 
each wavelength. 
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were characterized in previous work (Cazon et al., 2018b; Cazon, Vaz-
quez, & Velazquez, 2018a), showing excellent properties to apply as 
active film in food packaging. 

BC/chitosan/PVOH and RC/chitosan/PVOH biocomposite samples 
were obtained by dipping the BC or RC films in baths with chitosan 
(0–1% w/w) and/or PVOH (0–4% w/w). The BC concentration was 
considered constant since it depends on the composition of the culture 
medium and the fermentation conditions, which have been kept con-
stant in each batch. RC-based films, the microcrystalline cellulose con-
centration ranged from 3% to 5% w/w. The BC/chitosan/PVOH samples 
formulation was established following a full factorial experiment design, 
analyzing all possible combinations at lower, intermediate and higher 
concentrations for each film component (chitosan and PVOH). In the 
case of RC/chitosan/PVOH samples, the formulation was established 
following a Box-Behnken experiment design, which is obtained by 
combining two-level factorial designs with incomplete block designs 
(Box & Behnken, 1960). The formulation of the films as well as their 
complete characterization can be consulted in previous works (Cazon 
et al., 2018b; Cazon, Vázquez, & Velazquez, 2019). 

Transmission spectra in the UV-VIS region and in the NIR region of 
BC/chitosan/PVOH and RC/chitosan/PVOH are showed in Figs. 1 and 2, 
respectively. Both transmission spectra showed high differences be-
tween the samples as function of their composition. The NIR spectra 
exhibited intense absorption bands around 1490 nm, 1940 nm, 2100 nm 
from the combination of stretching and deformation of the O–H group 
(Barla et al., 2014). Samples with higher PVOH and chitosan content 
showed spectra with more obvious absorption bands at 1440 nm from 
the first O–H overtone (Barla et al., 2014). Samples with higher chitosan 
content showed a soft peak around 2050 nm, related with the combi-
nation of the N-H stretching and the second overtone of the C––O 
stretching (Rathke & Hudson, 1993; Tran, Duri, Delneri, & Franko, 
2013). 

The spectra of the both cellulose-based films indicated that the 
greatest variability of the samples was observed in the UV region around 
250 nm and in the NIR region between 1400 and 2500 nm wavelength. 

3.1. Bacterial cellulose combined with chitosan and PVOH: predictive 
model for the film composition 

The PCA involved a complete analysis of the main components, 
reducing variables, redundant information and noise if required. PCA 
transform a set of correlated response variables into principal compo-
nents (PC), generating a new set of non-correlated variables. The PC 
represents the pattern of observations and provides information about 
data structure. Hence, it was applied to raw spectra to detect outliers and 
patterns by subjecting a Hotelling T2 ellipse with confidence level of 
95%. Data outside of this ellipse, illustrated in the score graphic, was 
marked as spectral outliers and removed (Martelo-Vidal & Vázquez, 
2014; Munawar et al., 2016; Puertas & Vázquez, 2019a). The scores plot 
(Fig. 3a) revealed a relationship between the data and outliers were not 
detected. Therefore, all samples were used to perform the further cali-
bration models. Besides, the plot indicated that 99% of the variation of 
the spectra can be explained with two PC. PC-1 and PC-2 explain the 
97% and 2% of the variation of the spectra, respectively. PCA results 
indicated that the relationship between the spectra and the composition 
of BC/chitosan/PVOH composite films can be interpreted with a high 
level of confidence. 

Once the PCA analysis was obtained, the quantitative analysis was 
carried out by PCR and PLS. RPD is a commonly used to interpret and 
compare calibration models. Higher RPD values indicate a greater 
probability of the model to predict the desired chemical component in 
settled samples (Munawar et al., 2016). In specific agricultural appli-
cations, RPD larger than 1.5 is regarded as good for preliminary 
screenings and initial predictions; a value between 2.0 and 2.5 is 
considered satisfactory for prediction, value greater than 3.0 corre-
sponds to an excellent prediction accuracy (Huang & Yu, 2019; Nicolaï 
et al., 2007). The statistical parameters r2

c and r2
cv represent the pro-

portion of explained variance of the response variable in de calibration 
and validation set, respectively. The predictions were considered 
excellent when r2 is greater than 0.91, good when r2 is ranged between 
0.82 and 0.90, approximate when r2 is ranged between 0.66 and 0.81, 
and poor when r2 is lower than 0.66 (Puertas & Vázquez, 2019a). 

Table 1 shows the results obtained from the statistical analysis of the 
calibration and cross-validation model for the determination of the 
content of chitosan and PVOH in BC-based films by PCR and PLS 
methods. The complete range spectra of all samples were used to 
perform the calibration model. Due to the good correlation between 
data, it was not required any pretreatment of the spectra to improve the 
model accuracy. 

The number of PCs and LFs (latent factors) were considered in the 
PLS and PCR method to obtain the predictive model. The number of PCs 
and LFs selected were 7, being the smallest number that provide the 
lowest RMSECV and the highest correlation coefficient. Therefore, 7-PCs 
and 7-LFs were needed to make up the optimal model. 

The statistical results of the calibration and cross-validation models 
(Table 1) of the studied components showed a good relationship of the 
spectral data with the concentrations of chitosan and PVOH on BC-based 
films. Regarding PVOH quantification predictive models, both PCR and 
PLS methods showed r2 values of 0.99 and RPD much higher than 2.5. 
For chitosan models, the lowest r2 value obtained was 0.96, and RPD 
values were also much higher than 2.5. 

Fig. 3b shows the regression coefficients for each wavelength for the 
PVOH concentration model obtained following the PLS analysis by 
means of 7 LFs. Results indicated that the UV region was the most 
influent region to build the predictive model. 

Results can conclude that both methods, PCR and PLS, allow to 
obtain excellent calibration models, showing the PLS model a regression 
coefficient closer to 1 (Table 1). These results show that it is feasible to 
use the PLS and PCR models to quantify the concentration of chitosan 
and PVOH in BC-based films. 

Table 1 
Statistical values of the models obtained by PCR and PLS methods for bacterial 
cellulose (BC) or regenerated cellulose (RC) films combined with chitosan and 
polyvinyl alcohol (PVOH). PC is principal components, LF is latent factors, 
RMSECP is mean square prediction error, RMSECV is mean square validation 
error, RPD is the value of the ratio of performance to deviation, r2

c is the coef-
ficient of calibration determination, and r2

cv is the coefficient of determination 
of the validation.  

BC PCR - Calibration PCR - Cross Validation  
PC RMSEC r2

c RMSECV r2
cV RPD   

(mg/g)  (mg/g)   
PVOH 7 0.046 0.999 0.081 0.998 20.79 
Chitosan 7 0.048 0.986 0.082 0.964 5.117 
BC PLS - Calibration PLS - Cross Validation  

LF RMSEC r2
c RMSECV r2

cV RPD   
(mg/g)  (mg/g)   

PVOH 7 0.030 0.999 0.057 0.999 29.63 
Chitosan 7 0.040 0.991 0.069 0.974 6.071 
RC PCR - Calibration PCR - Cross Validation  

PC RMSEC r2
c RMSECV r2

cv RPD   
(mg/g)  (mg/g)   

PVOH 8 0.273 0.969 0.393 0.940 3.999 
Chitosan 8 0.126 0.863 0.182 0.731 1.897 
Cellulose 8 0.290 0.842 0.367 0.763 2.021 
RC PLS - Calibration PLS - Cross Validation  

LF RMSEC r2
c RMSECV r2

cv RPD   
(mg/g)  (mg/g)   

PVOH 8 0.197 0.984 0.276 0.970 5.695 
Chitosan 8 0.102 0.909 0.141 0.839 2.447 
Cellulose 8 0.285 0.847 0.360 0.773 2.063  
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3.2. Regenerated cellulose combined with chitosan and PVOH: predictive 
model for the film composition 

The PCA of the spectra of the samples was performed, obtaining the 
scores plot showed in Fig. 4a. The preliminary analysis indicated that 
100% of the variation of the spectra can be explained with two PC, 
despite one outlier was detected. PC-1 and PC-2 explain 99% and 1% of 
the variation of the spectra of the films, respectively. Therefore, the 
relationship between the spectra and the composition of the RC-based 
films can be interpreted with high level of confidence. 

Once the PCA had been obtained and it was established that all the 
samples will be used to perform the calibration models, the quantitative 
analysis was carried out by means of PCR and PLS. An initial analysis 
showed statical coefficient values far from the desire values to get an 
optimal predictive model. Noise is the undesirable effect presents in the 
signals obtained in spectroscopy which affects the accuracy of the 
model. This can occur due to several reasons, such as variations in 
temperature and humidity (ambient noise) or the very nature of the 
sample. The pre-treatment of the spectra is carried out to avoid the noise 
and unreliable results. Spectral smoothing is applied in cases where the 
signal-to-noise ratio is small because the averaging of spectra is not 
sufficient. As a solution, there are some mathematical algorithms that 
can be applied to the spectrum and reduce the noise by smoothing the 
signal. Within smoothing, the most used method is based on Savitzky- 

Golay algorithm (Nicolaï et al., 2007). Thus, the pre-treatment Savitz-
ky-Golay smoothing was performed to eliminate noise. Besides, as 
shown Fig. 2 the highest variability between the samples took place in 
the UV (200–300 nm) and NIR region between 1400 and 2500 nm 
wavelength. Therefore, it was decided to perform the PCR and PLS 
analysis using the spectral data reduced to these regions with higher 
variations. 

Table 1 shows the statistical results of the calibration and cross- 
validation models, as well as the number of PCs and LFs used for the 
quantification of RC, chitosan and PVOH in the films by the PCR and PLS 
methods. The number of PCs and LFs selected was 8, being the smallest 
number of components or factors that provide the lowest RMSECV and 
the highest correlation coefficient. 

The statistical results of the calibration and cross-validation models 
showed a good relationship between the spectral data and compound 
concentrations. Specifically, excellent methods have been obtained for 
PVOH quantification, showing r2 and RPD values higher than 0.94 and 
2.5, respectively, using both PCR and PLS methods. Better prediction 
model was obtained by the PLS method than PCR for chitosan quanti-
fication model, giving excellent r2

c, good r2
cv and RPD close to 2.5. 

However, in the case of predictive cellulose quantification models, both 
PLS and PCR, the obtained r2 showed good calibration models (around 
0.84) and approximate validation models (≈ 0.76). The statical pa-
rameters indicated that both models could very roughly quantify 

Fig. 4. a) Scores for regenerated cellulose samples combined with chitosan and polyvinyl alcohol and b) Regression coefficients of the PLS model of chitosan 
concentration for each wavelength. 
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Fig. 5. a) Scores of the type of cellulose used in the production of the films; b) Classification of samples following the SVM analysis method and c) Result of the LDA 
classification method for regenerated and bacterial cellulose-based samples. 
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cellulose content. Probably, the reduced concentration range evaluated 
(from 3% to 5% w/w) was not enough to manifest significant trans-
mittance variations among the samples to obtain a more accurate pre-
dictive model. 

Fig. 4b shows the regression coefficients for each wavelength for the 
chitosan concentration model obtained following the PLS analysis by 
means of 8 LFs. 

Overall, PLS demonstrated better model performance than PCR, as 
proven by the larger R2

c, R2
cv and RPD. Thus, PLS could be applied as a 

more powerful tool to quantify the chitosan, PVOH and cellulose con-
centration in RC-based films. 

In the literature, no previous studies have been found using UV-VIS- 
NIR spectroscopy techniques to quantify the components of biodegrad-
able films. Only previous studies have been found to quantify the 
cholesterol content in eggs (Puertas & Vázquez, 2019a) or components 
of wines (Martelo-Vidal & Vázquez, 2014) that have established as valid 
predictive models developed using quantitative analysis methods PLS 
and PCR with coefficients of determination around 0.73. 

3.3. Identification of cellulose origin used to produce biodegradable films: 
cellulose from vegetable or bacterial sources 

The samples were classified according to the cellulose origin: RC as 
vegetable cellulose or BC. The set of all spectral data were used. Data 
were analyzed using linear chemometric classification tools, LDA and 
SVM, to establish a method that allows the identification and classifi-
cation of the type of cellulose in the films. 

The supervised methods for classifying require the training set of 
samples that is used to locate the information responsible for splitting 
the samples into different groups. Within the supervised methods, 
discriminant methods divide the space into as many regions as there are 
classes in the calibration set, creating limits shared by the spaces. At 
least two classes are needed for these methods to be defined, which 
implies prior knowledge of the classes. An unknown sample is classified 
as belonging to one of the classes (Martelo-Vidal & Vázquez, 2014). 

The PCA of the complete spectra data was performed to analyze the 
PC of BC and RC-based films. The scores graph (Fig. 5a) showed points 
clustering and the outlier corresponding to the Exp. 10 of RC/chitosan/ 
PVOH. Despite this outlier, PCA results indicate that 99% of the spectra 
variation can be explained with two PCs. PC-1 and PC-2 explain 95% 
and 4% of the spectra data variation, respectively. Therefore, the rela-
tionship between the spectral data and the cellulose origin can be 
interpreted with a high degree of accuracy, allowing the classification by 
cellulose type. 

SVM can work with linear and non-linear multivariate analysis and 
aims to seek the optimal hyperplane which minimize misclassification in 
the training process. It transforms the input data into higher dimensional 
space using kernel function known to influence its performance. Among 
the kernel functions, this study chose the structure of the radial basis 
function (RBF), which is the simplest and fastest computation and per-
formances well to large numbers of training samples or large numbers of 
features in the input space (Puertas & Vázquez, 2019b; Wang et al., 
2018). 

The results obtained by the SVM method is shown in Fig. 5b. SVM 
method results exhibited a correct classification percentage of 62.5%. 
Consequently, SVM method was not able to discriminate between RC 
and BC. However, the LDA method achieved a classification with an 
accuracy percentage of 100% using 4 PCs (Fig. 5c). LDA algorithm aims 
to find a linear function that maximizes between groups variances and 
minimizes within groups variances to characterize or separate two or 
more classes of samples (Wang et al., 2018). 

4. Conclusion 

Chemometric analysis is a useful tool to obtain both quantitative and 
qualitative methods to determine the cellulose-based films composition 

and cellulose origin. 
Results showed that it is possible to obtain fast and reliable predic-

tion models for the quantification of the biodegradable films composi-
tion by chemometric analysis of the UV-VIS-NIR spectral data. 

The spectra analysis of BC/chitosan/PVOH samples provided excel-
lent predictive composition determination models by both PCR and PLS 
methods to quantify chitosan and PVOH. 

PLS method showed better determination coefficient values for RC/ 
chitosan/PVOH samples, being recommended to obtain a predictive 
composition model of chitosan and PVOH. However, both PCR and PLS 
methods were useful to obtain approximate predictive regenerated cel-
lulose content models. 

A fast classification method applying the LDA classification method 
has been obtained to classify the cellulose origin (vegetable or micro-
bial) of films. 

Thus, this study presents a fast method to quantify the poly-
saccharide films formulation with potential application in the food 
industry. 
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