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Abstract: This paper presents an accurate quantification by FT-IR ATR analyses of pectin content from cotton and 

flax raw woven fabrics. For this purpose, the investigated samples were exposed to HCl vapours. The relative absorbance 

of pectin-specific bands was evaluated. The results showed an increase in the band intensity values located at ~ 1735 cm-

1 and a decrease of the one from ~ 1645 cm-1 after the exposure of the samples to HCl vapours due to the transformation 

of the (COO-) linked with Ca2+ groups into acidic carboxylic groups. 
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INTRODUCTION  

Due to their renewable character, textile 

materials based on natural fibres are gaining more 

and more ground in the framework of sustainable 

development policy. Their use in various 

industrial fields (textiles, construction, 

automobiles, etc.) implies a decrease in fossil 

fuels that fall within the lines of sustainable 

development (Karus et al. 2002, Puşcas et al. 

2002, Perepelkin et al. 2005). 

Cotton and flax materials get into the 

category of renewable materials, and their 

investigation, analysis, and characterization to 

find environmentally friendly processing methods 

for obtaining value-added materials can be 

considered a priority. 

Cotton occupies one of the first places in the 

world in production, at the same time having the 

highest percentage of cellulose in the composition 

(Eichhorn et al. 2001, Pursley et al. 2005). The 

lignocellulosic materials like flax have become 

interesting in the last decade, due to the possibility 

of cultivation in areas with lower temperatures in 

Europe as well as the low costs for crop 

maintenance because no pesticides are needed 

(Summerscales et al. 2010). 

According to literature data, the chemical 

composition of investigated materials is: cotton - 

86-96% cellulose, 0.7-1.9% pectin, 0.4-1.2% 

waxes, etc. (Wakelyn et al. 2007); flax - 70-75% 

cellulose, 3-15% pectin, 8-15% waxes and 

hemicelluloses, 0.6-4% lignin (Abdel-Halim et al. 

2008, Manaia et al. 2019). 

Because there are differences in structure, 

composition, and properties between these raw 

materials, detailed information on the content of 

non-cellulosic attendants is needed to find 

suitable solutions in their processing. For 

example, pectin, a complex of polysaccharides of 

1-4 linked α-D-galacturonic acid molecules, 

esterified with methanol or as calcium salts 

(Dochia et al. 2013), must be removed from the 

substrate to improve the hydrophilic properties of 

fabrics. 

Infrared spectroscopy, due to its versatility, 

has become one of the most important analytical 

techniques available to researchers. As shown in 

previous studies (Dochia et al. 2018a, 2018b, 

2018c), the FT-IR ATR spectroscopy can be a 

simple and rapid technique to obtain data about 

the structure and constituents of cellulosic and 

lignocellulosic materials (Dochia et al. 2018a, 

Wang et al. 2006, Terpáková et al. 2012, Choe et 

al. 2018, Ouajai et al. 2005). This method allows 

the identification of specific bands for cellulose 

and non-cellulosic attendants' functional groups. 

Because in the FT-IR ATR spectra there are 

situations in which the characteristic bands of 

various vibrations overlap, a specific preparation 

of the samples (e.g. HCl vapour treatment of 

natural fibres) is required for a more accurate 

interpretation of the results (Wang et al. 2006, 

Choe et al. 2018). At the same time, the FTIR 
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ATR spectra allow obtaining information related 

to the amorphous and crystalline structure of the 

cellulosic polymer from raw materials. This is 

possible by calculating the Lateral Order Index 

(LOI) and the Total Crystallinity Index (TCI) 

using absorbance values (Ciolacu et al. 2011). 

The aim of this paper has been the accurate 

quantification of pectin content from cotton and 

flax raw woven fabrics by FT-IR ATR analyses. 

In this purpose, the raw cotton and flax samples 

were subjected to the action of HCl vapours and 

the relative absorbance values of pectin specific 

band were evaluated. 

 

MATERIALS AND METHODS 

Materials 

Samples from the following fabrics were 

analysed: 

- Raw woven cotton fabric with a width of 

150 ± 3 cm, the weight of 200 ± 10 g/m2, the warp 

of 100 % cotton yarn with Ne 25/2 and weft of 

100 % cotton yarn with Ne 25/1 (denoted as RC); 

- Raw woven flax fabric with a width of 120 

± 3 cm, the weight of 220 ± 10 g/m2 and 100 ± 1 

fibres/10 cm warp and weft density (denoted as 

RF);  

 

Method 

The experiments were made on 3 samples taken 

from different parts of the fabrics. Before being 

analysed, the samples were conditioned at 105 0C 

in a Sartorius MA 100 balance. In the case of 

samples subjected to the action of HCl vapours, 

the time exposure was 1 minute.  

FT-IR ATR spectra were obtained with a 

Bruker Vertex 70 spectrophotometer equipped 

with the ATR cell. The measurements were 

carried out on the 600 - 1800 cm-1 and 2600 – 

4000 cm-1 wavelength range with a resolution of 

8 cm-1 and 100 scans. For the acquisition and 

processing of data (normalization to the peak at 

615 cm-1 and baseline correction), the OPUS 

software was used. Before each measurement, a 

background calibration was done. 

 

RESULTS AND DISCUSSIONS 

Cotton and flax materials present several specific 

absorption bands for cellulose and non-cellulosic 

components (lignin, pectin, etc.). Figure 1 a and b 

presents the FT-IR ATR spectra of the RC and RF 

samples recorded on 600 – 1800 cm-1 and 2600 – 

4000 cm-1. 

The peak at 3338 cm-1 is characteristic of the 

hydrogen-bonded stretching vibration of the 

hydroxyl group (OH) from polysaccharides 

structures (cellulose and hemicellulose). The 

peaks observed at 2919 cm-1 and 2853 cm-1 are 

extra bands given by C-H stretching vibration of 

noncellulosic components like pectin and waxes 

which overlap with the specific signal of the same 

vibrations of cellulose and hemicellulose 

(Terpáková et al. 2012, Choe et al. 2018, 

Subramanian et al. 2005). 

 

 

a 
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Figure 1. FT-IR ATR spectra of 1- RC and 2 - RF samples on 2600 - 4000 cm-1 range (a) and 600 – 1800 cm-1 range (b) 

 

 

Comparing the extra bands obtained for the 

two types of samples analysed, it is observed that 

in the case of flax their intensity is higher than that 

of cotton. This suggests a higher content of waxes 

and pectins of the raw lignocellulosic material. 

The weak absorbance located in the FT-IR 

spectrum at 1735 cm-1 for cotton and 1737 cm-1 

for flax can be attributed to C = O stretching of 

methyl ester and carboxylic acid in pectin and 

waxes.  

Also, the literature mentions that in this FT-

IR region the signal of the acetyl group in 

hemicelluloses occurred (Ouajai et al. 2005). The 

antisymmetric stretching vibration of the 

carboxylate group (COO-) boned with Ca2+, 

specific for pectin, appears at approximately 1645 

cm-1 and overlaps with OH bending of absorbed 

water which is located between 1500-1700 cm-1 

(Choe et al. 2018). 

On 600 - 1500 cm-1, the specific and common 

bands for cellulose and hemicellulose were 

registered. The main infrared vibrations recorded 

on the above interval are presented in Table 1. 

The specific bands for lignin from the 

lignocellulosic samples were observed at 1278 

cm-1 and 809 cm-1 being given by the G ring and 

aromatic C-H stretching. 

 

 

Table 1. Main infrared signals on 600 - 1500 cm-1 range for 

the investigated samples (Dai et al. 2010) 

 

Wavenumber  

(cm-1) 
Vibration Compound 

1427 

HCH and OCH in-

plane bending 

vibration 

Cellulose 

1366 
In-the-plane CH 

bending 

Cellulose 

Hemicellulose 

1315 CH2 rocking vibration Cellulose 

1278 
C=O and G ring 

stretching 
Lignin 

1202 
C-O-C symmetric 

stretching 

Cellulose 

Hemicellulose 

1157 
C-O-C asymmetrical 

stretching 

Cellulose 

Hemicellulose 

1102, 1052, 

1028 

C-C, C-OH, C-H ring 

and side group 

vibrations 

Cellulose 

Hemicellulose 

897 

COC, CCO and CCH 

deformation and 

stretching 

Cellulose 

809 C-H vibration 

Aromatic 

hydrogen 

from lignin 

710, 664, 

615 

OH out-of-phase 

bending 
Cellulose 

 

Quantification of pectin content of samples 

Accurate quantification of the remanent pectin 

content of textile substrates it’s the main problem 

for bioscoured materials characterization when 

the FT-IR ATR technique is used. Bioscouring 

b 
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treatments, which aim the elimination of a large 

amount of pectin from cellulosic and 

lignocellulosic materials, involve the use of 

complexing agents such as EDTA or sodium 

citrate along with mixture of enzymes 

(pectatylases, pectinlyase, pectinesterases and 

polygalacturonases). 

Due to their specificity, these enzymes act 

differently on the pectin polymer. For example, 

pectinesterases act on methyl ester groups while 

polygalacturonases, pectin lyases and 

pectatylases depolymerize the pectic chain on 

which carboxylate groups are bound to Ca2+ ions. 

On the other hand, complexing agents causes the 

removal of Ca2+ from pectin bridges, destabilizes 

the cell wall structure and facilitates the pectin 

elimination under the action of enzymes 

(Kozlowski et al. 2006). 

The band absorbance values around 1735 cm-

1 cannot provide accurate information on the total 

amount of pectin from the substrate. The 1735 cm-

1 FT-IR signal is given only by COOCH3 and 

COOH groups in acid form, while the pectin 

fraction in the form of calcium salts of 1-4-D-

polygalacturonic acid cannot be quantified in this 

wavenumber range. On the other hand, due to the 

overlap of the OH bending of absorbed water with 

the COO- band recorded at 1550 cm-1 – 1700 cm-

1, the accurate quantification of the pectin content 

in this wavenumber range is quite difficult. (Dai 

et al. 2010, Ouajai et al. 2005, Dochia et al. 

2018c). 

To solve this inconvenience, the investigated 

samples of cotton and flax raw materials were 

treated with HCl vapour to convert the 

carboxylate groups from pectin to acid groups. 

Figure 2 presents the FT-IR spectra of cotton 

and flax raw materials after HCl vapour exposure. 

 

 
Figure 2. FT-IR ATR spectra of 1- RC and 2 – RF after HCl vapour exposure 

 

Comparing FT-IR spectrum from Figure 2 

with Figure 1b, it can be observed an increase in 

the band intensity located around 1735 cm-1 after 

the exposure of the samples to the action of HCl 

vapours.  

This behaviour can be attributed to the 

transformation of COO- groups from 

polygalacturonic chains into COOH groups. 

Table 2 shows the relative absorbance values 

of the C=O pectin bands from cotton and flax 

samples before and after HCl vapour exposure. 
Table 2. The relative absorbance values of cotton and flax 

samples before and after HCl vapour exposure 
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Samples 
Wavenumber  

(cm-1) 

A (a.u.)* 

RC - raw 1735 0.75232 

RF - raw 1737 1.47179 

RC - HCl 1734 2.96447 

RF - HCl 1737 4.63010 

* The average value of three determinations 
 

The data show that after the treatment with 

HCl vapours, the values of the relative absorbance 

of the C = O vibration band of pectin increased 

approximately 3 times for both types of 

investigated materials, this being in accordance 

with data presented in the literature by Choe et. al. 

(Choe et al. 2018). 

As expected, after the exposure of the 

samples to the action of HCl vapours, a decrease 

in the relative absorbance value of the ~ 1645 cm-

1 band was observed. Thus, in the case of cotton 

the relative absorbance value decreases from 

A1645 = 5.18473 (a.u.) to A1642 = 2.22794 (a.u.) 

and for flax from A1645 = 6.19413 (a.u.) to A1647 = 

3.70118 (a.u.). The relative absorbance values 

from Table 2 confirm higher pectin content in flax 

samples than in cotton, as was previously 

presented. 

In our opinion, after exposing the samples to 

the action of HCl vapours, the relative absorbance 

values of the bands located around 1735 cm-1 

allow a more precise quantification of the pectin 

amount from textile substrates. This procedure 

can be recommended for an accurate 

quantification of the amount of remanent pectin in 

the textile materials subjected to the bioscouring 

treatment. 

 

CONCLUSIONS 

An accurate quantification of pectin content from 

cotton and flax raw woven fabrics after exposure 

to HCl vapours was performed by FT-IR ATR 

analyses. The relative absorbance of pectin-

specific bands was evaluated. The results showed 

an increase in the band intensity values located at 

~ 1735 cm-1 and a decrease of the one from ~ 1645 

cm-1 after the exposure of the samples to HCl 

vapours due to the transformation of the (COO-) 

linked with Ca2+ groups into acidic carboxylic 

groups. 

Based on the obtained results, this procedure 

can be useful for the quantification of the 

remanent pectin from textile substrates after 

bioscouring treatment. 

 

ACKNOWLEDGEMENTS 

This work was supported by a grant of the 

Romanian National Authority for Scientific 

Research and Innovation, CNCS-UEFISCDI, 

project number PN-II-RU-TE-2014-4-1370, 

and 

„Centru de Cercetare în Științe Tehnice și 

Naturale-CESTN” co-funded by European Union 

through European Regional Development Fund 

Structural Operational Program “Increasing of 

Economic Competitiveness” Priority axis 2. 

Operation 2.2.1. POSCCE Nr. 621/2014 POS-

CCE. 

 

REFERENCES 

Abdel-Halim, E.S., Fahmy, H.M., Fouda 

Moustafa, M.G., 2008. Bioscouring of linen 

fabric in comparison with conventional chemical 

treatment. Carbohydrate Polymers 74, 707–711. 

Choe, E. K., Lee, M., Park, K. S., Chung, C., 

2018. Characterization of cotton fabric scouring 

by Fourier transform-infrared attenuated total 

reflectance spectroscopy, gas chromatography 

mass spectrometry and water absorption 

measurements. Textile Research Journal 0(00), I -

II. 

DOI:10.1177/0040517518790976journals.sagep

ub.com/home/trj. 

Ciolacu, D., Ciolacu, F., Popa, V.I., 2011. 

Amorphous cellulose – structure and 

characterization. Cellulose Chemistry and 

Technology 45, 13-21. 

Dai, D., Fan, M., 2010. Characteristic and 

Performance of Elementary Hemp Fibre. 

Materials Sciences and Applications 1, 336-342. 

Dochia, M., Stanescu, M. D., Constantin, C., 

2013. Calcium content indicator of scouring 

efficiency. Fibres & Textiles in Eastern Europe 

21, 3(99), 22-25. 

Dochia, M., Chambre, D., Gavrilaș, S., 

Moisă, C., 2018a. Characterization of the 

complexing agents’ influence on bioscouring 

cotton fabrics by FT-IR and TG/DTG/DTA 

analysis. Journal of Thermal Analysis and 

Calorimetry 132, 1489–1498. 

Dochia, M., Pustianu, M.,·Moisă, 

C.,·Chambre, D.,·Gavrilaş, S., 2018b. Sodium 

citrate as an eco‑friendly complexing agent for 

the bioscouring treatment of the 

24



Scien. Tech. Bull-Chem. Food Sci. Eng., Vol. 17 (XVIII), 2020, 20-25 

 

cellulosic/lignocellulosic fabrics. Chemical 

Papers 72, 1881–1888. 

Dochia, M., Chambre, D., 2018c. 

Characterization of alkaline and enzimatically 

treated hemp fibres by FT-IR ATR spectroscopy. 

Scientific and Technical Bulletin, Series 

Chemistry, Food Science & Engineering 

15(XVI), 18-22. 

Eichhorn, S. J., Baillie, C.A., Zafeiropoulos, 

N., Mwaikambo, L. Y., Ansell, M. P., Dufresne, 

A., Entwistle, K. M., Herrera-Franco, P. J., 

Escamilla, G. C., Groom, L., Hughes, M., Hill, C., 

Rials, T. G., Wild, P. M., 2001. Review-Current 

international research into cellulosic fibres and 

composites, Journal of Materials Science, 36, 

2107 – 2131. 

Jering, A., Gunther, J., Raschka, A., Carus, 

M., Piotrowski, S., Scholz, L., 2010. Use of 

renewable raw materials with special emphasis on 

the chemical industry. ETC/SCP report 1/ 2010, 

http://scp.eionet.eu.int. 

Karus, M., Kaup, M., 2002. Natural fibres in 

the European automotive industry. Journal of 

Industrial Hemp 7(1), 119-131. 

Kozlowski, R., Batog, J., Konczewicz, W., 

Mackiewicz-Talarczyk, M., Muzyczek, M., 

Sedelnik, N., 2006. Enzymes in bast fibrous plant 

processing. Biotechnology Letters 28, 761–765. 

Manaia, J.P., Manaia, A.T., Rodriges, L., 

2019. Industrial Hemp Fibers: An Overview. 

Fibers 7(12), 106-121. 

Ouajai, S., Shanks, R.A., 2005. Composition, 

structure and thermal degradation of hemp 

cellulose after chemical treatments. Polymer 

Degradation and Stability 89, 327-335. 

Perepelkin, K.E., 2005. Polymeric materials 

of the future based on renewable plant resources 

and biotechnologies: fibres, films, plastics. Fibre 

Chemistry 37, 417-430. 

Pursley, D., Lay, L., Maloney, J., Cudd, S., 

Owens, A., Kerr, J., Sikander, Z., Radvansky, S., 

2005. Cotton – the fibre of our web quest, p.14. 

Puşcas, E.L., Stănescu, M.D., Fogorasi, M., 

Dalea, V., 2002. Dezvoltarea durabilă prin 

protecţia mediului şi biotehnologii textile, Ed. 

Universităţii Aurel Vlaicu Arad, pp. 1-17. 

Subramanian, K., Senthil Kumar, P., Jeyapal, 

P., 2005. Characterization of ligno-cellulosic seed 

fiber from Wrightia Tinctoria plant for textile 

applications—an exploratory investigation. 

European Polymer Journal 41, 853–61. 

Summerscales, J., Dissanayake, N.P.J., Virk, 

A.S., Hall, W., 2010. A review of bast fibres and 

their composites. Part 1 – Fibres as 

reinforcements. Composite A 41, 1329-1335. 

Terpáková, E., Kidalová, L., Eštoková, A.,. 

Čigášová, J., Števulová, N., 2012. Chemical 

modification of hemp shives and their 

characterization. Procedia Engineering 42, 931 – 

941. 

Wakelyn, P.J., Bertoniere, N.R., French, 

A.D., Thibodeaux, D.P., Triplett, B.A., Rousselle, 

M.A., Goynes, W.R., Edwards Jr., J.V., Hunter, 

L., McAlister, D.D., Gamble, G.R., Cotton Fibers. 

In: Handbook of Fiber Chemistry. 3th -ed, 

Menachem L. editors. Taylor & Francis Group, 

New York, 2007, pp. 523. 

Wang, Q., Fan, X., Gao, W., Chen, J., 2006. 

Characterization of bioscoured cotton fabrics 

using FTIR ATR spectroscopy and microscopy 

techniques. Carbohydrate Research 341, 2170–

2175. 

 
 

 Open Access  

This article is licensed under a Creative Commons 

Attribution 4.0 International License, which permits use, 

sharing, adaptation, distribution and reproduction in any 

medium or format, as long as you give appropriate credit to 

the original author(s) and the source, provide a link to the 

Creative Commons license, and indicate if changes were 

made. The images or other third party material in this article 

are included in the article’s Creative Commons license, 

unless indicated otherwise in a credit line to the material. If 

material is not included in the article’s Creative Commons 

license and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to 

obtain permission directly from the copyright holder. 

To view a copy of this license, visit 

http://creativecommons.org/licenses/by/4.0/. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25

http://scp.eionet.eu.int/



