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A B S T R A C T 
 

Cellulose is one of the most abundant organic chemical material in the world which is a 

raw material for several fields. In many cases this material is appearing as residue in the 

agriculture and forestry. Thus the application of cellulose as secondary raw material is 

desirable which requires a rapid estimation method reflecting the potential amount of 

cellulose stocks. The remote sensing based Cellulose Absorption Index (CAI) is an 

adequate method to make objective estimations of the quantity plant litters on soil 

surfaces. By the application of infrared spectroscopy CAI can be calculated to make rapid 

estimation of cellulose content in laboratory scale. In this research work cellulose contents 

of sweet sorghum bagasse were measured by the method of Van Soest. Based on the 

absorbance values determined in A.U. CAI values of the sweet sorghum bagasse samples 

were calculated. As a result a notable correlation (R2=0.733) was found between the 

measured cellulose values and the modified Cellulose Absorption Index.  

  

1. Introduction 

Plant fibers have high strength, low density and high sustainability (Hepworth et al. 2000; Madsen 
& Lilholt 2003). According to Klinke et al. (2001) the fiber tensile strength and elastic modulus 

depend on the cellulose content squared. Cellulose is a linear structured glucose polymer which is the 

most abundant material appearing in the world (Granström 2009). As a chemical raw material, 

cellulose and its derivatives are widely utilized in many fields, such as the production of paper, textile 

and pharmaceuticals (Lavanya et al., 2011).  

Primer biomass is widely used for energy purposes but the utilization of the secondary biomass 

sources can be more adequate in the sustainable energy production. Cellulose as a by-product of the 

agricultural industries or energy crops, is digestible by microorganisms for energy (Watanabe 2013) 

hence bioethanol produced from cellulosic biomass is a promising renewable energy source (Wagner 

& Kaltschmitt 2013). In contrast to first generation bioethanol, which is derived from sugar or starch, 

cellulosic ethanol may be produced from agricultural residues. The ability to make fuel from locally 

sourced, secondary non-food feedstocks makes cellulosic bioethanol an effective method for reducing 

dependence on fossil fuels.  

Based on the utilization possibilities the determination of cellulose content in plants can be very 

important. Cellulose is a basic compound of the cell wall and appearing with hemicelluloses and lignin 

which make the determination process difficult. The determination of these fibers is based on chemical 

processes (Van Soest et al. 1991; Zhao et al. 2009; Erdei 2013; Khalil et al. 2015). Chemical 

determination of cellulose and other fibers of the cell wall is a difficult and time consuming process 

while in several fields of the agriculture the application of non-invasive spectral measurements 

provides rapid and reliable data (Riczu et al. 2012; Nagy et al., 2014). By the utilization of applied 

informatics spectral data can be visualized as spectral curves moreover several mathematical 
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opportunities are available. Thus the application of vegetation indices (e.g.: Leaf Area Index, 

Normalized Difference Vegetation Index, Enhanced Vegetation Index etc.) calculated by spectral data 

can be an adequate method to receive information rapidly about plant vegetation. In the field of 

cellulose content determination the Cellulose Absorption Index (CAI) can be utilized which was 

worked out to discriminate plant litter from soil based on the absorbance values of electromagnetic 

radiations in the range of 2000 nm to 2200 nm (Daughtry et al., 1996). 

In this study the analysis of spectral curve of sweet sorghum bagasse was made so as to calculate a 

modified CAI. Index values were compared with the measured cellulose contents in order to evaluate 

reliability of the index values within laboratory scale. The goal of the current research work was to 

evaluate the application possibilities of CAI in the field of rapid determination of cellulose. 

2. Materials and methods 

Sorghum bagasse was derived from the Research Institute of Karcag. After chopping, the air-dry 

bagasse was grinded first with a rough-, then a fine grinder (Condux) in order to achieve the size from 

0.1 mm to 2 mm. Fiber content determinations of the sorghum bagasse samples were conducted 

according to Georging & Van Soest (1975) where samples were analyzed to acid-detergent fiber 

fraction (ADF), neutral detergent fiber fraction (NDF) and acid detergent lignin (ADL) (Figure 1). 

Due to the time consuming characteristics of this analytical process (approximately 6,5 hours/sample) 

this preliminary research work was based on the results of 27 sorghum samples. 

 

Figure 1. Determination scheme of carbohydrate fibers based on the findings of Van Soest 

The calculation of cellulose content were done as follows: 

Cellulose content = ADF - ADL 

The absorbance measurements were carried out by AvaSpec NIR256-2.5-HSC Fiber Optic 

Spectrometer within 1000–2500 nm interval. During the measurement the average spectral resolution 

was 6.43 nm. The AvaSpec 2048 system consists of a spectrometer (detector) and connected by an 8 

μm core diameter fiber optic standard AvaLight-HAL-MINI halogen light source (Figure 2). The 

accurate measurement was provided by a special spectral sampling black box, since the samples were 
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isolated from the external light. The end of the optical fiber was positioned 5 mm above the surface of 

each sample. Spectral data were managed by AvaSoft 8.2 software.  

       

Figure 2. Light source, detector and sampling black box of the applied spectrometer 

During the measurements the integration time was set as 57.03 ms while absorbance spectral data 

were worked out as averages of 30 measurements with a pixel smoothing number of 3. Spectral data 

were exported to Microsoft Office Excel in order to visualize spectral curves in a same plot and to 

make further calculations. Measurements were done on air-dry samples in order to avoid the alteration 

of spectral curves caused by water. Absorptions in the 2000 nm to 2200 nm range are sensitive to 

cellulose (Nagler et al. 2003), so that based on the measured spectral data within this interval the 

Cellulose Absorption Index was calculated (Eq. 1) which is a commonly used index to indicate 

exposed surfaces containing dried plant material (Daughtry 2001; Daughtry et al. 2004). This index 

provides the possibility to discriminate pure soil surfaces from pure scenes of some crop residues and 

tree litters in the case of arable lands (Daughtry et al. 1996; Nagler 1997). Based on the detected 

reflectance values this index ranges from -3 to more than 4. Positive values of CAI represent the 

presence of cellulose while a negative value means the absence of this chemical material. 

Eq. 1   CAI = 0.5(ρ2000 + ρ2200)-ρ2100 

According to Elvidge (1988; 1990) 2100 nm, 2180-2220 nm and 2310-2380 nm spectral ranges are 

sensitive to lignocellulose compounds. Thus the presence of hemicellulose and lignin can modify the 

value of CAI.  

In this research CAI values were calculated by the measured absorbance values determined in A.U. 

(Absorbance Unit) in order to evaluate the application possibilities of this index to determine cellulose 

content in plant materials if it is calculated by absorbance values directly. The relation of cellulose 

content and the modified CAI was evaluated by linear regression analysis using R statistical software 

with R Studio user surface (R Core Team 2016). 

3. Results and discussion 

Based on the measured data the average Acid Detergent Fiber content was 42.63% with the 

standard deviation of 4.32%. In the case of Acid Detergent Lignin the average value was 3.80±2.15%. 

According to the calculations cellulose contents were varied between 36.31% and 42.84%. The 

average cellulose content of the samples was 38.55% with a standard deviation value of 1.69% and 

38.56% median value.  

In the case of the spectral curves of the evaluated sweet sorghum samples two low points and a 

peak point were detected in the spectral bands which are used in the calculation of CAI. Low points 

were detected at the wavelength of 2000 nm and 2200 nm, while the peak point were detected at the 

wavelength of 2100 nm (Figure 3). The absorbance spectra of sweet sorghum samples with different 

cellulose content were alike regarding the shape, but differences were detected in the intensity of 

absorption.  
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Correlation between absorbance values detected on the wavelength’s of 2000 nm (R2=0.01), 2100 

nm (R2=0.04), 2200 nm (R2=0.02) and cellulose contents were not found. The reason of this 

phenomenon can be the fact that CAI was worked out for remote sensing detecting soil covering plant 

litters. Thus CAI estimate the senescent plant covering of soils and do not assess directly the spectral 

features of cellulose content in plant materials. In this case the spectral features of soil surface stoutly 

prevail. Spectral characteristics of soils and plant materials are different therefore lands with different 

rate of plant litter covering can be distinguished based on their heterogenic spectral characteristics. In 

that case cellulose sensitivity is strongly corresponding with the plant litter ground cover, and not with 

the exact amount of cellulose content. 

In this study the cellulose content of plant textures were evaluated, and cellulose contents were not 

heterogenic enough so as to detect differences among the evaluated samples in the spectral bands of 

CAI. Nevertheless further calculations were carried out by spectral bands of CAI based on the 

scientific results of Roberts et al. (1990, 1993), Daughtry et al. (1996) and Nagler et al. (2003).  

 

Figure 3. The spectral curve of the average absormance values  

Regarding the average value of the calculated Cellulose Absorption Index value was -0.063 with 

the standard deviation of 0.009. CAI values between -0.078 and -0.042 were characteristic to the 

evaluated sweet sorghum bagasse samples. Negative CAI values basically referring to the absence of 

cellulose in so far as it is determined by reflectance. However this index is basically applied to 

quantify plant litter on soil surface the values showed a strong correlation with the calculated cellulose 

contents (R2=0.733) nevertheless CAI values were negative (Figure 4). This phenomenon probably 

caused by the change of the reflectance values to absorbance values in the equation. 
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Figure 4. The correlation of Cellulose Absorption Index with the measured cellulose contents 

In the study of Daughtry et al. (1996) CAI (calculated by reflectance) was applied to discriminate 

plant litters from soil surface and the absorption features of this index were described as the depth of 

the lignocellulose absorption feature. Nevertheless strict correlation with CAI was found only in the 

case of the cellulose content of these materials. Correlation of CAI values between lignin (R2=0.01), 

hemicellulose (R2=0.01) or total lignocellulose (R2=0.05) contents were not found. Thus 

discrimination of plant litter from pure soil surface by CAI can be based on the cellulose content of 

these materials.  

According to results Cellulose Absorption Index determined by absorbance can be adequate for the 

rapid estimation of cellulose content in plant materials so as to qualify plant materials. By this way of 

spectral analysis can result rapid result of cellulose content which can be a useful information in 

several specific agricultural fields. 

3. Conclusions 

Cellulose Absorption Index is a commonly used vegetation index in the field of remote sensing 

discriminating plant materials from pure surfaces. The determination of this index is based on the 

reflectance features of the spectral bands of 2000 nm, 2100 nm and 2200 nm. According to the results 

of this preliminary study Cellulose Absorption Index is an adequate value to estimate cellulose content 

in plant materials on laboratory scale. By the application of infrared spectroscopy with applied 

informatics tools rapid values can be received about cellulose contents. These results can useful in the 

process of plant breeding (e.g.: in breeding methods to eliminate risks caused by falling down), or in 

the field of bioenergy as well (Lee et al. 2017). According to some scientific results CAI is applicable 

to dry senescent plant materials but in the current study correlation was found only between CAI and 

cellulose content. Therefore our further studies will focus on the determination of spectral bands 

which are potentially sensitive for hemicellulose and lignin and the total lignocellulose content which 

are also important compounds of dry senescent plant materials. 
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