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Abstract

Sugarcane tops are crop residues and one of a major by- product of sugarcane
production. They have been used as an alternative ruminant forage and a material for
bioethanol synthesis. Chemical compositions inside them have a strong influence on the
ethanol yield and are necessary for balancing feed ration. The objective of this study was
to evaluate the possibility of near infrared (NIR) spectroscopy for a rapid determination
of chemical compositions in sugarcane tops. Fresh sugarcane tops were harvested and
evaluated for contents of dry matter, crude protein, ash, NDF, ADF, cellulose and lignin.
The sugarcane tops were chopped and used for the NIR measurements which were performed
using reflectance FT-NIR spectroscopy in the region of 9000-4000 cm™'. Data analysis was
performed using partial least square (PLS) regression. The performances of PLS models
for predicting dry matter and crude protein were better than other chemical composition with
ratio of standard deviation to standard error of validation ( RPD) higher than 3, while
the prediction models of fiber related component provided moderate accuracy with RPD<3.
The results suggested that NIR spectroscopy had a potential to be a rapid and effective method
for the determination of dry matter and crude protein in sugarcane tops, while the prediction

accuracy of fiber parameters was not satisfied.
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Introduction

Sugarcane is one of a major economic plant in Thailand, which has been produced
over 100 million tons per year for sugar production. The main by-products of sugarcane
industry are sugarcane top, bagasse, and molasses (Solomon, 2011). The sugarcane tops are
the first by-product of the sugar milling process that are discarded and are often burned on
the field. However, they can be utilized either for feeding livestock and producing bioethanol.
The green tops have been removed from the sugarcane at an arbitrary point, resulting in the
variations in the chemical compositions which effects the quality of animal feed and ethanol
product (Naseeven, 1988; Dodo et al., 2017; Kebede et al., 2018). Their high variations in
nutritive value are also depended on soil condition, pre-harvesting methods, plant maturity
and the amount of leaves (McKenzie et al., 2007; Puriya et al., 2020). For livestock production,
there are many studies reported the use of sugarcane tops as feed supplements for ruminants,
such as dairy cattle, beef cattle, lamb and goat (Alemzadeh & Noroozy, 2006; Mahala et al.,
2013; Salinas-Chavira et al., 2013). The fresh sugarcane tops are highly palatable with good
intake characteristics for livestock (Suttie, 2000). They have also been ensiled to increase
the nutritive values of the cane tops and improve the livestock production performance
(Alemzadeh & Noroozy, 2006; Kebede et al., 2018). For a decade, sugarcane residues have also
been used as a raw material for bioenergy production, and sugarcane tops and leaves can be
a renewable source to produce the bioethanol (Chandel et al., 2012; Dodo et al., 2017).

To be used as raw materials for either bioethanol or livestock feed productions,
understanding chemical composition of sugarcane tops is needed. Traditionally, methods for
chemical analyses are laborious, time-consuming and chemical waste. At present, however,
the analyses need to be fast and affordable to help making decisions in large industries. Near
infrared (NIR) spectroscopy is one of popular techniques for quality evaluation in agricultural
and livestock products. The major advantages of NIR spectroscopy are a rapid, nondestructive
and multicomponent analysis. It has been widely used for analyses of chemical compositions
in livestock feed and forage, such as feed maize, cowpea and napier grass (Rosales et al., 2011;
Baloyi et al., 2013; Maleko et la., 2019). Some studies have also reported the usefulness of NIR
spectroscopy for determining chemical composition of agricultural biomass (Kelley et al., 2004;
Liu et al., 2010). Therefore, in this study, we aimed to evaluate the feasibility use of NIR
spectroscopy for determination of chemical composition in sugarcane tops as a less sample

preparation and rapid analysis method.
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Materials and methods
Sugarcane tops and sample preparation
Sugarcane tops were collected from the sugarcane farms in Phitsanulok and
Kamphaeng Phet Province, Thailand. The cane tops were chopped (length of cut = 0.5 cm) for

further measurement.

NIR measurement and data analysis

The NIR spectra of chopped sugarcane tops were acquired using a multi- purpose
analyzer (MPA) FT-NIR spectrometer (Bruker, Bremen, Germany). The spectral acquisitions, in
the region of 9000-4000 cm™, were performed in rotating-reflectance mode using a quartz cup
as a sample holder at room temperature (25+1°C) with 32 scans.

For data analysis, preprocessing of NIR spectra using the standard normal variate
method was done to eliminate the spectral slope variation and scattering effects (Zaid et al.,
2020). The calibration models of each chemical composition were then performed by partial
least squares (PLS) regression using the OPUS program version 7.8 (Bruker, Bremen, Germany).
The statistics used to develop and evaluate the equations included the correlation coefficient
of the calibration (R), root mean square error of estimation (RMSEE), root mean square error of
cross validation (RMSECV) and ratio of standard deviation to standard error of validation (RPD),
described by Thanapase et al. (2012).

Analysis of chemical composition by reference method

After the NIR measurement, the sugarcane top samples were dried at 60°C for 36 h,
ground through a 1 mm sieve screen and then kept in a desiccator until used. Dry mater (DM),
crude protein (CP) and Ash were determined according to the procedures described by AOAC
(2000), while acid detergent fiber (ADF), neutral detergent fiber (NDF), cellulose and lignin were

determined following the procedures of Van Soest and Robertson (1991).

Results and Discussion
Total of 35 sugarcane top samples with the values of chemical compositions as shown
in Table 1 were used in this study. The NIR-reflectance spectra of the cane top were shown in
Figure 1. Two strong absorption bands were observed around 6924 cm™ and 5238 cm ™ which
were mainly attributed to water content of sugarcane (Kasemsumran et al., 2010; Taira et al.,

2013). The scattering effect observed in the original spectra were removed by the preprocessing
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Table 1. Characteristics of chemical quality of sugarcane tops used for establishment of

calibration models

. . Dry Crude o
Quality trait . NDF ADF Cellulose  Lignin  Ash
matter protein

Sample no. 35 35 33 34 35 35 33
Mean (%) 25.12 4.02 52.11 48.26 10.26 4.63 8.22
Minimum (%) 15.56 2.59 42.52 40.71 8.46 3.52 572
Maximum (%) 35.99 5.21 68.99 53.57 12.55 6.20 10.04
SD 517 0.85 6.38 3.38 0.98 0.85 1.21

of the standard normal variate method (Figure 1B). The PLS results for determination
of chemical compositions of the cane top samples were shown in Table 2. In the calibration
set, the correlation coefficients of all studied parameters were above 0.90. Among all
parameters, the dry matter showed the best prediction results with the highest correlation
coefficient and the RPD value (R = 0.98 and RPD = 3.56, respectively). The RPD ratios of
cross-validation equations for dry matter and crude protein were larger than 3, which was
the recommended minimum values by Williams and Sobering (1996). The RPD values from
the NDF and ADF cross-validation equations observed in this study were quite low (<2) when
compared with the previous researches that reported the prediction of NDF and ADF in forage
and grasses (RDP > 3) (Yang et al., 2017). Samadi et al. (2020) suggested that predictive
performance of ADF and NDF in feed might vary and could be improved depends on the
method used for the spectral per-processing. However, in this study, we selected the standard
normal variate method as a pre- processing method, which we believed that it could remove
the scattering effect from homogeneous chopped top samples. Therefore, these low RPD
values in this study might be due to the improper pre-processing method. Figure 2 shows
the good correlation between the NIR-predicted values and the actual values of dry matter
and protein content with correlation coefficient of validation set (r) over than 0.9. However,
the slightly low accuracy (r<0.8) was observed for the prediction of fiber contents; ADF, NDF,
cellulose and lignin (data not shown). These unsatisfied results is probably related to improper
preprocessing method and low variation of the samples used in this study (Shetty et al., 2012,
Samadi et al., 2020).
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Table 2. PLS calibration and prediction results for quality traits of sugarcane tops

Quiality trait Rank R RMSEE RMSECV Bias RPD
Dry matter 6 0.98 1.23 1.44 0.062 3.56
Crude protein 7 0.93 0.14 0.27 -0.003 3.21
NDF 9 0.95 3.88 4.14 0.138 1.98
ADF 5 0.92 1.04 1.75 -0.122 1.91
Cellulose 9 0.96 0.23 0.39 -0.027 2.51
Lignin 9 0.94 0.17 0.38 0.009 2.24
Ash a4 0.90 0.43 0.48 0.011 2.46

Rank: number of modified PLS factors used in calibration; R: correlation coefficient of calibration set;
RMSEC: root mean square error of calibration; RMSECV: root mean square error of full-cross validation;

RPD: ratio performance deviation
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Figure 1. Original spectra of paddy rice samples (A) and the spectra after the standard normal

variate preprocessing (B)
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Figure 2. Scatter plots between actual and NIR-predicted chemical values in validation set

Conclusion
The study showed that NIR spectroscopy was capable for the determination of dry
matter and protein content in sugarcane tops as rapid and non-destructive method. However,
in this study, the unsatisfied PLS results were observed for the prediction of ash and fiber
contents. The performance of NIR spectroscopy, therefore, could be improved by study the

effect of preprocessing method and including the larger data set.
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