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Abstract

Sucrose is a widely used food ingredient. There are two main sources that sucrose can be obtained. While sugar cane is dominating 80% of the world market, 20% of
sucrose is produced by using sugar beet. Although beet and cane sugar both are sucrose based, differentiation of the source of sucrose can be very difficult by chemical
methods. Plant source and production processes may give different results when inspected by various spectroscopic methods like Isotope ratio-mass spectrometry (IRMS),
nuclear magnetic resonance (NMR) spectroscopy and different types of optical spectroscopy (UV-VIS-NIR) even tough sucrose molecules are same. Differential Scanning
Calorimeter has also been used for that purpose. In this study sucrose samples from both sources and nine different countries were measured for potential use of
spectrophotometric techniques. Absorbances of 25% (w/w) sucrose water solutions were measured in the region 200-1380 nm and differences in spectral signatures were
observed in 200-600 nm region. For statistical data analysis of obtained spectra, principal component analysis (PCA) was used. As a result of this preliminary work, it was
shown that the representation of the measured spectra in the three-dimensional space of the principal components makes it possible to differentiate sources of sucrose.
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Sugar is one the unique multifunctional ingredient
(taste, fermentation substrate, texture, structure,
conservation and color) for food industry. An important
actor for the confectionary sector, sucrose, can be
produced from both sugar cane and sugar beet.
Although, cane sugar and beet sugar are completely
sucrose based, there can arise some differences due to
the plant and production processes which they are
obtained.
The presence of polysaccharides in sugar beet and cane juices causes diverse
negative effects during sugar manufacture like increase in viscosity, blockage in
the processing line, pump and filters, or change in crystallization behavior
(Abdel-Rahman, 2007). Therefore, it is really important to understand the source
of the sugar present in the market. Since cane sugar and beet sugar are
completely sucrose based, it can be quite difficult to detect the source of the
sugar by chemical methods.

Spectroscopy is rapid analytical method has been used in many food
applications including rice authenticity, wine maturation and chocolate
production (Khodasevich et al., 2010; Tarkošová & Čopíková, 2000; Teye, Amuah,
McGrath, & Elliott, 2019). Spectroscopic methods can be used for determining
the sucrose content in chocolate mass (da Costa Filho, 2009). Therefore, beet
and cane sugar identification seems to be an interesting application to be
examined by spectroscopy. Spectroscopic techniques produce spectrum that
provides lots of information which can be exploited using multivariate
mathematic mathematics and statistic analysis. Principle component

analysis is one of the statistical methods used for
explorative data analysis, outlier detection, graphical
clustering and classification. In this study it is aimed to
investigate the ability of spectrophotometric methods
on differentiation of beet and cane sugar.
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Sucrose samples obtained from both sugar cane and sugar beet were collected
from different countries. 15 different sucrose samples were examined for this
study.

For the measurements, 25% (w/w) sugar solutions were prepared. Absorbance
spectra of sucrose solutions were measured by double-beam scanning
spectrophotometer Shimadzu UV-3101 in 200–1380 nm spectral range with 1 nm
resolution. Measurements were carried out in replicates (4-10 depending on the
sample amount).

Principle component analysis (PCA) for the samples were performed with the
MATLAB software.
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Figure 1. Spectra of 15 samples from different countries and different sources

Figure 3. Score plot for spectra of 15 samples. 

A quick look at the collected spectra shows
that the visual information can be
differentiated in Ultra Violet (UV) region. PCA
was carried out to find number of
components to represent the data set. Results
showed that two component explains 99% of
the total variance of spectra (Figure 2).

Each class is shown with different color for a
better visualization (Figure 3). Results showed
that source of unknown samples can be
determined. In this study, it can be deduced
that the unknown samples are cane sugar.
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Figure 2.  Dependence of the explained
variance on the number of components
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