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Abstract

Raman microspectroscopy is applied for analysis of milk and dairy products.

The quality of spectra depends on type of the sample as well as on monitoring
parameters. In the case of diluted samples problem can occure due to fluores-
cence of water. The choice of objective, duration of acquisition and temperature
are essential for obtaining a good quality spectrum.

Raman spectroscopy, vibrational spectroscopic technique based on inelas-
tic light scattering, provides qualitative and quantitative information about
numerous types of samples and has therefore been applied in various research
fields. Application of Raman spectroscopy in food science includes industri-
ally oriented process and quality control, compositional analysis as well as
more in-depth research utilization (examination of structure and structural
changes of food components). Compared to another vibrational spectroscopic
technique - IR absorption spectroscopy — Raman spectroscopy is more suitable
for studying complex food systems, primarily due to the weak Raman scatter-
ing properties of water (Li-Chan 1996).
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However, several questions arise during the course of Raman analysis. There-
fore, in order to employ the full potential of this powerful technique and to
acquire satisfactory spectra it is important to appropriately setup the Raman
system by tuning several parameters (excitation wavelength i.e. laser, acquisi-
tion time, spectral range) and in addition to consider specific issues coming
from the particular analyzed sample (Koca et al. 2010).

Raman spectroscopy is generally well-known for lack of sample preparation.
As an illustration, for solid dairy products (cheeses, butter etc.) it is sufficient
just to place the sample on the microscope slide. At the same time analysis
of liquid dairy products (milk, yogurt etc.) requires employment of appropri-
ate sample holder. Even though most of the Raman systems are equipped with
specialized accessories for the analysis of liquid samples, where the cuvette is
utilized, one can simply use custom-made sample container placed on micro-
scope slide. For this purpose plastic cylinders are usually the best choice. Fur-
thermore, usage of glass cuvette for analysis of milk has not shown best results
because of the high turbidity of milk.
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Figure 1: Fluorescence in analysis of milk samples.
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Major drawback of Raman spectroscopy is the occurrence of fluorescence,
and in the case of milk and dairy products it occurs with 532 nm lasers. Accord-
ing to Nedeljkovi¢ et al. (2016) the spectral region 1800-800 cm™" is important
for milk fat analysis, which is almost completely overlapped by fluorescence by
laser at 532nm (Figure 1). This drawback can be overcome by using lasers of a
higher wavelength (785 nm, 1064 nm) (Figure 1.), at the expense of lower peak
intensities. However, with the selection of slightly longer acquisition time, high-
quality spectra can easily be acquired. Similarly, longer acquisition time (longer
than 45 s) is also required for analysis of milk (Figure 2.). As can be seen, the
short acquisition time provides only strong intensity of the CH,and CH, vibra-
tions (around 2900 cm™), while increasing of the acquisition time enables clear
visibility of peaks from milk sugars and proteins (Janior et al. 2016) or from
milk fat (Nedeljkovié et al. 2016). In contrast, with various “concentrated” milk
systems (milk powders, cheese, kajmak etc.) where the water content is lower
compared to milk, acquired spectra intensities are higher; hence acquisition
time of 10 - 20 s is sufficient for satisfactory spectra.
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Figure 2: Influence of acquisition time on quality of milk spectra.



174 Application of Molecular Methods and Raman Microscopy

Another important feature in the Raman analysis of dairy products is the
selection of objective which is used to focus the laser light to the sample. Gen-
erally if the specific task of the analysis is to examine the bulk of dairy product,
and not to address the specific micro-structural issue, it is better to use the
objective of lower magnification (x10, x5). The microscope can be used to get
data successfully, but using small spot sizes can be very difficult for systems
that can phase separate or contain domains of well-defined shape and refrac-
tive index — such as a lipid spheres i.e. milk fat globules. This can be addressed
by taking multiple sample spot measurements on one sample or even mapping
one of the samples to prove that domains are not a serious issue.

Finally, sample temperature during the spectra acquisition is quite important
for Raman measurements (Abbas et al. 2009, Baeten et al. 2005). For that rea-
son, consideration should be given to the selection of appropriate temperature
and the selected temperature should be used throughout the given analysis.
This is especially important for high-fat dairy products (cream, butter, high-
fat cheeses) since the structural properties of the milk fat change considerably
with the change of temperature and since the part of spectra in the “fingerprint”
region corresponds to physical state of milk fat. Nevertheless, it was observed
that holding the sample at room temperature for approximately 30 - 60 min
prior to analysis would give adequate results. In the case of other temperatures,
it is necessary to use temperature control system.
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