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Near Infrared Spectroscopy and aquaphotomics for monitoring changes during yellow cheese
ripening
S. Atanassova*
Department of Biochemistry, Microbiology and Physics, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
Abstract. The aim of the study has investigation of the feasibility of Near Infrared Spectroscopy (NIRS) and aquaphotomics as a tool for the monitoring a
changes during ripening of Bulgarian yellow cheese from cow milk. The cheeses were made according to Bulgarian national standard for Bulgarian yellow
cheese from cow milk. Samples for spectroscopic and chemical analysis were taken after 1, 15, 20, 25, 30, 35, 40 and 45 days of ripening. Total protein, watersoluble protein, dry matter and titratable acidity were determined for all samples. NIRS measurements were performed by NIRQuest 512 spectrometer (Ocean
Optics, Inc.) in the region 900-1700 nm using reflection fiber-optics probe. Aquagram coefficients were calculated. Differences in spectral data of cheese
samples in the range of first overtone water region from 1300-1550 nm were found. The changes of aquagram patterns of cheese samples were significant.
Investigation of aquagrams showed decreasing the free water and the number of hydrogen bonding of water molecules and increasing of solvated water in the
process of ripening. Changes in aquagram patterns depend mainly on changes in titratable acidity and protein fraction in cheese during ripening. We can
conclude from obtained results that NIR Spectroscopy and aquaphotomics has a potential for monitoring cheese ripening stage.

Keywords: Bulgarian yellow cheese, ripening, aquaphotomics, near-infrared spectroscopy
Abbreviations: NIRS – near-infrared spectroscopy, WAMACS – water matrix coordinates, BNS – Bulgarian national standard

Introduction
Cheese is worldwide spread dairy product and has great
commercial importance within the food industry. A rapid and reliable
analysis of the cheese products, including the determination of its
chemical properties, ripening stage and geographical origin, would
be highly desirable both for the manufacturers and consumers.
Traditional approaches require sampling and chemical analysis,
which are expensive and time consuming. Considerable interest for
development of instrumental techniques for objective, faster, nondestructive and less expensive assessments of cheese quality
existed.
Near infrared spectroscopy (NIRS) has been used as a method
to predict the quality of different foods and agricultural products due
to the speed of analysis, minimal sample preparation and low cost.
NIR has shown good prediction abilities for determination of fat,
moisture, protein and inorganic salts in cheese (Adamopoulos et al.,
2001; Blaquez et al., 2004; Curda and Kukackova, 2004;
Atanassova et al., 2011). Several authors investigated possibilities
of NIRS for prediction of storage time of Italian fresh cheese
Crescenza (Cattaneo et al., 2005); maturity and sensory attributes of
24 Cheddar cheeses produced using five renneting enzymes and
stored at 4ºC for up to 9 months (Downey et al., 2005), and selected
free amino acids and soluble nitrogen during Edam cheese ripening
(Mlček et al., 2011).
Aquaphotomics is a new term, introduced to describe the waterlight interaction in aqueous solutions and biological systems
(Tsenkova, 2009, 2010). Aquaphotomics is based on NIRS and
multivariate analysis. It relates water absorbance patterns to

respective bio functionalities and would contribute to better
understanding of water as a life matrix. Specific water vibrations
were assigned, connected with free water, specific water
configuration such as dimers, trimers, solvation shells etc., and
named water matrix co-ordinates (WAMACS). In the region of 1300
– 1550 nm 12 WAMACS coordinates are proposed at 1344, 1364,
1372, 1382, 1398, 1410, 1438, 1444, 1464, 1474, 1492 and 1518
nm, which cover the most distinctive species of water structure. To
visualize the changes in water absorbance pattern a chart termed
“Aquagram” are used.
Jinendra et al. (2010) applied NIR spectroscopy with
aquaphotomics for the in-vivo diagnosis of soybean plants infected
with soybean mosaic virus at early stage of the disease. The most
significant spectral differences between healthy and infected plants
were found at water specific wavelength region (890–1025 nm). The
spectral calibration model based on soft independent modeling of
class analogy, predicted the disease with 91.6% sensitivity and
95.8% specificity. Munćan et al. (2014) used aquaphotomics for
interpretation of near-infrared spectra of mineral waters and
investigation of organization of water molecules. The study confirms
the potential of NIRS in discrimination and classification of
commercial mineral waters. This shows that apart from the present
solutes and their concentration, these waters can be classified
according to their NIR spectra, by the means of the multivariate
analysis and Aquaphotomics, which are actually giving information
about organization of water molecules.
The aim of the study has investigation of the feasibility of NIRS
and aquaphotomics as a tool for the monitoring a changes during
ripening of Bulgarian yellow cheese from cow milk.
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Results and discussion
Figure 1. Second derivative absorbance spectra of
measured cheese samples in the range of 1300-1550 nm
Table 1. Changes in tested parameters in cheese samples during ripening

°

Table 2. Correlation coefficients between aquagram values and titrable acidity, water-soluble protein, maturity rate and dry
matter of investigated cheese samples

Figure 2. Aquagram of analyzed cheese samples

Conclusions
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