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APPLICATION OF RAMAN SPECTROSCOPY FOR THE 

CHARACTERISATION OF MILK AND MILK-PHENOLICS POWDERS 
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The current trend of food innovations is a development of different milk products enriched with 
phenolic compounds extracted from food by-products. This represents a promising strategy for 
food waste recovery and to enhance the beneficial health effects of milk-based functional foods. 
As one of the promising food ingredients can be skim goat milk enriched with grape pomace 
seed extract due to improved antioxidant properties of goat milk proteins. So, the aim of this 
study was the Raman analysis of spray-dried powders of skim goat milk, heated goat milk, and 
heated goat milk enriched with different concentrations of grape pomace seed extract. The 
whole statistical procedure (pre-processing and PCA) of Raman spectra was performed 
independently at Amide I (1700-1600 cm-1), Amide II (1600-1500cm-1), and Amide III (1500-
1200cm-1) regions. Raman spectra analysis of amide I and II regions showed a separation 
between heated and unheated milk due to the loadings for 1650-1653 (α-helix), 1661-1663, 
1675, and 1686 cm-1 (turn). Furthermore, in the amide I region, the differences between milk 
enriched with different concentrations of grape pomace seed extract can be observed due to 
loadings for wavenumbers in the 1612-1644 cm-1 region. These differences can be related to 
the changes in the parallel and antiparallel β-sheet structures, differences in the vibrations of 
the amino acid residues of tyrosine, tryptophan, and phenylalanine and the vibrations of ν(C=C) 
bonds from the aromatic ring of free flavan-3-ols (catechin, epicatechin, epigallocatechin). For 
the amide III region, the applied heat treatment and interactions of proteins with phenolic 
compounds distinguished samples in loadings for wavenumber in 1236-1257 and 1267-1304 
cm-1 ranges. These differences can be related to the changes in the α-helix and random coil 
structures. It can be concluded that PCA separation of analyzed powders in amide I and III 
regions of Raman spectra caused by the applied thermal treatment, presence of free phenolic 
compounds, and protein-phenolics interactions, can be used for the characterization of milk and 
milk-phenolics powders. 

Keywords: Goat milk proteins, Grape pomace seed, Phenolic compounds, Raman spectroscopy, 
Interactions 
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THE INFLUENCE OF FILTRATION OF COMMON BEAN CRUDE 
EXTRACT ON ITS COAGULATION ABILITY 
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A common bean crude extract which can be used as natural coagulant for water and 
wastewaters purification contains a significant amount of suspended particles. The hypothesis 
of this work was that these particles may promote water or wastewaters clarification by 
building into flocs during coagulation and flocculation and increasing their weight. Besides 
that, skipping of filtration would simplify and reduce a cost of natural coagulant preparation. 
Common bean dry seeds were ground to a fine powder by using a laboratory mill and sieved 
through 0.4 mm sieve. The fraction with particle size smaler than 0.4 mm was used in 
experiments. Fifty grams of seed powder was suspended in 1 L of either NaCl water solution 
(0.5 mol/L) or distilled water. The suspensions were stirred using a magnetic stirrer for 10 
min to accomplish extraction. Halves of both extracts were remained as this (crude extracts of 
active components) and other halves were filtered through a rugged filter paper (Macherey-
Nagel, MN 651/120) to obtain filtrates. Obtained crude extracts and filtrates were applied as 
coagulants in model waters whose pHs were 10 and initial turbidities 50 and 100 NTU. 
Filtrate obtained with distilled water achieved higher coagulation activity compared with the 
crude extract obtained with the same extragens in both model waters. Additionally, the crude 
extract even increased the residual turbidity of treated model waters at certain applied doses. 
This result indicates that unfiltered crude extract introduces fine suspended particles into 
model waters which are difficult to sediment and thus remain in treated water and decrease 
seemingly coagulation efficiency of natural coagulant. 
The coagulation behaviours of the filtrate and the crude extract obtained with 0.5 mol/L NaCl 
were more complex compared to those obtained with distilled water, ie. at certain doses 
unfiltered crude extract exibited higher coagulation activity than filtrate. Nevertheless, the 
filtrate showed the highest coagulation activity in both examined model waters: 56.9 % in the 
model water of initial turbidity 50 NTU and 39.2 % in the model water of initial turbidity 100 
NTU. Obtained results speak to filtration as a necessary step of natural coagulant production. 

Keywords: Common bean, Natural coagulant, Coagulation and flocculation, Water and wastewater 
treatment. 
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