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ABSTRACT: Rapid, non-destructive analysis of the milk by Raman Spectroscopy is used in different analyses and
has enabled the determination of biological samples without using additional chemicals. In the study, it is aimed to
investigate the molecular structures of normal and mastitic milks using Raman spectroscopy by application of Surface
Enhanced Raman Spectroscopy (SERS) method and this study is the first study done for this purpose. In the study, the
presence or absence of functional groups of the spectra obtained from the milk samples was compared with the refer-
ence spectra in other studies. It was observed that the peaks obtained from the biochemical structures of normal and
mastitic milks were consistent with the literature. In addition, it was found that the biochemical components (such as
fat, proteins, carbohydrates and minerals) of subclinical mastitis and normal milk did not change at the molecular level.

It was thought that there was no change at the molecular level as there was no visible deterioration in the milk with
subclinical mastitis and the factor caused by the infection in the breast tissue.
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INTRODUCTION
Milk, 87% of which is water, contains fat, protein
and carbohydrates as well as minerals and vita-
mins (McGoverin et al., 2010; El-Abass et al., 2011;
Mazurek et al., 2015; Thiago et al., 2016). The chem-
ical composition of the cow milk has an average of
87% water, 4-5% lactose, 3-4% fat, 3% protein, 0.8%
mineral and 0.1% vitamin. Chemical composition
of milk changes depending on animal species, envi-
ronmental conditions, and animal feeding (Li-Chan,
2007, Pecka et al., 2016). One of the problems the
dairy industry and cattle breeders that causes major
economic losses due to reduced milk yield and qual-
ity is, “Mastitis” (Albenzio et al., 2002; Bastan et al.,
2010; Zigo et al., 2014). Mastitis covers physical and
chemical changes in milk, and pathological changes
in mammary secretory tissue caused mainly by bacte-
ria (Atasever and Erdem, 2008; Pyorild and Taponen,
2009; Darbaz and Ergene, 2015; Zigo et al., 2019).

It has been reported that mastitis occurs clinically
and subclinically, but in most cases (70%) subclin-
ical mastitis occurs. Subclinical mastitis is mastitis
in which there is no visible deterioration of the ud-
der and milk (Philpot and Nickerson, 2000; Atasever
and Erdem, 2008; Bastan, 2013; Darbaz and Ergene,
2015; Hisira et al. 2023).

Pathogens that play a role in the formation of sub-
clinical mastitis are classified as contagious (S. au-
reus, S. agalactia and S. bovis) and environmental
(E. coli, P. aeruginosa, S. uberis, S. chromogenes and
other coagulase-negative staphylococci) (Albenzio et
al., 2002; Ozbey et al., 2022). In recent years, Coagu-
lase Negative Staphylococcus (CNS) has attracted in-
terest among the agents that cause subclinical mastitis
(Leitner et al., 2000; Yagc1 and Goglis, 2008; Pyorala
and Taponen, 2009).

Since milk and milk derived products are consumed
by a large part of the World population, the characteri-
zation of the milk and the number of components has
become important. Several research methods are used
to detect the biochemical structure of milk. Raman
spectroscopy is used in many food analysis, including
dairy products, and has the potential to answer some
questions about the molecular structure of the sample
studied (Chalmers et al., 2012; Vaskova et al., 2016).
Raman spectroscopy is one of the analytical methods
for vibrational fingerprinting of molecules for the pur-
pose of making a milk biochemical analysis (Petersen
et al., 2021). Raman spectroscopy has been widely
used in the study of biological specimens over the

past two decades. Because, it is a powerful analyti-
cal method capable of providing useful biochemical
information on living cells depending on the inter-
action with toxic agents or drugs, disease, cell death
and differentiation. The method is used to character-
ize and define the chemical structure of the sample
at the molecular level. A unique vibrational spectrum
of each molecule is obtained by Raman spectroscopy
(Muik et al. 2003; Heise et al., 2005; Baeten et al.,
2005; El-Abassy et al. 2009; El-Abassy et al., 2010;
Acikgoz et al., 2018). Also being non-invasive, it has
been widely used in food industry in recent years due
to the fact that very few samples are sufficient for ex-
amination and water is used as a solvent (A¢ikgoz et
al., 2018). As a result of the examination of biological
samples by Raman spectroscopy, weak Raman peaks
are obtained. Therefore, using the Surface Enhanced
Raman Spectroscopy (SERS) method eliminates the
mentioned disadvantage and provides stronger peaks.
As we could reach the literature, this was the first
study to compare the molecular structures of normal
and mastitis milk by applying the Raman spectros-
copy-based SERS method. We aimed to try how ef-
fective this method would be in the comparison and
characterization of mastitis and normal milk.

MATERIAL AND METHODS

Sample preparation

Three to five-year-old Holstein-Friesian cow’s
milks from a dairy farm, in the same period of lacta-
tion, were included in the study. Milk samples (n=100)
collected from the different mammary quarters of the
cows were tested by California Mastitis Test (CMT)
and grouped based on their score (normal/mastit-
ic). After the CMT, the teat was cleaned with 70%
alcohol, and after the first 4-5 squirts of milk were
discharged, 10 ml of milk was collected from each
quarter. Milk samples were stored in a transfer box at
+4°C and transported to the laboratories within 2 h of
sampling.

SCC was performed on milk samples using a so-
matic cell counter (BactoCount IBC, Bentley Instru-
ments Inc., Chaska, MN, ABD) and the samples were
grouped as normal (7-177 x 103 cells) and mastitic
milks (376—1918X103 cells). Sodium azide (0.05 ml,
24%) (Sigma-Aldrich) was added to the milk samples
in order to preserve the cells.

Microbiological examination in milk samples
Milk samples (n=100) were plated on Blood agar
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(BA), MacConkey agar (MCA) and Sabouraud Dex-
trose agar (SDA). For bacterial isolation BA and MCA
plates were incubated in aerobic medium for 2-3 days
at 37°C; then the growth of colonies was identified us-
ing by biochemical tests (Gram staining, catalase, oxi-
dase, coagulase, sugar fermentations, haemolysis, mo-
tility, Kimya lab. Turkey). Seven samples of the milks
which were only coagulase negative staphylococcus
(CNS) positive were involved as mastitis, whereas 7 of
the milks which were pathogen free were accepted as
normal milk samples. In addition, for yeast and fungi
isolation SDA plates (Merck) were incubated at 25°C
for 7-10 days under aerobic conditions. Species-level
identification of Aspergillus spp. was performed by
microscopic examination after lactophenol cotton blue
staining and Candida spp. species-level identification
performed by microscopic examination after Gram
staining (Schultz et al., 2004; Quinn et al., 1994).

SERS method

Silver nanoparticles (AgNPs) were synthesized
according to the Lee and Meisel method (1982).
Raman measurements were performed without any
physical or chemical pretreatment of samples, and
the samples were stored at 40C until analysis. 20 pl
of milk samples was mixed with 20 pl AgNPs and
this mixture was transferred into CaF2 slides for the
SERS (Renishaw plc, Wotton-under-Edge, UK) mea-
surement. Then, the mixture was waited for 1 hour at
room temperature.

Raman Spectroscopy

SERS spectra of all milk samples were measured
by using Renishaw in Via Raman Spectroscopy with
a 785 nm laser and Charge-Coupled Device (CCD)
detector (modulated to Renishaw in Via Raman Spec-
troscopy, Wotton-under-Edge, UK). Spectral range
was set as 100-3200 cm~! in the earlier stages of the
study. The acquisition time, laser power and exposure
time were the same for all measurements and they
were 15s, 5 mW and s, respectively. Acquiring data,
spectra preprocessing, analysis, and plotting were
performed using the software WiRE 3.2 (Renishaw
plc, Wotton-under-Edge, UK), MATLAB® (Matlab
7.13, The Mathworks, Natick, MA).

RESULTS

Milk fat is composed of more than 400 fatty ac-
ids and is presented in trace amounts. Changes in the
intensity of Raman spectra are known to be caused
by differences in fat. At the same time, as well as the
lipids in the milk, fat-soluble vitamins, nucleic acids
and essential fatty acids also play an important role
(Ménsson, 2008).

The basic peak values of normal milk sample were
represented in Table 1. The SERS spectra of the peaks
of normal and mastitic milk samples were given in
Figure 1, Figure 2, Figure 3 and Figure 4, respectively.
The highest and lowest Raman peaks in milk samples
were found to belong to many fatty acid bands. Vibra-

Table 1. Assignment of typical bands in Raman spectra of normal milk sample

Assignment Raman peak [cm™!] Vibrational mode
Lactose 357
Glucose 450 d3(C-C-C)+1(C-0)
Amino acids 760 v (C-S)
Phospholipid head group 860 Phosphatidic acid
Ring-breathing (phenylalanine) 1005
Carbohydrate 1080 v(C-C)
Carotenoids 1150 v(C-0C)
Amide III 1265 & (N- H); v (C - N) Amide I
PC, PI and PS 1265 C=C cis unsaturation

C-H in-plane bending of ethylene groups
PC, PI and PS 1297 J0(CH2) twisting unsaturation
Cholesterol, 1442 Saturated fatty acid
PC, Pl and PS 0(CH2) scissoring
Carotenoids 1525 v(C=C)
PC, PI and PS 1651 v(C=C) cis unsaturation
Amid | 1651 v(C-0)AmideI; v (C-C)
Triacylglycerol 1745 Ester v(C=0)
Acyl chains in liquid state 2850 CH2 symmetric stretching
Cholesterol, cholesterol ester 2890 CH3 symmetric stretching
Acyl chains 3008 cis-unsaturated =CH stretching
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Raman Intensity

Raman Shift (cm-1)

Figure 1. SERS spectra of normal milk (7 milk samples determined as normal milk are numbered from 1 to 7). The lines shown in
different colors show the SERS spectra of different normal milk samples.

Raman Intensity

Raman Shift (cm-1)
Figure 2. SERS spectra of mastitic milk (7 milk samples determined as mastitic milk are numbered from 1 to 7). The lines shown in
different colors show the SERS spectra of different mastitic milk samples.

Faman Intensity

I L L s L 1
500 1000 1500 2000 2500 3000

Eaman shift (em-1}
Figure 3. SERS spectrum of normal milk in the region 100 to 3200 em L,
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Figure 4. SERS spectra of normal (black line) and mastitic milk (red line) in the region 100 to 3200 cm-1. When the spectra are exam-
ined, it is seen that normal and mastitic milks have different intensity of peaks in the Raman bands.

tional band of fatty acids were found at 1265 em1,
1297 em-1, 1442 cm1, 1651 cm! and 1745 em-1,
respectively. The band at 1265 cm™ | can be assigned
to (3 twist (CH2, R1) CH = CH CR cis double bonds),
the band at 1297 cm™! can be assigned to cm~! (CH-
CH2 twisting groups), the band at 1442 cm-1 can be
assigned to (6 (CH), -CH2 scissoring bonds), the band
at 1651 cm™! can be assigned to (v C1 = C1) double
bonds of cis(RHC = CHR), and the band at 1745 cm-1
can be assigned to (v (C = C ester)). The strongest
peak obtained from the 1442 cm™! is one of the satu-
rated fatty acids of cholesterol.

Lipid identification in milk both normal and mas-
titis was performed in the Raman spectrum; high lipid
ratio was found at 2730-3010 cm-! and strong wide
Raman bands were found to be between 400-1800
cm-l. The globules membranes of milk lipids contain
a complex mixture of phospholipids. A different vi-
bration mode for complex membrane phospholipids
was found in both normal and mastitis milk samples.

The basic peak of phospholipids was around at
860 cm~!, and wide Raman peaks were observed at
845-895 cm1. The reason for this is that the complex
structure of phospholipids is thought to be due to the
overlap of different polar head groups (Figure 3).

The highest intensity obtained from normal and
mastitic milk samples (Figure 4) of SERS spectra
represent the fat content. Triglycerides formed by C
= O stretching of the peak ester groups were obtained
at 1745 cm1 in the Raman spectrum. In addition, the
spectral band at 1005 cm1 in normal and mastitis
milk samples was found to be an indicator of the pro-

tein which is the ring structure of the phenylalanine.
Raman spectra of proteins in liquid milk were found
to be much weaker than expected.

Raman peaks of the carotenoids, which are found
in very small amounts in milk, are shown in both nor-
mal and mastitis milk at 1150 cm-! and 1525 cm-1.
The peaks obtained at 2850 em™! and 2890 cm! in
the Raman spectrum show the v (C-H) vibrations of
the symmetric and asymmetric CH2 and CH3 groups,
respectively. The band at 3008 cm-1 (C - H) corre-
sponds to the symmetrical shear mode. The band at
3008 cm-! (C - H) corresponds to the symmetrical
scissoring mode. These modes are the origin of the
acyl oil chains in the CH2 and CH3 groups, and the
Raman spectra at 2730-3010 cm1 are indicative of
saturated fatty acids. The common peaks obtained
from normal and mastitis milk is shown in Figure 3.

It was found that there was almost no difference
between Raman spectra obtained from milk both nor-
mal and mastitic. Significant protein peaks in Raman
spectra; V (C-S) at 680-760 cm-! represents the vibra-
tion modes of various amino acids, 1265 cm-! Am-
ide-III mode and 1651 cm™! represents the amide-I
mode. Differences in the intensity of spectral vibra-
tion modes of proteins in mastitis milk were expected.
However, it was observed that it exhibited a spectral
peak like in normal milk (Figure 4). The reason for
this is that the bacteria that need to be found in the dis-
eased milk do not grow or it is thought to be caused by
the clinic of the disease. At the same time, Amide-II,
Amide-III proteins and various amino acids such as
tryptophan have the same spectral bands in milk and
bacteria. Therefore, it was not possible to distinguish
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between the Raman spectra of milk with both normal
and mastitis milks. Thus, it should be noted that dif-
ferent cellular responses, biochemical changes, and
Raman spectra of different toxic substances will show
markedly spectral bands.

In the study, it was determined that the spectral
band obtained from 1080 cm-! belonged to carbo-
hydrates. In addition, in the study was found to 357
cm™! peak lactose, 450 cm-1 peak belong to the glu-
cose. In the results obtained, the peak densities of
the vibrational modes in lactose and glucose spectral
bands are the same in milk with normal and mastitis
(Figure 4). However, lactose production will be re-
duced due to changes in lactase enzyme in mastitis
milk. Therefore, it was expected that there would be
no minimal spectrum or no spectrum depending on
the clinic of the disease. It is thought that there is no
change in carbohydrate metabolism as in proteins. It
was determined that the biochemical components did
not change at the molecular level between the milk
with subclinical mastitis and normal milk.

DISCUSSION

In the literature, there are studies about Raman
spectroscopy and chemometric analysis in determin-
ing the biochemical structure of milk (Baeten et al.,
1998; Yang and Irudayaraj, 2001; Yang et al. 2005;
Li-Chan, 2007; Argov et al., 2008; El-Abassy et al.
2011; Rodrigues et al., 2016). However, there are no
studies conducted with Raman spectroscopy on the
molecular level of normal and mastitic milk. Li et al.
(2016) showed the characteristic bands of carbon-ox-
ygen-carbon stretching vibration at 1085 cm-1 for the
determination of lactose in milk by Raman spectros-
copy. In their study, Raman spectroscopy was a sim-
ple and fast method for the determination of lactose in
milk. McGoverin et al. (2010) measured the amount
of lactose, protein and fat in fatty and skimmed milk
powder by Raman spectroscopy and applied partial
least squares (PLS) method to obtained data.

The low wave number at 1745 cm-l v (C =0)
modes represents milk fats. The phenylalanine ring
breathing band at 1005 cm-! was found to be an indi-
cator of protein. The peaks at 355 cm-! and 445 cm™
are belong to lactose, the peaks are 860-920 cm-!
v(C-C), v(C-0) are correspond to the specific modes
of various amino acid found in frequencies. Raman
spectroscopy is effective in determining the amount
of protein and fat in lean and whole milk powder. It
is an important role in the determination of additives

(calcium carbonate) (El-Abassy et al., 2009; 2010).
In another study, fat content was measured in liquid
homogenized milk samples prepared by different
methods. Fat content of milk was measured by Raman
spectroscopy and the results were analyzed by PLS
method. The quantitative analysis of the fat concen-
tration was obtained using an 800-3050 cm-! Raman
spectral band. As a result, they reported that Raman
spectroscopy has a high potential as a fast, simple
and non-destructive tool for chemometric analysis
(El-Abassy et al.,2011).

Vaskova et al. (2016) compared the fat content of
milk and milk products with the results obtained by
Rose-Gottlieb gravimetric and butyrometric methods
to verify the measurability of Raman spectroscopy.
They showed that the band at 1748 cm~! obtained in
the molecular structure of milk contained represents
the C = O stress of the ester groups of triglycerides.
The phenylalanine ring breathing band obtained at
1005 cm~! was found to be an indicator of proteins.
In the determination of the fat content in the samples,
spectral bands obtained in 1303 em1, 1443 cm1 and
1748 cm~! were evaluated in three important groups.
They determined that CH2 deformation vibrations at
1303 cm1, 1443 em-! saturated fatty acids and C=C
at 1654 cm! for unsaturated fatty acids in cis config-
uration are specific band. They concluded that Raman
spectroscopy is a vibrational spectroscopic method
with a potential related to chemical details of molec-
ular structure, which makes this technique definitely
proper for material identification.

CONCLUSIONS

In the study, the presence or absence of functional
groups of the spectra obtained from the samples was
compared with the reference spectra in other stud-
ies. It was observed that the peaks obtained from the
biochemical structures of normal and mastitis milk
were consistent with the literature. In addition, it was
found that the biochemical components of subclinical
mastitis and normal milk did not change at the mo-
lecular level. We established that there is no change
in the molecular level as there is no visible deterio-
ration in the milk with subclinical mastitis and the
factor caused by the infection is found in the breast
tissue. We believe that even very few components can
be analyzed both qualitative and quantitative and this
can be achieved by the application of one of the che-
mometric methods PLS based on data obtained from
Raman spectroscopy.
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