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Abstract
Thermal treatment of milk is performed to limit bacterial growth and make it safe for human consumption. To increase the shelf
life of milk, either ultrahigh temperature (UHT) or pasteurization techniques are employed that destroy the microorganisms. In
this study, the synchronous front face fluorescence spectroscopy was employed for comparative study of raw, UHT treated,
pasteurized and conventionally boiled milk at 93 °C (domestic boiling). Principal Component analysis clearly showed distinct
clustering of UHT milk due to formation of Maillard reaction products. Fluorescence emission peak at 410 nm showed irrevers-
ible change in peak intensity attributed to conformational changes in protein due to UHT treatment while pasteurization and
domestic boiling showed reversible changes when milk was cooled down to 10 °C. Furthermore, fluorescence emission peaks at
410 nm previously assigned to vitamin A has also been discussed.
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Introduction

The milk from buffalo or bovine to buyer’s home has been a
tradition in the Sub-continent and most of the population prefers
to buy fresh raw buffalo milk from milkman. Raw milk is vul-
nerable to protein hydrolysis due to proteolytic enzymes
(plasmin) and bacterial proteases [1]. Oxidation of lipids also
occurs in raw milk during storage and influenced by many fac-
tors like exposure to light, oxygen, metal ions and content of
low molecular weight antioxidants etc. [2]. On the other hand,
the demand for packaged and pasteurized milk is getting high
throughout the world with the changing life style. The market
for Ultra high temperature (UHT) treated milk was worth $60.8
billion as calculated in 2012 and was expected to reach approx-
imately $137.7 billion in 2019 [3]. The reason for high demand
of UHTmilk is due to increased shelf life of milk as it can easily

be stored outside refrigerator for up to 3 months, if remain
unopened. Moreover, poor infrastructure for cold storage and
transportation are driving the market for UHT milk.

UHT is the sterilization process with optimal combination
of processing time and temperature tomaximize destruction of
microorganism, milk is heated at high temperature i.e. 280o F
(138o C) for short duration (2–4 s) to kill any bacteria (harmful
pathogens). On the other hand, another thermal treatment to
reduce number of pathogens is Pasteurization in which either
milk is heated at low temperature for long time (145o F or 63o

C for 30 min) or commonly at high temperature for short time
(160o F or 71o C for 15 s) followed by rapid cooling [4].

Milk is a good source of proteins, B vitamins and minerals;
study reported that commercial processing of milk causes no
drastic effect onmilk fat, fat soluble vitamins andminerals while
protein and water-soluble vitamins are affected [5]. Other stud-
ies reported that due to high temperature treatment of milk, non-
enzymatic reaction occurs between free amino group of protein
(mainly lysine residues) and carbonyl group of reducing sugar
(lactose) resulting in different Maillard reaction products
(MRPs). Such reaction between sugar and proteins also occurs
in the body (bloodstream) through a glycation process produc-
ing harmful compounds also known as advanced glycation end
products (AGEs) in vivo. In the early stage of Maillard reaction,
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Amadori products (lactulosyllysine) and later heterocyclic ni-
trogenous brown colored compound melanoidins are produced
[6]. Acid hydrolysis of lactulosyllysine results in the formation
of furosine (Nε-2- furoylmethyl-l-lysine) which is stable MRP
and carboxymethyl-lysine (CML) is produced at the later stages
as advanced MRP. These chemical markers are proposed to
assess the effects of thermal treatment [7, 8]. This complex
process not only occurs in milk but also in different food proc-
essed at high temperature or during storage to generate different
taste and aroma [9].

Amadori products change the bioavailability of lysine milk
protein and one of the breakdown products from them is HMF
(Hydroxymethylfurfural) which acts as chelating agents thus
blocks the mineral availability also. Lysine (an essential amino
acid) damage due to Maillard reaction has been well reported
and its loss increases during thermal treatment [10–12].
Moreover, dietary MRPs add to AGEs thus accumulation of
such compounds in living organisms may lead to onset of
metabolic complications [9].

Due to health risks posed by MRPs, its detection in ther-
mally treatedmilk is done with biochemical reactions [13, 14].
Fluorescence spectroscopy has also been employed as a reli-
able and potential technique for molecular characterization
and chemical analysis of dairy products as it contains intrinsic
fluorophores with specific excitation and emission spectra.
Intrinsic fluorophores in dairy products are amino acids such
as tryptophan, tyrosine and phenylalanine in proteins, vita-
mins A and B2 (riboflavin), NADH and various compounds
in low concentration [15]. The assessment of MRPs with
quick analysis has been established through fluorescence
spectroscopy [16–18]. Quality control of milk is also being
assessed with the production of MRPs; hence furosine, HMF
and lactulose concentrations are best indicators of MRPs and
increase during heat treatment [19–22].

Thermal treatment also affects heat labile vitamins, pro-
teins and riboflavin. Fluorophores like alkaline phosphatase,
NADH and flavin adenine dinucleotide (FADH) that act as co-
enzymes along with tryptophan fluorescence emission have
been reported to determine whey protein (β-lactoglobulin) in
heat treated milk samples [23]. Many other studies have also
focused on fat, one of the main constituents of milk; studies
reported the fluorescence emission of fat soluble vitamin A at
410 nm when excited at 325 nm [15, 24–28]. Thus, fluores-
cence spectroscopy has a potential to determine chemical al-
terations during storage and thermal treatment in dairy
products.

In this study we have focused on the biochemical changes
in the composition of milk that have occurred during domestic
and commercial thermal processing of milk by applying
Synchronous f luorescence spec t roscopy (SFS) .
Simultaneous scanning of excitation and emission wavelength
with continuous wavelength interval denoted byΔλ occurs in
SFS. SFS portrays a chemical profile of complex mixtures of

molecules that overlaps in classical emission fluorescence
[14].We have analyzed raw and thermally treated buffalomilk
and observed reversible and irreversible biochemical changes
in proteins that helped us in re-assigning the previously re-
ported fluorescent peaks.

Materials and Methods

Sample Preparation

Top brands of UHT treated and pasteurized buffalo milk of
different batches were purchased frommarket. Fresh raw milk
samples from farmers were also collected and brought to lab-
oratory in a cool environment then boiled to 93o C + 2 °C for
10 min, which is a common domestic practice before milk
consumption. The milk samples have been taken from differ-
ent retailers and different batches (UHT and pasteurized)
whereas raw milk samples from farmers and milk shops re-
peatedly to confirm the reproducibility of results.

Acquisition of Fluorescence Spectra

Fluorescence excitation and emission from all milk samples
was acquired on FluoroMax®-4 (HORIBA scientific, Jobin
Yvon, USA) with a software fluoroEssence™. The system is
equipped with front face cuvette holder adjusted at an angle of
56o to incident excitation radiation. A continuous light exci-
tation source is a 150-W ozone-free xenon arc-lamp. The sig-
nal detector is a photomultiplier tube. Synchronous fluores-
cence spectroscopy is used for detailed chemical characteriza-
tion of complex samples having mixture of fluorescent com-
pounds. This technique involves the simultaneous scanning of
excitation and emission monochromators with a constant
wavelength interval (Δ λ) between them. All milk samples
were recorded at excitation wavelength ranging from 200 to
650 nm with 1 nm increment in a 3 ml quartz cuvette. The
spectra for milk samples were recorded for excitation and
emission wavelengths with a constantΔλ of 10 nm and tested
range was set from 10 to 100 nm. The excitation and emission
slits width were set at 3 nm and 2 nm respectively. Emission
fluorescence of 114 milk samples was recorded in duplicate
for authenticating the data.

Pre-Processing of Spectral Data

All the emission spectra were preprocessed by using self-
written codes in MatLab (release MATLAB 2014a) for re-
moving the noise and normalizing of all the spectra.
Principal component analysis (PCA) was also applied to ana-
lyse the pre-processed data for classification based on their
spectral similarities and dissimilarities using MatLab (2014a).

486 J Fluoresc (2019) 29:485–493



Results and Discussion

Spectroscopic Analysis

Synchronous spectra recorded for milk samples were initially
tested for excitation and emission wavelength with constant
intervals of 10 nm using offset range of 10 to 100 nm. The
value of wavelength interval (Δ λ) was set at 90 nm, as it
generated optimum fluorescence intensity and discrimination
of all fluorophores present in the milk samples without any
noise. In this study we are discussing effect of thermal treat-
ment on different intrinsic fluorophores previously reported
for milk.

The fluorescence of folded protein in raw milk is mostly
due to aromatic amino acid i.e. tryptophan (Trp) residue of β-
lactoglobulin (β-Lg) [29]. The emission peak for Trp was
observed at 380 nm with λex 290 nm in SFS (Fig. 1), contrary
to the previous studies that reported emission at 330–340 nm
for protein due to Trp [14, 30, 31]. In conventional fluores-
cence spectroscopy, we have also observed the excitation
spectrum for Trp at 290 and 322 nm for buffalo milk when
emission was set at 340 nm (data not shown) for the same set
of samples. Shifting of emission peak from 340 nm to 380 nm
in SFS might be due to cumulative effect of intrinsic
fluorophores like interaction of other whey proteins with β-
Lg in a specific environment. A shoulder has also been seen at
370 nm possibly assigned to vitamin B6 (Pyridoxine) previ-
ously reported to generate fluorescence emission at 370 nm
when λex was 250 or 325 nm [32, 33].

Slight increase in Trp and vitamin B6 fluorescence inten-
sity in pasteurized milk and increase in vitamin B6 intensity

only after conventional boiling was observed as compared to
UHT milk where sharp decrease was seen (Fig. 2). Previous
study on goat and bovine milk reported that fluorescence in-
tensity of Trp increased with increasing temperature [34]. The
slight increase in Trp intensity in pasteurized and convention-
ally boiled milk corresponds to the unfolding of whey protein
and exposure of Trp residues, whereas very high temperature
could lead to protein denaturation that resulted in lesser inten-
sity of Trp fluorescence in UHT treated milk [35]. Very slight
shift in Trp fluorescence emission peak towards lower wave-
length in all thermally treated milk samples was seen that
might be due to tryptophan exposure to more hydrophobic
environment as reported [36]. Thermal treatment causes ex-
posure of buried hydrophobic groups of protein that fluoresce
differently from hydrophilic ones [14, 37]. Moreover, thermal
treatment above 60 °C induces denaturation of whey proteins
(β-lactoglobulin and α-lactalbumin), amino acid side chain
modification, enzyme inactivation and casein micelles alter-
ation. These changes result in the altered functionality of milk
ingredients but are also dependent on temperature, time, pH
and original composition of milk [37].

Fluorescence emission peak at 410 nm has been ascribed to
fat soluble vitamin Awith excitation maximum at 325 nm in
many previous studies [15, 24, 26, 28]. There are multiple
forms of vitamin A but it mostly occurs in the form of retinol
[38]. Positive correlation has also been reported between this
vitamin peak and fat intensity [39]. However, a discrepancy
also lies with pure vitamin A excitation and emission peaks at
325/470 nm in ethanol [40] and 346/480 nm in iso-octance
[41]. However it shifts to lower wavelength at 463 nm in
biological system due to binding with retinol binding protein
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Fig. 1 Synchronous fluorescence mean spectra of different thermally processed and raw milk samples



[42]. Therefore, we performed an experiment to reconfirm this
peak for vitamin A.

Vitamin A is a fluorescent molecule and its excitation and
emission depend upon triglycerides in fat globules [43]. In
order to validate the emission peak at 410 nm, we added
commercially available drops of vitamin A in raw milk with
three different concentrations i.e. C1 (800 IU), C2 (1600 IU)
and C3 (2400 IU). Synchronous fluorescence spectra were
recorded after thorough mixing of sample in comparison with
raw milk as depicted in Fig. 3. The effect of adding vitamin A

in raw milk was emergence of fluorescence emission peak at
460 nm that positively correlated with increasing concentra-
tion of vitamin A. However, gradual decrease was observed in
peak intensity at 410 nm, thus suggesting that the peak at
410 nm doesn’t originate due to vitamin A fluorescence. The
proposed mechanism behind observed stepwise decrease in
the emission peak at 410 nm might be the fluorescence
quenching in the presence of increased concentration of added
vitamin A as both emission peaks (410 and 460 nm) share the
same excitation wavelength (325 nm). Whereas decrease in

Fig. 3 Fluorescence emission
spectra of raw milk with three
different concentrations of
vitamin A added. Emission peak
at 460 nm originated after adding
vitamin A showing successive
increase in intensity with
increasing concentration of
vitamin A
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Fig. 2 Comparative fluorescence spectra of different thermally processed and raw milk samples



Trp fluorescence emission in the milk sample is attributed to
the conformational changes in protein structure due to change
in the surrounding medium with the addition of exogenous
vitamin A.

Interestingly a reversible change was observed for the fluo-
rescence emission at 410 nm in boiled milk when cooled down
to 10 °C by placing it in fridge. To reconfirm this change, raw
milk was boiled at 93 °C for 10 min then gradually cooled
down; fluorescence spectra of these milk samples were recorded
at different temperatures i.e. 30 °C, 20 °C and 10 °C. The com-
parative spectra for the peak at 410 nm at different temperatures
clearly showed the reversible biochemical changes in this region
(Fig. 4) after thermal treatment below 100 °C and same hap-
pened in pasteurized milk. Hence, we, suggest that this peak
belongs to protein as refolding of milk protein to its native
structure at low temperature has also been observed in the pre-
vious study [35]. The fluorescence peak with λex = 325 nm and
λem = 410 nm might be due to dityrosine as Tyrosine (amino
acid) is vulnerable to Reactive oxygen species (ROS) leading to
the formation of dityrosine [44], formed during exposure ofmilk
to light. Dityrosine is considered as a marker for protein oxida-
tion and its fluorescence emission has been recorded at 410 nm
[45]. Riboflavin based photo-oxidation in the presence of oxy-
gen resulted in the formation of dityrosine that originates from
intercrossing of tyrosine in milk [45–47]. Dityrosine has also
been reported in humans as a marker for oxidative stress [44].

Our results are in accordance with the previous study [48]
published in 1974 in which crude lipid extract from milk did
not show the fluorescence of retinol (vitamin A). It was
masked by the fluorescence generated by unidentified sub-
stance at 415 nm that was removed after saponification to

obtain the emission of retinol at 480 nm. Later, invitro studies
[49, 50] in 1990 and 1994 were conducted on the binding
affinity of milk protein (β-Lg) for retinol and fatty acids, ret-
inol was proposed to be embedded in hydrophobic pockets of
β-Lg. In these studies, fluorescence of β-Lg–retinol complex
showed emission at 475/480 nm and the conformational
changes (protein foldings) in native environment completely
dropped the fluorescence emission. We may assume that the
above mentioned unidentified substance (λem at 415 nm) that
quenched retinol fluorescence was protein. This region shares
the same excitation wavelength (325 nm) with vitamin A,
therefore fluorescence emission peak at 410 nm might be the
probable reason for considering it from vitamin A in all the
published studies on milk or cheese due to embedded retinol
in β-Lg.

Boiling of milk sample at 93 °C caused a sharp decrease in
fluorescence intensity of the peak at 410 nm and same effect
was observed in UHT milk, whereas slight decrease was
shown in pasteurized milk samples. In raw milk, the enzyme
Lactoperoxidase (Lp) in the presence of reactive oxygen spe-
cies (generated due to lipid oxidation) can cause production of
dityrosine. A study onmilk has also reported the generation of
dityrosine as endogenous Lp enzyme was activated in unpas-
teurized milk after addition of H2O2 [47]. UHT milk lacks Lp
as it is degraded during thermal treatment that’s why low
concentration of dityrosine was detected in UHT milk. This
phenomenon needs further study and clarifications.

Maillard-reaction products in the milk samples were re-
corded at λex 360 nm and emission wavelengths ranging from
380 to 480 nm. Maximum emission for MRPs is denoted by
440 nm in various studies [51, 52]. In another study [17] on

Fig. 4 Fluorescence emission
spectra of raw milk and boiled
milk that cooled down to 10 °C
after boiling showing reversible
changes in peak at 410 nm
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raw buffalo milk correlated the sharp peak at 440 nm with
NADH, [53] reported this peak as of fat soluble vitamin A
as observed in buffalo milk while a small hump in cow milk is
suggestive of less quantity of vitamin A in it. Cow milk has
yellowish tinge as it contains beta carotene (precursor of vita-
min A) which lacks in buffalo milk. Exposure of milk to light
and air (oxygen) results in the formation of singlets reactive
oxygen that hydrolysed fatty acids in milk. We suggest this
peak as oxidized product of fatty acid as has also been report-
ed for edible oils [54]. The presence of peak at 440 nm in raw
milk might be due to oxidative damage to fatty acids to form
hydroperoxides in the presence of light and air. Agitation and
high temperature induce lipolysis and rancidity of free fatty
acids [55]. Slight decrease in fluorescent intensity of this peak
occurred after conventional boiling at 93 °C but such degra-
dation is more obvious in pasteurized milk samples despite of
low thermal treatment i.e.72 °C. It might be due to the mixing
of cow milk in commercially available pasteurized milk sam-
ples having low fluorescence intensity of this peak [53]. The
increased fluorescence signals and bandwidth in UHT proc-
essed milk sample in this region corresponds to cross linked
compounds for MRPs [1] as discussed earlier.

Another small peaks with emission at 487 nm can be seen
only in UHT milk samples (Fig. 2), which is suggestive of
vitamin A. Irreversible Protein denaturation occurred in UHT
milk samples exhibited by low intensity at 410 nm emission
peak due to high temperature treatment. This protein denatur-
ation might cause partial dissociation of retinol-β-Lg complex
liberating the retinol that generated faint fluorescence at
487 nm.

Lastly a broad noisy band ranging from 520 to 560 nmwith
three emission peaks at 528, 540 and 557 nm have been ob-
served. The suggestive emission peak for Riboflavin (vitamin
B2) is located at 520 nm in milk [14, 25, 56]. Increased fluo-
rescence intensity was observed for this region in boiled, pas-
teurized and UHTmilk samples that showed oxidation in milk
after thermal treatment as compared to raw milk samples. The
spectrum of riboflavin is a good indicator for oxidation in
processed cheese and milk as it acts as a singlet oxygen
sanitizer in the presence of light (non-enzymatic) to cause
protein oxidation [1].

Statistical Analysis

Figures 1 and 2 show that the fluorescence spectra of UTH
treated milk are clearly different from raw, boiled and pasteur-
ized milk samples. However, fluorescence spectra of raw,
boiled and pasteurized milk differed at few fluorescence emis-
sion bands. Therefore, apparently it looks difficult to conclude
about the molecular changes occurred in boiled milk in com-
parison with non-heated raw milk. In order to classify all four
milk types, principal component analysis (PCA)was applied on
all the data which nicely separated UTH treated milk from the
rest as depicted in Fig. 5. Principal component analysis is a non-
supervised statistical procedure which uses an orthogonal trans-
formation to convert a set of observations of possibly correlated
variables into a set of values of uncorrelated variables called
principal components. These principal components are calcu-
lated based on the variance in the data. When these principal

Fig. 5 PCA (Principal
component analysis) score plot of
fluorescent milk data based on
Principal Component 1 (PC1) and
Principal Component 2 (PC2)
showing clear separation of UHT
milk samples from rest of milk
samples
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components are plotted as a scatter plot, they nicely separate
different set of data.

The clear separation of UTH treated milk from raw, boiled
and pasteurized milk is explained by the score plot between
first two principal components PC1 and PC2 that showed
variance as 63% and 24% respectively (Fig. 5). These princi-
pal components have been calculated based on dissimilarities
in spectral data that comes up from protein denaturation and
production of Maillard reaction products at high temperature
in UTH treated milk. In addition, there is a nice distribution of
data points of raw, boiled and pasteurized milk in such a way
that raw milk data points are slightly clustered on one side of
boiled and pasteurized milk samples which are almost mixed
due to few spectral variations. However, UTH treated milk
data points are completely separated from the rest of three
types of milk samples.

It is further confirmed with the PCA factors loadings that
were obtained from normalized fluorescent spectra of raw and
thermally treated milk samples as presented in Fig. 6. UHT
milk is separated from other milk samples with main loadings
with positive bands at 366, 380, 410 nm and negative bands at
432 and 462 nm that correspond to Trp, dityrosine and
Maillard reaction products respectively. MRPs in UHT milk
are generated due to interaction with lactose and protein as
mentioned earlier alongwith decrease in Trp and dityrosine
intensity accounted to high thermal treatment. PC2 showing
negatively contributing components with a slight shift in pro-
tein (dityrosine) band having emission at 411 nm in UHT
treated milk and the Maillard reaction products band at
442 nm. Another positive loading with a broad region of ri-
boflavin fluorescence also contributed to discriminate milk

samples with relative intensity variation subjected to thermal
treatment.

Conclusion

This study demonstrated that the fluorescence emission peak at
410 nm in milk samples indirectly corresponds to vitamin A
(previously reported in many studies). The previous studies
showed that originally vitamin A generates fluorescence from
460 to 480 nm and is embedded in fatty acids and both have
binding affinity withβ-Lg. In milk, this fluorescence is masked
by the fluorescence generated at 410 nm. We suggest this peak
at 410 nm belongs to protein as depicted reversible change in
fluorescent intensity that was temperature dependent. It may be
β-Lg–retinol complex or retinol binding protein in which tyro-
sine residues may be cross-linked to synthesize fluorescent
molecule (dityrosine) that generates fluorescence at 410 nm.
Dityrosine is a biomarker for protein oxidation and has been
reported in foodstuff like milk and milk derived products. Still
this area needs further research and confirmation.

Thermally processed sterilized milk either UHTor pasteur-
ized is consumed throughout the world due to safe for trans-
portation to far distances and to retailers shop for consumers
without spoilage as compared to raw milk. Though the milk
subjected to these heat treatments has increased shelf life but
on the other hand is subjected to chemical alteration and non-
enzymatic browning. Sugar and protein rich milk generates
Maillard reaction products due to high temperature treatment.
Raw milk on the other hand is conventionally boiled at home
before consumption has less effect on nutritional quality as

Fig. 6 PCA loadings for the significant components used to discriminate florescence spectrum that classified different milk samples

J Fluoresc (2019) 29:485–493 491



compared to UHT milk. Nutritional quality of even raw milk
ingredients like proteins and lipids are affected by heat, light
and oxygen as observed using fluorescence emission spectra
and have also been reported in literature. Therefore, great care
should be taken in transportation of milk like in chillers to far
off places and pasteurized milks should be preferred as com-
pared to UHTmilk as it showed less nutritional loss. Still there
is a room for further study in this area regarding proteolysis
and oxidation of proteins and lipids respectively in raw milk.
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