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INTRODUCTION

Wine contains a wide range of naturally fluo-
rescent compounds most of which are polyphenols. 
These compounds are important in food hygiene 
due to their bactericidal effect. Many epidemiologi-
cal studies in humans show a positive correlation be-
tween the incidence of chronic diseases and oxidative 
stress in pathogenesis (1). According to Manach et al. 
(2) red wine possesses high concentration of numer-
ous bioactive dietary polyphenols. It is a fermented 
alcoholic beverage containing various compounds of 
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different type, such as polyphenols, flavonoids, an-
thocyanins, phenolic acids, stilbenes and many oth-
er polyphenols (3). It is essentially a solution of 10-
15% ethanol in water with pH usually between 3.2 
and 4. The composition is highly dependent on fac-
tors such as grape variety, maturity at  harvest, soil 
type, climate conditions, wine making processes so 
that each type of wine is different and has its own 
characteristics.

Fluorescence spectroscopy is an instrumental 
technique whose theory and methodology has been 
widely exploited for studies of molecular structure 
of food products and beverages (4). Its main advan-
tages are sensitivity, easy use, speed of analysis and 
its non-destructive character, without using chemi-
cal reagents. Many authors have characterized wine 
from different grapes and geographical origins.

For example, Dufour et al. investigated both ex-
citation and emission spectra for French and Ger-
man wine classification (5), and Sadecka et al. report-
ed the classification of brandies and wine distillates 
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using total luminescence and synchronous fluores-
cence spectra (6). Azcarate et al., in 2015, discrimi-
nated Argentinian white wines varieties by using flu-
orescence spectroscopy (7).

The aim of our research is to reveal the poten-
tial of fluorescence spectroscopy and to show that 
the fluorescence spectra can be used for a better as-
sessment of different types of Bulgarian wines. In 
this paper it is demonstrated that the optical param-
eters can be used for estimation of age of wines and 
qualitative determination of fluorescent compounds, 
which have positive influence over human health.

MATERIALS AND METHODS

Samples

13 different types of wine have been investigat-
ed. The samples were taken from a wine cellar or a 
supermarket. The majority of wines were from the 
southern part of Bulgaria (from the regions of Staro-
sel, Yambol, Brestovica, Parvomai), 2014 or 2015 vin-
tage. More information about the investigated sam-
ples is given in Table 1.

Used Optical Methods

Fluorescence Spectra Measurements

The sources used to measure the fluorescence 
spectra are 245 nm, 265 nm, 275 nm and 290 nm 
light-emitting diodes (LEDs). A fiber optic spec-
trometer (AvaSpec-2038, Avantes) with sensitivity in 
the (200 -1100) nm range and a resolution of about 
8 nm was used to measure the fluorescence spectra. 

A drop of wine samples was placed in a special place 
constructed for measuring of red wine without dilu-
tion. The scheme is presented on Figure 1. 

Absorption Measurements 

Determining the transmission and absorption 
characteristics of the wines was performed using a 
spectrophotometer Thermo Scientific Helios Omega 
UV-VIS in the visible region with the cuvette with a 
thickness of 1 mm and capacity of 0.2 ml. 

The analysis in winemaking requires optical 
density (D) measurements at 420 nm and 520 nm, 
with an additional measurement at 620 nm to in-

№ Grape variety Place Geographic origin Year 
1 Merlot+Marcelin Wine cellar Parvomai 2014
2 Merlot Wine cellar Parvomai 2014
3 Merlot reserve Supermarket Yambol 2014
4 Merlot Supermarket Yambol 2014
5 Merlot Wine cellar Starosel 2015
6 Syrah Wine cellar Parvomai 2014
7 Rubin Wine cellar Parvomai 2014
8 Red wine Supermarket Starosel 2015
9 Red wine Supermarket Brestovica 2015
10 Sauvignon Blanc Wine cellar Parvomai 2014
11 Chardonnay Supermarket Yambol 2015
12 Rose Supermarket Yambol 2015
13 White wine Supermarket Starosel 2015

Table 1. Specifications of the investigated samples

Fig. 1. Experimental set-up
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clude the blue component in young red wines. These 
measurements are used to calculate the values – col-
or intensity, color composition, the brilliance of red 
wines - used to describe wine color (8) and estimate 
age of the samples.

 Color intensity (CI) represents the amount of 
color. It varies a great deal from one wine and 
grape variety to another (0.3–1.9) (9)

 

  (1)
 Color composition, i.e. the contribution (ex-
pressed as a percentage) of each of the three 
components in the overall color (9):

 

 

  (2)

 

 The hue (color shade) indicates the develop-
ment of a color towards orange (9). 

   (3)

Statistical Methods

The mathematical processing of the data from 
absorption and transmission spectra in the visible 
region and the calculated from them color parame-
ters for wine was done by hierarchical cluster analy-
sis with a measure of similarity of Euclidean distance 
(10,11). The data were standardized preliminary in 
order to avoid the influence of different dimensions. 
The results from the cluster analysis are presented by 
a dendrogram. The SPSS software was used for clus-
terization of the wines.

RESULTS AND DISCUSSION

The emission fluorescence spectra of wine were 
obtained for the excitation signal wavelength as fol-
lows 245 nm, 265 nm, 275 nm, 295 nm. The emis-
sion fluorescence spectra are presented for excitation 
wavelength 265 nm on Figure 2. This wavelength is 
chosen, because for it the ratio between intensity of 
emission and intensity of excitation is high and fluo-
rescence spectra are distinct. 

It is evident that the white and rose wines have 
one broad band with a similar form, whose intensi-

Fig. 2. Fluorescence spectra of wine from Southern Bulgaria for excitation wavelength of 265 nm
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ty depends on the grape variety. Red wines from dif-
ferent kinds of grapes possess more than one fluores-
cence peak and their intensity of emission depends of 
numerous fluorescent components. Excitation with 
higher energy radiation at wavelengths between 245 
nm and 295 nm fluorescence emission was observed 
in the 340 nm to 540 nm range. Similar results have 
been reported by Rado-Rodriguez et al. (12). 

Wine contains a wide range of naturally occur-
ring fluorescent compounds such as phenolic acids 
(gallic, vanillic, caffeic, ferulic acid), flavonoids, vi-
tamins and amino acids (13-15). For this reason the 
fluorescence characteristics of wine are expected 
to be quite complex due to overlapping of emission 
from numerous components. Quantity analysis of 
fluorescence components in wine was not conduct-
ed, but the qualitative comparison of the experimen-
tal results with well-known fluorescent properties of 
wine was performed.

Several fluorescence substances could be dis-
tinguished in the wine samples. When the sample 
was excited at 245 nm, it showed emission peak in 
the region 429 nm – 440 nm. The main phenolic ac-
ids such as caffeic, gallic and ferulic acids contrib-
ute to this fluorescence peak. Similar results were re-
ported from Rodrigues and Bravo (16-17).

White wines and three of the red wines pos-
sessed a maximum of emission between 350 nm and 
415 nm, when they were excited at wavelength 295 
nm. Similar results are shown from Lakowicz (18). 

Fluorescence spectroscopy can be used for dis-
tinguishing of some vitamins. According to Kras-
nikov and Timoshkin (19-21) fluorescence max-
ima of vitamins are as follows: Vitamin А (retinol) 
– λ

em 
= 512-515 nm (λ

exc 
= 320-400 nm), Vitamin Е 

(α-tocopherol) – λ
em 

= 392-394 nm (λ
exc 

=270-310 nm 
and 320-340 nm), Vitamin С – 455-458 nm (320-340 
and 370-390 nm). It was found for the samples un-
der study that with excitation in the 270 nm to 280 
nm range, fluorescence peaks were observed in the 
394 nm to 410 nm, which could be attributed to vita-
min E (20). Therefore, white and rose wines are rich 
in Vitamin E (α-tocopherol). The most powerful flu-
orescence peaks of white wines were exhibited by the 
Chardonnay types, while from the red wines the only 
sample exhibiting such properties as the Syrah sam-
ple was obtained by pumping the samples at 265 nm. 

All samples, excluding sample 4, exhibited a peak in 
the 495 nm to 503 nm that can be associated with 
the presence of riboflavin (Vitamin B

2
). According to 

Christensen (22), riboflavin has an emission maxi-
mum around 510 nm to 518 nm at λ

ex
=270 nm or at 

λ
ex

=382 nm. The present study does not comment on 
the contents of Vitamins A and C, not because these 
are not present in Bulgarian white and red wines, but 
because the present studies are in the visible range. 

Two more fluorescence peaks were observed:
1. At λ

ex
 = 265 nm part of the intensely colored 

red wines (samples from 3 to 5) exhibited a 
peak of fluorescence emission around 600 nm 
to 640 nm. This peak is not identified in litera-
ture on fluorescence spectroscopy of wines, but 
is known as a range of fluorescence of chloro-
phyll and other pigments of this group. In some 
samples of red wines, the presence of pigments 
is caused by the technology or processing of 
grapes and wine production.

2. At λ
ex

=245 nm all white, rose and part of the red 
wines exhibited a fluorescence peak in the 482 
nm to 488 nm range. Similar results are report-
ed from Sadecka et al. (6). The shape and inten-
sity of these intermediate emissions varied from 
one distillate to another. 
The knowledge of fluorescence components in 

wines is very important, because fluorescence peaks 
give information about different phenolic classes - 
tannins, phenolic acids, flavonoids, anthocyanins. 
Recent studies indicate that consumption of small 
amounts of red wine on a regular basis reduced the 
risk of coronary heart disease and this can be ex-
plained by the antioxidant properties of polypheno-
lic compounds (23). Also, anthocyanins are linked to 
the ability to reduce cancer cell proliferation and in-
hibit tumor formation (24).

The qualitative determination of vitamins in 
wines is of great importance, because they are es-
sential nutrients for humans to maintain normal ac-
tivity, play an important role in metabolism, such as 
reducing the concentrations of homocysteine (25), 
slowing the progression of diabetic nephropathy, and 
preventing vascular events (26). It is known that the 
non-alcoholic component of wine is a protective fac-
tor in regard to human health (27-28).
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The white and rose wines are very helpful, be-
cause they contain vitamin E. It intercalates itself 
into lipid membranes of cells and helps halt the per-
oxidation of lipid molecules. Many authors describe 
that vitamin E affects the activation of protein kinase 
C, protein phosphatase 2A, and protein kinase B in 
mast cells (29-30).

The fluorescence peak in the (400-420) nm 
range at excitation wavelengths of (260-275) nm has 
been connected with flavonoids and polyphenols ac-
cording to Rodrıguez-Delgado et al. (16-17). Flavo-
noids are an important group of substances because 
they have antioxidant, anti-allergic and anti-tumor 
activities (31). Kaur et al. (2016) reported that wine 
helps to protect blood vessels from rupture or leakage 
(32). The recommended dietary allowance according 
to clinical trials is from 500 mg to 2000 mg. The ther-
apeutic range varies from 50 mg to 500 mg daily (33). 
Phenols are also important, because they determine 
the sensory characteristics of wine and play a key role 
in food hygiene due to their antibacterial effect (33).

The main characteristics of wine samples, ob-
tained by using the spectra of adsorption, are shown 
on Figure 3 and 4. It should be noted that the num-
bers on the abscissa on Figure 3 and 4 correspond to 
the numbers of wines given in Table 1.

The hypothesis raised in 2006 (9) is that col-
or intensity depends on the type of grapes. For red 
wines of the typical for Bulgaria Merlot type the peak 
intensity varies between 1.7 and 1.9. Only one of the 
samples showed a lower color intensity around 1.10, 
which can be attributed to climatic conditions in the 
region where the grapes were grown. It is character-

istic for white wines that their color intensity is at the 
lower limit of 0.3. There was no explicitly expressed 
dependence on the type of grapes, which could be at-
tributed to their high transmission in the visible. In 
red wines the dependence on the type was strong – 
the Syrah type had color intensity at the lower lim-
it 0.3, while that of Rubin – almost at the upper lim-
it of 1.8. For two of the red wines without indication 
of the type on the label, a deviation from this depen-
dence was observed. They were characterized by a 
color intensity above the indicated interval – between 
2.3 and 2.4. The latter fact is associated with intensity 
of the red color and a large absorption in spite of the 
thin liquid layer. The shade of the color can be a qual-
ity characteristic of the age of wine. Wines with val-
ues between 0.5 and 0.8 were wines from the harvest 
of the previous year and this characteristic increases 
to a maximum of 1.2 to 1.3 with the storage time of 
the wines. It is seen from Fig. 3 that about 62% of the 
number of studied samples were young wines, 31% 
were from previous harvests and a sample of white 
wine, Sauvignon Blanc, belonged to the group of the 
old wine.

Color composition for the main wavelength 420 
nm, 520 nm and 620 nm is presented on Figure 4.

The contribution of the component at 520 nm 
in the color contents dominated in the samples of 
rose and red wines excluding two samples – Syr-
ah and Merlot, the difference being minimal and of 
the order of 1-2%. For white wines the contribution 
of the component at 420 nm dominated over the re-
maining two in the color contents.

Determining the color parameters is essential 
for the evaluation of wines from known varieties 
of red grapes obtained by various methods of grape 
pulp processing in order to increase the extraction of 
phenolic compounds and polysaccharides (34). For 
the evaluation of the content of these compounds in 
red wine from grape variety Mavrud, the method of 
Glories (35) and the method of Sudro (36) were used. 

On the other hand, content of color of Europe-
an wine is used for:

 Determining the characteristics of the nor-
mal development of bottle-aged red wines. It 
is known that breakdown of anthocyanins and 
tannins may lead to a loss of color (9).

Fig. 3. Color intensity and hue of Bulgarian wines
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 Evaluation of oxidation of phenolic compounds 
of white wine (9).

 Differentiation of sweet white and dry white 
wines. It is known that the dry white wine has 
brown hue, due to modification in tannins.
By using the literature results it can be conclud-

ed that the color parameters are related to the content 
and the quality of wine.

The grouping of the samples in clusters is pre-
sented with the dendrogram on Figure 5 and the val-
ues of the distances between groups is shown in Ta-
ble 2.

Two clusters were formed. The first group in-
cluded all samples made from grapes with a domi-
nating Merlot type as well as the rose sample. The 
second cluster included three subclusters - one con-
taining all white wines (10, 11 and 13), and two oth-
er unifying red wine with the non-indicated on the 
label type together with Syrah, Rubin and one of the 
Merlots which was not classified correctly. The lat-
ter fact was confirmed by fluorescence spectrosco-
py, which exhibited a considerably weaker emission 
intensity in a different form of the peak for sample 
4. Hence, the dominating type of grapes in the indi-

cated wine was not Merlot. The dominating type of 
grapes in it could coincide with the dominating type 
in sample 8. 

The shortest Euclidian distance existed be-
tween samples 1 and 12. This can be explained with 
the different technology of making rose wine, but the 
wine can be made from grapes form one of the types 
of sample 1 – Merlot and Marceline. The most dis-

Fig. 4. Color composition for Bulgarian wine

Stage
Cluster Combined

Coe*cients
Cluster 1 Cluster 2

1 1 12 3.740
2 2 3 5.266
3 11 13 5.812
4 1 5 7.376
5 4 8 7.811
6 10 11 15.958
7 1 2 27.518
8 4 10 38.838
9 6 9 53.803
10 4 6 96.944
11 1 4 171.150
12 1 7 491.954

Table 2. Combinations of clusters and distances between 
groups
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tant were samples 1 and 4, and 1 and 7 with distances 
correspondingly 171.15 and 491.95. The former fact 
is associated with the wrong classification of sample 
4 due to differences in the optical parameters, char-
acteristic for the indicated sort, while the second can 
be associated with the too dense color of the Rubin 
sample. 

The percentage distribution of the wine in the 
distinct subcluster is presented in Table 3.

The samples from the first cluster had the high-
est percentage of the samples-38.5%. The wines from 
this group were characterized with the color inten-
sity and hue between 1.73-1.93, 0.73-0.91 respective-
ly. The high influence over color composition had 
components for 520 nm and the lesser influence had 
components for 620 nm. The samples of the first sub-
cluster of cluster 2 (sample 6 and 9) were character-

ized by almost identical components of color content 
at the basic wavelengths 420 nm, 520 nm and 620 
nm. Samples 4 and 8, forming the third subcluster of 
cluster 2 transmitted very weakly at 420 nm and 520 
nm between 8 and 12%, with hue between 0.8 and 
1, and high color intensity. For white wines a high 
transmission coefficient was characteristic at 420 nm 
and 520 nm – between 75% and 86%, with maximum 
hue and weak color intensity – around 0.3. Hence, 
the second cluster grouped wines with maximum 
transmission and hue, and such with high color in-
tensity and maximum absorption. 

CONCLUSION

The preliminary study shows that wine can be 
discriminated by variety of grapes by using differ-
ences in their fluorescence spectra. We demonstrat-
ed that fluorescence measurements performed di-
rectly on the wine samples without any treatment 
can be used for rapid determination of vitamins, 
phenolic acids, flavonoids and other pigments. The 
quality relation between these compounds and fluo-
rescence characteristics will be object of future inves-
tigation. Spectroscopy in the visible region gives the 
opportunity for quality estimation of age and variety 
of grapes of the wine by calculating the color charac-
teristics hue and color intensity, respectively. The ob-
tained results demonstrate that the color parameters 
are related to the content and the quality of wine.
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