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INTRODUCTION

Quality control and monitoring of chemical composi-
tion of food products during processing and storage are very 
important tasks. Spectroscopic methods that have been em-
ployed to monitor quality and condition of foodstuffs include 
fluorescence spectroscopy, UV-Vis, NIR and IR absorption 
spectroscopy, NMR, and Mass Spectrometry [Almeida et al., 
2006; Duarte et al., 2003; Duarte et al., 2004; Vanhoenacker 
et al., 2004; Ventura et al., 2006]. Recently, special attention 
has been given to luminescence methods, which allow to 
characterize and analyze foods without any special sample 
preparation [Christensen et al., 2005, 2006; Sikorska et al., 
2004, 2006; Sikorska, 2007]. In general, luminescence meth-
ods offer important advantages over other techniques, being 
very sensitive, comparatively fast and cheap. In our previous 
research the single fluorescence spectra and the single syn-
chronous spectra were used to characterize beer before and 
after the exposure to irradiation process [Sikorska et al., 2003, 
2004, 2006; Sikorska, 2007].

In this paper there have been reported the results con-
cerning beer samples exposed to forced ageing process. In 
order to compare the spectra of the samples before and 
after the process mentioned above and to characterize, in 
further steps of the study, the changes occurring in beer af-
ter forced ageing, there have been used three-dimensional 
fluorescence technique and three-dimensional synchronous 
scan method. 

MATERIAL AND METHODS

The beers were acquired from a brewing company in Po-
land. Samples were degassed in an ultrasonic bath before 
measurements to avoid light scattering on gas bubbles.

Fluorescence spectra were obtained on a Fluorolog 3-11 
Spex – Jobin Yvon spectrofluorometer. Xenon lamp source 
was used for excitation. Excitation and emission slit width 
was 2 nm; the acquisition interval was 1 nm and the integra-
tion time was maintained at 0.1 s for the total luminescence 
spectra and 0.05 s in the synchronous scan method. Individ-
ual spectra were corrected for the wavelength response of the 
system. Front-face geometry was used for bulk beer samples 
in a 10 mm fused silica cuvette. Fluorescence measurements 
have been made using total luminescence spectroscopy meth-
od (TLS), synchronous three-dimensional fluorescence spec-
troscopy, and single synchronous scan.

The emission spectra in the total luminescence method 
were collected between 290 to 700 nm in the range from 250-
-550 nm at excitation wavelengths, spaced by 10 nm intervals 
in the excitation domain. The single emission spectra were 
then folded into an excitation-emission matrix (EEM).

Synchronous fluorescence spectra were collected by si-
multaneously scanning the excitation and emission mono-
chromator in the 240-700 nm range in the entire range of 
offsets between the excitation and emission wavelengths 
(Δλ = 10-100 nm), with 10 nm step. The single synchronous 
fluorescence spectra were folded into 3-D spectrum.

RESULTS AND DISCUSSION

Concentrations of the beer components depend on the 
type of beer, brewing conditions and the raw materials used. 
In general, there are three groups of fluorescent components 
in beers – amino acids, vitamins and polyphenolics. The 
measurement of their concentrations gives a new approach 
to evaluation of the product quality. The fluorescence spec-
troscopy can serve as the first step of a larger analytic effort, 
allowing to note differences in beer composition.
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We studied beers of two distinct brands exposed to a 
forced ageing process, achieved by a thermal treatment imi-
tating long-term storage. For this purpose, bottled beer was 
stored alternately for 24 h at 60°C and 24 h at 0°C. Such ther-
mal cycling allows to determine the anticipated period of beer 
stability, with the cycles repeated until beer turbidity appears 
in the bottles. The respective turbidity stage (2 Units EBC) 
has been established by the European Brewing Convention 
[Polish Standard PN-A-790939:2000]. Thus, one thermal 
cycle corresponds to 30 days of expected beer stability, used 
in the “best before” date marked on the bottle.

The samples of the first beer brand (Beer A) were exposed 
to 9 cycles of forced ageing, while those of the second one 
(Beer B) were exposed to 7 ageing cycles. According to the 
data furnished by the brewery, these artificially aged samples 
were over-aged, implying that after 9 (A) and 7 (B) months of 
conventional storage the product would be over-stored and 
could loose its freshness and quality.

Absorption and emission spectra were obtained for three 
samples of each of the two beer brands. The total lumines-
cence spectra were collected for all samples in order to look 
for differences in beer composition. Figure 1 shows the total 

luminescence spectra of the fresh samples of Beers A and B. 
The two spectra show significant differences in two separate 
zones: one at 300-400 nm and another at 400-550 nm in the 
emission scale. Namely, the fluorescence of the Beer A sample 
is more intensive than that of the Beer B in the 300-400 nm 
range, while the sample of Beer B has higher fluorescence in-
tensity in the 400-550 nm range.

These results show that the luminescence method allows 
to notice changes in beer composition. Moreover, the contour 
maps of the respective spectra present a very detailed image of 
the sample emission, which can be used as a “fingerprint” of 
the respective beer sample and/or the respective beer brand.

Synchronous fluorescence scan is another fluorescence 
method useful in monitoring condition and quality of beers. 
Synchronous fluorescence spectra were collected by simultane-
ously scanning the excitation and emission monochromators 
in the 240-700 nm range in the entire range of offsets between 
the excitation and emission wavelengths (Δλ = 10-100 nm) 
with 10 nm step. The final result is a 3-D data matrix, which 
includes all the measured synchronous spectra (Figure 2). In 
this figure we compare the spectra obtained for Beer B sam-
ples before any thermal treatment (a) with the spectra of the 

FIGURE 2. Synchronous 3-D fluorescence spectra of Beer B samples: (a) before thermal treatment and (b) exposed to 7 cycles of forced ageing.

FIGURE 1. Total luminescence spectra of fresh samples of Beer A and B with the respective contour maps.
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samples after 7 cycles of forced ageing (b). In the 250-350 
nm range, characteristic for amino acids and some polyphe-
nolics emission, more intensive fluorescence is observed for 
the fresh beer samples as compared to samples after a long 
thermal treatment (7 cycles), while in the 400-550nm range, 
corresponding to the emissions of vitamins and polyphenolics 
and other unidentified compounds, the fluorescence intensity 
increases for the samples after forced ageing. These data al-
low to choose the best value of the offset between the exci-
tation and the emission wavelength in order to observe the 
most significant differences between the particular samples. 
Additionally, the usage of the entire data matrix may provide 
additional advantages in optimising the sensitivities for each 
specific constituent or group of constituents by choosing an 
appropriate Δλ value.

Figure 3 shows the results obtained for the samples of 
Beer A. We observe that the changes of fluorescence intensity 
between the samples before and after forced ageing are slight 
but observable in the 250-350 nm range, while the fluores-
cence intensity increases quite significantly in the 400-550 nm 
range.

Figure 4 shows the single synchronous fluorescence spec-
tra for the samples of both beer brands, Beers A and B. There 

are significant differences in the fluorescence spectrum of 
fresh samples of these two brands, probed at either Δλ = 30 
nm or Δλ = 60 nm. The fluorescence of beer B is more inten-
sive in the 350-550 nm range, with the difference becoming 
even more significant when using the offset Δλ = 60 nm. A 
different offset between the excitation and the emission wave-
lengths allows to observe different changes in the emission 
spectra. Comparing the two cases (Figures 4a and b) we can 
choose the best value of the offset, allowing to follow the dif-
ferences we consider the most important. 

Synchronous fluorescence method allows to notice spe-
cific changes in composition of beer after forced ageing treat-
ment. Figure 5 shows synchronous emission spectra of Beer A 
after 9 cycles of forced ageing compared with the spectrum of 
the same beer before thermal treatment. Significant changes 
in shape, absolute intensity and relative contributions of the 
individual fluorescence bands are observed, particularly when 
the offset Δλ = 60 nm is used.

As we already mentioned, beer contains at least three 
characteristic groups of fluorescent species. The changes ob-
served in the emission spectrum of beers correspond to the 
changes in the concentrations of these compounds. In our 
opinion, despite the complex composition of the system stud-

FIGURE 3. Synchronous 3-D fluorescence spectra of Beer A samples: (a) before thermal treatment and (b) exposed to 9 cycles of forced ageing.

FIGURE 4. Synchronous fluorescence spectra of Beer A and B fresh samples: (a) Δλ = 30 nm and (b) Δλ = 60 nm.
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ied, the changes in the specific groups of compounds are very 
marked, what allows to use the fluorescence spectroscopy as 
a method for beer analysis and quality monitoring.

The results obtained by fluorescence spectroscopy can 
be analysed and interpreted by using appropriate chemomet-
ric tools, allowing to identify beer brands and brews, and to 
analyse the contents of specific groups of minor fluorescent 
constituents in beer samples.

CONCLUSIONS

The quality, freshness and nutritive value of foods remain 
very important issues in the contemporary context. The con-
cerns involve adulteration of food products along with the 
food processing and storage chain, and, as a consequence, 
the consumer safety.

The present results confirm that advanced techniques of 
fluorescence spectroscopy may be used to identify differences 
between beer samples, brews and brands. The methods used 
in our research, the Total Luminescence Spectra (TLS) and 
the Synchronous Fluorescence Spectroscopy, are very accurate 
and sensitive. Moreover, tests may be run without any spe-
cial sample preparation, which simplifies and accelerates the 
analyses.
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FIGURE 5. Synchronous fluorescence spectra of Beer A samples before the forced ageing treatment compared to spectra of the samples exposed to 9 
cycles of forced ageing: (a) Δλ = 30 nm and (b) Δλ = 60 nm.
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W pracy przedstawiono wyniki badań nad możliwością wykorzystania naturalnej fluorescencji piwa do oceny jego jakości. Emisję prób piwa 
dwóch różnych gatunków, świeżych oraz poddanych procesom starzenia, badano z wykorzystaniem metod pomiaru całkowitej fluorescencji oraz 
synchronicznego pomiaru fluorescencji. Wykazano przydatność widm fluorescencji do rozróżnienia piw różnych gatunków i różnej świeżości.




