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ABSTRACT

 A Raman spectroscopic method and the conventional distillation method for the determination 
of alcohol content % (v/v) in Greek spirit Tsipouro used. A univariate calibration model was 
constructed employing the band area at 880 cm-1 of standard ethanol solutions. The concentrations 
of 46 samples were then measured using the calibration model and the results were compared 
with those obtained using the conventional analysis employing a distillation step. Alcohol content 
in Greek spirit Tsipouro measured with the conventional method ranged from 35.1 to 71.2 % (v/v). 
The determination coefficient (R2) value was 0.9997 while the corresponding values of the relative 
errors ranged between – 13.1 -1.0 %. According to the proposed method the alcohol concentration 
in Greek spirit Tsipouro ranged from 27.7 to 68.2 % (v/v). The proposed method is simple, rapid, 
economical and does not require any sample pre-treatment steps. It could be a starting point for the 
design of more specific models according to the requirements of the spirit industry.
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inTRoDuCTion

 Alcoholic beverages from fermented grape 
pomace are very popular in Mediterranean countries. 
Greek Tsipouro and Tsikoudia, Italian Grappa, 
Portuguese Bagaceiras and Aguardiente, Spanish 
Orujo, French Eau-de-Vie de Marc and Cypriot 
Zivania fall within this category1. Tsipouro and similar 
grape pomace distillates are legally defined under 
European Community Council (ECC) regulation no. 
1576/89 (EC, 1989)2.

 Tsipouro is produced in Greece by 
distillation of the residual from wine making, mostly 
the marc. Grape marc or pomace is the solid waste 

obtained after extraction of the grape juice during 
winemaking. It accounts for 150 g/Kg of the grape 
mass and it is comprised mainly of skins and seeds 
and to a varying extent of stalks3. Their production 
begins with the selection of the grape variety, then 
the thorough fermentation of the grape marc occurs 
and lastly a slow and gradual distillation of the 
fermented grape marc takes place4. Some producers 
use to add aromatic seeds or plants (such as anise, 
fennel, saffron, walnut tree leaves).

 In Greece before 1988, production licenses 
for Tsipouro were granted for certain days of the year 
only to farmers, in poor areas. Today, the situation 
has changed as Tsipouro is highly appreciated by 
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consumers and by wine drinkers, especially after 
gourmet meals5. Homemade Tsipouro, which can 
be commercially available, is mostly consumed 
undiluted and its ethanol content is usually higher 
than 50 % (v/v). Tsipouro produced commercially is 
bottled after dilution with water to obtain a product 
of alcohol content between 37.5 and 50 % (v/v). 
Commercial Tsipouro is the only one actually bottled 
and available for foreign sales while homemade is 
only for regional sales5. 

 During the distillation process, the distillate 
is separated into three fractions: the “head”, 
the “heart” and the “tail”. The first fraction is 
composed mainly of alcohol-soluble components 
(e.g. acetaldehyde, ethyl acetate, higher alcohols), 
the second of ethanol and higher alcohols while the 
third of less volatile compounds3.  The initial and 
final fractions of the distillate are discarded due to 
undesirable congeners they contain6. The decision 
when the distillations cuts are made however relies 
on an empirical way based on the particular skill 
of the distillery and on the bulk concentration of 
alcohols as assessed by densitometry6.  The cut 
between head and heart products is typically made 
between 70 and 80 % (v/v) ethanol whereas the cut 
between heart and tail between 35 and 50 % (v/v) 
ethanol7.  Selection of the cut points at the beginning 
and end of spirit collection is critical for the quality 
of the final product and depends on the experience 
of the distillery. 

 There exist a number of methods for 
ethanol content determination of spirits. Most of 
them are densimetric methods which however have 
to be preceded by a distillation step, to separate 
the ethyl alcohol from the extractive matter and 
then to determine it by pycnometer or electronic 
densimeter8, 9. These methods are time consuming 
and labor-intensive. Unsuccessful attempts that did 
not gain wider distribution in commercial laboratories 
include titration methods, enzymatic analysis as 
well as liquid or gas chromatographic analysis10. 
These methods had basically no advantage over 
densimetric reference methods as they were even 
more complex and labor-intensive. Nevertheless, 
all the above mentioned methods are destructive 
and time consuming. Therefore, there is need for 
the development of methods non-invasive, rapid 

and simple which can be used without any sample 
preparation step. 

 Raman spectrospopy has proved to be an 
excellent tool, not only for qualitative purposes but 
also for quantitative analysis of water rich samples11-

14. Raman spectrospopy is more often associated 
with the determination of molecular structure 
and with qualitative analysis15. However, Raman 
scattering intensity is proportional to the number of 
molecules present in a given sample volume. The 
proportional relationship between Raman scattering 
intensity and analyte concentration is the basis for 
most of the quantitative analyses done using Raman 
spectrospopy15. 

 There are several advantages using Raman 
spectroscopy for analysis of water-rich samples over 
other analytical techniques. For example sample 
preparation is not required which facilitates on-line 
analysis. Moreover, since band intensities caused 
by -OH stretching vibrations are weak in Raman 
spectra, water-rich samples such as spirits can be 
directly analysed16.  

 The objective of the research proposed 
was to explore and evaluate the suitability of Raman 
spectroscopy as a simple, rapid and economical 
technique to determine ethanol content of spirits 
which is of high technological importance. For 
this purpose, ethanol content of selected bottled 
and homemade Greek Tsipouro distillates was 
determined according to the conventional method 
usually employed which requires a prior distillation 
step. The results were correlated with the area of 
the peak at 880 cm-1 of the corresponding Raman 
spectra. The proposed method has the advantages 
of Raman spectroscopy combined with statistical 
simplicity since it is based on a simple calibration 
curve.

MATERiAlS AnD METhoDS 

Samples
 Representative Tsipouro samples from 
different parts of Greece were collected. These 
samples were either commercial (13) or home-made 
(33) in order to take into account both types which 
are equally preferred by consumers. In total, 46 
samples were analyzed.
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Determination of ethanol content-distillation 
method
 The sample (200 mL) was quantitatively 
transferred to the distillation apparatus. The obtained 
alcohol fraction from distillation was filled up to the 
original volume with distilled water. In this way a 
liquid was obtained which had the same alcohol 
concentration as the original sample. Finally, the 
alcohol concentration in % (v/v) (CD) was determined 
via pycnometric determination of the density using 
appropriate alcohol concentration tables8. 

Preparation of the standards
 15 standard samples were prepared using 
ethanol (99.9 % v/v, Sigma-Aldrich) and distilled 
water. The concentrations of the standards ranged 
between 5 and 75 % (v/v) ethanol. Ethanol was 
added to a 100 mL volumetric flask (previously 
calibrated) using a piston volumetric pipet (Metrohm, 
±0.03 ml).

Raman spectroscopy
 A DeltaNu Advantage 785 near-infrared 
Raman spectrometer (Laramie, WY) equipped with 
a 785 nm diode laser for excitation with a maximum 
output power of 71.6 mW was used to record 

spectra of spirit samples. The spectral resolution 
of the instrument is 8 cm-1 and the spectral range 
2000-200 cm-1. Triplicate spectra were obtained for 
each standard and sample. 700 ìL of each spirit 
sample was placed into a 1mL clear shell vial 
(VWR International, USA).The vial was placed into 
a prefixed sampler holder such that the laser was 
focused into the center of the vial. Each spirit and 
standard spectrum is a 15 s acquisition over the 
spectral range of 2000-200 cm-1. The spectra were 
collected with the NuSpec software provided by the 
manufacturer and then treated with the OMNIC ver. 
7.3 (Thermo Fisher Scientific Inc) software.

 The Raman spectra were smoothed using 
the Savitsky–Golay algorithm (5-point moving 
second-degree polynomial), and their baselines were 
corrected using the Savitsky–Golay algorithm (2nd 
polynomial order, 20 iterations). The above functions 
are contained in the OMNIC software as “automatic 
smooth” and “automatic baseline correct”.

 The average of triplicate spectra of each 
standard and spirit sample was calculated using the 
above software.

Fig. 1: a) Typical Raman spectrum of ethanol solution. b) 
Typical Raman spectrum of Greek spirit Tsipouro
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Fig. 2: The peak at 880 cm-1 of the Raman spectra of the standard ethanol solutions
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Statistics
 The area (A) of the peak at 880 cm-1 of 
each averaged Raman spectrum of the standard 
samples was correlated with the corresponding 
ethanol concentration (C) (% v/v) using simple linear 
regression (Microsoft Excel 2007 software).   

RESulTS AnD DiSCuSSion 

 The ethanol concentration in Greek spirit 
Tsipouro as it was determined using the conventional 
reference (CD) method ranged between 35.6 and 
71.2 % (v/v) (average value 49.2 %) for homemade 
and 38.1 and 45.0 % (v/v) (average value 41.5) for 
the bottled samples (Table 1). Apostolopoulou et al5 
reported ethanol concentrations between 40.1 and 
42.4 % (v/v) in bottled Tsipouro samples whereas 
in homemade samples alcohol content ranged from 
37 to 53.6 % (v/v). In agreement with the results of 
reported by Aposolopoulou et al5, higher alchohol 
contents were observed in the homemade samples 
where the dispersion was also greater. This is a 
rather expected result since the raw material is not 
of a controlled origin, and the distillation process is 
not standardized leading to products with variable 
concentrations of ethanol. 

 Examples of the Raman spectra obtained 
for (a) ethanol standard solutions (60 % v/v) and (b) 
one of the samples are shown in Figure 1. 

 These spectra were collected using identical 
laser power. As it can be observed, both spectra 
had similar profiles. Six peaks are simultaneously 
present in each spectrum. The peak at 1455 cm-1 is 
due to the asymmetric deformation of –CH3 and the  
scissoring vibration of –CH2- whereas the peak at 
1278-1277 cm-1 could be attributed to the twisting 
vibration of –CH2- 

1]7(Socrates 2001a). In addition, 
the peak at 1089-1088 cm-1 is due to the stretching 
vibration of C-C and the asymmetric vibration of 
C-C-O and the peak at 1049-1048 cm-1 due to the 
stretching vibration of C-C17. The most intense band 
is observed at 880 cm-1 and it could be attributed to 
the symmetric C-C-O stretch of ethanol18. Finally, a 
broad and low intensity band with a maximum at the 
435-434 cm-1 which appears at the last part of the 
spectrum is assigned to the deformation vibration 
of C-O17.  According to Numata et al12, in Raman 
spectrum the band due to the -OH stretch of water 
is of very low intensity and does not overlap with 
the sharp band of ethanol around 880 cm-1, allowing 
thus direct analysis of alcohol content in aqueous 
solutions.

 Figure 2, presents the peak at 880 cm-1 of 
the Raman spectra obtained after the analyses of 
the standard ethanol solutions. 

 It can be observed that the area of this 
peak increased with increasing concentration of 
the ethanol solutions and this increase seems to be 
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Table 1: Ethanol concentration (% v/v) of 
Greek spirit Tsipouro determined using the 

conventional distillation method (CD) and the 
area (CA,R) of the Raman band at 880 cm-1

, 
the corresponding relative errors and the 

recoveries

Sample CD CA,R Relative  Recovery 
   error (%) (%) 

1* 39.7 40.6 0.9 102.2
2* 38.1 36.9 -1.2 96.9
3* 44.5 40.7 -3.8 91.4
4 44.4 45.4 1.0 102.2
5 38.1 36.8 -1.3 96.7
6 35.9 35.3 -0.6 98.2
7 40.7 40.5 -0.2 99.4
8* 41.5 40.1 -1.4 96.7
9 40.1 39.9 -0.2 99.4
10* 44.8 45.0 0.2 100.4
11* 39.5 39.4 -0.1 99.8
12 35.6 34.6 -1.0 97.2
13 56.8 57.0 0.2 100.3
14 37.9 35.3 -2.6 93.2
15 42.7 41.4 -1.3 97.0
16* 38.4 37.0 -1.4 96.5
17* 41.0 40.4 -0.6 98.5
18* 40.8 39.6 -1.2 97.1
19* 45.0 44.5 -0.5 98.8
20* 43.6 44.5 0.9 102.2
21* 40.8 27.7 -13.1 68.0
22* 41.9 39.0 -2.9 93.0
23 60.4 59.4 -1.0 98.3
24 66.7 64.8 -1.9 97.1
25 54.0 53.5 -0.5 99.0
26 55.2 54.6 -0.6 98.9
27 50.4 43.7 -6.7 86.7
28 37.0 34.2 -2.8 92.4
29 43.8 41.3 -2.5 94.3
30 45.0 43.8 -1.2 97.4
31 49.6 46.7 -2.9 94.1
32 39.6 36.4 -3.2 92.0
33 41.8 38.3 -3.5 91.6
34 60.4 56.8 -3.6 94.1
35 58.2 54.6 -3.6 93.9
36 71.2 68.2 -3.0 95.8
37 54.4 49.7 -4.7 91.3
38 63.4 58.0 -5.4 91.5
39 61.4 58.1 -3.3 94.6
40 49.8 48.3 -1.5 97.0
41 46.0 44.0 -2.0 95.6
42 48.2 45.9 -2.3 95.1
43 53.0 50.2 -2.8 94.8
44 44.8 42.7 -2.1 95.4
45 40.8 39.0 -1.8 95.6
46 55.2 46.8 -8.4 84.8

*: Samples are bottled spirits. The rest are 
homemade.

proportional to the analyte concentration. Therefore, 
this peak was selected for the quantitative analysis 
of ethanol (% v/v) of the samples examined. 

 The area (A) of the above mentioned 
Raman peak of standard ethanol solutions was 
plotted against the volume fraction of ethanol. An 
initial linear correlation was found using the simple 
regression analysis at a confidence level of 95 
%. The equation of the calibration curve was the 
following: C=(-0.225±0.679)+(2.2x10-4±0.3x10-4)A 
(equation 1) with a correlation coefficient (R) value 
of 0.999 and a coefficient of determination value  of 
(R2)= 0.998. However, according to the results of 
the simple regression analysis (data not shown), 
the p value of the intercept was found 0.746 which is 
higher than 0.05 suggesting that the intercept is zero.  
Accordingly, the corresponding p value for the slope 
was 0.000 (which is lower than 0.05) suggesting 
that the slope has a different than zero value. It 
was thus necessary to draw a new final calibration 
curve with an intercept value equal to zero. Figure 
3 shows this curve which was acquired using the 
simple regression analysis. The obtained equation 
is C=2,2x10-4A (equation 2) with a confidence level 
of 95 %.

 The results obtained from the statistical 
analysis of the final simple regression analysis are 
presented in Table 2. The calculated R value was 
0.9997 indicating statistical significant linearity 
between the concentration C and the area A. 
Moreover, the R2 value (0.9994) indicates that 99.94 
% of the total variation in C can be explained by the 
linear relationship between A and C, as described 
by equation 1. The low value (1.202) obtained for 
the standard error suggests that the residual in 
the equation of linear regression is not significant. 
From the previous discussion it is clear that there is 
a strong linear relationship between C and A which 
is shown in Figure 3. 

 The zero value obtained for Significance of 
F confirms the validity of the regression output since 
there is not any probability that regression output 
was merely a chance occurrence (Table 2). The p 
value of 0.000 (<0.05) and the tstatistic value of 146.442 
(>tcritical=2.160 for 13 degrees of freedom) indicate 
that the slope value is valid at a 95 % confidence 
level. The lower and higher limits for the above 
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Fig. 3: The correlation of ethanol concentration of the standard ethanol solutions (C) (% v/v) 
determined using the conventional method with the area (A) at 880 cm-1 of the corresponding 

Raman spectra

Fig. 4: The predicted alcohol concentration (C % v/v) of the standard solutions vs the 
standardized residuals as they were calculated using the summary output of the final simple 

linear regression

confidence level were found 0.0002 and 0.00025% 
respectively (Table 2). 

 It is important in order to prove the robustness 
of the model, to consider the ‘homoskedasticity’, or 
the homogeneity of variance. For this purpose, the 
predicted C (% v/v) and the standardized residuals 
were calculated using the summary output of the final 
simple linear regression and the corresponding plot 

is presented in Figure 4.  It can be observed that the 
absolute values of the residuals were lower than 2. 
Consequently there were not found any outliers and 
all random variables presented similar variance. 

 The ethanol concentration (CA,R)  (% v/v) 
of every sample was then predicted using the 
calibration model proposed above and the results 
are presented in Table 1.   
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 The calculated CA,R  ranged from 34.2 to 
68.2 % (v/v) for the homemade and from 27.7 to 45.0 
% (v/v) for the bottled Tsipouro samples. The average 
calculated values were 45.1 and 39.6 % (v/v) for 
the homemade and bottled samples respectively. 
As it can be seen, the values obtained by both the 
conventional and the proposed methods are very 
similar. Moreover, the values of the relative error fell 
within -13.1 and 1.0 % (Table 2) with only one sample 
(No 21) showing absolute relative error over 10% 
and 42 samples having values below 5% indicating 
the robustness of the proposed method. Recovery 
values were also calculated and are shown in Table 
1. They ranged from 68.0 to 102.2 % with an average 
value 95±5 % further supporting the robustness of 
the proposed method.  

 Employment of the Raman spectroscopy 
has already found use as a possible tool for rapid 
measurement of ethanol content in alcohol-water 
binary systems12, 14, 19 in rice wine20 and during the 
fermentation process of glucose by Saccharomyces 
cerevisiae21. However there are few studies 
concerning ethanol determination in alcoholic 
beverages such as beer, whiskey, tequila, rum, 
cachaca, vodka14, 18, 22, 23 very few in spirits of grape 
origin (brandy, pisco) 14, 23 and none for Tsipouro. 
The alcoholic beverages have been analysed using 
Raman spectroscopy with either univariate14, 18 or 
multivariate calibration models23. Nordon et al18 

constructed different calibration models for different 
types of alcoholic beverages. In the above mentioned 
univariate models, the intensity of the Raman peak at 
880 cm-1 has been used for calibration, while Nordon 
et al18 used its first derivative for the construction of 
the calibration model.

 In all research works mentioned above, the 
peak area (A) has not been previously employed for 
the construction of the ethanol calibration curve. It 
is known that peak areas generally lead to better 
results, than quantification using intensities, since 
noise effects can introduce errors into peak maxima 
determinations24. Moreover, as it can be seen 
in Figure 1, the Raman peak at 880 cm-1 is well 
resolved from the others justifying the selection of 
this particular peak area for ethanol quantification. 

 In most of the published studies the use of 
Raman spectroscopy for quantitative determinations 
is combined with calibration models based on 
multivariate analysis such as principal component 
regression and partial least squares regression 
[25] which are more complicated and require more 
sophisticated software. Since Raman band area is 
proportional to analyte concentration, it is possible to 
employ a simple univariate calibration model for the 
analyte quantification.  Univariate are simpler than 
the multivariate calibration models since it is easier 
to be updated and maintained. 

Table 2: The output summary of the final simple regression analysis

Regression statistics
Multiple R 0.9997    
R2 0.9994    
Standard error 1.202
    

Analysis of variance
 Degrees of  Significance     
 freedom F

Regression 1 0.000    
Residual 14     
Total 15
     
 Coefficients Standard  t statistic p value lower higher 
intercept 0 error   95 % 95 %

Slope 0.00022 0.0000 146.442 0.000 0.0002 0.0002
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 The proposed Raman method for ethanol 
quantification of Greek spirit Tsipouro has some 
advantages over the existing methods particular 
with regard to calibration which is based on a simple 
linear regression method.  It also rapid, economical, 
non-destructive and does not require any sample 
processing prior to analysis. 

 Raman spectroscopy is a powerful tool for 
ethanol quantitative analysis of Greek spirit Tsipouro. 
The information obtained by the high spectral 
resolution, typical of Raman spectra, allowed simple 
statistical models to be accurately employed for the 
implementation of the results. Peak area was linearly 
related with the concentration of standard ethanol 
solutions. The accuracy of the resulting calibration 

model was tested on a second set of Greek spirit 
samples where ethanol content had been previously 
measured with the conventional distillation method.  
The resulting calibration curve of the proposed 
method presented statistically significant values 
of R=0.9997 and R2=0.9994. The relative values 
errors of the vast majority of samples were lower 
than 5 %.  Furthermore the values of p=0.000 and 
tstatistic=146.442 for a confidence level of 95 % as 
well as the homoskedasticity of the samples and 
the 95% recovery value confirmed the robustness 
of proposed model.  The proposed method is time 
saving and cost-effective since it provides rapid and 
direct results which are easy to interpret without 
requiring any sample pretreatment steps. 
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