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Abstract: Volatile compounds of plum spirit have a decisive influence on its 
quality and are closely related to the method of production. In this paper, minor 
and major volatile of plum spirits produced in small artisanal distilleries of Mon-
tenegro, obtained by two batch distillation techniques traditionally used (single 
and double distillation in alembic of the same construction) were analysed by 
GC-FID and GC-FID–MS methods. All plum spirits contained all 8 major volat-
ile compounds analysed by GC-FID method, but out of a total of 138 minor 
aromatic compounds detected, only 32 are common to all samples. Wide ranges 
of concentrations of most volatile compounds indicated the great heterogeneity 
of plum spirit production methods in Montenegro, included, among others, two 
different distillation techniques. Тhе principаl cоmpоnеnt analysis have shown 
that differentiation of plum spirits obtained by single or double batch distillation 
is not possible using the all compounds analysed by GC-FID or GC-FID–MS, as 
well as compounds belonging the same chemical class, but rather based on the 
content of the volatile compounds typical for batch distillation tail fraction. 

Keywords: GC-FID–MS; volatile compounds; alembic; single distillation; double 
distillation; PCA. 

INTRODUCTION 
In the last five decades, studies aimed to characterize and determinate quality 

and authenticity of plum spirits collected from the market and from small artisanal 
producers is carried out periodically in plum-producing European countries. 
Besides other chemical methods of analysis (including those from classical volum-
etric and UV/Vis spectrophotometric methods to synchronous fluorescence spec-
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troscopy and stable isotope ratio analyses), GC-FID and GC–MS methods were 
widely used for more detailed characterization of plum spirit.1–7 Volatile finger-
printing based on GC–MS analysis is an excellent method for plum spirits authen-
tication, which can be very useful for distinguishing among the plum spirits that 
were obtained from different plum cultivars8 and by different production methods9 
or originated from different regions.10  

Plum is the most grown fruit species in Montenegro, primarily around the Lim 
River (Lim Valley – Upper Polimlje).11 Almost the entire annual plum crop is 
processed into plum spirit, exclusively in small household artisan distilleries. 
Distilleries use traditional method of plum spirit production, with its small vari-
ations depending on the knowledge of the distiller, the equipment of the distillery 
and the preferences of final consumers. Traditional Montenegrin plum spirits 
obtained by classic single distillation are characterized by pronounced acidic taste 
and by low ethanol concentrations (< 30 vol. %). However, contemporary con-
sumers are usually interested in consumption of plum spirits that are free from any 
sensory quality defects, including sharp, acidic, often unpleasant odour and taste. 
As consumer preferences change, manufacturers must periodically adjust char-
acteristics of their products. Some authors have suggested that producers must 
adapt distillation operating recipes to meet consumer preferences.12 This led to the 
modification of the traditional, classic method of single distillation in order to 
produce plum spirits with an alcohol content of over 40 vol. % and a reduced acid 
content, but only to the degree necessary to maintain the pleasing freshness and 
acidity that distinguish Montenegrin plum spirits. Anyway, the aim of plum spirit 
producer is to preserve traditional character of product, by using traditional raw 
materials and traditional production methods with minimal modification in order 
to preserve the plum fruits aroma and enable fulfilled requirements of law regul-
ation governing the content of certain toxic compounds (e.g., methanol) and, at the 
same time, avoidance the occurrence of sensory defects of product.  

Batch distillation in alembic is considered as a most important step in the 
production of high quality spirit drinks (e.g., cognac).13,14 Double distillation in 
the alembic is necessary to obtain a high-quality product because it allows for 
stronger purification and obtaining cleaner, less impressive, but sufficiently arom-
atic distillates. However, a unified plum spirit distillation technique does not exist 
in the north of Montenegro. Just like in some other producing areas of other Balkan 
countries (Serbia, Bosnia and Herzegovina and Croatia), Montenegrin plum spirits 
can be obtained by single or double distillation techniques in copper pot still, called 
alembic.  

Single distillation (S) technique in the simple alembic of Charentais type (with 
a capacity of about 100 L), directly yields consumable plum spirits with 42–47 vol. 
% of ethanol. This distillation technique is carried out as follows. The boiler of 
traditional alembic (useful volume of about 100 L) is filled with about 70 to 80 kg 
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of fermented plum mash and about 20 L of water or tail fraction stored from the 
previous year. During the distillation, about 0.5–0.7 L of the head fraction is dis-
carded, and the heart fraction (between 5 and 10 L, with an ethanol content between 
42 and 47 vol. %) and the tail fraction (about 15–20 L with ethanol content between 
10 and 15 vol. %) are collected separately. The next batch in the alembic is also 
filled with 70–80 kg of fermented mash and with tail fraction obtained from the 
previous distillation batch. Distillate fractions were separated as in the previous 
distillation. Thus, the head fraction is always discarded, the middle fraction with 
ethanol content about 42–47 vol. % is used for direct consuming, and the tail frac-
tion is recycled (returned) to the next batch.  

Double distillation (D) technique is carried out in the same type of Charentais 
type alembic. In the first distillation (without separating fractions), the first dis-
tillate with an ethanol content between 23 and 29 vol. % is obtained from the fer-
mented plum mash. For the second distillation (redistillation), the first distillate is 
poured into the boiler of the same pot still. During the second distillation, the first 
fraction (head) is separated in the amount of 0.5–0.7 % calculated on the volume 
of the first distillate poured into the boiler of alembic. The cut-off point between 
the middle fraction (heart) and the tail fraction varies by manufacturer. The middle 
fraction is collected with ethanol content between 45 and 68 vol. %. The tail frac-
tion is not recirculated to the next distillation batch. Middle fractions with less than 
50 vol. % are consumed directly, and those with more than 50 vo. % must be dil-
uted with deionized water to an ethanol concentration below 50 vol. %.  

According to Spaho,15 plum spirit obtained by single stage distillation in 
alembic is very aromatic and contains higher concentration of congeners (acetic 
acid, esters, aldehydes, higher alcohols) than plum spirit produced by double dis-
tillation in same type of alembic. Some of these congeners are not desirable, and 
in high concentrations can give the unpleasant sensory character of plum spirits. 
However, some consumers in Montenegro emphasize that plum spirits obtained by 
single distillation have a more fruity smell and a softer taste than those obtained 
by double distillation. In other words, although the science and art of distillation 
favour plum spirits obtained by double distillation in alembic, producers must 
sometimes take into account the preference of certain consumers who like the taste 
and smell of distillates which were obtained by the single distillation in alembic.  

In this study, we aimed to characterize the aromatic profile of Montenegrin 
plum spirits based on GC-FID and GC-FID–MS analysis, with a special emphasis 
on finding chemical markers that would allow distinguishing plum spirit samples 
obtained by the single and double distillation techniques in the traditional alembic, 
considering that both techniques are equally represented in distilleries in Monte-
negro. 
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EXPERIMENTAL 
Plum spirits samples 

Twelve plum spirits (6 produced by single distillation and 6 produced by double distil-
lation) were collected in the spring of 2021 from small, artisanal producers of the Upper 
Polimlje region in the north of Montenegro. Characteristics of collected samples are shown in 
Table I. All plum spirits were produced from spontaneously fermented mashes of locally plum 
varieties in fermenters of 500–2000 L in volume. The fermented mashes were usually stored 
for more than a month after the fermentation is completed, even up to 6 months. Single and 
double distillation techniques were carried out in alembics, with the separation of fractions, in 
the manner specified in the Introduction. Three-member expert panel (using the 20-point Bux-
baum method7) founded that all analysed plum spirits were of good sensory quality (sensory 
ratings range 17.55–18.30), with a dominant, more or less pronounced, fruity note, without 
defects in odour and taste (Table I). The plum spirits had a fresh, pleasant full taste, which was 
somewhat rounder and more pronouncedly acidic in the case of single-distilled plum spirits. 
Plum spirits obtained by single distillation usually had a higher content of total acids than those 
obtained by the double distillation. The plum spirits obtained by two distillation techniques are 
consumed with ethanol content ranging between 42 and 50 vol. %.  

TABLE I. Plum spirit samples obtained by single and double distillation techniques; S1–S6 – 
samples obtained by single distillation, D1–D6 – samples obtained by double distillation; 
cultivars: P – Požegača, C – Čačanska Rodna, S – Stanley, SC – Čačanska Rodna+Stanley, T – 
Turgulja; stones: W – mash with stones, WO – mash without stones; mash storage: duration of 
fermented mash storage, days 
Plum 
spirit 
code 

Ethanol content in 
consumable plum 

spirit, vol. % 

Ethanol content in 
heart fraction of 
distillate, vol. % 

Additional information on 
samples (cultivar/ 

/stones/mash storage) 

Total 
acids 

mg L-1 

Sensory 
quality, 
points 

Single distillation technique (S) 
S1 47.0 47.0 P/W/60 1104.0 17.90 
S2 45.0 45.0 P/W/180 1732.8 18.25 
S3 43.0 43.0 C/W/30 1216.8 17.70 
S4 46.0 46.0 C/W/45 1944.0 18.30 
S5 44.0 44.0 S/WO/60 820.8 18.20 
S6 42.0 42.0 SC/W/60 1920.0 17.55 

Double distillation technique (D) 
D1 49.0 63.0 T/WO/70 529.0 17.85 
D2 50.0 55.0 P/W/55 676.8 17.80 
D3 48.0 60.0 P/W/10 912.0 17.65 
D4 45.0 45.0 C/W/180 1533.6 18.05 
D5 45.0 53.0 C/W/30 496.8 17.85 
D6 45.0 68.0 S/W/70 223.2 18.05 

GC-FID and GC-FID–MS analysis of volatile compounds in plum spirits 
The sample preparation and GC-FID analysis of major volatile compounds (acetaldehyde, 

ethyl acetate, methanol, 1-propanol, 2-methyl-1-propanol, 1-butanol, 2/3-methyl-1-butanol and 
1-hexanol) and GC-FID-MS analysis of minor volatile compounds in plum spirits were carried 
out by the methods briefly described in the Supplementary material.9 
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Statistical analysis 
Descriptive statistics, correlation analysis, and principal component analysis (PCA) were 

performed using Statistica 7 Software (StatSoft Inc., Tulsa, OK, USA). 

RESULTS AND DISCUSSION  

According to the high sensory score, all analysed plum spirits, regardless of 
the distillation technique applied, are considered to be the spirits of good sensory 
quality, without defects, with a more or less expressed fruity aroma, medium to 
full body and pleasant taste. In general, plum spirits obtained by single distillation 
had a slightly higher content of total acids and a more pronounced freshness and 
fruity character of odour and taste than the plum spirits obtained by double 
distillation.  

Volatile compounds in plum spirits 
Eight major volatile compounds were quantified in plum spirits by GC-FID 

method (Table II). In Tables S-I–S-XII (shown in Supplementary material to this 
paper), concentration ranges of 138 minor volatile compounds (10 alcohols, 9 
aldehydes, 2 ketones, 3 lactones, 10 acetals, 12 acids, 59 esters, 2 benzenoids, 15 
terpenoids, 5 sesquiterpenoids, 4 isoprenoids, 7 hydrocarbons) analyzed by GC- 
-FID–MS method are shown. In all samples, regardless of distillation techniques, 
following volatile compounds were found: all 8 major volatile compounds (acet-
aldehyde, ethyl acetate, methanol, 1-propanol, 2-methyl-1-propanol, 1-butanol, 
2/3-methyl-1-butanol and 1-hexanol) and only 32 minor volatile compounds – 4 
alcohols (1-hexanol, benzyl alcohol, 1-octanol and 2-phenylethanol), 3 aldehydes 
(nonanal, furfural and benzaldehyde), 5 acids (3-methylbutanoic acid, hexanoic 
acid, 2-hydroxy-4-methylpentanoic acid, octanoic acid and decanoic acid), 3 acet-
als (1,1-diethoxy-3-methylbutane, 1,1,3-triethoxypropane and 1,1-diethoxyhex-
ane), 15 esters (ethyl butanoate, ethyl hexanoate, ethyl octanoate, ethyl nonanoate, 
ethyl decanoate, ethyl dodecanoate, ethyl hexadecanoate, ethyl 2-methylbutanoate, 
3-methylbutyl acetate, 2-phenylethyl acetate, ethyl lactate, ethyl benzoate, ethyl 
(E)-cinnamate, ethyl (Z)-2-butenoate and diethyl succinate), and 2 terpenoids ((E)- 
-linalool oxide (furanoid) and linalool). These compounds form the basic aromatic 
pattern of plum spirits from Upper Polimlje. Other minor volatile compounds ana-
lysed were not found in all plum spirit samples. Vyviurska et al. found a very 
similar aromatic profile in plum spirits obtained from 25 different plum cultivars.8 
The monovarietal plum spirits in the study of mentioned authors contained 
between 95 and 195 identified volatile compounds, depending on the cultivar; the 
common compounds for all samples were 4 major volatile compounds (1-propanol, 
2-methyl-1-propanol, 3-methyl-1-butanol, 1-hexanol) and 27 minor volatile com-
pounds (9 alcohols, 2 aldehydes, 2 acids, 13 esters and 1 terpenoid). In French 
Mirabelle brandies, 175 volatile compounds were quantified, but only 105 were 
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found in all samples analysed, although the Mirabelle brandy production has been 
standardized in terms of cultivar and production methods.1 

TABLE II. Major volatile compounds contents (mg L-1 a.a., except the methanol content (g L-1 
a.a.) in plum spirits 

Compound RT 
min 

Single distillation (n = 6) Double distillation (n= 6) 
Min Max Mean±SD Min Max Mean±SD 

Acetaldehyde 1.124 125.44 226.37 188.76±40.79 91.11 263.88 153.32±65.47 
Ethyl acetate 1.738 1101.12 2907.50 1623.75±654.31 658.71 3136.54 1558.03±890.52 
Methanol 1.825 4.27 8.95 6.82±1.62 4.13 8.49 6.69±1.55 
1-Propanol 3.686 1137.93 1693.50 1350.89±196.48 208.86 1735.89 890.90±532.20 
2-Methyl-1-propanol 5.483 225.38 340.09 294.04±38.05 186.49 414.89 325.38±88.52 
1-Butanol 7.725 30.28 528.39 170.03±190.67 49.40 201.50 88.97±61.32 
2/3-Methyl-1-butanol 11.329 828.18 1090.25 975.84±120.26 777.72 1709.25 1145.79±415.73 
1-Hexanol 17.795 13.47 115.60 43.37±39.70 12.38 55.98 23.65±16.06 

Major volatile compounds  
According to the content, major volatile compounds (Table II) form the basic 

body of all plum spirits analysed, besides ethanol and water. The contents of the 
analysed compounds were in the ranges that are characteristic for plum spirits 
originated from Southeast Europe.16 Some of these compounds (acetaldehyde, 
ethyl acetate, 1-propanol, 2-methyl-1-propanol, 1-butanol, 2/3-methyl-1-butanol) 
are mostly formed by microbiological activity during alcoholic fermentation and 
storage of fermented mash before distillation. The others are formed by enzymatic 
degradation of fruit ingredients during fruit processing and fermentation – meth-
anol is generated by pectin methylesterase activity on pectic substances of fruit, 
whereas 1-hexanol is formed from linoleic acid through lipoxygenase pathway.17 
Since the concentration of most major volatile compounds of the first distillate 
were obtained by the distillation of fermented plum mash, except total acids, 
cannot be significantly reduced by using even traditional double distillat-
ion,14,18,19 manufacturers should pay great attention to the selection of plum var-
iety, method of primary processing and alcoholic fermentation of plum mash and 
its storage until distillation, as well as the cut-off points between the heart fraction 
and the tail fraction during double distillation.20–22 The heterogeneity in these pre-
distillation steps in the production of Montenegrin plum spirits caused the contents 
of certain major compounds were higher in plum spirits obtained by double 
distillation than in those obtained by single distillation. 

The analysed plum spirits had no sensory defects, e.g., ester-like tone, tail-like 
tone, head-like tone, impure odour, which, according to Scholten and Kacprow-
ski,23 most commonly occur in fruit spirits. The contents of above-mentioned 
major compounds were lower than contents that these authors considered to be 
thresholds for the appearance of sensory defects. Due to its potential toxicity, max-
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imal concentration (12 g L–1 a.a.) of methanol is limited by the Regulation EC.24 
All samples contained significantly lower methanol than prescribed.  

Minor volatile compounds 
As it is mentioned previously, 138 minor volatile compounds were quantified 

in Montenegrin plum spirits (Tables S-I–S-XII). Previous research showed that 
number of quantified minor volatile compounds in plum spirits varied between 89 
and 195, depending on the country of origin, the plum cultivar, the plum spirit 
production method, and the GC–MS techniques used.1,3,4,7–9 Wide ranges of con-
centrations of minor compounds in analysed plum spirits obtained by the same 
distillation technique indicate the great heterogeneity of the production method of 
plum spirit from Upper Polimlje in Montenegro. In other words, in addition to the 
distillation technique, the composition of plum spirit can be strongly influenced by 
other factors, as the locality,10 variety8,9,20 and pre-distillation steps.21 

It is interesting that ethyl pentanoate, ethyl heptanoate, ethyl salicylate, methyl 
decanoate, ethyl phenyllactate, ethyl linoleate, (Z)-linalool oxide (furanoid), α-ter-
pineol, linalool acetate were found only in all plum spirits obtained exclusivelly 
by the single distillation technique. On the other hand, γ-decalactone, γ-dodecalac-
tone, 1,1-diethoxy-nonane, 2-methyl-propanoic acid, 2-methylbutyl acetate, ethyl 
phenylacetate, ethyl tetradecanoate, 4-vinylanisole were found in all 6 plum spirits 
produced by double distillation technique. These results confirm the findings of 
other authors,13,14 that some constituents of the distillate are formed during distil-
lation, while others are broken down, which in the case of Montenegrin plum spi-
rits could probably be connected with the applied batch distillation technique. In 
other words, during distillation, especially in alembic, numerous reactions occur 
due to high temperatures (hydrolysis, esterification, acetalization, Maillard react-
ions and thermal degradation of pentoses), resulting in the formation of numerous 
compounds (furfural, esters, aldehydes, acetals, terpenoids and norisoprenoids). 
These reactions are especially intense during the first distillation – the distillation 
of the fermented raw material. 

The u attributes of minor volatile compounds can be pleasant or unpleasant, 
depending not only on the type of compound, but also on its concentration and 
odour threshold. The majority of the minor compounds, which belong to the 
classes of alcohols, aldehydes, lactones, acetals, esters, terpenoids and isoprenoids, 
are characterized by different nuances of a pleasant fruity and flowery smell.25 
Benzaldehyde is a characteristic ingredient of stone fruit spirits and has a typical 
bitter almonds odour (the fruit stone odour).17 Esters of long-chain fatty acids (sat-
urated and unsaturated) have a so-called stearin-like smell.17 According Ledau-
phin et al.,20 4-vinylanisole gives to calvados a tone that that can be described as 
perspiration like, delicatessen tone. Small amounts of some phenols or anisoles can 
contribute to pleasant fruit characteristic aroma, but the exceeded sensorial thres-
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hold can lead to unpleasant taste and aroma (cork defect or leather odour), and 
some of them can give phenolic or “Brett” character of alcoholic drinks.26 Some 
volatile compounds can negatively affect the sensory characteristics of plum spirit. 
For instance, the majority of volatile acids have extremely unpleasant smells: of 
stable, sweat, marsh, etc.20  

Pearson’s correlation analysis (correlations between common volatile 
compounds) 

For further characterization of Montenegrian plum spirits, it would be inter-
esting to determine the correlation between the contents of the individual volatile 
compounds. A significant correlation was found between the content of some of 
38 volatile compounds (6 major and 32 minor volatile compounds) found in all 12 
samples (Table S-XIII of the Supplementary material). Based on correlations, the 
contents of some volatile compounds can be used to predict the contents of others. 
However, on the basis of these correlation coefficients, it was not possible to det-
ermine the difference between plum spirits obtained by single or double distil-
lation. 

Principal component analysis (PCA) 
The principal component analysis based on the results of the GC-FID analysis 

of 8 major (Fig. 1) and GC–MS analysis of 32 minor (Fig. 2) compounds common 
to all samples, indicated that clustering of plum spirits obtained by various distil-
lation techniques in alembic is not possible. 

 A) B) 

  
Fig. 1. Principal component analysis (PCA) calculated on 8 major volatile compounds of plum 

spirits; A) variable loadings, acetaldehyde (AcAl), ethyl acetate (EtAc), methanol (MeOH), 
1-propanol (1P), 1-hexanol (1H), 1-butanol (1B), 2-methyl-1-propanol (2M1P), 2/3-methyl-1- 

-butanol (2/3M1B); B) sample scores, plum spirits obtained by single distillation (S1–S6), 
plum spirits obtained by double distillation (D1–D6). 
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 A) B) 

  
Fig. 2. Principal component analysis (PCA) calculated on 32 minor volatile compounds 

common for all plum spirit samples; A) variable loadings, alcohols (13, 40, 46, 56), aldehydes 
(5, 25, 55), acetals (23, 49, 51), acids (6, 30, 43, 68, 107), esters (1, 2, 7, 8, 14, 33, 64, 67, 73, 
84, 95, 111, 121, 130, 158), terpenoids (50, 54); B) sample scores, plum spirits obtained by 

single distillation (S1–S6), plum spirits obtained by double distillation (D1–D6). 

Minor volatile compounds belonging to the same chemical class (shown in 
Tables S-I–S-XII) have different origins and/or different dynamics of distillation, 
which has already been mentioned above. Therefore, PCAs based on contents of 
all 138 minor compounds or content of compounds that belong to the individual 
classes of chemical compounds (alcohols, carbonyl compounds, lactones, acetals, 
esters, terpenoids, sesquiterpenoids, isoprenoids, benzenoids and hydrocarbons, 
respectively) did not indicate a good discrimination between samples obtained by 
two different distillation technique in alembic (results not shown). The results of 
PCAs showed that the composition of plum spirit is more decisively influenced by 
pre-distillation steps (such as the choice of plum variety, the method of preparing 
fruits for fermentation or the fermented mash storage time) than the applied dis-
tillation technique itself. This also indicates that the same plum variety and the 
same pre-distillation steps should be used in future research, in order to more 
clearly observe the differences in the composition of plum spirits obtained by 
single or double distillation techniques. But, since the production methods of 
Montenegrin plum spirits are very heterogeneous, especially in terms of pre-distil-
lation steps, chemical markers should be found that, regardless of these differ-
ences, could indicate whether the plum spirits were produced by single or double 
distillation. 

During the distillation in alembic, the dynamics of distillation of most volatile 
compounds are similar in both the first and second distillations.14 Some volatile 
compounds pass into the distillate at the beginning of the distillation and some 
later, so the first group is considered as characteristic compounds for the head 
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fraction and others for the heart or tail fractions. By the single distillation technique 
still used in Montenegro, the tail fraction separated during the first distillation is 
returned to the next batch of distillation together with the mash, so it could be 
expected that the plum spirit obtained in this way should contain an increased 
amount of compounds typical of the tail fraction compared to plum spirit obtained 
by the double distillation technique in alembic. The previous studies have shown 
that the compounds typical of the tail fraction during distillation in alembics are 
octanoic acid, decanoic acid, dodecanoic acid, 2-methylpropanoic acid, 2-methyl-
butanoic acid, 3-methylbutanoic acid, 2-phenylethanol, furfural, 2-phenylethyl 
acetate, ethyl lactate and diethyl succinate.14,27 These 11 compounds may be inter-
esting for differentiation of the plum spirits produced by a single distillation (abs-
ence of adequate separation of heart and tail fractions) and of the plum spirits 
produced by double distillation (the tail fraction is separated, but the distillation 
cut points between heart fraction and tail fraction in the second distillation are 
different). In this case, the PCA showed that the first two principal compounds 
(Fig. 3) explain 62.11 % of the total variance; PC1 (40.83 %) and PC2 (21.28 %).  

 A) B) 

  
Fig. 3. Principal component analysis (PCA) calculated on 11 minor volatile compounds that 
are characteristic for tail fraction; A) variable loadings, ethyl lactate (2), 2-methyl-propanoic 

acid (4), furfural (5), 3-methyl-butanoic acid (6), 2-methyl-butanoic acid (10), 2-phenyl-
ethanol (56), diethyl succinate (67), octanoic acid (68), 2-phenylethyl acetate (84), decanoic 

acid (107), dodecanoic acid (128); B) sample scores, plum spirits obtained by single 
distillation (S1–S6), plum spirits obtained by double distillation (D1–D6). 

Plum spirits obtained by a single distillation (S2, S3, S5, S6, as well as S1 and 
S4) were scattered in the positive region PC2. In these plum spirits, the contents of 
ethyl lactate, as well as those of diethyl succinate, 2-methylbutanoic acid, dodec-
anoic acid, and decanoic acid, were higher than in some plum spirits obtained by 
double distillation. The samples D4, D2 and D5, obtained by the double distil-
lation, also contained high concentrations of certain tail compounds, which can be 
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explained by the late cut off point between heart and tail fractions in the second 
distillation. Namely, the ethanol content in the heart fraction in production of these 
three double distilled plum spirits was less than 60 vol. % , i.e., 45, 55 and 53 vol. 
%, respectively, indicating that the compounds typical of the tail fraction were 
transferred, to a certain extent, also to the heart fraction. On the other hand, Spaho 
et al.22 have shown that the contents of a typical tail component, ethyl lactate, are 
not statistically different in heart fractions if, during the second distillation, the 
distillation cuts are done so that the ethanol content in the heart is greater than 60 
vol. %. Although the recycling of the tail fraction used in the single distillation 
technique increases the contents of the so-called tail compounds, their contents in 
the final plum spirit will depend not only on their distillation dynamics but also on 
their origin. Thus, the most interesting are the compounds of plum spirit that are 
mainly formed by bacteria during the fermentation and storage of the fermented 
mash (e.g., ethyl lactate). This component, depending on the used pre-distillation 
steps, can be much more present in some mashes, so that even the double distil-
lation technique cannot remove them to a significant extent. In other words, plum 
spirits obtained from bacterially infected mashes distilled by double distillation 
technique may contain more of these compounds than plum spirits from mashes 
that were not bacterially infected and were distilled by single distillation technique. 

CONCLUSION 

There is a great heterogeneity in the plum spirits production methods in the 
north of Montenegro, included the two techniques of alembic batch distillation 
(single and double distillation). GC-FID and GC-FID–MS analysis defined for the 
first time the profile of volatile compounds in good-quality plum spirits from the 
north of Montenegro, which can serve as a basis for their authentication. The prin-
cipal component analysis, based on the content of specific chemical markers, such 
as compounds typical of distillation tail fraction, can be used to define the manner 
of production of plum spirits more closely and more efficient control of the Monte-
negrin plum spirits quality in the future. 
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И З В О Д  
ХЕМИЈСКА КАРАКТЕРИЗАЦИЈА И ДИФЕРЕНЦИЈАЦИЈА ЦРНОГОРСКИХ 
ШЉИВОВИЦА ДОБИЈЕНИХ ДВЕМА ТЕХНИКАМА ТРАДИЦИОНАЛНЕ 

ШАРЖНЕ ДЕСТИЛАЦИЈЕ 

ДEJAН Б. ЗEJAК1, БРAНКO T. ПOПOВИЋ2, AЛEКСAНДAР П. ЛEПOСAВИЋ2, ВEЛИБOР Р. СПAЛEВИЋ3 

и ВEЛE В. TEШEВИЋ4 

1Биoтeхнички цeнтар, Рaкoњe XV/13, 84000 Биjeлo Пoљe, Црна Гора, 2Институт за воћарство, 
Чaчaк, Крaљa Пeтрa I 9, 32000 Чaчaк, 3Биотехнички факултет Универзитета Црне Горе, 81000 
Пoдгoрицa, Црна Гора и 4Хемијски факултет Унивeрзитета у Бeограду, Студeнтски трг 12–16, 

11000 Бeoгрaд 

Испарљиве компоненте шљивовице одлучујуће утичу на њен квалитет и блиско су 
повезане са начином производње. У овом раду, GC-FID и GC-FID–МS методaма су  ана-
лизиране шљивовице доброг сензорног квалитета произведене у малим занатским дес-
тилеријама Црне Горе, добијене двема традиционално коришћеним техникама шаржне 
дестилације (једноструком и двоструком дестилацијом у аламбику исте конструкције). 
Све шљивовице су садржале свих 8 најзаступљенијих испарљивих компонената (анализи-
раних GC-FID методом), али само 32 од 138 мање заступљених испарљивих компонената 
(анализираних GC-FID–МS методом). Широки распони концентрација већине испар-
љивих једињења указивали су на велику хетерогеност метода производње шљивовице у 
Црној Гори, укључујући, између осталог, две различите технике дестилације. Анализа 
главних компонената (PCA) је показала да није могућа диференцијација шљивовица, 
добијених једноструком или двоструком шаржном дестилацијом, базирана на свим ком-
понентама анализираних методима GC-FID или GC-FID–МS, као и компонентама које 
припадају појединим хемијским класама, већ само на основу садржаја испарљивих 
компонената типичних за паточну фракцију при шаржној дестилацији. 

(Примљено 10. септембра, ревидирано 13. октобра, прихваћено 17. децембра 2024) 
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