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Possibilities to lower the content of Methyl-alcohol (Methanol) in 
Eaux-de-vie de Fruits (Summary of the whole study) 

1. Objectives and aims of this study 

The objectives of this study were to evaluate the possible ways in which the 
methanol content in fruit spirits from plums, mirabelles, quetsch, apples and 
pears could be reduced from the legislatory maximum content of 1500 
g/hl pure alcohol to 1200 g/hl p.a. or less without adversely affecting the 
sensorial qualities which determines the commercial value of these prod­
ucts. As the most initial fruit in this respect is pear the experiments were car­
ried out with williams-pears. For this aim an analysis of the literature was car­
ried out and different sources of raw materials were evaluated to achieve 
a relation with the concentration of methanol in the end product. Devel­
opments in techniques were Investigated to give a realistic indication of 
lowest possible methanol contents. Further aims are to give practical ad­
vice to distillers and identify future research priorities. 

2. Methods and materials 

2.1 Raw materials 

For our own experiments we used willlams-pears from Italy (Alto Adige), 
which Is one of the main producing areas in Europe. Comparisons were 
carried out with pears from Germany (local products) and other regions of 
Italy (Emilia Romagna). Furthermore we received analysis data of raw ma­
terials from Switzerland (different regions). The analyzed distillates were pro­
duced from fruits from all producing areas in the community (France, Ger­
many, Italy, Luxembourg) as well as from Switzerland, Bulgaria and Argenti­
na. 

2.2 Mash preparation 

Usually mash is prepared by ciushing the pears and putting them into a 
closed container with the addition of yeast, acid and pectinolytlc enzymes 
for providing good fermentation and handling. Another possible treatment 
is pasteurization in order to reduce methanol contents. 



2.3 Distillation equipments and procedures 

There are three main types of distillation apparatuses used in fruit distilleries: 
simple pot stills, pot stills with amplifier and columns. The used procedures 
depend on the type of apparatus. 

2.3.1 Simple pot still distillation 

A simple pot still is a traditional apparatus and consists only of a heating fa­
cility, a still, a pipe for drawing off the distillate and a condenser. By using 
this apparatus the alcohol content Is amplified rather low, so for achieving 
an alcohol content sufficient for preparing a fruit brandy two distillations 
are necessary. While in the first distillate (wash, raw distillate) just the total 
alcohol Is carried over, the second distillate is separated into three fractions 
(heads, middlecuts, tailings) for sensorial reasons. Only the middlecut frac­
tion is used for preparing the end product, while the other two fractions are 
either removed or recycled by re-distillation in order to achieve a greater 
yield of alcohol, which is the usual method. This separation and re-distilla­
tion is the only way for the distiller to influence this process. 

2.3.2 Pot still distillation with amplifier 

As a modern variation pot stills are equipped with an amplifier that consists 
of a small column (3 or 4 plates) upon the still and a second condenser on 
top of the column (dephlegmator). This equipment allows the production 
of a fruit brandy in one step. Some of these apparatuses have also the pos­
sibility to remove or activate plates and regulate the dephlegmator, so the 
distiller has the possibility to adjust the alcohol content of the distillate with­
in a certain range. Separating of heads, middlecuts and tailings is done 
according to simple pot still distillation. 

2.3.3 Column distillation 

Columns with 15 to 30 plates provide the possibility of continuous distillation, 
which is of interest when great amounts are to be distilled. The construction 
of such apparatuses allows a rather advanced regulation of the distillation 
process including processes of demethylization. However, these facilities re­
quire high-tech equipment and are therefore rather expensive and only of 
interest for industrial-scale distilleries. 

2.4 Analytical equipments and procedures 

For the aim of this study several producing steps had to be analyzed: raw 



materials, mashes (fermented or not fermented), raw distillates (wash), fine 
distillates (heads, middlecuts and tailings) and commercial products. The 
analytical methods were adjusted to the specific circumstances of the 
samples. The following parameters were analyzed: 

- contents of extract, sugars (glucose, fructose, saccharose), volatile and 
total acid within raw materials and mashes 

- alcohol contents and gaschromatographical (GC) analysis of 87 volatile 
components (methanol, higher alcohols, terpenes, carbonyllc compo­
nents, esters and acids) within fermented mashes and all kinds of distillates 
and commercial products 

2.5 Work plan and performance 

2.5.1 Raw materials 

The available fruit (2.1) were analyzed (2.3) and the results compared to lit­
erature values and to results we received from different laboratories. 

2.5.2 Mash treatment and fermentation 

The mash was prepared in different ways according to usual procedures 
(2.2) and the main parameters (ripeness, acid and enzyme treatment, stor­
age time, pasteurization) were separately Investigated regarding the fer­
mented mashes and the corresponding distillates. The effects of further 
chemical treatment (enzyme inhibition) were evaluated from literature. The 
development of methanol and other volatile components were observed 
during the fermentation. 

2.5.3 Distillation experiments 

The behaviour of methanol and other volatile components was investigat­
ed during distillations using a simple pot still (two distillations) and a pot still 
with amplifier (one distillation). Several parameters of the distillation process 
were varied: number of plates, cooling, separation and recycling of heads 
and tailings, continuous distillation and demethylization. 

2.5.4 Analysis of commercial products and authentic distillates 

166 authentic distillates and 32 commercial products from five European 
countries (France, Germany, Italy, Luxembourg and Switzerland), partially 
specified as heads, middlecuts and tailings were analyzed for volatile com­
ponents . The results were compared with our own experiments (161 distil-
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lates), with literature values, with results from other laboratories and former 
analyses from our own laboratory. 

2.5.5 Sensorial analysis 

To investigate the influence of methanol contents on the sensorial quality 
fruit brandies with different methanol contents were offered to a panel of 
twelve testers to decide on their preference. 

3. Results 

3.1 Raw materials 

Main result of the analysis of raw materials Is the fact that methanol is a 
natural component of fruit and can already be found in the fully ripened 
Williams pear in an amount of about 50% of the total methanol liberated at 
the end of the fermentation. This result is also confirmed by Swiss investiga­
tions. An usage of unripe pears (with low methanol contents) can not be 
recommended for only in a fully ripened state does the pear provide the 
complete aroma composition. 

3.2 Fermentation and mash treatment 

During fermentation a further increase of methanol contents can be ob­
served. After three days about 80 % of the value at the end of the fermen­
tation is reached, which is confirmed by literature. The mash experiments 
lead to a spread of values of between 972 and 1361 g/hl p.a. Unripe raw 
materials lead to a reduction of methanol contents in a range of about 25 
%, but this is unrealistic as the consequence is a loss of aroma components. 
Variation of acid and enzyme treatment in normally ripened and stored 
mashes only leads to small deviations in a range of below 10% (1244 - 1345 
g/hl p.a.). Variation of storage time leads to about the same results when 
the mash is treated with pectinolytic enzymes. Without enzyme treatment 
the methanol liberation is delayed, so during the first two month of storage 
time an increase of about 20 % (972 - 1241 g/hl p.a.) can be observed. For 
good fermentation results and handling, however, a treatment with pectin-
olytical enzymes can be recommended. Short storage times are also rec-
ommendable, but distillers are often limited by the capacity of their distilla­
tion apparatus. Furthermore methanol contents of 420 fermented mashes 
from different regions of Switzerland analyzed in the years 1977-94 were re­
ported to us, which showed a rather wide spread of values between 904 
and 2575 (!) g/hl p.a. In the recent year (harvest 1993) the variation was 
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904 - 1780 g/hl with an average value of 1564 g/hl p.a. which can be re­
garded as unusually low compared to former years, in which the maximum 
value was almost always above 2000 g/hl p.a. So the critical factor seems 
to be the methanol content In the raw materials, while the distiller can only 
take low influence by mash treatment and storage time. 

3.3 Distillation 

Distillation means a process of concentration of volatile components. In­
vestigating the behaviour of methanol during the distillation it appears, 
that methanol is a companion of ethanol and therefore, by the possibilities 
of pot still distillation (2.3), rather hard to separate from ethanol. The investi­
gation shows that there is in g/hl p.a. an increase of methanol contents 
during the distillation and especially in the last fractions (tailings). This is 
caused by the fact that methanol is, in spite of the lower boiling point (64,8 
°C) compared to ethanol (78,3 °C), carried over in the distillate later than 
ethanol, an observation that is also confirmed by former investigations and 
in the literature. This explains the effect that the separation of tailings, 
which is done for sensorial reasons (2.3), also leads to a reduction of meth­
anol contents of the middlecuts in g/hl p.a. and compared to mash of be­
tween 20 and 30 %. So the distillates obtained from the mashes of 3.2 (own 
experiments) show a variation between 686 and 1086 g/hl p.a. The results 
of the mash analysis are mainly confirmed, again the lowest values are 
found In distillates from mashes with short storage time and without enzyme 
treatment. High methanol contents in the mash also lead to high contents 
in the distillate. A variation of distillation conditions (number of plates, cool­
ing, separation of heads and tailings, once and twice distillation) causes 
deviations of methanol contents in the middlecuts in a range between 854 
and 1119 g/hl p.a. Regarding the single influence factors, however, no 
higher variation than 15 % comparing distillates from the same mash can 
be found. An extremely late separation of tailing can perhaps cause an in­
crease of methanol contents of about 20 % in the middlecut. This will, how­
ever also lead to a loss of sensorial quality. So the possibilities of the distiller 
for achieving lower methanol contents by changing distillation conditions 
can be regarded to be rather low, even if the distillery is equipped with a 
pot still with amplifier. With a simple pot still even less variations are possible. 

The values shown up to now refer to an ideal case, in which heads and es­
pecially tailings are taken away and not recycled again by re-destillation, 
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which is the usual practice (regard 2.3). In our experiments investigating 
the influence of recycling tailings in different ways methanol contents in­
creased again in a range of up to 20 %. So the methanol' reduction of 
about 20 - 30 % compared to mash as described before is almost egalized. 

3.4 Authentic distillates 

As described before a reduction of methanol contents compared to mash 
of about 20 - 30 % (values in g/hl p.a.!) can be achieved depending on 
ideal conditions (f.e. no recycling of tailings). This is confirmed by the analy­
sis of 131 middlecuts of authentic distillates (regard 2.5.4) with methanol 
contents between 317 and 1468 g/hl p.a. (including demethylized sam­
ples). From the distillates with known production conditions (75, including 
own distillates) the influence of the recycling of tailings can be evaluated 
statistically. It appears that 86 % of the samples produced without recycling 
of tailings have methanol contents in a range between 600 and 1000 g/hl 
p.a., while 88 % of the samples produced with recycling of tailings have 
values between 1000 and 1500 g/hl p.a. In a range between 800 and 1200 
g/hl p.a. values of both groups overlap. These results refer to the rather 
good conditions of 1993, while in years with higher methanol contents In 
the fruits a deviation to higher methanol contents also regarding the distil­
lates can be predicted. 

3.5 Commercial products 

The analysis of 183 commercial products of the last five years (own results 
and results of other laboratories) show a wide spread of values between 
434 and 1865 g/hl p.a. (average 965 g/hl p.a.). The rather low values (be­
low 600 g/hl p.a.) can be regarded as a result from products partially de­
methylized, while high values (abovel400 g/hl p.a.) are caused by adverse 
conditions (raw materials with high methanol contents, recycling of tail­
ings). Regarding the literature we have values from Nosko (1974) of 861 -
1833 g/hl p.a. (average 1413 g/hl p.a.) for not falsified products and from 
Misselhorn (1991) of 632 - 1777 g/hl p.a. (average 1116 g/hl p.a.) probably 
including demethylized products. Comparing this to our own results it 
seems that there is a tendency to lower methanol contents in the recent 
years, what is mainly caused by an increasing number of blends between 
demethylized and original products on the market, while there are still origi­
nal products with rather high methanol contents In a range of about 1800 
g/hl p.a. depending on the quality of raw materials. 
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3.6 Special treatments to lower methanol contents 

As described in 3.3 conventional procedures can lead to reductions of 
methanol contents compared to mash in a range of 20 - 30 % proceeding 
ideal conditions (modern pot still apparatus, no recycling of tailings). For 
achieving values like in 3.5 (434 g/hl p.a.), however, special methods aim­
ing to lower the methanol content are necessary. The following methods 
are known: 

- reducing the methanol contents already in the mash by inhibiting pectin-
olytic enzymes by appropriate chemical treatment or by mash pasteuriza­
tion 

- demethylizing the ready distiliate by a special distillation process (distilla-
tive demethylization) 

- falsifying the product by sugaring the mash or diluting the distillate by 
adding alcohol of other sources (illegal method) 

3.6.1 Chemical treatment 

The literature experiments of Pieper and Laugel report, that several prepar­
ations appropriate to inhibit pectinolytic enzymes were tried. The inhibition 
worked rather well In synthetic mediums, but in real fruit mashes problems 
arise. For achieving a respectable methanol reduction of about 60 - 70 % 
compared to untreated mashes high amounts of inhibitors are necessary 
(up to 12 g/kg mash). This will lead to high costs and worsening of aroma 
quality of the products making these procedures unsuitable. 

3.6.2 Mash pasteurization 

According to own experiments and literature results a reduction of metha­
nol contents in a range of 20 - 50 % is possible comparing distillates from 
pasteurized and unpasteurized mashes, depending on heating tempera­
ture (60 - 80 °C) and time (10-30 min). Possible negative influences of this 
treatment are often a high viscosity of the mash because of less liquefac­
tion that causes worse handling and sensorial deviations of the distillates 
("cooking flavour")- which requires usually to perform a blend of distillates 
from pasteurized and unpasteurized rnashes. Facilities for pasteurization are 
still rather expensive and economically feasible only for distilleries that pro­
duce great amounts. 



3.6.3 Distillative demethylization 

According to own experiments that were carried out with facilities located 
In Italy and Switzerland and literature results of Bindler/Laugel distillative de­
methylization appears to be the safest and most efficient procedure with 
reductions of methanol contents compared to non demethylized distillates 
in a range of between 50 and 90 %. The advantage here is that this proce­
dure is carried out already with the ready distillate, so there is no more de­
cisive production step afterwards that could diminish the effect. Distillative 
demethylization can therefore be regarded as the only procedure that 
makes distillers largely independent from the mash values. A sensorial com­
parison of demethylized and normally produced (pot still distillation) fruit 
brandies and blends of both showed no significant preference for either. 
However, distillative demethylization is only possible by using a quite expen­
sive column supplied continuously by high proof raw distillate. This is possi­
ble by continuous distillation (regard 2.3.3) and therefore practical only for 
industrial-scale distilleries. Also in this case it is usual to blend demethylized 
and non demethylized products before commercialization. 

4. Conclusions 

The analysis of the main report shows that methanol is a natural compo­
nent of fruits that is already markedly present in the fruit at the advanced 
ripeness required for obtaining the maximum flavour quality of the distillate. 
This has been confirmed by our experiments, 

There are great differences in the methanol contents of raw materials of 
different regions and years (904 - 2575 g/hl p.a.), so the methanol content 
in the raw materials appears to be the critical factor for the methanol con­
tents in the end products. Methods to reduce methanol contents already 
in the mash are chemical treatment or mash pasteurization. Chemical 
treatment leads to high costs and worse aroma. Mash pasteurization is 
technologically and economically possible only with great production 
amounts and causes some cited sensorial problems. Conventional mash 
treatment (acidification, enzyme treatment) only leads to small deviations 
concerning methanol contents. Recent developments In the technique of 
distillative demethylization allow a reduction of methanol contents to 
about 300 - 400 g/hl p.a. without affecting adversely the sensorial qualities, 
but this procedure is only reasonable for Industrial-scale distilleries (column 
distillation). Conventional distillation procedures (pot still distillation) can 



provide α reduction of methanol contents compared to mash of between 
20 and 30 % depending on ideal conditions. 

So a realistic indication of lowest possible methanol contents has to pro­
ceed from the contents in the mash. Regarding a good year like 1993 with 
methanol contents in the mash up to 1500 g/hl p.a. values in the distillates 
up to 1200 g/hl p.a. can be expected. In a bad year however, when 
mashes contain 2000 g/hl p.a. or more methanol, values in the distillates of 
about 1500 g/hl p.a. must be expected even without recycling of the tail­
ings. Therefore a limit for a maximum methanol content in fruit brandies be­
low 1500 g/hl p.a., independent of the vintage, can not be recommended 
if we consider also the traditional pot still equipment. Industrial-scale distil­
leries (column distillation) are more independent from the mash values and 
can also adjust values below 1000 g/hl p.a. by blending demethylized and 
non demethylized products in order to achieve a constant sensorial quali­
ty. 

Practical advice useful also for small distillers in order to achieve lower 
methanol contents is to provide a fast and clean fermentation by adding 
yeast and acid to the mash. Enzyme treatment should be done, if neces­
sary, only rather carefully to avoid a too fast liberation of methanol and the 
mash should be distilled as early as possible after the end of the fermenta­
tion. Recycling of tailings should either be avoided or at least be limited. 

The future aim of research should be development of simple and cheap 
methods concerning mash treatment that allow liquefaction of the mash 
without liberation of methanol, because developments of simple appara-
tes for demethylization appropriate for handicraft-distilleries can not be ex­
pected. 

Remarks: 

Some aspects were simplified in this summary. Detailed information can be 
drawn from the complete final report. 
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Agreements 

mg/ l 00 ml p.a. = g/hl p.a. p.a. = pure alcohol 
Calculation : 
mg/l 00 ml p.a. = mg/l χ 1221 x ' 0 0 m l 

alc.content (%vol) 1000 ml 

Example 1 : Sample contains 7000 mg/l Methanol 

and 700 ml p.a. /I = 70 %vol 

7000 mg/l χ 100 %vol 
mg/l 00 ml p.a. = =1000 mg/l 00 ml p.a. 

70%volxl0 

Example 2 : Sample contains 1000 mg/l 00ml p.a. Methanol 

and 400 ml p.a. /I ^ 40 %vol 

1000 mg/l 00 ml p.a. χ 40 %vol χ 10 
mg/l= =4000 mg/l 

100%vol 

1000 mg = 1 g; 1000 ml = 1 I; 
%vol = %v/v = ml/100 ml ; %v/w = ml/100 g; %w/w=g/100 g 

ρ (MEOH) = 0,79 kg /I = 790 mg/ml 
790 mg/l 00 ml p.a. = 1,0 ml/100 ml p.a. 
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1. Review of periodic report 

Methanol is a natural component of plants and fruits and is liberated from 

pectic substances by enzymatic degradation during ripening and 

fermentation processes. The toxic effects appearing at consumption of 

methanol are caused by its metabolites formaldehyde and formic acid. 

Ethanol inhibits the oxidation of methanol and helps to stop toxic effects. 

Highest methanol concentrations appear in fruit brandies because during 

mash fermentation a nearly total degradation of pectic substances is 

achieved and methanol can not be separated by usual distillation 

methods. Especially high methanol concentrations are found in williams­

pear brandies. 

It appears that 50 % of total methanol is already contained in the · 

unfermented mash, further 30 % is liberated during the first three days of 

fermentation, the remaining 20 % during further fermentation and storage 

time. Different ways of mash treatment influence methanol contents rather 

low, only short storage time in connection with no enzyme addition can 

provide mashes of lower methanol contents (about 20 %). 

Table 16*): Methanol and Ethanol contents of fermented mashes of Williams 
pears from Switzerland, vintages 1977­93 

Vintage Samples 

1977/78 

1978/79 

29 

17 

1979/80 14 

1980/81 

1981/82 

15 

35 

1982/83 54 

1983/84 

1984/85 

1985/86 

1986/87 

1987/88 

27 

30 

19 

36 

29 

1988/89 39 

1989/90! 34 

1990/91 

1992/93 

1993/94 

23 

20 

27 

Ethanol %vol 

Variation 

3,0 ­ 5,0 

3,6 ­ 7,4 

3,8 ­ 5,7 

3,8 ­ 6,0 

3,6 ­ 5,6 

3,3 ­ 6,6 

3,1 ­5,8 

2,7­5,0 

3,4 ­ 7,5 

3,4 ­ 5,6 

3,4 ­ 6,2 

3,4 ­ 5,8 

3,0 ­ 6,2 

3,8 ­ 6,8 

4,2 ­ 5,8 

4,2­7,1 

I 
Average 

4,0 

4,7 

4,7 

4,3 

4,7 

4,2 

4,4 

4,0 

4,7 

4.5 

4,5 

Methanol g/hl p.a. 

Variation 

1436­2575 

1043­2030 

1126­19071 

1232­2044 

1023­1826 

1051­2033 

1113­1953 

•1242­2304 

1131­2113 

Π 328­2515 

1001 ­ 2281 ! 

4,7 ¡99'6­2416 i 

4,8 

5,0 

f 1339­ 2105| 

¡949­1975 i 

5,0 904­1780 

4,9 904­1780 

Average 

1770 

1648 

1649 

1686 

1523 

1598 

1651 

1859 

1702 

1738 

1558 

1515 

1650 

1628 ; 

1540 

Methanol mg/l 

Variation 

494 ­ 928 

494­1015 

512­992 

545­1137 

381 ­ 832 

453­1202 

446­909 

403 ­ 878 

587­1450 

621 ­931 

434­1163 
!
 466­1176 

404­1185 

ι 427­1144 

479­914 

1564 I 479­914 | 

Average 

695 

762 

746 

736 

696 

672 

696 

736 

823 

746 

701 

702 

794 

805 

735 

743 

') = Table 16 from periodic report 
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The results of this study, however, can only provide conclusions for the year 
1993, which was rather good for distillers, regarding the reached alcohol 
contents in fermented mashes (own experiments 5,6 - 5,9 %vol, Swiss mas­
hes 4,2 - 7,1 %vol). In this year methanol contents of analyzed mashes (in­
cluding own production) deviate between 904 and 1780 g/ hi p.a. (479 
and 914 mg/l). Regarding these great differences it appears to be rather 
difficult to fix a value for a "normal" methanol content in Williams- pear 
mashes, 

The average value of all mash samples of vintage 1993 including own ex­
periments was 1413 g/ hi p.a. (717 mg/l), which is a rather low concentra­
tion compared to former years (tab. 16*). Problems arise in years with wor­
se raw materials (low alcohol yields but high methanol concentrations) like 
1984/85 or 1986/87 with average contents above 1700 mg/l 00 ml p.a. Re­
garding the results of mashes from Switzerland during the last 17 years (tab. 
16*) even values of 2000 mg/l 00 ml p.a. or more can be reached. So wit­
hin all investigations on possible methanol reductions by appropriate distil­
lation we have to consider a strong influence of the raw materials. 

2. Distillation research 

2.1 General remarks 

Regarding the volatile components a distillation means a process of con­
centration. Comparing the concentrations of volatiles in mg/l between 
mash and fine distillate, the concentration factor is about 9 to 10. Beside 
the concentration of ethanol the main aim of a distillation in order to pro­
duce a fruit brandy is the carrying over of aroma components into the di­
stillate. As a natural component of fruits (regard 2.1, periodic report) me­
thanol Is carried over and concentrated as well. The only way the distiller 
can Influence this process is to separate the distillates into foreshots, midd­
lecuts and tailings, so the possibilities can be regarded as rather limited. 

2.2 Distillation procedures 

There are two fundamental ways of distilling a fruit brandy: The traditional 
method uses a simple pot still as distillation apparatus. Distillation of a mash 
with an alcohol content of about 5 %vol in this apparatus leads to a 



distillate of about 20 %vol alcohol, which is called raw distillate or wash. For 
achieving a distillate with an alcohol content of at least 60 %vol, as 
necessary for producing a spirit of satisfying quality there have to be two 
distillations. Modern procedures use a distillation apparatus with three or 
four clock-plates and a dephlegmator to provide a flowing back of 
distilled solution, what leads to a higher concentration of alcohol in the 
steam phase and, therefore, to a higher alcohol content in the distillate. 
With such apparatuses it is possible to produce a fruit brandy in one 
distillation. Large distilleries, mainly located in Italy, even use distillation 
columns with 15 to 30 plates for continuous distillation of fruit brandies, but 
distilleries of small or middle size, which are still in the majority, mainly prefer 
the traditional methods. 

During the final distillation (either the first or the second one corresponding 
to the procedure) the distillate is separated into three fractions. The first 
fraction, called foreshots or heads, contains huge concentrations of easier 
volatile components such as acetaldehyde or ethylacetate. Only the 
second fraction, called middlecut or heart, is used for producing the end 
product. The third fraction (tailings, feints), containing higher boiling 
components like 2-phenylethanol or ethyllactate, is also separated and 
either put away or used again in different ways that are specified later. 
Separation of this three fractions is done either according to sensorial 
examination, at a fixed degree of alcohol measured by spindle or gauging 
fixed amounts. 

2.3 Behaviour of volatile components during the distillation process 

2.3.1 Performance 

For analyzing the behaviour of volatile components during the distillation 
the three kinds of distillations described in 2.2, raw distillate from mash, fine 
distillate from mash and fine distillate from wash, were carried out using a 
distillation apparatus usual In small commercial distilleries and about the 
same instrument scaled down to laboratory size. The distillates were 
divided up to several fractions of fixed amounts and analyzed for alcohol 
content and volatile components. The dates of the different distillations 
are listed in table 1. 



Table 1 : Experimental conditions of the performed distillations 

Distillation nr. 

Apparatus 

Conditions: 
used plates 

dephlegmator 

Raw material: 
amount (1) 

alcohol content (%vol) 

Distillate: 

amount (1) 
heads 
heart 

tailings 

fractions 
heads 
heart 

tailings 

fraction amount (ml) 
heads 
heart 

tailings 

1 

lab. 

no 
no 

mash 
7 

5,5 

wash 

2,4 

2 

lab. 

2 
full 

mash 
7 

5,5 

fine dist. 

3 

lab. 

4 

com. 

1 
no 
no 

wash 
7 

23 

fine dist. 

no 
no 

mash 
130 
5,7 

wash 

5 

com. 

2 
full 

mash 
130 
5,7 

fine dist. 
I I 

1 

1,0 3,2 30 13,5 
1,0 
7,5 
5,0 

24 

1 

10 32 20 30 
5 

1 15 
10 

100 100 100 1500 
200 
500 
500 

6 

com. 

no 
no 

wash 
130 
22 

fine dist. 

53,5 
1,5 
24 
28 

27 
5: 

12 
10 

500 
2000 ; 
3000 

lab. = laboratory size (max. 8,0 I filling volume) 
com. = smaller size of commercial apparates (max. 150 I filling volume) 

Distillations done with the laboratory apparatus were generally divided up 
to fractions of 100 ml each, because smaller fractions would provide to 
much deviations caused by sampling. Within the fine distillates produced 
with the commercial apparatus heads were divided up in smaller fractions 
than heart and tailings to watch the rapid developments at the beginning 
of the distillations. Heads were separated in a fixed amount of 1,0 or 1,5 I, 
while tailings were separated generally at an alcohol degree of 60 %vol. 
Distillations with the commercial apparatus were finished at an alcohol 
degree of 3 %vol, while alcohol was totally carried over using the laborato­
ry apparatus. Samples from the remainder were taken at distillations 3 and 
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4. These samples were prepared according to preparation of unfermen-
ted mash (3.2.1.5, periodic report) or distillates « 40 % (3.2.2.5, , periodic 
report). 

2.3.2 Results 

The results gathered here mainly refer to the distillations done by the 
commercial apparatus (nr. 4 to 6). The more similar numbers of fractions 
achieved here facilitates a comparison between different procedures. 
Results of the laboratory distillations (nr. 1 to 3) are only mentioned when 
they show significant differences to the other experiments. In the majority, 
however, distillations with both apparates happened to be quite similar. 

2.3.2.1 Ethanol and methanol 

Figure 1 shows the behaviour of ethanol during the distillation process. 
There are two main influence factors: the ethanol contents in the primary 
materials and the distillation conditions. The total amount of ethanol con­
tained in the primary material is equivalent to the areas below the three 
curves. Wash contains about four times as much ethanol as mash (regard 
table 1). The alcohol content in the distillate is limited by the distilling con­
ditions. A distillate from wash, distilled without plates or dephlegmator (dist. 
nr. 6) can not reach much more than 80 %vol ethanol. So the alcohol con­
tent in the distillate remains high until the alcohol content in the distilled 
wash is lowering down, and then declines rather slowly. When a mash is di­
stilled with the same conditions, the alcohol content in the distillate decli­
nes fast at the beginning of the distillation and then more and more slowly 
(dist. nr. 4). Using clock plates and dephlegmator ethanol can be concen­
trated much higher (dist. nr. 5). So the alcohol content in the distillate starts 
at a high level, keeps high until the mash runs out of alcohol and then de­
clines rather fast. 

A similar behaviour would be expected for methanol for both alcohols are 
not very different In molecule structure. There is, however, a significant 
difference regarding all three curves in figure 2: methanol contents keep a 
higher value for a longer time than ethanol contents. In figures 3 and 4 this 
observation is made clear: Methanol, specified in ml/100 ml p.a., increases 
during the donation, while the ratio ethanol : methanol is lowering down. 
This effect seems to be rather surprising regarding the different boiling 
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Fig. 1 : Behaviour of ethanol during the distillation 
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Fig. 2 : Behaviour of methanol (mg/l) during the distillation 
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Fig. 3 : Behaviour of methanol (ml/100 ml p.a.) during the distillation 
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points of the two substances: methanol boils at 64,7°C, while ethanol 
needs 78,3°C. So methanol would be regarded to be carried over earlier 
than ethanol. The molecule structures however, show another aspect: 
ethanol has got one more CH2-group which makes the molecule less 
polar. So, concerning polarity, methanol can be ranged between water 
and ethanol and has therefore in the water phase a distillation behaviour 
different from ethanol. This may explain the behaviour which is rather 
contrary to the boiling points. This is no single appearance, because for 
example ethylacetate with a boiling point of 77 °C, or, as an extreme ca­
se, isoamylacetate with 142 °C are even carried over much earlier than 
methanol. Therefore methanol can not be separated using pot-stills or nor­
mal column-stills. Only special columns can separate methanol from the 
distillate (4.3). Similar observations concerning the behaviour of methanol 
during the distillation have already been made by Röhrig (33) and Luck 
(34). Cantagrel (35) divides volatile components into eight types concer­
ning distillation behaviour characterized by typical curves, which were 
mainly confirmed by our experiments. As for methanol, he claims an own 
type of behaviour during the distillation corresponding to our results. 

2.3.2.2 Total volatile components 

The behaviour of total volatile components is shown in figures 5 and 6, 
once with and once without including the methanol content. The curves 
are not very different and show for distillations nr. 4 and 6 a more or less 
permanent decline which has about the shape of a hyperbola. Distillation 
nr. 5, however, shows a somewhat different picture. There is a plateau 
corresponding to the alcohol content shown in figure 1. This is caused by 
some components, mainly esters, the solubility of which depends very 
much on the alcohol content and which can be transferred into the 
distillate only as long as the alcohol content in the steam phase is still high. 

2.3.2.3 Higher alcohols 

Higher alcohols show a similar behaviour in distillations 5 and 6 (figure 7 ). 
Both curves increase at the beginning and lower down later while the 
curve of distillation 4 (table 3 a) goes down Immediately. All in all higher 
alcohols behave quite similar to ethanol (figure 1). The only component 
which shows an absolutely different behaviour, is 2-phenylethanol, which 
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Fig. 5 : Behaviour of volatiles (total) during the distillation 
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increases within the last fractions, especially in distillations 5 (table 2) and 6 
(table 3 b). This makes 2-phenylethanol a typical component of the tailings 
while other higher alcohols are foreshots- and heart-components. 

2.3.2.4 Terpenes and carbonylic substances 

The terpenes are mainly represented by a-farnesen, which is a typical 
component of the heads and declines rather fast In all three distillations 
(figure 8). In distillation 5 there is a light increase again during the middle-
cut similar to the behaviour of higher esters (figure 11). Carbonylic 
substances appear to be foreshots-components as well (figure 9). The 
increase here happens mainly during the last fractions and is caused by 
acetoin and furfural, which are typical components of the tailings (table 
2). However, furfural only increases in distillations from mash, as it is 
transformed from remaining carbohydrates by the high temperatures at 
the end of the distillation. 

2.3.2.5 Esters 

Esters can generally be regarded as foreshots-components (figure 10). The 
light increase in the middlecut is caused by higher esters and pear esters, 
as figures 11 and 12 show. Typical tailings-components among the esters 
are ethyllactate and diethylsuccinate (table 2, 3 b). The most remarkable 
behaviour of all components show the characteristic williams-pear esters 
(figure 12). Distillations 5 and 6 show both a significant re-increase which 
happens about then, when ethanol contents start lowering down. 
Obviously these components need, even much more than a-farnesen and 
higher esters, an ethanol content of about 70 %vol to be completely 
soluted. Shortly before ethanol contents are lowering down the pear esters 
accumulated in the steam phase and perhaps on the clock plates are 
suddenly carried over into the distillate. This may explain the observed 
sudden arise of concentrations. The consequence is, when mash is distilled 
to a raw distillate, as carried out in distillation 4, only a part of the pear 
esters can be carried over. The rest will remain in the mash, as a separate 
experiment showed, in which a mash was distilled using a small laboratory 
distillation apparatus and the conditions of a normal raw distillation and 
this mash was then analyzed according to 3.2.1.5 (periodic report). As 
table 4 shows, just about 60 % of the pear esters are carried over. 
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Fig. 9 : Behaviour of carbonylic components (total) during the distillation 

14000 

12000 

'¿P^<2SC"<jk—Λ^Λ-^S 
ι 1 ι , 1—r 

20 30 

distillate (amount, I) 

T^WV ­Λ—Δ | 

40 50 60 

Fig. 10 : Behaviour of esters (total) during the distillation 

12 



Dist. nr. 4 (1. dist. from mash) 

Dist. nr. 5 (fine dist. from mash) 

Dist. nr. 6 (fine dist. from wash) 

700 

20 30 

distillate (amount, I) 

Fig. 11 : Behaviour of higher esters (C6­C16) during the distillation 
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2.4 Distribution of volatile components 

The distillations carried out with the 150 l-apparatus were separated in fo­
reshots, middlecuts and tailings, what is usual In commercial distilleries. 
Summing up the contents of volatiles in the gauged fractions that belong 
to these main fractions (regard table 1) leads to the contents of these 
components in the main fractions specified in mg/l. Referred to the total 
content of the distillate (heads, middlecuts and tailings) the percental 
distribution of volatiles into the different fractions can be calculated. The 
results of this calculation are gathered in table 5. 

2.4.1 Ethanol and methanol 

Aim of the distiller is to carry over most of the ethanol obtained by 
fermentation into the middlecut, which is the only fraction used for 
preparing the ready brandy. So the achieved results of 73 % for one or 
even just 63 % for two distillations referred to the whole distillate can not be 
regarded as high. The distiller will try to minimize this loss of between 25 and 
40 % of produced alcohol by recycling heads and tailings either in a 
separate distillation or by adding it to the next mash. This practice, 
however leads to an unwelcome effect: As table 5 shows, the behaviour 
of methanol during the distillation, as described before, causes a carrying 
over of 28 or 44 % of total distilled methanol into the tailings. This means 
that the usual separation of heads and tailings would already cause a se­
paration of a certain part of the total distilled methanol from the end pro­
duct. Referring this to pure ethanol (mg/l00 ml p.a.) and comparing the 
methanol contents of middlecuts to mash a reduction of 20 to 30 % can 
be achieved (regard 2.8.1). Regarding for example the rather high 
contents of the Swiss mashes shown in table 16 (periodic report) a mash 
with a primary methanol content of 2000 g/hl p.a. can be worked up to a 
distillate with about 1400 to 1600 g/hl p.a.. The problem is that by recycling 
of ethanol and especially re-usage of tailings methanol is concentrated 
again and will appear In the middlecuts in higher concentrations than 
necessary. This effect will be described detailedly later (2.8.6), 
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2.4.2 Volatile components, total 

In the majority volatile components according the alcohol contents. So 60 
to 66 % are carried over into the middlecuts. Subtracting methanol even 
results of 69 and 73 % are achieved. This shows that methanol is not as 
necessary a companion of elhanol as other components. 

2.4.3 Higher alcohols 

With a yield of 84 or 80 % in the middlecuts, the higher alcohols can be re­
garded as typical heart-components. Two distillations lead to a displace­
ment directed to the tailings, what shows, that the high concentrations in 
the wash can not be carried over fast without using plates or a 
dephlegmator. A rather untypical representative of higher alcohols is 2-
phenylethanol which appears with 77 % in the tailings. 

2.4.4 Terpenes 

Except a-farnesen, the main component, and linalool, terpenes (especially 
els- and trans-linalooloxide) are mainly found In the tailings,. The isomers of 
a -farnesen are typical foreshots- and heart-components hardly found in 
the tailings. 

2.4.5 Carbonylic substances 

Carbonylic substances can be divided up into typical foreshots-
components, like acetaldehyde and 2-methylpropanal (Isobutyraldehy-
de), middlecut-components like hexanal and 1,1-diethoxyethan and 
components of the tailings like furfural and acetoln. So carbonylic 
substances happen to be a rather inhomogenous group of substances. An 
interesting effect is, that within the once distillation components that 
usually appear in heads and heart increase again in the tailings, for 
example propanal, 2-methylpropanal and 3-methylbutanal. The reason for 
this effect is probably the oxidation of the corresponding alcohols 
because of the high temperatures reached at the end of the distillation. 
Distilling a wash temperatures will not rise as high, because alcohol is in this 
case carried over much easier. 

15 



2.4.6 Esters 
Generally esters appear to be mainly components of the foreshot. Typical 
representatives of this class are methyl- and ethylacetate, ethylpropionate 
and propylacetate. Middlecut-components are most of the higher esters 
like methyl- and ethylcaprylate and -caprinate and also ethylphenylace-
tate. Typical tailings-components are ethyllactate and diethylsucclnate. 
So all types are gathered in this group, but most components appear 
mainly in heads and heart. 

2.4.7 Williams-pear-esters 

Most of the williams-pear esters behave like higher esters and appear in 
the middlecut with more than 70 %. So using normal distillation methods 
the major part of the aroma fraction can be carried over into the fine 
distillate. Typical tailings-components are methyl- and ethyl-3-hydroxyoc-
tanoate. An interesting effect is that the two C14-esters ethyl-cis-5-tetrade-

cenoate and ethyl-cis-5-cis-8-tetradecadienoate appear in higher 
amounts in the heads than other pear-esters. Probably they need even 
higher alcohol contents than the others to be soluted and can, therefore, 
be carried over into the distillate only within the high-percental foreshot-
fractlon. 

2.4.8 Acids 

The three analyzed acids appear to be typical tailings-components. 
Especially isovaleric acid is hardly found in the heads, while decanoic acid 
appears in higher amounts in the middlecut. 

2.5 Balance of volatile components 

To balance the volatile components of a distillation process means to refer 
the concentrations found in the mash or wash to the whole distilled 
amount, to sum up the fractions as already done in 2.4 and finally to 
compare input (total amount in mash or wash) with output (total amount 
in fractions). There are, however, some difficulties in this calculation, 
namely: 
- substances that are oxidated or transferred in another way during the 
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distillation (e. g. oxidation of alcohols to carbonylic substances) 
- substances that are transferred in the mash distillation with addition of 
ethanol in higher amounts than In the usual distillation without adding 
alcohol (pear esters, higher esters) 
- components that appear in small concentrations in mash or wash, so 
small deviations are amplified by multiplication 
So a balance can only roughly tell about in- and output of a distillation but 
can provide a view of the carrying over of volatile substances. Results of 
the balancing are gathered in tables 6 and 7. 

Regarding the difficulties described above components with a yield of 80 
to 120 % can be regarded to be totally carried over into the distillate. This 
condition is fulfilled by ethanol, methanol, most of the higher alcohols, 
farnesen, some carbonylic substances, the majority of esters and even 
most of the williams-pear-esters within one distillation (fine distillate from 
mash, table 6). Substances not totally carried over are the typical tailings-
components like 2-phenylethanol, acetoin, acids and the higher boiling 
esters like methyl- and ethylpalmitate. Components carried over with yields 
of much more than 100 % are 3-methylbutanal and furfural. These are 
components that are formated by oxidation processes or other 
transformations during the last phase of the distillation, when high 
temperatures are achieved In the mash. 
Two distillations, consisting of a raw distillation from mash and a fine 
distillation from wash, show quite another picture. Alcohols and lower 
boiling esters are carried over as well, but regarding the main aroma 
components like farnesen, higher boiling esters and pear esters there are 
big differences compared to the the results of one distillation. The limiting 
step seems to be the first distillation, where the alcohol content of the 
distillate is high just for a very short time at the beginning of the distillation, 
as figure 1 shows. Components like farnesen, ethylmyristate and -palmitate 
and the C14-pear esters, which need a rather high alcohol content to be 

soluted, are carried over within ranges of only 20 to 30 %, what means a 
rather big loss of aroma components. So distillers should try to keep the al­
cohol contents high during the distillations to achieve an almost complete 
carrying over of aroma components. These results were also confirmed by 
a simulated raw distillation from mash carried out by using the small 
laboratory distillation apparatus shown in figure 2 (periodic report) and 
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analyzing the remainder after the distillation. The results of this experiment 
are gathered in table 4. 

2.6 Additional experiments researching mash distillations 

As the way of distilling a mash seems to be a rather important influence 
factor on the composition of volatile components in the distillate, four 
more experiments were carried out in laboratory scale. Four mashes of the 
same lot were prepared and distilled in different ways and the resulting 
distillates were then analyzed for volatile components. Mash A was 
prepared in the usual way according to 3.2.1.5 (periodic report). Mash Β 
was distilled without adding ethanol like for measuring the alcohol content 
(3.2.1.4, periodic report). Mash C was prepared in the same way as mash 
A by using methanol instead of ethanol. Mash D was neutralised to a pH of 
7,0 using sodium hydroxide and then prepared like mash A. The results of 
this experiments are gathered in table 8. 

Mash A and mash C appear to be quite similar regarding nearly all 
components, what shows that methanol Is an equal solution medium to 
ethanol and neither better nor worse in carrying over volatile substances. 
Mash Β shows the typical differences of distilling without adding ethanol 
and can be compared roughly v/ith a raw distillate. The neutralised mash 
D surprises by having a higher methanol content than the others. This mash 
shows a lack of farnesen, higher esters and williams-pear-esters, so this 
substances also seem to be sensitive of deviations of pH-values. 
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Tob. 3α (continued): BonavloLr of volatile componenti cXjrlng the dUtllatlexi proceii. mg/l (rcjw dUMIoto from mesh, big ci/poratui) 
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0.37 

0.IS 

12 

3.0 

105 

n d 

6.0 

1.9 

11 

13 

37 
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0.27 

0.06 
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0.94 

12 

16 

15 

η d 

13 

7 1 5 

2 0 

715 

6174 

7.12 

I J 0 9 

91 

10501 

4324 

3Î4S
1 

14 

73 

391 

49 

110 

264 

n d 

172 

0.14 

744 

536 

2009 

2545 

2 6 

107 
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