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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 williams-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 distiliates 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-
nia.

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 pectinolyfic 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 ohly way for the distiller to influence this process.

2.3.2 Pot still distillation with ampiifier

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
tfop 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 fo 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, carbonylic 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 fo 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 furfher
chemical tfreatment (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 (fwo distillations) and a pot sfill
with amplifier (one distillation). Several parameters of the disfillation 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-



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 @
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. Affer 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 unredlistic 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 (1) g/hl p.a. In the recent year (harvest 1993) the variation was



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 volatiie 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 distiliation (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 Iater 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 confﬁmed, again the lowest values are
found in distillates from mashes with short storage time and without enzyme
freatment. High methanol contents in the mash also lead to high confents
in the distillate. A variation of distillation conditions (number of plates, cool-
ing. separation of heads and tailings, once and twice cistillation) 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 fo 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 ampilifier. 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,



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.l) 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 (above1400 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.



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 (distilia-
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 respectabie methanol reduction of about 60 - 70 %
compared to untreated mashes high amounts of inhibitors are necessary
(up to 12 g/kg mash). This wiil iead 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 - 80 % 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 inde.pendent 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 réporf 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 contfents 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 distilation procedures (pot still distillation) can



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

So a redilistic 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/h! 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/hi 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 fuiure 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 appropricte 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/100 ml p.a. = g/hl p.a. p.a. = pure alcohol

Calculation :
100 % 100 ml

mg/100 mi p.a. = mg/I x X
clc.content (%vol) 1000 m!

Example 1: Sample contains 7000 mg/I Methanol
and 700 mi p.a. /1 £ 70 %vol

7000 mg/l x 100 %vol
mg/100 ml p.a. = =1000 mg/100 mi p.a.

70 %vol x 10

Example 2: Sample contains 1000 mg/100ml p.a. Methanol
and 400 mi p.a. /1 £ 40 %vol

1000 mg/100 ml p.a. x 40 %vol x 10
mg/l = =4000 mg/i
100 %vol

1000mg=1g; 1000mI=11;
%vol = %v/v=ml/100 ml; %v/w = mli/100 g; %w/w=g/100 g

p (MEOH) = 0,79 kg /I = 790 mg/ml
790 mg/100 ml p.a. = 1,0 ml/100 ml p.a.



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 560 % 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 confents (about 20 %).

Table 16%). Methanol and Ethanol contents of fermented mashes of williams
pears from Swifzerland, vintages 1977-93

| Ethanol %vol i Methanol g/hl p.a. Methanol mg/!
]
Vintage Samples | Varigtion | | Average | | Varigtion | | Average | | Varigtion | | Average |
1977/78| 29 3.0-5,0 4,0 1436 - 2575 1770 494 - 928 695
1978/79| 17 3.6-74 4,7 1043 - 2030 1648 494 -1015 762
1979/80, 14 38-57 4,7 1126 - 1907 1649 512-992 746
1980/81] 15 3.8-60 4,3 1232 -2044 1686 545-1137 736
1981/82] 35 3.6-56 4,7 1023 - 1826 1523 381 -832 696
1982/83, 54 33-66 4,2 1051 - 2033 1598 453 -1202 672
1983/84, 27 3.1-58 44 11113 - 1953, 1651 446 - 909 696
1984/85] 30 27-50 || _40 ‘1242 2304! 1859 403 - 878 736
1985/86; 19 34-7.5 47 [1131 -2113' 1702 587 - 1450 823
1986/87| 36 34-56 || 45 | P] 328-2515, | 1738 621 - 931 746
1987/88| 29 34-62 .| 45  1.100] - 2281 1658 11434-1163 701
1988/89, 39 34-58 ;! 47 : [9_“9 _2_4_1_6: - 15815 466 -1176 702
1989/90! 34 3.0-6.2 1 1339-2105| | 1650 404-1185 794
1990/91] 23 3.8-6.8 5 0 [ 1949-1975( 1628 427 -1144 805
1992/93. 20 42-5.8 50 1904-1780], 1540 479-914 735
1993/941 27 || 42-7. 49 1[o04-1780|] 1564 1] 479-914 743

") = Table 16 from periodic report



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/ hl 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/100 ml p.a. Re-
garding the results of mashes from Switzerland during the last 17 years (tab.
16") even values of 2000 mg/100 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-
centfration. 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 intfo the di-
stillate. As a natural component of fruifs (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 fraditional

method uses a simple pot sfill as distillation apparatus. Distillation of a mash
with an alcoho! content of about § %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 Iinstrument 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. 1 2 3 4! 5! 6
Apparatus lab. lab. lab. com. com. com.

o o | |

Conditions: 1
used plates nor 2 no no 2 no
dephlegmator no full no no full no
Raw material; mash mash wash mash mash wash
amount () 7 7 7 130 130 130
alcohol content (%vol) 5.5 5.5 23 57 5,7 22
Di_sﬁllo’re: wash; fine dis‘r.| fine dist. wash; fine dist.| fine dist.
i |

amount () 2.4 1,0 3.2 30! 13,5/ 53,5
heads| i | 1,0, 1.5,
heart 7.5 24
i _ tailings i 50 28!
fractions 24| 10 32! 20 30 27
; heads ] i 5 5
heart | 15 12
tailings | | 10 10

| |

fraction amount (mi) 1C0: 100; 100 1500j
heads | | 200 500
heart i | g 500, 2000!
| tailings | | | 5000 3000

lab. = laboratory size (max. 8,01 filing volume)
com. = smaller size of commercial apparates (max. 150 [ 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 1,51,
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 laboratfo-
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 magjority,
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. §). 0 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 mi/100 ml p.q., increases
during the distillation, while the ratio ethanol : methanol is lowering down.
This effect seems to be rather surprising regarding the different boiling









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 CHy,-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 Réhrig (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









increases within the last fractions, especially in distillations 5 (table 2) and 6
(fable 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 o-farnesen, which is a typical
component of the heads and declines rather fast in all three distillations
(figure 8). In distillation & 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 distilations 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 o-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 iaboratory
distillation apparatus and the conditions of a normal raw distiliation 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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2.4 Distribution of volatile components

The distillations carried out with the 1580 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 info 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 distiled methanol intfo 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 distiled methanol from the end pro-
duct. Referring this to pure ethanol (mg/100 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 fo 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 ethanol 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 linaloo), terpenes (especially
cis- and frans-linalooloxide) are mainly found in the tailings,. The isomers of
o -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 acetoin. 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.
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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 ethyiphenylace-
tate. Typical tailings-components are ethyllactate and diethylsuccinate.
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 wiliams-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 C, y-esters ethyl-cis-5-tetrade-

cenoate and ethyl-cis-5-cis-8-tetfradecadienoate 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-
fraction. ‘

2.4.8 Acids

The three analyzed acids appear to be typical tailings-components.
Especially isovaleric acid is harcly 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 (fotal amount in mash or wash) with output (fotal 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 arnplified by multiplication

So a balance can only roughly tell about in- and output of a distillation but
can provide a view of the carying 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 fulfiled 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
bolling 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 C, -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
distilates were then analyzed for volatile components. Mash A was
prepared in the usual way according to 3.2.1.5 (periodic report). Mash B
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 fo
ethanol and neither better nor worse in carrying over volatile substances.
Mash B shows the typical differences of distilling without adding ethanol
and can be compared roughly with 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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- _loclale 18 2] 17 18 |56 Q5]_138 171 178 183 184] 78] VS| 122 s8] 188

butyiote —o022{__ 14| 2 0m 057 09| 028 na] 013 017 ndl ndal nal na| na

2 motihyboutytale <0.1 38 3.3 at nd nd| nd| nd| nd|] nd] nd| ndl nd| nd] nd| na

- 3 mothyoutytale <011 0D8] 0.16] 008 nd: nd| nd| nd| nd| nd] ndj nd]| nd| nd] nd| nd
copronate 025 16, Ml 13 040 nd| nd| nd| nd| nd] ndi nd] na| nd| nd| nda
£yt - _hoptancate <0.1] 023 02t 0.8 nd. nd|l nd| nda| nd| nd] nd] nd| ndl! nd| nd| nd
—_coprylole [ ) 13 34| 23] 7] 054 022| ops] 043 0.10f nd| nal nd
- nonanoale <0.1] _ 048] 040 040 0.25 0.3 0.14} nd| nd| nd| nd| nd| nd] nda} nd] na
- coprnale 29 134[ 91 18 86 [ 2] 3 37 8] 081] 0s0] 02/] 033 0.2s] 015
- _laxale 15 123 8] 5 22 X 188 90| 19| 077] 037 02/ 0.20] 0.8 0.29| 023
- _rmystole 0%0 52 » 2 5.1 5.1t 38] 19| 057] 022 0.2 012} 0.13] 0.3} 0.14] 0.10!
- _paimilate _ 35 150, ad 54 87 8A] 501 19| 12| 0s64] 035| 034] 0.26| 023] 0.3 036
-_fyikicicato <0.1 nn nn n.n nd nd! 019 008] nd| nd| nn| nnl nd| nd| na| 012
- _pakmitoloale <0.1 25 15 (A] 0.26) 031} 020} 0.4 nd| nd| nd]| nd! na| nd! na| nag
- __phonylacelola <0.1] _0p8 o0ns| 008 0.15) 043]_0,16] nd| nd| nd] nd| ndi na| nd| nd| no

Dicihyl auccinalo <0} nd} nd| nd nd 0391 048] 091| 093] 095] 094 075! 0.72| 084; 0./2] 059

Iopy ocelale 0501 _ 58 043 nd. ndl nd| nd| nd| nd| nd| nd| nd| ndi{ nd| na

Butyl ocolgle 37 248 208 199 A 084! 07s] 028 031 0.18] <0.1| <0.1}] <0.1] <0.)! nd.| na

1sobutyl - ocelale 0,18 13 n 95 nd. nd} ndj nd| nd| nd| nd| nd| nd| nd| nd]| nd

1soomy_- _ocolcle 080 53 4l A2 05! 032|_030| nd| nd| nd| nd| nd| na|l nd} nd]| na
- loclole nb.

Isoaitrd - capronate <0.)] 023] 024] 024 058 100 _157] 207] 2.26] 128] 048] 084 03t nd| nd| na
-_coprylato 0ps) _ 32] 32| 22 13 084] 045 028 ODQ! nd! nd! nd| na{ na| nd| ng
-__copiinal + nl. na. 18 8.3 40 2.1 24| 081 04S| 0233 00/ ad} nd| nd! nd! nd] nd

lloxt - _ocotato 15 58, 1 84 3.7 0.21]_045] 036 02} 020] 0.18] 0.161 0.18] 0.13] 0.15] 0.15]

2 Phonylottwl - acototo 00J] _054] 0A8] 05¢) 14 23] 2] 2A] VAl 092] 089 0A43] 028 020| 0.19| na

L thyt-iong 2 ocionoote <0.1] 12 11 1) 1) 032| 02/] 0p8! 0.1 na| 013 nd} ndi nd! nd| na

Molhyl cls 4 goconoale _0d6) 29| 3 29 08| _04] 02| 0.10| 0.13] nd| nd| ndl nd| ndi nd

| thyl cis-4 doconoato 18] sa[ a2l a8 11 18] __12[ 63l 18] 029] 039] 026 022 038 0.16f 03/

Mottt lrans-2-doconoale 009] 0.7 053] 056 085 032| 022| 008 nd.| nd| nd| nd| ndl! nd| na| nd

EIhyt-i1ons 2. doconoalo 050 20 12 12 10.5] 10 82| 28] 029 029 0.12] 013 nd| nd| nd| nd

Maolhyt 3 hycdroxyoclanoalo 030] nd} nd| nd ngd. 12| 3A| 491 51| S5 50| 48] 42| 42| Aap| 24

tinyl-3 1 lydraxyoctanoale 15| _nd| nd| nd. 12 2] 3 45| 45| 42) 39] | M| X[ 2| 23

Mainyl lians 2-ds 4 docodlonoato (TCM) §M__ ol 70l 65 o __ 84 as] 2| 62| 3a 12| 12 o8] 0s2] 054] 045

fihyt-tions 2-ch-4 decodionoate (ICE) 20| 156  ses]  am | 585 aos| 3sal e8| se| 26l 13l el as|_3af_ 3a] 3o

Molhyt Irans 2-rons 4 dacadionoata (M) 29|_s20] a20[ 38p0 WEDY 3901 2500 130 421 20| 1.00[ 074] 0.49] “039] 0.36] 03|

|¢ thd Ians 2-ans 4 docadionoate (T1E) _ 121238 2577 18) 160 WSt 13S{ 7] 25) 13| 43| 45] 251 18 22| 25

tthyt dis.§ lelradocenoate a9 s W@ Y 12| 0| 65| 13| 0ss| 034 025] 0.8 nal 024 02/

i ihyt-cts 5 cis 8 1al1adocodionoale Aal 8l 2 k1] 42, Al A3 | 591 24| 12| 10| 059 023 084] 058

ICE: ICM 5.0 15! an 12 65 6. 52 a9 a.l a7 47 45 47 a9 52 49 50 54 5.1 58 59 79[ _9A]_ 95| 80| 79| 18] 58] 50! 62| 83

NE: 1M 41 65! at] 48] 4) AS| _AJ|__AA|_ 43 38| a4} vl 4n]_ 3/ 38l 4l 4.1 41 A401  39] 45| 54| 69 o1} 63| 87| &1 501 43 40| &9

ICE: TIE 22 22 2.2 25 29 25 25 28 29| az 3. 35 35 s 30 37 35 37 A, a3 28| 26| 24} 23] 20| 23] 20[ 18 [P

Acelic odd a2 ao| a8l 48] aa] a9 12| oo e[ 2| 23" | ve| 74| 26l 26| —an|  v7] 38| aa] so| 74| 128] 156] 62| 172] 1e0| 188l 203 ool 208

Isovoloric add 83 2A J,.‘II 3l 3.2 l 4.2 6.1 sAl 14 8.3 85 84 3] .Y 14 17 15 2 » Bl 81 - 14 1 81 78 18 82| 16 78

Doconcic add hq) 38 82 n d.] nd. 91 1?2 2 56 &5) &0 51 44 57 32 kY 38| A8 15 28 51 11 X0 l?d! 118} 10?7 82) 1 52 52| 45} dbl
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Tab. 3a BahOvows of volanis Components (uring e AshIGEON PIOC 933, MQA (10w Aot hom mash. hig apParoha)

sample masn] 1 2 3 a | s [ o ] 9 12 [F) 14 5 [ e 7 18 )
Aicohal content_%wvol 5| _es3] sas|_arn]_ avy| | a4 2 28] 100 83| & s2| a4l 33 28 21
Amount. | _ 1301 15f_ 15 S| 5] s s 15[ _asp st s sl sl s sl sf s
€manot, mip s7| _oe7] 538 arol 4y 387 324 o 27 120 _ 1o} 81| e8] s2] a B 2 2
Menonal. mg/t ovol 5236 4330 a000] 3782| 3wr| a4 s | "2085] 183%] _1001] 1a25| 1208] 1092] _ws1| e2s] 723
Mamonol. mif _081f 083 549 so06f 429 ass] a3 351 2040 2321 203 180 153 138 120 104 o0
Maihonol. m/lo0mipa 153 o9l 102 108[ vas| 124l 134 | 162 2. 230] 2501 278] 294] 33| 0S| 402 40
Rano eManol : memhanal -5 101 98 o3 87 81 74 Y 48 4y 40 S he) X 27 25 22
[Volame components, total T1a00] 18310] 11122] 8see| 7002] sa3s] so76 | %75 2702] 238S| 2089 1882] 1634 1a99] 1336] 1205] 10%] 190
Volanie components. foldl, except memanal 210] 13074 o786] 4509 3220] 2239 103 [ o)6] 549 488 4so] am| 407 385|380  314] 1208
Hoher cicohols, swum 302 4300|3361 2388] 1561] 10M 28 (27 T, I I ) Y ) ) - S Y
Terpenes. sum 33| 24]  ve| 2] 7| sal a2 24 WA 1o os 03 04l 03] oa o0a] o8 25
Cabonyic absiances. um 3q 28] 69| so) 52|  ss| e a8 3 3 ] 3w w af sl e
Eataes. total |_N¥ __ o8 __ 482 4 40l 383 32| 320] 303 286 285f 279] a3
Hoher eiters (Co-C10) 12 18 47 a5 29 25 14 22 25 49 872
WHIaIms pear @31eds. sum ) 43 h] 27 21 19| 16 17 18] 24] 10
1-Propanol (P) __4 20] 13 10| 1.4 58 40 b A 25 2.1 0S5
2P ne nei nel nel| ne| nel] ne| nel nel nel| na
2-Propencl-ol | na nd| nal] ndf nd|l nd] nd] ad{ nd| nd| nd
1-Butanol (8) 25 8sf 521 37 24 2] 12 e8] 01 03 na
2 Butanol nd ndji nd{ ndf nd| nd| na}] nd] ndj nd] na
2-Me Tyt 1 opanol (18) 58 4] 8.1 5.5) 3.7 29 19 15 1.2 1.0f_ na
2 Mamyt 1 butanol (2 MB) ") o2l 35 23 16l 14 09| o8] 01 o0s] na
3 Memyt 1 butanoal (3 MB) 154 38l 20 sl ] 78] 49| 40| 35| s na
Boamylaicohols, sum (W) 184 asl a0 e[ V2] 92 s9| 47] a2 4| o026
)-Pentanal 028 0.34; 008 008 007 naj nd] ndl nda] nal oo4
FMattwt | pentanot _.nd _nd| nd| nd] nal nda| nad] nd| nd| nd| na
1-Hexanol a8 150 008 048] 03] 030 020] 02) 008 nd| na
ch-3-Hexon-1-0l na nd] nd] ndj nd| nd| nd| nd| nd{ ng
rans-2-Hexen-1-ol na. ndal nd] nd] nd|l nd| ad| nd| nd| nd
varw-3-Hexen-1-0l naj nd| ndy nd} ndl nd| ad| nd} nd]| na
1-Hepianol nd ndl nd| nd] nd| nd| nd| nd] ndl na
1-Octancl 0. _on naj _nd] nd] nd] nd] nd| ndf ndl na
0.18 020 018 0.3 013 013 nd| nd| nd| nal na
0,08 0.13 ndf na ndal nd| ndad ng na ndaf na
33 _® _ 56] 54| 82 s0f @ | 48]  s0[  a9] 20
A8 34 vl vl b el ve]  20) 21| 221 24 _24] 25] 26 20| 28] 30f 34 33 a3 sol a0 -
B.P 3.3 3.4 3.3 33 33 34 35 3.4 3.2 3.1 29 2.7 25 25 23 23 20 19 1.5 12| 085 -
AP _N3l s8] 57 s s8] eol 23 73] e8] 73] 70| 6ol es| sa o5 e8] e9] 70 o5 eol sil o0
2M8:IM8B _024] o028 038] 038] 0.7 037] 033 o034 033 031 031 0.20; 030] 030 029 o030 o2 o027f o024 023 o0zl -
B:A 007] 0071 007| 008 008 008 005 007 007 007 0072f 007} 007] 008 008 007 007] 008 000 009 o0.10] -
a-_Torpneol _ndl] 020 022 0.19| 02) o0.18] o010 o00s] o008 007 nd] nd| nda] nd| nd| nd| nd| nd|l na]l nd] nda] nd
Unalool nd] 020§ 027] 024 0.17] nd|l nd| nd| nd| nd| nd| nd| nd| nd| nd| nd] nda] nd] nd| nd] na nd
cls-Unalooloxdd nd] 070 067§ 059] 0%] 053 042 040 033 039 028 020! 024 020 nal nda] nd| nda]l ndl ndl nal na
rans-Unalooloxd nd| 033 065] 050] 054 055/ 045 040/ 0.8 EJ 020 022l 020 na| nd] nal nd|l nd| nd| nal na| nd
a-_fainesen (3E. 06 25| vl 13 85| sol 33 2s] 18] vy 13 074] 079] 060[ 041 0a4] o024 030] o020] 03| 03] o0ss 20
a- Fanasen (32, 6F) 0.80] 48 34 2.1 1.3]__088] 068 051] 040f 035] 0.8 022 0.16] 0.5 0.1} 006] 009 007 008 o008 0.17 0.6)
 Acelddehyde 271 w0 s a0l wp A a5 sop 53 W a2f 24) as| s val as] ] sl s sl 16l ne
Popana nd| 040 027] 0.9 o2 ol 019) 023 023 022 nd| na| nal nd| nd| nd|l ndal nd| nd| ndal nd| na
2-Propena _035] 18l 065 014] 0.3 0.8 o1e[ 029 035] 030 040] 042 029 018 na| nal nal nd]l nd| nd]l nal 034
2-Meihylpropandl enl. nd| 15/ 0ot os)| o7 osa] o9l oof rol 12[ 1 13| ose] 0671 062 0s9] 073 078 083 091 090 0.6
3 Memytutonal o2 1.3 10| o0es] oo 1of osd] oesl o] 10f 10| 092 07 o0ss| 0s5| 1Al 15[ va” 13 10 0.4
Hoxanal ndl 31 1.3] 0sof 058) 048] 03 040 03s| 03s| o033} 035] o030 03] 028 02| nal nal nd| nd{ ndafl nd
Futual 025|080 083 ol 1al 19| 24l 34~ anl o2 eo| 3l wi[ ol w3 val” sl e[ e[ vl 19| ag
Aceton _0%|_013] _nal nal 02| 02| o2l o3 o028 o030 o4l 037f” 050 05ef 0.40] 059] 057] 070 053 073 07¢] 074
1,)-Dlemoxyeman Y T | N Y ol vof w13 24l es]  72[ 37 o3l s8] eof 62 es] e8| nal nal ne
1.1.3-Triethoxypropan nd| 013 nd| ndf na|] nd| nd] na| nd|] nal nd nal nd] ndl nda| ndf ndl nd|l nd| ndl naj na

nd. = not dutectod. n.e. = not evauable, Nl = not Idantifed, hq = hatquaNtitaiive. 16M. = (eMaiNdot
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Tab. 3a {continued): Bahavour of volatile componants duing the distilalion process. mg/l (1w distiiate from mash, blg apparatus)

Sample mash 1 2 3 4 5 ] 7 8 |_9 | 1o 1 12 13 14 15 16 17 18 19 20 30
Memyt - ocetate 12 13 _ndi nal ndg| nagj nd|l nd| nd| nd| nd! nd
- _coprylate 005 nal_ ndl nd] nd; ndi nd| ng| nd| nd] nd| nag
- _copinate 0.8 ndj nd{ nd] nd; ndi nd| nd| nd| nd| nd| 017
. lowcate _nd nd] nd{ ndi nd nd ndl nd| nda| nd| ndl nd
- mymsicte 008 nal nd{ nd! nd| nd{ nd| na| na|l nal ndl 008
- _paimitate 0.18 nd] ndf ndjy nd| ndj nd| nd| nd| nd| nd| 020
Ethyl - _formicte ng. ndi nd} ndl ndl nd| nd|l nd| na|l nal nd] 032
- _ocetate 98 15 n 13 10 H n n 1 10 10 29
- _proplonate +ni. nd ndf nd| ndl nd| nd| nd| nd| nd| nd| nd| nd
-_lactote 196 3al  3e7] 3asl 317f 303 283 272 253 251 23] 62
- _butyrate n.e. 005 ndl nd| nd nd|] nd| nd! nd| nd| ndi{ nd
- _2-methybutyrate nd ndl ndl nd] nd| nd| ndl nd{ nd{ nd| ndal nd
-__3-methybutyrate nd nd{_ ndj nd| nd| nd]| nd} ndy ndj ndl nd] nd
-__copronate 040 008 008 o008/ 008 01l 008 nd! nd! nd} nd| nd
Emhyt - _heptonoate ng. ndl nd| nd| nd| nd| nd] nd] ndj ndj nd| nd
- _copryigte 2.2 071} 057) 042 033 025 021] 019 020 018 023 ndg
-__honanoate _nd _nd| ndl na| nd| nd| nd| nd| nd| nd| nd| ng
-__copinate 5.3 26| 27 1.6 1.3] 062 061 037] 056 062 1.1] 082
- loxcte 27 R ] 14| 083 077! 0A2[ 038 025 040 0.45) 10 16
- _Mmytisiate 1.2] 0.68| 072 051 040 032f 023 0.12|] 024 029] 055 1.2
- _poimitate 3 23 24 1.3 1.6 12{ 094 04S| 079 091 20} 44
-__myiistoleate nd. __ng| nd| ndj ndj ndi nd| nd| nd| nd} nd| nd
- _poaimitoleate nd. nd| nd| ndi nal nd}l nd|l nd| nd| nd| nd| na
- phenylocetate _nd nd| nd| nd! nd! nd| nd| nd| nd| nd] nd| nd
Dieftyl - succinate 1z 556 8.1 5.7 4,7 4.2 3.8 33 29 29 2.6| 040
Propyl - acetale 0.23 nd| nd| nd| nd! ndj nd] nd| nd] nd| nd]| nd
Butyl - _acalate _ 14 _nd|l nd| nd| nd| nd| nd| nd|l nd| ond| ndl nd
sobutyl - acetate 0.24) na|_ nd| nd| nd| nd| nd| nd| nd| nd| nd| nd
soamyl - ocelate 1.1 012 nd| nd| nd| nd| nd| nd| nd| nd| nd| nd
- _loctate 1.0] 28] nd| nd| nd nd| nd| nda| nd| nd| nd 1.3
soamyl - copronate nd. nd| na| nd|l nd| nd| nd| nd| nd| nd| nal nda
-_capriate 0.18 011 016 018 0.3 013] 013 nd| nd| nd| nd] na
- _copinat +ni. 016 015 011 nd| nd|] nd| nd| ndi nd| 025
Hexyl - ocetale nd| nd| nd| nd| nd| nd| nd| nd} ndj nd
2-Phanylethyl - ocelate nd| nd| nda| nd| nd| nd| nd| ndl ndj nd
Ethyl-rons-2-0ctencate ndl nd| nd|l nd|l ndl{ nd| nd| nd|l nd| nd
Methylcis-4-decenouie nd| nd| nd| nd| nag| nd| nd{ nd| nd] nd
Emyl-cls-4-decenoate 12| 084] 005 046 042] 042 035 039] 041 019
Mathyi-trons-2-decenadate nd|_ nd| nd| nd| nd]| nd|l nd| ndj nd| na
Ehyl-rans-2-decenoate 048 035 026]_ 0.14] 012 009 008 009 0.5 00y
Mathyl-3-hydroxyoctanoate a9 4.0 49 5.0 52 53 57 65 74 nd
Etnyl-3- Hyaroxyoclanoate 10| 83 74 es| 59| a9 as| 44 38 059
Methyl-ions-2-cis-4-decodienoate (TCM) 15| 088 078] 057 0A47] 044] 043[ 039 049 na
Emyl-trans-2-cls-d-decodenoate (JCE) 10 57 50 30| 25 18] 25] 26| 43 15
Maothyl-trans-2-trans-4-decadenoate (TTM) 26 1.5 1.3 085 078 057 0.09) 065 092 023
Ethyl-tons-2-trans-4-dacodencate (TTE) 84 6.1 4.3 2.7 23 16 22 23 4.1 1.7
Ethyl-rons-2-dodacenoats 0.16] 012 o0.10] 008] 007] ndi nd| nd} nd} 029
Emy-rons-2-cls-6-dodacadenoate 067| 054 04| o028 022[ o.1s] o0.20] 022f 039 054
Ethyl-ck-5-tetradacencate 064 051 038 031 nd| nd| nd| nd] nd] 13
Ethyl-cls-5-cls-8-terodecadienoate 2.1 1.7 13 10/ 048! 043} 073 088 2.0 33
1CE: ICM 70|47} a9l 49| 50| 53| 87 5785 00| 59| 64| 68l 64 65 53] 53] 4.1 58] 67 8.8
TE: TIM LA 25 29| 33 34 35 34] 35 33 33 32 351 32 40 33 32| 29| 29 3.2 38| 44 1.
ICE: TTE 1.7 1.8 16 13 1.2 1) 11 1) 1R 1.2 1.2 1. 12| 09 1.2 |1 | 1.1 [A) 1 1, 09
Acetic ocld 3803| 40| 6| 522| 755 877 1089| 1026| 1235 1371| 1413| 1465 877 1928] 1612| 1715 1703} 1767 1747] 1895} 1925 6190
sovaerlc acld nj__a 2] 25| 3| 32 a4 = LS Y 37 35| a8 34 33 a1 30| 28] 27| 23] 43
Decanoic acld (hq) 4.4 107 26 3 50 73] 75 19 28 26 28 40 55 31 28 32 34 38 36 37 38 4|

n.d. = not detected. n.e. = not evauable. ni. = not identfified. hq = haltquantitative, rem. = rermaindar



Tab. 3o Behoviow of volams components AsNg the AsMAIon [XOCes. MOA (e AIate Hom wash. big QPP ata)

SoTgie wash] 1 ] 2 3 4 5 0 7 8 Q I N 13 W lwsjwinvnjpis|lwliosin|lnlas]2a]x5T 2] 2
[k onal content. Tval 22| el 822 w24 23 822 803 778 765 759 249 __731[9,;__7_23 Nns| 702 o8 007) oatl wol ss| asr] a12| 334] 725 185] 120] u_ﬂ
AOunt, | 10f 03[ 03] o3 o3 o3 20f 20 20 20 20 2 200 20{ 20| 20[ 20; 20] 30| 30 30| 30| 30 sol 3o 30 3ol 3o
[emanad. mip 70| eool szl s24 820 sxof e0s[ y2el 7es| " 750] 7ae] 739|728l 18| 702] oss|_es7| oai] Seo] 550l aar| ai2| 33a] 223| ves| Ti29) [ e 5y
Mamanol. mg/l 2400] _7408] 7215] 7128 987 ¢905] 6530 6356 6319| 6307] e202] e2as) _OLOSJ 8178] 6220f 6195) 6316} 6015] 6053 007 s083| 534a] 4873 2030] 2030 2204] 1720
M monol. iy 305 938] 9.21] 902 esal s74l 827 e0s| soof 198 793 7901 784 782 787] 2.84] 800|765 757 78] 7.19] 676] .17 sas] asel ani[ 200] 220
Mamanol. /100 mipa 101 1L 1Az 109 107l 100 103] 103 vost 105 1ool 107] 1ol 1091 12 1.14] v2of 110l .20l 1.30] 48] 1 sal 1.65] 2.42] 248] 204 330] a.te
[Rano emano : memanal 72l eS| el 9l o3 o4 @1 o1 esl o5 94l o e o sl s a3|  sa] 28] 74 68l & sal el ] 3d ™
Volamse components. fotdl 4050] 26770 240171 21497] 20440( 19438 174891 15132] 13768] 13134] 12261 11528] 11073] 10501] 10135] 9828] 9010] 8413] 8260} 7587] 6813] 610a] 5a03] ave3] a110] 3388] 2737 2183
Vokame component, fold. except methanal | 1641 19362 16742] 1a300] 13453] 12534 10v53| _ 8776| 74390| 0827[ 6000|5283 _4878] a324] 36| 2033} 209a| 2368] 2213] 1680] 1130] 61 530] ase] 0] 451 ed| 4
[Fegher ciconols mam oL 2841 3728 ))17] 40% 4199 4788] a588) 4s1al asso| asds| 4307| 4202 3sssl 3523 3273] 2308] 2087 1902] 1a01| s76] 505| 283] 103 ies] 1s0] s8] 1)
Torpenes. am 201 18y 126l ol 8y 7ui  3sf  te Wl ol e el vl el w2l ssf ae] 33 a2 23] 22[ 18] 13] 073 0ad] 043 022] e
Cabonyic wbsiances, um 124] 2194] 1614} 1419 1209] 1108] 7061 474] 32¢] 242( 175 sl 92] 73]  sol 52| 43| a2 52| ] 64l 25] 76| o4l 124 134 130] a8
Esters, torl s16] 13703] 11224} 01| s 7156] 5424] 07| 2486] 1214 1173] 781 seo| 01| 321] 300 248l 28] 2s0] 217] ve7] trel wz0l i & s er 15¢
[Hgner esten (C4-C16) 28] o024 a1y 3ol 320f w8 2 | el el sal a0 a0 a0 s3] s2f a8 sl vo| 2] 10| 2] s2| 39| 84| 14 42| 24
Wakams pedr estens. sum o[ 1017  712]  e00 ooa} ool 14l "8yl 76l 5eal asal da1| 247 wso|” 1ss| ra2{ vaa] vas] e2] 123] es| el se| 4ol | sl 2
1-Propanol (P 72| 203 2071 28 2071 of 33 S| 30el 300 292] 23| 277 2es|  253] 233 teo] 17e| tsa] 87| v2r| o3| 2] 8| &S| 21 3| &5
2-Propanol OA0f 128] 90| 78] 58] ne| 53 38 24 19 15| _nd| nal nd| nd}] nd} nd| nd| ndal nd| nd| nd| na| nd| nd| nd] na| na
Eopon!-d nd|{ nd| nd| na na.i’—T\d ndl nal nd}l nal nal nd| nd| nd] nd] nd| nd| nd| nd| nd| nd| na| nal nal nal nd| na| na
1-Buianal (8) a2l 124 a0l 32 vas| vas] ves|” ter| veal ve2] e[ w0l was| wr2| el 1s)| 120l 1o0] 108] sa| o3| a1] 24| 14l 89| aa 22| 14
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