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FORMATION OF ACETALS IN RUM : A KINETIC STUDY

K. MISSELHORN

Tnstitut fitr Garungsgewerbe,
T Derlin 65, Seestrasse 13, (Germanyvy

SUMMARY

Trom time to time in literature, references on the importance of acetals as aroma compounds
inrum ane other aleoholic beverages are to be found. Most of these references arc of qualitative
nature, rarcly concentrations are mentioned. For that reason, we developed a specific and sensi-
tive photometrical method of determination and compared it with gas chromatographic data.

As the formation of acetals is an equilibrium veaction, one should think to find the aldchyde
wcetal contents in a distinctive relation to the percentage ol alcehol in rum. In contrast to this
hypothesis, again and again we found deviations [rom calculated data.

Therclore, we were forced to gain some more information about the kinetics of that reaction.
lteould be shown that the velocity of tne formation of acctals depends mainly on the formation
f semi-acetals which turn into acctals with high speed.

Using the known cquilibrium constants of several acetals, we caleunlated their contents in
mm and determined their sensoric threshold, Due to these results, we are inclined to point out
that many of the acctals are without any importance for the aroma of rum and a great deal of
them reporteed in literature are artificial products,

Any onc dealing with the aroma of spirits, will often tind the information in
. the pertinent, even old literature, that the group of acetals is of prominent impor-
tance for the flavour. Apart from other components, more than fifty different ace-
tals have been identified amoung the aroma components of rum. The acetals can he
weli identified by gas chromatography. But they are very unstable and special
precautionary steps must be taken if at least partial destruction during the GC
separation shall be avoided. For this reason, chemical methods appear more sui-
, fable for quantitative determination.

A method utilizing the reaction of aldehydes with hisulfite has been published
by Guymon and CrowELL (1903). Such titration methods reach a sensitivity of
. approximatively 10-20 p.p.m. and unfortunately are too unspecific, because thev
eover all aldelhydes. Therefore we developed a photometric method of determiination,
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based on the reaction of sodiwm nitroprusside and piperidine in alkaline cnviron- ')
nent. We investigated rums and other spirits by means of this method. This resulted |
in acetal contents, which we primarily found to be unexplainable. This shall lk

explained by the table 1.

TABLE I }

Caontent of acetad in rion

Aldehyde (i)

Alcohol A —_ — Conbines!
[ vl %) L ! o " Alcohol fu,i
Fotal
combined

| . ;
Martinique rui 3 vears old i A 7] i 17
West-Indies v unaged ., ... [ Ah 64,2 &4 34 a0
Jamaica num about 2 vears old ) P 274 14 e
Jamaiea rom, Dlended unaged L 30 O 5 9 Hi

According to the law of mass action, the proportion of combined aldchyde
should be in a fixed relation with respect to the aleohol content. IFrom the ascer
tained values, [ selected 3 tums of 45 p. 100 of alcohol. The acetal contents range
hetween 17 and 36 p. 100, Only the Jamaican rum of 75 p. 100 has a higher acetal
content, viz. 47 p. 100. The blend produced therefrom, however, has 32 p. 100 of
acetal only,

The pll too is not suitable for clarifying the conditions. The Martinigue rum
and the Jamaican rum have similar pHs, while the acetal proportions are completely
different (17 or 47 . 100). The West Indies ruin has the highest pH, while the p. 100
ranges in the medium field.

This briel discussion should explain why we thought it to be advisable to deal
with the equilibrivin situation of acetalization and with the kinetics of reaction.

Prvyavn and Mavris (1638) published equilibrium data of acetal and aldehyde
as a function of the aleohol contents already in 138, They are in good agreement
with our results,

The abscissa of the figure 1 shows the aleohol contents in p. 100 by voluwe
while the ordinate shows the proportion of combined aldeliyde from the total
aldehyde content in p. 100, The circles indicate the acetal proportions determined.
Caleulation of the ¢quilibrinn constant for a medium alcohol content of 50 p. 100
restlts it a value of o111, These calculated values take the path indicated by the
full-line curve in the figure.

The test values are below the law of mass action for high alcohol contents and
are higher for lower contents. The assumption that the adjustment of equilibrium
has not been entirely achieved in the experiments could be rejected Dy our own tests,
We observed that a relativety good conformity with the law of mass action occurred
when the square was omitted with the alcohol concentration. This however would
mean that exclusively semi-acetal would be formed. This would be a coniplete
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contradiction with respect to the hitherto results : so far only full acetals wer
found in acoholic beverages. In this situation we made tests with respect to the
time sequence of acetal formation as a function of pH =0 as to analyse the kinetics
of reaction. The tests were principally made in 40 p. Too alcohol-water mixtures,
and the aldehyde quantity amounted to approx. 1 mol per litre {fig. 2]
‘I'he abscissa shows the tinie in hours. The ordinate indicates the p. 100 proportion
of the combined aldehyde from the total aldehyde contents. Independently from the
pH, the acetal content asymptotically heads for a final value of 14.9 p. T00. However,
the speed at which this value is attained widely depends upon the concentration
of hydrogen ions. At pH 3.0, it takes approximatively 1.5 days, at pH 2.0 it takes 2.3
hours only, so that the path can not be represented in this illustration. At pH 1.0,
the reaction takes approximatively 12 days, at pH 3.0 it takes one month and at
pH 0.0 it takes approximatively 3 months,

According to the generally applied formulation, first semiacetal is formed from
aldehyde and alcohol and then the full acetal is formed from said semi-acetal with
elimination of 1 mol of water {table 2).

TABLE 2

Reactions of acetals formation

H k, H oll
\(‘ = O = R'OH *; \C/
ST B

R &y R oR’

A B (¢

I Ot Ry I OR’
\c/ ROH ——> R

i C + H,0
i s T Hg
R/ \UR' K.-a K/ \\(')l\"
& B D=z T7
dx i
s ky BA —2) - -k, T'x
o
with - 0
dt
ky x 1 ,
o e K
ks (A -2y D

As the semi-acetal cannot be analysed, it must be concluded that the reaction
velocity constant &, is relatively small as compared with %, so that the semi-acetal
formed, immediately will be consumed by further reaction to full acetal, so %, is the
velocity limiting constant for formation of the full acetal. On the other hand, in the
hydrolysis of the full acetal there must be %k_, much smaller than %_, so that in this
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case k_, iy the constant limiting the decomposition and the fornied semi-acetal will
be converted into alcoho! and aldehyde by rapid decomposition.

When the concentrations of the reacting materials are designated by the capital
letters A B ... and the quantity converted is called x, 1) equal x will occur under the
condition that no measurable quantities of semi-acetal shall be produced. This rela-
tively simple differential equation results from the general rules of kinetics. In the
gquation, the conversion of alcohol and water need not be considered, because x is
so small as compared with B and F under test conditions that it can be neglected.

So we get for equilibrium condition this term :

k ELR Ry

ko,  (A—2)B with Je_, B

It can be seen that the alcohol B appears without square in the law of
mass action, which was already indicated earlier. Thus this can be explained by
the fact that only the first alcohol molecule converted into the semi-acetal is im-
portant for the equilibrium in view of the small size of &,

For showing that this kinetic make-up is in line with the test results, the equa-
tion was integrated after substitution with :

e TS T
T RB A RLF
After separation of the variable, the formula is obtained :
i m

PSRBT AL Pmw

This is the equation of a line.

When drawing this terin /. # 2 against £ in a system of coordinates, the test
values should result in a line of the inclination klbﬁi EF S° that the constant of
reaction velocity can be ascertained therefrom.

In addition it should be noted that the difficulty that m contains the unknown
RV constant can be overcome by developing the reciprocal value of s in such
amanner that the ratio of the RV constant will appear therein, This can be substi-
tuted by K.

The figure 3 shows the test results previously discussed on the basis of curves.
In this type of illustration, actually straight lines result so that it will be justified
to indicate : the assumption that only traces of semi-acetals are generated is correct.

In this case, too, the dependence of the RV upon the pH can be seen well from
the inclination of the straight line.

After description of the influence of the pH, it shall now be discussed at which
position the H ions influence the reaction. It can be seen from the tests that ions are
necessary for forming the diethyl acetal. It is the general opinion that acid catalysts
are not necessary for forming semi-acetals. Thus, it should be possible to produce
analysable quantities of semi-acetal by mixing equimolar quantities of absolute
alcohol and aldehyde because this will exclude the further reaction to full acetals.
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Fii. 3. Adjustement of the data o the theery of acdals formation

The tirst chromatogrann shows the mixture of aldehyvde and aleohol contai-
ning a trace of water which is not converted even after 24 hours. Beside this ix
indicated the 20 mn gas-chromatogram after one drop of »/10 hydrochloric acid
was added, to 50 ml of mixture. Dicthyl acetal and o new peak were generated,
which has never been shown, as far as I know, Only the semi-acetal can be concerned
and we made an identification by mass-spectromcetry. The semi- and full-acetal
peak increased after three hours from addition of acid. Fourteen hours later
the semi-acetal only is a relatively small peak and one day later it disappears
completely. It can be concluded from this attitude that [ jons are necessary already
for forming semi-acetal. As it is also known that those aldehydes, showing a ten-
deney towards hydrate formation, can be acctalized easily, we think that the
reaction scheme of tahle 3 is obvious.

Hvdrate protonized complex explains why semi-acetal cannot bhe found in
SpHEILS,

Reactions in coujunction with ionisation generally can be assumed to be rapid
s0 that the velocity will be limited by the mentioned constants &, and £ _,.

Now let us revert to the samples of table 1 containing un explainable acctal
contents,

The first four columns of table 4 indicate previous shown contents without
any modification. The fifth column shows the values calculated in line with the Jaw
of mass action {without the square with the alcohol).
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Reactions of acrtals formation involving hydrate protonised aldehyde

N fast 11 Lol
e ) i S
00— 0 b
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| |
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Fetia a P o— g8 :
| © OR R Nowr
TABLE 4
Caleulated content of acetals i rim
! Aldelyde mg/l alcohol
fomt s e e e e
i - "
DAY | . Combined
‘i Vel (%) | pH \ sl | found
i ¥ |
Martinigue rum 3 yearsold ... a0 i il 12
West-Indies rumn unlodged oo : (% 6.2 By HY
Jamaica tum about 2 yearsold ... | 0 ‘ .2 | 279 | 120
Jamaica ru, blended unlodged: ... | i Bl | 27 i}

TABLE 3

Caleulated
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First of all, let us consider the two stored rums, 7.¢. the Martinique and Jamaican
rum. The halance was adjusted relatively exactly. On the other hand, the two
non-stored rums show approximativily twice the quantity of acetal as compared
with the calculation.This can be explained by the fact that the Martinique rum
imported to Germany had a high alcohol percentage and had no longer been stored
after reduction of the percentage to 45 p. 100 by volume. As has been shown, the
balance adjustment at pH 6.z takes more than half a year. I'he same applies to
the Jamaican rutun blend.

A further factor can be added : we could ascertain that materials extracted
from wood have a strong retarding effect upon the speed of reaction. The effective
principle probably is due to polyphenolic OH groups. Fxperiments with alcohel-
water mixtures with addition of tannine or gallic acid showed such retarding effect.

Principally one can say : subject to suflicient time of stnfage, there will be the
halance between aldchyde, alcohol, water and acetal provided that the pH will
not exceed 7-8. The time required for this process moreover depends on the other
materials contained.

Finally, I would like to discuss other acetals apart from acetaldehyde-diethyl
acetal. The literature dealing with identification of certain acctals ist very small
This is in some contradiction to the importance which is attributed to this group
of materials with respect to the flavour of rum and other spirits in general, In any
event, there are some reports by which such acetals in rum have been determined
by the gas-chromatographic methods. One publication is by Maarsy and ten NOEVER
de BRAUW {1960), which indicates 16 acetals among a total of 100 substances partiailv
identified in rum aroma. In another publication, LrsI1c, KoENIG and BAYER (170
identified more than 200 compounds and 45 acctals. Theses are acctals of acetal-
dehyde, propionaldehyde, butyr- and (-valeraldehyde with ethanol, propandl,
1~ and n-butanol as well as amyl alcohols from fermentation. The major proportion
is in the form of mixtures, /e, they contain various alcohol components,

To provide an image on the importance of these acetals, we produced some
of them, we ascertained the sensory thresholds and we checked the literature to find
equilibrium constants,

In the table 5 we have listed some acetals, about which, on the one hand,

TABLYE 3
Fyguidibrivm constant of acetals

L Aldehyde (mg;1)

K —_ - —
‘l ‘ Tatal " Combined
|

Li-difithoxy-ithan ,....,...., 0.9 1 i5
11-didthoxy propan ........., 1 l "R o 1G
1i-didthoxy-f butan .......... i a7 i 1.3
1. 1-dilithoxy-i-pentan . _..... .. 0.6 | 10 1.
Li-ditsopentoxy-dithan ... ... f 1600 : 1o 0,45
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apilibrium constants were found and about the aldehydes of which quantitative
aformation was found in the literature, The highest quantities known to us are indi-
ated in column 2. In column 3, you find the caleulated acetal quantities occuring
in equitibrium condition. Contents range between 0.16 and 1.3 mg/flitre for the
ethanol-containing acetals-apart from acetaldehydediethylacetal. As an example
for « non-cthanol » acetals, acctaldehyde di-isoamyl acetal was chosen becanse, apart
from ethanol, amyl-alcohol is the alcohol compoutud of which the largest quantities
nceur and this acetal in addition has the highest equilibrium constant ever deter-
mined, Nevertheless, only 0.33 p. 1oo of the aldehyde are in the form of acetal. The
reason for this is that the amyl alcohol in spirits is facing a water content higher by a
factor of 1 000, which displaces the balance nearty total towards the free aldchyde,

In addition, let us consider in table 6 some sensory threshold values of acetals
ad let us assume the values determined in water for comparison purposes, and we
shall see that practically only acetaldehyd di-ethy! acetal attains a concentration
mnging above the threshold value. The higher acetals have thresholds which are above
the possible concentrations by the factor of 30 — particularly with respect to the ace-
taldehyd di-isoamyl acetal. Only for exemplification purposes, additionally 3 thresholds
in 40 p. too alcohol are indicated. They are higher by 10-80 times! So we come to the
sonclusion that most of the hitherto identified acetals are without importance for the
favour of rum.

TABLE 0
Sewsory threshold of acelals

Acetal ) Adus] Aldehsde
in water e in water
[mea-h i (‘}"; I § fmg:
W Nl () £
1.1-diiithoxyv-athan . ... ... .. i 0,1 ) N LE ol
11 -diiithoxy-propin .......... | 0.4 ! 0.4
L1-diithoxy-batan ..., .. | | i | 0,05
1 1-diathoxy-isobutan ....... .. ! 2 | R | 0.1
t.l-didthoxy-pentan ... .. 9 | o
I l-didthoxy-isopentan o0 ... B ] find
Lo -didthoxy-hexan. . ... ! | e ! 0.05
L1 -diisopentoxy-ithan oo ' b An B

However, when the concentrations of higher acctals are so small — how could
! the authors determine and identifythe substances by gas chromatography?
Considering the working methods, these publications again and again indicate
that extracts were produced before the gas-chromatographic separation. Such
extracts, however, have to he dried prior to distillation of the solvent. This means
that the hydrolytic influence of water on the equilibrium is eliminated in the extract.
i Furthermore, the relation between higher aleohols and aldehydes is widely displaced
and as such extracts mostly react strongly acid, the reaction velocity of acetalization
is considerable. Therefore, T am very sceptical with respect to those analvses and I

: think that these acetals are artefacts to a wide extent.
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RESUME

FORMATION D’ACEFALS DANS LE RHUM : BETUDE CINETIQUI

On trouve de temps en temps dans la littérature des références relatives & I'importance des
acdtals en tant que composés aromatiques du rhum et d’autres boissons alcoolisées. La plupart
de ces rélérences concernent des études qualitatives, les concentrations sont rarement mention-
nées. C'est pourquoi nous avons mis au peint unc méthode de détermination par photométrie
spéeilique et sensible et comparé les résnltats obtenus avec cenx livrés par la chromatographie cn
phasc gazeuse.

Comme la formation d'acétals est unc réaction d'équilibre, on pourrait croire que la teneur
en acétaldéhyde présente une relation particulicre avee le pourcentage d’alcool dans Ie rhum.
Contrairement & cette hypothése nous avons toujours trouvé des déviations par rapport aux
données calculdes.

Nous avons done ét¢ amenés 2 nous renseigner un peu plus sur la cinétique de cette réaction.
Il a été démountré que la vitesse de formation des acétals est essentiellement fonction de la formation
des semi-acétals qui se transforment trés vite en acétals.

IEn se fondant sur la connaissance des constantes d'équilibre de plusieurs acdtals, nous avons
caleulé leurs tencurs dans le rhum et déterminé leur seuil pustatif. En [onction de ces résultats,
nous sommes tentéds de conclure que bien des acétals n’ont ancune importance pour 1'aréme du
rhum ct qu’un grand nombre d'entre eux, cités dans la littérature, sont des produits artificiels.

RESUMEN

LA FORMACION DE ACETALES EN LEL RON : ESTUDIO CINETICO

Se encuentra de cuando ¢n cuando, en la literatura especializada, diversas relerencias rela-
tivas a la importancia de los acetales, a titulo de compouentes aromdticos del ron v otras bebidas
aleoholizadas. La mavyor parte de estas referencias se refieren a estudios cualitativos, ya que las
concentraciones son mencionadas en contados casos. Por este motivo hemos puesto a punto un
métode de determinacion por fotometria especifica y sensible, y comparado los resultados obte-
nidos con aquellos proporcionados por la cromatografia en fase gascosa.

Dado que la formaciim de acetatos es una formacion de equilibrio, podria creerse que Ll
contenido de acetaldehido presenta una relacion particular con el porcentaje de alcohol en el ron.
Contrariamente a esta hipdtesis, hemos encontrado siempre desviaciones en relacidn con los datos
caleulados.

Nos hemos visto condueidos a informarnos ton mayor precision acerca de la cinética de esta
reaceion. Se ha demostrado que la velocidad de formacion de los acetales depende principalmente
de la formacion de los semiacetales, que, con suma rapidez, se tranforman en acetales.

Fundidndose en el conocimiento de las constantes de cquilibrio de varios acctales, hemos
calculado sus contenides en el ron y determinado su umbral guostativo. En funcién de cstos
resultados, tencmos tendencia a concluir que numerosos acetales no presentan ninguna impor-
tancia para el aroma del ron v que un gran nimero de los mismos, mencionados en la literatura
especializada, no son otra cosa sino productos artificiales.

RIASSUNTO

TORMAZIONT, DI ACETATLI NEL RUM : STUDIO CINETICO

Di tanto in tanto si trovano nella letteratura delle eonsiderazioni sull'importanza degli
acetali quali composti aromatici del rum e di altre bevande alcooliche, T.a maggior parte di queste
considerazioni rignardano degli studi qualitativi giacché le concentrazioni sono raramente indi-
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tte. L' per questo motivo che abbiamo messo a punto un metodo di determinazione mediante
lotometria specifica ¢ sensibile ¢ abbiamo confrontato i risultati ottenuti con quelli dati dalla
ms-cromatografia,

Poiche Ta formazione di acetali & ana reazione d'equilibrio, si potrebbe credere che il tenore
li acetaldeide presenta una relazione particolare con la percentuale di aleosl nel rum. Contra-
amente a questa ipotesi, abbiamo sempre trovato delle differenze rispetto ai dati caleolati.

£ cos! dungue che siamo stati portati ad approfondire la cinetica di questa reazione. I8 stato
limostrate che la velocitd di formazione degli acetali dipende essenzialmente dalla formazione di
semiacetall che si trasformano in brevissimo tempo in acetali.

Basandoci sulla conoscenza delle costanti di equilibrio di diversi acetali, abbiamo calcolato
iloro tenori nel rum ¢ determinato la loto soglia gustativa. Alla Tuce di quest! risnllati, siamo
tentatidi concluders che molti acetali non hanno alcuna importanza per quanto riguarda Pavoma
del rum ¢ che un gran numero di essi, citati nella letteratura, sono dei prodottl artificial,
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