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THE ANALYTICAL IDENTIFICATION OF RUM

R. J. MESLEY, D. B. LISLE, C. P. ' RICHARDS
and D. F. WARDLEWORTH

Laboratory of the Government Chemist,
Cornwall House, Stamford Street,
London SEI1 9NQ, (England)

SUMMARY

Analytical data have been collected on more than 6oo spirits, resulting in a synoptic key
from which an unknown spirit may be identified. The data comprise contents of higher alcohols,
methanol and ethyl acetate, which can be obtained from a single gas chromatographic injection.
Four criteria suffice to distinguish rums from virtually all other spirits, and it can be shown that
these criteria are in fact related to the known method of production of rum.

In many countries, rum is subject to control by fiscal, consumer protection or
state alcohol authorities, and for these purposes some definition is necessary. The
usual features of such definitions are restrictions on the raw materials used and a
specification of the minimum content of congeners (volatile compounds other than
ethanol), while in some countries congener contents may be used to distinguish
different types of rum. In the United Kingdom, rum is subject to a different rate of
customs duty from other distilled spirits, but there is no legal definition of rum and
10 sub-division into types. The generally accepted definition is that it must be pro-
duced by fermentation and distillation from sugar cane products in a sugar cane
growing area, and it is further understood that it must have the organoleptic charac-
teristics normally associated with rum.

In the event of any dispute concerning the authenticity of rum, the authorities
in Britain may possess documentary evidence of the country of origin of the product,
but this rarely gives any indication of the method of manufacture. Any confirmation
that can be provided by analysis may therefore be valuable. For this purpose, the
analytical requirement is for a profile of all the secondary constituents present,
rather than an overall total as is the case in many other countries. Other tasks of a
tevenue protection laboratory are to distinguish spirits which have been produced
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The ethanol content of each sample was adjusted to approximately 40 p. 100 v/v; a 51 ‘ 2 L
aliquot was then mixed with o.5 ml internal standard (5 g/l n-pentanol in 40 p. 100 v/v aqueo 2
cthanol). Two pl portions of the mixture were injected into the gas chromatograph. i o & g
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304 R. J. MESLEY ET COLL.

origin, while the rums have been separated into two groups containing more or I
than 280 g/100 1 congeners.

From these figures it can be seen that :

(1) even the lightest rums contain more n-propanol than any of the vodkas

(2) the methanol content of all the rums is lower than that of any brandy

fruit brandy ;

(3) nearly all whiskies and all vodkas are distinguished by the absence of ai

measurable amount of butan-z-ol.

The latter is only a negative feature, since this compound is also absent from
majority of rums and brandies. The figures in table 1 are thus insufficient on
own to distinguish with certainty rums from whiskies or from illicit spirits, and
(although it is not the concern of this symposium) brandies from fruit brandies
from whiskies. To assist in this further separation, the ratios of certain congen
contents have been calculated and are shown in table 2.

The ranges for these ratios still overlap to some extent, but it can be seen that

(1) the ratio ethyl acetate/methanol is frequently much higher for rums and illic

spirits than for other spirits ;

(2) the ratio n-propanol/2-methylpropanol is generally higher for rums than#f

whiskies and illicit spirits ; and

(3) the ratio 2-methylbutanol/3-methylbutanol is often lower for rums than f

whiskies.

The ratio of the combined amyl alcohols to 2-methylpropanol was used
SINGER (1966) to distinguish brandies from whiskies, but with the greater numby
of results now available it is clear that this distinction is only valid for restricte
classes of spirits, e.g. in distinguishing Cognacs from blended Scotch whiskies, a1
this ratio is of no value in identifying rums.

For the purpose of identifying any unknown sample solely by analytical dat
a lengthy synoptic key has been produced, but this can be greatly simplified if t}
object is only to distinguish rum from other spirits. Virtually all rums were found {
possess the following characteristics :

Methanol content ...................... < 23 g/100 1 ethanol
Ratio n-propanol/z-methylpropanol ...... 107

Ratio 2-methylbutanol/3-methylbutanol .. < 0.38

Ratio ethyl acetate/methanol ............ > 1.8

Samples in which any of these constituents were not detectable were autom:
tically excluded, and for this reason two white rums, together with two imitatio
rums, all the vodkas and several grain whiskies were rejected. These two white
contained no amyl alcohols and might well be unacceptable as rums according to th
definitions used in some european countries. In contrast, To of the 500 samples 1o
described as rum also possessed all four of these characteristics given for rum. Thre
of these were illicit spirits, probably produced from sugar or treacle, three wer
oriental spirits of unknown origin and four were Scotch malt whiskies. The latte
have quite pronounced flavours and are unlikely in practice to be confused wit
rums. This combination of four criteria is thus capable of separating rums from al
other spirits with a success rate of about g8 p. 100.

TABLE 2

Ratios of congener contents
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366 R. J. MESLEY ET COLL.
Since some of the figures used are critical, it should be pointed out that
may be to some extent dependent on the column conditions used. The sysfs
chosen was intended primarily to give the best separation of the higher alcoh
and it is not necessarily the ideal column for methanol or ethyl acetate. It is possi
that slightly lower methanol results may be obtained with other column mate iz
while the ethyl acetate peak is known to be subject to interference from any dieth
acetal present. This does not prevent the result from being used in an empiri
classification scheme, and any disadvantage is outweighed by the convenience
obtaining all the results from a single injection. The effect of the column on the ra
of the two amyl alcohols will be considered later. ‘

Before considering the significance of these four criteria, it is instructive to
which of them exclude which other classes of spirits. In the first place, all vodkas a
some grain whiskies are eliminated by the absence of amyl alcohols. The limit
methanol excludes all brandies and fruit brandies, and indeed virtually all oth
spirits except whiskies and the illicit spirits. The ratio of #-propanol to 2-meth
propanol eliminates most of the illicit spirits, all the U.S., Canadian, Japane
Dutch and Irish whiskies and about two-thirds of the Scotch whiskies. The remain
are then excluded by the ratio of the amyl alcohols. The fourth criterion, the raf
of ethyl acetate to methanol, is thus not essential but is included as an addi
filter to ensure the elimination of Scotch grain whiskies. The latter are used mair

for blending and only one brand is known to be commercially available in bottle,

relatively few samples were included in this survey. Many of these contained no am
alcohols, but where these alcohols are present it is possible that the ratio could
below 0.38, leading to their inclusion with the rums unless the ethyl acetate/methan
ratio is also considered.

The separation scheme so far described was developed quite empirically
the results of examining nearly 600 spirit samples. However, its value in distingt
shing different spirits would be enhanced if it could be demonstrated that the ¢
teria used were attributable to the materials used or the method of production
the various spirits. The congeners in a distilled spirit may depend upon the raw mat
rials used, the conditions of fermentation and the distillation technique, and
three of these factors are important in the case of rum.

The first and most significant characteristic of rums is the very low content
methanol. This is shared with vodkas (and also gins), the illicit spirits, which
Britain are mostly obtained from fermented sugar or treacle solutions, and the Scofe
whiskies. On the other hand, very high methanol contents are found in the frt
brandies and the marc and brandies other than Cognac and Armagnac. RET
(1969), commenting on the derivation of methanol in brandy from breakdown (
pectin, has correlated the higher values in marc brandies with the presence of pects
lytic enzymes in grape skins, and a similar explanation is probably valid for the fru
brandies. Conversely, the low methanol content of other spirits may be ascribed !
the absence of pectin in grain and sugar products.

The methanol content of a spirit is not significantly affected by rectificatior
but in the case of the higher alcohols the overall content and the proportions ¢
individual alcohols are very much dependent on the technique of distillation. A
exception to this statement is butan-z-ol, which occurs in appreciable amounts i
some rums and brandies but is virtually absent in many others. REINHARD (Tqbe
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ed a correlation with the methanol content in brandies and fruit brandies, ar}d
s is confirmed in general terms by the present work : butan-z-ol was found in
arly all fruit brandies, marc brandies and, to a smaller extent, thfe lesser Fren‘ch
andies, but was not measurable in Armagnacs, Cognacs and brandies from Spalr'l,
orus, Greece and Australia. These results, together with t}}e absence‘of 131’115
ohol from grain spirits, suggest a derivation from some ingredients of fruit skins,
t this explanation is clearly not applicable to rums. Some 20 p. 100 of the rum
mples, particularly those from Jamaica, contained but?n—z'—ol, bu‘.c none of these
i exceptional methanol contents. A possible explanation is .pr0v1ded by H.IEKE
972), who ascribed a high butan-z-ol content in wines to spoilage by l_)actenal or
ould fermentation, and it is significant that those Jamaica rums which contain
ore than 100 g/100 1 p.A. of butan-2-o0l also contain exceptional amounts of n-pro-
_01. }

~ Purning to the primary alcohols, the quantity and proportions of fusel alcohols
 fermented liquors are known to be affected by the stra?n of yeast u.sed_ (ENGAN,
74), while in distilled spirits the distillation techniqu.e is a]so.a Il.laJOf influence.
ese alcohols may be formed in various ways, but a major contribution is generally
tributed to the Ehrlich pathway from a-amino acids :

R.CH.COOH —> R.CO.COOH —> R.CHO —» R.CH;OH
l

NH,

I Thus a proportion of the z-methylpropanol and 2- and 3-methylbutanols is

rmed from valine, leucine and isoleucine. Formation of n-propanol by tl:le Ehrhc.h
athway is less certain, since the amino-acid precursor would be a-aminobutyric
cid, which is not normally present in yeast fermentation systems. GUS.(MON,
NGrRAHAM and CROWELL (1961) have attributed the formation of n—propano% in t.he
ermentation of glucose to an Ehrlich-type pathway starting from oc.-ketobutync acid,
1 intermediate in the synthesis of isoleucine, which itself gives rise to 2—n.1ethy1bu—
anol. The values for the ratio n-propanol/z-methylpropanol show that rums m.general
ntain proportionately more propanol than all other spirits except some fruit b¥an—
lies. If this additional propanol were derived from o-ketobutyric acid, one.mlght
xpect it to be associated with an increased 2-methylbutanol content, but in fact
he ratio of 2- to 3-methylbutanol in rums is comparable to that f.or (.Iognacs and
istinctly lower than the value for whiskies, so some other explanation is gece§sary.
Exceptionally high figures for the n-propanol/2-methylpropanol ratio (i.e. 10
r more compared with typical values of 2 for other rums and about 0.5 for mo'st brarr
ies and whiskies) are found in some heavy Jamaica rums, most of \\’thh' also
contain high levels of butan-2-ol and ethyl acetate. It is probab.ly .safe to attribute
these to bacterial fermentation, but this cannot be true for the majority of rums. Cou-
‘Ed with the low methanol content, the high propanol figure is one of the most
haracteristic analytical features of rum from all parts of the world, ar.ld' n'lust Fh.erefore
be associated with its starting materials. It is significant that the 111101‘t spirits pro-
uced in Britain from refined sugar or refinery syrups do not show this feature,.so
it seems reasonable to attribute it to a constituent of cane juice or n}o]gsses which
s removed during the manufacture of sugar. One of the major amino gmds in molasses
s the dicarboxylic acid glutamic acid, either in the free state or as its amide gluta-
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i : ison with individual resu

mide. BOTTGER and STEINMEIZER (1960) have shown that in beet molasses s ures can thus be justified. pztalt-egegoatp:riarticular type of rum and even,
of the glutamic acid is decarboxylated by means of an enzyme to give vy-all an unknown sample to be 1 enr;‘ lar commercial brand.
butyric acid, which is also a known constituent of cane molasses. There is also evid ourable circumstances, as a pa cu
(RODRIGUEZ, 1968) for the presence of xz-aminobutyric acid in cane molasses
this has been shown to be formed from glutamic acid in sunlight, particularly in
presence of sucrose (PERTI, BAHADUR and PATHAK, 1961). A possible mechanisn
the formation of n-propanol in rum fermentation would thus be the Ehrlich path
from a-aminobutyric acid and ultimately from glutamic acid. Some support
this comes from the observation by MAUREL, SANSOULET and GIFFARD (1965)

n-propanol is more predominant in rums made from molasses than in those f
cane juice.

RESUME

IDENTIFICATION ANALYTIQUE DU RHUM

Des résultats analy iques ont éte reunis sur p us de 600 eaux—de-vm, donnant une cle Sy!l()p-
i ésultat 1vt 3 t ét 1 de 6 < ant s ¢l

LeS léSUItatS COI“PICHUCIlt les taux d alCOOIS Supélle\lls. de methanol et d acétate d etllyle

peuvent étre obtenus a par tir d'une seule lII_]eCthIl en chtomatogrdphle en pha.se gaZCﬂSe.

i s alcools ;
natre criteres suffisent pour distinguer les rhums des autres
Jl?és 3 la méthode connue de production du rhum.

The other higher alcohol ratio used in the classification scheme is that of

two amyl alcohols, 2- and 3-methylbutanol. This measurement depends on

use of a GLC system which gives complete resolution of these peaks and daf

the literature is therefore limited. DRAWERT, HEIMANN and TSANTALIS (1

comment on different relative proportions of these alcohols between Cognacs

German brandies, and much greater differences are apparent in this work, but

actual results all show higher ratios of 2-methylbutanol/3-methylbutanol than th

of the German workers. Correlation with the results of MArRTIN and CARESS (19

is also difficult and the differences are presumably due to varying degrees of resolut

on the different column systems used. By the technique used on this work, nearly !
rums and brandies give a ratio below 0.35 while most whiskies are above this fig
The only other spirits giving a consistently high ratio are Dutch genevas, so-
appears to be a characteristic of grain spirits. The final ratio characteristic of ru
that of ethyl acetate to methanol. Ethyl acetate is present in all potable spirits
is one of the predominant aroma constituents. The ethyl acetate content increa
during maturation of the spirit at a rate dependent on the amount of acetic a
present (SCHOENEMAN, DYER and EARL, 1971). The relatively high ratio (geners
between 3 and 20) in most rums is in fact due more to the low methanol cont
than to a high value for ethyl acetate, but in certain Jamaica rums the ester cont
is much greater, so that the ratio may increase to over 100. The conditions of
mentation of these rums permit the development of acetic acid and thus of ef]
acetate, and the pot still distillation technique does little to remove these constitues

The illicit spirits also tend to have a high ethyl acetate/methanol ratio, which o
is probably due to the acidity of the wash.
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a class from all other spirituous beverages available in Britain. The con
tuents on which the scheme is based are not peculiar to rum and are consequent
not those mainly responsible for the characteristic flavour and aroma assoc
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