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INTRODUCTION

In connection with an investigation of the composition of the
coffee-bean, which is under way in this laboratory, we have devoted
some time to a study of the ether-soluble constituents of coffee.
We have shown in an earlier publication (1) that the unsaponifiable
matter of the coffee-bean oil consists largely of a crystalline substance named kahweol and that ordinary phytosterol is only present in small amounts in this fraction.
The present report deals with the composition of the oils obtained by extraction from the natural raw bean, the freshly roasted,
and the roasted stale coffee-bean, and with the component fatty
acids of the glycerides.
It was hoped that such comparative
examinations, identical methods and a uniform mixture of coffee
being used, might yield information of some value.
While a number of earlier investigations
on the composition
of the fat obtained from both raw and roasted coffee have been
published, it is apparent from the summaries given in Lewkowitsch (2) and Grim (3) that the available information is not only
meager but in some cases conflicting.
It was first shown in 1837
by Robiquet and Boutron (4) that the coffee-bean contained about
10 per cent of fat which could be extracted with ether. From that
time until the end of the past century various reports dealing with
coffee fat were published by Rochleder (5)) Cech (6)) De Negri and
Fabris (7), Hilger and Tretzel (8), Hilger (9), Sptith (lo), Herfeldt
and Stutzer (ll), and by Warnier (12). In most cases these in* This work has hccn supported
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vestigators
reported the determination
of certain constants and
partial analyses of the fat but few attempts in the modern sense
were made to isolate or identify individual fatty acids. Juckenack
and Hilger (13), however, made an extensive study of the fat obtained from various kinds of coffee, both raw and roasted, and
concluded that the fat consisted largely of glycerides of oleic acid
and that only minor quantities of palmitic and stearic acids were
present.
These authors also isolated a phytosterol
from the unsaponifiable matter.
Although not concerned with the fat, we
wish to mention a publication by Erdmann (14) in 1902, in which
the properties of an oil which is volatile with steam are described,
after which the next paper of importance, by Meyer and Eckert
(15), appeared in 1910. These authors carried out a more careful
fractionation
of the acids obtained from the fat of decaffeinized
coffee and reported about 40 per cent of saturated fatty acids consisting of capric, palmitic, daturic, and carnaubic acids while the
unsaturated acids consisted of oleic acid 2 per cent and linoleic acid
50 per cent. More recently von No&l (16) has published the results of an extensive investigation
on the composition of the fat
obtained from several kinds of coffee.
Our determinations
of the constants of the coffee-bean oil are in
substantial
agreement with the older published data.
In regard
to the component fatty acids, we have, however, made some new
observations
which are of interest.
We found that the coffee oils
which we examined contained about 22 per cent of oleic acid and
about 25 per cent of linoleic acid. In addition to these two acids,
we found in the liquid acid fraction an unsaturated
hydroxy acid
of high molecular weight which was optically active.
The saturated fatty acids amounted to nearly 40 per cent of the total acids
and they consisted principally of palmitic acid but contained also
small amounts of stearic acid and a tetracosanic acid similar to the
carnaubic acid mentioned by Meyer and Eckert.
The oil contains a very small amount, about 0.1 per cent,, of
phosphatide which can be precipitated
by acetone.
As shown by Meyer and Eckert, the oil is levorotatory.
We
found the specific rotation to be about - 17’. The optical activity
is due to the presence of kahweol, sterols, and the above mentioned
unsaturated
hydroxy fatty acid.
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General Procedure
A lot of green coffee-beans, representing an average blend, was
chosen for this investigation.
The mixture contained 40 per cent
of Brazilian Santos; 50 per cent Columbian Medellin, Bogota,. and
Bucaramanga;
and 10 per cent Venezuelan Maracaibo
species.
This material was divided into three portions.
One portion weighing 10 kilos was used for the extraction of the green bean fat. The
other two lots were roasted.
One lot of the roasted beans weighing 9 kilos was extracted immediately and the oil was designated
fat from freshly roasted coffee. The other lot of roasted coffee
was stored in a paper sack within a cardboard carton and allowed
to age for 16 months before the fat was extracted.
The oil obtained from 8 kilos of this material was designated fat from roasted
stale coffee.
The extraction of the fat was carried out without previous dehydration of the coffee, to eliminate any possible chemical changes in
this operation, in a large Soxhlet type extractor with petroleum
ether as an initial and ethyl ether as a subsequent solvent.
The
temperature
of the extract was kept below 60”. On completion
of each extraction,
the extracts were dried over sodium sulfate
and the solvent distilled off in an inert atmosphere of carbon dioxide
or nitrogen.
In all subsequent operations, air was excluded as
far as possible by the use of these inert gases and all solvents were
freshly distilled.
The lipids were treated with acetone to remove the phospholipids
after which the acetone-soluble
fat was recovered and saponified
by refluxing with an excess of 5 per cent alcoholic potassium hydroxide solution.
The soap solution was part,ially concentrated,
diluted with water, and extracted with ether. The solvent was
distilled off and the residue was again refluxed with alcoholic potassium hydroxide, the unsaponifiable matter being extracted with
ether as before.
The soap solution was acidified with hydrochloric
acid and the
fatty acids were extracted with ether.
After the fatty acids had
been removed, the aqueous solution containing the water-soluble
constituents
was evaporated to dryness under reduced pressure
and extracted with absolute alcohol for the removal of glycerol.
The mixed fatty acids were separat,ed into liquid and solid components by the lead soap-ether
m&hod of Gusscrow
(17) and

142

Chemistry

of Coffee-Bean.

II

Varrentrapp
(18). A portion of the liquid acids was used for the
determination
of the iodine number (Hanus), and for the preparation of the bromine derivatives.
The main lot of the liquid acids
was hydrogenated
(19) and the reduction product was purified by
crystallization.
The solid fatty acids were converted into methyl
esters and the latter were carefully fractionated
at a pressure of
approximately
1.O mm. The purest fractions were then saponified
and the free acids were recrystallized
and identified by determining
their melting points and molecular weights by titration.
From
the results so obtained, the percentage composition of the esters,
and hence the acids was approximated.
TABLE

Yields

of Extracted

Fat

Calculated
Petroleum

O+;;l
______
per cent

Green...............
Freshly
roasted..
Aged,
“

.

10.75
14.33
12.96

I

on Original
ether

and

Dried

Ether
Ori+ml
wwght

Dried
weight

per cent

per cent

per cent

2.50
1.52
2.06

of Coffee
Total

Dried
weight

11.94
14.56
13.78

Weights

2.77
1.54
2.19

pm

cent

13.25
15.85
15.02

per

cent

14.71
16.10
15.97

EXPERIMENTAL

Before extraction, the loss at 105’ was determined on the green,
freshly roasted, and aged roasted coffee with the following results:
10.00, 1.62, and 5.29 per cent respectively.
Table I presents the
yields of fat obtained calculated on the original and dried weight
basis.
Taking into account the loss caused by destructive
distillation
during the roasting of the green beans, we find the yield of fat
rises to 16.10 per cent, which closely agrees with the amount found
in the roasted coffee. This fact is interesting
because some investigators have stated that fat is formed, while others claim that
much fat is decomposed in the roasting process (13);
The fat from the green bean was a fluorescent brownish
red
viscous oil and possessed an odor and taste similar to that of the
raw bean. The fats from the fresh and stale roasted bean were
very dark brownish
red in color with slight fluorescence.
The
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odor and flavor, however,
fragrant and pleasant in
was musty and rancid.
Since petroleum ether
every case (over 80 per
the lipids so obtained.
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were decidedly different in the two, being
the case of the former while the stale fat
extracted the major portion of the fat in
cent), the subsequent data refer only to
Phospholipids

The amount of acetone-insoluble
matter which was obtained
from the three types of fat was very small varying from 0.1 to 0.2
per cent. All gave qualitative tests for phosphorus and nitrogen.
The substance isolated from the stale coffee fat contained 3.84 per
TABLE
II
of Acetone-Soluble

Constants

Iodine
No. (Hanus).
Saponification
No., .
Reichert-Wollny
No..
[aID in CHCL,,
degrees..

.
.
..

.
.

..
.

97.80
179.30
0.56
-17.01

Fat

96.05
172.08
0.86

95.00
171.21
2.39
-18.11

* This fat had been allowed
to stand at room temperature
in a glass-stoppered
bottle
under an inert gas before
these
were made.

cent of phosphorus and 0.89 per cent of nitrogen.
investigation was made on this material.
Acetone-Soluble

95.65
171.90
1.97
-17.82

for 6 months
determinations

No further

Fat

Analytical
Constants-Table
II gives the various constants
obtained on the acetone-soluble fat according to the official methods (20).
It appears that there is a distinct increase in the water-soluble
volatile acids on ageing of the fat either in isolated or “in situ”
form.
Otherwise
the constants are very closely alike. The fat
from the roasted stale coffee possessed, asalreadystated,
adecidedly
unpleasant rancid or musty odor.
We believe that the deterioration in aroma and flavor of roasted coffee on ageing is due, in part
at least, to oxidative changes of volatile aromatic constituents
and
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of the unsaturated fatty acids resulting in the formation
volatile acids which possess a disagreeable odor.

of lower
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Saponification-The yields obtained on the saponification of 200
gm. of the various fats were quite similar.
The unsaponifiable
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matter amounted to 9.0, 10.2, and 9.65 per cent, while the mixed
fatty acids obtained were 86.5, 87.0, and 86.75 per cent of the
green, fresh, and stale fat, respectively.
An acetyl value of the
saponifiable acids obtained from the fat of the stale roasted coffeebeans was found to be 11.45.
UnsaponiJiable Matter-The
discussion of this fraction was given
in a previous paper (1) and will not be considered here.
Separation of Fatty Acids-The
mixed fatty acids varying from
156 to 161 gm. in weight were separated into liquid and solid fractions by the lead soap-ether treatment obtaining in the case of the
green bean 52.3 per cent liquid and 39.4 per cent solid; in the case
of the freshly roasted, 54.4 per cent liquid and 37.5 per cent solid;
and with the stale roasted, 54.4 per cent liquid and 37.4 per cent
solid acids.
The iodine numbers of the solid acids, determined
by the Hanus method, were found to be about 5.0.
In this separation, a special combination filtering apparatus (see
Fig. 1) designed and constructed
in this laboratory
was very
successfully used for the filtration of the ether suspension of lead
salts.
With this unit, it is possible to filter, either by pressure or
vacuum in absolute absence of air and in the presence of an inert
gas, thus eliminating dangers of oxidation or evaporation
of solvent.
Moreover, the three interchangeable
filter disks allow the
filtration of small, medium, and large volumes without
the disadvantages of spreading the suspension over large surfaces.
Examination

of Liquid Acids

The liquid fatty acids had a slight levorotation of 0.60’ and contained some substance which was insoluble in petroleum ether.
The liquid acids were therefore treated with large volumes of cold
petroleum ether whereupon
‘the insoluble matter separated as a
semisolid mass and was removed.
All efforts to crystallize this
substance from the usual organic solvents or their combination
failed. Lead, silver, copper, mercury, and barium salts were prepared but none of them could be obtained in crystalline
form.
The substance was evidently a hydroxy fatty acid. It was soluble
in ethyl acetate and acetone, slightly soluble in ether, and incompletely soluble in benzene. It had a specific rotation in methanol
of -41.14’,
an iodine number of 60.81, and an approximate molecular weight by titration of between 528.7 and 545.2. Catalytic
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reduction under 40 pounds of hydrogen pressure for 19 hours gave
a red viscous oil with an iodine number of 29.53 and approximate
molecular weight of 510.4. This substance still resisted purification and it gave an acetyl value of 82.7.
A reduction with hydriodic acid was carried out on 1.0 gm. of
this partially reduced acid as described by Crowder and Anderson
(21). An acid crystallizing in colorless plates and melting at 84”
to a clear oil was obtained along with stearic acid. There was insufficient material on hand to identify the former but stearic acid
was positively identified by mixed melting point.
From the collected observations it appears that this petroleum
ether-insoluble substance is a conjugated acid made up of higher
unsaturated hydroxy acids, one of which belongs to the C~Sseries.
Catalytic Reduction of Liquid Acids-The
purified liquid acids
in amounts of 25 to 70 gm. were dissolved in ethyl alcohol, treated
with 0.2 gm. of platinum oxide, and subjected to hydrogen under
about 5 to 6 pounds pressure. The acids reduced smoothly and
the reduction product after recrystallization
from alcohol appeared
entirely as colorless plates melting at 70-71’ to a clear oil.
Z’itration-O.8304
gm. substance required 29.27 cc. 0.1 N KOH
ClaHaO1. Calculated, mol. wt. 284.0; found, mol. wt. 283.7

Like results were obtained with the liquid acids of the three types
of fat, indicating that the unsaturated acids were of the C~Sseries.
Bromination of Liquid Acids-A petroleum ether solution of 5.0
gm. of the purified liquid acids was prepared, cooled in a freezing
mixture to ,- lo”, and slowly treated with an excess of bromine
dissolved in petroleum ether. 4.55 gm. of an insoluble, colorless
bromide were obtained which melted at 114’. This agrees with
the melting point of tetrabromostearic
acid and the weight is
equivalent to 42.47 per cent of linoleic acid. This percentage,
however, is lower than the true value owing to partial solubility of
the bromide.
Analysis-O.1931
gm. substance: 0.2413 gm. AgBr
C,sH~zOrBrr.
Calculated, Br 53.33; found, Br 53.17

From the above analysis it is evident that no higher bromides
are present and the liquid acids consist of a mixture of linoleic and
oleic acids. Like observations were made in the cases of all three
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fats and since only the two acids are present, it is possible by calculation from the iodine numbers of the purified mixed liquid acids
according to the formula given in Griin, to obtain the percentages
of oleic and linoleic acids given in Table III.
Examination

oj Solid Fatty Acids

The purified solid fatty acids from the green bean fat weighing
61.5 gm. melted at 55” and solidified at 52”. On titration in alcoholic solution, a molecular weight of 265.2 was obtained, thus indicating a mixture of acids. 57.0 gm. of the acids from the freshly
roasted coffee bean fat melted at 55-56’, solidified at 53-52”, and
gave a molecular weight of 266.5 by titration,
while the corresponding fraction from the stale bean fat weighed 55.0 gm., melted
at 55-56”, solidified at 54-54.5’, and gave a molecular weight of
270.34 by titration.
Mixtures were therefore present in all three
III

TABLE

Iodine

Numbers

and

Yields

of Components
Green

Iodine
No. (Hanus).
...............
Linoleic
acid, per cent ..............
Oleic acid, per cent ................

of Liquid
bean

Unsaturated
Freshly
rossted

Acids
Stale,

roasted

/

cases and a fractionation
of the methyl esters produced from 55
to 57 gm. of the acids was carried out to determine the approximate percentages of the constituents.
In all distillations,
a trap cooled with alcohol and solid carbon
dioxide was installed between the main receiver and the vacuum
pump to capture any more volatile distillate.
Only in the case of
the freshly roasted coffee bean fat was a very small amount of substance obtained in this trap, but the quantity was too small for
identification.
Preliminary examinations of the fractions from the
first distillation were made by determining
the refractive
indices
with ni5 = 1.4260 for methyl palmitate and ni5 = 1.4300 formethyl
stearate as given by Newman and Anderson (22). From these
results, the proper fractions were combined and refractionated.
The purest fractions were then saponified and t,he free acids re-
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crystallized.
The palmitic
melted at 62.5-63.5’.
Titration-O.2485
CL(IH3202.
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acid which was obtained was pure and

gm. substance
Calculated,
mol.

required
9.71 cc. 0.1 N KOH
wt. 256.0; found,
mol. wt. 255.8

The stearic acid was usually accompanied by a slight amount of
the higher acid which depressed the melting point to 65”.
Tilrationa.2958
C,~HS~O~.

gm. substance
Calculated,
mol.

required
10.25 cc. 0.1 N KOH
wt. 284.0; found,
mol. wt. 288.6

The tetracosanic
acid is described below.
The results obtained from all the fractional
distillations
are
summed up in Table IV. As previously stated, the percentages
TABLE
Percentages

of Component

IV

Acids

in

Mixture

of Solid

Green bean
Lower
acids .......................
Palmitic
acid. .....................
Stearic
“ ......................
Tetracosanic
acid ..................

0.00
84.70
11.20
4.10

Acids
Stale.

Trace
77.91
16.93
4.81

roasted

0.00
75.11
19.81
5.08

were approximated
by calculation from the molecular weight determinations
of the various fractions.
The presence of a higher fatty acid, carnaubic acid, was reported
by Meyer and Eckert (15) as occurring in coffee fat. In searching
for this acid we examined the residual fractions of the esters which
remained after the first distillations.
In every case a higher acid
ester was found but the amount of the crude substance was only
between 0.85 and 1.2 gm. in weight.
After the esters had been
saponified, the acids were isolated and purified by repeated crystallizations.
The melting points varied from 74-78’ and the
molecular weights from 360 to 364.
In order to obtain more information about this higher saturated
acid, another isolation of this substance was performed on 684 gm.
of mixed saponifiable acids obtained from green bean fat. The
residual fraction from the distillation of the methyl esters weighed
13.2 gm. from which 10.2 gm. of the crude acid were obtained.
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After recrystallizing
the crude acid three times from acetone, five
times from benzene and methyl alcohol, and eight times from ether,
a pure white acid was obtained which melted at 76.578’, solidified
at 76.5”, and remelted at 78”. This top fraction weighed 0.6 gm.
Titration+l.5212
CdLsO~.
Analysis-15.3

gm. substance
required
14.23 cc. 0.1 N KOH
Calculated,
mol. wt. 368.0; found,
mol. wt. 366.4
mg. substance:
17.9 mg. Hz0 and 43.8 mg. CO,
16.63 “
“
: 19.6
“
“
“ 47.8
“
“
Calculated.
H 13.04, C 78.26
GJLsOL
Found.
“ 13.14, “ 78.25
TABLE

Analyses

of Fats

Extracted

from

V
Coffee

with

-

-Total
fat extracted,
per cent ..................
Iodine
No. (Hanus).
..........................
Saponification
No .............................
Reichert-Wollny
No ...........................
Specific
rotation,
degrees ......................
Unsaponifiable
matter,.
per cent ...............
Total
fatty
acids, per cent. ...................
Liquid
acids, per cent .......................
Linoleic
acid, per cent. ...................
Oleic acid, per cent .......................
Petroleum
ether-insoluble,
per cent ........
Solid acids, per cent ........................
Lower
acids, per cent .....................
Palmitic
acid, per cent ....................
Stearic
acid, per cent .....................
Tetracosanic
acid, per cent ................
Acetone-insoluble
phosphatide,
per cent .......

Petroleum

EL: ~:27
81.1
97.8
179.3
0.56
- -17.01
9.0
86.5
52.3
25.2
22.6
4.5
39.4
0.0
33.4
4.4

-

Ether

90.4
96.05
172.08
0.86
10.2
87.0
54.4
29.5
20.9
4.0
37.5
Trace
29.2
6.4
1.8
0.08

Stale.

roasted

86.3
95.65
171.90
1.97
-17.82
9.65
86.75
54.50
27.00
23.76
3.76
37.44
0.00
28.10
7.40
1.90
0.21

From the mother liquors 7.5 gm. of acid were recovered which
gave a molecular weight of 353.67 by titration.
Assuming that
only (224 and Cl* acids are present, the titration
value would
indicate that the material consists principally
of tetracosanic
acid.
It is evident from the above findings that the so called carnaubic
acid melting at 74” described in the literature as obtained from
co&e-bean fat was not purified to a constant melting point.
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The residues obtained from the aqueous solutions which remained after the removal of the unsaponifiable
and saponifiable
matter were tested for glycerol by fusion with acid potassium sulfate. In all three cases a distinct acrolein formation
occurred
indicating the presence of glycerol.
The dark residue was heated at a pressure of 2 mm. and 93 per
cent of the weight of the crude substance distilled as a pale yellow
viscous liquid at a temperature of 145-150’.
2 gm. of this syrup
were benaoylated according to the method of Einhorn and Hollandt
(23). The reaction product
was recrystallized
from absolute
methyl alcohol from which beautiful colorless prismatic
needles
were obtained which melted at 75-76” and showed no depression
of the melting point when mixed with authentic glycerol tribeneoate. The results indicate that glycerol is the chief water-soluble
constituent
of the acetone-soluble fat of coffee.
Table V was compiled for comparative study of the composition
of the three types of fat. The percentages of the individual liquid
and solid acids have been calculated back to the weights of the
mixed crude fatty acids which were obtained.
It will be noted
that there is a slight lowering of the iodine number and a decided
increase in the volatile acids as indicated by the Reichert-Wollny
number in the fat from the stale roasted coffee. The percentages
of linoleic and oleic acids were derived by calculation from the
iodine numbers of the liquid acids, after the petroleum etherinsoluble hydroxy acid had been removed; hence the slight differences can hardly be regarded as having special significance.
SUMMARY

1. There is no appreciable loss or change in the amount of fat
of coffee-beans on roasting or ageing.
2. The fragrant odor and flavor of the fat from freshly roasted
coffee disappears on ageing and is replaced by an unpleasant rancid
odor.
3. A distinct increase in the water-soluble
volatile acids occurs
in the fat from the stale roasted beans.
4. The unsaturated
fatty acids, representing about 52 to 54 per
cent of the total acids, are composed approximately
of equal parts
of oleic and linoleic acids.

R. 0. Bengis and R. J. Anderson
5. The solid saturated
fatty acids are composed mainly of
palmitic acid, but small amounts of stearic acid and a tetracosanic
acid are also present.
6. An unsaturated,
optically active, hydroxy acid of high molecular weight was present in all of the three fats examined.
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