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INTERNATIONAL STANDARD 1ISO 4052-1983 (E)

~~n_re ™ o« - " B S of o e -

LoTrTTee — beterminauon or carreine conitent

(Reference method)

0 Introduction second in an acid medium, followed. by elutign of the caffeine
by chloroform.

The method described in this International Standard has been

chosen from amongst several methods, a comparative study of Spectrometric measurement of‘the eluate at the wavelength of

which was farried out, because of its general applicability, its maximum absorbance (in{the ultraviolet region).

reproducibility, its specificity, its ease of application and its
rapidity.

However, the method is particularly sensitive to variations in its
application Jand it is therefore essential to follow the instruc-
tions in evefy detail.

1 Scope and field of application

This Interngtional Standard specifies the reference method for
the determihation of the caffeine content of coffee.

The method is applicable to green coffee, decaffeinated.green
coffee, roagted coffee, decaffeinated roasted coffee;.extracts
of coffee, both dried and liquid, and decaffeinated jéxtracts,
both dried and liquid.

The lower limit of detection is 0,02 % caffeine on the dry basis.

2 References

ISO 1447, Green coffee — Determination of moisture content
(Routine method).

IS0 3726, Instant coffeé — Determination of loss in mass at
70 °C unde} redu€ed"pressure.

ISO 4072, Green coffee in bags — Sampling.

4 Reagents
All reagentsshall be of recognized analytical q
used shall\be distilled water or water of at
purity:

41 Sulphuric acid, 200 g/ solution [c(H,4

4.2 Sodium hydroxide, 80 g/| solution
[c(NaOH) = 2 mol/I].

4.3 Diatomaceous earth

The product used shall ensure at least 98 %
feine from the test portion.

NOTE — Celite 545 has been found to be suitable.

4.4 Ammonia, 70 g/I solution (1 volume

uality. The water
least equivalent

604) = 2 mol/Il.

recovery of caf-

of concentrated

ammonia solution, g,5 = 0,9 g/ml, + 2 volufnes of water).

4.5 Diethyl ether, pure, or repurified
chromatography as follows, and saturated wi

Pass 800 ml of diethyl ether through a column

(see 7.5) by
th water.

containing 100 g

of basi

ISO 6670, /nstant coffee in cases with liners — Sampling."
ISO 6673, Green coffee — Determination of loss in mass at
105 °C.1

3 Principle

Extraction of the caffeine from a test portion, in an ammoniacal

medium. Successive purification, with diethyl ether, on two
chromatographic columns, the first in an alkaline medium, the

1) At present at the stage of draft.

he diethyl ether,

thus repurified, shall be kept in dark bottles until used.

(Alternatively, diethyl ether, recently distilled and free of perox-
ides, can be used instead of diethyl ether repurified by

chromatography.)

4.6 Caffeine [1,3,7-trimethyl-2,6-dioxopurine (CgH1oN40,)],

pure, anhydrous.

4.7 Chloroform, pure, or repurified

(see 7.5) by

chromatography as described in 4.5, and saturated with water.
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5 Apparatus
5.1 Chromatographic columns (see figure 1), 250 mm

long, 21 mm in internal diameter (column I) and 17 mm in inter-
nal diameter (column 1), with stopcocks preferably of PTFE.

5.2 Ultraviolet spectrometer, accurate to within 0,004 ab-
sorbance unit within the range used.

5.3 Silica cells, of optical path length 10 mm.

7.2 Determination of dry matter content
Calculate the dry matter content after determining the moisture

content on part of the test sample (7.1) in accordance with the
method specified in the relevant International Standard.2

7.3 Test portion

7.3.1 Green coffee and roasted coffee

Weigh _to the nearest 0.1 mg._about 1 g of the test sample

5.4 Usual labdratory equipment, including
5.4.1 Beakers,|of capacity 100 ml.
5.4.2 Boiling water bath.

5.4.3 One-mark volumetric flasks, of capacities 50, 100
and 1 000 ml.

5.4.4 One-mark pipettes, of capacities 2 and 5 ml.
5.4.5 Analyticdl balance.

5.5 Coffee-mill, suitable for roasted coffee beans.

5.6 Toothed-djsk mill, with cooling jacket, or analytical
mill, with sparec:[)tter and cooling jacket, or similar mill suitable
for green coffee eans.

5.7 Sieve, of woven metal wire cloth, nominal aperture size
600 um or 630 um, complying with the reguirements of
1ISO 3310/1.

6 Sampling

Sample in accordfince with the method specified in the relevant
International Starjdard.

7 Procedurg

(7.1). Transfer it to a 100 ml beaker (5.4.1), add. b ml of the
ammonia solution (4.4) and warm for 2 mig-(on [the boiling
water bath (5.4.2). Allow to cool, then transfer to a 100 ml
volumetric flask (5.4.3), dilute to the mark 'with watper and mix.
Allow this turbid solution to settle, ahdythen, using a pipette
(5.4.4), transfer 5,0 ml of the solution into a 10q ml beaker
(5.4.1), add 6 g of the diatomaeeous earth (4.3) and mix care-
fully.

7.3.2 Dried coffee extract

Proceed in accordance with 7.3.1, but using a tes{ portion of
0,5 g, and an aliguot portion of the turbid solution df 2 ml, and
3 g of the diatomaceous earth.

7.3.3 *Liquid coffee extract

Proceed in accordance with 7.3.1, but using a test portion be-
tween 1 and 2,5 g corresponding to approximately 0[5 g of cof-
fee solids, and an aliquot portion of the turbid solution of 2 ml,
and 3 g of the diatomaceous earth.

7.3.4 Decaffeinated green coffee and decaffejnated
roasted coffee

Weigh, to the nearest 0,1 mg, about 1 g of the test sample
(7.1). Transfer it to a beaker (5.4.1), add 5 ml of the ammonia
solution (4.4) and warm for 2 min on the boiling water bath
(5.4.2). Add 6 g of diatomaceous earth (4.3) and mii carefully.

7.3.5 Dried decaffeinated coffee extract

Proceed in accordance with 7.3.4, but using a test| portion of
0,5g.

7.1 Preparation of test sample

If necessary, mill the sample, using the apparatus specified in
5.5 or 5.6, as appropriate, until it passes the sieve (5.7).

7.3.0 quuld decaffeinated coffee extract

Proceed in accordance with 7.3.4, but using a test portion
between 1 and 2,5 g corresponding to approximately 0,5 g of
coffee solids, and 7 to 8 g of the diatomaceous earth.

1) For the sampling of green coffee in bags, see 1ISO 4072; for the sampling of instant coffee in cases with liners, see ISO 6670. Methods for other

types of coffee and coffee products have not yet been elaborated.

2) For the determination of the moisture content of green coffee, see ISO 1447, and, for the loss in mass at 105 °C of green coffee, see ISO 6673;
for the determination of the loss in mass at 70 °C under reduced pressure of instant coffee, see ISO 3726. Methods for other types of coffee and

coffee products have not yet been elaborated.
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7.4 Determination
7.41 Filling of columns
7.4.1.1 Column | (alkaline column)

7.4.1.1.1 Layer A

Mix carefully, by kneading with a flexible spatula blade, 3 g of
the diatomaceous earth (4.3) and 2 ml of the sodium hydroxide

1SO 4052-1983 (E)

stopcock carries only a faint smell of diethyl ether (see the
warning below). Elute column Il with 45 to 50 mi of chloroform
(4.7). Collect the eluate in a 50 ml one-mark volumetric flask
(5.4.3), dilute to the mark with the chloroform (4.7) and mix
carefully.

The flow rate of the diethyl ether and the chloroform under
conditions of natural flow should be between 1,5 and
3 ml/min. If this rate is exceeded, channelling should be

suspected and the determination recommenced.

WARNING — The additions of diethyl ether and chloro-

solution (4[2),untirfhomogeneous (see the notel. A slightly wet
powder is| obtained. Transfer this powder, in portions of
approximately 2 g, into the 21 mm diameter chromatographic
column (5.[1), the lower part of which is packed with a wad of
cotton wo¢l or glass wool. Tamp down the mixture after each
addition, without excessive force, using a glass rod one end of
which is flattened to the diameter of the column, until a per-
fectly homogeneous and compact layer is obtained. A small
wad of cotton wool or glass wool may be placed on the top of
layer A.

NOTE — Cdlumn packing material may be prepared in bulk in advance
and stored ip closed containers. A mass of 5,16 g is required for each
alkaline colymn.

7.41.1.2 |Layer B

Transfer tle mixture of the diatomaceous earth and the test
portion (7.8) into the column on top of layer A. Dry the beaker
twice with| portions of about 1 g of the diatomaceous earth
(4.3), transferring this into the column. Tamp down to obtain)a
homogenegpus layer and place a wad of cotton wool er_glass
wool on the top of this layer B.

7.4.1.2 Cplumn Il (acid column)

Place in the 17 mm diameter chromategraphic column (5.1),
the lower part of which is packed with.a wad of glass wool, 3 g
of the diatpmaceous earth (4.3) apd‘3-ml of the sulphuric acid
solution (4]1), carefully mixed and-packed into the column as
described for layer A of column/l in 7.4.1.1. Place a wad of
glass wool|on the top of this\layer.

NOTE — CoJumn packing material may be prepared in bulk in advance
and stored ip closed ¢ontdiners. A mass of 6,36 g is required for each
acid column

form should be carried out in a well-\
cupboard to prevent both the possibility
solvent vapours and the possibility-of an

entilated fume-
of inhalation of
explosion.

7.43 Spectrometric measurement (see figure 2)

7.4.3.1 Measurement of the test solution

Avoiding error fromx_evaporation of chlorofd
absorbance of the solution of caffeine in chlo
ing the silicaxCells (5.3), against chlorof

rm, measure the
oform (7.4.2), us-
rm (4.7) at the

wavelength)of/maximum absorbance obtaified on the spec-

trometersused (about 276 nm), and at w4
above and below this wavelength in order to
the-caffeine obtained.

[f-the maximum absorbance exceeds the
measurement of the instrument used, repeat
on a diluted aliquot portion of the solutig
chloroform (7.4.2). In this case, take the dily
in the calculation; the appropriate factors o]
8.1.1, 8.1.2 and 8.1.3 will have to be adjust
the maximum absorbance measured is lowe
the determination using a test portion of gre|

7.4.3.2 Preparation and measurement of re

Prepare a reference solution of caffeine in tH
ner.

Weigh, to the nearest 0,1 mg, 100 + 20
anhydrous caffeine (4.6). Place in a 1

velengths 30 nm
erify the purity of

imit of accurate
the measurement
n of caffeine in
tion into account
f the formulae in
ed accordingly. If
than 0,2, repeat
Ater mass.

ference solution

e following man-

mg of the pure
D00 ml one-mark

volumetric flask (5.4.3), dissolve in chlorofolm, and dilute to

the mark. Using a pipette (5.4.4), transfer 5
tion into a 50 ml one-mark volumetric flask (5|
the mark with chloroform.

0 ml of this solu-
4.3) and dilute to

Measure the absorbance—of this—solution

7.4.2 Chremategraphy

Mount the columns one above the other so that the effluent
from column | can drip directly into column Il. Pass 150 ml of
diethyl ether (4.5) through the two columns. Adjust the stop-
cock of column Il so that a quantity of supernatant liquid re-
mains above the layer. Remove column |. Pass 50 ml of diethyl
ether (4.5) through column I, using the initial portion to wash
the tip of column | and passing this portion also into column Il.
Discard the effluent from column Il.

NOTE — Used diethyl ether may be recovered by shaking it with
iron(ll) sulphate.

Pass a stream of air from the top to the lower part of column I
(for example by using an inflated rubber blower), until no more
diethyl ether drips from the column and the air flow from the

as described in

7.4.3.1. The corrected absorbance of the reference solution

(see 8.1.1 and figure 2) should be in the regi

7.4.4 Number of determinations

on of 0,4.

Carry out two determinations on separate test portions taken

from the same test sample.

7.5 Blank test

Carry out a blank test on the reagents, using the procedure

described, but omitting the test portion.

Before using repurified reagents (see 4.5 and 4.7), repeat the

blank test to verify their purity.
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8 Expression of results

8.1

8.1.1

Green coffee and roasted coffee

Method of calculation and formulae

The caffeine content of the sample, expressed in grams per
100 g of dry matter, is equal to

107 x ¢ x A

8.1.3 Decaffeinated green coffee, decaffeinated roasted

coffee, dried decaffeinated coffee extract and
decaffeinated coffee extract

The caffeine content of the sample, expressed in
100 g of dry matter, is equal to

5 x 105 x ¢ x A,
Ay x m x P

where the symbols have the same meaning as in 8.

Ay X mx P

where

¢ is the conc¢ntration, in grams per millilitre, of caffeine in
the reference golution (7.4.3.2);

Ay

(7.4.2) obtained in 7.4.3.1, i.e.

(A —300m + (A1r 4+ 30 0m

(A);, —

2

is the cofrected absorbance of the purified extract

where the subscript A refers to the wavelength of maximum

absorbance (a

Ay

out 276 nm);

of caffeine (7.4.3.2), i.e.

( Z)k -30nm t (AZ)X + 30 nm

(Ag)y —

m is the magds,

P is thedry
mass, of the

2

is the cofrected absorbance of the reference solution

in grams, of the test portion;

atter content, expressed as a percentage by
mple (see 7.2).

8.1.2 Dried cofffee extract and liquid coffee extract

The caffeine content of the sample, expressed in grams per
100 g of dry matter, is equal to

25 x 106 x ¢

XA1

Ay, X m X P

where the symbojs have the,same meaning as in 8.1.1.

Table — Repeatability and reproducibility

8.1.4 Result

Take as the result the arithmetic mean of the valueg

liquid

grams per

1.1.

obtained,

provided that the requirement for repeatability (dee 8.2) is

satisfied.

8.2 Repeatability

The difference between the values obtained in the
minations, carried’out’simultaneously or in rapid suc
the same sample in one laboratory by the same an
not exceed thevalue given in the table.

8.3 _‘Reproducibility

fwo deter-
cession on
plyst, shall

The difference between the results of two determingtions, car-

ried out in two different laboratories on
sample, shall not exceed the value given in the tabl

9 Test report

The test report shall show the method used and

he same
e.

the result

obtained. It shall also mention any operating details not

specified in this International Standard, or re
optional, together with any circumstances that ma
fluenced the result.

The test report shall give all details required for th¢
identification of the sample.

jarded as
vy have in-

b complete

. Repeatability* Reproducibility*

Sample Amo/t11r(|)t()of ::ffffeme g caffeine/ g caffeine/

9 9 ee 100 g coffee 100 g coffee
green coffee beans about 2 0,12 0,38
about 1 0,08 0,31
decaffeinated < 0,1 < 0,01 0,01
roasted coffee beans about 2 0,10 0,32
about 1 0,04 0,19
decaffeinated < 0,1 < 0,01 0,01
soluble coffee about 4 0,17 0,39
about 2 0,12 0,20
decaffeinated < 0,3 0,01 : 0,01

* The values of repeatability and reproducibility are critical differences at the 95 % probabili-

ty level.
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