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INTERNATIONAL STANDARD

1SO 7208-1984 (E)

Skimmed milk, whey and buttermilk — Determination of
fat content — Gravimetric method (Reference method)

0 Introduction

This first eglition of ISO 7208 has been prepared within the
framework pf revising and/or harmonizing both the existing
and new mgthods for the determination of the fat content of
milk and a fumber of milk products that can be examined ac-
cording to the Rose-Gottlieb procedure.

The special jpurposes specified in clause 1 require a particularly
accurate grhvimetric method. The improved precision (repro-
ducibility), ih comparison with other Rose-Gottlieb procedures,
is mainly oljtained by prescribing an extraction of two test por-
tions and cpmbining the extracts in one fat-collecting vessel.
Thus, the Weighing errors and errors caused by difference in
temperaturg between the flask and weighing room are reduced.

A further improvement in precision is obtained by using very
carefully redlistilled solvents and meticulous cooling and hand-
ling of the {at-collecting vessel.

The method also incorporates the modifications made;.orf to be
made, in thp revised editions of the existing Rose-Gotftlieb pro-
cedures for|other products in order to improve, their precision.

A more complete explanation of these-modifications to the
basic R6se{Gottlieb procedure is given ‘in/the introduction to
ISO 1211 (dee the note to clause 1).

1 Scopp and field of-application
This Internptional Standard specifies a particularly accurate

gravimetriclmethod:for the determination of the fat content of
liquid skimred milk; whey and buttermilk, especially for the

purpose of establishing the operating efficiency of cream
separators.

3 Definition

fat content of skimmed milk,~whey and buttermilk : All
the substances determined by the method $pecified in this
International Standard.

It is expressed as a perc€ntage by mass.

4 Principle

Extraction‘of an ammoniacal ethanolic solutior] of two test por-
tions wWith'diethyl ether and light petroleum, combination of the
two @xtracts, removal of the solvents by distillation or evapor-
ation, and determination of the mass of the substances ex-
tracted which are soluble in light petroleum.| (This is usually
known as the Rose-Gottlieb principle.)

5 Reagents

All reagents shall be of recognized analytical

grade and shall

leave no appreciable residue when the determjnation is carried

out by the method specified. The water used
water or water of at least equivalent purity.

To test the quality of the reagents, carry ou

specified in 8.3. Use an empty fat-collecting ve

specified in 8.4, for mass control purposes. T|
leave no residue greater than 0,5 mg (see 10.

shall be distilled

a blank test as
ssel, prepared as
he reagents shall
).

If the residue of the complete reagent blank test is greater than
0,5 mg, determine the residue of the solvents separately by
distilling 100 ml of the diethyl ether and light petroleum respect-
ively. Use an empty control vessel to obtain the real mass of

residue which shall not exceed 0.6 mg. |

The method is also intended as the reference method for
establishing correction tables for procedures with skim-milk
butyrometers.

NOTE — When this high accuracy is not required, the products may be
examined by the method specified in ISO 1211, Milk — Determination
of fat content — Gravimetric method (Reference method).

2 References
1SO 707, Mitk and milk products — Methods of sampling.

1SO 3889, Milk and milk products — Determination of fat con-
tent — Mojonnier-type fat extraction flasks.

Replace unsatisfactory reagents or solvents, or redistil
solvents.

5.1 Ammonia solution, containing approximately 25 %
(m/m) of NH3, 05, approximately 910 g/I.

NOTE — If ammonia solution of this concentration is not available, a
more concentrated solution of known concentration may be used
(see 8.5.2).

5.2 Ethanol, or ethanol denatured by methanol, at least
94 % (V/V).

(See 10.4.)
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5.3 Congo-red solution.
Dissolve 1 g of Congo-red in water and dilute to 100 ml.

NOTE — The use of this solution, which allows the interface between
the solvent and aqueous iayers to be seen more clearly, is optional (see
8.5.3). Other aqueous colour solutions may be used provided that they

do not affect the re

5.4 Diethyl ether, recently distilled, free from peroxides (see

sult of the determination.

10.3) and antioxidants.

5.5 Light petr
range between 3(

5.6 Mixed sol
equal volumes of
(5.5).

6 Apparatus
WARNING — Si

ployed shall b

and 60 °C.

ent, prepared shortly before use by mixing
the diethyl ether (5.4) and the light petroleum

hce the determination involves the use of

required to comply with legislation

volatile flamm3ble solvents, electrical apparatus em-

relating to the

Usual laboratory ¢
6.1 Analytical

6.2 Centrifuge
(6.6) can be spun
to produce a grav|

the flasks or tubes.

NOTE — The use
(see 8.5.6).

6.3 Distillation
solvents and etha
porated from beg
temperature not

6.4 Drying ove
fully open, capal
102 £+ 2 °C throu

azards in using such solvents.

bquipment, and in particular
balance.

, in which the fat-extraction flasks or tubes
at a rotational frequency of 500 to 600 min 71
tational field of 80g to 90g at the outer end.of

of the centrifuge is optional but"fecommended

or evaporation apparatus, to enable the
hol to be distilled framthe flasks or to be eva-
kers and dishes _{seg8.5.10 and 8.5.13) at a
xceeding 100 °€:

n, electrically heated, with ventilation port(s)
le of being maintained at a temperature of
ghout the working space. The oven shall be

fitted with a suit

le-thermameter

60 °C or more for at least 15 min, and shall then be allowed to
cool in the water so that they are saturated when used.

6.7 Rack, to hold the fat-extraction flasks (or tubes) (see
6.6).

6.8 Wash bottle, suitable for use with the mixed solvent
(5.6). A plastic wash bottle shall not be used.

6.9 Fat-collecting vessels, for example boiling flasks (flat-

bTeum, recently distilled, having any boiling bottomed)—ot-eapacity—25-te-260-mi—cenical-Hagks, of ca-

pacity 250 ml, or metal dishes. If metal dishes_are Jused, they
shall preferably be of stainless steel, shall beflat{bottomed,
preferably with a spout, and shall have a'\diametgr of 80 to
100 mm and a height of approximately 50-mm.

6.10 Boiling aids, fat-free, ~of ‘non-porous p¢rcelain or
silicon carbide (optional in the case of metal disheq).

6.11 Measuring cylinders, of capacities 5 and 25 ml.

6.12 Pipettes, graduated, of capacity 10 ml.

6.13 Tongs, made of metal, suitable for holding flasks,
beakers.or dishes.

7 Sampling
See I1SO 707.

All laboratory samples shall be kept at a temperat{ire of 3 to
6 °C from the time of sampling to the time of comnlencing the
procedure.

8 Procedure

NOTES

1 In the determination, two test portions (8.2) are extrgcted in two
Mojonnier-type fat-extraction flasks (6.6). The extracts|of the two
flasks are poured into one prepared boiling flask (8.4).

2 The alternative procedure using fat-extraction tubes with siphon or

6.5 Water-bath, capable of being maintained at 35 to 40 °C.

6.6 Mojonnier-type fat-extraction flasks, as specified in

1SO 3889.

NOTE — It is also possible to use fat-extraction tubes, with siphon
or wash-bottle fittings, but the procedure is then different and is
specified in the annex.

The flasks (or tubes, see the note) shall be provided with good
quality bark corks or stoppers of other material (for example
silicone rubber) unaffected by the reagents used. Bark corks
shall be extracted with the diethyl ether (5.4), kept in water at

wash-bottle fittings (see the note to 6.6) is described in the annex.

8.1 Preparation of the test sample

Adjust the temperature of the laboratory sample (clause 7) to
35 to 40 °C, by means of the water-bath (6.5) if necessary. Mix
the sample thoroughly, but gently, by repeatedly inverting the
sample bottle without causing frothing or churning, and cool
quickly to approximately 20 °C.

NOTE — A reliable value for the fat content cannot be expected if dur-
ing, or after, preparation of the sample, white particles are visible on
the walls of the sample bottle or fat droplets float on the surface of the
sample.
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8.2 Test portion

Mix the test sample (8.1) by gently inverting the bottle three or
four times and immediately weigh, to the nearest 1 mg, 10 to
11 g of the test sample, directly or by difference, into each of
two extraction flasks (6.6).

The test portions shall be delivered as completely as possible
into the lower (small) bulb of the extraction flasks.

8.3 Blank test

ISO 7208-1984 (E)

the flasks with a little of the mixed solvent (5.6) using the wash
bottle (6.8) so that the rinsings run into the flasks.

8.5.5 Add 25 ml of the light petroleum (5.5), close the flasks
with the rewetted corks or rewetted stoppers (by dipping in
water), and shake the flasks gently for 30 s as described in
8.5.4.

8.5.6 Centrifuge the closed flasks for 3 to 5 min at a rotational
frequency of 500 to 600 min—1. If a centrifuge is not available,
allow the closed flasks to stand in the rack (6.7) for at least 1 h

until the supernatant layers are clear and distinctly separated

Carry out a plank test simultaneously with the determination,
using the sgme procedure and same reagents, but replacing

each of the

wo test portions by 10 ml of water (see 10.2).

from the aqueous layers. If necessary, cool the flasks in running
water.

8.4 Prepgration of fat-collecting vessel

Dry a vessel [6.9) with a few boiling aids (6.10) in the oven (6.4)
for 1 h. (Seq note 1.)

Allow the pessel to cool (protected from dust) to the
temperature |of the weighing room (glass vessel for at least
1,6 h, metal[dish for at least 1 h). (See note 2.)

Using tongs| (to avoid, in particular, temperature variations),
place the vegssel on the balance and weigh to the nearest
0,1 mg.

NOTES

1 Boiling aids are desirable to promote gentle boiling during the
subsequent refnoval of solvents, especially in the case of glass vessels;
their use is opfional in the case of metal dishes.

2 The vessel should not be placed in a desiccator, to aveid-insuf-
ficient cooling|or unduly long cooling times.

8.5 Detelmination

8.5.1 Carry|out the operations described'in 8.5.2 to 8.5.13 on
both pre-tregted test portions (8.2)¢

85.2 Add |2 ml of the bammonia solution (5.1), or an
equivalent vplume of a mere concentrated ammonia solution
(see the notq to 5.1), ard'mix thoroughly with the test portions
in the small pulbs of:the  flasks. After the addition of the am-
monia, carry|out.the determination without delay.

8.5.3 Add ™l O € ethanol (b.Z] and mix gently but
thoroughly by allowing the contents of the flasks to flow
backward and forward between the two bulbs; avoid bringing
the liquid too near to the neck of the flasks. If desired, add 2
drops of the Congo-red solution (5.3).

8.5.4 Add 25 ml of the diethyl ether (5.4), close the flasks with
corks (see 6.6) saturated with water or with stoppers of other
material (see 6.6) wetted with water, and shake the flasks
vigorously, but not excessively (in order to avoid the formation
of persistent emulsions), for 1 min with the flasks in a horizon-
tal position and the small bulb extending upwards, periodically
allowing the liquid in the large bulb to run into the small bulb. If
necessary, cool the flasks in running water, then carefully
remove the corks or stoppers and rinse them and the necks of

8.5.7 Carefully remove the corks-or stopperj
and the inside of the necks of the flasks wi
mixed solvent so that the rinsings run into thd

and rinse them

h a little of the

flasks.

If the interface is below-the bottom of the stem of the flask,
raise it slightly above this'level by gently adding|water down the
side of the flask {see’figure 1) to facilitate thg decantation of
solvent.

NOTE — Infigures 1 and 2, one of the three types of [flasks as specified
in ISO 3889 has been chosen, but this does not imgly any preference
over the other types.

8.6.8 Holding each extraction flask by the sfnall bulb, care-
fully decant as much as possible of the supernatant layers into
the prepared fat-collecting vessel (see 8.4) containing a few
boiling aids (6.10) in the case of flasks (optipnal with metal
dishes), avoiding decantation of any of the aquous layers (see
figure 2).

8.5.9 Rinse the outside of the neck of each |extraction flask
with a little of the mixed solvent, collecting th¢ rinsings in the
fat-collecting vessel and taking care that thd mixed solvent
does not spread over the outside of the extragdtion flasks.

8.5.10 Rinse the inside of the neck of the boiling flask with a

little of the mixed solvent and carefully distil (6.3) the solvent as
much as possible, or evaporate carefully fromh the beaker or
dish.

8.6.11 Add 5 mi of the ethanol (5.2) to the comtents of the ex-
traction flasks, using the ethanol to rinse the infide of the neck

8.5.12 Carry out a second extraction by repeating the oper-
ations described in 8.5.4 to 8.5.8 inclusive, but using only 15 mi
of the diethyl ether (5.4) and 15 ml of the light petroleum (5.5):
use the ether to rinse the inside of the neck of each extraction
flask.

If necessary, raise the interface to the middle of the stem of
each extraction flask (see figure 1) to enable the final decan-
tation of solvent to be as complete as possible (see figure 2).

8.6.13 Repeat the operations described in 8.5.8 to 8.5.10.
Remove the solvent (including ethanol) as completely as poss-
ible by distillation or evaporation.
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Solvent
t second extraction
Interface At second extraction
I — oxtractiot At first oe
— s "TTon

Aqueous layer

Figtire 1 — Before decantation
(8.5.7, 8.5.12)

8.5.14 Heat the fat-collecting vessel (flask placed on its side
to allow solvent viapour to escape) for 1 h in the drying oven
(6.4), maintained|at 102 + 2 °C. Remove the fat-collecting
vessel from the open, allow to cool (not in a desiccator, but
protected from dust) to the temperature of the weighing room
(glass vessel for af least 1,5 h, metal dish for at least 1 h) and
weigh to the nearpst 0,1 mg.

Do not wipe the vessel immediately before weighing. Place the
vessel on the balance using tongs (to avoid, in particular,
temperature variations).

8.5.15 Repeat the operations described jn_8:5.14 until the
mass of the fat-co}lecting vessel decreases-by.0,5 mg or less, or
increases, betwegn two successive eighings. Record the
minimum mass ag the mass of the fat-Callecting vessel and ex-
tracted matter.

8.5.16 Add 25 ml of the light petroleum to the fat-collecting
vessel in order to |verifywhether or not the extracted matter is
wholly soluble. Warm‘gently and swirl the solvent until all the
fat is dissolved.

Figure2 — After decantation
(8.5.8, 8.5.12)

Finally, rinse the outside of the top of the vessel with[mixed sol-
vent so_that the solvent does not spread over the outside of the
vessel, Remove light petroleum vapour from the vessel by hea-
ting';the vessel for 1 h in the drying oven (6.4), coptrolled at
102 + 2 °C, allow to cool and weigh, as described in 8.5.14
and 8.5.15.

Take the mass of fat as the difference between the mass deter-
mined in 8.5.15 and this final mass.

NOTE — When using this method to control the operating gfficiency of
separators, and the extracted matter appears to be not wholly soluble
in the light petroleum, the determination should be repeated more
carefully, since the accuracy of the determination of the fat content of
skimmed milk with a very low fat content will adversely bg¢ influenced
by additional handling of the boiling flasks.

9 Expression of results
9.1 Maethod of calculation and formula

The fat content, expressed as a percentage by mass fis equal to

If the extracted matter is wholly soluble in the light petroleum,
take the mass of fat as the difference between the final mass of
the vessel containing the extracted matter (see 8.5.15) and its
initial mass (see 8.4).

8.56.17 If the extracted matter is not wholly soluble in the light
petroleum, or in case of doubt and always for regulatory pur-
poses or in case of dispute, extract the fat completely from the
vessel by repeatedly washing with warm light petroleum.

Allow any trace of insoluble material to settle and carefully de-
cant the light petroleum without removing any insoluble
material. Repeat this operation three more times, using the
light petroleum to rinse the inside of the neck of the vessel.

{ \ { A
\LLLE] vy Iy TIgT

x 100

mo
where
mq is the mass, in grams, of the two test portions (8.2);

m, is the mass, in grams, of the fat-collecting vessel and
extracted matter, determined in 8.5.15;

my is the mass, in grams, of the prepared fat-collecting
vessel (see 8.4), or, in the case of undissolved material, of
the fat-collecting vessel and insoluble residue determined in
8.5.17;

mg is the mass, in grams, of the fat-collecting vessel used
in the blank test (8.3) and any extracted matter determined
in 8.5.15;
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my is the mass, in grams, of the fat-collecting vessel
(see 8.4) used in the blank test (8.3), or, in the case of un-
dissolved material, of the fat-collecting vessel and insoluble
residue determined in 8.5.17.

Report the result to the nearest 0,001 % (m/m).

9.2 Precision

NOTE — The values for repeatability and reproducibility are expressed
at the 95 % probability level and were derived from the results of an
interlaboratory_trial in accordance with 1SO 5725, Precision of test

1SO 7208-1984 (E)

the fat-collecting vessel and the balance room at the two
weighings (8.5.15 and 8.4 or 8.5.17).

Under favourable conditions (low value in the blank test on
reagents, equable temperature of the balance room, sufficient
cooling time for fat vessel), the value will usually be less than
0,5 mg and can then be neglected in the calculation in the case
of routine determinations. Slightly higher values (positive and
negative) up to 2,56 mg are also often encountered. After cor-
rection for these values, the results will still be accurate. When
corrections for a value of more than 2,5 mg are applied, it
should be mentioned in the test report (clause 11).

methods —

termination of repeatability and reproducibility by inter-

laboratory tess.

9.21 Rep

The differen
test material

atability

Ce between two single results found on identical
by one analyst within a short time interval should

not exceed (,005 g of fat per 100 g of product.

9.2.2 Reprpducibility

The difference between two single and independent results
found by two operators working in different laboratories on

identical tes
100 g of pro

material should not exceed 0,015 g of fat per
Huct.

10 Notes on procedure

10.1

In this blank

Blank test to check the reagents

test, a vessel for mass control purposes has-to be

used in ordef that changes in the atmospheric condition of the
balance room or temperature effects of the fat-collecting vessel
will not falsgly suggest the presence or absenge-of non-volatile
matter in theg extract of the reagent. This yessel may be used as

a counterwe
wise, deviati

ght vessel in the case of a two-pan balance. Other-
pbns of the apparent mass\(m3 — my in the formula

in 9.1) of thq control vessel shall be tansidered when checking

the mass of
Hence, the

the fat-collecting.veSsel used for the blank test.
change in apparent mass of the fat-collecting

vessel, corrdcted for the apparent change in mass of the con-

trol vessel, s

Very occasi

hall show ro'increase in mass greater than 0,5 mg.

bnally \the solvents may contain volatile matter

which is strgngly retained in fat. If there are indications of the

presence of

If the value obtained in this blank test regularly
the reagents should be checked if thishas)ng
done. Any impure reagent or reagents, trace
placed or purified (see the note to clause 5 an

10.3 Test for peroxides

To test for peroxides; add 1 ml of a freshly ¢
potassium iodide solution to 10 ml of the diethy
glass-stoppered-cylinder which has been previd
the ether. Shake'the cylinder and allow to star
yellow colourshould be observed in either lay

exceeds 0,5 mg,
t been recently
i should be re-
d 10.1).

repared 100 g/I
| ether in a small
usly rinsed with
d for 1 min. No

Er.

Otherssuitable methods of testing for peroxidgs may be used.

To'ensure that the diethyl ether is free, and is
from peroxides, treat the ether as follows at led
it is to be used.

Cut zinc foil into strips that will reach at least
bottle containing the ether, using approximatej
per litre of ether.

Before use, completely immerse the strips of f

(naintained free,
st 3 days before

half-way up the
y 80 cm?2 of foil

bil for 1 minin a

solution containing 10 g of copperl(ll) sulfaie pentahydrate

(CuS04-5H,0) and 2 ml of concentrated [98 %
acid per litre. Wash the strips gently but thorou
place the wet copper-plated strips in the bottl
ether, and leave the strips in the bottle.

Other methods may be used provided that th
the result of the determination.

10.4 Ethanol

(m/m)] sulfuric
ghly with water,
e containing the

by do not affect

used

ovided that the

denaturant does not affect the result of the determination.

reagents and for each solvent using a fat vessel with about 1 g
of anhydrous butterfat. If necessary, redistil solvents in the
presence of 1 g of anhydrous butterfat per 100 ml of solvents.
Use the solvents only shortly after redistillation.

10.2 Blank test carried out simultaneously with
the determination

The value obtained in the blank test, carried out simultaneously
with the determination, enables the apparent mass of
substances extracted from a test portion (m; —m,) to be cor-
rected for the presence of any non-volatile matter derived from
the reagents and also for any change of atmospheric conditions
of the balance room and some temperature difference between

11 Test report

The test report shall show the method used and the results
obtained. It shall also mention all operating conditions not
specified in this International Standard, or regarded as
optional, together with details of any incidents likely to have
influenced the results. The blank value (m3—my,; see 9.1) shall
be reported if it exceeds 2,5 mg.

The test report shall include all the information necessary for
the complete identification of the sample.
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Annex

Alternative procedure using fat-extraction tubes with siphon
or wash-bottle fittings (see figure 3 as an example)

A.0 Introduction

If fat-extraction tupes-with-sipher ash
be used, use the procedure specified in this annex.

A.1 Proceduyre

A.1.1 Prepargtion of the test sample

See 8.1.

A.1.2 Test portions

Proceed as specifled in 8.2 but using the fat-extraction tubes
(see 6.6).

The test portions ghall be delivered as completely as possible on
to the bottom of the extraction tubes.

A.1.3 Blank tpst

See 8.3 and 10.2.

A.1.4 Prepardtion of fat-collecting vessel

See 8.4.
A.1.5 Determlination

A.1.5.1 Carry out the operations_‘described in A.1.5.2 to
A.1.5.13 with both pre-treated test\portions (8.2).

A.15.2 Add 2 ml of the\ ammonia solution (5.1), or an
equivalent volum¢ of a_more concentrated ammonia solution
(see the note to 5{1), .and’ mix thoroughly with the test portions
at the bottom of fhé&tubes. After the addition of the ammonia,
carry out the det

A.1.5.5 Add 25 ml of the light petroleum (5.5), close the
tubes with the rewetted corks or rewetted stoppers (by dipping
i = e : escribed in

A.1.6.4.

A.1.5.6 Centrifuge the closed tubes for_1.t0-5 min| at a rota-
tional frequency of 500 to 600 min—1~lf_a centriflige is not
available, allow the closed tubes to stand-in the rack 16.7) for at
least 30 min until the supernatant layers are clear and distinctly
separated from the aqueous layets,)If necessary, coo| the tubes
in running water.

A.1.5.7 Carefully remove the corks or stoppers|and rinse
them and the necks‘of the tubes with a little of the mixed sol-
vent so that the rinsings run into the tubes.

A.1.5.8 Insert a siphon fitting or a wash-bottle {itting into
each tube and push down the long inner limb of the fitting until
the .inlet is approximately 4 mm above the interface between
thé/layers. The inner limb of the fitting shall be pargliel to the
axis of the extraction tube.

Carefully transfer the supernatant layer out of the [two tubes
into the fat-collecting vessel (see 8.4) containing a few boiling
aids (6.10) in the case of flasks (optional with metal dishes),
avoiding the transfer of any of the aqueous layer.| Rinse the
outlet of the fittings with a little of the mixed solvent/ collecting
the rinsings in the fat-collecting vessel.

A.1.5.9 Loosen the fittings from the necks of the tubes,
slightly raise the fittings and rinse the lower part of their long
inner limb with a little of the mixed solvent. Lower and re-insert
the fittings and transfer the rinsings to the fat—collecTing vessel.

Rinse the outlet of the fittings with a little of the mixgd solvent,
collecting the rinsings in the vessel. Distil or evaporate the sol-
vent (see 8.5.10).

- - ble ol
atiornT withniout uciay.

A.1.5.3 Add 10 ml of the ethanol (5.2) and mix gently but
thoroughly at the bottom of the tubes. If desired, add 2 drops
of the Congo-red solution (5.3).

A.1.5.4 Add 25 ml of the diethyl ether (5.4), close the tubes
with corks (see 6.6) saturated with water or with stoppers of
other material (see 6.6) wetted with water, and shake the tubes
vigorously, but not excessively (in order to avoid the formation
of persistent emulsions), with repeated inversions for 1 min. If
necessary, cool the tubes in running water, then carefully
remove the corks or stoppers and rinse them and the necks of
the tubes with a little of the mixed solvent (5.6) using the wash
bottle (6.8) so that the rinsings run into the tubes.

A.1.5.10 Again loosen the fittings from the necks of the
tubes, slightly raise the fittings and add 5 ml of the ethanol to
the contents of the tubes, using the ethanol to rinse the long
inner limb of the fittings; mix as described in A.1.5.3.

A.1.5.11 Carry out a second extraction by repeating the
operations described in A.1.5.4 to A.1.5.9, but using only 15 mi
of the diethyl ether (5.4) and 15 ml of the light petroleum (5.5).
Use the ether to rinse the long inner limb of the fittings during
the removal of the fittings from the tubes after the previous ex-
traction.

A.1.5.12 Proceed as described in.8.5.9, 8.5.10 and 8.5.14 to
8.5.17.
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Figure 3 — Examples of extraction tubes
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