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PREFACE TO THE ENGLISH EDITION.

So far as the aim and scope of the book are concerned they are sufficiently
described in the Author’s prefaces. It remains to be said that the lack of
a similar text book in English, at once sufficiently simple to put into the
hands of the beginner and at the same time sufficiently advanced to be of
service to the more experienced observer, together with the evident popularity
of Dr. Besson’s work in French speaking countries, seems to be sufficient
justification for preparing the present translation.

A mere translation however of a book dealing with so rapidly advancing
a science as Microbiology would have been hardly satisfactory, hence an
attempt has been made to bring it up to date by incorporating matter which
has appeared since the French edition went to press.

As regards the translation itself the original text has been followed as closely
as possible, but the aim throughout has been to reproduce the sense rather
than the actual words.

The alterations which have been made may be included under two heads,
namely : alterations in the text and alterations in the arrangement of the
text. With two exceptions the whole of the French text has been followed.
In Chap. VII. the theory of the Microscope has been rewritten as, generally
speaking, the Student seems to possess but a very limited knowledge of the
instrument and it was thought that an amplification of the French text
would be useful. I wish to thank Mr. A. 8. Percival, Senior Surgeon to the
Eye Infirmary, Newcastle upon Tyne, for the help he has given me in this
part of the subject. Chaps. XXV., XXVI., and XXVII. dealing with the
Paratyphoid bacilli have also been rewritten in view of the work of the Royal
Army Medical Corps in India and of Dr. F. A. Bainbridge in England.

There are many notes and additions. Thus for instance it was found
necessary to incorporate the important results obtained by the Royal Com-
mission on Tuberculosis. All such notes and additions are clearly indicated
either by a footnote or by being enclosed within square brackets. It should
be said also that in a few cases where the authorities were in favour of a
different nomenclature from that until recently in use the new names have
been substituted thus Discomyces appears as the generic name in place of

Streptothrix. r 519



vi PREFACE TO THE ENGLISH EDITION

The arrangement of the text in the translation varies from that of the
original in some respects. In the first place the subject matter has been
divided into seven Parts instead of three. Secondly, the arrangement of
the Parts has been subjected to some modification. To take the Bacteria
for example it seemed that in a book intended for use in the laboratory it
might be an advantage if these organisms were arranged morphologically
and then subdivided according to their staining reactions and cultural charac-
teristics. The plan adopted can be readily seen by a reference to the Table
of Contents. Of course no classification is perfect and therefore free from
criticism but after a good deal of consideration it was felt that practical
usefulness merited the attempt.

Reference to any particular point will present, I hope, no difficulty. In
addition to an Index and a very full Table of Contents, a summary of the
subject matter heads the various Chapters. These of course are quite inde-
pendent of the French edition.

The illustrations have been carefully revised. Many of them are new
though illustrating familiar subjects and were drawn by my former laboratory
attendant, Mr. H. Boot, under my supervision from preparations in my
laboratory. Some were drawn by Mr. Richard Muir. For others I am
indebted to the courtesy of the Controller of His Majesty’s Stationery Office,
of Professor G. H. F. Nuttall, F.R.S., of Dr. H. G. Adamson, and of the
Publishers of Mense’s Handbuch der Tropenkrankheiten. Miss M. V. Lebour,
M.Sc. of the Zoological Department of the University of Leeds kindly
undertook to redraw the whole of the line drawings.

In the preparation of this translation I wish to acknowledge my very par-
ticular indebtedness to Professor G. A. Lebour, M.A., D.Sc. who has given
me at all times most invaluable assistance. To my former colleague Mr.
C. F. Fox who had charge of the records of the Royal Commission on Tubercu-
losis I owe many thanks for the considerable care with which he undertook
the thankless task of reading over the whole of the MS. before it went to
press and for revising the proofs.

H. J. HUTCHENS.

Newecastle upon Tyne,
March 31st, 1913.



PREFACE TO THE FIFTH FRENCH EDITION.

RECENT advances in Microbiology have necessitated an entire revision of
the text. While still retaining its original form most of the chapters have
been recast and much new matter has been incorporated.

The plan adopted when the book was first written of omitting all discussion
upon matters of theory has been adhered to but it has nevertheless been
thought desirable to include a Chapter on Immunity and the Properties
of Immune Serums. The object of this has been to explain as clearly and
simply as possible the principles underlying the phenomena of agglutination,
of the fixation of the complement and the opsonic index and to describe the
practical details in such a manner as to enable the Student to become familiar
with the technique employed in these delicate investigations and so be in a
position to appreciate the more detailed monographs.

In view of its importance in clinical diagnosis a description of the Ultra-
microscope has been included.

Numerous additions and alterations have been made in the second Part.
Most of the chapters have been supplemented. The serum treatment of
Dysentery and of meningococcal Meningitis has been described as fully as
was consistent with the scope of the work. The anaérobic micro-organisms,
the paratyphoid bacilli, Sporotrichosis, Syphilis, etc. are all subjects of
additions while many modifications have been introduced into the descrip-
tion and classification of the parasitic Protozoa, especially the Piroplasmata,
Leishmania and Trypanosomata.

As in former editions the sole object has been to write a clear and concise
account of each subject and one which will be abreast of recent knowledge
retaining at the same time those characteristic features of the book which
have been the subject of favourable comment both here and abroad.

A. BESSON.

15th May, 1911.






PREFACE TO THE FIRST FRENCH EDITION.

So important a place does Microbiology now occupy in the medical curriculum
that not only are laboratories fully equipped for research and teaching to be
found in all medical Schools, but the Student on leaving his School should
have at least sufficient knowledge of the subject to carry out for himself
the more simple investigations, such, for instance, as the recognition of the
tubercle bacillus and the detection of the diphtheria bacillus.

The present work has been designed purely as a laboratory guide, the one
object constantly in view in its preparation having been to make it a true
vade mecum—a book which would both direct the beginner step by step and,
at the same time, afford to the more skilled worker such assistance as would
enable him to pursue his researches in a profitable direction.

My experience as a Teacher of Microbiology and as a Director of labora-
tories has I venture to think given me the qualifications necessary for the
task in hand.

All matters of theory and all references to original sources have been
studiously avoided since adequate information upon these matters is forth-
coming in the many excellent Text books of Bacteriology.

In the first Part of the book the methods applicable to micro-organisms in
general are detailed and while in each chapter a number of methods, all of
which have been recommended by various authorities, are described, em-
phasis is laid upon those with which I have obtained the most satisfactory
results and which I feel may confidently be recommended to the beginner.

The second Part is concerned with a description of the methods most
suitable to the various different micro-organisms. The Bacteria are described
first and then the parasitic Fungi and Protozoa the importance of which,
however considerable it now may be, threatens to occupy an even greater
place in the Pathology of the future.

The third Part which completes the book is devoted to a short account
of the methods available for the bacteriological examination of water and air.

Much care has been bestowed upon the illustrations, and in order that the
figures may be of as much use as possible to the Student in interpreting his
own results they were drawn and coloured by myself from my own pre-
parations and faithfully represent the appearances which should be obtained
if the directions in the text are carefully followed.



X PREFACE TO THE FIRST FRENCH EDITION

I wish to take this opportunity of expressing my thanks to those of my
Teachers to whom I am indebted for my instruction in the subject; I
have drawn largely upon them and should this book be received with some
favour I shall be not unmindful of those to whom the credit is due.

A. BESSON.
15th October, 1897.
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CHAPTER L
STERILIZATION.
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Section I.—Sterilization by dry heat, p. 4.
1. Sterilization in a naked flame, p. 4. 2. Sterilization by hot air, p. 4.
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(A) by compression, p. 18; (B) by aspiration, p. 19. 3. The filtration of small
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Section IV.—Sterilization by antiseptics. p. 26.

For the study of any given micro-organism it is necessary to have a pure
culture of the organism, that is to say a culture from which all other organ-
isms have been excluded. Since micro-organisms are universally present
in air and water and in the ambient media generally, it is essential that all
vessels, culture media, instruments, etc., to be used in the preparation and
investigation of pure cultures should themselves be free from living organisms,
or in other words be sterile. Sterilization therefore means the destruction of
living micro-organisms in, [or their removal from,] materials and apparatus
used in bacteriological investigations.

It would however be useless to sterilize vessels, instruments and culture
media unless steps were also taken to prevent them from again becoming
soiled (using the word in its bacteriological sense) before being put to their
proper use ; they must therefore be dealt with in such a manner that when
sterilized they are completely protected from contact with extraneous
organisms.

To accomplish this, vessels with a narrow mouth such as flasks, bottles
and tubes are plugged with wool after being washed and before sterilization,
such articles as watch-glasses, dishes, etc., are wrapped in paper, [while metal
instruments, pipettes, etc., may be placed in a metal cylinder or box, or in
a piece of glass tubing of large diameter plugged with wool at the two
ends].

1. Plugging with wool.—To plug a narrow-mouthed vessel take a small piece
of non-absorbent cotton-wool, fold it by twisting it round and round, insert one
end into the mouth of the vessel and then force it gently to a depth of 2 to 3 cm.
leaving the other end projecting from the orifice. It is better that the plug should
be too large than too small.
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2, Paper covers.—For wrapping up vessels and other articles ordinary filter
paper may be used, but any common paper of decent texture is equally serviceable
and has the merit of being more economical.

(a) Watch-glasses, Petri dishes, etc., should be wrapped in several folds of paper.

(b) Wide-mouthed cylindrical or conical
vessels only need to have the opening
covered with a double layer of paper,
though this should be large enough to allow
of it being turned down and twisted [or
tied] round the vessel, so that the greater
part of the latter is enveloped. In doing
this, be careful not to tear the paper,
which is apt to split on the edges of the
opening.

[8. Other methods.—Petri dishes, pip-
ettes, watch-glasses, metal instruments,
etc., may be conveniently enclosed in
copper boxes of suitable shape, which
should have tightly fitting lids with a deep
overlap. For ordinary Petri dishes a
circular copper cylinder 25 x 12 cm. (fig. 1)
containing a moveable tray may be used ;

F16. 1.—Copper cylinder with deep overlap F I ettes. o glmllar but longer and

in which to sterilize Petri dishes. narrower cylindrical metal vessel or rect-

angular box is useful. Pipettes may also

be enclosed in a piece of large glass tubing, which is then plugged at both ends

with wool. The pipettes must of course be themselves plugged at the upper end
with wool.]

Sterilization may be effected in one of several ways, the most generally
employed being heat and filtration ; chemical antiseptics are seldom used in
bacteriology. The methods of sterilization commonly employed will now be
considered in detail.

SECTION I.—STERILIZATION BY DRY HEAT.-

1. Sterilization in a naked flame.

1. The simplest means of sterilizing a metal instrument is to heat it to
redness in a spirit flame or Bunsen burner. This method is always adopted
for sterilizing platinum wires and iron and nickel spatulas.

Knives and similar instruments can also of course be sterilized by heating
them in a flame, but on account of the injury done to the instrument the method
is very rarely adopted.

An instrument which has been sterilized by heating to redness must be
cooled before it is allowed to touch any material which is to be used for
sowing cultures. ‘

2. An instrument may be sterilized by flaming it, 7.e. by passing it rapidly
through a hot flame.

Only pipettes, glass rods, and other instruments with polished surfaces
devoid of crevices in which organisms might escape destruction can be
sterilized in this way, so that the method is of limited application.

2. Sterilization by hot air.

Exposure to hot air is the usual method of sterilizing all glass and porcelain
apparatus, instruments with metal handles, etc., but it is not suitable for
organic substances, with the exception of wool and paper.
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Some form of apparatus in which sterilization can be effected by means
of hot air is to be found in all laboratories. 3

To ensure efficient sterilization, the temperature must be maintained at approwi-
mately 180° C. for 30 minutes. Cotton-wool and paper are slightly scorched and
browned at this temperature.

Hot air sterilizers.

The various forms of hot air sterilizers differ from one another only in
details and in external appearance, the principles of construction and methods
of use being the same in all.

1. Pasteur’s sterilizer (fig. 2) is a double-walled cylinder of sheet iron
with a chimney outlet, and is fitted internally with a wire basket in which
the articles to be sterilized are packed. The top is closed by a lid, through
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F1G. 2.—Pasteur’s hot air sterilizer.

a hole in which a cork carrying a thermometer registering to 200° C. is
passed. The heat is derived from a large gas burner below, and when this
1s lighted the heated air rising from the bottom of the stove circulates between
the inner and outer walls and escapes up the chimney.

2. Chantemesse’s and Poupinel’s hot air sterilizers are rectangular a_nd
cupboard-shaped. They are fitted internally with moveable shelves on which
the glass and other apparatus is arranged.

[3. Hearson’s hot air sterilizer (fig. 3) is similar in shape to Chantemesse’s,
but is provided with an arrangement by which the gas is automatically
regulated when the temperature has reached the point for which the regu-
lator is set.]
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Technique of sterilization by hot air.

(a) Carefully wash and rinse in a large volume of water all apparatus,
whatever its nature, until all traces of organic matter have been removed.
Unless the cleansing of glass for example be very thorough, black stains,
due to the charring of organic matter during the heating process, will be
found on the surface after sterilization. After washing allow the apparatus
to dry, being specially careful in the case of glass, to avoid subsequent break-
age during heating. When dry, treat each article in the manner already
described, either plugging with wool, wrapping in paper, or packing in a
metal box, according to its nature and use.

il
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F16. 3.—Hearson’s hot air sterilizer.

(b) Place the articles in the sterilizer, taking care that neither wool nor
paper touch the floor or sides, for these substances will char if they come in
contact with the heated metal, and a tarry produet rich in antiseptic sub-
stances will be deposited on the sterilized vessels, which will interfere with
the subsequent growth of organisms. If by accident charring should take
place, the articles which have been soiled must be washed, first in alcohol,
then in water, dried and re-sterilized.

To avoid charring and breakage, it is advisable to place one or two fire
bricks on the bottom of the sterilizer to keep the contents from touching the
heated metal surface.

(c) Close the sterilizer and place the thermometer in position, pushing
the latter well down into the interior.
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(d) Light the gas. It is well to hold a lighted taper to the burner before
turning on the tap, since if gas escape it will mix with the air between the
mner and outer walls of the sterilizer and so tend to cause an explosion.

(e) Regulate the flame so that the temperature rises slowly ; this is par-
ticularly important if the sterilizer contain vessels of thick glass, e.g. test-
tubes on feet, glass dishes, etc.

(f) When the thermometer records a temperature of 175°-180° C. in the
interior of the sterilizer, lower the gas gently, leaving sufficient flame to
maintain the temperature at 180° C. or thereabouts for half an hour or so.

With a little practice this is easily done. Rather than use the fingers it is better
to manipulate the tap by tapping it with some heavy instrument such as the spanner
used for tightening the bolts of the autoclave, which will give very delicate control

over the supply of gas, and will obviate the annoyance caused by accidentally
turning out the gas altogether.

When experience has been gained, a thermometer can be dispensed with; at
a temperature of 180° C. wool and paper become slightly scorched, and when
this effect is noted the gas is turned down.

(9) When sterilization is completed turn out the gas, but allow the tem-
perature to fall considerably before removing the contents, because glass,
and especially thick glass, is liable to crack if exposed to a sudden change
of temperature.

[With Hearson’s hot air sterilizer the procedure is the same, except that stage
(f) is omitted ; when the temperature for which the capsule is set is reached, the
gas is automatically lowered. It is only necessary therefore to note when the
thermometer reaches the point at which sterilization is to be effected, and half
an hour later to turn out the gas and proceed as in (g).]

SECTION II.-STERILIZATION BY MOIST HEAT.

Sterilization by moist heat may be effected in one of three ways.

1. By heating in water or steam at 100° C.
2. By heating in steam under pressure.
3. By discontinuous heating at low temperatures.

1. Sterilization in steam at 100°C.

Simple boiling or exposure to steam at 100° C., even though the exposure
be prolonged, is not a reliable method of sterilization.

When micro-organisms have been dried, their resistance to the effects of heat
is much enhanced, and especially is this the case when they are mixed with sub-
stances of an albuminoid nature. Further there are certain resistant forms of
bacterial protoplasm known as spores, which in the majority of cases at least
are not destroyed by heating to 100° C., even when the temperature is maintained
for several minutes.

In France sterilization by moist heat at 100° C. is very seldom employed,
except for sterilizing syringes for inoculation. In this case a sufficient
degree of asepsis is obtained by boiling in water for 15 to 20 minutes at
ordinary atmospheric pressure. : e o ;

[In England on the other hand, and] in Germany, sterilization by moist
heat at 100° C. is in general use. The operation is carried out in a Koch’s
sterilizer or steamer, and must be repeated at intervals of 24 hours on at
least two, but ordinarily on three, successive days.

This method is the outcome of an observation by Tyndall to the effect that
while it is impossible to sterilize an infusion of hay by boiling it continuously even
for a prolonged period, yet by boiling it for a short time on three successive days
all living organisms are destroyed.
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This process embodies the principle of sterilization by discontinuous heating.
The explanation put forward by Tyndall was that the hay infusion contains both
bacilli and spores (B. subtilis). By heating to 100° C. the bacilli, but not the
spores, are killed. The latter germinate as the fluid cools, and are killed during the
second heating. A few spores however escape destruction on the second heating ;
these will have germinated by the time the third heating is due. After the third
heating then sterilization is completed. The explanation now given however is
that the resistance of micro-organisms is gradually lowered under the influence of
repeated heating.

Steamers.

1. Koch’s steamer.—Koch’s steamer (fig. 4) consists of a cylindrical
copper boiler, provided with a water gauge below and closed above by a lid
through a hole in which a thermometer can be passed. It is fitted with
perforated and moveable metal
trays on which to rest the appar-
atus.

A metal cylinder open at both
ends is often supplied with the
sterilizer, so that the latter can
be lengthened when necessary by
fitting the metal cylinder on top.

Technique.— When sterilizing
culture media by steam at 100° C.,
it is advisable to use vesselsalready
sterilized in the hot air sterilizer.

(2) Pour sufficient water into
the steamer to reach the level
marked on the water gauge. Stand
the vessels on the trays, and if
extra space be needed adjust the
lengthening cylinder. Put on the
lid, and insert the thermometer.

(b) Light the gas under the
boiler, note when steam begins to
escape from under the lid—the
thermometer will then register
- - 98°-100° C.—and maintain the

F16. 4.—Koch’s steamer. apparatus at this temperature for
30 minutes.

(c) Heat again in a similar manner on the two following days.

When the flagks, tubes, etc., are taken out of the steamer, the wool plugs
are generally wet with water of condensation; and since wool is only efficient
as a filter for micro-organisms so long as it is absolutely free from moisture,
the vessels may be put in the incubator for an hour or two to dry the
plugs.

In many of the newer patterns of steamers the steam circulates between
double walls before escaping, thus maintaining an absolutely constant tem-
perature in the steamer. Some forms are further provided with a constant-
level adjustment. [One of the most useful of these newer patterns is that
made by Hearson.]

[2. Hearson’s steamer.—Hearson’s steamer (fig. 5) consists of two copper
cylinders, one suspended within the other, thus conserving the heat. By
means of a special regulator the gas is automatically lowered when the inner
chamber is full of steam, and this, instead of escaping into the sterilizing
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room, is condensed and returned to the boiler. A further advantage is
that the water is added from the outside.]

2. Sterilization in steam under pressure.

Water, syringes, india-tubber apparatus, filters, etc., are generally steri-
lized by heating in steam under pressure. This method is also in general
use for the sterilization of certain culture media, but is not particularly
suitable for steel cutting instruments, as it destroys the edge.

FIG. 5.—Hearson’s steamer. FI16. 6.—Chamberland’s autoclave.

Exposure to steam at a temperature of 115°C. for 20 minutes is in most
cases sufficient to ensure sterilization, but some media, potato for example,
require a temperature of 120° C.

Some of the commoner forms of autoclave may be shortly described here.

Autoclaves.

1. Chamberland’s autoclave (fig. 6).—This autoclave consists of a cylindrical
copper boiler, the free edge of which is turned out flangewise. A flanged
bronze cover is secured to this edge by screw bolts, and the whole is made
air-tight by the insertion of an india-rubber washer between the two metal
flanges.

T%le cover is provided with a safety valve, a steam tap, and a manometer
which records the pressure in atmospheres and the temperature in degrees
centigrade. The boiler contains a removeable copper-wire basket, which
rests on short feet (5-6 cm.) on the bottom of the boiler. The boiler



10 STERILIZATION BY MOIST HEAT

itself is supported within a cylindrical sheet-iron or copper furnace provided
with one or two rings of Bunsen burners.

Technique.—(a) Pour sufficient water into the boiler to reach to just
below the bottom of the wire basket; distilled water is preferable, as by
its use furring is avoided. ;

Place the apparatus to be sterilized in the basket, and lay two or three
thicknesses of cloth or paper over the wool plugs to prevent condensation
water dropping on to them from the cover.

(b) Adjust the india-rubber washer, put on the cover, and screw up the
bolts with the fingers. It is better to use the fingers than the key provided
with the autoclave, because with the latter an unnecessary amount of force
is very likely to be applied, with the result that the washer is quickly ruined ;
moreover, careless manipulation with the key will soon strip the screws.

(When the autoclave is not in use, the bolts should remain loosened, and the
washer removed and hung up because if left under the cover it gets crushed.)

(c) Open the steam tap.

(d) It will be sufficient to light one ring of burners. Hold the taper to the
burner before turning on the gas, and take special notice that the burners
do not light below : should this happen, turn out the gas and re-light it.

(e) As soon as the water begins to boil, steam will escape from the tap
in the cover, and must be allowed to continue to do so until the pressure of
the steam within causes it to issue with a whistling sound in a powerful and
continuous jet.

The object of this manceuvre is to expel the whole of the air from the interior
of the autoclave, since if any air remain in the boiler the manometer readings will
not be reliable. Still however much care be taken it is impossible to drive out
all the air, and the larger the autoclave the larger will be the volume of air remaining.
A more effectual means of expelling the air is to compress and decompress repeatedly
by opening and shutting the steam tap, but this method should never be adopted
when sterilizing fluids because under the influence of a sudden lowering of the
pressure the plugs and contents of the flasks and tubes are driven out by the violent
boiling of the liquids.

Now close the steam tap. The pressure and temperature will rise rapidly,
and when the manometer records the temperature required (115°-120°C.),
lower the gas and regulate it by trial until the manometer reading is steady.
Continue the heating at this temperature for 20 minutes.

(f) When sterilization is completed, turn out the gas; the manometer
needle soon falls to zero, and then, but not until then, open the steam tap.
When all the steam has escaped unscrew the bolts, raise the cover, and remove
‘the contents. If the plugs be damp it is well to put the flasks, etc., in the
incubator until the wool dries.

The following minor practical details in the working of an autoclave may be
mentioned. It is important never to open the steam tap until the pressure within
the apparatus has fallen to the zero mark on the manometer, for the reason already
given, namely that under the influence of sudden decompression the fluid contents
of the flasks, etc., are liable to be discharged into the autoclave. Again, to avoid
accidents by scalding from an escape of steam beneath the cover, the steam
tap must always be opened before the bolts are loosened. Lastly, to obviate any
difficulty in lifting the cover owing to the rubber washer sticking to the metal,
always open the autoclave before the latter gets quite cold.

Note—The autoclave is also available for sterilization at 100° C. The
procedure will be the same as regards the first four steps a, b, ¢, d, but the
steam tap must be left open the whole time (30 minutes), and the gas

burners regulated so that the pressure as recorded by the manometer needle
does not rise above the zero point.
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It is obvious of course that a sufficient quantity of water must be put
into the boiler before commencing the sterilization. Heating should never
be continued for longer than 30 to 40 minutes in case the boiler should
boil dry.

2. Ducretet and Lejeune’s autoclave.—The principle and working of the
instrument are the same as in the case of Chamberland’s autoclave. The
tall form of boiler however makes it especially useful for the sterilization
of long pieces of apparatus and of porcelain filter bougies ; as many as thirty
of the latter can be accommodated at one and the same time by means of a
special pattern of support. The autoclave will withstand a pressure of
3 or 4 atmospheres, and is strong enough to be used for sterilization by
means of compressed carbonic acid (d’Arsonval).

To facilitate manipulation, some minor alterations have been introduced in the
construction of the newest models of autoclaves. For instance, in one made by
Adnet the cover is secured by a gearing controlled by a single screw instead of by
bolts. In another, made by Rongier, the cover is fitted with an hinge, and in yet
another, by Radias, with a lever.

8. Vaillard and Besson’s autoclave.—In large laboratories where, for
instance, toxins for immunizing horses in the preparation of therapeutic
serums or for other purposes are required in
large bulk, and the consumption of media is
considerable, it is necessary or at least con-
venient to have some more commodious form
of autoclave than Chamberland’s. In such
cases Vaillard and Besson’s pattern is available
(fig. 7).

This autoclave ! consists of a large cylindrical boiler
with double walls. The apparatus to be sterilized is
arranged on shelves in a central space. The steam
rising from the water in the double bottom ascends
between the inner and outer walls, passes through the
sterilizing chamber from above downwards, and escapes
through a safety valve, the escape being regulated in
such a.manner that the pressure and therefore the tem-
perature rise gradually. When the temperature reaches
115° C., the safety valve automatically allows the steam
to escape sufficiently to prevent any further increase
of pressure. The boiler is also fitted with a lateral N
funnel through which the water may be poured in, a F1G. 7.—Vaillard and Besson’s
tap by which the level of the water is regulated, a autoclave.
manometer and a safety valve. The construction of
this apparatus is such that sterilization is effected in a current of steam, and a further
advantage is that all the air is expelled without resort to decompression, the disadvan-
tages of which have already been noted.

Technique.—(a) Place the apparatus in the chamber S, and secure the cover firmly
by means of the screw bolts. (6) Open the tap of the lateral supply funnel and pour
in water until it runs out at P, which must also have been previously opened; then close
both taps and raise the valve D. (c¢) Light the stove. (In France charcoal is generally
used as the source of heat, but the autoclave is also constructed to work with gas.) (d) As
soon as the water boils, steam will rise between the inner and outer walls, enter the steriliz-
ing chamber, and escape by way of the tube leading to D. When the pressure is sufficient
to cause the steam to issue in a powerful jet, lower the valve D. The temperature and
pressure within the autoclave will now rise, and will be registered on the manometer M.
The steam escapes more and .more violently as the pressure increases, until the tem-
perature for which the valve has been regulated (usually 115°C.) is reached, when
the volume of escaping steam is such as to prevent any further rise of temperature. The

1 Annales de U Institut Pasteur, 1894.
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temperature and pressure must be maintained for 20 minutes, reckoning from the moment
when it reaches 115° C. (¢) When the necessary time has elapsed, remove the source of
heat and allow the autoclave to cool until the pressure reaches zero on the manometer,
then open the steam-tap (not shown in the illustration), and raise the cover.

Note.—The autoclave may also be used for sterilization at 100° C. The technique is
the same as in the preceding case, except that the valve D is never raised. Under these
conditions steam will issue in a powerful jet during the whole operation. The tem-
perature must be maintained for 30 minutes after reaching 100° C.

Sterilization can also be effected at any temperature between 100° and 115° C. by
suitably altering the position of the knobbed handle of the valve ; the further the handle
is from the vertical the less will the temperature rise above 100° C.

Method of controlling the temperatures at which sterilization was effected.

In laboratories where the sterilization of apparatus, etc., is entrusted to laboratory
assistants, it is convenient to have a method of controlling the temperature at which
sterilization was effected. This may be done by placing a maximum thermometer
or, more conveniently, a fragment of fusible alloy or some chemical compound
of suitable melting point (110°-120° C.) alongside the apparatus in the autoclave.
If a powder be used it may be mixed, as suggested by Demandre, with a trace of
some dye, and sealed up in a small glass ampoule. The small amount of dye used
is not visible in the powder, but when the latter melts the dye diffuses through
it, and on cooling forms a coloured bead.

The following substances are suitable for the purpose, the temperature in brackets
indicating the melting point: benzonaphthol (110° C.); antipyrine and sulphur
(113° C.); resorcin (119° C.); benzoic acid (121° C.).

For coloured beads the following formulae may be employed :

Melting at 110° C. Benzonaphthol, - 100 grams.
Safranin, - - - 0-01 gram.

Melting at 121° C. Benzoic acid, - - 100 grams.
Brilliant green, - - 001 gram.

3. Sterilization by discontinuous heating at low
temperatures.

Some substances used as culture media, being rich in albumin, cannot be
heated to boiling point without marked alteration and to some extent
destruction of their properties. Serum is a case in point.

Pasteur showed that such media can be better sterilized by heating them
at a low temperature (55°-60° C.) for a long time than at a high tempera-
ture for a short time. This prolonged heating at a low temperature con-
stitutes Pasteurization. In practice however it is found that to be effectual,
pasteurization must be combined with the method of discontinuous heating
devised by Tyndall (p. 7).

Technique.—Distribute the medium into a series of sterile flasks with
long necks (fig. 35, p. 46), each flask being about three-fourths filled, and
seal the mouths in a blow-pipe. [Flasks and test-tubes covered with india-
rubber caps (p. 29) over the wool plugs can be used equally well.]

Place the flasks in a water bath fitted with a thermometer, slowly raise
the temperature and regulate the gas flame so that it remains constant at
56°-57° C. for an hour, then turn out the gas, but leave the flasks in the
bath until they are quite cool.

The flasks must be heated in the same way daily for a week before the
contents can be regarded as sterile; and even then they ought to be incu-
bated at 37° C. for two or three days, and any flask in which a growth appears
must, of course, be rejected.

Water baths.

Conducted in the manner described, this method of sterilization is tedious,
and it is difficult to avoid exceeding a temperature of 58° C., with the result
that the albumin coagulates, rendering the medium useless for the purpose
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for which it is required. Hence it is better to have some form of water
bath, in which the temperature is automatically controlled by a regulator
on the gas supply.

[1. Hearson’s water bath.—This is a very convenient and reliable form
of water bath. It consists of a cylindrical copper vessel (fig. 8) heated
below by an ordinary fish-tail gas burner, the temperature being controlled

F1G. 8.—Hearson’s water bath.

by a capsule attached to the outside of the bath, and through which the
gas passes. The capsule has a range of about 10° C., and within these limits
the temperature is regulated by means of a milled screw.

[ Technique.—Pour sufficient water into the bath to reach above the level
of the regulator outside. Put on the lid, and pass a thermometer phrough
the hole in it, being careful to see that the bulb is in the water. Light the
gas. The temperature gradually rises until it reaches the point for which
the regulator is set: the gas is then automatically lowered and the tem-
perature remains stationary. To raise the temperature, turn the screw
clockwise, to lower it, contra-clockwise. 30 i

[Note.—It must be remembered that the capsule has a working limit of
about 10° only, the exact limits being indicated when the instrument 1s
supplied. Consequently, if a bath is required to work sometimes at
55°-65° C., and at other times at 75°~—85° C., it is necessary either to have
two baths, or a single bath in which capsules are interchangeable.

[Be careful always to see that the water is above the level of the top of
the capsule, and when filling the bath never add water of a temperature
higher than that for which the capsule is regulated.]

2. Weissnegg’s water bath.—Another form of bath, which is shown in fig. 9, consists
of a metal vessel fitted with a Roux’s regulator placed in a side chamber, the heat
being supplied by a gas burner below.
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Technique.—Fill the vessel about three-fourths full of water and immerse the flasks
by means of the wire tray, put on the lid, pass a thermometer through the opening pro-
vided for the purpose, and light the gas. Watch the thermometer carefully until the
desired temperature is reached, then set the regulator in the manner to be described later
(Chap. IV.), and no further supervision is required.

The regulator being once set for a given temperature will always work automatieally
at that temperature until it is again altered, so that beyond lighting the gas and when
necessary pouring water into the bath no further manipulation is required.

Fi16. 9.—Weissnegg’s water bath.

Note.—When using the bath for the first time, it is advisable to set the regulator before-
band by means of a blank experiment, thus avoiding accidental overheating of the
medium. Sterilization is then carried out as already described, the medium being
heated on six or eight consecutive days for an hour each time.

SECTION III.—STERILIZATION BY FILTRATION.

The application of heat in some form is the usual method of sterilization
used in bacteriological work, but it sometimes happens that fluids have
to be dealt with which cannot be subjected to even a moderate degree of
heat without profoundly altering their nature. In order to sterilize such
a fluid, it is passed through a solid bougie, the pores of which are so fine
that while liquids and solids in solution pass through, micro-organisms are
retained. Pasteur in his early work utilized plaster plates as the filtering
medium, but as a result of Chamberland’s researches porous porcelain
superseded plaster.

Filters.

The Pasteur-Chamberland filter consists of a porous porcelain tube or
bougie closed at one end but open at the other, and finished at the latter with
a nozzle of glazed porcelain. The unfiltered liquid traverses the pores of the
bougie from without inwards, and issues from the nozzle filtered and steri-
lized. The Pasteur-Chamberland bougies are made in two grades of porosity.
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That known as the Chamberland “F” is the more permeable, and the
one generally used both for.domestic purposes and for ordinary filtration
by aspiration. The less porous and harder bougie, the Cham-
perland ““ B.” is only used for filtration under pressure (vide
infra), and when manipulating fluids containing exceedingly
minute organisms, e.g. the organisms of foot and mouth disease,

leuro-pneumonia, horse-sickness, etc. (vide ‘ Filtrable Viruses’’
Chap.LXI1V.), which pass through the more porous“F’’bougies.

In addition to the Chamberland bougies there are other
filters of a similar nature. [The Doulton white~porcelain filter
{fig. 10) has been found to be “at least as efficient in the
retention of micro-organisms as the best material on the market,
viz. the Pasteur-Chamberland filter,”” and to * excel the latter
in its rate of filtration.” 1]

Another filter, Garros’, is made of infusorial earth. This,
[like Doulton’s] filter, has all the essential properties of a
Chamberland filter, and both are used in exactly the same
way. The Berkefeld bougie is also made of infusorial earth ;
it 1s inferior to the Chamberland “B” in that it wears out
more rapidly and does not hold back the smallest organisms ;
on the other hand it filters more quickly than, and does not
retain dissolved organic matter to the same extent as, the
Chamberland filters. For the latter reason it is especially
useful for the filtration of albuminous fluids. [But it must be
pointed out that recent experiments have shown that the
Berkefeld is not a trustworthy filter.2]

There are several ways in which these unglazed porcelain \)
and similar filters may be used.

£

5 3 F16.10.—~ Doul-
1. Filtration of water. e POORBROT

celain filter with
Every laboratory has a filter nozze.

attached to a water tap, for the v
purpose of readily obtaming a supply of sterile
water (fig. 11).

The filter (Chamberland F [or Doulton white]) is
contained within a' metal cylinder, through the
lower end of which it is inserted, and then securely
fixed by means of a metal screw-cap, an india-
rubber washer intervening ; both the washer and
metal cap are perforated to allow the passage of
the glazed nozzle. The upper end of the metal
cylinder is screwed on to a tap connected with the
water main. When the tap is turned on, water
runs into the space between the cylinder and the

O bougie, traverses the bougie, on the surface of

F16. 11.—A porous porcelain which the solid matter in suspension is deposited,

filter attached to She Water enters the central cavity, and escapes from the

is shown by the dotted lines mouth of the glazed nozzle.
and the glazed nozzle is seen

projecting below. Preparation of the filter.—1. Before putting a filter

into the metal cylinder it is absolutely necessary to
ascertain that it has no fissure or flaw in its substance, because unless it be perfect
micro-organisms will quickly find their way through it. To determine whether or

e
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[ Journal of Hygiene, 1906, 1909.] [2Journal of Hygiene, 1908, 1909.]
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no the bougie is sound, attach an india-rubber syringe to the nozzle and
immerse all but the nozzle in a cylinder filled with water (fig. 12). By squeezing
the syringe air will be driven into the bougie, and if a fissure be present, even

F16. 12.- Method of testing a porcelain filter.

one so small as to he invisible
to the naked eye, bubbles of air
will stream out through it into
the water and will at once ren-
der it apparent. All defective
bougies must necessarily be
rejected. ;

2. The filter must then be
sterilized. After testing the
bougie and while it is still wet,
plug the nozzle with dry wool
and sterilize in the autoclave
at 115°-120° C. for 20 minutes.
Fix the bougie in the metal
cylinder, withdraw the wool
plug, and the filter is ready for
use.

8. Before drawing off sterile
water, flame the nozzle well
with a spirit flame.

Cleansing and renovation of bougies.—1. When in use the external surface of a
filter soon gets soiled, and organisms are then likely to find their way through the
pores. It is necessary therefore that filters be frequently taken out and cleaned by
scrubbing with a stiff brush in a stream of running water, and re-sterilized.

Fi16. 13.—A muflle furnace.

2. But this surface cleansing does not prevent the pores of the filter becoming
choked after a time, filtration being impeded in consequence; when this occurs a
porcelain filter can be renovated by one or other of the following methods.

(a) After scrubbing the filter autoclave it at 120° C., but before taking it out
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of the autoclave compress and decompress several times. As far as it goes this
is an excellent method for unchoking a filter because there is no risk of damaging
its structure, but the regeneration is only partial.

(b) Clean the filter as above, and dry it thoroughly : then heat it to redness in
a Bunsen flame. This involves considerable risk of fissuring the filter.

(¢) The best method is to heat the bougie to redness in an incinerator [or “‘ muffle
furnace] (fig. 13).

Note.—After regenerating a filter by either of the two last methods it must be
re-tested to make certain that it has suffered no damage.

Fi6. 14.—Filtration by compression (Gay-Lussac pump).

(d) Lastly, a filter may be regenerated by passing through it a 05 per cent.
solution of potassium permanganate, followed by a 5 per cent. solution of sodium
bisulphite (Guinochet). The method is less satisfactory than the foregoing.

3. Whenever culture media containing micro-organisms have been passed through
a filter, the latter must be autoclaved immediately.

B
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Berkefeld bougie.—The Berkefeld bougie does not lend itself to heating in a
flame or incinerator. To clean it, it must be brushed with a stiff brush in a
golution of sodium carbonate, washed in running water, and then autoclaved.?

2. Filtration of culture media.

Bougies are also used for rendering sterile media which are to be used
for growing cultures, and for freeing a culture medinm of the organisms
which have been grown in it.

This may be effected in one of many ways; but filtration should always
be carried out under pressure either by putting pressure upon the liquid
to be sterilized, or by aspirating the filtrate at the mouth of the bougie.

A. Filtration by compression.

The original method was to pour the unfiltered liquid into a copper reservoir
A (fig. 14), and then to force it through the filter K by means of a Gay-
Lussac pump P.

Technique.—Close the tap G, and half fill the reservoir A by pouring in the liquid
through the opening D. Close D by screwing on the cap, and compress the air in
A by working the pump P. The pressure can be read on the manometer F. When
the necessary pressure has been attained (2 or 3 atmospheres is generally sufficient),
close the tap E and slowly open G. This allows the liquid to pass into the filtering
chamber H, which contains a sterile Chamberland filter K (size B) fitted up as
described above. The liquid is forced through
the filter and issues at the nozzle where it can
be collected aseptically.

Collection of the filirate.—1. [A Cobbett’s
bulb is a useful piece of apparatus with which
to collect and distribute the filtrate. The -
illustration (fig. 15) shows the bulb, which
usually has a capacity of about 200 c.c. To
render it available for the present purpose,
plug the small bulb V with wool, attach
W to the nozzle of the filter K by means of
stout red rubber pressure-tubing, and with
another piece of rubber tubing connect X with
a short length of glass tubing Z, the other end
of which has been drawn out to a fairly narrow
opening. Select a small india-rubber plug Y with
one perforation, slip it over the lower end of Z
and push it up until it fits tightly round the
tube, then enclose the lower end of Z in a test-
tube the mouth of which must be of suitable size
to fit the rubber plug Y. After thus fitting up
the filter and bulb, auntoclave at 120° C.

[When required for use, fit the filter K in its
metal case H (fig. 14), and screw on the cap L

i : - _ firmly. Support the bulb by clamping it to a
Flger{tﬁs' fo‘i°§’f€§§§iinbt,“§"co§"n‘f)’r‘es‘;}iﬁf’,‘fh retort stand. Clip the tubing between X and Z.
[The filtered liquid will be forced into the

bulb, the rate being regulated by the tap G, and when nearly filled turn off the tap
G; take off the test-tube, and by releasing the clip between X and Z the fluid can

[* According to Dr. Andrew Wilson, however, it would appear that Berkefeld bougies
must not be autoclaved. ‘It is a well-known fact that in consequence of the composi-
tion and the mounting of the Berkefeld filtering cylinders, they do not stand sterilization
in an autoclave at 120° C. The only way effectually to sterilize the cylinder without
injuring it is to place it in a vessel with cold or tepid water, and to boil it for about an
hour ” (Journal of Hygiene, 1909, p. 33). It has already been stated that simple boiling
at 100° C., though prolonged, cannot be relied upon to destroy all micro-organisms.]
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be run off into any suitable sterile vessel. When the bulb is emptied, replace the
test-tube, tighten the clip, open G, and repeat the operation. ]

2. The filtrate may also be collected through a piece of glass tubing connected
by a piece of india-rubber tubing a few centimetres long to the nozzle of the filter
(fig- 16). The bougie, with rubber and glass tubing attached, is wrapped in paper

Fi16. 16.—Alternative method F16. 17.—Flask with three tubulures for the
of collecting the filtrate. collection and distribution of the filtrate.

and sterilized. When required for use, the bougie is fixed in its metal cylinder,
the paper removed from the rubber and glass collecting tubes, and the latter pushed
through the paper cap covering the mouth of the sterile vessel in which the filtered
liquid is to be collected. If the collecting vessel be plugged with wool, the tube
is inserted between the neck and the plug, the tube being surrounded as completely
as plossible with wool and pushed downwards until the orifice projects below the
wool.

3. Another arrangement is to use a flask with three tubulures, such for instance
as that shown in fig. 17. The flask must of course be sterile; the wool in the mouth
of the india-rubber tubing B is removed, and the tube itself attached to the nozzle
of the filter. When filtration is completed the tubing is removed from A, which
is then plugged with a sterile plug, all necessary precautions being taken to prevent
contamination. To manipulate the filtrate the tubulure C is broken and the
liquid run out by simply inclining the flask. The third tubulure D is plugged
with wool.

Filtration by compression involves the use of a costly piece of apparatus,
and is limited in practice to the filtration of viscous fluids.

B. Filtration by aspiration.

Aspiration is the means usually employed for the filtration of fluids. The
methods by which the principle of filtering by aspiration is applied vary in
detail, and the technique of a few of the simplest and easiest devices will
be described.

[1. Fit up and sterilize a Cobbett’s bulb exactly as described for filtration
under pressure (p. 18), and clamp it to a suitable stand. Connect the bulb
to a wash-bottle with a piece of red rubber pressure-tubing, but between the
bulb and the wash-bottle insert either a three-way tap or a T-piece of glass
tubing the vertical limb of which is closed by india-rubber tubing and a
clip, then connect the wash-bottle to the pump.



20 STERILIZATION BY FILTRATION

[Technique—Stand the filter F in a tall glass cylinder C which must be
rather larger than the filter, and fill up the cylinder with the unfiltered liquid.
Tighten the clip K on the vertical limb of the T-piece and also the clip H of
the delivery tube, and turn on the water. The liquid is thus aspirated

f—F:_——_m

]
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F1a. 18.—Cobbett’s bulb fitted up for filtration by aspiration.

through the filter into the bulb. When the bulb is nearly full, gently release
the clip K on the vertical limb of the T-piece, and then turn off the water.
Then, as before (p. 18), remove the test-tube E and draw off the filtrate into
suitable and previously sterilized vessels. Having emptied the bulb replace
the test-tube E, tighten the clips K and H, turn on the water and exhaust
again. In case the filtrate or a part of it has to be stored for future use, the
vessels in which it has been collected may be sealed off in the flame of the
blow-pipe, or the wool plugs can be made air-tight to prevent evaporation
by sealing them with paraffin or sealing-wax (p. 30).]

[2. Instead of a Cobbett’s bulb, an Erlenmeyer flask may be used, but the
procedure is a little more complicated (fig. 19). The filtrate is aspirated into
an Erlenmeyer flask, and then blown out with a bicycle pump.

[ Technique.—(a) Take an Erlenmeyer flask of sufficient size to contain the
filtrate. Plug the lateral tubulure with wool between the constrictions.

F16. 19.—A convenient arrangement for filtration by aspiration.

Fit the mouth with an india-rubber bung with two holes ; through one hole
pass a piece of glass tubing bent at a right angle, the vertical limb of which
1s long enough to reach to the bottom of the flask, and through the other
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another piece of glass tubing also bent at a right angle, the vertical limb of
which reaches only just below the level of the lateral tubulure. To the
horizontal arm of the latter attach a piece of red rubber pressure-tubing,
which at its other end is connected to the nozzle of the filter. To the other
piece of glass tubing attach another piece of pressure-tubing, into the distal
end of which is inserted a short piece of glass tubing drawn out to a narrow
orifice ; over this glass tube an india-rubber plug is slipped to fit a test-tube
which protects the end of the delivery tube.

[(b) Sterilize in the autoclave at 120° C.

[(c) Attach the lateral tubulure of the flask to the lateral tubulure of another
Erlenmeyer flask with pressure-tubing, and insert a three-way piece of glass
tubing between the two flasks, the vertical limb being closed with rubber
tubing and a clip. Pass a right-angled piece of glass tubing through an india-
rubber bung in the mouth of the flask, and attach this tubing to the pump
by means of pressure-tubing.

[(d) Place the filter in a glass cylinder larger than the filter, and fill up the
cylinder with the fluid to be filtered. Secure the two clips.

[(¢) Turn on the pump, and the fluid is aspirated from the cylinder to the
Erienmeyer flask. When the fluid reaches nearly up to the level of the
lateral tubulure, release the clip on the vertical limb of the three-way piece
of glass tubing. Disconnect the second flask, and attach a bicycle pump to
the first flask. Clip the tubing attached to the filter.

[By working the pump the flask can be filled with air—filtered by passing
through the wool plug in the lateral tubulure—and the contents of the flask
thus put under sufficient pressure to allow them to be drawn off through the
tube contained in the test-tube, as in the former case.]

3. A third method is to attach one end of a piece of red rubber pressure-
tubing B (fig. 20) to the nozzle of a filter, and the other end to a piece of

D
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F1G. 20.—Filtration by aspiration.

glass tubing bent at a right angle. Pass the latter through one of the holes
in an india-rubber bung. ~ Fit the bung tightly into the neck of a stout white-
glass bottle A the capacity of which is equal to the amount of fluid to be filtered
(thin-walled flasks will not withstand the pressure, and should therefore
never be used for this purpose). Through the other hole in the bung pass
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another piece of glass tubing also bent at a right angle; the vertical branch
should reach a few centimetres below the bung, while the horizontal arm

has two constrictions with a fairly tight plug of wool C between
them.

The apparatus thus fitted up is heated in the autoclave at
120° C. for 20 minutes. When cool, it is examined to see that the
bung still fits tightly, and the apparatus is then ready for use.

Technique.—Stand the filter F in a glass cylinder E which must be
rather larger than the filter, and fill up the cylinder with the un-
filtered liquid. Connect the horizontal limb of the tube D by
means of pressure-tubing with a water pump (Chap. VI.) and exhaust.
The liquid is thus aspirated through the filter into the bottle A.

When the liquid has all passed through, turn off the water and
disconnect the tubing connecting the bottle and the pump (the air
which will then enter the bottle is filtered through the wool plug C
between the constrictions). Flame the neck of the bottle, and replace
the bung either by a previously sterilized wool plug or by another
bung so arranged that the fluid can be manipulated as described later.
The liquid thus sterilized by filtration can be kept sterile indefinitely

in the bottle.

F16. 21.— Bulb

There is always a little liquid left in the filter, and if necessary this
can be collected by disconnecting the tube B from the nozzle and
aspirating the fluid into a long sterile bulb pipette (fig. 21).

Distribution of the filtrate.—Having obtained a sterile filtrate,
it follows that the subsequent manipulations must be so devised

pipette. as not to contaminate it. The methods to be employed will now

be described.

The bung used during filtration (p. 21) must be replaced by another fitted
in the following manner. Take an india-rubber bung perforated with two
holes of the same size as the one to be replaced. Through one hole pass a

piece of glass tubing A (fig. 22) bent at a
right angle and having a cotton-wool plug
between constrictions in the horizontal arm.
Through the other hole pass another piece
of glass tubing B bent in the form of an
inverted open U, one limb of which should
reach nearly to the bottom of the bottle
while the other, which will be outside the
bottle, is drawn out to a fine capillary point
andsealed. Wrapthe bung with its glass tubes
in situ in paper, and autoclave at 120° C.
Flame the neck of the bottle, remove the
paper covering from the sterilized bung, and
hold the latter by its upper part in the left
hand. Take out of the bottle with the right
hand the bung used for filtration, and replace
it by the other as quickly as possible in order
to prevent dust falling into the bottle. Care
must of course be taken that during these
manipulations the new bung with its tubes
comes in contact with nothing likely to soil it.

(/ﬂ{////////m
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F16, 22.—Distribution of the filtrate.

To withdraw the fluid, it is only necessary to connect an india-rubber
syringe to the tube A, and after flaming the capillary end of B to break off
the point with a pair of sterile forceps. By squeezing the syringe a few

times the liquid will be forced out through B.

When the quantity required
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has been withdrawn the end B is sealed in a Bunsen flame thus effectually
excluding air from the bottle.

It may however sometimes happen that on ceasing to work the syringe
some air will enter the hottle through B, and since this may
carry organisms with it there is a risk of the liquid in the bottle
becoming contaminated. The difficulty is easily overcome by
the following simple device.

Before being sterilized the external limb of the tube B is cut
in the middle, and the two ends B and C (fig. 23) connected by
means of a piece of red rubber tubing, into which a short length
(1-2 cm.) of glass rod D has already been introduced. When
not in use the glass rod completely obliterates the lumen of the
rubber tubing, and cuts off all communication between the
outside air and the contents of the bottle. But if the rubber
tubing be pinched between the thumb and index finger, a
small channel is formed through which the liquid can be forced
by squeezing the syringe attached to A (fig. 22). The apparatus
would then be worked as follows :

The end of the glass tubing C being flamed and the point
broken off, the syringe is squeezed a few times, and then the
india-rubber tubing between B and C pinched up. The liquid
will then run out from the open end. The flow of liquid is ghe: 23~
stopped by first releasing the finger and thumb from the india- with distribut-
rubber tube, thus cutting off all communication with the "¢
outside air, and then but not till then relaxing the pressure on the syringe.

Finally, the broken end is sealed and the syringe disconnected.

4. L. Martin’s filtering apparatus_(fig. 24).—This consists of a porcelain

il

V ”FIG. 24,—L. Martin’s
(The upper tubulure of the bulb should have a wool plug between constrictions ¢
this has been accidentally omitted from the figure.)

filter contained in a metal cylinder similar to that described before (p. 15).
The cylinder has a tap funnel screwed into the top to facilitate manipulation.

Technique.—Connect the nozzle of a porcelain filter with a bulb of the shape
shown in the figure by a length of pressure-tubing. Sterilize in the autoclave.
Then fix the filfer in its metal case, and connect the upper tubulure of the bulb
to a water pump with pressure-tubing.
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Fill the cylinder through the funnel with the fluid to be filtered, close the tap
and turn on the water. The fluid in the cylinder is aspirated through the filter,
along the tubing, and so into the bulb. When all the liquid has been aspirated,
turn off the water, open the tap, and disconnect the bulb from the water pump. The
lower tubulure of the bulb is sealed during filtration, but is flamed and the point
broken off with sterile forceps before distributing the filtrate.

This is a useful piece of apparatus, but its cost is a disadvantage.

5. Chamberland’s method.—If water be not available, a small hand pump,
e.g. Potain’s, may be used for aspiration. Place the filter B (fig. 25) in a

F16. 25.—Chamberland’s filter.

tall glass cylinder C, and fill up the latter with the liquid to be filtered. On
working the aspirator the fluid is drawn through the filter into the flask A,
which has three tubulures. The filter and flask must both be sterilized in
the autoclave before use. %

[1t will be obvious, of course, that Cobbett’s bulb can be used equally with
a hand or water pump.]

3. The filtration of small quantities of ligquid.

The laboratory bougie.—When only very small quantities of liquid have
to be filtered, as for example in testing a toxin, a small thin-walled bougie
12-15 cm. long and without a
nozzle is very useful.

Technique.—[A. Slip one end of a
piece of stout pressure-tubing over
the open end of the bougie and secure
it with a rubber ligature, then con-
nect the other end to the free limb
of the U-tube of a Cobbett’s bulb.
Sterilize in the autoclave. Place the
filter in a small glass cylinder or test-
tube and fill the latter with the fluid
to be filtered. Connect the bulb to a
water pump and exhaust. Any fluid

s, i ; remaining in the filter can be recov-
g L"bgﬁm’i%é’s(’gfg ll?qfuoifi.ﬁltenng T ered by holding the filter upside down,
and allowing it to run into the bulb.]

B. The filter may also be arranged as shown in fig. 26. Asin A, a piece of pressure-
tubing is firmly fixed by one end to the upper end of the filter, but the other end is
attached to one of the two tubulures of the flask B. The other tubulure A is plugged
with cotton-wool and connected to a water pump or a small aspirator, e.g. Potain’s.
Sterilize the apparatus before use.
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€. Duclaux’s filter.—The filter can also be fitted to a flask with three tubulures
(fig. 27). In this case the open end of the filter is wrapped round with cotton-wool,
which serves to hold the bougie in position in the neck of the upper tubulure E.
The tubulure D is sealed, and B is plugged with wool. After autoclaving, the wool
packing around the neck of the filter F is made air-tight by running a little melted

F16. 27.—Laboratory bougie—Duclaux’s F16. 28.—Laboratory bougie—XKitasato’s
arrangement. arrangement.

wax ([paraffin or] Golaz’s) over it. The tubulure B is connected to a water pump,
and the liquid to be filtered poured into E. On turning on the water the liquid
is drawn through the filter and collects in the flask. To distribute the filtrate,
break off the sealed end D and blow air into the flask through the wool-plugged
orifice B.

D. Kitasato’s filter (fig. 28) consists of a conical flask of thick
glass furnished with a lateral tube b, which when in use is plugged
with wool and connected to a water pump.

The wide neck of the flask is fitted with a perforated india-
rubber bung through which the filter F is passed. The mouth
of the filter is attached by means of another india-rubber bung to
a glass bulb A. The technique is very simple: pour the liquid
into A, turn on the water pump, and the filtrate collects in the
flask B. The apparatus must of course be autoclaved before use.

E. Martin’s filter (fig. 29), as arranged for dealing with small
quantities of fluid, consists of a tube R, which can be connected
to a water pump through the tubulure A. Within it is a
moderately large test-tube T resting upon a pad of cotton-wool.
A small filter F is passed into the test-tube, and firmly fixed in
the mouth with the open end upwards. The tube R is closed
above with an india-rubber bung, through which passes a glass
funnel E the lower end of which is connected with the upper
(open) end of the filter. The liquid to be filtered is poured
into K, and being drawn through the filter collects in the tube T.

Fi1g. 29.—Labora-
tory bougie - Martin’s

To sum up, there are three important considerations to be ¥ PuEe

kept in mind when using a filter for purposes of sterilization.

(1) In every case the filter must be tested to make sure it is sound and free
from fissures; (2) filters must always be sterilized vmmediately before use;
and (3) subsequent contamination of the filtrate must be carefully guarded
against.
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SECTION IV.—STERILIZATION BY ANTISEPTICS.

Sterilization by antiseptics has but limited use in bacteriological work.
The addition of antiseptics will it is true destroy micro-organisms in a
medium designed for the growth of cultures, but the amount of antiseptic
which has to be added to effect this result is very much greater than
the amount required to inhibit the multiplication of any organisms
which may subsequently be sown in it; the medium is therefore rendered
useless.

1. Antiseptics are, however, in general use for sterilizing the interior of
glass dishes, bell jars, and other similar articles which are to be used to
protect from dust and contamination Petri dishes, culture tubes, etc., and
which will not come in contact with any culture medium, or with the organisms
under investigation. Fixed non-volatile antiseptics must be employed
since the vapours given off by volatile compounds hinder the growth of
organisms on culture media.

A 01 per cent. solution of perchloride of mercury may be used. The
solution should be made with distilled water, but if tap water be used a
small amount (0-5-1 gram) of tartaric, acetic or hydrochloric acid must
be added to prevent precipitation of the i LA salt by the salts dissolved
in the water.

Perchloride of mercury has however now been almost entirely discarded
in favour of oxycyanide of mercury in 0’1 per cent. solution. This solution
though powerfully antiseptic has no caustic action, it does not precipitate
albuminoid substances, neither does it attack instruments and other metal
articles.

2. Antiseptics are also in general use for sterilizing the hands, and for
washing out vessels and sterilizing instruments during inoculation and
other experiments. Solutions of 01 per cent. of perchloride or oxy-
cyanide of mercury or 15 per cent. of formalin are often used for these
purposes.

[Lysol, a solution of the three cresols in soap and water, is a particularly
useful antiseptic. In 2 per cent. solution it does not hurt the skin, and the
soap in solution makes a lather if the hands be washed in it or if the surface
of the skin be rubbed with a sponge soaked in the solution; the presence
of the soap makes a solution of lysol a more efficient antiseptic for these
purposes than mercury solutions. Lysol does not damage metal instruments,
and does not precipitate albuminoid solutions. If made up in large quan-
tities with hard water the soap is liable to be precipitated to some extent,
but the antiseptic constituents still remain in solution.]

Solutions of perchloride or oxycyanide of mercury may also be used for
sterilizing the surface of the skin before collecting pus, blood, ete., from the
living subject (Chap. XII.). Care must of course be taken that, after steriliza-
tion, all traces of the antiseptic are removed by washing the part well with
alcohol before collecting the material, otherwise the presence of the anti-
septic would materially interfere with the subsequent growth of organisms
in culture. [At the present time, however, it is more usual to paint the sur-
face of the skin with tincture of iodine (British Pharmacopceia) before
penetrating it for the purpose of collecting material for bacteriological
investigation.]

3. Antlsepmcs are also added to sterile filtrates which are no longer
required as culture media. For this purpose a small quantity of some
antiseptic (such as thymol or camphor) which is without chemical action
on the constituents of the fluid is selected.
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THE substances requisite for the growth of micro-organisms may be obtained
by macerating, infusing or boiling tissues of animal or vegetable origin.
Saline solutions in which some carbo-hydrate is dissolved also supply all the
ingredients essential for a culture medium.

Culture media are either solid or liquid.

Chemically, like all other living cells, micro-organisms consist of organic and
inorganic nitrogen and mineral salts; it is therefore necessary in order to grow a
micro-organism that these three classes of substances be made available, together
with oxygen which is an essential to the life of all living structures. [Finally, a
certain amount of moisture is absolutely necessary.]

Micro-organisms are divided into two large groups, the members of one of which
derive their oxygen, like more highly organized structures, from the free oxygen
of the atmosphere, while the members of the other group cannot multiply in presence
of free oxygen, but obtain the oxygen they require by the decomposition of sub-
stances containing it (Pasteur). The former are known as the aérobic, the latter
as the anaérobic organisms.

These two groups of micro-organisms call for very different methods of artificial
cultivation. Aérobic micro-organisms should be grown in vessels in which there
is an ample supply of air; anaérobic micro-organisms on the other hand only
grow if air be excluded. The latter therefore are cultivated either in wacuo, or
in presence of some inert gas.

The constituents of culture media are however the same for both aérobic and
anagérobic organisms and ought to include nitrogen compounds and salts of the
ternary bases. Many organisms can convert inorganic nitrogen (nitrates, etec.)
into organic nitrogen, while in some cases organisms will grow in purely inorganic
solutions provided these contain a small quantity of some carbohydrate such
as sugar.

General Rules.—Every culture medium therefore must

(1) contain the substances necessary for the growth of the organism to be sown
[(2) be of suitable reaction]; (3) have been previously sterilized ; (4) be con-
tained 1n vessels which afford protection from contaminaiion from without.
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Culture vessels.

Vessels of various patterns are used for culture media, and these will be
described as occasion for their use arises. In this chapter a description of
those most commonly used for the growth of aérobes only will be given.

1. Ordinary test-tubes, but without lips, are in constant use (fig. 30) ; they
must be plugged with wool as already described.

2. Erlenmeyer flasks—conical glass vessels with a flat bottom (fig. 31) and
of different sizes—[and Jena flasks,] are also in frequent use. Ordinary small
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F16. 30.—Culture tube F16. 31.—Erlenmeyer flask.
plugged with wool.

medicine bottles of 30 to 50 c.c. capacity can be used in many cases. What-
ever be the shape of the vessel it must be plugged with wool, and as a further
protection a paper cap is useful (vide p. 4).

8. Small vessels capable of holding 30 to 50 grams and known as Pasteur’s flasks, are
also in frequent use [in France]. The mouths of these flasks are generally closed by
means of an hollow ground-glass stopper fitting a similarly ground-glass surface on the
neck of the flask, and having a small orifice above, which must be plugged with wool.
This method of plugging effectually preserves the contents of the flasks from contamina-
tion, but has the disadvantage of being very fragile, and the glass cap is often broken in
the flaming process preliminary to opening the flask.

It is better to cover the mouth of the flask with a small paper hood (this can be done
by enveloping the neck in a small strip of filter paper and tightly screwing the projecting
part into a point). It is even simpler to plug the flasks with wool in the same way as
test-tubes are plugged.

Miquel’s flask is merely a conical form of Pasteur’s pattern.

Prevention of evaporation.

Evaporation readily takes place through a wool plug, and if a medium—especially
a solid medium such as potato, serum, agar, etc.—be stored or incubated for a
long time, the amount of evaporation is likely to be excessive. To avoid this, the
mouth of the vessel may be closed with an india-rubber cap. This must be
sterilized before use, because when the cap is slipped over the mouth of the tube or
flask the air within being saturated with aqueous vapour will soon make the wool
plug moist, and then any organism on the inner surface of the cap will ultimately
grow through the moist plug and contaminate the contents.
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Red rubber caps are the best; they should be put into a wide-mouthed flask
or bottle, which is then plugged with wool and autoclaved and afterwards put in
the incubator to dry the plug. A cap can then be taken out with a pair of sterile
forceps whenever one is wanted.

In the case of stock cultures, which are to be put away for some time,
evaporation may be prevented by pouring a little melted paraffin [or sealing-
wax] over the top of the plug.

[This latter method of sealing tubes or bottles is also of great use in the
cultivation of slow-growing organisms such as the tubercle bacillus. After
sowing the medium, the top of the plug is carefully sealed with melted
paraffin (or sealing-wax), and the culture can then be incubated as long as
18 necessary without fear of the medium drying up, if the sealing has been
efficiently done.]

Method recommended.—| When paraffin is used, gently warm the upper
% cm. of the tube by turning it round in the flame, and then with a pipette
or ladle pour a few drops of melted paraffin, kept liquid in a water bath, on
to the warm wool and let it soak in to a depth of } em. or so. To unseal
the plug, gently warm the upper part of the tube again, stick a needle or
pair of forceps into the plug and turn it round at the same time raising it.

[Another simple method of preventing evaporation during cultivation in test-
tubes is to place them in a large wide-mouthed ground-glass stoppered jar, which
has been previously thoroughly washed out with a saturated solution of perchloride
of mercury. Place two or three folds of filter paper moistened with perchloride
solution at the bottom of the bottle, and after arranging the tubes put a trace of
vaseline on the stopper and close the bottle, turning the stopper round to obliterate
any air channels. Volatile antiseptics (e.g. formalin) are obviously unsuitable for
this purpose.]

SECTION I.—LIQUID MEDIA.!

1. Media made from animal tissues and fluids.

There 1s a great variety of these media. A description of those in most
general use only will be given here; and the most frequently used of all,
peptone beef broth, will be taken as a type and the technique of its
preparation given in fullest detail.

Peptone beef broth.

This medium is in everyday use. It will be referred to in future simply
as broth. ; 7

Preparation.—1. Take 500 grams of lean beef. Cut away all fat, tendon
and aponeurosis. Mince it, and leave it to macerate in a litre of cold water
for 6 to 12 hours.

2. Heat gently to boiling in an enamelled saucepan, stirring constantly,
and keep the mixture boiling for 10 minutes.

3. Pour on to a thick clean cloth, express as far as possible all the fluid
out of the meat, and while still warm filter the fluid through a thick filter
paper (Chardin or Prat-Dumas) moistened with water to keep back the fat.

4. Pour the filtered broth into an enamelled saucepan, and add

Dry peptone (Chapoteaut) - - - 10 grams, or 1 per cent. of the

volume of water used.
Salt, - ‘ 1 - - - - 5 grams, or 0'5 per cent.
Sodium phosphate, - - - about 1 gram.

Boil again, stirring meanwhile to dissolve the peptone

* The present chapter will be limited to a description of the culture media of general
application. Media applicable only to particular organisms will be dealt with when the
latter are under consideration.
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The addition of the sodium phosphate is not absolutely necessary. Cache states
that the addition of magnesium salts increases the value of the culture medium,
and advises the addition of 2 grams of magnesium phosphate per litre to ordinary
broth, in place of the sodium phosphate. Magnesium phosphate should be added
while the meat is macerating (Stage 1 above).

5. The liquid is now strongly acid and must be neutralized, since bacteria
grow best in a neutral or slightly alkaline medivm. I

Neutralization.—To neutralize the medium, add normal soda solution to
the broth in small quantities at a time with a pipette, testing the reaction
at frequent intervals against litmus paper. When a drop of the broth placed
on a red litmus paper with the end of the stirring rod turns it slightly blue,
sufficient soda has been added. The reaction should be very slightly alkaline
to litmus, but acid to phenol-phthalein.

Neutralization is the most difficult step in the preparation of broth. The amount
of alkali to be added varies considerably with different pieces of meat, and can
only be determined by trial. Add the soda solution very slowly stirring carefully
after each addition; and as the neutral point is approached, test the broth after
the addition of each drop of alkali against both a red and a blue paper. A point
is ultimately reached when a drop of the liquid produces no change on either paper;
it is then sufficient to add a very small quantity of soda solution to attain the
requisite degree of alkalinity. According to Park and Williams, 7 c.c. per litre of
normal soda should be added to a neutral broth to obtain the most favourable
medium.!

[Eyre uses phenol-phthalein as the indicator and standardizes after Stage 3
before the addition of peptone and salt.

[Technique.—1. Heat the medt extract in the steamer at 100° C. for 45 minutes.

2. Meagure 25 c.c. into a beaker and add about 0-5 c.c. of a 0-5 per cent. solution of
phenol-phthalein in 50 per cent. alecohol.

3. Immerse the beaker in a water bath and raise to boiling point.

4. Neutralize at the boiling point with deci-normal NaOH solution.

[The reaction is expressed by stating the number of cubic centimetres of normal
alkali required to render one litre of the meat extract exactly neutral to phenol-
phthalein.’

[For the majority of organisms a medium which requires the addition of 10 c.c.
of normal alkali per litre of meat extract is found to be the best. In Eyre’s scale
the reaction of such a medium is expressed as +10: -+ indicating that the medium
is acid and 10 that it is acid to the extent of 10 c.c. of normal alkali per litre. ]

6. Now pour the slightly alkaline broth into a glass flask, or better into
an enamelled vessel, and autoclave at 115°-117° C. for 5 minutes. The
liquid becomes cloudy and deposits crystals of earthy phosphates.

On taking out of the autoclave, filter while hot through a Chardin paper
moistened with water: the filtrate should be absolutely clear. The object
of this procedure is to remove any excess of earthy phosphates, and if omitted,
the broth is likely to become cloudy when sterilized.

7. Add sufficient distilled water to the filtrate to make the total volume
up to 1 litre.

8. This completes the preparation of the broth, which has now only to
be distributed into suitable vessels and sterilized.

Sterilization.—(A) If the broth is to be kept for future use, it may be
sterilized in a large flask the neck of which is either plugged with wool or
drawn out in the flame and sealed. The medium can thus be kept indefinitely,
and when required for use can be distributed into suitable vessels.

(B) It is however usually more convenient to distribute the broth at once
into test-tubes or small flasks.

1 Normal soda contains 40 grams of NaOH per litre of distilled water.
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1. Into each test-tube put 10-15 c.c. of broth, and into each flask 25 c.c.

A small glass funnel should be utilized for distributing the broth, because
if a drop of it come in contact with the wool plug it will when dry cause the
wool to stick to the mouth of the tube, so that the plug can only be removed
with difficulty. (The use of a funnel is even more important when solid
media, such as agar or gelatin, are being tubed.)

2. Plug the tubes and flasks with wool.

8. Place the vessels containing the medium in a wire basket, and auto-
clave for 20 minutes at 110°-115° C., taking care that the latter tempera-
ture is not exceeded, and that the precautions noted in Chapter I. are
observed.! 2

Veal broth.

For the preparation of veal broth proceed as for beef broth, using instead

of beef 500 grams of lean veal.

Chicken broth.
Chicken broth is prepared in a similar manner, using 500 grams of chicken
meat. All skin, tendon, and bone must be removed, otherwise the broth
will be of a gelatinous consistency.

Giblet broth.

Liver, spleen, etc., may be used for making broth. The technique is the
same as in the preceding cases, substituting 500 grams of the solid organs
for beef or other meat. Very often these broths exhibit a shght cloudiness,
but this cannot be avoided. .

Meat extract.

1. To 500 grams of well-minced lean beef or veal, add 1000 grams of water,
and leave in the ice chest to macerate for 12 hours.

. Shake the mixture, filter through a cloth and squeeze all the fluid out
of the meat, then filter through a Chardin paper.

3. Add 5 grams of salt to the filtrate, and heat to boiling.

4. Neutralize as in the case of peptone beef broth.

5. Autoclave for 5 minutes at 115°~117° C.

6. While warm, filter through a moistened Chardin filter paper.

7. Add sufficient distilled water to make up the volume to a litre.

8. Distribute in tubes and sterilize at 110°-115° C.

Martin’s peptone solution.
Pigs’ stomach broth.

1. Wash, clean and mince finely 4 or 5 pigs’ stomachs.

It is better to use a number (5) of stomachs in order to neutralize variations in
their pepsin content; if this be done, the broths will have an almost constant
average composition.

2. Mix the following :

Minced stomachs, - - - £ 3 g 4 3 200 grams.
Hydrochloric acid (pure), - - . e & o 0% ,,
Water at 50° C., - 5 - 1000 ,,

and keep the mixture at a temperature of 50° C for 20-24 hours.

! Sometimes it will be noticed that the medium when taken out of the autoclave is

very slightly cloudy ; this will vanish on cooling. But if during sterilization the tem-
perature exceed the temperature of the first autoclaving (par. 6, above), the broth remains
permanently cloudy.

[*In England it is more usual to sterilize media by steaming for 20 minutes on each
of three successive days in a Koch’s steamer, or some suitable modification of it (Chap. 1.).}
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8. Then heat to boiling to destroy the excess of pepsin, and pass through a
sieve or a thin layer of loosely packed absorbent cotton-wool.

4. Heat the filtrate to 80° C., and neutralize at this temperature : large
flocculent masses are precipitated ; filter the clear supernatant fluid through
a Chardin paper.

5. Autoclave the filtrate for five minutes at 117°-120° C., and again
filter through a Chardin paper.

6. Di%ﬁribu’ce the clear filtrate in tubes, and sterilize for 15 to 20 minutes
at 115° C.

Martin’s peptone broth.

1. Mince 500 grams of lean veal, and macerate in 1000 grams of water
for 15 to 20 hours at a temperature of 35° C. to get rid of the sugars.

2. Filter through a cloth, squeeze out as much of the fluid as possible, and
add 5 grams of salt.

8. Mix this liquid with an equal volume of Martin’s peptone solution
(see above, Stages 1, 2, 3, 4).

4. Heat to 70° C. to coagulate the albuminoid compounds, and make
exactly neutral. Then add 7 c.c. of normal soda solution per litre. Filter
through a Chardin paper.

5. Sterilize by filtering through a Chamberland bougie (Chap. 1.), and
distribute in sterile culture vessels.

Note.—A broth prepared in this way is particularly useful for the preparation

of diphtheria toxin.! For everyday use, it is simpler to sterilize by heat. After
Stage 4 proceed thus :

5a. Pour the broth into an enamelled vessel or flask, autoclave for 5 minutes
at 115°-117° C., and filter in the warm through a Chardin paper.

5b. Distribute the filtered liquid into culture vessels and sterilize for 20 minutes
at 110°-115° C. The broth is often slightly and permanently cloudy.

Koch’s peptone solution.
1. Dissolve in the warm, 10 grams of peptone (Witte or Chapoteaut) and
5 grams of salt in 1000 grams of water.

It is unnecessary to neutralize : peptone itself is sufficiently alkaline.
2. Boil. Filter.
8. Distribute in tubes or flasks. Sterilize at 115° C.

Metehnikoft’s peptone-gelatin medium.
1. Dissolve in the warm, in 1000 grams of water,

Peptone (Chapoteaut), - - - - - - - 10 grams.
Salt, - . . % s ¢ . & o P 5 i
Gelatin (extra quality white), - - - - - 20 )

2. Make very slightly alkaline with normal soda solution.
3. Autoclave for 5 minutes at 115° C. Filter through Chardin paper.
4, Distribute in suitable vessels. Sterilize at 110°-115° C.

Miquel’s peptone solution.
1. Dissolve at a moderate heat in a litre of water,

Peptone (Chapoteaut), - - - - - - - 20 grams.
Salt, - - & (T

2. Add 010 gram of wood ash. Boil. Tilter through Chardin paper.

3. The liquid is now generally markedly alkaline. Neutralize very care-
fully with ae solution of tartaric acid, watching the reaction meanwhile by
testing against litmus paper.

1 Numerous formulwe for the preparation of broth suitable for the study of diphtheria
toxin have been published (Chap. XV.).
C
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4. Boil for 5 minutes. Filter. Add sufficient water to make the volume
up to a litre.
5. Distribute in tubes. Sterilize at 115° C.

Liebig’s broth.

1. Dissolve 5 grams of Liebig’s extract of meat [ Lemco ] in 1000 grams
of water, warming gently. Nentralize if necessary.

2. Autoclave for 5 minutes at 115°~117° C. Filter through a moistened
paper in the warm.

3. Distribute in tubes. Sterilize at 110°-115° C.

Peptone (Chapoteaut) (10 grams) and salt (5 grams) may be added to the medium
before neutralization.

In the same way a nutrient broth may be prepared with Cibils’ extract.
In that case 20 grams of the extract is used instead of the Liebig.

These media are used chiefly in German laboratories, [and the former to a large
extent also in England].

Thymus broth: (Brieger).

1. Obtain the thymus from two or three calves directly after they are
slaughtered. Mince the glands finely and add an equal weight of distilled water.

Mix, and macerate for 12 hours. ;

2. Filter through muslin and squeeze out as much of the fluid as possible.
Add an equal volume of water to the cloudy viscous filtrate.

3. Make feebly alkaline with a 10 per cent. solution of sodium carbonate.

4. Heat to 100° C. for 15 minutes in the autoclave or steamer (a higher
temperature interferes with the properties of the medium).

Filter through a piece of fine linen. :

5. Distribute in sterile tubes.

Sterilize at 100° C. for 15 minutes on each of two successive days.

Some micro-organisms, such as the cholera vibrio, will only grow satisfactorily

on this medium provided that 5 or 6 times its volume of sterile water be added
just before use.

Serum broth. Blood broth.

These media are prepared by adding to tubes of ordinary sterile broth,
one-half, one-third or one-quarter their volume of blood-serum, ascitic
fluid, or blood collected under aseptic precautions (p. 45 and Chap. XIL.).

Achalme, in the preparation of blood broth, advises the use of a 1 per
cent. solution of commerecial heemoglobin instead of blood. The heemoglobin
must first be sterilized by filtration through a Kitasato’s filter (p. 25).

The preparation of these media will be more fully considered when dealing
with the Gonococcus and Pfeiffer’s bacillus.

On account of the difficulty of obtaining sterile blood, Bernstein and Epstein
recommend the following procedure for the preparation of blood broth: collect
400 c.c. of ox blood in g flask containing 30 c.c. of a 1 per cent. solution of ammonium
oxalate in distilled water and 05 c.c. of formalin; shake, and in half an hour
dilute the mixture with 3 volumes of normal saline solution. After standing for a day
or two at the temperature of the laboratory, distribute in agar or broth in the pro-
portion of 1 part to 15 of medium. The formalin is thus so highly diluted that it
does not interfere with the growth of micro-organisms. The Preumococcus, Gono-
coccus and Meningococcus all grow very well in this medium.

Carbohydrate broths.

These media are prepared by adding to beef broth, at the*same time as
the peptone and salt, 2-4 per cent. of one or other of the following carbo-
hydrates : glucose, saccharose, lactose, galactose, mannite, dulcite, maltose,
leevulose ; the preparation is completed as in the case of broth.
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[The use of carbohydrate media has been considerably extended in recent
years in connexion with the identification and differentiation of the various
members of the same group of micro-organisms, e.g. the differentiation of
members of the typhoid-colon group, the differentiation of the streptococci,
ete. (Gordon, Andrewes and Horder and others). For this purpose a medium
differing somewhat from that given above, and having the following com-
position, is in general use.

Peptone. - - - - - - - - 1-2 grams.
Water, - - - - - - - - - 100 c.c.
Test substance, - - - - - - - 1 gram.

Kahlbaum’s litmus solution. - = 1 "

[The test substance may be either a sugar, e.g. glucose, lactose, levulose,
saccharose, ete.—an alcohol, e.g. mannite, dulcite—or a glucoside, e.g. salicin,
coniferin, etc.

[Care must be taken to obtain guaranteed pure chemicals from reliable firms, and
an equal amount of care must be bestowed upon the sterilization of the media,
since it is well known that in the presence of water and under the influence of heat
many of these highly complex compounds undergo decomposition, often of the
nature of an hydrolysis. Filtration through a porcelain filter would seem to
be the best method of sterilization. After distribution into sterile tubes the latter
must be incubated for a few days and those showing any change rejected.]

Glycerin broth.

Add 5 per cent. or 50 grams per litre of pure glycerin to peptone-beef-
broth before distribution into tubes (Stage 7, p. 31).

Glycerin in the same proportion may also be added to the carbohydrate
broths prepared as above.

Carbonated broth.

Add calcium carbonate (2 per cent.) ! to lactose-, mannite-, glucose-, etc.,
broth before distributing into tubes (Stage 7, p 31).

Calcium carbonate is most frequently added to lactose-broth. When an organism
which ferments a given sugar is grown in a carbonated broth containing that sugar,
the acids formed by decomposition of the carbohydrate act on the chalk with the
formation of CO, and the evolution of a considerable quantity of gas.?

Milk.

Milk is used as a culture medium in several ways.

(A) Fresh milk, alkaline in reaction, is distributed in tubes (15-20 c.c.
per tube). }

The tubes are plugged with wool, and sterilized at 115° C. for 20 minutes.

This is the most simple method of preparation and suffices in the great
majority of cases; it is the method ordinarily employed. . g

[In England it is usual to add sufficient litmus solution to tint the milk
blue (p. 57), and to sterilize by steaming at 100° C. (Chap. I.). In our
experience it is a very difficult matter to sterilize milk by steam at 100° C.
in bulk ; it is much safer to tube the milk and then sterilize it.]

(B) Since a temperature of 115° C. alters to some extent the properties of
milk, it may be desirable for some purposes to sterilize at a lower tempera-
bure. .

In that case, after washing the cow’s udder with an antiseptic, the milker

[*In our experience 0'5 per cent., or even 025 per cent. of calcium carbonate is
sufficient. ] :

[2 It sometimes happens, however, that when an organism is grown in a litmus-sugar-
carbonate-broth, acid is formed as shown by the change in colour of the litmus but no
gas is evolved.]
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should sterilize his hands and then collect the milk as it leaves the udder in
sterile flasks. (For further details, see Chap. XIIL.)

Each flask is about three-parts filled, sealed in the flame, [or plugged with
sterile wool and covered with an india-rubber cap,] and heated in a water
bath at 60°-65° C. for eight days in the manner described on p. 12.

When sterilization is completed, the milk can be tubed into sterile tubes,
as described in connexion with the preparation of serum (p. 45).

(C) If the technique of the milking process can be relied upon, it will be
sufficient to fill as many tubes as are required, and to incubate them at 30° C.
for some days before using the milk as a culture medium. In spite of every
precaution some of the tubes will be contaminated, and any tube in which
the milk has clotted or which on microscopical examination shows the
presence of organisms must be rejected.

Urine.

Though urine was widely employed in the early days of bacteriology, it
has now almost ceased to be used as a culture medium.

(2) 1. Boil some recently passed urine.

2. If the reaction be markedly alkaline after boiling, add a little tartaric acid
solution, testing the reaction with litmus paper. .

8. Filter, tube and sterilize at 115° C.

The composition of the urine is distinctly altered by this proceeding, the urea
in solution being decomposed at the temperature of boiling water.

(b) It is better to sterilize by filtering through a Chamberland bougie (Chap. I.).

(¢) To collect urine in a sterile manner, and so avoid the necessity for steriliza-
tion with the attendant alteration in composition, proceed as in Chap. XII. (*‘Urine”’).

The urine which has been collected in a flask may be tubed by any of the methods
described for tubing serum (p. 45). Incubate the tubes at 37° C. for 48 hours,
and reject any which are then cloudy.

Serum.

Serum is obtained by allowing blood to clot spontaneously or from the
fluid of pleural effusions. It is used sometimes as a liquid but much more
commonly as a solid medium after being coagulated by heat.

The technique for the collection of serum will be studied under the head
of solid media (pp. 45 et seq.).

Blood.

Blood is frequently used as a culture medium.

To use it as a liquid medium coagulation must be prevented, and this
may best be done by defibrinating the blood. The blood is collected asepti-
cally (pp. 45 and 48 and Chap. XII.) in a sterile flask containing glass beads
and shaken for about 10 minutes, then aspirated into a [Cobbett’s bulb or]
Chamberland flask (pp. 45 and 47) and tubed.

Among the many substances which it has been suggested might be added to
blood to prevent coagulation, neutral sodium citrate and extract of leeches’ heads
may be mentioned.

By the sodium citrate method the blood is collected as it leaves the vein in a
flask or tube containing a certain quantity of the following sterile solution : water,
1000 c.c. ; sodium chloride, 8 grams ; sodium citrate, 15 grams.

Extract of leech heads is obtained by placing the heads in 75 per cent. alcohol
for 5 or 6 days. When hardened, the heads are dried and ground up in a mortar.
The powder is dissolved in distilled water (100 c.c. per head), boiled, filtered and
sterilized at 105° C. for 5 to 10 minutes. The extract is then introduced into
the tubes in which the blood is to be collected.

These last two methods are not so good as defibrination.
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2. Media made from vegetable tissues.

Vegetable infusions are but seldom used in practical bacteriology. The
most important of them, however, may be mentioned.

Malt extract.

1. Grind up 100 grams of germinated barley (malt), and add 1000 grams
of water.

2. Heat the mixture to 55°-58° C. for one hour: the starch is converted
into maltose by the diastase and a true beer wort obtained ; the tempera-
ture must not exceed 58° C., otherwise the diastase will be destroyed.

3. Boil. TFilter through Chardin paper.

4. Tube. Sterilize at 115° C.

Yeast extract.

Mix 100 grams of yeast with 1000 grams of water. Boil and filter through
Chardin paper.

Tube the slightly acid filtrate or pour it into a flask, and sterilize at
58 C:

The filtrate may be neutralized or made slightly alkaline by the careful addition
of normal soda solution before filtering. The addition of 5 per cent. cane sugar
or glucose before filtration increases the nutritive value of the extract. If the
extract is not clear when filtered, a little phosphoric acid ! may be added, and the
reaction brought back with lime water. Heat to 116°-117° C. for 5 minutes. Filter.
Tube. Sterilize at 115° C.

Spronck’s peptone yeast extract.
1. To 5 litres of water add 1000 grams of commercial yeast (not brewers’
east).
q 2. Boil the mixture for 20 minutes, stirring frequently, pour into cylindrical
vessels and leave for 24 hours.
3. Decant the cloudy liquid and add 5 grams of salt and 10 grams of
Witte’s peptone for each litre.
4. Neutralize exactly,and then make alkaline to the extent of 7 ¢.c. of normal
soda per litre. Boil. Filter through Chardin paper.?
5. Pour into flasks. Sterilize at 115°-120° C.

: Hay infusion. Straw infusion.

Macerate 15-20 grams of finely chopped hay or straw in 1000 grams of
water for 1 or 2 hours. Boil for a few minutes, filter, tube and sterilize
at 115° C.

The infusion which is sometimes a little acid may be neutralized in the
ordinary way.

Potato infusion.

Clean and scrape a few potatoes; add a litre of water to each 20-30
grams of pulp. Leave to stand for 3 or 4 hours. Decant. Boil the
supernatant fluid. Filter. Tube. Sterilize. The infusion is often acid
and can be neutralized before filtration.

Infusion of carrot is prepared in a similar manner.

Haricot decoction.
1. Macerate 50-60 grams of white haricot beans in a litre of water for
several hours in the cold.

1 Specific gravity 1-349, and containing 394 grams of anhydrous acid per cent.

2]f the yeast contain meal the filtered liquid remains slightly cloudy, but this is of
no consequence.
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2. Boil for half an hour.
8. Pour on to a coarse sieve, collect the liquid, and add to it 1 per cent.

salt, 2 per cent. ordinary sugar and a pinch of sodium bicarbonate. Boil.
Filter through paper. .

4, Tube. Sterilize at 115° C.
This medium is used by Mazé for the cultivation of the micro-organism

found in the nodules of leguminous plants.

Decoction of dried fruits.

1. Macerate 50-100 grams of dried fruits (prunes or raisins) in a litre
of water for several hours. Then stew them in the water.

2. Pass through a coarse sieve.

3. Boil. Filter.

4. Tube. Sterilize at 115° C.

The liquid is slightly acid and is useful for cultivating moulds. For other
purposes neutralize with soda solution before boiling (Stage 3).

Wine.
Wine was much used by Pasteur in his early work, but is now hardly
ever seen in the laboratory. Before sterilizing, neutralize or make slightly
alkaline with soda solution in the ordinary way.

3. Synthetic media.

These media, though seldom used in everyday work, have been employed
for the study of certain problems in the biology of micro-organisms.

The formulee of the best known are given below. Some others will be
described in connexion with the organisms in the study of which they have

been employed.
Pasteur’s medium.

Water, - - - - - - - - - - 109 grams.
Candied sugar, - - 5 g - - . - LA
Ammonium tartrate. - - - - - - - 0°10 gram.
Ash of yeast, - - - - - - - - - 0075 ,,

Boil. Filter. Tube. Sterilize. The reaction is alkaline.

Raulin’s medium.
Water, - L 4 . . » - - - - 1500 grams.
Candied sugar, - - - - = »
Tartaric acid, - -
Ammonium nitrate, -
Ammontium phosphate,
Potassium carbonate, -
Magnesium carbonate, -
Ammonium sulphate, - - - - - -
Zine sulphate, - - - - - - -
Sulphate of iron, - - - - - -
Potassium silicate, - -

Prepare as in the case of Pasteur 8 medlum
The reactionis acid. This medium was used by Raulin in his well-known

work on Aspergillus niger.

:

-1
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Cohn’s medium.

Distilled water, - - - - - - - - 200 grams.
Ammonium tartrate, i e % . B - - 2 WY
Potassium phosphate, - - - - - - - 1 gram
Magnesium sulphate, - H . . - - - 1
Tricalcium phosphate, - - - - - 0 10 5

Prepare as in the case of Pasteur’s medlum The reaction is alkaline.
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Negeli’s medium.
Water, - - - - - - - - - - 1000 grama.
Ammonium tartrate, - - - - 10

(2]

Potassium phosphate, - - - - 1. gram.
Magnesium sulphate, - - - - 02 -,
Calcium chloride, - - - - - - - - 0125,
Prepare as above.
Uschinsky’s medium.

Distilled water, - - - - - - 1009 c.c.
Glycerin, - - - - - - - - 30 grams.
Sodium chloride, - - - - - - 5 §J
Calcium chloride, - - - - - - 0-1 gram.
Magnesium sulphate, - - - Q=5
Di-potassium phosphate, - - - 2 grams.

Ammonium lactate, - : - ‘. J o, - 6 ~
Potassium aspartate, - - < 5 ¢ 2 5 3 ¥
The method of preparation is the same as in the other cases. This medium
was used by Uschinsky in his work on diphtheria toxin.

SECTION II.—SOLID MEDIA.

The introduction of solid media into practical bacteriology is due to
Schreeter and especially to Koch. The commonest are transparent media,
prepared by adding to broth substances capable of making it solid at ordinary
temperatures ; but albumins coagulated by heat (serum, egg, ete.), meat
and certain vegetable media are also used.

1. Gelatin media.

Gelatin media are in very general use, and several different sorts are
prepared.

General rules.—1. Use extra quality French gelatin, which is sold in thin
rectangular sheets weighing about 2'5 grams each. (Ordinary commercial
gelatin loses its property of- solidifying if heated above 102°-105° C. and
sterilization must therefore be effected at 100° C.; this introduces an
unnecessary complication into the preparation of the medium.)

2. Gelatin is very acid, and the medium must be neutralized after adding
it to the other constituents, but the addition of alkali must be stopped at the
neutral point or when the reaction is very slightly alkaline, because gelatin
will not solidify after being heated in alkaline solution.

8. Ordinary gelatin media liquefy at 25° C., and can therefore only be
used when the temperature of incubation is not to exceed 20°-23° C.

Ordinary gelatin.

This medium is generally known simply as gelatin.

Method recommended.—Proceed as in the preparation of broth.

1, 2 and 8. Macerate 500 grams of lean beef in a litre of water, heat, express
the fluid, filter while hot and make up the volume to a litre.

4, To this broth add

Peptone (Chapoteaut), - - - - - 10 grams.

Salt, - by ¥ 3 - - - X - 3 Lo )
Sodium phosphate, - - - - - - a pinch (not essential).
Extra quality gelatin, - - - - 80-150 grams.

The amount of gelatin required varies according to the time of year: in
winter 8 per cent. (80 grams per litre) is sufficient, but in summer as much as
10 to 15 per cent. is necessary—say 120 grams per litre.
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Warm the mixture at a gentle heat in an enamelled saucepan, stirring
constantly to prevent the gelatin sticking to the bottom. When the gelatin
is dissolved, boil for two or three minutes.

5. The medium is now very acid ; add soda solution carefully, testing the
reaction with litmus paper after each addition. The end reaction should be

neutral or very slightly alkaline.
6. Autoclave for 5 minutes at 115° C. in a flask or enamelled vessel, to

precipitate earthy phosphates.

7. On taking out of the autoclave pour the hot fluid on to a moistened
Chardin paper fixed in a hot water funnel : the filtration must be done in
the warm, otherwise the gelatin will solidify before it
has filtered.

A more simple method consists in filtering through a
glass funnel fitted into a flat-bottomed flask, the flask and
funnel being placed in the autoclave [or steamer], which is
heated to 100° C. Filtration is quite easy under these con-
ditions.

Hot water funnel.—This piece of apparatus consists of a
copper funnel mounted on legs (fig. 32), and lined by a second
—glass—funnel, the delivery tube of which, passing through
the neck of the metal funnel, is made to fit it closely with an
india-rubber bung. Pour water into the space between the
two funnels through a small lateral opening provided for the
purpose, and heat the apparatus by means of a Bunsen
burner placed beneath a side tube projecting from the lower
part of the metal funnel. The temperature should not be
raised to boiling point, otherwise the water will be driven
: out through the inlet tube. Heat the funnel before pouring

alf the gelatin on it. Several patterns of this apparatus are
e L3 32f.um]119(1).t b made; one useful form is that in which the metal funnel has
two metal walls, and the glass funnel fits inside the inner wall.

8. Collect the filtered liquid in a flask and tube it at once—before it has
had time to solidify—in quantities of 10-~15 c.c. in each tube.

A small glass funnel should always be used for tubing to avoid soiling the mouth
of the tubes, as has been already explained (p. 32).

The medium should be perfectly clear.

9. Plug the tubes: sterilize at 110° C. for 20 minutes, taking care that
the temperature does not reach 115° C. [Sterilization may be effected
equally by heating in the steamer to 100° C. for 20 minutes on each of three
successive days.]

Notes.—(a) Gelatin prepared in this way is quite clear and absolutely trans-
parent. If the liquid be slightly cloudy after filtering, add the white of an egg
beaten up in 50 to 100 c.c. of water, mix thoroughly and autoclave for 5 minutes
at 115° C.; then after filtering through Chardin paper the mixture is perfectly
clear. It is advised that this method be employed as seldom as possible as it is
not without influence on the melting point of the gelatin.

(b) The low temperature at which gelatin melts (23°-25° C.) being a disadvantage
in the use of the medium, bacteriologists have attempted to raise the melting point
by modifying the method of preparation. Many of these modifications seem to
be of no practical value: the author has never found any advantage in using car-
bonate of soda for neutralization as recommended by Bertarelli, and similarly
Roux’s method of sterilization at 100° C. on several successive occasions appears
uselessly to complicate the preparation of the medium without offering any cor-
responding advantage. :

By following the instructions given above, and provided that (1) a good quality
of gelatin be used, (2) neutralization be stopped at the neutral point or when the
liquid is very slightly alkaline, and (3) a temperature of 115° C. be never exceeded,
a 10 per cent. gelatin is easily obtained which does not melt below 25° C.; and
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by raising the gelatin content to 15 per cent. the medium will remain solid at
summer temperature.

An important point is to cool the tubes rapidly on taking them out of the auto-
clave, and to store them in a cold place as recommended by Abba. .

Fischer’s gelatin.

For the cultivation of phosphorescent bacteria Fischer recommends a
gelatin very rich in sodium chloride. To a litre of meat extract prepared
as above add

Peptone (Chapoteaut), - - - - - - - 10 grams.
Salt, - - - - - - - - - - 30 =
Gelatin (extra quality), - - - - - 80-120 i

Dissolve, and proceed as in the preparation of ordinary gelatin.

Liebig’s gelatin.

Dissolve 5 grams of Liebig’s extract [Lemco] in 1000 grams of water (add
if necessary 10 grams of peptone, and 5 grams of salt), then add 100 grams
of gelatin, dissolve, and boil for 2 or 3 minutes. Néutralize and complete
the preparation as for ordinary gelatin.

Buchner’s gelatin.
1. Dissolve with heat in a litre of water

Gelatin (extra quality), - - - 100 grams.

Cane sugar, - - - o Sy sy 4 20 5

Liebig’s extract [Lemco], - - - - - 5 5

Dry peptone, - - - - - - - 2 5 58
2. To the solution add

Tricalcium phosphate, - - - - - 5 grams.

3. Boil for a few minutes, heat to 115° C., filter and proceed in the ordinary
way.
Raisin gelatin.
1. Make a decoction as described on p. 38, consisting of 250 grams of dried

raisins in a litre of water.
2. Filter, then add 100 grams of gelatin and a pinch of sodium phosphate. Boil
for 2 or 3 minutes. Neutralize and finish as usual.

Elsner’s potato medium

1. Take 500 grams of potatoes, peel and grate them.

2. Macerate the pulp in a litre of water for 3 or 4 hours.

3. Strain. Stand overnight. Decant the fluid.

4. Make up the volume of fluid to a litre, and dissolve in it with gentle
heat 15 to 20 per cent. (150 to 200 grams) of gelatin. Boil for a few
minutes. ;

5. The fluid is now very acid. Add normal soda solution until the
reaction is feebly but still distinctly acid.

6. Heat to 115° C. for 5 minutes. Filter and complete the preparation
in the ordinary way. _
3 Choquet’s gelatin.

Choquet recommends the two following media for the cultivation of the
micro-organisms concerned in dental caries.

1. Meat extract, - - - - - - - - 500 c.c.
Gelatin (extra quality white), - - - - - - 3§ grams.

Peptone (Chapoteaut), - - - = - % - 5 %
Calcium glycero-phosphate, - - s E = = 5 o
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2. Meat extract, - - - - - - - - 500 c.c.

Peptone, 5 i 3 : 3 3 - e - 5 grams.
Gelatin, - - g £ Y Y 2 4 85t
Calcium phosphate - - - E s 2 4 50 3
Magnesium phosphate, - - - - 2 = = 5 4
Caleium carbonate, - - - - 10 =

Dissolve the gelatin and peptone in the meat extract : heat in the auto-
clave and filter in the ordinary way. After filtration and before dlstrlbutlng
in tubes add the calcium and magnesium salts.

2. Agar media.

Agar-agar is derived from a sea-weed growing in the Indian Ocean, and
in commerce occurs as dried fibrous strands.

When agar is boiled with water it forms a firm jelly which does not melt
below 90° C. Agar is therefore substituted for gelatin whenever a solid
medium is required for incubation above 25° C.

The preparation of agar media is tedious because agar readily forms with
water a thick jelly which is difficult to filter. This difficulty is overcome by
altering the properties of the agar by prolonged boiling or by chemical
action, e.g. the addition of acid.

Another difficulty arises from the fact that agar is always cloudy if not
cleared with albumen, and even then it is sometimes opalescent.

Ordinary Agar.

An agar medium prepared according to the method now to be described
is generally spoken of as agar, and the word will be so used in this book.

Preparation of Agar.

[A. Method recommended.—1. Weigh out 30 grams of agar fibre, turn it
into a 2-litre flask and fill the flask nearly full of tap water, then add 10 c.c.
of a 2 per cent. solution of acetic acid and stir well with a glass rod.

[2. Leave the agar to soak for 10 minutes, then put a large funnel into the
flask, stand the funnel under the cold water tap and wash the agar in running
water until the washings are neutral to litmus paper (10 minutes).

[3. While preparing the agar, stand a flask containing a litre of broth in
the steamer and heat to 100° C.

[4. Add the washed agar to the hot broth.

[5. Heat the mixture in the steamer at 100° C. until the agar is dissolved
{20 minutes).

[6. The medium is now a little acid. Neutralize with a 10 per cent. solution
of caustic soda (about 1 c.c.) and allow the contents of the flask to cool to
50°-60° C.

[7. Beat up the white of two eggs in a beaker, and add to the cooled agar.
Mix thoroughly.

[8. Heat the mixture in the steamer at 100° C. until the egg-albumin is
coagulated, and until on holding up the flask to the light the agar is clear (£-1
hour). At the same time put into the steamer a Chardin filter paper arranged
in a funnel, the latter standing in a sterile flask.

[9. When the medium is clear—there will nearly always be lumps of coagu-
lated albumin floating about in the agar—pour it on to the hot filter in the
steamer. The filter must not be taken out of the steamer, and the medium
should be poured down the sides of the filter paper.

[10. Place the lid on the steamer, and maintain the heat until the medium
has all filtered through (15 minutes).
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[11. Tube, and sterilize for 30 minutes at 100°C. on two successive
days. Slope (see B. 9 infra).

[This method always gives a perfectly clear, transparent and very slightly
opalescent medium. The yield is very approximately 100 per cent.—that is
to say that from a litre of broth rather more than a litre of agar is obtained.
No trouble is ever experienced in getting the agar to adhere to the walls of
the tubes.

[If the autoclave be used the medium is generally of a brownish colour
from over-heating, and it is sometimes difficult to get the medium to stand
up in the tubes.]

B. Another method, which is also recommended, is as follows :

1. Prepare a peptone-beef-broth, according to the instructions given on
p- 30, up to and including Stage 5.

2. To this broth add 20 grams (2 per cent.) of agar cut up into small
pieces. The agar should be swollen by soaking in cold water for an hour
or two, and then wrung out in a cloth before being added to the
broth.

8. Heat the mixture to 100° C. in an enamelled saucepan, and keep it at
this temperature until the agar is dissolved (about half an hour), stirring
all the time.

4. Test the reaction, which should be neutral or faintly alkaline. If
heated in presence of acid, agar becomes converted into sugar.

5. Cool to 55° or 60° C. and add the white of an egg beaten up in 100 grams
of water. Mix thoroughly.

6. Autoclave for an hour at 120°C. The albumin is coagulated and
carries down the impurities with it.

7. Pour the liquid while still hot on to a moistened Chardin paper arranged
in a hot water funnel. Cover the funnel with a glass plate.

8. Collect the liquid as it filters in a previously sterilized flask, and tube
at once. This must be done as quickly as possible as agar sets about 40° C,,
and a funnel as usual should be used in tubing it to prevent the medium
soiling the mouths of the tubes. Each tube should contain 8 to 10 c.c.

9. Sterilize at 115° €. for 20 minutes. After sterilization and while the
medium is still hot, slope the tubes on some such piece of apparatus as that
pictured on p. 52, so that the agar solidifies with a sloped surface. Leave the
tubes in this position for 36 hours.

Some bacteriologists recommend the addition of a small quantity of an aqueous
solution of gum arabic to the agar, to prevent the thin upper part becoming detached
from the wall of the tube when it is placed vertically. But gum arabic makes the
medium distinctly cloudy, and does not appear to effect the purpose for which it
is added.

If the method of preparation described be followed step by step, the agar will
be found to adhere sufficiently well. Gelatin to the amount of 20 grams per litre
may be added as recommended by Nicolle.

Modification.—Filtration may be accomplished in the following manner,
even more easily than by the above method. ? :

Before adding the agar to the broth (Stage 2) leave it to soak in 6 per
cent. hydrochloric acid (water, 500 : HCI, 30) for 24 hours, and wash in a
large quantity of water. Then soak in a 5 per cent. solution of ammonia
(water, 500 : ammonia, 25) for some hours, wash in a large quantity of
water, and squeeze the agar dry in a cloth. The agar is now ready to add
to the broth, and the further steps are as described. The resulting jelly
does not adhere well to the walls of the tubes, and the process cannot be

recommended.
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Karlinski’s filter.—To facilitate filtration, Karlinski has devised an apparatus in which
the agar is filtered under pressure. A water-jacketed copper vessel heated bzlow by a
ring Bunsen is fitted with a copper cylinder, the bottom of which shaped like a funnel
and terminating in a delivery tube fitted with a tap is covered with a layer of absorbent
wool. The agar is poured on to the wool, and the upper opening is hermetically sealed
by means of a cover through which the tube of an india-rubber syringe passes. When
the ball of the syringe is squeezed, the air in the apparatus above the agar is compressed
and forces the agar through the wool. This ingenious piece of apparatus does not appear
essential because if the agar be prepared in either of the ways deseribed no difficulty will
be experienced in filtering through Chardin paper.

Fischer’s method.—Fischer proposes to overcome the difficulty of filtration as follows.
Plug the narrow end of a funnel with an ordinary cork, and pour the agar into the funnel
at once on taking it out of the autoclave. Allow to cool. The solid particles which
cause the cloudiness settle to the bottom of the funnel. When the agar is set the jelly
is turned out whole and the opaque conical part cut off with a knife. Cut up the remainder
into small pieces and put into tubes. Plug and sterilize the tubes. The resulting agar
is always opaque.

Malm’s Agar.

Add 2 per cent. of agar to Liebig’s or Cibils’ broth (p. 34) Proceed as for

ordinary agar.
Peptone-agar (Salomonsen).

1. Make a broth with

Water, - - - - - - - - - - 1000 grams.
Liebig’s extract, - - - - 2 e . £ 5 e
Peptone, - - - - - - 5 3 2 30 A
Cune sugar, - - 4 3 . . d - 5 -

If necessary add a little alkah
2. Dissolve 15 grams of agar in the broth, and proceed as above.

Glycerin-agar.

Add 2 per cent. of agar to glycerin broth (p. 35), and proceed in the
ordinary way.

Glucose-glycerin-agar.

Prepare a glucose broth (p. 34), and after neutralization add 5 per cent.
neutral glycerin and 2 per cent. agar. Complete the preparation in the
usual manner.

Gelatin-agar.

By mixing agar and gelatin a medium is obtained the melting point of
which lies between that of agar and that of gelatin. In warm climates, in
the summer, agar-gelatin may be used in place of gelatin. But it must be
borne in mind that the cultural characteristics of micro-organisms are far
from being identical on the two media. Gelatin-agar is prepared as
follows.

1. To 1000 grams of peptone-broth add

Gelatin, - . 4 B - 80 grams.

Agar, - - - - - - - - - - 5 Ly
or

Gelatin, - - - - - - - - - 50 grams.

Aga‘r 7 ¥ i ¥ i % % = 39

Dissolve the gelatln in the broth, neutrahze and then add the agar.
2. Complete the preparation as in the case of ordinary agar, but ‘at Stage b
do not let the temperature exceed 115° C.

Iceland moss.

Some workers use Iceland moss (Lichen crispus) in place of agar, but this sub-
stitution cannot be recommended.
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3. Media made from albuminous fluids and tissues.

Serum.

Serum is the liquid which separates when blood has clotted. In bacteriology
bovine, sheep and horse serum are principally used. Serum is most frequently
used after coagulation by heat, very rarely in the liquid condition.

An important point about serum media is that they should be almost
transparent, hence they cannot be heated to a high temperature because
they coagulate en masse and become opaque. Liquid serum ought not to
be heated above 56° or 58°C., and to preserve its transparency solidified
serum should be coagulated at about 70° C.

Serum cannot therefore be sterilized in the ordinary way.

Either (a) it must be sterilized by pasteurization combined with tyn-
dallization (Koch’s method) or by filtration through a bougie : or (b) since
the blood in the body is sterile, a sterile medium can be obtained if care be
taken to avoid introducing contaminations while collecting the blood and
drawing off the serum (Roux and Nocard’s method).

Collection of serum.
1. In the slaughter-house.

[A. Method recommended.—When the blood is collected in the slaughter-
house, the following is a simple method of proceeding.

[1. When the carotid is severed discard the first spurt of blood, then take
the plug out of a sterile 2-litre flask and hold it so that the blood pours
into the open mouth : collect enough blood to three-parts fill the flask:
replace the plug. Collect as many flasks of blood as are required.

[2. On reaching the laboratory place the flask on a cork ring, inclining it
as much as possible. Take out the wool plug, burn the mouth of the flask
with a Bunsen burner both inside and outside and plug the flask at once
with clean wool ready sterilized and wrapped in paper. Then stand the
flask vertically, shaking it as little as possible.
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FIG. 33.—Cobbett’s bulb as used for decanting serum.

[8. When the clot has formed and the serum separated, tilt the flask again
—the clot should adhere to the bottom—and introduce a piece of glass
tubing connected to a Cobbett’s bulb (fig. 33).
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[The glass tubing is a piece of ordinary-sized glass tubing bent near the
end into an obtuse angle and sealed. About half a centimetre from the
sealed end a small hole is blown into it through which the serum enters.
This is connected with the Cobbett’s bulb by a fairly long piece of india-
rubber tubing.

[4. By aspirating through the plugged tubulure the serum can be drawn
into the bulb. When the bulb is nearly full, clip
the tubing between the flask and the bulb.

[5. Remove the test-tube enclosing the delivery-
tube, and by releasing the clip above it draw oft
the serum into test-tubes.

[6. Coagulate the serum (p. 51).

{7. Incubate the tubes for 48 hours and reject
those which show any growth.]

[For many purposes, e.g. the cultivation of the
diphtheria bacillus, the serum may be further
sterilized after coagulation by heating it to 100° C.
in the steamer (Chap. I.).

[If the serum be wanted in the liquid form for

F16. 34.— Chamberland distri- SN A e
badng taie: future use, 1t 1s best to distribute it in small quan-

tities into tubes, to heat it to 55°-60°C. in the water
bath for some time, and then to add a drop or two of chloroform to each
tube with a sterile pipette. The chloroform is readily driven off subsequently
by heating the tubes to 40—45° C.]

B. Koch’s method. Apparatus required.—Prepare beforehand :

1. Three or four large covered glass dishes each consisting of two halves
fitting one into the other, and capable of holding 2 litres.

Wrap the dishes in paper and sterilize them in the hot F
air sterilizer at 180° C. The temperature must be raised
slowly to avoid cracking the glass.

2. Chamberland distributing flasks (fig. 34).

Wash and dry the flasks, carefully seal the pointed
tubulure A in the flame, plug the other tubulure B with
wool between the constrictions, and sterilize at 180° C.

3. Half-litre flasks with long necks (fig. 35). Plug and
sterilize at 180° C.

4. Sterile plugged test-tubes.

Technique.—1. Collect the blood at the slaughter-house,
preferably in cool weather, in the sterilized glass dishes.
To collect the blood remove the dishes from their paper
wrappings, and when the beast is being bled, after letting
the blood which first issues flow away, raise the cover of
one of them and collect enough blood to fill it three-parts
full : then replace the cover. Several dishes should be filled
in the same way.

2. Put the dishes containing the blood in a cool place,
but not in the ice chest, because haemolysis may occur and  Frc. 35.—Flask with
so impart a red colour to the serum. T e e

3. After about 36 hours the clot will have formed and
shrunk leaving the serum as a clear fluid on top. Break off the fine point
of a Chamberland flask (fig. 34), pass it through the flame of a spirit lamp
and avoiding all sources of contamination as far as possible aspirate the-
serum into the flask. Seal the point in the flame.
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Modification recommended.—A better yield of serum is obtained if instead of
collecting the blood in glass dishes Latapie’s apparatus be used (p. 50). For the
present purpose the tube a (fig. 40) is replaced by a sterile funnel by means of which
the blood is collected as it spurts from the severed vessel. When the bottle is half-
filled, the funnel is taken out and an india-rubber plug put in its place. The further
steps are described at p. 50.

The serum is sterilized in the following manner :

4, Take the Chamberland flasks containing the serum to the laboratory.
In spite of the precautions taken the serum will be certain to be more or
less contaminated, and must therefore be sterilized. Distribute it first into
flasks with long necks thus : flame the mouth of the flask in a Bunsen burner
and remove the cotton-wool plug : break off the eapillary point of the tubulure
on the Chamberland flask, pass the broken end through the flame, and intro-
duce it some distance into the neck of the other flask; then by blowing
through the tube B the serum can be transferred to the other flask. Mean-
while the wool plug of this flask is held between the thumb and index finger
of the left hand.

5. The flask being about three-parts filled, its wool plug is removed and
the neck heated in the blow-pipe and sealed a few centimetres from the
bulb. Asmany flasks are used as are necessary to contain the serum collected.

6. The flasks after filling and sealing are heated in a water bath, as already
described (p. 12), to 56° or 58° C. for one hour on eight consecutive days.

%. When sterilized the serum has to be distributed. A mark is made on
the neck of the flask with a glass cutter near the sealed end and to this scratch
the end of a very hot glass rod is applied :
this cracks the glass and the crack is ex-
tended by touching the end of it with the
heated glass rod. The two ends of the
fracture soon join, and with a gentle tap
the end of the neck which was sealed in the
flame can be easily separated and the flask
opened.

Place the flask B on a cork ring E so that
the neck is as nearly horizontal as possible.

Flame the pointed tubulure of a sterile
Chamberland flask A in a Bunsen, break off
the end with sterile forceps and insert the
tube into the flask so as to almost touch
the clot D, and aspirate the serum C.
Discard the top layer of serum because N S
having been in contact with the air, it may
possibly be contaminated by dust (fig. 36).

8. By means of the Chamberland flask, distribute the serum in sterile tubes,
passing the mouth of each tube rapidly through the flame before taking out
the wool plug, and flaming also the pointed tubulure of the Chamberland.
Pass the tapering end well into the test-tube, and pour about 10 c.c. into each.
Replace the plug in the tube. .

The serum is now ready either for coagulation or for use in the liquid state
(in the latter case it should be first incubated for 48 hours at 30° C.).

If the serum is to be set this should be done as soon as possible, for should
any organisms have gained access to the tubes during filling, the heat of
coagulation will very probably destroy them.

Fi1¢. 36.—Distribution of serum.

Note.—The serum may be sterilized by filtration instead of by heat ; but filtra-
tion of serum is a long and tedious operation, and usually a troublesome one, as the
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serum froths considerably as it comes through the bougie. If filtration be decided
upon, a Berkefeld bougie through which the serum passes much more readily than
through the finer Chamberland F type should be used. The technique is described
at pp. 18 et seq.

To facilitate the filtration of serum Miquel has devised an apparatus which works
at 40° C. The serum is poured into a cylindrical vessel containing a filtering bougie.
The cylinder with its contained bougie is placed in a double-walled vessel heated below
by a gas burner on which a regulator is placed. The bougie is connected by means
of india-rubber tubing to a conical flask with a tubulure attached to a water pump.
Before use the flask is sterilized in the hot air sterilizer and the bougie and rubber con-
nexions in the autoclave. The side tube of the flask should be plugged with wool.

2. From a living animal.

[A. Method recommended.—When a living animal—horse or bovine—is
available, the technique will be as follows.

[1. Take three or four large (2-3-litre) sterile Jena flasks.

[2. Prepare a trocar—Sivori’s pattern (fig. 38, p. 49) is very suitable—thus:
to the side tube attach a fairly long piece of india-rubber tubing, and to the
other end of the latter connect a piece of straight glass tubing long enough
to reach from the mouth to the bottom of the flask. Boil the apparatus
for an hour.

[8. Take the trocar out of the water with a pair of sterile forceps, pass it
between the neck and the plug of one of the sterile flasks, and then wrap
the plug well round it. Pass the glass tube well down into the flask in the
same way.

[4. Cleanse the skin of the neck of the animal, and pass the trocar into
the jugular vein as described at p. 49.

[5. When the flask is about two-thirds filled, pinch the rubber tubing, get
an assistant to withdraw the glass tubing and pass it as in (8) into a second
flask. Release the pressure on the tubing, and fill the second, and in the
same way the third and fourth flasks. Care must be taken when withdrawing
the trocar in the first instance, and the glass tube later, that the wool plug
is so arranged that no air channel is left.

[6. Take the flasks of blood to the laboratory and stand them vertically.
If any of the plugs be soiled with blood or do not fit well replace them
with sterile wool (see A. 2 p. 45).

[7. When the clot has formed and the serum separated, proceed asin A p. 45.

[8. The serum should be sterile, but as a precautionary measure a little

chloroform may be added to it or it may be heated to 55°-60° C. for an
hour.]

B. Roux and Nocard’s method. Recommended.This method has the
advantage of furnishing a much clearer serum and a medium more favourable

i e s e a)
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F16. 37.—Nocard’s trocar.

for growth than Koch’s, and should therefore be adopted in preference to the
latter whenever possible.

Instruments required.—1. A Nocard’s trocar (fig. 37) on to the cannula of
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which, when the trocar is withdrawn, a metal adjustment can be fitted ;
this carries a piece of red rubber tubing about 50 cm. long, to which is
attached a piece of glass tubing 15 cm. long bevelled at its free end.

The trocar and the rubber tube with its appendices are wrapped separately
in filter paper and autoclaved.

Sivori’s trocar (fig. 38) may with advantage be employed instead of Nocard’s ;
it is provided with a lateral tube E to which the rubber tubing is attached. The
trocar with tubing attached can be sterilized as a single piece of apparatus, and the
blood collected directly, thus avoiding any risk of contamination.

F16. 38.—8ivori’s trocar.

M, handle ; C, shoulder into which the conical part AB fits hermetically, so
that the blood flows up the cannula D, and passes out through E.

2. A pair of sterile scissors curved on the flat and a sterile bistoury.

8. One or two wide-mouthed bottles of 3 litres capacity.

The bottles are washed and dried, and the mouth of each covered with two
or three folds of paper which is tied down round the neck with string ; over
this another similar but larger covering is fastened with string in a similar
manner, so that it can be removed without interfering with the cover beneath
(fig. 39). The bottles must be sterilized in the hot air sterilizer.

4. Some sterile Chamberland flasks and test-tubes.

Technique.—As a rule, blood is taken from an horse or an ass while the
animal is standing. If necessary its eyes can be covered and the animal can
be held with a twitch. If it is proposed to bleed a
bovine animal, it will be best to throw it on a
table such as is used for vaccination inoculations.!
The animal, whichever species is used, should be
fasting.

1. Proceed as for bleeding from the jugular vein.
Sterilize the skin. Press the vein at the root of
the neck to render it prominent, and make a small
longitudinal incision through the skin with a bistoury
along the line of the vessel on the distal side of the
point of compression.

2. Introduce the trocar through the incision and
push it through the sub-cutaneous tissues for a
distance of about 2 cm., then pierce the vein and
push the trocar into it in the direction of its long

axis, =
3. The cannula is now in place; withdraw the = A J:‘—“T;__

trocar, and attach the metal adjustment carrying e

the rubber tube. Meanwhile an assistant com-  F16.39.-Bottleforcollecting

presses the vein above to prevent blood entering  Part of the outer cover has

the cannula. This must be done quickly. Yepuartinsied SR tharsend
4. The rubber tube being attached, pinch it firmly :

between the thumb and index finger of the left hand. The assistant releases

the pressure on the vein above the cannula, but maintains the pressure on

the cardiac side.

[*In our experience it has never been necessary to throw a bovine animal: adults
usually stand quite guietly.]
D
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5. A second assistant hands the sterile bottle, loosens and removes the
outer covering, and perforates the inner cover with the glass tube attached
to the rubber tube. Now release the pressure on the rubber tubing, and
blood will flow into the bottle.

When the first bottle is three-parts filled, stop the flow of blood by pinching
the rubber tubing; the assistant then withdraws the glass tubing from the
bottle and covers the mouth as quickly as possible with the paper cap and
fastens it round the neck. Fill a second bottle in the same way.

5 to 6 litres of blood can be taken from an horse without harm, but 3 litres
is sufficient to take from a young heifer.

6. Place the bottles in a cool place for 36 hours. The serum, which is
transparent and of a beautiful pale yellow colour, will then be floating on
the surface. Decant the serum from the clot with a Chamberland flask [or
Cobbett’s bulb], being careful not to contaminate it, and distribute it at once
in sterile tubes as described above (pp. 45 and 47).

C. Latapie’s apparatus. Recommended.—The technique of Roux and

Nocard’s method is simplified by using this apparatus. All contamination

is avoided, and a yield of about 700 c.c. of serum per

f litre of blood is obtained instead of 400-450 c.c. by the
ordinary method.

Description.—The apparatus (fig. 40) consists of a
wide-mouthed bottle F capable of holding several
litres, and plugged with an india-rubber plug B per-
forated with three holes. A number of glass tubes (¢)
open at both ends and perforated with several holes
laterally, is put into the bottle. Three pieces of glass
tubing are passed through the india-rubber plug.
Through one (@) the blood enters the bottle, a piece
of rubber tubing connecting it with the cannula. The
tube b is simply to allow access of air to the interior ;
it is plugged above with wool, while the other end
extends some distance into the bottle and is bent in
the form of an U. Lastly, the tube ¢ serves for the
collection of the serum : its lower end also bent in an
U-shape reaches a few cm. below the plug, while its

F1G. 40.—Latapie’s ap- 4 3
paratus, in which to collect upper end is attached by means of a piece of rubber

blood for serum from large

antmals (horse or hovine.. tubing to a piece of glass tube drawn out and sealed

in the flame. A clip can be placed on the rubber con-

nexion p to disconnect the two pieces of glass tubing. Finally, the apparatus
is arranged in a special support (not pictured in the figure) which allows
the bottle to be inclined so that the neck points upwards or downwards
at will.l

Technique.—1. Sterilize the apparatus in the autoclave. Moisten the
wool in the tube b, wrap the bottle in filter paper, and raise the temperature
slowly. After sterilization allow to cool, and then lute the plug with paraffin.

2. Puncture the vein as in Roux and Nocard’s method, and connect the
cannula to the tube a. The bottle must not be more than half-filled and
the blood must not reach to the level of the air tube b. The flow of blood is
stopped by clipping the tube a. (The bottle is of course held with the neck
up during this part of the operation.)

8. Leave for 12 hours or more until the blood has clotted.

! In Chapter XII. an apparatus, designed by the same observer, for the collection of blood
from small animals will be described.
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4. When the clot has formed and shrunk from the pieces of glass tubing,
invert the bottle gently in its support so that the neck is the lowest part.
The serum will then run down into the neck.

5. Clip the tubing at p, break off the pointed end of the glass tubing, and
plunge it into the sterile flask in which the serum is to be collected : loosen
the clip, and the serum will flow out. By means of the clip the rate of flow
can be altered at will or entirely stopped.

The opening of ¢ within the bottle being a little distance from the plug, a small quantity
of serum containing red cells remains in the bottle; the bend in the tube prevents these
cells from being drawn off with the serum.

Coagulation of serum.

Serum is coagulated by heat. In order that it may retain its transparency,
the temperature during coagulation must not exceed 68°-70° C., and to
completely solidify the serum it must be kept at-this temperature for
2 or 3 hours. :

The tubes containing the liquid serum are sloped as in the case of agar.
Coagulation is generally effected in a modified form of the apparatus devised
by Koch [e.g. in an Hearson’s serum coagulator.] ;

[Hearson’s serum coagulator.—In construction and in some models in
appearance Hearson’s serum coagulator (fig. 41) is the same as Hearson’s

Fi6. 41 —Hearson’s apparatus for the coagulation of serum.

warm (37° C.) incubator (p. 61), but in the former the capsule is constructed
to work at higher temperatures such as are suitable for the coagulation of
serum. Special holders are also supplied which retain the tubes in a slant-
ing position. To maintain a saturated atmosphere, dishes of water or wet
cloths can be placed on the floor of the coagulator.]

Koch’s apparatus consists of a double-walled rectangular copper box supported
on legs, by means of which the angle which it subtends with the horizon can be
altered at will. The space between the walls is filled with water, and the floor of
the apparatus is covered with a thin layer of sand on which the tubes are laid. A
thermometer is placed alongside the tubes. The apparatus is closed above with
a moveable cover consisting of two sheets of glass mounted in a metal frame with
a thin layer of air between them. The apparatus is heated by gas, which passes
through a Roux’s regulator immersed in the water between the two walls. The
technique is as follows:



52 SOLID MEDIA

1. Lay the tubes, each containing about 10 c.c. of serum, in the sand. Incline
the apparatus so that the serum does not touch the plugs.

2. Light the gas, and when the temperature as shown by the thermometer inside
reaches 68° C., adjust the regulator (Chap. IIL), so that the temperature remains
constant.

8. The length of time required to solidify different samples of serum varies (from
2 to 3 hours). A tube must be taken out from time to time to ascertain the con-
dition of the serum, which will be sufficiently set when holding the tube upright it
retains its slope. [It is perhaps better to hold the tube by the upper end and tap
the lower end firmly against the thumb nail : if the serum quiver, the heating has
not been continued long enough.] Stop the heating at this stage. The serum
when set should still be transparent and of an amber-yellow colour.

To obtain a more transparent product, Vagedes advises coagulating in an atmosphere
of water vapour, and this can be effected by placing Petri dishes filled with water along-
side the tubes, [or by placing folded cloths which have been wrung out in warm water
over the tubes, taking care that they do not touch the wool plugs.]

4. Incubate at 30° [or 37°] C. for 36 hours, to ensure their sterility before using
them as culture media.

If only a few tubes of serum have to be coagulated, Koch’s apparatus can be dispensed
with, and the tubes dealt with as follows. Arrange the tubes in a small flat copper tray

+(fig. 42), about 12 em. wide, one side of which is notched to receive the upper plugged

F16 42.—Copper tray on which to slope tubes of culture media.

ends of the tubes, while the other ends resting against the opposite side keep the tubes
in a sloped position. Cover the tray with a sheet of glass, stand it on a saucepan filled
with water, and slowly heat the water to boiling. The tubes will be set in about an
hour or two. i

Other serum media.

In cases of simple pleurisy the fluid which can be drawn off often yields
a very clear, easily coagulable serum, very suitable for the purposes of a
culture medium.

To collect the fluid aseptically, operate in the usual manner, using a sterile
Potain’s apparatus. Boil the trocar, autoclave the rubber plug and aspirating
tube at 115° C., and sterilize the flask [or bottle] in the hot air sterilizer. The
serum is distributed into tubes afterwards by means of a Chamberland
flask (see also p. 45). An absolutely sterile serum can frequently be obtained
in this way, but it is nevertheless often necessary to tyndallize the fluid
before coagulating it (p. 47).

Ascitic fluid as a rule ‘yields only a poorly coagulable serum, which is not
of great value when a solid serum is wanted.

Leeffier’s serum.
1. Prepare a broth in the ordinary way, using

Water, - - - - - - 1000 grams,

Beef, - - - - - - - - - 500

Peptone, - - - - - - - - 20 ,,

Salt, - - - - - - B - - B s,

Glucose, - - - - - - - - 10 ,,

Normal soda solution, - - - - - - Q.S. to make slightly
alkaline.

2. Aspirate 1 part of this broth and 3 parts of sterile liquid serum into a
Chamberland flask.
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[The quantities can, of course, be measured out with sterile pipettes into a
sterile vessel.]
3. Tube. Coagulate at 70°-75° C.

Glycerin-serum.

An excellent culture medium for the tubercle bacillus is obtained by
mixing 6 to 8 per cent. of pure glycerin with serum.

1. Aspirate 6 to 8 grams of pure glycerin, previously sterilized in the auto-
clave, into a Chamberland flask :

2. Then 100 c.c. of sterile liquid serum into the same flask. (To facilitate
measurement the flask can be graduated beforehand.)

3. Tube and set at 75°C. This mixture requires a somewhat higher
temperature than ordinary serum.

Serum-agar. Ascitic-agar.

1. Dissolve 1'56 grams of agar in 100 c.c. of water. Filter. Tube (about
5 c.c. in each tube). Sterilize at 120° C.

2. Cool to 40° C. To each tube add an equal volume of sterile serum or
sterile ascitic fluid. Mix gently by rotating the tubes in the hands. Cool
in the sloping position.

Blood-agar.
(Bezangon and Griffon.)

1. Take a number of tubes of glycerin-agar, melt in a water bath, and cool
to 40° C.

2. Add to each tube a small quantity (about 1 c.c.) of blood from a rabbit’s
artery (Chap. XII.). Mix without shaking the tubes, and cool in a sloping
position.

A solution of hemoglobin (p. 34) may be used instead of blood in this
case. ,
Serum-agar.
(Tochtermann.)
1. Dissolve in 500 c.c. of boiling water

Peptone (Chapotcaut, or Witte), - - - - - 5 grams.
Salt, - = H s S & 3 ¥ 3 2:50 ,,
Glucose, 2:50 ,,

Chopped and washed agar, - - - - 10
2. Mix with the above solution 500 c.c. of sheep serum, and autoclave for
30 minutes at 115°-120° C.
3. Hilter in the warm through moistened Chardin paper. Tube and
sterilize at 115° C.
Egg.
Eggs can be used for the cultivation of micro-organisms in several ways.

A. Take a fresh egg, shake it vigorously to mix the white and the yolk :
wash the shell in perchloride of mercury and dry with sterile filter paper.
Flame the narrow end until the shell blackens. Make a hole with a sterile
metal point. Pass a platinum wire or pipette charged with the material to
be sown through the hole, then close the latter with a little melted Golaz’s
wax. It is well to coat the egg with a layer of collodion.

B. Take a fresh egg, flame the pointed end, make a hole as described above :
aspirate the white into a sterile pipette. Tube in sterile tubes. Coagulate
at 70° C. as in the case of serum.

>
1See also under Pfeiffer’s bacillus and Gonococcus.
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C. Boil an egg hard. Remove the shell, cut up the egg into pieces, and
place in small Petri, or other covered glass, dishes. Sterilize the watch-glasses
or dishes at 115° C. :

D. Lubenau recommends yolk of egg media for growing tubercle and
diphtheria bacilli. The procedure is as follows :

1. Prepare a neutral broth (p. 30) containing 1 per cent. of glucose (for
the diphtheria bacillus) or 3 per cent. of glycerin (for the tubercle bacillus).
Distribute in quantities of 100 c.c. in 2}-litre flasks. Sterilize.

2. Wash an egg with warm water and soap. Lay the egg in a Petri dish,
pour a little alcohol over it, and set light to the alcohol.

Make a hole in the shell with a sterile instrument, and pour the yolk into
one of the flasks of broth. Add the yolks of five eggs to each flask. Shake
the flasks well.

8. Distribute the medium into tubes. Slope the tubes in a serum
coagulator (p. 51). Heat for 2 or 3 hours at 90° C. on three successive
days.

[E. Dorset’s egg medium.—*“ The eggs are thoroughly cleansed with water
of any adherent dirt, and then washed with 5 per cent. carbolic solution,
and allowed to partlally dry. The ends of the eggs are then gently dried in
the flame, and pierced with a burned sharp forceps. The hole at one end
should be about § in. in diameter, and the membrane broken; the other
end which is to be blown into should be smaller, and the membrane left
unbroken if possible. The eggs are then blown into a sterile Erlenmeyer
flask, the blowing being done from the cheeks, which will help to avoid
spllhng saliva and leakage of air around the outside of the egg. To the egg
is then added 10 per cent. of water by volume of the weight of the eggs.
The mixing is done by a twirling motion of the flask or by gently stirring with
a glass rod. Bubbling is to be sedulously avoided. The mixture is then
strained through cheese-cloth by gravity and tubed. The tubes are then
inspissated at 70° C. for 2—-2} hours in a moist chamber ” (Park and Krum-
weide).]

Meat.

. Into a litre flask put 500-600 grams of finely chopped lean beef. Add
sufficient normal soda solution to make the reaction neutral or slightly
alkaline. Plug the flask with wool. Sterilize at 115° C.

Internal organs.

The placenta, liver, spleen, kidneys, etc., can be used as culture media.
The organs must be removed with the usual aseptic precautions from healthy
animals which have been recently killed.

The technique recommended by Guéniot for the preparation of placenta
‘will serve as an example of the method of preparing these culture
media.

1. Lay the placenta (if possible receive it) in a sterile basin with the
uterine surface uppermost. Scorch this surface with a large heated metal
plate.

2. Cut off a number of pieces with a sterile forceps and scalpel, and place
them with the scorched surface downwards in sterile Petri dishes, or better
in large sterile tubes.

Place the dishes and tubes in the incubator at 37° C. for a day or two to
control the technique. Thosg that remain sterile (at least 60 per cent.) can
then be used as culture media.



VEGETABLE MEDIA 55

4. Vegetable media.
Potato.

A. Petri dish method.—1. Select a number of perfectly sound potatoes, scrub
away the soil adhering to them in running water, then dry and peel them.

2. Cut them into slices about 10-15 mm. thick parallel to their long axes,
and drop the slices into a dish of distilled water.

The slices should not be touched with the fingers, and it is best to use a
silver blade as steel often turns potatoes black. -

3. Dry the pieces between folds of white filter \\\\\\\\\T
paper. Gl ——— 73

4. Then lay them in Petri dishes (fig. 43) or other (@
suitable covered glass dish.

5. Sterilize the potato in the dishes at 120° C. Fie. 43— Petri dish
for 20 to 30 minutes. fu 2

Potatoes must be sterilized at 120° C., because a highly resistant organism
(the potato bacillus), which is often present on the surface, may in slicing the
potatoes be carried by the knife on to the cut surface.

B. Method recommended.—1. Wash and scrub the potatoes as above.

2. Cut the potatoes, not into slices, but into elongated parallelopipeds or
semi-cylindrical pieces 4 to 5 cm. long, so that they can be put in special
potato-tubes also known as Roux’s tubes.

These tubes (fig. 44) are rather wider than ordinary culture-tubes and
the potato rests on a constriction situated about the lower one-fourth ;
the bulb below collects the condensation water.

A special cutter may conveniently be used for slicing the potatoes,
but the only advantage to be gained is that the pieces are more neatly
and regularly cut. The slices should not be too long, otherwise they
will curl when boiled.

3. Wash the pieces in distilled water: dry between blotting
paper.

4. Put them into tubes. Plug with wool.

5. Sterilize as above.

Note.—Potatoes, though generally neutral in reaction, are sometimes
strongly acid, in which case they are not suitable for the cultivation of
bacteria. If it be necessary to use these acid potatoes, they must be
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