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Untin about twenty-five years ago it was generally
supposed that some organic substances in the act of
undergoing decomposition are capable of causing the
alteration and decay of other organic substances with
which they are placed in contact, and it was by the
assumption of such communicated decomposition from
one substance to another that Liebig sought to explain
the various well-known phenomena of fermentation.
Thus Liebig conceived of the ordinary alcoholic fer-
mentation of sugar as being brought about, not by the
living and growing yeast-cells, but, on the contrary, by
the dead yeast undergoing decomposition. As long as
this theory was the accepted doctrine of the day, it was
not surprising to find chemists attaching great import-
ance to the organic matter in water which analyses re-
vealed, and which was known to have been derived
from decomposing vegetable and animal substances
with which the water had been in contact. It was not
unnaturally supposed that such decomposing organic
matters, if present in drinking water, would tend to set
up putrefactive and other injurious changes in the
digestive organs with which they were brought in con-
tact. But the theory, or rather dogma, of fermentation
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STERILISATION o

they were destroyed in fifteen minutes by steam at 110—
120°C. Various modifications of the well-known Papin’s
digester have been devised for use in the bacteriological
laboratory, of which
one of the best is that
ghown in the accom-
panying figure.

Owing to the much
more costly and cum-
brous nature of such
high-pressure steamers
their employment 1is
not to be recommended
for general purposes,
whilst in the sterilisa-
tion of a number of
substances, such as
sugars, albuminoids,
urea, &c., a tempera-
ture above 100° C. is
inapplicable in con-
sequence of the chemi-
{':EL] EII&‘LIIgEB -I:ITDLl_ﬁ_ﬂlt Fia. 2.—HIGH-PRESSTRE RTEAM STERILISER

s (Muencke).
i L. A, external jaoket-wall of boiler ; B, stesl clamp, with
serew 8§ for brass lid K ; safety valve ¥, with lever
I]l t'he case E-'F s0mme i, anil ndjustable welght 6 @ pressaore-gouge M ; T,

APertnra into which thermometer can he gorowed ©

I'I'lﬂ..tﬂl'ii'l-].f:'n, SI.IUI'I a8 11'111].’(..| I, internal wall of copper boiler ; FF, brass remov-
s able stand surrounded with copper gauze E.
it may be necessary
to effect sterilisation below 75° (., i.e., below the tem-
perature of coagulation of albumen; and in such
cases discontinuous sterilisation at 58-65° C. is em-
ployed for one to two hours on five to eight days; to
this, however, subsequent reference will be made in
connection with the preparation of culture media.

(2) Hot-air sterilisation—The accompanying figure
shows the appearance of a hot-air sterilising oven as
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4 MICRO-ORGANISMS IN WATER

commonly used for bacteriological purposes. A ther-
mometer is fitted into A, and by means of the perfo-
rated slide B, together with the
gas-regulator placed in C, the
temperature can be kept under
strict control. This is of course
of importance in the case of some
substances, such as milk, where
it is desired that a particular
temperature should not be ex-
ceeded. Test - tubes, pipettes,
olass plates, and other glass ves-
sels, and certain pieces of appa-
ratus as well as eotton-wool, are
all ‘sterilised by means of dry
heat. Glass vessels should be
exposed to 150°C. for two or
more hours, and should be allowed to cool in the oven
to avoid the risk of their cracking by being too sud-
denly chilled. In practice it is a good plan to place
some loose cotton-wool in a beaker in the oven along
with the glass vessels that are being sterilised, for
when the former becomes slightly browned it may be
taken as a sign that the sterilisation of the objects 1S
complete, and the gas may be turned out.

Tt is particularly important to bear in mind that the
temperature is by no means uniform throughout such
ovens, and care must be taken that the objects are so
placed as to be really exposed to the desired tempera-
ture.

(8) Sterilisation by means of filtration—In order to
deprive a liquid which is not viscid of micro-organisms,
it may be made to pass through eylinders constructed
either of unglazed porcelain (Chamberland) or of baked
infusorial earth (Berkefeld). In the case of water,

Tic. B.—Hor-amn STERILISER.

S - -
T

S e EELARREEE



STERILISATION rr B

which for experimental purposes is required to be
sterilised without chemical change, these Chamberland
and Berkefeld filters are extremely useful (see experi-
ments made by Percy Frankland on the vitality of the
anthrax bacillus in various waters, p. 314 ; the sterility
of the water was secured by means of a Chamberland
filter). In those cases in which it is desired to separate
the bacterial products from the micro-organisms them-
selves such filtration is invariably resorted to. Bitter!
has made experiments on the filtration of liquids turbid
from the growth of bacteria, and also of albuminous
fluids, by means of the Berkefeld filter. He has found
that even the bacillus of mouse septiceemia, which is one
of the smallest known organisms, growing in broth, is
entirely removed when the latter is passed through the
above filter. Experiments were also made with blood-
serum, and it was found that even putrid blood-serum
may be not only quickly clarified, but the organisms
entirely removed by its means. For this purpose it is
best to use the more porous cylinders. Such a eylinder
was found capable of filtering 680 c.c. in twenty-five
minutes. In the case of fresh serum a cylinder of
similar construction yielded in thirty minutes 800 c.c.
of clear sterile serum. It is necessary to frequently
wipe the cylinder whilst the filtration is going on. Milk
may also be deprived of all its fat and a clear sterile
serum obtained by filtration through such porous cylin-
ders. For the subsequent cleansing of the filter see
p- 176. This method of sterilisation, therefore, may
be used with great advantage for many laboratory
purposes.

(rases, again, are readily deprived of any micro-
organisms they may contain in suspension by passage

' “Die Filtration bacterientrilber und eiweisshaltiger Fliissighkeiten
durch Kieselguhrfilter,” Zeitschrift fiir Hygiene, x. 1890, p. 155,
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growth of some are utterly unfitted for the cultivation
of others.

Thus, whilst some organisms are unable to thrive
and multiply excepting when surrounded with the most
nutritious and subtle foodstuffs, others absolutely refuse
to grow unless bathed in a liquid from which such
organic materials have been most carefully banished.
The ingenuity of the bacteriologist 1s, in fact, severely
iried in endeavouring to cater for the organisms which
he has under his charge, and every year, or even
month, sees many additions to the menu from which
he has to select, and which already includes such a
medley as living animals, blood serum, bouillon, beef-
jelly, agar-agar, potatoes, numerous purely mineral so-
lutions, &c. In some cases, moreover, it 1§ necessary
that these food materials should be varied from time
to time, or degeneration of the vitality of the micro-
organisms which are cultivated on them often takes
place.

We shall now describe the preparation of some of
the more important culture media in detail.

Solid culture media—To Robert Koch belongs the
honour of having adapted solid media to the cultiva-
tion of micro-organisms; for although such media had
been used previously, it is the particular methods of
employing them devised by Koch which have secured
for these solid culture materials the extended applica-
tion and universal reputation which they now enjoy ;
and it is by these methods that such brilliant results
have been achieved in so short a period of time.

Already in the year 1881 Koch observed that if a
slice of cooked potato was exposed to the air, and after-
wards preserved at a suitable temperature in a damp
chamber, small isolated dots began in the course of a
few days to make their appearance. Of these little
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process of gelatine-plate cultivation, which has been the
means of separation and individualisation of so many
micro-oroanisms, and to which the science of bacterio-
logy is so largely indebted.

Tt was, of course, essential that the culture medinm
employed should be of such composition as to afford
food material for the largest number of micro-organisms,
‘and Koch, after numerous experiments, found that a
mixture of gelatine and broth gave the best results for
general purposes. The original recipe recommended
by Koch is, with a few modifications, that which is
still in use.

In all investigations connected with micro-organisms
it must be always borne in mind that all our surround-
ings are more or less infested with living forms of the
same order as those with which we are dealing, and it
becomes, therefore, of paramount importance that every
operation should be conducted in such a way as to pre-
clude the possibility, or at any rate reduce-to a mini-
mum the chance, of introducing micro-organisms from
foreign sources. The precautions to be taken cannot
be too scrupulous or painstaking, and if in the deserip-
tion of the various bacteriological processes too much
emphasis may appear to have been laid upon fthe
dangers arising from contamination through imper-
fectly sterilised wvessels &e., the student must re-
member that by neglecting even the most trivial of
such precautions he may very possibly afterwards dis-
cover that the whole of his labour has been rendered
worthless, and that to begin de novo 1s his only alter-
native. :

Preparation of gelatine-peptone.—The preparation
v.ﬂf gelatine-peptone, which is in many respects the most
important of all the culture media, may be best carried
out in the following manner :—A. pound of beef, as free
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ing-tube, from which it is then transferred to the test-
tube. Care must be taken that the gelatine does not
come in contact with the sides of the test-tube near the
mouth of the latter, as this would cause the cotton-
wool stopper to stick to the glass and make it trouble-
some to remove. To prevent this the gelatine should
be poured from the measuring-tube into the test-tubes
through a small sterilised glass funnel ; and this, if care-
fully done, will prevent the collection of any trace of
gelatine in the region of the stopper. After the tubes
are filled, and the stoppers replaced, they are at once
steamed for ten to fifteen minutes, which is repeated on
the two following days.

To prepare sterile test-tubes for the reception of the
jelly new tubes should be soaked in hydrochloric acid,
carefully washed with a brush, rinsed out with distilled
water, inverted to drain, then placed in a wire basket
and thoroughly dried in the hot-air oven (see fig. 5),
after which they are plugged with sterile cotton-wool
and then exposed to a temperature of from 140" to
160° in the oven for from two to three hours. The
cotton-wool used should be sterilised before plugging
the tubes by exposure to the same temperature in the
hot-air oven for two or three hours, until it becomes
slichtly browned, This separate sterilising of the tubes
and cotton-wool may appear tedious, but it cannot be
successfully dispensed with.
| Grelatine tubes thus prepared may be kept untainted

for an indefinite period of time.!

! It must not be supposed that the gelatine-peptone medium thus pre-
pared will retain its properties absolutely unaltered for an indefinite
length of time, althongh for most purposes it may be used even months
fl'rfTr'-'-‘T' preparation. To reduce the chance of alteration in the gelatine
1t should always be preserved in darkness, and before use the reaction
EihnH‘]il be invariably tested, as it has a tendency to become acid on
keeping. This matter is of special importance in those cases in which
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of glycerin before the jelly is finally sterilised a most
useful culture medium is obtained. This material has
the advantage of remaining moist for a much longer
time than the gelatine peptone, and, whilst most
organisms thrive especially well upon it, some, like
the bacillus tuberculosis, refuse to grow on gelatine
without its addition. Other materials, such as grape
sucar, mannite, acetic acid, have also been added in
diﬁérenl; proportions for special purposes (see also
pp. 63-73 in Chapter III. on the Examination of Water
for Bacteria).

The following gelatine preparations may be more
especially referred to :—

Gelatinised mill-serwm.—One litre of fresh milk is
warmed to 60° or 70°C., 70 to 100 grms. of gelatine
are then added and dissolved. A few minutes’ boiling
will serve to precipitate the casein, and it is then
passed through a fine muslin strainer. The fluid is
allowed to stand for about twenty minutes at the tem-
perature of the body, in order to allow the fat to come
to the surface, after which it is allowed to cool and
the layer of eream is carefully removed. To the result-
ing slightly opalescent fluid 1 per cent. of albumen
peptone is added, and the whole is neutralised, boiled,
filtered, and sterilised in the same way as nutrient
gelatine.!

Wort gelatine and Wort agar—These culture mate-
rials are useful for the growth of those organisms which,
like yeasts and moulds, are favoured by an acid me-
dinm. To ordinary malt wort 10 per cent. of gelatine is
added and the mixture heated in the steam steriliser for
some time, and then filtered without being neutralised.
The acidity which the medium thus acquires is rather
greater than that of the wort before the addition of

' Hueppe, Die Methoden d. Bakterienforschung, 1891, p, 248,
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successfully upon this iron-gelatine, amongst which
he mentions the malignant edema and the typhoid
bacillus in particular as producing such quantities of
sulphuretted hydrogen in this medium that, not only
did the gelatine in the immediate vicinity of the growth
become black, but the whole of the culture material as
well (see also p. 410 in tabulated deseription of typhoid
bacillus).

In order to cultivate organisms in this material at
a higher temperature 1t 1s necessary to use agar-agar.
In addition to the iron solution a small quantity of
a 5 per cent. solution of sodimm sulphate and some
glycerin should be added.

Fromme states that he was unable to discover any
organisms in the Marburg water which produced sul-
phuretted hydrogen in any marked quantity, although
this was not regarded by any means as an unimpeach-
able supply, and must have contained along with the
ordinary water bacteria many organisms derived from
polluting sources.

Another method of qualitatively testing for the pro-
duction of sulphuretted hydrogen by bacteria in liquid
media is the well-known one and that employed and
recommended by Stagnitta-Balistreri.! Pieces of lead-
paper are suspended in the inoculated flasks or test-tubes
containing broth with or without peptone, and the
change in the colour produced noted from deep black to
pale brown. During the investigations the lead-paper
must be daily observed, as, although the reaction may
be distinet at one time, it may subsequently disappear.

An interesting table is given of the amount of

' Die Verbreitung der Schwefelwasserstoffbildung unter den Bak-
terien,” Archiv fiir Hygiene, 1892, See also * Beitriige zur Biologie der
krankheitserregenden Bakterien, insbesondere iitber die Bildung von

Schwefelwasserstoff,’ Petri and Maaszen, Arbeiten a. d. kaiserlichen Ge-
sundheitsamte, vol. viii. 1892, p. 818.
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parency. Asagar-agar has a much higher melting-point
than gelatine, it is extremely useful in the case of culti-
vations which require to be kept at a high temperature ;
but in consequence of the separation of water which
takes place on its surface after it has congealed, it does
not lend itself so satisfactorily to plate cultivations, as
the colonies are apt to run into one another,

After sterilising it 18 a good plan to allow the tubes
to cool in an oblique position, as in this way a larger
surface is obtained, and the liquid which separates out
collects at the bottom of the tube, and does not inter-
fere with the growth of the cultivation. Glycerin agar
is made by the addition of from 5 to 8 per cent. of
glycerin after the filtration of the jelly.

Silica  jelly.—A  special jelly has recently been
devised (W. Kiihne, ©Zeitsch. f. Biol.,’ vol. ix. p. 173)
to meet the requirements of some refractory organisms
—like those of nitrification—which refuse to grow on
gelatine, and demand a medium free from organic
matter. In this preparation, which is wholly destitute
of organic matter, the gelatinous consistency is obtained
by means of dialyzed silicic acid.! To one volume of
the sterile solution of dialyzed silicic acid placed in a
sterile glass dish with flat bottom one-third to one-half

! The dialyzed silieic acid is best prepared by taking a solution of
sodium or potassium silicate and pouring this into an excess of dilute
hydrochloric aeid ; this mixture is then placed in a dialyzer, and the ont-
side of the latter is kept surrounded with running water during the first
day, and subsequently with distilled water, which should be frequently
changed until it yields no trace of turbidity with silver nitrate, showing
that the whole of the chlorides have been extracted. The contents of the
dialyzer, which, if the solution of alkaline silicate originally employed
was not too strong, will be quite clear, is then poured into a flask and
eomcentrated by boiling until it is of such a strength that it is found to
readily gelatinise on mixing with the saline solution given above. This
solution of silicic acid can then be preserved sterile and ready for use in a
flask plugged with cotton-wool in the ordinary way. (For further par-
ticulars see Winogradsky, Annales de I' Institut Pasteur, vol. v, 1801, p.97.)

C
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and this is done by exposing the vessels containing the
serum to a temperature of 58—60° C. for from one to
two hours on five to six consecutive days. For this
purpose a water-bath may be used, but special serum
sterilisers are more convenient, and may be obtained
from any bacteriological apparatus maker. The solidi-
fication of the serum is effected at a temperature of
from 65-68° C., and can be conveniently carried out
in the same apparatus as the sterilisation. The tubes,
as in the case of agar-agar; may be sloped, care being
taken that the blood-serum is at least an inch distant
from the cotton-wool plug. Condensation water collects,
as In the case of the agar-agar, and this serves to keep
the air within the vessel moist, but if necessary its ac-
cumulation can be easily prevented by adding a small
quantity (1 per cent.) of gelatine, or 6 to 8 per cent. of
glycerin (Nocard and Roux). The latter not only absorbs
a considerable proportion of the condensed water, but
prevents the formation of a dry scaly surface on the
serum. When glycerin is added to the serum it must
be heated to between 75° and 78° C. to produce its
solidification.  Blood-serum prepared in this manner
will remain a long time unaltered, but the fresher it is
the better are the results obtained. It can, however,
be preserved for six to eight weeks without suffering
any material deterioration. A thin film of cholesterin
forms on the surface of the serum, but this must not be
mistaken for bacterial growth.

Hlood-serum can be adapted for plate or dish cultures
by means of Hueppe's modification. Hueppe uses a
mixture of blood-serum and agar-agar by taking sterilised
fluid serum at a temperature of 37° €., inoculating it,
shaking it in order to ensure the even distribution of
the organisms, and then pouring it into a fluid agar-
agar meat-peptone solution at 42° C. The mixture is

0.3
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be streaked on to the surface of a potato, the red colour
again reappears. There are many ways of preparing
p(:rtutoc*s for cultivation purposes, but in all the difficulty
of their effectual sterilisation is experienced. The two
methods which are mostly used are those in which small
cirenlar dishes and test-tubes are respectively employed.
The dishes are shallow, being about 4 inch deep, and
from 11 to 4 inches diameter; they are fitted with an
overlapping glass cover (see fig. 7). After thoroughly
washing and finally rinsing with distilled water, these
dishes are placed either in the steam steriliser or i the
hot-air oven for a couple of hours. Meanwhile the
potato is carefully washed and scrubbed with a nail-
brush, and after peeling it is cut into slices which will
fit easily into the dish. On replacing the lid the dish
with its contents is immediately placed in the steam
steriliser, and allowed to remain there for an hour or
more ; as an additional precaution 'it can be again
sterilised on the following day.

Another method consists in cutting a eylindrical
piece out of the peeled potato by means of an ordinary
laboratory cork-borer, and placing this in a test-tube
with a cotton-wool stopper. One end of the cylinder
should be sliced off obliquely, so as to permit of a larger
surface being used, as in the case of sloped agar tubes.
A drop of water is put at the bottom of the test-tube, to
prevent the potato drying up, and the tubes with their
contents are then sterilised in the steamer in the usual
manner. This is a particularly convenient form of
potato culture, as it can be preserved ready for use for
a long period of time.

2oux has modified this method, originally devised
by Meade Bolton, by constricting the test-tube towards
the bottom, as shown in the accompanying figure, so
that the condensation water which forms on the walls
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Potato cultures used to be considered as capable of
assisting very materially in the differentiation of very
similar micro-organisms ; for example, in many text-
books the growth of the typhoid bacillus on potato 1s
aiven as one of the principal means of distinguishing
it from other closely allied forms. Recent research
has shown, however, that for such purposes no reliance
can be placed on the potato test.

Of great interest and importance in connection with
potato culture is a paper by Krannhals," in which in-
vestigations are recorded on the growth of Koch's
cholera bacillus on potatoes, showing that, contrary
to the accepted idea, this organism not only grows on
potatoes at 35° C., but that it will also develop at
from 15-35° C. on potatoes artificially rendered alkaline,
or which have spontaneously become alkaline, no
growths appearing on acid potatoes at all. Krannhals
found that some potatoes which when originally pre-
pared gave an acid reaction, on being tested subsequently
exhibited an alkaline reaction, and in this manner he
accounts for the impression that the cholera organism
will grow on acid potatoes, the change from acidity to
alkalinity in the latter having taken place unknown
to the investigator. —Whether any particular kind of
potato is specially liable to exhibit this peculiar be-
haviour Krannhals i1s not able to say, but he 1s of
opinion that in all descriptions of growths on potatoes
it should be clearly stated whether the medium was
acid or alkaline, and that the potato should be tested
during the growth of the organism ; and, moreover, the
appearance of the latter compared with that of its growth
on alkalised potatoes. Slices of prepared potato may be
rendered alkaline either by saturating them with a 1 to

Lt Zur Kenntniss  des Wachsthums der Kommabaecillen auf Kar-
toffeln,’ (,'!‘:nl‘.rmﬁbfnfﬁfﬁr Ba};!ﬂr,-,'.rgfnf;ir__ vol. xiil, 1898, I B8,
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ence has shown is specially suitable for the particular
organism which it 1s desired to obtain in an isolated
condition. When microscopie examination shows that
this organism has abundantly multiplied in the medium,
a minute quantity is transferred to a fresh portion of
the same medium, the growth or multiplication is
allowed to take place there, and a small portion is again
removed to a fresh quantity of the medium. By repeat-
ing this transference a number of times, it is in some
.ases possible to so purify the growth that finally only
one kind of micro-organism is present. The chance of
getting pure cultures in this manner is, however, so
uncertain that the method generally serves only as a
convenient means of preliminary purification. The
only reliable way of obtaining pure cultures by means
of liquid media is the dilution method, an account of
which will be found on p. Z8.

The following are some of the principal liquid media
1 use :

Beef Broth—The liquid medinm which is best
adapted for general cultivation purposes is beef broth
or bouillon to which an addition of 1 per cent. of pep-
tone has been made. This peptone-beef-broth is pre-
pared in precisely the same manner as has been already
described under gelatine-peptone, the omissior of the
gelatine being the only difference (see p. 19).

Milk.—Milk also affords a good culture material,
and may be prepared by simply placing some in sterile
test-tubes and steaming it in the steriliser at 100" C. for
an hour on the first day, and from 20 to 30 minutes on
each of the two following days. By submitting it to
such a high temperature, the chemical composition of the
milk is altered, however, and in some experiments this
would be undesirable. In order to sterilise milk with-
out interfering with its chemical character it is heated
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phenomena of nitrification! and for the nutrition of
the nitrous organism we have employed the following
solution :—

Ammonium chloride . ; . . *H gram

Potassium phosphate (K,PO,) G [ e In 1.000 c.c. of dis-
Magnesium sulphate (MgS0,, TH,0) . 02 ,, ;ille i
Calcium chloride (CaCl,) : ) s L

Calcium carbonate . . . . . 5°0 grams)

On the other hand, for the special nutrition of the
nitriec organism Warington * has employed

Potassinm nitrite . . . : . '8 gram

Potassium phosphate . : ; SR R |1|.1 1,000 c.c. of dis-
Magnesium sulphate . o G & tilled water.
Caleinm ecarbonate . : - : . Bome

In order to ascertain whether a micro-organism has
the power of reducing nitrates, the authors ® have used
a solution of the following composifion :—

Potassium phosphate . : ; . 1gram

Magnesium sulphate (cryst.) . - PR e T In 1,000 c.c. of dis-

Caleium chloride (fused) - - o 0L o tilled water with

Nitrogen combined in the form of potas- + 4 grams of pure
sinm or caleinm nitrate . - . 168, caleium carbonate

Invert sugar or dextrose . : A ’ in suspension.

Feptone . : ; : : : . "2b

On no account must the precaution be neglected of
testing the solution for nitrites before use.

In the case of bacteria requiring a more nufritive
medium for their growth an addition* of potassium
nitrate (5 grms. per litre) may be made to broth-
peptone and similar culture liquids, but the results
obtained are in general not so decisive for diagnostic
purposes as when the above weaker solution is employed,
whilst the fate of the nitrogen in its various forms 1s
far more difficult to trace.

I Phil. Trans. clxxxi. (1800) 107.
1 Ohem. Soc. Jowrn, 1891, 5140,

* Ihid. 1888, 874.
' Warington, Chem. Soe. Journ. 1888, T45.
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then dilute 1 c.c. to 100 c.c. with sterile liquid, and
inoculate 10 tubes each with 1 e.c., each tube will con-
tain about 100 microbes; inoculate 10 tubes each with
‘5 ¢.c., each tube will contain about 50 microbes ; in-
oculate 10 tubes each with -1 c.c., each tube will contain
about 10 microbes. Then dilute 1 c.c. to 1,000 e.c. with
sterile liquid, and inoculate 10 tubes each with 1 ec.c.,
each tube will contain about 10 microbes: inoculate 10
tubes each with ‘5 c.c., each tube will contain about 5
microbes ; inoculate 10 tubes each with ‘1 ¢.c., each tube
will contain about 1 microbe ; inoculate 10 tubes each
with 05 c.c., each tube will contain about ‘5 microbes.

Of the last ten tubes, then, about five only would
develop growths, and these would, in all probability, be
derived from a single microbe each, and thus be pure
cultures.

Now although, in comparison with the gelatine-plate
method described below, this dilution process appears
tedious and troublesome, yet for the isolation of some
micro-organisms it is of the utmost importance, notably
in the case of those which, like the bacteria of nitrifi-
cation, refuse to grow on the ordinary solid culture
media. Later on will be found an account of Miquel's
application of this dilution process to water-examination.

Fio. 5.—Hauwatineter (after Jorgensen).

a, Glass elide on which the perforated glass square, b, is cemented g0 as to form an extremely
shallow ciraular cell, the depth of which i acourately determinad onee and forall, On
the glass bottom of this cell some very small squares of known dimensions are etghed.
A small drop of the Hguid in which the number of yeast-cells is to be determined is
placed in the cell, and the cover-glass, e, placed on the top so ns to be in contact with
the liquid inm the cell.  The volume of liguid resting on encl of the little squares can thus
ba enaily caloulataed, nid by eounting the yveast-cells viaihle with the microscope in enoh
EqiAne, the number 10 the |u|.l't.ir_:1:||.'|.'r volume of ]|||tLil|. 18 dletarmined.

Hansen also successfully 31111}10}‘&{] this dilution
method in his first preparation of pure cultures of yeast
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gelatine is now carefully withdrawn by means of sterile
:fDl‘C-E‘pS from the box or oven (the door of which is im-
mediately reclosed), and the future upper surface of
the ]ﬂat-e is held downwards during its transfer to the
levelled plate, and only turned up when the bell jar is
momentarily raised to admit it. In this way the falling
of air-organisms on the culture plate is avoided.

All is now ready for the gelatine-tubes, which should
have been previously melted in a beaker of hot water
and then cooled down to 30° C., at which temperature
the gelatine remains liquid.

The cotton-wool stopper is first singed in a bunsen-
flame to get rid of any chance organisms which may
have fallen upon it, and 1s then removed very care-
fully, not pulled straight out, but by gently twisting ;
the mouth of the tube is then passed quickly through
the flame to destroy any organisms which may be
present, and the contents are poured on to the sterilised
glass plate, the bell jar being again lifted for a moment
and held over the plate during the operation. After it
has congealed, the gelatine-plate is quickly removed to
a damp chamber, where it is placed on a glass bench
upon which another glass bench can be placed with its
gelatine-plate until.the chamber is filled.

The damp chamber consists of an ordinary dinner
plate covered with a common glass bell jar which fits
into the depression of the plate. The air in this cham-
ber is rendered moist by just covering the bottom of
the plate with a little sterilised distilled water.

The damp chamber with its contents is allowed to
remain for an hour or two in a cold room and is then
placed in a cupboard maintained at a uniform tem-
perature of from 18-22°C. The plates prepared as
above would remain sterile excepting in so far as they
might be accidentally contaminated by aérial microbes
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this purpose it is necessary to use a stronger dye and to
employ heat to assist its power of penetrating the spore.
Ehrlich’s fuchsine solution (see p. 45) is best adapted
for this purpose,and after the cover-glass has been treated
in the usnal way with the stain, it is held over a small
flame, care being taken to move it backwards and for-
wards the whole time. The cover-glass must be removed
directly it begins to steam, and on no account must, the
liquid be. allowed to boil, as this will spoil the prepara-
tion. The cover-glass is then washed in the ordinary
way and is ready for examination. The spores will be
found to have now assumed a strong red colour, and by
the greater intensity of their tint may be distinguished
from the baeilli. This, however, does not exhibit the
spores so perfectly as when the bacilli are stained a
different colour. For this purpose recourse is had to a
method of double-staining. as deseribed below.

Double-staining.—The cover-glass stained as above
is freated with a decolorising agent, being washed with
a b per cent. solution of acetic acid until experience
indicates that the bacilli will have lost all their colour,
whilst the spores, which both take up and part with
the dye less readily, will remain tinted, although
less intensely than before. The preparation is then
thoroughly washed with water and treated with the
ordinary aqueous solution of methylene blue. The
spores, which are not affected by the latter aqueous
stain, will still remain red whilst the baecilli have
assumed the blue colour.

The above process may be modified in detail as re-
commended by Giinther, thus: instead of heating the
cover-glass preparation in the flame, it is placed prepara-
tion-side downwards in a watchglass filled close to the
brim with the freshly prepared Ehrlich’s solution. The
solution with the cover-glass is now gently heated over

iIE
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even to some micrococei, offer yet greater obstacles
to exhibition by staining than do the spores. In fact,
to reveal the presence of these delicate thread-like
appendages by coloration, it is necessary to make use
of what is known to dyers as a mordant. The appli-
cation of this mordant or biting material enables the
flagella to subsequently fix the dye, for which they
have otherwise no affinity. It is to Lofller * that we are
indebted for the developments in microscopical tech-
nique which enable the flagella to be so easily and
beautifully exhibited in stained specimens. Lifller has
further found that in mordanting some varieties of
micro-organisms an acid, and in others an alkalie,
addition to the mordant must be made, and moreover
that the exact amount required varies in both cases
according to the particular organism under investiga-
tion. To render the mordant alkaline Loffler recom-
mends the use of a 1 per cent. aqueous solution of
sodinm hydrate, whilst for the acidification of the mor-
dant he employs dilute sulphurie acid of such strengtl
that a given volume is exactly neutralised by the same
volume of the 1 per cent. solution of caustic soda.

The following is the composition of the mordant :—

Solution of tannin (20 parts tannin + 80 parts water).
To 10 c.c. of this tannin solution add
5 e.e. of a cold saturated solution of ferrous sulphate and
1 c.c. of a concentrated solution, either aqueouns or alecholie, of
fuchsine. :

For many organisms the simple treatment with the
mordant is sufficient, but in the case of others, as before
mentioned, an acid or alkaline addition is requisite.

After the preparation has been mordanted with the
above solution it is dyed as usual with the ©aniline-
water * solution of fuchsine previously described. The

\ Centralblatt f. Bakieriologie, vol. vi.,, 1889, p. 200 ; also Ibid. vol.
vii., 1800, p. 625,
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