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GENERAL INTRODUCTION,

Until the last few years, Canada has never devoted
much attention to the development of markets for her surplus
creamery butter. Although this pnroduct has been exporiédiin
varying quantities since the introduction of mechanical TYe-
frigeration on steamships in 1897, the period of ranid growth
priior to the war steadily reduced the volume available for.
export, until in 1913 this country imported six times as much
a8 she exported. lfore recently. there has been a decided in-
crease in butter production, not only in Ontario and Quebec,
but also in the three Prairie Provinces. In the latter, the
phenomenal growth of the dairy industry can be attributed
largely to the development of a system of mixed farming, as a
result of the poor returns from grain-growing after 1920, Thus
these provinces, which not long ago imported butter, now man-
‘ufacture nearly as much as is .made in Ontario. Unlike the lat-
ter provinee, these provinces have few industrial centres to
provide a home market, and are forced to seek a market for any
surplus farther afield.

For many years, Alberta has found a ready market for
most of her surplus butter in Vancouver. Like the British mar-
‘ket, the demand here is for a mild flavored, lightly salted
butter with a shooth, waxye "body" to it. The Albertans were
Torced tvo acopt this type in order to meet the competition of
New Zealarnd butter. and for many years all butter has been

made#{from pasteurized cream, and graded by the Provincial
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Government before shipment. Recently, Saskatchewan and lLlan-
itoba have been shipping butter to. this market, and they have
adopted the same type as the Albertans. Once the Vancouver
market has been supplied, however. any surplus has to find
another outlet. With an eight cent per pound duty (recently
increased to twelve cents) as a barrier., little of thls
butter could be profitably marketed in the United States,

and attention naturally turned toward Canada's best customer,
Great Britain.

In previous years, all the Canadian butter exported
to- Britain had been surplus Eastern butter, made primarily
for home consumption. This butter, with its hisgher degree of
flavor and salting, together with a lack of uniformity, had
not met with much favor with the British butter dealer. The
Western butter, however, being of the preferred type, and
backed by the grade certificates of the respective provinces,
met with a very favorable reception, and increasinge quanti-
ties have gone forward each year. lToting this favorable re-
cention, and being anxious to develop the British market for
Canada's surplus butter as production increased, the Federal
Dairy and Cold Storage Branch adopted»the Western type as
the standard type of butter for all Canada, They also instit-
uted a grading system, whereby all butter or cheese exported
would bear a Federal grade certificate. As a result, the ren-
utation of Canadian butter on the British market has been
considerably ehhanced, and this has been reflected in the in-

creased price offered for it,
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In spite of this improvement, the reputation of Can-
adian butter has suffered from the development of mould on
occasienal lots. From the standpoint of the British dealer,
this is a serious defect, causing him considerable loss and
incenvenience, and making Canadian butier less desirable in
his eyes. It is therefore highly desirable that every vposs-
ible step be taken to prevent the export of any butter from
this country which is highly contaminated with mould swores,
and is likely to develop mould spots when favorable condit-
ions are encountered.

Although complaints regarding mould have been direct-
ed largely against Wéstern butter, this is not because this
butter is invariably more hichly contaminated with mould
spores, out because, during the long rail haul to Lontreal,
conditions are encountered which are favorable to the devel-
opment of mould on the butiter. Thom and Shaw(l), in their
studies on mouldiness in butter, concluded that the strength
of the brine in the butter, the relative humidity, and the
temperature were the most important factors governing mould
growth, They found that over two percent of salt was necess-
ary to inhikit the growth of Alternaria, Cladosporium and
Oidium, while some Penicillium species required a higher con-
centration, This has been confirmed by Boekhout and de Vries
{2), North and Reddish (3), Davis (4), and many others. .As
our export type of butter usually carries only one snd one-
half percent of salt, it is evident that this will not pre-

vent meuld growth.
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Censideringe the second factor, humidity, we find that
much of this Western butter, when shipped via lontreal,
spends a fortnight or longer in & refrigerator car between
the date of loading and the date of arrival in the steamer's

frequently
hold. Not only are high relative humidity conditions,encount-
ered all this time, but the temperature, the third factor,
often rises above 50° F.( Ruddick, (5)). This, as Thom and
Shaw (1) pointed out, is distinctly favorable to .mould dev-
elopment, Therefore, if butter contains numerous mould spores,
we cannot be certain that mould will not develop in transit,
That mould actually does develop under these conditions is
borne out by the statement made to the author by Joseph Bur-
gess, Chief, Dairy Produce Division, Dominion Department of
Agriculture, who hag charge of all grading done at the Port
of liontreal. Mr. Burgess states that in a number of cases,
butter which had been graded for export at Winnipeg and
other Western points, has shown considerable mould growth
when reinspected at Liontreal.

Although better refrigeration would no doubt lessen
the possibilities for mould development, yet when we con-
gsider the wide range of temperatures to which butter is sub-
jected before being consumed, it is obvious that improve-
ments in thisvconnectioﬂ will never completely solve the
question. Rather, steps must be taken to reduce the contam-
ination of the butter with mould spores, so that mould will
notzdevaldp even under the most favorable conditions, and to

prevent the export ol any butter which is potentially danger-



ous, Considerable attention has been paid to this gquestion
during 1925, since the resuvlts of the investigations con-
ducted by the Dairy Research Division have become known,
but much remains to be done bhefore the mould problem is
entirely solved.

All control and eduecational work in connection with
mould in pbutter is based upon the determination o1 the num-
ber of moulds (and veasts) vresent. Investigations by Thom
and Ayers (6), Bouska and Brown (7), Lund (8), Nicholls (9),
Grimes (10), Hood and White (11), and others have establish-
éd’beyond question that proper pasteurization of cream for
buttermaking destroys all moulds and yeasts vresent, most of
them succumbing at temperatures from twenty to forty degrees
Fahrenheit lower than those commonly used in cream pasteur-
ization in this country (170-185° F.). If therefore moulds
or yeasts are found in a sample plated out from the interior
of the butter made from such cream, it is obvious that con-
tamination has taken place subsequent to pasteurization. The
mould and yeast count can therefore be used as an index of
sanitary conditions in the creamery, for where everything
with which the cream or resulting bﬁtter comes in contact
has been thoroughly cleaned and sterilized, the mould and
yeast count should be very close to zero. If the butter from
any creamery continues To show high counis, a detailed anal-
ysis of the cream and butter after every operation, together
with the wash water, salt and air, will locate the source of
the contamination, and thus assist the buttermaker in keep-

ing his mould and yeast counts as low as possible.



Routine mould and yeast counts are being carried on
not only by the Dairy Research Division of the Dominion Dairy
and Cold Storage Rranch, but also by the Dairy Branches in the
Prairie Provinces and Ontario, The information obtained from
this work vrovides a record of the mould andixeaSt content of
a number of lots of butter, which is of valueloomplaints are
received later in connection with the develonment of mould.

In addition, this information is being used as a mediuva for
educating the buttermakers in the production of butter with a
low mould and yeast content. Unfortunately, the scope of this
WOrk is limited by the expense and time involved in using the
petri dish method of analysis. The time factor is vparticular-
ly important, for five days must elapse before counts can be
obtained; consequently, . information regarding high mould conw
tamination in any lot of butter for export may not be avail-
able in time to stop this lot from coing forward. This situvat-
ion can best be met by the development ¢f a more rapid method
of analysis, whereby results could be obtained in from twelve
to twenty-four hours. Such a method would facilitate the de-
tection of high count butter at the grading stations, and such
butter could then be refused a certificate for export. In this
way, the deletericus effect of mould development upon the re-
putation of Canadian butter in Great Britain could be reduced
to a minimum, and buttermakers, knowing that their butter would
not be passed for export unless low in mould content, would be

forced to guard against contamination of the cream and butter

subsequent to pasteurization.
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In addition, such a rapid method, in the hands of a
trained field man. could be made to render valuable service
in educating the less vroeressive tvve of buttermaker. This .
type of man is not likely to bother visiting a central lab-
oratory to find out more about the mould question: hence the
necessity for conducting the analysis right at the creanery,
where he may see with his own eyes what has developed from
the butter churned the previous day.

Finally, by using such a rapid method to supvlement
the petri dish method used in routine work at present, a con-
siderable saving could be effected. When we consider that by
the latter method, it is mecessary to pour duplicate plates
in dilutions from 1/1 to 1/1000 for every sample, it is evi-
dent that a great saving could be effected by using the rapid
method as a guide to the proper dilution to employ.

It is unlikely that such a rapid method would entire-
ly replace the present petri dish method in routine analysis,
because of the difficulty involved in obtaining accurate counts
on low count butter. Rather, it should be regarded a2s a sup-
plementary method having certain advantages over the present
method in the rapid detection of highly contaminated butter,
and for work in the field. It has been with a view to devel-

oping such a supplementary method that the present work has

been undertaken.



REVIEW OF PREVIOUS INVESTIGATIONS.

Probably the first extensive quantative determinat-
ions of the mould and yeast content of creamery putter were
commenced oy Bouska and Rrown (7) in 1913, While seeking
the reason for poor keening quality in butter, these auth-
ors conceived the idea of vpredictine tne keeping quality of
butter by determining the number of yeasts and Cidium lactis
present. Samples were carefully taken to avoid contamination,
and one c.c. portions were plated ouvt .on whey agar acidified
with sterile tartaric acid. The plates were incubated for two
or three days at room temperature, and then counted. Based
upon investications covering 135,000,000 1lbs. oI creamery
butter, they state that the mould and yeast count of butier
made from properly pasteurized cream and protected from sub-
sequent contamination, should not exceed thirty. In many cases
these were less than ten. In view of the higher counts usually
obtained by workers since that time both in this country and
in the U.S., the possibility suggests itself that Bouska and
Brown might have obtained higher counts if they had used beer
wort agar; North and Reddish (3) found in their experience
that Q0idium lactis developed on the latter medivm, but not on
the whey agar. Stiritz(12) also mentions obtaining more sat-
isfactory results from a medium made from near beer,resembl-
ing the beer wort agar of Lund (8)

Lund (8) working at Ontario Agricultural College, was
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probably the first in Canada to attempt mould and yeast deter-
minations on a larce scale. After considerable vnreliminary
experimentation, he developed the following technique, which

is the one usec in all routine count work in Canada today.

This technique will be referred to in this thesis as the Stand-

ard Plate Method.

Sample plugs of butter are obtained with a sterile try-
er, and transferred to a sterile screw cap jar with the handle
of a scalded teaspoon,discarding the top " of each plug drawn.
This sample is then heated to 40 - 45° C. to melt the butter,
shaken vigorously, and a 10 cc. portion is transferred to a
90 cc.water blank also warmed to 45° C. After thoroughly shak-
ing further dilutions may be made as desired.One cc. portions
of the dilute butter are then transferred to sterile petri
dishes, and 10 cc. of beer wort agar,ac¢idified with sterile

lactic acid, added. These are then incubated at 25% C. The
Qidia are counted after 3 davs and Penicillium and yeasts after
5 dayse

Commencing in 1918, several hundred samples were anala
ysed annually according to the above technique. The beer wort
agar was adopted after a number of comparative tests as being
the most satisfactory for the purpose. It was hoped at first
that the mould and yeast count could bhe used as a means of dis-
tinguishing between hutter made from raw and pasteurized creamn,
but many samples giving a negative reaction to the Storch test

showed the presence of numerous moulds and yeasts. Lund con-

cluded, however, that the mould and yeast count afforded a
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valuable indication of sanitary conditions in the cresmery.

Brown, Smith and Ruehle(13), 1920, in a study of
experimental butters. used a similar technicre. The samnle
was melted at 35°% C. and stirred with a sterile glass rod:
11,5 c.c. of this was then introduced into 90 c.c. of ster-
ile physiological salt solution at 35-40° C, From this,
higher dilutions were prenared. No mention is made ¢f the
media enployed.

Grimes (10), 1922, used a technique similar to that
of Bouska and Brown(Z?), in studyinge the éction_of certain
bacteria, moulds and yeasts on the keeping guality of but-
ter.

The American Association of Creasery Butter lfanua
facturers (26) conduct a large number of bacteriological
analyses and mouvld and yeast count determinations every
year. For the latter, they uvuse a whey agar mediuvm, and in-
cubate plates for 3 days at 37° C. They have set the fol-
loWing standards for salted butter:

Tess than 10 yeasts and moulds Excellent

Between 10 and 50 yeasts and moulds Good

" 50 ] 100 ) 1] Fair

Cver 100 yeasts and moulds Poor
In the author's opinion, the wse of whey agar, torether
with an incubation period of three days at .37° C. would re-
sult in a lower count than would be obtained if Lund's meth-
od were used.

Within the last two years, Food andthite(ll), of
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the Dairy Research Division at Ottawa, have done a grest
deal of work on moulds and yeasts in butier, usine the
Standard Plate Iethod evolved by Lund(8), but with a five
day incubation period for all moulds and veasts. They have
also made vse of the standards established by the American
Association of Creamery Butter Nanufacturers, and all san-
ples analvsed bv them are graded on this basis. It will be
noted that in this classification, yeasts and moulds are
congidered af equal importance; not because yeasts are as
deltrimental to the quality of the butier as the moulds,
“bul because yeasts and moulds alike indicate contamination
subsequent to pasteurization, High counts of both usuvally
2o hand in hand. Parfitt(24), in a revort on work at Pur-
due University, mentions that the yeast content-of butter
appears to be a good measure of the methods and care used

i the nmanuiacuiurirng pPprocesSS.-

All the methods mentioned thus far are macroscopic,
and suffer from the disadvantages common to such metheds.
In the first place, plates must be incubated for from three
to five days before being counted. The handicap of this pro.
cedure in attempting to detect high count butter and nreven:
its being exported, has already been referred to. In addit-
ion, the high cost of a petri dish method definitely limits
the extent to which it can be employed. Finally, for field
work, such methods are unsatisfactory, on account of the
difficulties involved in carrying about large quantities of

water dilution blanks, petri dishes, pipettes, and media.
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The problem of facilities for incubation and plate count-
ing: also presents real difficulties,

In an endeavour to overcome some of the objectious
to the petri dish method, Redfield(14), in 1919, adapted
the direct microscopic method of Breed(2l) to the determina
ation of yeasts and oidia in cream and butter. He melted
the butter at 40-45° C., until the curd-whey-brine serum
was clearly separated from the fat, 1 c.c. of this serum
was then transferred to a clean watch glass, and 0.01 c.c.
was measured with a capillary pipette and spread over an
area of 1, 2, or 4 cm® on a microscopic slide. After air
drying, the fat was extracted with xylol, the film fixed
with 95% alcohol, and stained with a saturated aquecus sol-
ution of methylene blue., Counts were made of 100 fields un-
der the o0il immersion lens, the microscope being adjusted
to a factor of 500,000. Each cell, separate or as an elemn-
ent in a chain or budding colony, was counted.

Counts so obtained were compared with those obtain-
ed by plating out by the use of the following technique;
4 plugs of butiter were liquefied in a sterile bottle, 10,1
grams weighed into a sterile porcelain mortar, and enough
sterile sand added to give a dry, granular mixture when
ground vp with a sterile pestle. The material was then scrap-
ed into a sterile 500 c.c. wide mouthed glass stoppered bot-
tle; -90 c.c. of sterile distilled water was added, and the

bottle shaken thoroughly to insure a uniform mixture. 1 c.c.

portions were then plated out on whey or wort agar, and in-
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cubated for five days at 30° C.

¥hile in general low grade butter showed high mould‘
and yeast counts, a number of samples revealed great var-
iations in the counts obtained by the two methods.The fol-
lowing extracts from Table 1 in Redfield's paper, bring out

this fact very clearly;

EXTRACTS FROM TABLE 1. (Redfield)

Sample No.Score. Ificroscopic Count., Cultural Count.

Yeasts Cidia. Yeasts., Oidia.
0 92 135,000 15,000 5 1
19 91.5 815,000 100,000 -10 .10
31 90.5 300,000 -15,000 3 0
50 86  385.000 135,000 3 4
27 84, 1,235,000 335,000 ~10 -10
54 84 1715,000 285,000 12 0

From a consideration of the above, it will be obvious
that the direct microscopic method cannot be relied upen to
give a satidfactory indication of the moulds and yeast con-
tent of a sample of buvtter. In many cases, samples giving
extremely high counts by this method showed counts suffic-
iently low by the plate method to place them in the highest
grade of the proposed stardards. The reason for this dispar-
ity is ‘to .be found in the fact that, by the former method,
it is not possible to distinguish between viable_and dead
¢ells, This, therefore, distinctly limits thHe value of this
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metnod for determining the mould and veast content of cream-
ery butter,

In 1920, North and Reddish({(3) checked Redfield's
technique, using high grade experimental butter. They con-
¢luded that, in general, this method can be used to show the
relative numbers of veasts and oidia in sammnles of butter,
Tests were also made to compare the count obtained by vlata-
ing out 1 cc. of the butter with that obtained from plating
out 1 ¢.c. of the curd-whey-brine serum, in the hope of be-
ing able to establish a ratio between the two counts. They
found, however, that the counts obtained by plating out the
serum ran all the way up to ten times as high as those ob-
tained from the butiter, and no ratio that might be univers-.
ally employed could be established.

The author finds it difficult to agree with the con-
clusions of these workers in regard to the Redfield method.
Any method showing such wide variations from the standarc
pddte count is far too unreliable to be satisfactory. In add-
ition, Redfield's method possesses the disadvantage that,
even when 100 fields are counted, -5,000, the lowest count
that can be stated, is fifty times the magnitude of the low-
er limit of the poorest class in the classification in use
today. From the results of Redfield(14) and NMorth and Red.
dish(3), we may safely conclude tha} the direct microscopic
nethod is of limited value in determining the mould and
yeast content of butter, and that we must lask £& =ome other

methéd T6P a rapid teést to supplememt the présent method.



= 15 -a

INVESTIGATIONAL

—

PART 1. DEVELOPMENT QF METHOD.,

- s

A, Review of Situation and Statement of Problem.

In the foregoing review, an endeavour has been made
to point out the importance of the question of mould growth
on Canadian butter, and the necessity for taking all poss-
ible stens to overcome this defect. Mention has also been
made of the work being carried on at the present time by
the Dairy Research Division at QOttawa, and by the Provin-
cial Dairy Branches in the Prairie Frovinces and Ontariog
of the need for a rapid method for the detection of potena
tially dangerous butter at the grading station, and for the
use of the field man, who is carrying the fight against
mould right to the creamery. Lastly, the methods used by
various investigators of the mould and yeast content of
butter have been critically reviewed. The conclusion arriv-
ed at may be stated as follows; the only rapid method for
obtaining mould and yeast counts developed thus far is of
limited value in relation to the present problem, due to.
its inability to count below 5,000 per c.c., and to distin-
guish between dead and living cells,

In brief, then, the problem'which the present invest-

igation seeks to solve is the development of a method for

detezmining the mould and xeast,content of butter in a much
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shorter space of time than that required by the present

standard plate method incidentally, one. which will be more

economical of glassware, media, and labor: which will give
counts showing a distinet correlation to those obtained by
the standard plate method; and which will enable the work-

er to count as far below 5,000 per c.c. as possible,

B. Preliminary Consideration of Factors Involvegd.

Ilention has bheen made of the fact that with the stan-
dard plate method, it is necessary to wait from three to
five days before the yeast and mould colonies have develop-
ed sufficiently to be counted with the naked eye. If counts
are to be obtained in a shorter space of time, the macro-
scopic petri dish method must evidently be replaced by a
microscopic method. Of the two best known microscopic meth-
ods, the first. Breed's method(2l) has alreadvy been discuss-
ed, and shown to be unsuitable for butter from pasteurized
cream, as it also is for pasteurized milk. The other method,
known as the Frost little plate method{l5), combines cert-
ain features of both the Breed direct microscopic method
and the petri dish method. The Frost method has been shown
by Simmonds (16), Hatfield and Park(l?7), and others, to give
results in routine milk analysis which compare favorably
with those obtained by the official plate method. This is
jue to the fact that only the colonies of bacteria which
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develop on the little plates during incubation are counted,
while in the Breed method, all cells, dead or alive, are
included in the count,

Briefly, tne technique 6f the Frost little plate meth

od as applied to milk analysis is as follows

An area of 2 x 2 cm. is marked off on an ordinary
microscopic slide, sterilized in a flame. and 0.05 c.c. of
milk deposited thereon. An equal quantity of melted nutrient
agar is added, and mixed with the milk. The slide is harden-
ed under cover, then incubated in a steride moist chamber
for six hours or longer. The films are then dried, fixed,
stained, and examihed under a microscope which has been ad-
justed to give a convenient microscopic factor. The count is
then calculated by the formula

No. 6f cohlonies counted

No. of fields counted X Reciprocal of quantity X

Area of plate = Number of colonies per c.c.
Area of field

In view of the unsatisfactory results reported with
the Breed method, and of the more promising indications of
the Frost method, it was decided to try and adapt the latter
method to the quantitative determination of moulds and
yeasts in creamery butter; then to compare the counts ob-
tained by the method mentioned above with those obtained by
the standard plate method, on a number of samples. As the

development of this method has been the chief aim in the



" e 18 .. on

present work. it has been‘found most convenient in the ar-
rangement of this thesis to discuss each phase of the work
in detail as dealt with, and to collect all tables of data,
charts, plates, etc, together at the end. where they may be

more readily referred to and compared.,

In the modification of the Frost little plate method
of milk analysis to the determination of moulds and yeasts
in creamery butter, a number of factors must be considered.
Some of these, such as the periocd and temperature of incu-
bation, and the plating of butier vs. the plating of serum,
have required considerable experimental work in order to
provide sufficient data on which to base decisions and draw
conclusions. These factors will now be discussed in detail,
followed by a detailed description of the technique finally
adopted, which will be equivalent to the results of Part 1,

Investigational.

Specific Considerations of liedia.

As mentioned in the review of previous work, whey agar
acidified with tartaric acid has been usea by a number of in-
vestipators. Experiments conducted by Lund(8), however, to

test out the value of a number of different kinds of media

showed the superiority of a beer wort agar made up as follows,

Unhopped wort 400 c.c.
Tap water 600 c.c.

Agar 15 grams.
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This medium is filtered and sterilized in the autoclave at
15 1bs pressure for twenty minutes. Before pouring plates,

4 c.c. of sterile 5% lactic acid are added to each 100 c.c.
of wort agar. Although Lund makes no mention of the pH value
of his medium, determinations by the colorimetric method
during the present work, using brom phenol’blué as indicator,
have shown that the pH of the acidified wort agar ranges be-
tween 3.5 and 4.0, depending upon the original acidity of
the wort. For the majority of the common moulds, this repre-
sents the optimum hydrogen ion concentration for spore germ-
ination and growth, as shown by the work of Webb(l8) and of
Johnson (19).

This wort agar medium of Lund's has been adopted by
the Dominion Dairy'Research Division, and by the various
Provincial Dairy Departments, in their routine mould and
yveast determinations. Inasmuch as the microplate method must
be compared with the method now in use. it was considered
advisable to adopt this medium for the present work also,
and net to make any attempt to evolve a new medium, It was
found necessary, however, to slightly modify the method of
preparing the medium, in order to obtain the clearest poss-
ible backgrounds for the microplates. A clear medium is not
of paramount importance in the standard plate method, but
makes considerable difference in the ease with which yeast
colonies in particular can be counted under the microscope

with the microplate method. To obtain this tlear medium, the

wort is first autoclaved and filtered through cotton. This is
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repeated a day or two later. By this means as much of the
heat coagulable constituents as possible is thrown down be-
fore the final sterilization of the wort agar. The agar is
washed in distilled water for several davs mrior to being
added to the wort. Finally, the medium, after making up and
filtering for the last time, is sterilized by heating in
flowing steam for thirty minutes on two successive days.
Care must also be taken when melting the agar before usine,
not to heat it too high, or for too long a period, Wort agar
prepared in this manner gives a clear background, vhich is
very satisfactory for counting mould and yeast colonies una

der the microscope.

Area of lLiicroplate.

A few trials were made with large glass slides having
an area of 4 x 4 cm. marked out. It was found that this lar-
ger size did not give any advantages to compensate for the
disadvantages incidental to the handling, incubation and
stdining compared with the ordinary 2.5 x 7.5 cm. slide hav-
ing an area of 2 x 4 cm. marked out. This size takes only
one-half the incubator space required by the larger one, and
permits the use of Coplin jars for staining the films,

The 2 x 4 cm, area is marked out on a clean micro-
scopic slide with a wax penciz using a metal marker of the
corregl-8ize. ‘lhe wWaX pencil lLlnes prevent The Liguid trom
running off the area marked out, which is a great advantage

vhen being mixed with the agar to form the microplats.
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Amount or Material Plated.

With the original technique, a dilution of 1/10 was
used, ana 0,1 c.,c. of this plated on an area of 2 x 4 cm,
This enabled counts to be obtained as low as 2,000 per c.c.
Later, however, in order to reduce this lower limit, a dil-
ution of 1/5 was used, and 0.2 c.c. of this plated upon the
same area. This enabled counts to be obtained as low as 500

per c.C.. When 20 fields were counted.

Micrescopic Factor.

By the microscopic factor is meant the relation bve-
tween the area of the microscopic field and the area of the
microplate. In order to arrive at this, the diameter of the
microscopic field, under the low power objective (2/3"),
with the minimum draw-tube length,,was determined with a
stage micrometer to be 1.6 mm,, and the area of the field

calculated by the formula o re
Ar2 = 3,1416 (3%2)%m.

“ 3.1416 x .64 mn.

= 2,01 mmz, or approximately 2 mm?,

The area of the microplate being 800 mw? (20 x 40 mm. ), the
nicroscopic factor is then

9%9- = 400
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Coun‘bing.

Keeping in mind the pvrpose for which this test will
be vsed, it is evident that rapidity and convenience 2re of
greater importance than extreme accuracy, where the lLatter
can be obtained only by great refinement of technique. There-
fore, it was decided that, as in miik snalysis, the counting
‘of 20 fields should be sufficient. Tests in which various
numbers of fields have been counted have shown that the count-
ing of more than 20 fields rarely cauvses any sygnificant
change in the count obtained, except in the case of low count
butter. Here it has been found advisable to count 40 fields.
Where the yeast count runs_over.50 colonies mner field, the
counting of 10 fields is amnle; if over 100 colonies
rer field, 5 fields will be sufficient.

The method emnloved in counting is as follows;

Tirst, make a rapid sreliminary survey of the
microplate, to ascertain how evenly distributed the colonies
are., Then twenty representative fields are selected and
counted, starting from the ton left hand corner, proceedins
diagonally =2cross to the opposite side, then diagonally bhaocw
again., This method of zigzaggine ~cross tie microplate vsval-
ly givesmore satisfactory results than when counts are made
‘rom fields taken diagonally from one corner to another a-
oross the full length of the micronlate. The use of a mech-
anical stage also tends to reduce the possibility of error

dve to the entrance of the personal equation in the select-
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ion of fields for counting.

The counts on the duplicate microplates are then aver-
aged and the mould and yeast count of the butter calculated
from the formula

Number of colonies cuounrvea - . . :
Mmber of Ticlds cowntesd X Reciprocal of dilution X

Reciprocal of quantity plated X licroscopic factor

= Number of moulds ( or yeasts ) per c¢.c. of butter,

For example, if the averacze of the duplicate micronlates
showed 10 moulds and 40 yeasts on 20 fields, we would have

Moulds. .3;.‘0?. X 15- X % X 400 = 5,000 moulds per c.c.

Yeas ts. 40 . 5 . B -
50 X TXTX 400 = 20,000 yeasts per c.c.

‘With the techniaue first used. it was not vpossible to
obtain counts any lower than 2,000 per c.c, That is, if no
colonies were encountered on twenty fields, where 0.1 c.c,
of a 1/10 dilution was plated on a 2 X 4 cm. area, the mould
( and yeast ) count was stated as less than 2,000 per c.c.
(«2,000)., This technique was fairly satisfactory with the ex-
Eremely high count butter used at first (which had been re-
turned from England on abkcount of mould), but proved of lima
ited value in dealing with the ordinary run of samples. The
technigue was therefore modified by changing the dilution
from 1/10 to 1/5, and increasing the quantity of the material
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plated from 0.1 c.c. to 0.2 c.c¢, With this technique, if 20
fielda are counted and no colonies encountered, we wuny rerard
the mould content as less than 500 ver c.c., (=500), and the
yeast content the same, If 40 fields are counted with cthe
same result, we may express the count as less than 250 (-275C).
Attempts were made to obtain lower counts by increasing the
quantity of materisl plated, and also by using dilutions low-
er than 1/5. In neither case were they svccessful. If a dil-
ution greater than 1/5 be used, it is difficult to obtain a
satisfactory susversioneven temporarily; the greater amount
of fat present cannot be mixed with the agar, and large blobs
of fat form on the microplate. These obscure the field, hid-
ing many colonies, and making it difficult to obtain accur-
ate counts under the microscope. Similarly, satisfactory
microplates cannot be obtained if more than 0.2 c.c. is plat-
ed out,

There still remains the possibility of redvecing the
lower limit of counting by the use of an ocular of lower
power in tne microscope, If an ocular could be obiained which
would give a diameter of field of 2,25 mm, in place of the
1.6 mm., in the .resent work, the microsconic factor would
be reduced to 200, and a minimum count of 250 per c.c. 0b-
taineda. As suchvan eyepiece was not available, the author
was not able to test out 1TS suitabllity compared with the
one used in this work, Unless it is vossible to reduce the

minimum count appreciably, as above, the author feels that a

change would not compansate for the loss of the present con-
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venJsantguicrosconic factor, which when multiplied by the
reciprocals of the dilution and the quantity plated, gives
a factor of 10,000 by which to multiply the average count
per field, With this factor, the calculation of the numbers
of moulds and yeasts present is as simple as by the stan-

dard plate method.

Plating Butter vs. RBlating Serum.

R

Bearing in mind the use of this method in the field,
the powsibility of further simplifying the microplate tech-
nique by dispensing with dilutions and plating out the curd-
whey-brine serun from the bottom of the melted butier sam-
ples was investigated. This procedure wou?éignable the work-
er to secure a lower minimum count. In order to test the re-
liability of this method in comparison with the butter dila
ution method, both counts being compared against the stan-
dard plate count, some 50 samples of butter were plated out.
The data obtained from this experiment appears in Table 1.

From a study of the results obtained by the two modif-
igations of the microplate method, the following conclusions
were 4drawn;

The mould count by the serum microplate method shows
much -greater variation in comparison with the standard paate
count than is shown by the butter dilution microplate count.

Cousequently, it would be very difficult to establish a sat-

isfactory ratio between the serum count and the standard
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plate count, for comparing the count obtained by thé one
methoa with that obtalned by the other.

<&y In a nuiber of cases, the veast count by the serum
method was more closely comparable to that obtained by the

Fs

s tandard plate method than was the count on the butter dil-
ution wicronlates.

3. With the serum microglates, it was not possible to
ocbtain as clear a backeround as with the butter dilution
method. These murky backesrounds make it difficuvlt to obtain
satisfactory counis where the mould or yeast colonies are
small and lightly stained.

4, With an incubation period of 18 hovrs. the Oidium
lactis colonies on the serun microplates had disintesrateg
into cidia in many cases; this makes it very difficult %o
obtain accurate counts, particuvlarly where there are sever-
al colonies present per field.

5. Qidia in cha&ns, and yeasts in clumps, in the butter
Ssample are not droken up into individual zells »efore plata-
ing in the serwn method, as in the butter dilution method.

3, For field work, the seruvm method can be used to ad-
vantage, as it rives a satisfactory indicaticn of the exX-
tent of contazmination with moulds and easts, and is sim-

pler than the hutter dilution method, in that no dilutiocns

are required.

In addition to the above-mentioned comparisons by the
microplate method, portions of the serum, the clear melted

butterfat, and the butter itself were plated out from seven
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samples, the counts from which appear in Table 8. In these
tests, the ratio of the mould count of the serum to that of
the butter varied from 4.3 : 1 to 17.7 : 1, while the ratio
0T Tthe count on the voure butierfat compared with that of the
butter varied between 1 : 1.4 and 1 : 114. These results are
in agreement with those obtained by North and Reddish (3),
already referred tb.

Inasmuch as the microvolate method will be used maina
ly for catching shipments of export butter having a hicsh
mould count, the author decided that it was more important to
have a method giving accurate mould counts, even if there
were greater discreoancies in the yeast count. Therefore,
the butter dilution method has been adopted as meeting these
requirements nore satisfactorily than the serum method. The

“latter method, however, may be used to advantage in field

Wwork,

Period of Incubation.

In his description of the little plate method for milk.
‘analysis, Frost(l5) recommends an incubation period of six
nours or longer. Hatfield and Park(1l7), working in the lab-
oratories of the I"ew York Board of Health, have used a fifa
teen hour period in routire milk analysis with satisfactory
results. In order to determine the most suitable veriod for
mould and yeast counts, two series of exneriments were cona

ducted. In the first, ten microslates were made from the
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same dilution of each sample of butter. These were then in-
cubated at 2BY Cue AT the end of six hours, two plates were
removed, dried down, stained and counted. This was repeated
after nine. twelve. fifteen and twentv-four hours. Table 2
contains data from this series of experiments. These show
that with some samples, it is possible to obtain a count
after six hours which will give a failr indication of the
mould content: with many. however. cermination of the mould
spores is too slow, and there is a progressive increase up
to the twelfth or fifteenth hour. After the twelfth hour,
the mycelium of the mould has usvally spread unt¢il its diladi-
eter is as great as that of the microscopic field, and care
muat be taken in counting, where tihe whole of the colony is
not within the field. Satisfactory counts of the yeast col-
onies cannot be made untlil after the twelfth hour, when they
have reached a size large enough to show up clear-
ly when stained with thionin. It shouvld be noted that in a
nunber of cases, the yeast counts at twenty-four hours =are
considerably higher than at»fifteen hours.

In the second series, the aicroplates were prepared
as in the first, duplicate plates being removed and counted
after fifteen, eighteen, twenty-one and twenty-four hours,
Table 3 containé data for this series. A study of the data
reveals the fact that the differences between the mould
counts made after these different periods of incubation are
not large enough to be considered significant, being no

greater than the differences between duplicate plates both
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by the standard plate method and by the microonlate method., It
was noticed however, that from eighteen hours on, the Qidiuam
- colonies |

lactisAtended to disintesrate, renderin~ accurate counting
difficult.On the other hand.the veast counts in some cases
showed a considerably higher count after tweniy-four than
after fifteen hours,

Bearing in mind the question of convenience in routine
laboratory work. in addition to the results above noted.it
may be stated that a period of between twelve and eighteen
nours, prererably rifteen hours gives mMOST Satislactory
results for mould counts. Plates made late in the afternoon
cén be counted “esrlv on- the following mornins, Where con-
ditions render it imverative , however, it is oossidble to

cbtain valuable information as to the mould content in six

to nine hours.,

Temperature of Incubation.

Among previous workers, opinion seems divided as to the
optinmum temperature of incuvbation for moulds and yeasts.
Nicholls (9), states that Oidium lactis, the commonest mould
in butter, grows best at 3£% C. Hunziker ( 25,) also recom-
mends. this temperature. The American Association of Creama
ery,Butter”manufacturers(ZG) incubate'plates‘at'BVO-C. Stir-
1tz(12) and Redfield(14) both consider 30° C. the optimum,
while Lund(8) used 25° C. and Bouska and Brown(7) room tem-

perature. To settle the question for the microplate method,
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several series of exnerimenta wevre anndnoted. Tn the firat
series, four standard plated and four microplates were pre-
pared from each dilution, Half of these were kent at room
temperature (16-19Y C,) and the remainder in the incubator
at 279 C. Counts obtained appear in Table 43 these show
that although room temperature is apparently eaually satis-
fagtory for.the standard plates, which are incubated for
five days. germination of mould svores on the microolates
is greatly delayved. IT 1is auite feasible t0 use the roowm
temperature if the period of incubation is extended long
enougheviz, twentiy-fouvr hours or longer,

In the second series, the same procedure was foll-
owed. except that the temperatures commared were 24° and
299 C., This series was plated with the original technique,
which did not permit counting below 2,000 per c.c. There-
fore, as only two samples showed any mould count by the
microplate method, the results are inconclusive. Counts
obtained appear in Table 5.

In the third series, the samples were plated out us-
ing the revised technique, and incubated at 25° and 300 C.
The counts from this series appear in Table 6. Considerable
variation is evident. yvet by both methods. the count at 259
exceeds that at 30" in twice as many cases as the reverse
holids True. LOre important With The microplates is the fact
that at 250 after sixteen to eighteen hours, béth mould
and yveast colonies stand out much more clearly, and are

more easily counted, than after incubation for a like period

2t 300,
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Degree of Shakine, Style of Pipette,_esc.

In order to determine the effect of these factors,
‘seven samples of butter were plated out as follows; the
first two plates(A) were prepared after shaking the dilut-
ion blank for fifteen seconds. then with an ordinarv 1 c.c.
pipette, graduated in 1/100ths, delivering 0.2 c.c.

The second two microplates (B) were prepared sim-
ilarly, except that the dilution flask was shaken for thir-
ty seconds. The third two(C) were prevared after fifteen
seconds shaking, but using a one-mark pipette which deliv-
ered 0.2 c.c. The fourth two(D) were the same as (C), ex-
cept that the dilution was shaken for thirty seconds. Data
appear in Table 7.

A study of the data shows that in nearly every case
the B and D plates gave'the highest counts. This is to be
expected, as, with a longer shaking, the chains of ocidia
and groups of yeasts are more completely broken up. This in-
dicates the desirability of thoroughly shaking the dilutions
immediately before pipetting onto the slide, Again, in pract-
ically every instance, the counts obtained. from the micro-
plates whefe the one-matk pipette was used were lower than
‘those where the ordinary graduated pipette was employed. The
most likely explanation of ,this is that more fat is depos-
ited upon the slide with the one-mark pipette. With the ord-
inary graduvated 1 c.c. pipette, thé mixture of fat and water

is drawn up to the highest graduation, the fat has time to
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rise to the top, and a clear liquid, practically devoid of

fat, is deposited upon the slide in plating. This natvrally
results 1n a much clearer type of microplate, which is much
more easily counted under the microscope., Where large Llobs
of fat are devosited. many mould and veast colonies are ob-
scured, which accounts for the lower counts obtained.

Mention has already been made of the analyses conduct-
ed to determine the relative distribution of the mould swores
and yeast cells between the butterfat and the serum, data
from which appear in Table 8. "hese showed that the majority
of these cells were to be found in the serum., In addition,
by the time the butter has bheen thoroughly shaken in dilut-
ing, the organisms remainine in the butterfat itself will be
but a small rercentage of the origsinal flora of the butter.
It was decided: that these few cells .remaining in the butter-
fat were unimportant compared with the necessity for obtain-
ing microplates with as clear a film as vossible, to facil-
itate accurate counting.

In view of the fact that the microplates prepared by
the use of the ordinary gradusated 1 c.c. vivettes were more
satisfactory for counting, and gave a higher count, it is
recommended that this type of pipette be used in the micro-

plate method, 1in pretrerence To pippeites of the one-mark

type.
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C. Detailed Description of Technique.

Having fully discussed the various factors involved
in modifying the Frost little plate method of milk analysis
to the quantitative determination of moulds and yeasts in
butier, it now remains to sum up the foregoing
by giving a detailed description of the modifiéd technique

as finally adopted.

Samples of butter for analysis are obtained by draw-

ing three or four plugs with a sterile trier, and trans-
ferring these to a sterile screw-capped jar with the hanw
dle of a scalded teaspoon. The top " of each plug is dis-
carded, so that the results will not be affected by contama
ination upon the surface of the butter; in this way, the
results will furnish a wvaluvable indication of sanitary’con-
ditions in the creamery manufacturing the butter., The sam-
‘ple jars are next placed in water at 40-45° C. This temper-
ature must not be exceeded, or some mould or yeast cells
will be weakened or killed, and not develop on the micro-
plates. When the butter is thorouchly melted, it is shaken
vigorously for thirty seconds, and a 10 c.c. portion with-
drawn with a sterile pipette. The sxterior of the pipette
with a2 sterile c¢leth

is carefully wiped/to remove any butter, and the contents
introduced into a 250 c.c. Erlenmeyer flask containing 40

c.c. of sterile water warmed to 459 C, The use of a 10 c.c.

vortion reduces the possibility of error through random
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sampling, while the uvse of a 40 c.c. water blank reduces
the possibility of error due to inaccuracies, when compared
with smaller samples and water blanks., However, where,
through lack of sufficient laboratory equinment or swace,
the larger sample cannot be used, satisfactory results may
be obtained where 2 c.c. of butier are added to 8 c.c. of
water in ordinary test-tubes. Wheh these smaller samples
are used, it is essentisl that the butter sample, and the
dilution made from it, be excevntionally well shaken, in or-
der to distribute the woulds =»nd yeasts as evenly as noss-
nortion
ible throuchout. For the maijor /- of the vresent work. the
author has been ¢ ligéd L0 USe The sSmaller s=mples. Beiore
doing sc, tests were made comparine the results from both
large and small samples,\which showed that where suffic-
ient care is taken, entirely satisfactory results
be obtained with the smaller samnles.,

While the butter iIs melting, clean microscopic slides
are prepared by marking out upon them with a wax pencil, an
area of 2 x 4 cm. (See Fig.1l.) A small insuiated metal box
or tank with a flat cover is then filled with water at 450
C., (See Fig. 2Q) This is used as a "warwm table", %o prea
it

CeCoe
tube

vent the agar from hardenine dn the microzlates vefore
can be mixed with the diluted butter! being pkated.]i;
of previously melted wort agar, which has been acidified
with sterile lactic acid to esive a pH of 3.5 to 4.0'(4 CoCoe

of 5% lactic acid to 100 c.c. of agar), is next placed in.
——t ] -

in the water through the hole in the top of the warm table,
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10 keep -1t at the »nroper temperature.

Dunlicate slides are now sterilized by passing several
times through the flame snd w»laced voon the top of the warm
table. The dilution flask or test-tube is vigorously shaken
again, and Ttihe mixture drawn up to the ton graduation 1in a
1 ce. pipette gradvated in 1/100ths of a cc.(Fig.3) After wip.-
ing off the exterior with a sterile cloth,or paner, 0.2 cc.
are spread over the 2 X 4 om, area on each slide, Four drops
of agar are now added to each micrcplate, ~“thoroughly miXed
with the dilutedbutter and spread evenly over the area with
a sterile needle. The microplates are now removed to a cold
level surface, covered to protect them from dust contamin-
ation while hardening., When the agar has set, they are trans-
ferred to a sterile moist chamber, which contains enough molis-
ture to orevent the agar drying out during incubation. The
most convenient form of moist chamber is that manufac'tured
by the Central Scientific Co. of Chicagc, for use with the
Frost little plate method.( Fig.4). If a large number of
samples are being examined, as in routine laboratory work,
such a chamber 1s practically a necessity, being very cone
venient and most economical of space. Where relatively few
samples are being plated at one time, a satisfactory form
of moist chamber can be improvised in the following manner,
The top part of a large sterile glass culture'dish, having
a diameter of about 20 cm. is placed inside of a larger dish

of the same type,(Fig. 5), and BOcc. of sterile water added
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TOo maintain the required humidity. The glass 1lid is easily
removed when putting in or taking out the microplates, The
chamber should be washed with a 1: 1000 solution of mer-
curic chloride once a week, to prevent any growth upon the
interior surface, A:chamber of this type will hold ten to
twelve slides.. Four of these chambers were used bv the authe-
or in the present work and proved very satisfactory.

When the microplates have bheen prepared, the moist
chamber is removed to the incubator. The period of incvuba=
tion which gives best results has been found to be from
twelve to eighteen hours. vpreferably fifteen hours. at 23“ C.
This period fits in well with the ordinary laboratory routine,
¥here necessary,an indication c¢f the mould content may be
ovtained in less than nine hours, but such a count will De
lower than where a longer incubation vneriod is employved. For
a short incubation period, it is advisable to raise the tenp=
erature of incubation to 30° C; conversely, 1f the micro-
plates are to be left for more then eighteen hours, =2 lower
tenperature shouvld be used,

At the conclusion of the incvbation period, the micro-
plates are removed and dried down on a netal sheet vlaced
shove toiling water, This takes from five to ten minutes.

If dried down too fast, or left drying too long, the films
tend to crack., Once dried, the microplates are placed in

Coplin jars containing a thionin stain made vp a8 follows;

Thionin 1l oram

Carbolic acid 2%



Distilled water 400 c.c.
Filter, and add 5% of glacial acetic acid.

(Conn(22), in a recent paper, states that care should be
taken to obtain Thionin (Bynonyn Lauth's Violet) and not

Thionin Blue, as originally erroneously specified by Frost.)

With this stain, no preparatory fixation is necessary,
as the scetic acid in the stain nrevents the agar frow
staining too deeply. Slides are stained for three minutes,
~washed carefully in clean water, dried, and examined under
the microscope.

The microscope should be so adjusted that the area
of the field under the low power (2/3") objective will be
2 mme, After a preliminary survey to observe the evenness
of distribution of the colonies., twenty representative
fields are counted, preferably with the aid of a mechanic-
al stage, Where only a portion of a colony sppears within
the field, the worker making the count nmust use his judge-
ment, balancine one field with another. If no ¢€élériies are
encountered in twenty fields, another twenty may be counted.
If the yeast count runs over fifty colonies nperfield, the
counting of ten fields will be sufficient; if over one hun
dred per field, five fields will be enough to count,

The mould and yeast counts on the duplicate micro-

vlates are now averaged, and the count per c.c. calculated

by the tormula
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Nuwaber of colonies counted
Number of fields counted

x Recirvrocal of quantity x

Reciprocal of dilution x }Microscecpic factor-= Number

of moulds (or veasts) mer c.c, of butter.

Thus, if the average count of twenty fields on each dupli-
cate microplate cives 4 moulds and 3Q yeasts; if 0.2 c.c.

of a 1/5 dilution are plated, and the microscopic factor

Area of microplate

800 | .
Area of field == 400, we have

f o

2%@3 5x 5 x 400 2,000 rioulds per c.c.

%%-x»5 x b x 400 15,000 yeasts jer c.c.

If no moulds {or veasts) are encountered in searchine twen-
ty fields. then

%%-x 5 x 5 x 400 -500 moulds (or yeasts) per c.c.

while if none are found in forty fields. the count may be
stated as =280 per c.c.

In actual practice, all that need be done is to find
the average count per field, then multiply by 10,000 (5 x
5 x 400). In this way, the calculation is &ds simple as in
the standard plate method.

The technique.described above will enable. counts to
be obtained up to as high‘as 50,000 moulds and 1,000,000

3 ~ the majority

yeasts per c.c., which will include of the samples en«

countered. For the higher count butter, a higher dilution

pay be prepared, or a smaller quantity plated out.
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INVESUIGATIONATL,

PART 2. CCLPARISCN OF THI MICROPLATE WITE UHSE STANDARD

PLATE 1XTHOD.

In a comparison of the microplate with the standard
plate method for the deﬁermination of mouldé and yeasts in
butter the reliability of the former method is, of course,
the feature of paramount importance, This means, of course,
that the microplate counts nust afford a reasonably accur-
a2te indication 6f the mould and yeast content of the butter
bteing analysed. Ve havé no woy Of‘kHOWing just what the

actval mould and yeast content of a sample of butter is:

“-

even.thestandard plate method cives only an asunroximaticn
of the number, as is the case with the official plate metha
ed in milk analysis, However, when a new method of milk an-
alysis is to be tested out, it is compared with the offic-
ial plate method. Similarly, in the gase of a new method

for mould and yeast counts, the comparison must be made with
the'standardrplate meth@d) Part 2, Investigational therefore
deals with the comparison of the two methods, not only in
fegard to reliability and accuracy, but also on several

minor points. Each of these will now be discussed in full.



-m 40 wa

Ao Reliability and Accuracy.

In comparing the new microplate method, described
in Part 1, with the standard plate method now in use,
186 samples of butter have been plated out by the both meth-
ods simultaneously. With the idea of testing out the new
method on as wide a range of butters as possible, samples
have been secured from Alberta, Saskaichewan, lManitoba, Ont=-
ario, Quebec. New Zealand. and Australia: the mould counts
on these samples rancing from 3 to 540,000 per c.c. by the
standard rlate method.
As the microplate method is designed primarily for
the detection of butter with a high mouvld count, attempts
were made to secure as many samples of high count butter as
possible. Unfortunately, on account of the tremendously in-
creased exportations of butiter during the early fall, ~sreat
difficulty was experienced in obtaining sufficient samples
0f This nature. Mumerous Trips were made to iiontreal TO 0b-
tain such samples, usually without success., Faced with the
choice of presenting results based upon some fifily samples,
or else "manufacturing" high count butter by mixing butier
of this type with low count butter, the author, after long
consideration, and with some misgivings, chose the latter.
Samples of low and high count butters were melted, and vary-
ing quantities of the latter added to the former, after
which the "inoculated" samples were thoroughly shaken for

several minutes., While thésnaécessityrfoy sush a step is to
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be repretted, there seems to be no reason why such samples
should not be satisfactory for comparative analvsis> by vhe
two nethods,

In analysing all the samples, care has been taken
to eliminate sources of error as far as possible. The stan-
~dard plates and microplates were prepared from the same ail-
ution, the same media from the s=ame flask was uvsed for each,
and all plates were incubated in a large incubator a2t the
sane temperature. The details of technique in bvoth rmethods
have alréady been riven.,

In Table 9 have been gathered together the.results
of all analyses cénducted in this investigation, some of
which ha%e'apéearéd‘in«connection with tests of the various
factors involved in the development of the microplate meth-
cd. These have been arranged in numerical seduence of mould
counts by the standard plate method. In addition, the ratio
of the mould count by the micronlate method to thaﬁ‘oﬁtéin-;
ed by the standard plate method is alsb shown. The data from
Table 9 have also been plotted out in graphical form. In
Chart 1, the 1ogarithmic values of the counts oﬁtained‘by
both methods have been plotted on the‘y-axis, the samples
being nunbered in numerical sequence of standard platé_-
mould count, and rumning from left to right on the x-axis.
The advantages of using the logarithmic; rather than-the1
arithmetical,values in making such a comparison have been
fully set forth by Field(23) and others: In addition, a

glance at the range covered by the counts (3 to 1,510,000)
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ism between the counts obtained hy the two methods. As the
counts decrease, however, the microslate counts %tendito show
wider vavimtions from the standard plate comnits, This of

ceurse is only to be expected, With the wicrovlate metliod,

i—-’o

-~
one mould encowntered in countins twenty fields will sive
. mould count of 500 per c.c. This one mould misht chience

w0 be the only one present on the whnole :icronlate, con-

g% .
a count of

tainins an area of 400 fields, or equivalent to
25 moulds per c.c. Consecuently, occasional hicher counts
by the microrlzte method on the lowver count hutter, partic-

ularly thoat below 100 per c.c., are not surorisine. The

e

E S

really sururising thing is thst tiie counts anproach tiie nora
mal ratio in so msny cases, However, vith the sresent tech-
nigue, it is probably best to state the equivalent of a
standard plate count of 100 per c.c. as the lowest reli.
able limit for the microplate method. This will not creat-
ly handicap thue method, in the detection o6f.butter with a
dangerously high rould content.

In Chart 2, the close parallelism between the counts
by the two methods with high count butter is grapiiically

depicted in a scmewhat different manner. Here the dots re-

present the co-ordinates of the logarithmic values of the
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ccunts obutained by both rie-hods on 128 samples. The logar-

ithmic value of the stend-rd plate count . is nletted upon

+
-

the X-axis, and that of the microplate count on the y-axis.

This depicts very clearly the close correlation existin~ in

o}

I

the high mould counts, and the creater ‘egree of departure

from the average, as indicated by the pencil line, in the
lower counts, |

ih Chart 3, the frequency distribuvition of the raotios
of the microplate-counts to standard plate counts on 128
smiaples has been plotted. Tn this, the srouvpine of the rai-

[

ios about the modal wvalve of 2 ; 1 is significant, Of the

[N

12¢ samnles, 99, or 77,3, ~ive ratics fa2llin-~ between 1 ; 1

/

Lnd

and 3 : 1, with 53, or 41,4, fallines in the modal value of

1

: 1. In a freguvency distribution of this sort, the modle,

Do

rather than the wmedian or the arithietical mean;’is the wost
suitable form of average to vse where counts by one metiicd
ére to be transferred into the terus of the other method,
where only the one count is knovm. From a study of'Ghart 3,
it would ampear that the modal value of 2 ; 1 is the most
suitable ratio for this purpose. Comparisons must be mnde
over a larger nuuber of ssunles before this value can bhe
finally accepted as the most satisfactory averace to use,
ilention was made on a previous nage that the micro-
plate method would be concerned mainly with samples‘showing
6ver 100 moulds per c.c. by the standard plate method. If
then, only those samples are considered which gave counts

sbove this figure, and their ratios plotted, (Chart 4), we
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otain a frequency distribuition very muclhi closer to the
normal., Here the videst ratio obtained is S.5 : 1, with
84 out of 107 ratios falling between 1 : 1 snd 2.5 : 1 in-
clusive., It should be noted that the class intervals in
Chart 4 =re but one-ha'f the magnitude of those in Chart 3,
which changes thi= shace of the historran to sous eXxtent,

In conrection with the resvlts plotted, it must he
borne in wmind that the earlier counts were imde with the
original techniqué, vhich ~ave a lower limit of countine
of 2,000 per c.c. iTo doubt if tle revised %
ing a lower limit of 250 per c.c. had Heen used on

L

samples, wany of the wide vatios on the lower covnt s=m-

nles would not liave =2onenred. OFf the ten s=muples showing
ratios wider than 50 : 1, eisht of these were plated Yy

the orisinal tecimiique. All ten were on sanples ~ivine a
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count of less than 2D per c.c. by
06, waich is obviously below the satisfactory workin~ ran-

oce of fhe microplate imethod.

)
i

Perhags 2 word should be said as 1o the reascn Tor

the hicher counts by the microplate method. In countins un-

der the microscope, the uycelium of each mould, resulti-
ing from the germinstion of a single sgore, is counted; on

the standard plates, a mould colony, vhich after five dn~ys

generally,has s, dismeter of more than 1 cm., may have re-
sulted from the geruination 6f two or more spores. Again,
-wﬁeré the Stahdafd“platé is crovded, either-withﬁmoulds or
yéasﬁénér bofh, the growth of the weaker mould colonies

Ay be irnivited, and the covnt will be lower than it should
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e, Proof of this is given in the higher counts obtained

<

from plates poured from tlie higher dilutions, as couwpared
with the more crowded plates of the lower dilvtions. The

claim may therefore be made that the mioroplate method af-
fords a more accurate indication of the actual wouvld cont-

ent of the tutter than does the stondard plate method

oint in sunport of the above contention is

T
e v

(L‘ 2

,..a
,.,\

Anoul

<
v

1,

that with the hish count Tutter, =2 larger quentity of the

dilution, vhich is necesssry for many hishi count samnles,
the milcroplate carries forty times as much butter as the

standard plate. (0.04 to 0.001 c.c.} In this way, the posSsa
ivility of error throucn the use of hi~h dilutions is a-

voided in the microplate method. Thiis no Joubht exnlains

vigr the cownts from duplicate microslates vary much less

than those frow strndsard »lates of the hicher dilutions.

The relation tetween counts obtained with 4ifferent dil-
vtions by the standard plate wmethod is =2lso puzzlins at

E o PN

tines, for occaesionslly more mould colonies aprear on the
hi~her diluticr olates tii=n on the lower, The possibility
of results beinec disturbed Ly mould contamination Troir the
ailr is aléo creater with the standard plate method, due to

the greater dilvwtions employead, even though the wmicronlate

is exposed to the =2ir for perhaps thirty seconds during

4

nlating.

When the yeast counts obizined by the microplate



-

method are ccupared with the standard nlate counts, a less
satisfnctory correlaticn is observed. In several cases, the

nicroplate count is very low in somparison with tlie standard
plate count. In explanation of these discrepsncies, a -
ber of reasons suggested themselves., In the first nlece, it
was thourht that insufficient shakine of the il
nreparine the micronlaies might be the causé, ot the exnerw
iments reported in Talle 7 failed to substantiate this. The
next idea vhicli sugrested itself was that in vsings the grad-
uated‘l c.C. pipette ©to demosit 0.2 c.c. uipon the slide,
the veasus micht rise to the top with the butterfat withir
the bore of the pipette, and thus escane bheines nlated out,
The data in Table 7 also Gisoose of this possibility.
Two other wossibhilities susrcested themselves. Cne is
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that in these parvicular sariples,
had 2 vervy low ther=l death-=oint, and covld not stand be-
o % ]

L

ins held at 450 C., Tor thirty to forty winutesietween the

2latins out on the standard plates and the prewvaration of
the micronlates. The second possibility is thet the yeasts

in these particular saw;les were very slow growing, and were
unable to form recognisahle colonies unon the wmicronlsties
durine the Tifteen to eicshteen Yicvrs incuwation at 25 - 30°.C,
"his was sumnorted vy an exaninmtion of the standard p»lates
of several of these sarmnles showine discrepancies, which re-
realed the =nresence of larpge nuwibers of extremeiy‘small

suvbsurface colonies 2t the end of the incvbation period. ™a

fortunately, neither of these conjectures could be confirmed
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by experiment, as the samples of butiter involved had been

e

discarded to make room for fresh ones before the discrep-
ancy in yeast counts became known.
In connection with the explanation based upon slow-
ness of growth, it is interestinec to note that in one of
the experiments where microplates were counted after six,
nine, twelve, fifteen and twenty-four hours of incu

(Table 2), the yeast count jumped from 65,000 at 15

to 5Q8,75G at 24 hours, while the standard plate gave a
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count of 300,000 yeasts per c.c., I
be noted that, with some samples of butter, it is d4dif
_cult to obtain microplates with as clear a background as is

fficvlt to count very small or

[
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i
e

exr:

R

desirable., This ren

]

lightly stained yeast colonies under the microscope, thus
civing 2 lower yeast count by the microplate method.
Bven though the yeast count is of secondary importa

f butter with a hich mould content,

|..’.

ance in the detection o

-

rable that more work be dene to

nevertheless, it is desi
‘ \
determine definitely the cause of the discrepancies between

A

yveast counts by the two methods. This the author hopes to

have an opportunity of doing during the coming year.

Despite the greater irrvegularity of the yeast counts

more reliable than those oh-
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When the cos® of obtainings mould and yeast counts by
the microplate and the standard plate methods are conpared,
the advantage is seen to lie entirely with the former., In
plating out a sample of butter by the standard plate method
it is necessary to pour plates at least three, .and usually
four, dilutions, ranging from 1/1 to 1/1,000, This requires
two or three dilution flasks, three or four pipettes, and
SixX or eight petri dishes, together with 10 c.c. of wort
agar medium for each plate. With the microplate method, all
that is required is a dilution flask or test-tube, two pip-
ettes, two ordinary 2.5 x 7.5 cm. microscopic slides, and
eight drops (0.4 c.c.) of wort agar. The upper limit of
counting with a 1/5 dilution microplate is as hich as that
of 2 1/1,000 standard plate, so0 that it will rarely be ne-
cessary Lo prepare micronlates of hicher dilutions.

In addition to the actual cost of the slassware and

media reaquired, as re
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tioned the considerably greater ex

ense.- by €
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plaue method 1in connectlon witih the wasning of glﬂ.aWdLL,
. e - e A A IR s L0 LI by o Enlens et 4
the wrapping and sterilization of petri dishes, and the pre-

paration of media. Likewise, the loss due to breakage of

slassware 1s nmuch greater by the standard
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plate method, as

petri dishes are much more expensive, and more easil
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en, than microscopic sl
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Lastly, the great saving in incubator space wi
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QuTringe Ttihe busy sesson, If one of the rerculation noist chana-
- " a & - & -~ . - S -
ber cabinets (Fig. 4) put out by the Central Scientific Co.

is used, it may be placed inside an ordinary incuhator set

at 250 C. The dimensions of the cabinet are 63" x 4" x &",
and its capacity is 48 microplates, from 24 samples. To plate
out this number of samples by the standard plate method, be-

microplates are never incubated for more than itwenty four
hours, while the standard plates must remain in the incubat-
or for five days. Thus, a2 laboratory analysine 24 samples
per day would have bebween.720 and 960 plates incubatine at
one time, in place of 438 microplates by the microplate meth-
ods As a resulil, more samples can be analysed, at a consid-
erably lower cost per sample, by the microplate method.
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Ce ‘Time Required to Qbtain Resultis,
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microplate nethed enjoys a distinct advantage over the stan-

- e

dard plate methed, enabling counts to be obtail
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ned in from
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one seventh to one tenth of the time required by the latter

method. The most satisfactory counts are obitained from micro-

L

plates which have been incubated around fifteen hours at 250



Ce, while the standard plates must be incubated for five
days before counting, Furthermore, if the necessity arises,
a count can be ohtained by the microplate method in eight

to nine hours, which, althouch lower than that obtained
with a longer incubaticn pericd, will still ensble the work-
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counted more easily, and with less eye strain, than are the
standard plates. Hatfield and Park(17), of the Tew York

Board of Health Laboratories, reporting on a series of tests
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In crder that counts of moulds and yeasts in creama

L Ao -~ -~ "1 \ - - -, > - Y . 2 - 1 ~ ~
ery butter may be ohtained in less time than with the ores-

U = - | ’* 4 o~ -~ - sy 3 - - ! ’»., S — - - e ) -
ent standard plate methed, a rapid method, known as the
= T EATR e s . i S POR T .
Microplate Nethod, has heen evolved. This method, which is
s O3 - S MY £ o P iy Pty DA e (BB W 5 p e . A - -
a modification of the Frost little plate method of miik

2 18 L T - ',- = “ :._\ = ~ - e o
analysis, enables counts to be obtained in from one-seventh

b o r. whe i ? o TP = - g i et b -

to one-tenth of the time 1’e(‘_1_1__;_i-eg{ by the standard ;ﬂf—‘,tp
o Yo = |

8 Lol s

l
(T
/1]
=
-
D
[
O

36 lots of butter from various sour-

ces have been analysed b

,
(]
&
o’
(%]
i
o
D
fio
()
H
)
I
H
1
-
4]
b}
3
h
-{..
finged
)]

standard plate methods, and the resulits compared
of the data obtained leads to the conclusion that the
microplate method can be relied vpon to furnish a reason-

ably accurate indication of the mould content of the but-

ter, where this is above 100 per c.c. as determined b

the minimum working limit of the new method,
Cn the average, mould counts obtained by the micro-
plate method are twice as great as those obtained by the

that with the microplate method, each individval colony
- - . - Ay T L 4. 2 \ £ T b & =) P - N e
resulting from the germination of a spore czn he counted

=
ty)

while with the standard plate method,. two or three spores

.

way germirnate and grow together to form a single colony,.
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obtained by the microplate method to those by the standard

plate method shows a close grouping about the modal value
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TABLE 1.
FELATIO OF STAITDARD PLATE COUNTS Y0 CCUWT5 OBTAIID BY. PLATINT
BUTTER DILUTIONS ATD SERULI BY »ICRO-PLATE 1’ETHOD.

Standard Plate. liicro-plate(Serun) 'icro-plate(Butter)

Moulds Yeazts ... 1oulds Yeasts l.oulds. Yeasts
3/1 13,700 x 88,000 _ 10,000 44,000 6,000
BD 8,250 15,000 x 91,400 20,000 500
BB 6,000 117,750 x 328,500 11,000 19, 250
8Xa 5,750 403,000 39,000 3,130,000 8,750 251,000
A2 5,6SQ 590,000 34,000 5,460,000 12,250 226,000
BC 5,000 124,500 x 538,400 17,250 21, 750
A4 4,450 138,500 67,500 707,500 9, 500 228,000
A5 3,325 166,250 24, 300 202,000 6, 250 110,000
6/12 3,200 | 12, 530 | 8,000
A6 2,500 357,000 16,500 4,426,000 5,500  £68,000
7XA 925 1600,000 8,000 8,800,000 1,500 1,663,000
AN 775 445,000* 5,000 x 2,250 520, 000
6J 725 2000, 000 20,000 x 2,500 1,718,000
BK 700 x 191, 500 X 5,000 2,118,000
6" 475 730,000 20, 000 X 2,750 622,000
5/2 . 350 18,000 1,050 295,200 750 250
BG . 300 20,500 . 1,550 x 750 50,250
BI 240 42,500 1,900 x 750 52, 750
5/ "5 34,000 -50 - 225,800 250 43, 500
5/6 50 38, 500 -50 320, 400 500 46,250
NZ13 35 1400 100 15,200 250 -250
BP 28 180 -100 1,300 . 250 -250
61 25  x -250 x 250 " 1,916,000
6B 15 139; 500 | -250 x " 333 250

- | Cont'd.



Standard Plate.

lioulds Yeasts
A3 13 600
7z-28 10 330-
BE 10 4,525
6A 5 180, 000
6C 5 9,750
6F 5 25,200
6G 5 26,000
6H 5 210,000
NZ-8 5 145
BF 5 155
BQ 5 83
ER | 5 20
BU 5 233
NZ-1 3 563
NZ-1x 3 695
5/12  -50 345, 500
5/11 50 251,000
5/10 =50 120,500
5/5 =50 100,000
5/1 .50 71, 750
5/5 =50 26,250
5/8 . 50 '21,500'
5/9 =50 750
6L .10 147,000
6D -5 140
BS -5 13
BT -5 43

TABLEZ 1 (Cont'd)

icro-dplate(Serum)

lioulds
-100
300
-100
250
-250
-250
-250
=250
200
- 500
=100
50
-125

- 50
- 50
- 50
50
50

- 50
- 50
- 50
750
-250

~-125
«125

Yeasts
16,100
7,400
22, 700
X
23,200
154 400
320,800
X
1, 300
-500
1,100
150
-125
9; 600
11,700

622,800

524,800
209,200
540, 800

510, 400+

249, 200
25400
72,000

900 -

-125
-125

Iicro-olate(Butter)

louvlas
500
-250
-250
-250
-250
-250
125
-250
~250
=250
-250
250
125
250
~250

Yeas i3
250
375

4,000
330

- 333
21, 750
-250
625
375
=257
125
=250
750
250
378

157, 750
145,000
50,000
"7 500
'500
r5,000
38 250
250
333000
-250
=250
750



ZIICRO-PLATE COUNTS FROL CIFFZEFEITT INCUEATICI PERIODS

COLIPARED WITHE STAVDARD PLATE COUNMTS,

6 hours., 9 hours. 12 hours. 15 hours. 24 hours. Aver. Stand.P.C.

15 6000 8,000 10,500 17,060 20,000 12,310

T 11000 12,500 14,500 21,000 23,500 143,500

0. 1,500 10,000 15,000 13,000 18,000 14,000 2,600

P. 12,500 17,000 20,500 19,000 22,000 18,200

Q. -2°000 -2,0000 -2,000 -2,000 -2,000 -100

R. -2,000  -2,000 2,000  -2,000  -2,000 -100

Tne avove c¢counts are Tor moulds only.

BA(II) 500 7, 500 7,750 7,750 7,000 6,100  5,827%
"(Y) -250 16,250 35,750 47,000 53,50 51,270 WL5,000
B{i) 7EC 12,250 15,000 12,000 14,000 10,800 11,700
w(y)o,”s50 57,500 71,000 123,750 348,500 122,100 X
c(u)7,750 14,500 18,250 18,000 19,500 15,200 15,250
"{y) x | X X x X x

ED (1) 2, 500 5, 250 5, 500 7, 500 6,750 5,500 3,900
" (¥) 3,750 27,750 65,000 508,750 121,05 300,000

g (i) 250 500 2, 500 3,000 3,250 1, 900 700
"(¥) 500 23,000 169,000 311,750 412,750 183,400 63,000
F(i) 750 7,750 8,000 7,750 7,500 6,350 2,750
" (Y) x x x x X X X

Mote:
x Too numerous to count.

(1I) Loulds
(Y) Yeasts



TABLY 3.

JIICRC-PLATES FROLU DIFFSRTT FERLODS COF ITTCUBATICN

- COLPARED WITH STAVNDARD PLATE COULTIS,

15 hours, 1lo hours. 21 hours. 24 houvurs. Aver. Siziud., P. Cs

a) 6, 750 6, 500 8,250 6,500 7,000

(o]
s
(o)
O

WP
o
<
)
O
O

) 844,000 765,000 794,000 763,000 796, 500

(4
()
AN
(&)

Z) 12,000 13,000 12,500 10,000 11,575

Y)1,135,000 1,272,000 1,253,000 1,232,0001224,250 &30,000
) 2,500 2,750 2,250 2,500 2,500 475
) 190,000 622,000 1,612,000 839,500 665,875 730,000
) 3,000 2,250 2,750 2,750 2,668 778
) ?‘ 520,000 453,700 603,000 525,333 445,000
) 3, 500 3, 750 3,500 5,150 3,950 2,625
) © 18,000 26,750 15,750 70,750 32,063 500,000
) 3,500 5,250 5,300 5,250 4,875 3,125
) 36,000 29,000 31,750 52,750 37,375 575,000

65500 9,750  §
87,500 93,750 113,750 - 118,500 103,375 37,850

)
)

) 13,250 12,000 11,000 10,750 11,750 4,575
) 6, 500 6,250 10,500 8,750 8,000 35,500
)

13,750 11,750 9, 500 10,250 11,312 7, 350

80, 750

L9}
a...l
~3
1
>

73, 500 70,500 71,625 131,000

12, 500

=
O
O
o
O
o)
[
o
O
O

8,750 10,562 2,900

92,500 102, 500 9", 750 92,250 98,250 27,500

294,250 245, 500 ? 89,000 209,583 400,000

)
)
)

1) 14,500 10,250 ? 11,500 12,083 3, 500
)
) 10, 500 11,000 8,000 7,750 9,312 6,000
)

13,250 19,250 17,750 21,000 17,800 117,750



TABLE 4,

-QULD COULTYS FROL PLATES INCUEATID AT 16 to 180 C. CCLPARED
WITH COUNTS FRC. PLATES INCUBATED AT 26 to 23° C,

Standard BPlate Counts icro-plate Counts,

16-1a0 26-280 16-180 26-280
F - 87,000 - 78,500 108, 000 170,000
G 86,000 90, 500 140, 000 360, 000
H 260,000 225, 000 169, 000 374,000
J 22, 500 26, 500 1,000 54,000
K 22,000 20, 500 8,000 36,800
L 28, 500 30, 500 -2,000 46,800
I3 393,000 541,000 47,000 1,380,000
) 16,000 12, 650 33,000 45,000
0 63,000 19,175 21,000 43,000
TABLE 5.

1OULD COUNTS FROM PLATES INCUBATED AT 24°9 C. COMPARED WITH

COUNTS FRCiI PLATES INCUBATZD AT 29° C.

Standard Plate Counts.
240 290

eries 2
1,200 1,100
170 145

470 460

.
A

B

c

by 1,750 1, 900
E 50 35
F 40 15
G 5 15
H

30 30

240
-2,000
2,000
-2,,000
-2, 000
-2, 000
-2,000
-2;000
2,000

Iliero-plate Counts,

290 -
2,000
-2,000
-2,000
33000
-2, 000
-2,000
-2, 000
-2,000


http://FRO.il

TABLE 6,

=QULD AND YEAST CQUITTS FROL: PLATHS IINNCUBATED AT 250C. COiIPARED
WITH CQUNTS FRCLI PLATES INCUBATED AT 300 C,

Standard Plate Counts. iiicro-plate Counts.,

- 250 300 250 300
CAB (m) -50 56 -250 -250
W (Y) 10,000 5,000 35 -250
cco (i) 50 50 -250 375
W (Y) 33,500 18,000 2,250 875
CEF () 100 50 -250 125
voo(Y) sé,ooo 21,000 625 1,375
cGH () 100 - 50 250 125
wo(Y) 20,000 650 X250 =250
CIT (i) 41,500 68, 500 70,000 115,000
" (Y) 5,000 ~500 ~2,000 5, 000
CKL (1) 1,000 300 3, 500 2:000
w (Y) 530,000 292, 500 1,083,000 783,000
c.aT (i) 15,000 17,000 39, 750 38, 750
W (Y) 750 - 500 -250 250
cop (i) 21,000 12,500 19, 750 52,7@0
" (Y) 145,000 145,000 32,1750 29, 500
CQR (ﬁ) 2, 550 1, 550 3,250 3,000
" (y) 1,550 - 300 -250 - -250
GST\(L) 300 150 250 1,250
" (Y) 170,000 114, 500 61,000 24,000
cuv (¥) 91,500 72, 500 1150, 000 135,000
w(Y) 3,500 1,000 500 1,00¢

Cont'd.



TABLE 7.

 EFFECT OF DICREE OF SHAKING, STYLE OF PIVETIE, ITC.,TTCN

Al.

Bl.

Cl.

D1,

A2,

Ad.
Ed.
Ca.

D3.

A4,
B4.
c4.
D4,

Contid.

COUNTS BY THE L ICROPLATE :LTHCD.

Standard flate.
‘.\'-,.e = S LS [ 3 E".’; .1

voulds.

925
675
800

975

5,750
6,250 .

4,500

5,500

5, 650

5,725

10,100

3,150
4,450

1,800,000
1,840,000
1,470,000

1,720, 000

- 403,000

345,000
385,000

350,000

590,000

470,000

715,000

486,000
500
605

127, 750
138, 500

12, 500
8, 500
16, 000

12, 250
10, 500
9,000
9,000

750

251, 000
367,000
310, 500

250, 000

226,000

271, 000
241, 500

287,000

275
250
-250

-250

232, 500
226,000
206, 500
204,000



Table 7, Cont'd.

Standard Ilate. derevlate,
onlds. Yeasts. ouvlds. Ye=sts,
AB. 2,760 130,250 5,500 158,250
B5. 3,725 186,250 7,000 53, 500
c5. 8,000 175,000
DS. | 3,750 32,500
Aﬁ. 2, 500 357,000 5, 500 868,000 -
B6. 2,100 555, 000 4,250 524, 000
Cé. 3,750 722,500
D8. 4,000 830, 000
LEGELD;
Saﬁples rmarked A - Dilution bubes sheaken 10 seconds, .2 c.c.
pipetted with ordinesry 1 c.c. »inette.
" " B - As A, but tubes shzken 70 seconds.
0 . C - Tubes slirken as A, buvt 0.2 c.c. nipetted
with graduated swoecial one-mark ricette.
" " D - As C, but tubes shaken 37 seconds.



TABLE 8.

'DISTRIBUTICH OF LCULDS ANTD YEASTS Il7 BUTTER - STATDARD PLATE

COUNTS OF SERUL, BUTTERFAT, AND BUITER,

Serum. Butterfat. Butber.

ifoulds VYeagts ITeulds Yeasts Eoulds Yeasts
A 3,650 3,772,000 7. x 800 1,720,000
AL 30,500 2,100,000 1,050 268,000 6,000 378,000
AZ 69,500 3,900,000 2,400 545,000 5,688 530,000
A3 100 4,400 3 129 9 553
A4 24,000 557,500 2,800 26,100 3,800 133,000
A5 26,000 1,028,000 900 23,000 3,013 148,000
A6 31,000 x 900 403,000 2,300 456,000



TABLE 9,
%9

COLPARISON CF ICECPLATE COU™Is WIYWH STATDARD PLAT: CCUITIS.

standard Plate Counts. licropl=ste Counts. 'ould Eatio
. 1.

MaawmdlAd

iZoulds Yeasts TToulds Ye-sts
1/I 541,000 1,330,000 2.5
1/P 278, 500 1, 510,000 5, 4
1/Q 237,000 900,000 3.8
1/E 225,000 540, 700 2,4
'W/AR 175,000 280, 500 x x
Y/AT 153,000 90,070 % | x
7/AQ '135,000 75,000 x x
C/UV 91,500 3, 500 150,000 LB00 1.6
1/D 90, 500 250,000 3,2
1/C 78, 500 200, 000 2.5
CV 72, 500 1,000 135,000 1,000 1.9
CcI 63, 500 - 500 115, 000 5,000 1.7
7/AS 60,500 30,000 e x
o} £1, 500 5,000 %6,oqo .2,500 1.7
DU 41,000 x 46,500 1,690,000 1.1
DV 33,500 x 39,500 1,590,000 1,1
1/A 30,500 46,800 1.5
4/Q 28,000 47,200 1.7
1/F 26,500 54, 000 2.0
DI 25, 500 x 45,000 5,040,000 1.8
co 21, 000 }145,000 19, 750 32,759 0,9
1/G 20,500 36,800 1.8
4/R 19,500 27,000 | 1.4
DI 19, 500 X 35,000 4,660,000 1,8



1/K
DL
CN

1/3

19,175
19,000

17,000

14, 500
14,000
13,790
13,000
12, 650
12, 500
12,000
11, 500
11,000

10, 800

(')l

11, 500
10, 500

10,100
10,000
9, 000
8, 500
5, 500

Standard Plate Zounts,.

Youlds. Yeas ts.,

175, 000

- 500

X

X

X
715,000

X

X

X

400, 000

Contt'd.

TaEiz 9 (Cont'd).

ovlds.

43,000
25,000
38, 750
30,000
13, 500

18, 700

39, 750

8,780
11, 800
16,250
44,000
13, 500
45,000
1e,000
12,700
12,000
14,2580
14; 500

20, 500 -

11, 500
9,000
15, 750

15,750

13,000

10, 250

iicroplate Counvus,

Yeas .3

240,000

250

295,000

)

i,

1!

1

l’

ﬁrﬁ p\o

X

29, 5NO
856,000

71,000
291, 060
775,000
700,000

, 030,000 -
241, 500

138,000

027, 000

780,000

245, 500

“Jould Retilo

T e

2.2
1.2

el

1.0
1.0
1.5
1.4
2.0

| 191

0.8
1.5
1.8
2,1

1.2



BD

€

/AW
Dg
6/AL
8/v2
7 /BB
.
8/Y1
/%2
8/X4
8/X1
8,/Y4
7/BC
AV
cX
cw
8/Y3
8/v2
ED
6/AK
8,/U2
1/B

8/V1'

7/AP

Stan@ard Flate Counts. Microulste Counts. iould Ratio

lioulds,
8,250
8,200
7, 350
v, 000
6,625
8, 250
6,000
5,825
5,750
5, 725

TABIE 9 (Cont'd),

Yeasts,

16, 000

131,000
‘XI,

680,000

545,000

117, 750

715, 000
403,000
470,000
456,000
590,000
350, 000
124, 500
35, 500

X

X
385, 000

138, 500

300, 000

450,000

166, 250

127, 750

575,000

Cont'd.

f_i
Loulds
20,500

18,240

11,750

>

12, 000.

11, 500
12, 500
11,000

7,750

3,750

b

0

e

10, of
9,000
12,250

10, 000

17,250

12,000

1,

1,

2,

L1,

Yeas t3.

530

61, 750
965,000
167,000
357,000

19,250

47,000
251,000
271,000
245,100
226,000
250,000

21,750

6, 250
975,000
220,000
310, 500
228,000

65,000
207,000

53, 500

232, 500
29,000

N AV
] .

1:
2,4

2e R

2,0
1.8
1s 3

1.5

;M = O 0w

Ul
™
faV)

e
2



1/AX

8/U1
EF
7/AQ
3/0
8/T1

7/A0
8/12
2/D
DT
CR

Standard Plate Counts. Ilicroplate Counts. Iiould Ratio

lioulds,
2, 900
2, 750
2, %50
2,625
2, 600
2, 550
2, 500
2,275
2,100
1,960

TABLE 9 (Cont'd).

Yeasts.

217, 500

130, 250
X

500,000

1, 550
357,000
37,850
555,000

300

530,000
1,720,000
1,600,000

X
1,470;000
445,000
2,000,000
X
63,000
1,840,000
730,000
Cong'd.

_oulds.
16, 000
5, 500

7,750

3, 750
14, 000

Yeasts.

102, 500

166,250
X

26, 750

-250

066, 000
93, 750
924, 000

2} 455,000

-250

4,000,000

1,083, 000

877,000
1,663,200
2,080, 000
486,000

520, 000
1,718,000

2,118,000

311,750
1, 668,000
622, 000

1:

3.4
2.0
2.8

E—J
~

n



I © (Cont'd)o

Standard Plate Counts. luicroplate Counts. Jould Tatio
ioulds. Yeasts, oulds, Yeasts, L

2/C 460 -2,000

6/2 438 25 V5D -250 1.7
5/B 350 15,000 750 250 01
&/T¢ 300 20, 500 750 50, 250 2,5
CL 300 292, 500 2,000 753,000 6. 6
s 300 170,000 250 81,000 0,0
DG 250 x 250 1,318,000 1.0
8/2u 240 42, 50 750 52, 750 3el
2/L 180 -2,000

2/B 150 -2,000

ol 150 114, 500 1,250 24,000 840
4/v 115 250 242
4/C 105 1,000 9.5
DH 100 X 250 828,000 s 5
on 100 363500 -250 625

o 160 20,000 257 250 2, ¢
4/D s -2,000

5/G 75 34,000 250 43,500 3.5
5/F 50 38, 570 500 46,257 10,0
2/1 50 -2,000

CB 50 5,000 -250 -250

dc 50 33, 500 -250 2,250

CD 50 15,000 375 875 e 5
CF 50 21,000 125 1,375 2.5
2/K 45 -2,000



2/
7/N21
2/
2 /H
8,/Ep
5/D
6/AL

Standard Flate Counts. i7icroplate Counts, iiou

Ty -

40

)
on

AW
o

N S,
N N N

[
@]}

10

TARTE S (Cont'd).

-
3

Xea,a&j 'S [}

4

400

10 250

25,750

330

Yeas ts.
=250
N~Rs1e
57, 000
1,918,000
-250
250

400, 0
400,0



7/EL
8/X
A/F
4%
4/0
6/AA
6/AC
6/AF
8/AG
7/NZ2
7/BF
8/Wl
&/BF
5/BQ
8/BR
8/BU
/N5

/L

5/Q

5/A

5/H
5/1

Sbandard Tlat
Ilnvlds,

10

S NG IS I NS NS TS Y s oF

-on 19! (8] o 0]}

N

W™

- 50

- 50

180,000
9, 750
25,200
265000
145

155

500

155

¢

83

71,500
100;000
26,250
21, 500
750
Cont'd.

« icronlate Count,
—oulds, Yeas is,
- 250 4,000
i,OOO - 250
-2,000
200
2,000
-250 333
- 250 253
~250 21,750
125 - 250
-2750 250
-250 -250
750 375
- 250 -250
-250 2b
250 =250
125 750
-850 375
-250 2506
-2,000
-2,000
500 250
500 500
500 000
250 38,250
500 250

Touvla

Ratio

1:

120.0

565@
25,0



TABLE 9 (Cont'd).

Standard Plate Count, “icroplate Count. Iould Ratle

Eﬁulds, Yeasts. lioulds., Yeas ts, Rt

5/J - 50 120, 500 -250 50,000
5/K - 50 251,000 -250 145,000
5/L - 50 345, 500 -250 15%, 750
CH .50 650 125 -250
4/G 10 22,000

4/1 .10 2,000

G/AE .10 147,000 -250 33,000
6/AD -5 140 -250 -250
6/AH -5 210,000 250 825
3/B5 -5 13 125 250
3/BT -5 i3 -250 -250

Tote;

x Too numerous to count,
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FIG.

FIG.

1.

Re

PLATE 2,

Field taken from Sample EC, after incubation
at 25° C., for 6 hours. Mould spores have gé;m.
inated, but yeasts too small to count,

Field taken from Sample EC, after incubation
at 250 C¢. for 9 hours. lioulds showing considerw

ably greater growth, and yeast colonies visible.






FIG. 1.

FIG.

2e

PLATE 3.

Field taken from microplate of sample EC, after
incubation for 12 hours at 25° C¢. Yeast colon-

ies are much more readily counted.

Field taken from microplate of sample EC, ~ftler
incubation for 15 hours at 250 C. This is the

optinum stage for counting meulds.
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FIG. 1.

FIG. 2.

PLATE 4,

SRR

Field taken from microplate of Sample DC, after
ingubation for 18 hours at 25° C. The average

spread of the mould colony is about 1.5 mm,

Fleld taken from microplate of same sample, af-

ter inoubation for 18 hours at 300 C.'Note the
breaking up of the Qidiwm lactis “colony into
oidia, making eaunting more difficult than wi‘fzh
fields 1like tha;t,.&.shé-wm in Fie. 1. |
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