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ABSTRACT 

The object of this study was to examine quantitatively the 

phage dintribution in the atmosphere of a cheesemaking room so as 

to obtain an overall picture of: phage build-up in the air during 

the cheesemaking process, the areas where phage was most abundant, 

and the rate at which phage disappeared. A detailed kno\vledge of 

the typical fluctuations of phage in the atmosphere of a cheesemaking 

room throughout the day should provide a basis for intelligent 

mitigation of the problem of phage infection in cheesernaking. 

Several methods for estimating phage in the air were employed. 

As a rough guide, the well-known sedimentation method of exposure 

to the air of agar plates spread ��th the host organism was used 

throughout the work. Experiments showed that regardless of whether 

the plates were spread with the host organism shortly before exposure, 

or held overnight in the refrigerator after being spread, little 

difference '1-Tas made to the results. Using another sedimentation 

method, Petri dishes of peptone-salt solution were exposed to the 

air • . The phage particles in the susuensions were estimated by a 

plating method. The slit sampler method, where air was drawn over 

the surface of agar plates spt'ead with the host organism, was used 

only on some occasions. Tb..� most reliable method used was that of 

filtration of air through calcium alginate wool. In this method 

a measured volume of air was dravm, by means of a vacuum cleaner 

motor, through several layers of calcium alginate wool held in a 

glass tube. The phage which collected in the fibres of the calcium 

alginate wool was estimated by a plating method. It was at this 

stage, wh€n developing a suitable method, that grave difficulties 

1>:ere encountered, as the hexametaphosphate solution used for 

dissolving the calcium alginate apparently sequestered some of 

the calcium needed for phage proliferation, with the result that 

plaque counts were adversely affected. Calcium was, therefore, 

supplied by the addition of CaC12 but, when calcium alginate and 

sodium hexametaphosphate were present during estimations, some 

calcium combined with phosphate, and this resulted in the production 

of plates which were cloudy and difficult or impossible to read. 

After much experimental work with different quantities of agar 

media and of CaC12, and trials with and without phosphate in 

certain layers, a four-layer method was eventually devised in 
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which calcium was supplied by diffusion to the phage-organism layer, 

and this gave satisfactorily high counts and p:ates which could be 

easily read. Experiments 1-1ere also carried out to determine a 

suitable age for the culture used as host in the estimations. 

During the course of the work it was necessary to prepare the 

phage aerosols needed for experiments in -.;v-hich the efficiency of the 

method could be checked. Forcing air through a rubber tube into 

which phage suspension was injected by means of a hypodermic needle 

proved to be satisfactory for producing the required aerosol. 

Investigations of the survival of aerosols were also carried out. 

Surveys were made at three commercial factories (two mechanized, 

one non-mechanized ) by carrying out sedimentation tests at various 

places in the cheesemaking room at regular intervals throughout the 

day. Air filtration counts were also carried out at regular intervals, 

and the phage content of the whey released during cheesemaking was 

determined on occasions. 

Results showed that the phage content of the cheese factory 

atmosphere depended on the amount of phage development in the milk 

and whey ana. the extent to 1fhich the whey droplets were dispersed 

into the air during the cheesemaking operations. The times for 

maximum distribution of phage were after cheddaring (milling, salting, 

etc. ). The whey separator dispersed large quantities of phage into 

the air. The majority of aerosolized phage particles normally 

sedimented fairly rapidly. The unwrapping of cheese bandages on 

the morning following cheesemaking resulted in extra phage being 

distributed into the air. 

The agar plate sedimentation method gave an approximate idea 

of comparative amounts of phage in the atmosphere. 

As a result of the various experiments carried out, an overall 

picture of phage distribution in the air of the cheesemaking room 

during the cheesemaking process was secured. 
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PREFACE 

The work described in this thesis was undertaken with the 

object of obtaining a comprehensive view of the quantitative 

distribution of airborne phage in the making rooms of cheese 

factories during the manufacturing process. It was not 

intended to define the level of airborne phage l·Thich v1ould 

be critical to the making process but rather to investigate 

the variations in levels of airborne phage at different times, 

in various areas near the cheese vats, and under varied 

conditions of manufacture. 

As the methods for evaluating airborne phage available 

hitherto were qualitative at best, the development of a more 

precise method formed an important part of the work. 

·
There already exists some knowledge regarding the 

quanti ties of phage in the C1trd, whey and atmosphere duril'lg 

cheese manufacture. Amplification of this knov1ledge should 

be of value in dealing with phage-contamination problems 

which are ever likely to occur in the cheesemaking industry. 
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INTRODUCTION 

Although the intermittent occurrence of "slow vats" in cheese­

making had been recognized for many decades, it was not until the 

early 1930s that the problem was seriously investigated. Single 

2 

strain starter cultures were introduced into corr�ercial use in New 

Zealand in 1933. Subsequent to the introduction of single strain 

cultures, bacteriophage ( or phage ) was discovered (Whitehead & Cox, 

1935) to be a potent cause of starter failure. With a mixed starter, 

if phage attacked one or more strains there were still left other 

strains which could produce sufficient acid for cheese manufacture 

albeit slowly, but when a singl e  strain starter culture was attacked 

by phage the effect was, on occasions, almost a complete cessation 

of acid production in the cheese vat. Since the discovery of th& 

importa.nce of phage in cheesemaking a great deal of work has been 

carried out in examining phages related to a wide range of single 

strain starter cultures, and recommendations for the use of these 

starters have been made in the light of their known phage relationships. 

There are several sources of infection of starter banteria by 

phagey and the infection may vary from slight to highly likely to 

cause starter failure. Whey taken by farmers from the factory may 

contaminate cans in which mil}c is returned to the factory; the bulk 

starter can be infected during inoculation; phage on incompletely 

cleaned vats and equipment may infect the cheese milk; phage from 

the lthey separator or whey splashed from vats can result in a phage­

laden atmosphere which may subsequently cause further infection. 

The extent to which the cheesemaking process is affected b,y 

phage contamination depends on several factors, �. the amount of 

contaminating phage, the length of any ripening period, the stage 

of the cheesemaking process at which infection of starter, milk or 

vat contents occurs, the latent period and burst size of the phage 

attacking the starter and, when more than one starter strain is used, 

whether the phage which develops on one strain attacks the other 

strain or strains or whether the lysin of the first affects another 

strain. Numerous studies have been made concerning phage contamina­

tion in the cheesemaking process, but the work reported in this 

thesis was specially concerned with airbvrne phage and the role of 

the atmosphere, in the cheesemaking room, as a source of phage 

problems. 



3 

The ch ief source of phage in the atmosphere is the whey produced 

during the manufacture of cheese. Whey droplets conta ining phage are 

dispersed into the atmosphere at var ious stages of the process. The 

extent to which phage has been propag3ted in the vat, i. e. the con­

centration of phage, and the phys ical factors tending to distr ibute 

phage into the atmosphere or to remove or destroy it, would in sum 
total determ ine the quantity of phage in the a ir at any one t ime. 

Under physical factors could be listed: splashing of whey, ag itation 

and running of vats, the atomizing action of the whey separator, 

violent movement of curd particles at milling, salting and hooping 

(due to manual or mechan ical man ipulat ions ), squeez ing out of whey 

(and air ) during pressing, air movements due to draughts or fans, and 

factors affect ing the s izes of whey droplets. Vigorous handl ing of 

cheese cloths during and after removal could also contr ibute to the 

atmospher ic phage. 

The remaining pages of this introductory section prov ide a back­

ground to the topic stud ied and outl ine the methods and results obta ined 

by others work ing on subjects relevant to the present invest igation. 

Phage in the Atmosphere 

For many decades phage had caused much trouble to {he cheesemaking 

industry, but it was not until soma years aftar tha 
for lact ic streptococc i that it was recognized that phage was actually 

present in the atmosphere of the cheese factory. It is relevant to 

br iefly outline the pos ition before and after the recognition of th is 

fa�t. 

Whitehead & Cox (1935) were the first to demonstrate the existence 

of phage for bacteria of industrial importance other than species of 

clinical s ignificance. They establ ished the occurrence of phage in a 

culture of lactic streptococci used as cheese starter. Reference to 

"flar ing up" of phage upon aeration of m ilk med ium (Wh itehead & Cox, 

1 936) d id not connect any such apparent effect w ith a irborne phage, 

a lthough at the t ime phage was known to be a cause of slow starters. 

In 1937 Whitehead & Hunter postulated that phage was a product of the 

organ ism and that contaminat ion from outs ide sources was unl ikely. 

In a publication by Whitehead & Hunter (1939) there was no.reference 

to airborne contam inat ion, but in 1941 these authors, when invest igating 
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the cause of starter failure in two well-separated areas of New Zealand, 
concluded from their experiments that the only explanation must be the 
presence of phage in the air, and the,y were able to prove experimentally 
that phage was present in the atmosphere of one of the places, viz. a 
large commercial cheese factory. The whey separator was a major source 
of phage distribution into the atmosphere. Methods suggested for 
combating phage failure were: (a) the use of disinfectant spray for 
destroying airborne phage, (b) culture protection in the factory, and 
(c) the use of a separate building for preparing starters. Mattick, 
Nichols & Wolf ( 1944) investigated "slowness" in cheesemaking in two 
factories in England where there had been manufacturing difficulties 
due to phage. They showed that by the use of isolated starter rooms, 
the thorough rinsing of vats with hypochlorite solution, and other 
precautions, contamination from airborne and other phage was reduced 
to a minimum, and there was marked improvement in the manufacturing 
process and in the qualit,y of the final product. Whitehead & Hunter 
(1945) discussed the points to be considered in siting an isolated 
starter room. The,y also compared the dispersal of phage in two districts 
of approximately the same size, one with 100 cheese factories an& the 
other with five factories. There was a slower spread of phage in the 
district with the fewer factories. In this connection it must be 
realized that small particl�s can be transferred over great distances 
in the atmosphere. It has been pointed out (Ludlam, 1967) that 
particles of 30JU radius seldom become airborne, those of radius greater 
than a few microns do not remain airborne for long, and that a small 
proportion of the smallest particles (radius about 0.1 )l) may be carried 
round the hemisphere before being eventually deposited on the earth's 
surface. ��ny phages for the lactic streptococci are round about the 
0.1 r size, so it can readily be understood that single phage particles 
or even small clusters can be transported in the atmosphere from district 
to district, or even further. Whitehead (1953) suggested that the 
protection of cultures from airborne phage was a more practicable 
procedure than eliminating airborne phage itself. Robertson (1966a) 
discussed methods for the inoculation of factory starter in a phage­
laden atmosphere, and also described a method for providing phage-free 
air in the head-space of a bulk starter machine. The same author 
(Robertson, 1966b) pointed out that airbJrne phage was one of the 
factors contributing to phage contamination of the farm milk supply. 
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Quantity of Phage Needed to Cause Slow Vats 

At this point the question may be raised as to what actual 

quantities of phage have been found to affect the cheesemaking process. 

It has been shown that the critical time for phage contamination is 

before the addition of rennet. Hunter in 1944 found that 2 x 106 phage 

particles per ml of milk gave a slow vat when using 1% starter (HP ) and 

ripening for half an hour before renneting. Czulak (1952) demonstrated 

that 6 x 105 
phage particles per ml caused slowness in the vat, with 

�!-h ripening period and 1% starter. Whitehead & Harkness (1952) , 

using 2.1% starter and a !-h ripening period, showed that 1.4 phage 

particles per ml gave a slow vat. It is axiomatic that phage in the 

starter could have critical results on occasions. On the other hand, 

phage added later in the process has no measurable effect on the 

particular day's cheesemaking. It has been demonstrated that large 

amounts of phage added after cutting the curd have had little effect 

on the p!.'Oduction of acid ( Czulak, 1952). Naturally it has been 

recommended that the ripening period should be kept to a minimum and 

preferably eliminated. 

Phage Aerosols Produced Artificially 

When studying phage in the atmosphere it is often necessary to be 

able to produce at will a phage aeroaol in order that experiments may 

be carried out, such as checking methods for phage estimation or test­

ing methods for phage destruction. Zentner (1961) summarized known 

methods of aerosol formation under the following headings: 

1 .  condensation processes - by condensation of vapour; 

2 .  ( a) hydraulic - by forcing liquid through an aperture, 

(b ) air-blast atomizers - by shattering drops of liquid 

with a violent blast of ai r, 

(c ) centrj.fugal action. 

Wolf, Nichols & Ineson (1946) investigated the effectiveness of 

hypochlorite aerosol for destroying phage in the air. The aerosols 

were prepared by means of a Dynalysor, an apparatus consisting of a 

spraying machine, a compressed air container, and a container for the 

liquid preparation. Czulak (1953) used a hand-operated spray gun to 

prepare a fine mist of phage when investigating the use of ultra­

violet ir�adiation as a method for controlling airborne phage. 

Bennett &. Nelson (1954) distributed phage for lactic streptococci 
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into a closed room by means of atomizers. They found that most phage 

was a.eposi ted or disappeared in 1 -2 h, but occasionally there was the 

recovery of some after a longer time. Ehrlich, Miller & Idoine ( 1 964 ) 
studied the effect of relative humi.di ty and other f::tctors on the 

survival of E. coli phage T3 aerosol. They found that there was a 

significant reduction in survival at humidities lower than 70%. Decay 

was due to settling of particles and loss of vitality. Harstad ( 1 9 6 5 ) 
found that there \-Tas greater stability 1-1i th T 1 phage aerosol than vTi th 

T3 • This was more marked at lower relative humidities. 

Estimation of Atmospheric Phage 

The principal methods for estimating phage in the atmosphe1e are: 

sedimentation onto a solid or liquid surface, suction of air through 

fibrous material (cotton Hool, alginate Hool ) or through liquid, 

suction of air in such a way that it impinges on the surface of an 

agar plate spread with the host organism, and suction of air combined 

with electrostatic precipitation. 

In th e  sedimentation method using a solid surface, an agar medium 

spread with the host organism is exposed to the atmosphere for a 

specific time, and is then incubated. Plaques are subsequently counted. 

If a liquid collecting agen t is useQ, the numbers of phage particles 

which have fallen into the liquid may be estimated by t�e soft agar 

layer method. The sedimentation method gives only rough, qualitative 

results. Particles settle at rates depending on their size and density, 

and air currents may greatly affect the results. Depending on initial 

drop size and phage concentration, droplets of whey could contain several 

phage particles. Wolf et al. ( 1 959 ) have pointed out that a particle: 

0.1 �  in diameter could settle at a rate of 

0.4 1 1  

1 .  0 1 1  

2 . 9  mm/h 

23 . 8 " 

1 28 . 0  11 
• 

The figures given by Wolf � al. confirm the fact that settling rates 

for different sized whey droplets could vary considerably. Neverthe­

less the sedimentation method has some merit and has been useful in 

obtaining a rough idea of phage levels in the air of cheesemaking rooms. 

The earliest cests for atmospheric phage (Whitehead & Hunter, 1 941 ) 
were done by exposing sterilized skim milk and inoculated agar surfaces 

to the atmosphere, and also by aspirating air through sterile water. 

Phage was detected in air by all these methods. Whitehead & Hunter 



(1945) discussed the value of phage tests in which sterile milk was 

exposed in Petri dishes in the surroundings of a cheese factory. 

Czulak (1953) estimated phage in an artificially produced aerosol 

using the sedimentation method by exposing tryptone-yeast-extract 

agar plates to each of which was added 10 ml of culture-agar-CaC12-

water mixture. Bennett & Nelson (1954) estimated phage in an 

artificially produced aerosol by aspiration of a measured volume of 
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air through distilled or buffered distilled water or by sedimentation 

onto stainless steel discs or into buffered distilled water contained 

in Petri dishes. Ehrlich !1 al. (1964) estimated phage in an 

artificially produced aerosol of T3 coliphage by means of an all-glass 

impinger using tryptose saline. Plaque counts were carried out on the 

liquid suspension. Decker, Geile, Harstad & Gross (1952) estima�ed 

coliphage T3 particles by sieve sampling and impingement of particles 

on tryptose phosphate agar plates. The plates were covered With 

melted t�yptose phosphate agar containing the host organism. After 

incubation of the plates, plaques were counte� MOrris, Darlow, Peel 

& Wright (1961) estimated phage in coliphage aerosol by electrostatic 

precipitation. They found that the collection of particles by the slit 

sampler method gave less than 1% of the counts obtained by the electro­

static precipitation method. MCDougall (private communication ) 
estimated poliomyelitis virus aerosol by filtration through calcium 

alginate wool. 

The Role of Calcium in Phage Estimation 

The importance of inorganic ions and organic cofactors has been 

increasingly realized in connection with the part they play in phage 

replication. The factors which are necessary, and the stage at which 

they act, have been investigated for a fairly wide range of genera. 

The role of calcium in phage development has been of special interest. 

Anderson (1948) noted that previous work had indica·ted that some 

viruses were activated by adsorption cofactors. 

Delbruck (1948) showed that calcium ions could be required at 

some stage before phage multiplioation. Shew (1949) discussed the 

effect of calcium on the development of lactic 3treptococcal phages, 

and Reiter (1949) used CaC12 when studying lysogenic strains of lactic 

streptococci. Cherry & Watson (1949) found that certain electrolytes 

stimulated cellular lysis and virus adsorption when working with the 

lactic streptococci. Collins, Nelson & Parmelee (1950) investigated 
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the relation of calcium and other constituents of a defined medium 
to the development of phage for lactic streptococci. The presenc e of  
phosphate and citrate in media inhibited phage increase , possibly due 
to the effect on calcium. In a particular defined medium in which 10 
strains of  lactic streptococci could grow ,  fortification with calcium 
was necessary for the mul tipl ication of 8 out of 10 homologous phages. 
Two other experiments suggested that calcium was not needed for phage 
adsorption. Turner & Nelson (1951 ) counted phages for lactic 
streptococci using a 2-layer plate method. It was suggested that the 
calcium in the milk may assi st phage prol iferation. Potter & Nelson 
(1952a )  used a 2-layer plating medium wi th CaC1 2 incorporated in  the 
top layer. Potter & Nel son (1952b ) , working wi th lactic streptococcal 
bacteriophage, showed that the adsorption of phage on their host  
bacteria did not require calcium, although calcium caused a sligh t 
increase in the rate o f  adsorption, but that calcium was needed for 
phage muJ_ tipl ication. Doull & Meanwell (1953 )  stated that for lactic 
streptococci phage adsorption was unaffected by lack of cal cium , but 
that after adsorption a certain amount of calcium ( depending on the 
strain of phage ) was necessary for proliferation. Lark & Adams (19 5 3 )  
suggested that in coliphage T5 "the  tip of the tail was composed o f  a 
calcium-activated enzyme which was necessary for the ingestion of 
nucl eic acid". Luria & Steiner (1954) pointed out that calcium was 
needed "so that the coliphage T5 tail could penetrate the organism 
and al so in order that maximum phage produc ti on might be obtained in 
a s.ynthetic medium ". Rountree (1955)  stated that for streptococci 
divalent cations were needed for phage adsorption and possibly calcium 
was needed later in the process. Adams (1959 ) drew up a list showing 
whether calcium had effect on adsorption or after adsorption for a 
large number of org�nisms. Mikolajcik (1963 )  gave the composi tion of 
a broth sui table for lacti c cultures and phage. Sterile CaC1 2 was 
added to give a concentration of 0. 33%. Shafia & Thompson (19 64 ) 
pointed out that small amounts of citrate could interfere with steps 
in phage proliferation which were dependent on divalent ions 
(phage � ;u-4) .  

Th e  need for the presenc e o f  calcium in ph3ge estimations has thus 
been well establishen. It appears that phages for the lactic strepto­
cocci need calcium for a stage or stages after adsorption of  the phage 
particle  to th e  hos t organism. 
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A .  SAMPLING AND METHODS O F  ESTB�ATION 

(i) SEDINENTATION USING AGAR PLATES FOR PHAGE DETECTION 
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Quantities of 10-15 ml of lactose  yeast phosphate agar (LYPA) wer e  

poured aseptical ly into steril e  Petri dishes and allowed to harden. 

Th e  plates were  dri ed in the 37°C incubator for approximately 1 h .  

One drop (approximately 0 .05  ml) of � 24 h clotted milk cul ture of 

a phage-sensitive strain of Strentococcus was added to each plate,  and 

this culture was spread over the surface of the plate using a sterile  

glass spreader. These plates wer e  exposed to  factory atmospheres  as a 

m eans of estimating the numbers of droplets containing phage fall ing 

onto the plates per unit  of time.  

Compari son of Cool er-kent and Freshly Spread Plates 

During investigations o f  the phage present in the atmospher� of a 

cheese factory it is  not always convenient to spread plates wi th a 

sensitive cul ture immediately prior to exposure of the plates.  A more 

convenient method is to take  to the factory a number of plates already 

spread with th e culture .  

Hence ,  experiments were  carried out to compare freshly spread 

plates with plates prepared a considerable time before t·.e e .  Plates 

were  prepared a s  follows : 

Plates to be  kept in the cold room were  spread with cul tur e  in 

the afternoon and then l eft in the cold room (4°C) overnight in a 

portable ic e box (�i th the lid  off). Next morning 1-2 fro z en Slikka 

pads were plac ed in the ic e box , the l id was placed in position , and 

the plates were transported to the fac tory where the exposures were  

to  be  carried out. Slight variations in the method wer e  made on 

occasions. 

Examination of an ice box treated in this way and containing two 

Sl ikka pads showed temperatures of 8 . 5°C ,  10°C and 11°C at 9.30 a.m. , 

noon, and 12 . 30 p .m .  Th e  room temperature was 22.2°C at 9. 20 a .m. 

The ice box had been removed from the cold room at 9.00 a .m .  

Freshly spread plates (F) wer e  prepared a short time  (a  few min 

to 1 h )  b efor e use .  
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Comparisons w ere made by expo sing cool er-kept plates and freshly 

spread plates ( ei ther singly or groups o£ each ) in close proximity to 

one another near a cheese vat .  The l ids were removed £or 10 m in and 

then r eplac ed. The Petri dishes w ere then transferred to the laboratory 

at approximately room temperature for incubation at 30
°

C overnigh t .  

Th e  plaques were counted subsequently. 

Several experiments were carried out using a total o f  1 0  different 

phage-sensitive starter bac teria. MOst of the experimen t s  wer e  carried 

out in th e New Zealand Dairy Research Institute cheesemaking factory ,  

but exper iments were al so carried out a t  th e Mangawhata dairy fac tory 

and at the Belvedere fac tory. In all , the comparisons wer e  carri ed 

out on 20 differen t  days. Plates wer e  exposed at th e tim es mo st l ikely 

to s ecure high plaque counts ,  i . e. near mil ling time. To get h igh 

plaque counts in the atmo sphere is  a matter of chanc e ,  espec ially in 

a fac tory such as that of the Dairy Research Institute where the amount 

of cheese made is  rel atively small . Even in a commerc ial cheese fac tory 

with many large vats there can be wide variations in the amount of phage 

in the air on different day s ,  depending on fac tory techniqae and other 

fac to�s. 

Results are given in Tabl e I .  In many experiments l ov c omparative 

figures were obtained , and �ometimes groups of cool er-kept (c ) and 

freshly spread (F) plates d id not show any plaques at al l .  I n  cases 

where corresponding cool er-kept and freshly spread plates showed all 

negative results , entries were no t made in the Tabl e.  Compari sons 

showing very low figures would not be as r eliabl e as when the figures 

were h igher. Resul t s  are grouped together under particular s tart ers 

irresp ec tive of the days on which the compari sons were made. Figures 

are tabulated in asc ending order of numbers of plaques. Individual 

plaque count s are given on the l eft,  and average figures on the r igh t ,  

in the co lumns .  In thos e cases were singl e-plate compar i sons wer e  

made,  the figures are plac ed on the ri ght-hand side o£ the column, or 

in s ingl e columns.  

Examination of figures (averages where possibl e ,  oth erwise  in­

dividual count s ) shows that the cool er-kept plates showed few er 

plaques than the freshly spread plates on 59 occasion s ,  and that the 

freshly spread plates showed fewer plaques than the cool er-kept plates 

on 49 occasions. In five compari sons th e figures wer e  the same.  



Table I Plaque counts using cool er-kspt and freshly spread plates. 

HP (DRI ) ML8 (1rel. )  1118 (Bel . 
cont ' d ) 

c 0 1 1 5  
F 2 0 1 1  
c 0 1 1 1  
F 2 0 1 7  c 0 1 1 6  
F 2 1 1 6  c 0 0 1 4 
F 4 2 1 8  c 7 2 1 7  
F 1 9  0 1 8  c 8 0 1 8  
F 26 2 1 8  c 1 8  3 1 2  
F 40 0 27 

MLg c 0 17  
(Mangawha.ta. ) F 3 3 1  c o ,  1 , o , o  0 . 3 4 26 

F o , 1 , o , o  0 . 3  0 23  c 0 , 1 , 0 , 2 o . s  4 30 
F 1 , 3 , - ,o  1 . 3  0 25 c 0 , 4 , 4 , 1 2 . 3  4 27 
F 5 , 2 , 6 , 1 3. 5 1 30 
c 4 , 5 , 5 , 3  4. 3 6 27 
F 6 , 6 , 4 , 3 4. 8 1 4 50 
c 8 , 3 , 5 , 8 6 .0 7 52 
F 3 , 1 3 , 5 , 4 6 . 3 14  40 c 5 , 1 1 , 7 , 9  8 .0 1 1  4 1 
F 1 0 , 1 0 , 5 , 10 8. 8 1 1  60 

c = Plates cool er-kept 
Bel . = Belvedere  

� (Bel . 
cont ' d ) 

33 1  
232 

.Q.1 3  (DRI ) 
1 , o  0. 5  
o , o  o . o  
0 , 1 , 1 , 0 0 . 5 
o , o , 1 ,o 0 . 3 
o ,  1 0 . 5 
2 , 0  1 . 0  
2 , 3 , 1 , 1 , 0 1 .  4 
1 , o ,o , o , 1 0 . 4 
1 , 1 , 0 ,0 , 3  1 . 0 
o , o , o , 2 , o  0 . 4  
2 , 3 , 3 , 7  3 . 8  
1 , o , o , o  0. 3  
3 , 5 , 5 , 2 , 3  3 . 6  
4 , 1 , 2 , 2 , 3 2 . 4 
1 1 , 6 , 4, 3 , 2  5. 2 
1 , 3 , 5 , 4, 5 3 . 6 
22 , 1 9 ' 27 ' 1 7  2 1 . 3  
4 , 30 , 32 , 1 8 2 1 . 0 

E8 (DRI ) 
1 , 2 , 0 , 1 1 . 0  
o ,o , 1 , o 0 . 3 
1 , 0 , 1 , 1  0 . 8  

KH (DRI ) 

o , o , o , o  
1 ,0 , 1 , 0 
o ,  1 
o ,o 
0 , 1 , 1 , 0 
2 , 0 , 1 , 2  
1 , 3 , 1 , 1  
4 , 1 , 5 , 6  
4 , 3 , 2 , 0  
6 , 4, 5 , 3  
3 , 3 , 7 , 3  
3 , 8 , 3 , 0  
1 , 3 , 3 , 4 
3 , 3 , 7 , 6  
6 ,- , 1 , 4 
4 , 3 , 8 , 1 1  
7 , 4, 3 , 3  
6 , 1 2 ,7 ,7 
1 f 1 3  
6 , 9 
8 , 6  
8 , 7  
1 1 , 3 , 5 , 1 1  
7 '  1 4 , 6 , 1 4  
2 1 , 22 
1 4 , 23 
52 , 7 2  

o . o 
0 . 5  
0 . 5 
o .o  
0 . 5 
1 .  3 
1. 5 
4. 0 
2 . 3 
4. 5 
4. 0  
3 . 5 
2 . 8 
4. 8 
3 . 7  
6 . 5  
4. 3 
8 . 0  
7 . 0  
7 . 5 
7 . 0  
7 . 5  
7 . 5  

10 . 3 
2 1 . 5  
1 8 . 5 
62 . 0 

1 , 1 , 1 , 1  1 , o  1 2 1 , 1 14 1 17 . 5  
F = Plates freshly spread 

DRI = New Zealand Dairy 
Research Institute (cont ' d ) 

·' 

-" 
w 
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Table I (cont ' d )  All a t  DRI. 

SK1 SK 1 ( contd )  us3 (contd)  H2 ( contd)  
- -

c 1 8 , 1 1  1 4. 5  2 o ,  1 0 . 5 
F 29 , 1 9  24 . 0  0 3 , 2  2 . 5 
c o , o , o , o  o . o  20 , 20 20 . 0  6 , 1 , 1 , 2  2 . 5 o , 1 , o , o , 3 0 . 8  
F 0 , 1 , 0 , 0  0 . 3 2 1 � 2 1 2 1 . 0  1 , 1 , 1 , 2 1 . 3 1 , 3 , 1 , 3 , 3  2 . 2  
c . o , o , o , o  o . o  38 , 49 , 5 1 , 34 , 3 3  4 1 . 0  3 , 5 , 7 , 4  4. 8 2 , 0 , 5 , 0 , 3  2 . 0 
F 0 , 1 , 0 , 0  0 . 3 36 ' 50 '  37 '  3 1 ' 3 1 37 . o  4 , 2 , 5 , 1 3 . 0  0 , 1 , 3 , 0 , 1 1 .  0 , 1 , 1 , - , o  0 . 7  5 , 6 , 1 , 1 3 . 3 1 ' 3  2 . 0  V TR . F  o , - , 1 , - 0 . 5 - 6 , 6 , 9 , 2 5 . 8  3 , 3 3 . 0  
c 1 ' 2  1 . 5 o , o , o , o , o  o .. o 1 0 . 0  2 , 1 , 1 , 1 , 1 , 2 , 1 , 2  1 .  4 
F 1 , o  0 . 5 o , o , 1 , o , o  0 . 2 1 .  0 2 , 5 , 3 , 5 , 7 , 9 , 2 , - 4 . 7 
c 6 , 3 , 3 , 5  4 . 3 1 , 1 , 1 , 0 , 0 0 . 6 23 . 0  1 0 , 4 7 . 0  
F 3 , 4 , 2 , 5  3 . 5 o , o , o , o , o  o . o 4 . 0  6 . 5 5 . 5 
c 4 , 2 , 6 , 5  4. 3 2 , 2 , 8 , 4 , 3 3 . 8 1 0 . 1 3 , 1 5 , 2 1  1 4. 8  5 , 1 2  8 . 5  
F 4 , 3 , 8 , 7 5 . 5 0 , 3 , 2 , 4 , 3 2 . 4 1 3 , 1 0 , 1 6 , 1 1  1 2 . 5  5 '  1 1  8 . 0  
c 1 0 , 9 , 5 , 6 , 3  6 . 6 3 , 1 02 , 20 , 50 , 23 39 . 6  29 . 0  8 , 3  5 . 5 F 4 , 5 , 4 , 3 , 1 3 . 4 1 9 , 21 , 1 4 , 3 3 , 3 1 2 3 . 6  9 . 0  1 7  ' 7 1 2 . 0  
c 3 , 7  5 . 0  R1 

39 . 0  ( 1 88 , 256 l 
F 7 , 5 6 . 0  1 0 . 0  c ( 1 30 , 1 04 1 49 . 4  c 3 , 7  5 . 0  0 '  1 0 . 5 9 4 , 1 1 1 , 92 , 1 24 1 05 . 3 ( 1 1 6 '  204 
F 1 1 , 9  1 0 . 0  2 , 0  1 . 0 1 29 , 8 9 , 1 27 , 8 9 1 08 . 5 ( 1 00 '  9'7 
c 9 , 8 , 1 1 ' 1 3 , 5 9 . 2 0 , 20 1 0 . 0  H2 

( 1 00 , 1 01 l 
F 9 , 9 , 1 2 , 8 , 7  9 . 0 7 '  1 4 . 0 F ( 296 , 364 20 1 . 1  c 1 5 , 1 1 , 5 , 7 , 9 9 . 4 1 , o , o , o , o  0 . 2  ( 2 32 , 246 
F 4 , 1 3 , � 1 , 1 1 , 9 9 . 6  us3 0 , 1 , 0 , 3 , 2 1 . 2  ( 1 30 , 1 40 
c 6 , 1 6 , 1 1 , 9  1 0 . 5 1 .  0 0 , 1 , 0 , 0 , 1 0 . 4 
F 5 , 9 , 1 2 , 1 1  9 . 3 0 1 , 3 , 0 , 1 , 3  1 . 6  
c 1 4 , 1 0  1 2 . 0  1 . 0 3 , 1 , 0 , 0 , 1 , 0 , 9 , 1  1 . 9  
F 1 2 , 20 1 6 . 0  0 1 , 1 , 2 , 1 , 0 , 1 , 0 , 0  0 . 8  

HP C13 Es KH SK1 TR R1 us3 H2 were  strains of Str. cremoris  
MLs was a strain of Str. lactis  

...... 
� 



Figures are presented in tabular form below (Table  I I) for the 

sake of clarity. 

Tabl e II Comparison of plaque counts for cool er-kept 

and freshly spread plates. 

Cool er-kept plates low er 

Fr eshly spread plates l ow er 

Cool er-k ept , freshly spread, 
plates the same 

* Occasions 

No. of 
occasions 

59 
49 

5 

Average % by 
which lower 

1 5  

The perc entage reduc tions were  arrived at as follows : the amount 

by which a group of  cooler-kept plates was lower than its correspond­

ing group of freshly spread plates was cal culated as a percentage , and 

the average of  all such figures was calculated as an average percentage 

r eductivn. In this way the cool er-kep t plates showed an average 

reduction of 38% compared with the freshly spread plates. This figure 

represents the average for 48 occasions out of 59 . On th e  other 1 1  
occasions the figures for cooler-kept plates were zero , so in such 

cases the perc entage reduction could not be calculated. 

In a similar way the average percentage reduc tion for freshly 

spread plates compared with cool er-kept plates was obtained from the 

respective  figures • .  

It is well known that the estimation of phage in the air by 

s edimentation is a very rough method, wi th factors such as variation 

in rates of s ettling of dropl ets due to varying densities , air move­

ments which upset the even s edimentation in different plac es , and 

different numbers of phage par ticl es per dropl et , all contributing 

their part in introducing inaccuracies. The resul ts discuss ed above 

indicat e  that  keeping spread plates in a co oler overnight is also a 

source of  error , but not of  such magnitude as to preclude its use in 

a method used for making only approximate estimations of  the phage 

droplet l evel of the · atmosphere. 



Compari son of Cl o t ted Yilk Cul tures and Broth Cul tures 

for Spreading Pla t e s  

1 6  

Plates wer e  generally spread wi th a cl o t t ed milk cul tur e (0.05 ml ) , 

but a broth cul ture method has been us ed (Pearc e ,  1967 ) .  A broth 

suspension of organisms can be added to a plate , spread over the 

surface by tilting the plat e ,  and the exc ess l iquid can then b e  

dra ined off. Th e  method using bro th is q uicker than the method o f  

spreading wi th a c l o tt ed m ilk cul tur e .  Exp eriments wer e  carr ied out 

to compare the two methods of spr eading p l ates , and r esul ts ar e shown 

in Tabl e III. 

In Expt A (Tabl e III )  plates wer e  spread wi th c l o t t ed m il k  cul tur e 

(0.05 ml ) and w er e  kept overnight in the cool er. O th er plates wer e  

spread (next morning) with broth. Both lots of plates were put in an 

ic e box containing Slikka pads. Th e  plates were opened in the factory 

at the times given and at th e pl ac es indicated in the Table. Retiul ts 

showed that plates spread by the two methods gave figures which agreed 

r easonably w ell . 

In Exp t B (Tabl e III ) bro th pl ates were prepare d  by c entr ifuging 

three tub e s  of bro th cul tur e ,  decanting , and taking up the r esidue in 

0.33 ml of broth.  One drop per pl a t e  was used. Referenc e to the Tabl e 

shows that r esul ts wer e  about the same for fr eshly prepared plates , 

but that where plates were spread early,  the bro th plates showed nil 

counts. The plates spread early had b e en kept at room temperature 

for approximately 5 h and on the warm day (temperature up to 27°C) 

considerabl e growth would have occurred. Th e  effec t of this was more  

apparent with the broth cul ture-spread plates than with the c lotted 

milk culture-spread plates. 

In view of the foregoing r esults i t  was decided to use plates 

spread wi th clotted milk culture. Subsequent work has shown that 

broth cul tures can give variable r esul ts depending on condi ti ons.  

Effec t of Age of Mat and of Amount of Inoculum 

on Plaque Counts 

The age of the mats (where plates have been spread for short 

periods before exposure ) and the amount of inoculum are fac tors which 

could influenc e the apparent count to some extent. A plate  spread 
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Tabl e I I I  Compari son of owtb m edia of cul tures for spreading plates ( clotted milk 
culture and broth 0ul t�re . Plaque c oun t s  w i th exposure t im es of 1 0 m i n .  

EXPT A 

Mangawhata Dairy Company 

Tim e  Medium 
Plate for 
Opened Cul tur£ 
a. . m .  

1 1 .  30 

1 2 . 00 

� 
1 . 00 

2 . 00 

3 . 00 

4 . 00 

Milk 

Bro th 

Milk 

Bro th 

Mil k  

Broth 

Milk 

Bro th 

Milk 

Bro th 

MiJ k  

Broth 

Press 
Vat 1 

o ,  1 
o ,  1 

o , o  
1 '  1 

4 , 5 

4 , 4 

47 , -

46 , 27 

1 '  1 

1 , o  

3 , 5  

6 , 4  

Agi t .  
Vat 2 

o , o  
2 , 0  

1 '  1 

1 ' 1  

1 2 , 9  

2 1 ,-

59 , 47 

32 , 29 

1 6 , 9  

5 , 9  

1 0 , 1 7  

1 1 '  1 0  

Agi t .  
Vat 4 

1 , o  
2 , 0  

1 ' 0 

0 , 2 

2 , 6  

5 , 4  

6 2 , 7  4 

58 , 68 

1 , o  
5 , 2  

1 2 , 7  

1 3 , 6  

Near 
Vat 6 

1 , 3  

1 , -

7 , 9 

25 , 1  

, 2 , 0  

3 , 5  

98 , 57 

82 , 55 

6 , 4  

5 , 9  

1 6 '  1 2  

18 ' 1 2  

Press 
Agit .  
Near 

= Plates located on press  
,. " 11 " agitator beam 

" 

Starter bacteria in vats = ML8 AM2 " " on plates = MLs 

" in various 
places  near vat 

Tim e  
Pl a t e  
Open ed 

� 

2 . 1 0  

2 . 20 

2 . 30 

2 . 40* 

3 . 00 

EXPT B 
N . Z .  Dairy Resear ch In s t i tu t e  Dairy Fac tory 

Spread. Early 
9- 1 0a . m .  

C l o t t e d  
Milk 
Cul tur e 

8 
2 

2 1  

37 

1 0  

Broth 
Cul tur e 

0 

0 

0 

0 

0 

Fr e shly Spr ead 

Clotted 
Milk 
Cul tur e 

1 4  

7 

3 3  

56 

1 6  

Bro th 
(}..11 ture 

3 

10  

45 

40 

30 

* Plates exposed 20 min 
Starter bacteria in vats = HP us3 

" " on plates = us3 ...... -.J 
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with 0 . 0 5  ml cul ture may , on standing at ambient temperature ,  become  
the equival ent of a plate spread wi th 0 . 1  ml culturec  However , the 
s tage of growth may have an effect on the readiness with which the 
c ells are lysed by phage particles. The amount of inoculum generally 
used (o . os ml ) gives reasonably sized plaques with the majorit,y of the 
starters in common use in factories. When a phage particle  attaches 
itself to a growing bac terial cell on an agar medium it will eventually 
lyse the organism ,  produc ing a crop of phage particles.  These in turn 
lyse the bac terial c ells  in the immediate neighbourhood, and this  pro­
c ess continues until bac terial growth c eases , resulting in the produc­
t ion of a cl ear area or plaque. An increase in the amount of inoculum 
r esults in possibly the same amount of phage being produc ed , but th e  
area of cl earing is  more  limited, i . e. increased inoculum gives smaller 
plaques. 

Experiments were carried out to find the effect of keeping spread 
plates at room temperature for various short periods and of varying 
the amounts of inoculum. The  resul ts are shown in Tabl es IV and v. 

Tabl e IV shows that the time of keeping spread plates before use 
d id not produc e any consistent effec t. Variations in figur es are of 
the order expected of the sed; mentation method. Similarly , Tabl e V 

shous that 0 �05 ml of  clotted milk cul ture is a sui table quanti t.1 for 
inoculating a spread plate. 
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Table IV Effe c t  of ar-;e o f  m a t s  on pJ aqu e  c ount s .  

Star- Tim e  Count s Star- Time 
ter spread Tim e  Indiv- ter spread Time Temp . 
Ba.c- unti l Plate  i dual Aver- Bac- un ti l Pl ate after 
teria O-pened Open Plates ages teria Opened Open Spread Counts  

h /min m in h/mi� m in --cc;-
KH 3. 35 1 0  3 , 1 1 , 1 1  8 . 3 e n  6 . 20 20 22 2 1 1 

0 . 1 0  " 5 , 0 , 2  2 . 3 6 . 20 " 30 1 99 
0. 05 " 1 2 1 . 5  0 . 05 " 1 48 

zs 1 . 1 0 " 4 . 0  6 . 1 0  1 0  22 421  
0. 05 " 4. 0 6 . 1 0 " 30 507 
1 . 00 " 0 , 0 , 3 1 .  0 0 . 05 " 276 
0 . 05 " 0%02 1 o . ) 6 . 00 " 25  1 

.> 

0 . 50 " 3 , 3 , 7  4. 3  6 . 00 1 1  30 6 
0 . 05 " 7 !3!4 4. 7 4. 00 " 22 2 
o .  40 " 2 , 0 , 4 2 . 0 4 . 00 " 30 .3 
0 . 0 5  " 1 ' 2 ' 1 1 . 3 0 . 05 " 6 

H2 2 . 20 " 1 1  ' 4  7 . 5  
0 . 05 " 4 3 3 . 5 5 . 50 " 22 1 6  
2 . 1 0  " 1 6 , 7  1 1  � 5 5 . 50 " 30 
0 . 0 5  " 7 '  10  8 . 5 3 . 50 " 22 1 6  

2 . 00 " 0 , 3 1 .  5 3 . 50 " 30 4 1  
0. 05 " 8 , 4  6 . 0  0 . 05  " 1 7  

SK1 2 . 20 " 0 , 5  2 . 5 
0. 05 " 5 , 4  4 . 5 5 . 30 " 22 1 9  
2 . 1 0  " 9 , 8  8 . 5 5 . 30 " 30 2 1  
0 . 05 " 6 1 1  8 . 5  3 . 30 " 22 30 
2 . 00 " 5 , 6  5 . 5 3 . 30 " 30 24 

- 0 . 05 " 5 , 6  5 . 5 0 . 05 " 2 3  
* 

(approx . )  Plates vrere kept at  room temperatur e for the last  2-3 h 
Freshly spread plates wer e  sometimes kept longer than 5 m in before exposure 

Tabl e V Effect of amount of  C1 3  inoculum on pl a�ue counts .  

Plaque counts  at  stated tirnest 
Treatment of Plates 1 . 50pm 2 . 00prn 2. 1 0pm 2 . 20pm 
Spread several h before exposure - 1 36 29 6 " 1 drop (0 . 05ml l 3 248 40 4 " 2 drops (0 . 1 0ml 4 1 23 59 5 " 3 drops (o.  1 5ml 7 196  2 1  9 

t Plates  were  exposed for 10  m in 



( ii ) SEDIMEN TATION USING LIQUID FOR PHAGE COLLECTION, 
LIQUID FO R D ILUTIONS 

20 

A suitabl e liquid was required for exposure to th e  a tmosphere in 
order to coll ect  phage by sedimentation. A sui tabl e diluen t  was also 
required for the preparation of ser ial decimal dilutions when estimat­
ing phage quantitatively in sampl es of wh ey and in cal c ium alginate 
wool pads (alginate method di scussed later ) .  A l iquid sui tabl e for 
one purpose  coul d  be suitable for other purposes. This s ec tion deal s 
mainly wi th the effec t of var ious l iquids on phage. 

For many year s ,  phage dilutions had been made in water or i� 
Ringer ' s  so lution at the N ew Zealand Dairy Research Institute and 
sometimes resul tant suspensions w er e  kept in th e refrigerator for 
several h ,  Compari sons were made o f  water , Ringer ' s  solution, and 
peptone-sal t solution as diluents ,  and the effects of  l ight and dark­
ness , temperature,  and pH on phage determ ination were investigated, 

Eff�c t of Keeping Phage in Ringer ' s  Solution at 30°C 

An exper imen t was carried out (Tabl e VI ) .  

In this  experiment phage (diluted a s  detail ed below ) was added to 
Ringer ' s  solution and the mixture was k ept at 30°C, Plaque c ounts were 
carried out at zero time and at interval s ,  using a 2-layer plate method. 
(A conc entra tion of phage sui tabl e for experimental purposes was pre­
pared by diluting a �1hey suspension of hp phage with wat er and Ringer ' s  
solution to approximately 10-4. Phage hp attacks strain HP. ) 

Tabl e V I  

Time 

Counts 

Av. 

Effec t of k eeping phage in Ringer ' s  soluti on at 30°C 
Plaque Counts 

0 . 5 h 1 h 
Zero from zero from zero Overnight 

48 37 27 1 2  

44 44 47 9 
39 40 38 7 

44 40 37 9 

Note : Throughout the investigati on Ringer ' s  so lution was 
!-strength whether specifi ed or not. 
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Resul ts  showed that the phage count decreased progressively wi th 
l ength of time of keeping. In the experiment an initial average count 
of 44 plaques decreased to 40 plaques in 0 . 5 h, to 37 plaques in 1 h ,  
and to 9 plaques after hol ding overnight.  Ringer ' s  solution was 
obviously unsuitabl e as a l iquid in which to keep phage for any con­
siderabl e time at 30°C. 

Effec t of Keeping Phage in Water Under Various Condi tions 

The resul ts of three  experiments are shown in Tabl e VII. 

Dilutions of phage were made in di still ed water and the suspensions 
* ** were kept under varying conditions ,  viz .  light and dark , temperature 

( 30°C, room , 4°C cold-room ) and in some cases with added milk. Com­
parisons of mixing phage by pipetting and shaking plus pipetting were 
also made. Plaque counts  were  made on 0 . 1  ml amounts. 

In Expt (a ) plaque counts  decreased to some extent as a resul t of 
storing at 30°C (3 days ) , and to an extreme extent when held  in light 
at room temperature. Comparisons of mixing by pipetting and shaking 
plus pipetting showed that shaking plus pipetting resul ted generally in 
sl ightly higher counts than pipetting alone. Phages in the cold-room 
kept better than at room temperature (in light ) and at 30°C ( in bath ) . 

In Expt (b ) the counts were slightly higher in water plus milk 
than in water alone. In this experiment there was not much alteration 
in counts on keeping samples overnight ,  except in case of 1 0-4 dilution 
(l ight ) and 10-5 dilution in cold-room (both wi thout milk ) . 

In Expt (c ) there was a marked decrease as  a resul t cf  keeping 
samples overnight in the cold-room , room (light ) and room (dark ) . In 
the case particularly of the sampl e kept at room temperature (l ight ) 
overnight ,  the phage count had decreased to almos t nil . 

* Light  • daylight as applicable 
** Dark • in closed cupboard 



Expt 
a. 

b 

0 

Tabl e VII Effect of keeping phage in wa ter under various  conditions. 

Holding 
time o'f 
phage 

suspension 

Phage dilution 10-4 
Plaque Counts 

Phage dilution 10-5 

Start 

4 h 

3 days 

Start 

2 h 

Overnight  

Start 
2 h  
Overnight  

Cold­
room 

425 (P )  
44.8 ( s )  

524 
692 ( +) 

80 1 
994 (  +) 

Light 
(room 
temp. ) 

675 (P ) 
840 ( S ) 

< 1 (P )  
44 (S ) 

52 1  
804 ( +) 

365 
600 ( + )  

3 1 3 
1021 ( +) 

Dark 
(room 
temp. ) 

505 
729 ( +)  

805 
1 104 ( +) 

30°C Cold-
bath room 

1 23 (P)  
3 16  ( s )  

44 (P)  
8 2 ( S )  

53 ( P )  
40 ( S )  

40 
59 (+ )  
9 

1 35 (+ )  

92  

25 

Light 
(room 
temp . ) 

6 1 (P) 
6 1 ( S )  

19  (P) 
32 ( S )  

o (P) 
1 ( S )  

57 
76 ( +) 

44 
68 ( +) 

54 
1 10 ( +) 

177 
37 

1 

Dark 
(room 
temp. ) 

6 1  
70 ( +) 

93 
21 

30°C 
bath 

42 (P )  
64 ( S )  

8 (P )  
6 ( S ) 

Phage dilutions prepared in distilled water for· each experiment from a. suspension of hp phage in whe7. 
Most counts averages of 3 plates. 
Expt (a.) P = dilutions mixed by pipetting S = dilutions mixed by shaking plus pipetting. 
Expt (b ) + : milk addition ( 1  rnl skim milk added to 9 ml susrension ) .  

Counts for suspensions wi thout milk were mul tipl ied by 0 . 9  to correc t  for 
non-addition of ·i ml water to 9 ml suspension. 1\) 1\) 



Effect of pH on Phage when Kept in Water and in 

Wat er plus Milk 

23 

An experiment was carri ed out in which phage was added to distill ed 

water and to distilled water plus m ilk , wi th pH values ranging initially 
0 0 from 7. 5-5. 6. Samples were  k ept at 30 C and at 4 C and plaque counts 

were  done at zero , 2 h and 20 h. No consistent effec t due to pH was 

found.. Variatior1s were in part poss ibly due to the use of water and 

of water plus milk as diluents. 

Effec t of Keeping Phage in Peptone-sal t Solution 

Two experiments were  carried out using peptone-salt solution as 

a medium in which to keep phage. Serial d.ecimal di lutions of an hp 

phage in wh e,y were  made in peptone-sal t so lution to 10-4 x 0. 7. 

Quanti ties of 0.1 rnl of this phage dilution were  added to McCart!ley 

bottl es , each containing 0. 04 g calcium alginate wool. Nine ml peptone­

salt soluti on were then added. The suspensions were kept at 22°C ,  and 

4°C ,  for spec ific periods of time. For analysis,  1 ml sodium citrate 

( 10%)* 
was added to each Mc Cartney bottl e to dissolve the calcium 

al ginate  wool , and the phage was estimated by a 4-layer plating method. 
Results are shown in Tabl e VIII. 

The initial phage count was an approximate figure for the hp phage 

which had been used as standard over a l ong period. The r esul ts showed 

that in Expt (a) the counts did not diminish in approximately one and 

two days at 22°C and 4°C ,  and also that in Expt (b) the counts did not 

diminish in three and six days at these temperatures. Storage at 4°C 
gave high er counts than at 22°C. It  was therefore concluded that 

peptone-sal t solution was a suitabl e medium in which to make dilutions 

and also in which to coll ec t phage by sedimen tation and thereafter in 

which to keep the phage until it was estimated quantitatively. 

* Throughout this thesis the percen tage conc entration of a solution 
. means w/v unl ess otherwise stated 



Expt 

a 

b 

Tabl e VIII Effect on plaque counts of keeping phage 
in peptone-sal t solution, 

Plaque Counts 

Holding tsmp. Initial Hel d 18  h Held 

22
°C 

* A.v. Room 1 50 1 43 172  

1 58 148 1 6 3 
1 44 1 45 

0 Cold-room 4 C " 1 58 1 57 
1 58 1 56 21 1 
1 5 1  1 9 2  

Initial Hel d 7 2 h Held 

0 * Av. Room 22 c 1 50 20 3 202 

1 9 2  203 1 87 
21 4 229 

0 Cold-room 4 C 1 1  230 257 
2 1 2  222 256 

223 230 

42 h 

Av. 
1 60 

187 

1 44 h 

Av. 

206 

248 

* Many counts had been done on an equival ent quanti ty of phage , 

and these counts varied wi thin a wide range. A. representative 

value is  given by a count of 1 50.  

24 



Effec t of th e Quan t i ty of Sodium Chl ori d e  in Peptone- sal t 

Solution on Phage 

25 

An exp eriment was carr i e d  out to fi nd wh ether the l arge amount of 

sodium chl or i d e  in normal peptone-sal t soluti on had any eff ec t  on th e 

phage. Resul t s  of an exper im ent ar e shown in Tabl e  IX. Analyses wer e  

done by m e thod ( 2 ) . Detail s o f  m ethod ( 2 )  will b e  giv en la ter .  

Tabl e IX Effec t on pl ague c ount o f  var;y:ing th e sal t c on t ent 
o f  peptone- sal t solution . 

Pep tone- sal t solution Plaque coun t s  (av. o :f  3 ) 

� Pepto ne % Sal t Star t 1 day � days 

0. 1 o . BB 1 55 1 97 1 9 1  

O o 1 0 . 4  1 77 1 29 1 24 

0. 1 0 . 1 1 7 1  1 6 3  1 43 

0. 1 o . o  224 ( 1 ) 20 1 1 7 2  

In th i s  exp eriment four p ep tone-sal t so lut ions wer e  made up w i th 

sodiun1 chloride conc en tra t ions varying from 0-0 � BB%. Phage diluti ons 

wer e  pr epar ed in each o f  the four l iquids and wer e  k ept under cold 

condi ti ons (4
°C ) . Phage e s t ima tions wer e  done a t  th e commenc ement of 

the experiment and after th e suspen sion s  had been k ep t  for one day and 

th en for a further two day s .  

Th e  r e sul t s  showed tha t  wh er eas wi th o. BB% sal t the c ount s  wer e  

l ow ini tially , n ev er th e l e s s  wi th thi s  amount the c oun ts wer e  high a t  

one and thr ee day s .  Wh er ea s  c ol d  condi t ions may hav e  h elped i n  the 

phage preservation ,  never th el ess th e high amount o f  sal t in th e 0. 1 % 

peptone an d  o . BB% sal t soluti on did not have any adver s e  effec t on th e 

resul t s  over th e r elatively extended t e s t  p eriod . 

Di scus sion 

Various mater ial s have b9en us ed a s  dilu en t s  for bac t eria and 

phag e s .  
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Th e  mo s t  commonly u s ed diluen t s  for bac teria have b e en d i s ti l l ed 

wa ter , Ringer ' s  so lution , and peptone wa t er .  Cohen ( 19 22 ) u s ed 

di s ti l l ed water as a dil u t ing medium for Bac t .  col i and Ba.c t .  typho sum , 

as t e s t s  had shown that i t  was sati sfac tory for h i s  purp o s e s .  Winslow 

& Brook e  ( 1 9 27 )  suggested tha t the b en efic ial effec t o f  p eptone and 

meat extrac t in diluents wa s analogous to the operation of a pro tec t iv e  

coll oi d. .  Wil son ( 1 9 35 ) di scu s sed th e r el a tive values o f  d i s ti l l ed 

wat er , sal ine ,  and Ringer ' s  solu t ion as diluents for milk in bac ter iol­

ogi c al inv e s t igati on s ,  and c oncluded tha t  Ring er ' s soluti on wa s pr efer­

abl e .  Baird-Parker & Davenpor t ( 1 965 )  u s ed 0. 1 %  pep tone wa ter for 

making dilutions o f  Staphyl o c occus aureu s. 

In phage work diluen t s  such a s  water , Ringer ' s  so l u t ion , an Cl. 
p eptone-sal t solu tion have b e en u s ed .  

Turner & Nel son ( 1 951 ) showed that when five phage s trains w ere 

diluted w ith water instead of m ilk t!1e c ounts wer e  l ower wi th wat er in 

thre e  out o f  f ive cases , but th at addi tion o f  milk to th e Petr i  d i sh e s  

rai sed th e s e  c ount s .  Th ey consider ed that th e rai sing o f  th e c oun t s  

was due t o  th e cal c ium suppl i ed by the milk. Lark & Adam s ( 1 9 5 3 )  
pointed out that ,  in deal ing wi th the effec t of h ea t  on phages , th e 

phages were much l ess s tab l e  in dilute sal ine than in bro th or in 

balan c e d  sal t solution . Me:-n el l & Meyn ell ( 196 5 )  poin t ed out that 

phages ar e rapidly kill ed by di lution and shaking in pro t ein-free 

sal t soluti ons wi thout sp ec i al precauti ons . 

The need for pro tein in phage dilution s is thus obviou s .  In the 

pre s en t  inv e s tiga tion pep to n e-sal t so lu tion has b een found sat isfac tory 

for keeping a typical l ac ti c  str eptococcus phage for s everal days - i t  

was concluded therefor e th a t  i t  woul d no t affec t phage dur ing pr�para.­

t ion o f  s erial d ec imal dilution s .  It was al so u s e d  as a me dium for 

c ol l ec t ing phage by sedim en ta tion and for s torage un til examined 

quan t i tatively. 
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( iii ) SLIT SAMPLER ( CASELLA) 

Description of Instrument 

Some aspiration methods which are used for estimating bac teria in 
air can al so be used for estimating atmo spheric phage,  e. g. by draw­
ing knolm volumes of air through l iquid media in suitabl e containers ,  
or  over the surfac e of  Petri dishes containing nutrient agar media. 
The Casella Airborne Bacteria Sampl er i s  an example of equipment for 
the latter method. In this  instrument a measured volume of air can be  
drawn through the apparatus at a constant rate,  viz.  28 1 . /min. This 
air pas� as through a narrow slit and impinges on a rotating Petri dish 
containing steril e nutri ent agar medium. The plate is enclosed in a 
m etal box with glas� door and can be  adjusted to a known distance from 
the slit. By m eans of a motor the turntabl e on which the plate sits 
can be  made to rotate  compl etely in 0 . 5 ,  2 ,  or 5 min. In th is  way 
the bac teria from 1 4, 57 , or 142 1 .  of air, respectively , are collected 
on the platee Afte� incubation of the plate at a suitabl e temperature ,  
the bac terial count per unit  "'r�lume of air may be  calculated. For 
phage estimations the technique is similar but the agar medium is  
spread with a cul ture of  the host organism. The phage particles in 
a specific volume of air are �ollected on the surfac e of th e medium 
and, on incubation at the appropriate temperature ,  plaques are formed. 

Comparison of Counts by Sedimentation and Slit  Sampl er 

On several occasions experiments were carried out in which the 
atmosphere in a cheese fac tory was examined for phage content by the 
slit sampler method and the sedimentation method,  and the counts 
obtained by the two methods were compared. Tabl e X shows the resul ts 
of  such experiments carried out at the Belvedere cheese fac tory. 

In these experiments sedimentation plates were opened to the air 
for 10  min near the sli t sampl er ,  at various times throughout thG day, 
and the sl it  sampl er was run for 0 . 5 min (one revolution ) during the 
10-min period of its corresponding sedimentation plate. 

The Tabl e shows that there was a rough correlation between the 
counts by the two m ethods. However , this  correlation does not prove 
the accuracy of the slit  sampl er for phage estimation ; it simply shows 
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Tabl e X Estimat ion o'f phage in atmosph 0re - compari son 
betw e en c ounts by s ed im en tation m e thod and 
sl i t- sampl er m e th o d  ( Bel veder e ) .  

EXPT A (MLJ_ EXPT B (MLal 

28 

Sedi men ta t i o n  Sl i t  Sampl er Sedimen tation Sl i t  Sampl er 

Tim e p l a te s  No . pl aqu e s  No . pl aQu e s  Tim e p l a t e s  No . plac u e s  No . p l aqu e s  
op en ed per p l a t e  p er pl a t e  opened per pl a t e  p er p l a t e  

in 1 0  m in in 0 . 5min  in 1 0  min  in 0 . 5min 

10 : 50 AM o , o  o , o  1 1 : 00 AM 0 0 

1 1 : 30 4, 4 1 , o  1 1 : 1 5  1 1 
1 2 :00 5 , 3 1 , o  1 1 : 40 22 0 
1 2 : 30 PM 7 , 0 0 , 3 1 2 :00 34 1 8  

1 :00 9 , 4 2 , 2 1 2 : 20 PM 9 5  1 9  
1 : 30 5 2 , 60 , 49 34 , 50 , 39 1 2 : 35 22 1 8  

2 :00 80 , 82 , 44 53, 48, 70 1 2 : 50 88 28 

2 : 35 27 , 25 , 21 42 , 28 , 20 1 : 25 8 3  1 27 
2 : 45 1 5 , 21 , 21 1 0 , 21 , 1 9 1 : 5 5  1 67 1 44 
3 :00 1 8 , 25 , 29 26 , 21 2 :0 5  )1 37 5 

3 : 30 795 , >500 , 54 , 40 , 437 2 : 1 5  1 589 > 500 
)500 3 : 20 380 97 

3 : 40 79 296 

3 : 50 1 21) 7 1 2  
4 :00 41 0  909 
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tha t ,  as the amount o f  phage in th e a tmo sph er e increa s e s , a l arger 

amount of phage is d epo s i t ed on th e pl a t e  in the sl i t  sampl er , but no 

indicati on i s  given of how many phage ' dropl e t s ' bounc e off the pla t e  

o r  ar e o th erw i s e  l o s t .  

I t  was pointed out b y  Boudillon , Lidwell & Thomas ( 1 941 )  that 

for col l ec t ing bac t eria under varying condi tions the ratio of sl i t  

sampler to Petri dish co l l ec tion var � ed from 5. 5 : 1 to 1 , 000-5,000 1 ,  
and th ey sugges ted tha t th e use of Petri d i sh e s  coul d th er efore give 

r e sul t s  a t  l ea s t  200 times gr eat er for large dropl ets than for finer 

di spersion resul ting from wa sh ed bac teria. A som ewha t  paral l el in­

accuracy ari ses in the ra t e  o f  settl ing o f  phage dropl ets when d i. s­

p er s ed i�to th e atmosph er e  by whey splash ed from ch ees e vat s  or , for 

exampl e ,  by di spersal from th e whey separator . Large dropl e ts s e t tl e  

more quickly than finer dropl ets. 

Value of Sl i t  Sampl er for Phag3 Es timations 

Wol f ,  Nicho l s  & Ine s on ( 1 946 )  di scus sed th e value of th e  sl i t  

sampl er and th e sedimentation m ethod for phage estimations. Th ey 

found tha t  wh en agar was u s ed in th e sl i t  sampl er there was some tim es 

compl ete lys i s  o f  th e plate , but tha t  g el a tine was sui ta bl e as it 

c oul d be l iquefied and th e number o f  phage partic l e s  coul d then be 

estimat ed. Perc en tage r ec over i es by vari ous m ethods ar e s el ec t ed from 

th eir ini tial exp erimen t s  and are pr e s ented in Tabl e XI. 

Tabl e XI t Recovery o f  phage aeroso l  by different m e th o ds .  

(Determ inat i on
'
s m a d e  a s  soon as phage spray ing c eased ) 

Time for % of 
Method of es timation whi ch th eoretical 

expo s ed Volum e  r ecovery 
(min) (1. ) 

Sedim entation (agar plate ) 5- 1 0  0 . 0 1 5-0. 5  
" (ba.s in - subsequently rinsed 

w i th milk ) 30-45 0 . 32 -3. 2 

" (bas in - subsequently rin s ed 
wi th t-Ringer ) 1 1-30 0 

" (milk-Petri ) 5- 10 0-0 . 1 9  
Sl i t  sampl er (agar pla t e ) 28. 3  o .  5-1 . 9  

. .. " {gelatine pla t e ) 85.0 3. 4-90 
Aspirat i on (bro th ) 2. 5-4. 0  0 . 0 3-27 . 6  

t from Wol f  et al ._ 



30 

In th eir subsequen t investigations on th e use of hypoch l ori te 

mists for destroying phage , Wol f  et al . ( 1 946 )  cons ider ed it n eces sary 

and used three m ethods for phage es tima tion , vi z .  s edim entati on on 

agar plates , aspirati on through sl i t  sampl er onto agar plates , and 

a sp irat ion through sl i t  sampl er onto gel atine plate s .  

I t  seem s  th a t  th e  sl i t  sampl er method ha s obviou s inaccuraci es .  

Phage par ticl es may bounc e off th e sur fac e o f  the m edium , o r  may b e  

carried through the apparatus i n  pock ets of air. According to the 

work of Wol f e t  al . ( 1 946 )  th e sl it sampl er using agar gave a very l ow 

percentage r ecovery , but using gel atine was th e bes t of the methods 

tri ed. 

Morri s ,  Darlow, Peel & Wr igh t  ( 1 96 1 ) stated tha t "numbers of 

col iphage c ol l ec ted wi th th e s l i t  sampl er were l es s  than 1% of the s e  

co l l ec ted w i th an el ec tro static sampl er and th e sl i t  sampl er was 

therefor e no t used for phage a ero so l l:l " .  

I n  the pr esent work i t  was desired to retain the u s e  of s edim enta­

ti on on agar pl ates a s  a rough sor ting method, bu t ano ther methoc was 

r equired wh ich woul d giv e r ea sonably ac curate resul t s .  Thi s  l ed to 

th e consi deration of a fil tration m ethod.  

( iv )  FILTRATION THROUGH CALCIUM ALG INATE WOOL 

Description of Apparatus and Resul t s  o f  Tests Carried Out 

The apparatus for col l ec ting phage from m ea sured volum es o f  a ir 

c ompri s ed several p i ec e s  of equipm ent ,  viz . a flowm eter wi th an 

attached tube for hol ding cal cium algina te wool , a Variac transformer, 

and a vacuum cl eaner uni t for drawing air through th e apparatus (Fig 1 ) . 
Th e  apparatus was ini tially mounted on a b ench and used for aerosol 

experiment s ,  bu t was sub sequently fi tted up on a tabl e with screw-on 

l egs , and was so arranged that th e c ompl ete uni t c oul d ea sil� b e  

transport ed and s e t  up i n  dairy fac tor i e s .  A detailed descrip t ion 

is given of the various p i ec e s  of apparatus. 



( a ) Flowm e t er 

( b )  Flowmeter and l i d  

( c ) Vacuum c l e aner uni t ,  
Var i ac transformer and flowme ter 

Fig 1 .  Apparatu s  u sed for fil tration of air 
through cal cium alginate wool . 

3 1 
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Flowm eter 

An orific e pla t e  wi th a c entral opening was plac ed b e tween th e 

flanged ends o f  two s tainl ess steel pipes 2 . 54 cm in diam e t er and was 

cl amped in po s i t ion. On each side of th e orific e pla t e  a smal l diameter 

tub e was connec t ed t o  a . s ta inl ess steel tank or reservoir and the tanks 

wer e  c o nnec ted w i th an incl ined-tub e manom eter fitted w i th a c al ibrated 

scal e (Linford ( 1 96 1 ) ,  Owen & Pankhur s t  ( 1966 ) ) . Th e  l ower tank con­

tain ed wa ter colour ed w i th th e �e fluor esc ein. 

Two spir i t  l evel s w er e  attached to the top of the apparatus and 

s0r ews for adjus ting th e l evel of the whol e instrument were provided. 

This apparatus was fitted into a wo o den box with cl ip-on l id and 

handl e. Glass tube s  containing c al c ium alginat� wool pads were 

a t tach ed to one end of one 2. 54 cm diam e t er tube by a pl a s t ic tub e ,  

and the end o f  th e o ther mai n tube was c onnec ted t o  th e ho s e  o f  a 

vacuQm cl eaner uni t  fo� drawi ng air through the appara tu s .  Th e  scal e 

o f  th e manom eter was gradua ted in 1 . /m in (maximum 57 1. ) and th e 

cal ibrat ion ch ecked wi th a large flowm e t er (Parld nson Cowan volumetric 

gas meter ,  accuracy .:!:. 1 %) • 

Mo tor and trnnsformer 

A vacuum pump or i ts equival ent was needed for drawing air through 

calcium algi na t e  wool . Such a pump needed to b e  ligh t in weigh t ,  

easily transpor tabl e ,  and sui tabl e for us e near a ch eese vat. Labora­

tory vacuum pumps ar e som ewhat weighty , and the small es t  c omm erc ial 

pump availabl e (Masspor t Junior ) weigh ed 59 lb. Th e  r equir em en t s  were 

met by th e use o f  a hou s ehold vacuum cl eaner (�inus dus t  coll ec tion 

bag ) , which proved to be effec tive for the j ob. 

Th e  a ir fl ow was r egula ted by m eans of a Variac auto transformer 

vol tage regul a tor , 1 KW ,  l oad rating 600 VA . A watch was kept for 

moto r  over-h eating , as th e air flow was small compar ed with th e large 

volum e of a.ir whi ch normally passes through a vacuum cl eaner during 

hou s ehol d use and which exer t s  som e  cool ing effec t. Temperature r ead­

ings wer e  taken by a th ermometer plac ed inside the casing aga in s t the 

Bak el i te wh er e air com es off th e motor. 
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Tabl e for housing apparatus 

A wooden tabl e ,  7 6  cm h igh ,  wi th a to p 48 cm x 69 cm , was fi tted 

with four screw-in l eg s .  Th i s  tabl e hou s ed the flowmeter (on a s tand ) , 

transformer , and vacuum cl eaner uni t .  Such a tabl e c oul d b e  put 

together and fi t t ed w i th th e apparatus very quickly , and was suitabl e 

for placing at th e end of a vat ,  or el sewh er e ,  in a ch eese fac tory .  

Tubes, int ernal supports fo r cal c ium algina t e  woo l ,  

and quant i t i e s  of cal c ium algina te wool 

Th e  cal c ium al gi na t e  wool for coll ec ting phage was pl ac ed on a 

me tal support in a gl a s s  tub e ,  and thi s  was a ttach ed to th e tub e of 

the flowm eter by a pla stic sl eeve. I t  wa s necessary to dec i d e  upon a 

suitabl e internal diam e t er for the gl a s s  tub e ,  to find th e correc t type 

of int ernal support ,  and to determ ine th e amount of cal c ium al giua t e  

wool r equir ed. Too great an amount of calc ium al ginate wool in a 

narrow tub e woul d unduly r e s tric t air fl ow and render diffi cul t fil­

tration of a cons i d erab l e  volume of air , b e s i des po ssibly c ausing over­

heating of the mo tor. Too small an amoun t of cal c ium al gi na te woo l  

w�ul d al l ow an unduly large proport ion o f  phage particl es to pass 

righ t  through . 

Various diam e t er s  of gl a s s  tubes were tried and eventuall y  a s i z e  

(for internal diam e t er ) was decided upon wh ich gave sui tabl e fi l tration. 

After pr el iminary exp erimen ts a stainl e s s  s teel tube fi t t ed w i th fine 

cros s-wir es was adop t ed a s  a support for th e cal c ium alginat e  woo l .  

Th i s  m e tal suppor t was k ep t  i n  posi tion o n  pro j ec tions in th e wal l s  

o f  the gl a s s  tub e .  A sui tabl e amount o f  cal c ium algina te wool was 

determined exp erimen t al ly . 

Exp erimen t s  c arri ed ou t in determ ining a sui tabl e si z e  for in­

ternal diameter o f  th e tube and the amount of cal c ium alginat e wool 

require d  are detai l e d  below . 

Several trial s were c onduc ted wi th various combinations o f  tube s  

and quanti ties o f  cal c ium al gina t e  wool . Phage was d i s tributed into 

the air ,  m easur ed volum e s  of air wer e  drawn through th e c al c ium 

alginat e  wo ol pads , and th e quan t i t i es o f  phage in the d ifferent 

layers were det ermined. Tabl e XII shows exp eriments whi ch w er e  carr i ed 

out in investigating th ese fac tor s .  



Tabl e XII Fil tration through cal c ium alginate wool . Th e  r elat ion between tub e size1 �uantit.Y of alginate wool1 
air fl ow1 vol tage and tem�erature of mo tor1 and Ehage counts. 

Transformer Heat ing of mo tor Phage counts �er la�er 
In ternal Layer s ,  pads Air fl ow Time from Tim e from 
diameter Algina t e  wo ol star t o f  s tar t of Temp 
o:f tub e No . g fil t ering Vol t s  fil t ering o c Fir st Second Third 

cm 1 ./m in m in m in 

1 . 78 3 l ay er s  57 Low 4. 9x10 6 
2. 9x105 1 . 9x 1 04 

2 " t . 57 Low 7 . 1x104 3 . 0x103 

o.  7 6  2 " 28 210 (5min to tal ) Ho t 2., 2x105 6 ., 0x102 

1 .  27 2 " 28 200 ( 8 " " ) Warm 4. 2x10  6 3. 2x104 

3 " t < 28 200 (4 11 " ) Ho t 1 . 8x 10  6 
4. 5x10

4 
5. 0x102 

1 .  27 3 " 57 145- 1 50 6- 10  43-45 2. 6x10 6 9 . 6x105 1 .  7x105 

2 " t 57 108 3-1 0  42-54 3. 6x10 6 3 . 4x105 

1 .  27 2 X 0.,04 57 5 1 86 5- 10  28-54 3 . 1x10 6 2., 9x104 

3 X 0.04 t < 57 2-4 200-1 80 (4min to tal ) 46-66 9 . 7x105 3 . 8x104 6 . 0x102 
2-4 

6 
2. 0x1 04 1 .  27 * 2 X 0 ., 04 57 0-4 1 20-1 30 0- 1 0  22-49 1 . 3x10  

* 2 X 0.,04 t** 57 0-9 1 40 2-9 37-60 9. 6x10 5 5. 0x10 2 
1 . 27 * 1 X 0 . 04 57 . 0-1 0  7 5-80 0-10  23-36 1 ., 0x10 6 

* 1i = 0 . 04 + 0., 02 t 57 0-10  1 20-1 26 1- 10  29-53 1 . 5x10 6 8.  2x104 

1 .  78  * 1i = 0 . 04 + 0.02 57 0-5 35-38 3-1 0  23-26 7 . 8x105 1 .  2x104 

* 2 X 0 ., 04 t 57 40 5- 10  28-29 1 .  7x10 
6 

2.0x105 

Temperatur es and vol tages were not r ecorded c ompl e t ely for all air fil trations. (cont ' d ) 

v...o � 



Tabl e  XII (c�m-� 
Transformer 

Internal Layers ,  pads Air flow Time from 
diameter Alginate wool start of 
of tube No . g fil t aring Volts 

cm 1./min m in 
1 .  78 t 1 X 0 . 04 57 0 33 

2 X 0 . 04 t 57 5 4 1  
3 X 0 . 04 t 57 9 52 
4 X 0. 04  t 57 1 4- 1 9  68-70 

1 .  78 * 3 X 0 . 04 57 0-9 48-51  
* 4 X 0 . 04 t 57 2-1 0  7 2-79 

i . 85 * 4 X 0 . 04 57 1-10 58-58 
1 . 85 * 3 X 0 . 04 57 1-10  49-5 1  
1 . 8 5 4 X 0 . 04 57 3-7 5 5 1-59-57 

g No .  g 
1 . 8 5 * o.o8 + 2 x o . o4 57 1- 10  60-59 
1 . 85 * 0 . 08 + 2 X 0 . 04 57 2-1 0  58-62 

* 0. 1 2  + 0 . 04 t 57 0- 10 57-6 3 
1 . 85 * 0. 1 2  + 0 . 04 57 1-7 37-38 

0. 1 2  + 0 . 04 t 57 0-1 0  3 2-36 
1 . 85 * 0. 1 2  + 2 X 0 . 04 57 1- 10  40 

* 0 . 1 2  + 2 X 0. 04 t 57 3- 10  38-39 

t Experiment soon after previous experiment 
* Pads consolidated before recorded readings 

** Pads separated by wires 

· '  

Heating of motor Phage counts :12er la;y:er 

Time from 
start of Temp 
fil taring oc First Second Third Fourth 

m in 
4 22 
7-9 23-24 
1 4  27 
1 8-24 30-33 

6 3-1 0  25-31  1 . 0x10  1 . 3x105 1 . 6x105 

2- 1 0  26-39 6 1 . 0x105 5. 1 x1 03 2 1 . 8x10 4. 0x10 
1-10  25-31  6 3 . 0x104 2. 2x103 1 . 0x103 2. 4x10 
2- 1 0  25-29 2. 1 x10 6 1 . 0x104 1 .  2x1 04 

3-7 5 23-37 

1- 10  22-29 7 .  5x105 4.  2x104 1 . 1x10 3 

2- 10 24-29 6 6 o 6x 1 04 9 . 4x103 3.  5x10 
2-10 30-35 6 5.  5x104 3 . 1 x1 0  
4 6 1 . 1 x1 0 5 23 1 . 6x10  

6- 1 0  25-29 6 2. 4x105 3 . 0x10 
5-1 0  23-24 9 . 8x105 5 .0x1 04 8. 0x1 0 2 

3- 1 0  23-27 3.  2x1 06 5 . 8x103 8 . 0x10 2 

:t Pads added at 5 ,  9 ,  1 4  min from zero to give 
totals of 2,  3 ,  4 , respectively 

VJ \}1 
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In thi s  Tabl e resul ts ar e shown in th e order in which th e experi­

m ents wer e  carried out.  In most cases th e air was drawn through the 

c alc ium alginat e  wool a t  th e rate  of 57 1 . /min. This rate was decided 

upon as giving reasonabl e ac curacy of mea suremen t and a fairly large 

total volum e of air , viz . 566 1 .  in 10 m in ,  and it was a rat e  which 

did no t cause  too much heat ing of th e mo tor . Vol tage readings and 

mo tor t emperatures were recorded . 

Tube s  of 0 . 7 6  cm , 1 . 27 cm , 1 . 7 8  cm , and 1 . 85 cm int ernal diameter 

wer e used for th e trial s .  Th e tubes were drawn out sl igh tly at one 

end for inserti on into the plas tic tub e connec ted with th e metal fl ow­

meter tt . .' be.  Proj ec tions (three per tube ) for hol ding the m etal supports 

were made by pressing heated spots wi th a metal instrument .  

Aft er a few initial experimen ts in wh ich layers o r  pad s  of cal c ium 

alginate wool were not weigh ed ,  th e n ec es si ty for weighing became 

apparent ,  and 0 . 04 g quan ti t i es (or mul t ipl es ) were alway s  used. This 

wool was teased out and moul ded into a fl at pad by th e finger s and was 

then plac ed in the gla s s  tube on the me tal support.  Several pads coul d 

be  placed one on top of the o th er.  Later in th e work a s tainl ess steel 

pestl e  and mortar were used to shape th e pads. 

Del iberat e  dispersal of phage into the air was effec ted by intro­

duc ing phage-l aden whey into a rubber tub e by means of a hypodermic 

syringe whil e forcing air through th e tube fi tted with a r estricted 

opening. Details of  the method are given later. Phage par ticles 

trapped by th e  calc ium algina t e  wool wer e estimated after dissolution 

of the pads in so dium hexametapho sphate soluti on an d preparati on of 

serial dec imal suspensions in t-strength Ringer ' s  solution. Quantiti es  

of 0 . 1 rnl of resul tant phage suspensi on , 0 . 2 ml  bro th cul tur e of th e  

host organ i sm ,  and 2. 5- 3 . 0  m l  o f  so f t  agar were mixed and poured over 

the surface o f  a prepared l ac to s e  y east phosphate agar pl a t e .  Plates 

were incubated overnight at 30
°

C and plaques were th en counted. 

Air drawn through a tube 0 . 7 6  cm diameter , containing two unweighed 

layers o f  al ginate wool , at the approximate  rate  of  28 1 . /min ,  required 

a vol tage of 2 1 0 �  much too high a figure if over-h eating w ere to be  

avo ided. Th i s  tube was obviously too narrow. Tubes 1 . 27 cm diameter 

required high er vol tages and h enc e t emperatureE for two or thr ee 

0 . 04 g pads than 1 . 7 8  cm or 1 . 85 cm diameter tubes using three or four 

pads. With 1 . 78 cm and 1 . 8 5 cm diam eter tubes air sampl ing was 
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satisfactory at  57 1 ./min. 

Most  of the phage was coll ected on the first layer (0 . 04-0. 1 2  g )  
throughout  the ser i es of experimen ts.  Wh en using o. 2 g alginate wool 

( e�uival ent of five 0 . 04 g pads ) wi th the 1 . 85 cm diameter tube,  the 

amount of phage on the (e�uival ent ) fifth pad was l ess  than 1/ 1 , 000 

of the amount on the first layer (0. 1 2  g ) .  

Tabl e XII cl early shows that a large volume of air can b e  fil tered 
through five 0 . 04 g pads and a 1 . 85  cm diameter tube at a reasonable 

voltage and wi th maintenanc e of a reasonable temperature.  The cross­
sectional area of a 1 . 85 cm diameter tube is seven times that  of a 

0. 76 cm diameter tube. Obviously the largest tube tested ( 1 . 85 cm 
diameter ) was the most sui tabl e und er the circumstances , and this size 

of tube was used in subse�uent work . Glass  blowing and o th er probl ems 

made the use of larger sizes imprac tical and they were not nec essary 

for satisfactory 1-1orking. 

Later in the work th e tubes were standardized to the following 
dimensio:::1s :  

1 .  27 
cm 

6 . 35 cm � - - - - - - - )  
----------n-------------�� ,... .--- V "' 

,. 1 .  85 
t cm I 

� I 

� ect�on� -

Main internal diameter : 1 . 85 cm 
6 .  35 cm Overall 1 ength : 

Internal diameter ,  ·tapered discharge end : 1 .  27 cm 
Distanc e in of proj ections (from inl et end) : 3 . 3-3. 8 cm 
Inlet end sl ightly flared outward. 

A series of experiments established that the diameter to which 
the tube was tapered at the d.i scharge end did not si gnificantly affect 

motor heating as  m easured by vol tage r e�uirements. ( Internal diameters 
of 1 . 1 9 cm , 1 . 1 7 cm , and 0 . 96 cm were compared. ) 
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Dissolving of Calcium Alginate 

Some diff:i. cuJ. ty was experienced in dissolving caJ.c ium al ginate 
in a mixture of sodium hexametaphosphate solution and Ringer ' s  solution 
due to the use (by mi stake ) of 1 %  instead of 1 0% sodium he:x:ametaphospha te 
solution, Even warming the material s up to 45°C did not improve 
s olubil ity much, The initial examinations l ed eventually to a survey 
o f  the solubi lity of varying amounts of calcium alginate in mixtures  
o f  sodium hexametaphosphate solution and Ringer ' s  soluti on , where the 
sodium hexametaphosphate solutions had been previously subj ec ted to 
different treatments , viz, non-heating,  steaming for periods of tim e  
u:p to 1 h ,  and autoclaving at 1 5  l b  :pressure for 20 min. Resul t .:� of  
experime�ts are shown in Tabl e XIII. 

One ml of sodium hexametaphos:phate solution was mixed with 9 ml 
o f  �strength Ringer ' s  so lution, and the solubili ty of alginate wool 
in the m ixture wan examined. The quantities of al ginate wool ar� 
shown in th e l eft-hand columns. In some cases 0 . 08 g calciun1 alginate 
was added to 10  ml solution , and the 3olubil i ty noted, Then two 0 . 04 g 
pads were further added , observations of solubili ty being made after 
each 0 . 04 g addi tion. In the footnote  are explained symbol s for 
s�lubil i ti es of the pads ,  as well as symbol s for efficienr.y of :pi:petting. 
Narrow-pointed pipettes wer e  easily blocked by undissol�ed threads or 
gelatinous masses o f  calc ium alginate. 

Expt 1 .  This experiment  was to find the effect of the non­
heating and heating o f  calcium alginate,  and the non-heating and 
heating of sodium h exametaphosphate solution on the solubil i ty of 
calcium al ginate. Quantiti es of 0 .08 g of calc ium alginate were 
solubl e in mixtures containing unheated and 1-h steamed sodium hexa­
meta:phosphate soluti ons,  but were partly insolubl e in m ixtures con­
taining autoclaved sodium hexametaphosphate solution, 

The treatment of the pads them selves (non-heating, autoclaving , 

and autoclaving [dissolved in two :po�tions] ) did not affect the 
resul ts, 

Expts 2 an d  3. U:p to 0. 1 2  g calc ium alginate could (mostly ) b e  

dissolved quite satisfac torily i n  solutions containing unheated and 

steamed ( 1  h )  sodium hexametaphosphate so lution , but solubil i ties  were 

unsat isfactory in mixtures containing autoclaved sodium hexameta:phosphate 

solution. 
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Tabl e XIII The r el a t ionsh ip b e tw e en th e h ea t  tr ea tm ent of sodium 
h exam etapho sph a t e  soluti on an d th e auanti ty o f  calcium 
algina t e  whi ch c an b e  d i s s o l v ed i n  m ix tur es o f  sodium 

h exam o tapho sphat e solution and Ringer ' s  so lution. 

Cal cium al ginat e  
g 

Por ti ons Expt a d ded Total 

1 o. os Unh eat ed 

o.os Autocl aved 

o.os Auto clav e d  
* 

2 o.os o .os 
..0 . 04 0 . 1 2  
-+0 . 04 0 . 1 6  

3 o.os o .os 
..0 . 04 0 . 1 2  
..0 .04  0 . 16  

4 0 . 1 2  
0 . 1 2  
0. 1 2  
0 . 1 2  
0 . 1 2  

s = s ol ubl e p 
s = almos t  solubl e p -
s = part ly so lubl e p 
X = partl y in sol ubl e PX 

gel atinou s  ma s s  + 
* - dissolved in t wo 

portions He::x:a . 

Effec t on solubil i ty 

1 rnl 1 0% sodium hexarne taph o sph a t e  
solut ion + 9 ml 

%-s tr ength Rin�er ' s solution 

Hexa . Hexa . Hexa . 
Unh ea t ed S t eam ed 

( 1 h 
e:xp t s  1 - 3 )  

Au to c l av e d  
( 1 5  l b ,  

20 min ) 
s 
s 
s 

s 
s 
s 

s 
s 
s 

s 

p 
p 
p 

p 
p 
p 

r 
p 
p 

s 
s 
s 

s 
s 
X 

s 
s 
s 

p 
p 
p 

p 
p 
X 

p 
p 
PX 

S 5 min 

s 
s 

1 5  
30 

X , PX 60 

" 

11 

11 

X PX 

X PX 

X PX 

X PX 

X PX 

X n0 t 

X P X  

X not 

X r.ot 

= satisfac tory for pipetting 
sl igh tly difficul t to pipet t e  

= difficul t t o  pipet t e  

= impo s s ibl e  to pipette 

"" additions to give total in 
paral l el c ol umn 

= sod ium h e:xam e taph o s phat e  

tri ed 

tried 

trie d 
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Expt 4. In this  exper iment sodium hexam etapho sphate solution 

was u s ed unh eated and al so h ea t ed for various periods of time.  Cal c ium 

alginat e  di ssolved well in a solution containing unh eated sodium he:xa­

metapho sphate solution and al m o st a s  well in solutions containing 

sodium h exametapho sphate solutions steam ed for 5 min and 1 5  min , 

resp ec tively. Solubil ities were unsati sfac tory in solutions contain­

ing sodium h exametaphosphat e  s t eamed for 30 min and 60 min, respectively . 

Whil e th e resul t s  wer e  no t always consi stent , i t  i s  obvious that 

too much heat coul d upset th e usefulness of sodium h e:xametapho sp}'l.ate 

solution when used for dis solving cal cium al ginat e  in the presenc e of 

Ringer ' s  so lu tion . Auto claved sodium ho:xam etaphosphate solution was 

unsatisfac tory .  Ten per c ent sodium h exametaphospha te solut ion steamed 

for i h was sati sfac tory , and up to 0 . 1 2  g of cal c ium alginate  coul d 

be sati sfac tori ly disso lved in a mixture of  1 ml of  10% sodium he:xa­

metaphosphate solution thus treated and 9 ml of t- s trength Ringer ' s  

solut.:on. 

Consequently the standard prac tice was to pr epare batch es of 

tubes of 10% sodium hexam etc-.ph ospha te soluti on , steam for i h ,  and 

keep until required for analy s e s .  This heat tr ea tment is  more than 

adequat e  to ' kill ' all l ac tic streptococcal phage races which have 

been t e sted by o ther worker s. 

Serial decimal dilutions in i-strength Ringer ' s  solution wer e  

prepared from the solu ti ons containing dissolved cal cium algina te. 

Quarter-strength Ringer ' s  solution was replaced b,r peptone-sal t 

solution during the course of the work. 
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When c alc ium alginate wool i s  used for coll ec ting phage it  is 

som etimes n ec essary to keep the alginate wool pad s  for a ti me before 

estimating th eir phage content. Experim ents were th erefor e carried 

out to investigate the effec ts of various keeping condi tions on phage 

survival . A summary of resul ts i s  shown ir1 Tabl es XIV and x:J'. 

In th e ini tial exp erim en ts pads containing phage w ere prepared 

by drawing ai r from a phage-laden atmo sph ere (aerosol ) through several 

calcium alginate wool pads h el d  in a gl ass tube. In l a t er work the 

experimental pads were prepared by adding small , measured amount s o f  a 

d ilut ed wh ey suspension of phage to algi na te pad s .  After pr eparation , 

phage was estimated in repr esentative pad s ,  and th e r emainder were kept  

under different c onditi ons and th en examined. In thi s  way it c oul d be 

seen wheth er the phage count rema ined cons tant or no t .  

Tabl e XIV deal s with pads impregna ted with phage from aeroso l s .  

I n  Exp t 1 ,  phage-laden ai� was drawn through two 7-pad tubes.  

Analyse::t were mad e  on al ternat e  pads , and the remaining pads were l oft 

overnigh t in th e refri gerator , and were th en analysed. (T'n ere shoul d 

b� a r egular fall-off in amount of phage from fir st to last  pads ( 1-7 ) . 

f.eep ing in the refrigerator seem ed ,  if anything , to increase th e  count. 

This method o f  holding al terna te pads seemed unsati sfac tory , and was 

di scarded. 

In Expts 2 and 3, th e pads , after aero sol treatmen t ,  were divided 

into approximately .equal parts�  One-hal f of  each was analysed on the 

day of treatmen t .  In Exp t 2 ,  corresponding halves were kept overnigh t  

in the r e fri gerator (dry ) . In Expt 3 ,  al terna te pads wer e  kept  in 

p ep tone-sal t solution at 4
°

C ,  and a t  22
°

C ,  overnigh t .  Keeping by bo th 

methods s eemed sati sfac tory. 

In Expt 4,  pads w ere divided after aerosol trea tmen t .  One l o t  was 

analy s ed the same day and the o ther l o t  was kep t  in pep to ne- sal t 

solution overnigh t .  There were discrepanc ies wh ich may have been due 

to uneven di stri bution of phage on the pads. 

In Expt 5, after aerosol treatment of two tubes of 7 pads each , 

th e  pads were divi ded. Hal f th e  pads from both tub es wer e  analysed 

immedia t ely , and the r emainder were kept  in bo ttl es wi th l id s  on a t  
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Tabl e XIV Fac tors affec ting the survival of phage in alginate wool pads after exposure by 
drawing phage-lad en air through 7 pads per tube. 

In the first experiment whol e pads were used. In al l o ther experiments hal f of each 
pad was assayed fresh and the balanc e after t� e treatment �ndicatedo 

Treatment of alginat e  wool pads 
1 

Fresh * 1 . 8x105 

Overnigh t in refrigerator· 
Fre sh * 7 . 4x1 04 

Overnigh t  in refr igerator 
Fresh * 5. 4x104 

Overnigh t  in refrigerator 6 . 6x 1 04 

Fresh * 9 . 7x103 

Overnigh t  in pep.-·s . s .  9 . 0x 1 03 

Storage temp. 4oc 

Fr esh * 
Overnight in pep . -s . s .  22°C 
Ji'resh * 3 . 9x 107 

2 days at 22°C in YcCartney bo ttl es 3 . 7x 1 o7 

Fresh * 3 . 0x107 

2 days at 22  C in desiccator 2. 4x1 07 

Fresh * 

Fresh * 

No . of phage partic l es per pad or half pad t 
2 3 

1 .  2x1 04 

3 . 2x1 05 

1 . 3x10 3 

1 . 0x 1 04 3 . 9x 1 03 

1 . 8x104 2. 8x103 

1 . 9x 1 03 8 . 0x10  2 

2. 1 :x H) 2. 0:x1 0 2 
22°C  4oc 

1 . 6x 1 07 6 . 6x10  
9 . 0x 1 0  6 4. 1x 10  6 

9 . 7:x:10  6 3. 1x10  6 

5 . 1 x 1 0  6 3 . 5x1 0  6 

7 . 4x1 05 
1 . 1 :x 1 0 6 

5 . 4:x:106 1 .  5:x:1 0  6 

4 5 

7 . 0x1 0  2 

1 . 1x 104 

1 . 0x10  2 

4. 5x103 

1 . 1 x1 0 3 4. 0x10  2 

9 . 0x 1 0  2 2 .0x10  2 

4 . 0:x:10  2 < 1 . 0x 1 0  2 

1 . 0x10  2 1 . 0x 1 0  2 

22°C 4oc 

6 . 0x104 

5. 8x104 

6 7 

3 . 0x 1 0  2 

1 . 1x 104 

1 . 0x 1 0  2 

2. 1 x 1_03 

4. 0x10  2 4 . 0x 1 0  2 

< 1 . 0x10  2 2 . 0x 1 0  2 

1 . 0x10 2 2. 0x1 0  2 
2 2 1 • Ox 1 0 < 1 • Ox 1 0 

22o c 4o c 

4. 2x104 1 . 8x104 

7 . 1 x1 03 2 . 8x 1 03 

* Analysed same day , as soon as 
prac ticabl e after Expt set up. 

No . 1 = first pad ,  No. 7 = last pad. 
Pep. -s. s. = peptone-sal t solution. 

t Each figure i s  the average c ount 

4. 6:x:10 6 for 2 , 3 or 4 plates.  

1 . 5x 1 05 

" 

� 1\) 
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Tabl e XV Fac tors affec ting th e st�vival of phage in 

algi nate wool pad s  af tor adding 0 . 1 ml 

volum es of phage di l u t ion in peptone-salt 
soluti on and sto r ing a n  indi c a t ed . 
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Expt 'l'rea tment of algina te t1oo1 pad s  
No . of phage par t ic l es 

p er pad* 

1 

Dry 22°C de siccator 

In pep. -s . - c i tra t e  s .  22°C 

1 8  h 

1 . 1x 104 

6 .  2x 1 02 

1 .  2x1 04 

4 1 . 5Y 10  

1 .  6:x104 

2 2�C 

7 2  h 

9 . 2x103  

6 .0x102 

2. 0x 1 04 

22°C desic cator 

I 22o c n pep . - s . s .  

I n  p ep . -s . -c i trate s .  22°C 

* Each fi gure i s  th e average count for 3 or 6 plates. 
For analysi s ,  volum e made to 10  ml where no t alr eady 

don e ,  and 0 . 1 ml us ed fo r plating. 

42 h 

5 . 5x1 03 

4. 7:x102 

1 .  1 x 104 

4 1 . 4x10  

1 . 8x 1 04 

1 44 h 

8 . 4x 103 

4. 0x102 

2. 2x104 



' 

44 

22°C,  and in bottles in a desiccator wi th lids off at 22°C ,  respec tively. 
Variations may have been due to uneven phage distribution in the pads. 

In Expt 6 ,  after aerosol trea tm�n t ,  pads were divi ded , and all 
halves were  analysed immediately. Resul ts showed that  divided pads 
were unsuitabl e ,  apparently due to uneven phage distribution. 

To sum up , the resul ts  of Expts 1-6 (Table XIV) show that the use 
of al ternate pads , and division of pads , as investigati onal methods 
were unsati sfactory.  Ano ther more accurate method was required. 

The practicabil it.1 of direc t addition of a small , measured amount 
of phage to each pad was tested.  Tabl e XV is  conc erned with pads 
impregnated in this  way. Phage dilution (0 . 1  ml ) was added to each pad. 
Pads wer e  kep t  dry (at 22° C ,  in desiccator at 22°C ,  and at 4°C ) ,  in 
peptone-sal t solution ( 22°C ,  and 4°C ) ,  and in peptone-sal t-citrate 
solution ( 22°C ,  and 4°C ) .  Analyses w er e  done at 18  and 42 h,  anCI. at 
72  and 1 44 h,  resp ectively , from c ommencement of each experiment . 

Both Expts 1 and 2 show that phage dies off in the dry state , more 
especially at room temperature ( 22°C ) and especially so in a des�.cca tor. 

Peptone-sal t solution and peptone-sal t-citrate solution were suit­
able for phage preservation , esp ecially in the cold. 

The method therefore adopted fo r any necessary holding of calcium 
alginate wool pads was to immerse the pads in peptone-sal t solution 
and then maintain the sampl es at a low temperature where possibl e. 

Effec t of (a ) Moisture and (b) Compression on Air Flow 
Through Calcium Alginat e  Wool Pads 

Calcium alginate wool pads used for fil tration o f  phage in dairy 
factories  are liabl e to exposure to condi tions of widely varying 
relat ive humidi ti es. The pads  as  no�al ly prepared and sterilized 
are relatively dry, and any remaining trace of moisture that  may be 
present i s  removed by air drawn through the apparatus.  Experiments 
were carried  out to find the effects of moisture on pads by measuring 
the vol tage required to draw air through pads at the rate of 57 1 . /min. 
At the same time the effect of compressing the pads by pre�sure (i . e. 
repeated tapping appli ed with a glass rod) was examined. Results  of 
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experiments are shown in Tabl e XVI. 

Tabl e XVI The effec ts of moi sture and pressure on c al c ium al �inate 
wool pads a s  r efl ec ted in th e vol tage required to draw 
air through them at 57 1 ./min. 

Pestle  Condi ti on Volts Vol ts Vol ts 
and of pad to Pressed to to 

mortar after State reach with reach 0 . 5 m in reach 
Expt treat- auto- of 57 1 . /  rod 57 1 . /  at 57 1 . /  

ment claving pad m in :for m in 1 1 3  1 ./min m in 
1 + Dry Fairly 96  1 m in 1 1 6 " 1 1 0 

springy 

2 ++ Dry Compact 1 1 2 1 11 1 1 2  " 1 1 3 

3 + Wet Compact 1 m in 1 60 85 1 . /rnin 1 56+ 
Then * 1 84 at max. 

vol tage f 
4 +r Wet Compac t 1 m in 1 53 85 1 . /min 1 56 + 

Then * 1 80 at rnax. 
vol tage t 

+ Pad pestl ed a l i ttl e * Motor run to take off some water 

++ Pad pestled thoroughly f Outer surfac e appears dry 

t Y..aximum vol tage 
85 1 . /rnin 

gave only 

In the experiment outl ined in Tabl e XVI  alginate wool pads ( each 

0 . 04 g) were prepared and put in tubes , 7 pads per tube. So�e pads 

were subj ec ted to a l ittle ,  some to a greater amount , of pestl e  

compaction. Autoclaved ' dry ' pads were autoclaved a t  1 5 l b  :for 1 0  min 

and the auto�laved ' wet '  pads were autoclaved in such a manner that the 

resul ting pads were soaking wet. The other details  of experiments are 

recorded in the Table .  Th e  final resul t was that i t  took 1 1 0- 1 1 3 vol ts 

to draw 57 1 ./min through th e ' dry ' pads , and 1 56 vol ts through the 

' wet' pads.  

An experiment was carried out in which comparatively large amounts 

of water were added to calcium alginate wool pads. Results are shown 

. in Tabl e XVII. 
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Tabl e XV I I  Effec t o f  c omparatively l argo amount s  o f  wat er on 
vol tage r equired for drawing air through cal cium 
alginate wool pad s .  

(a ) Dry (b ) 'rlet (c ) Wet ( d ) Wet 

0 . 1 rnl water 0 . 5 ml wat er 1 rnl wat er 

Vol t s  Vol t s  Vol t s  Vol t s  
---

1 38 1 50 1 89 230 
AP 1 50 AP 1 62  AP 1 54 AP 184 

Rat e  of a ir movem ent = 57 1 . /rnin 

AP = after pr e s sing 20 times w i th  ro d 

In th i s  exp eriment a c ircular piec e  of blotter (approx. 1 . 8  cm d ) 
wa s f i t t ed on top of th e pads (one set o f  7 pads in a gl a s s  tube ) . The 
exp eriment was carr i e d  out by adding suc c e s s ive amount s  o f  wat er an d 
finding the vol tage r equired to draw air through th e fl ow� e t or at 

57 1 . /min. The blo tter i t s el f r e s tri c ted th e fr e e  flow of air onto 

the pad s .  

Fr om th e forego ing exp er iments i t  may b e  co ncluded tha t wet pad s 
ar e entir ely un suitabl e for f i l tration purpo ses b ecau s e  of the nec e B s i ty 

for a h i gh vol tage. Som e o f  th e  fibr es of the calc ium algina t e  wool 
may h ave j o ined togeth er and c onditions for fi ltration may have been 

somewhat al t ered. 

It is th er efor e nec e s sary to u s e  dry pads which need to be pressed 

togeth er .  Th e  air travel l ing through the pads compac ts th e pads to 

some extent and th e addit ional pressure can be app l i e d  by tapping the 

f ir s t  pad with th e flattened end of a gl a s s  rod. In thi s  way a 

relatively compa c t  mass o f  fibres i s  availabl e  for effici ent filtration$ 

Me thod Adopted for PreEara tion and Use of Cal cium 

Algi nate Wool Pad s  

Weigh out 7 pads of cal c ium alginat e  wool , 0 .04 g each . 

Tea s e  ou t pads until o f  fairly uni form fibr e  di s tribu tion and 

p es tl e in a stainl e s s  steel mor tar until compac t.  (A pestl e and mor tar 

of corr ec t diam et er wer e  av�i l abl e. ) 
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Fi t pads on top o f  each o th er on metal support in gl a s s  tub e .  

Place w e i gh t  on to p of pads , wrap tu·b e i n  paper , and autoclave 

at 1 5  lb for 20 m in .  

When requir ed for experimen t ,  r emov e  cover a�d weigh t ,  and fi t 

tube to f10l'.'1T!e ter by plastic sl e eve.  

S tart motor , ad jus t flow to about 57 1 . /min, and c onso l i da t e  

p a d s  by tapping about 40 time s wi th a s t eril e  gla s s  rod. 

Adjus t fl ow to 57 1 . /min. 

After f i l tration has f inish ed,  r emov e  tube,  and pla c e  each pad 

in a Mc Car tn e,y  bo ttl e  containing 9 ml o f  steril e pep tone- sal t solut ion 

(o . 9% NaCl , 0 . 1 %  pep tone ) . 

Add 1 rnl 10 % so dium c i trate so luti on (bo iled ! h ) to each 

Mc Cartney bo t tl e and mix thoroughly by shaking. ( Refer enc e  to sodium 

c i trate and sodium h exametaphosphate so lutions wi l l  b e  m ad e  l ater. ) 

Whrr e c on s i der ed necessary , pr epar e serial dec imal dilution s  in 

Mc Cartney bottl e s  c ontaining 9 ml p ep ton e-sal t soluti on . 

The su sp ensions ar e now r eady for pla ting. 

(v ) SID.�'IARY OF METHODS ADO PTED FO R  PHAGE ESTU'ATION 

IN DA IRY FA C TORIES 

Th e  cal cium al g inate wo ol fil tra tion method was adopted for 

estimati on of phage in the air , and the slit  sampl er m e thod was 

discarded. 

Two s edi mentati on methods wer e used : 

(a ) for estimating phage fal l ing onto an agar m edium co ntaining 

th e hos t organi sm (a r ough c omparative m e thod ) ; and 

(b ) for esti mating phage fall ing into a peptone- sal t solution. 

It was r eal i zed that s edimentation m ethods coul d b e  very ina� cura t e ,  

due to th e effec t s  o f  air curren t s ,  t o  the differ ent rat e s  of s ettl ing 



of various sized whey dropl ets , and possibly to other factors.  The 
sedimentation methods , however , served c ertain useful purposes. 
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:B. PLATING OF PIIAG E 

( i )  INTRODUC TION 
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Th i s section of the work deal s wi th the pl ating o f  phage suspen­

sions , and embraces work done in connec tion wi th plating diffi cu l t i e s  

encount er ed when variou s  pho sphat e ,  b exam etapho sphate o r  c i trate ,  

cal c ium and algina t e  ions wer e prese�1t in th e m edium . Th e  s ec t ion al so 

deal s w i th the amount of medium in th e different agar l ay er s ,  the 

condi t i on of th e bac t erial cul ture u s ed for the analy s e s , the u s e  o f  

tryp t i c a s e  soy agar m edium , and th e effec t of cal c ium borogluconate 

on plaqu e produc tion. A summary of methods is included. 

Th e  m edium u sed for plating was lactose yeast pho sphat e  agar. 

Th i s  m edium had been devel oped a t  th e New Zealand Dairy Research 

Institu t e  (Hunter , 1946 ;  modifi ed Rob er tson , 1 960 ) and had b een used 

for over 20 year s for growing a wi de range of Strep. l ac t i s  and Str ap. 

cremor i s  cul tur es .  

Pl a ting difficul ties wer e  encounter ed when phage was es timated in 

the pre s enc e of di sodium hydrogen phosphate , cal cium chl oride , a_:ld 

soluti on of calc ium alginate in so dium hexam etaphosph a t e  or so dium 

c i  tra t e .  

Outl i n e  o f  Probl em s Overc ome in Secur ing Sati sfac tory 

Plaque Count Pla t e s  

Duri ng the c our se of the examinati on of phage a er o so l s  for phage 

content , diffi cul t i e s  aro s e  wh en analy s ing phage susp ensions pr epar ed 

by di s so l ving the cal cium alginate wo ol pads in sodium h exametaph o s­

phat e  solutions .  Anomalous r e sul t s  wer e  obtained when u sing diff er ent 

amount s  of th e suspensions for analysi s ,  vi z .  th e gr ea t er the amount 

of phage suspension used th e l ower the calcul ated amount of phage 

obtained per pad. I t appear ed that the sodium h exam e tapho sphat e  m ight 

affec t th e resul t becau s e  o f  s equestering cal c ium ions whi ch are 

nec es sary for propagation of th e phage under t e s t .  Experi men t s  w er e  

carr i e d  out mixi ng sodium h exametapho sphate and phage i n  th e abs enc e 

o f  c a l cium al ginat e ,  and i t  was shown that h exame tapho sphat e  did 

l ower pl aque c ounts .  
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At thi s  s tage , investigat ions wer e  made to find wh e th er the 

addition of cal c ium to th e m edium woul d prevent the l ower ing of phage 

counts by h exam e taphosphate . Trial s wer e  made of var i ou s  combinations 

of cal cium chl or i d e ,  sodium hexam etaph o sphate , and cal c ium alginate. 

A meth o d  was worked ou t for s ecuring maximum plaqu e counts when 

u sing calciu� chloride wi thout any h exam etaphosphate pre s en t .  �� en, 

however , a so lution of cal c ium al ginate in sodium h exam e tapho sphate 

solution was now added wi th the cal c ium chl oride pr osent , r esul ts were 

gr eatly ups et , v ery poor qual i ty pla t e s  were ob tained , fr equently wi th 

precipi tates pre sent , and the count s were appr ec iably l ower ed. 

Th e  next pr obl em ther efor e was to adjust cond i t ions so that plates 

with optical properties appropriate to plaque enu� eration and of 

correct plaque count c oul d  b e  obtained wh en calc ium chl or i d e ,  cal c ium 

alginate and so d ium h exametapho sphate wer e  al l pre s ent . Var ious 

experiments wer e  tri e d j  vi z .  incr easing numbers of agar l ay er s  from 

two to thr e e ,  c entr i fugation , various combinations of agar w i th and 

without di sodium pho sphat e ,  al terat �on of quanti ty of m edia in some 

layer s ,  th e use of a fourth l ayer of agar medium , and r epl a c em ent of 

c entrifugation by fi l trati on. Eventual ly a m ethod was worked out by 

which sat i s factory pl ates c oul d b e  pr epar ed. 

Th i s  portion of th e we::!� wil l th erefor e be deal t wi th  mor e  or l as s  

chronol ogically s o  a s  t o  explain th e s tep s by whi ch sa t i s fa c tory plates 

were final ly ob tained. Th e  investiga tions outl ined h er e  ar e now dea l t  

wi th in detail under the var i ou s  h eading s .  

(i i ) STEPS TAKEN TO OBTA IN SATI SFACTORY PLATES 

Anomal ous Resul t s  \'rhen Sodium Hexam'9tapho sphate Pres ent 

In th e br i ef survey ju s t  given , r eference was made to anomalous 

resul t s  obtained when plating differ ent quanti ties of neat suspension 

of phage obtained by di ssolving calc ium al ginate wool pads in sodium 

hexametaph o sphate solution. Exp eri m ents were carr i ed out by preparing 

a phage aero sol and ,  several hour s l ater ,  drawing a l arge volume of 

air t�rough 7 calcium al ginat e  wool pads. These pads wer e  analysed 

in tripl i c a t e  for phage con t en t .  Pads were num� er ed from the top ,  
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1 to 7 .  In the tabul a t ed r esul t s , l et t er s a, b, c ,  refer to order of 

tripl icate analyses.  Resul t s  of exp er iments ar e shown i n  Tabl e XVIII. 

Sel ec t ed figur es ar e given. In nearly every case th e gr eat er th e 

amount of n eat suspensi on the lower was th e cal cul ated c ount per pad, 

i . e .  1 ml n eat gave l ower pad count s  than 0 . 5 ml , and 0 . 5 ml neat gave 

l ower counts than 0. 1 rnl nea t .  Even though r esul t s  wer e compl icated 

by the fac t  that Ringer ' s  solution l ower ed phage c ounts , i t  appeared 

that the extra amount of sodium h e:x:am etapho spha te in the l arger 

quan t i t i e s  of phage suspension used for analyses may have had som e  

effec t in r educ ing pl aque c ounts. 

Exr eriments were carr i ed out to find if so dium hexam etapho sphate 

di d indeed cause a r educ tion in pl aq�e c ounts in the abs enc e of cal c ium 

al ginat e ,  in order to confirm the sugges t ed effec t of hexarnetaphosphat e  

(Tabl e XVI I I ) . To Mc Car tney bottl e s  were added 8 m l  Ringer ' s  solution. 

At 5 m in in·l;erval s 1 ml phage and 1 ml sodium h exametapho sphate solu­

tion wer e  addod , and plates were prepared so that plating s  pro c eeded 

from a. s er i es of sodium hexam etapho sphate conc entrations ranging from 

0. 25-2. 0%, including a control wi th out h exam etapho sphate.  Fur ther 

plates ver e  prepared at ! h and 1 h - from zero , and plates wer e  al so 

prepared after the mixtur es had stood overnigh t .  The exper iment was 

carr i ed ou t in a wat er ba th h �l d  at 30°C .  Resul t s  are shown in 

'rabl e XIX. 
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Tab l e  XVIII Rel a tion ship b e t�reen the qu an ti ty o f  phage su spension u sed for analysi s and th e c al cul ated pl aque 
· t d ' 1-r -'- h · · ' ·, · n 0 ' ., � 1 · t. · · o 1 1 .....__.....u.. R · 1 coun " per pa • l � ea. v p. age su srens� on. vra s pr epa::e ·J. oy PJ. a clng '-' • <;- f'i caJ. C J..uw a p;J.na J e  ?a:: _ _ _  ln ,. m -;--:::>u.-.:anu.l lnger s 

solution and addi np.; 1 ml 1 0"'·f, so o_j_urn hexar::etapho cphate so luti on . ) 
P 1 a q u e C o u n t s P 1 a q u e C o u n t s P 1 a q u e C o u n t s 

0 . 1 ml 0 . 1 inl O.  5 rill o.  5 rr.l 1 ml 1 rnl __!xpt Pad 1� Pad F/10 Pad l-� Pa;l N/1 0 Pad N J?arl N/10 Pa d 
1 

2 

a 4 

b 4 

c 4 

a 4 
a 5 

a 6 

a 7 
b 4 
b 5 

b 6 

b 7 

c 4 
c 5 

c 6 
c 7 

2 
5 
2 

59 

67 

9 

6 

34 

1 9  

5 
0 

27 

1 8  
1 2  

1 

200 
500 
200 

5 , 900 

6 , 700 
900 

600 

3 , 400 

1 , 9 00 

500 

< 1 00 

2 ,  700 
1 , 800 

1 ' 200 

1 00 

N = n eat phage su spension ( see h eading ) 

2 2  
5 

9 

1 27 

48 

3 3  

26 
78  

35 
6 

2 

1 3  

39 
1 7  

1 0  

4 � 0 
500 
1 80 

2 , 540 
960 
660 
520 

1 ' 56 0  
700 
1 20 
40 

260 
780 

340 

200 

7 

1 

0 
1 9  

30 

97 

1 , 400 
200 

< 200 
3 , 2-oo 

6 , 000 

1 9 , 400 

'lO 
7 

1 1  

1 00 
70  

1 1 0 
1 03 1 , 0 30 

33 330 

46 460 
22 220 
38 
33 

4 
1 

6 1  

6 5 
1 0  

7 

2,80 
330 

40 
1 0  

6 1 0  

6 50 

1 00 

70 

1 1  
6 
6 

1 , '1 00 
600 

600 
267 26 ' '? 00 

52 5 , 200 

49 4, 900 

Vi V.J 



Tabl e XIX Influ enc e of th e c onc en trat ion of so dium h exam eta­
pho sphate on pl aqu e  counts when phage, nir. Rer ' s  
soluti on and sodium h exam e taph o sph a t e  s o l u t i on 
wer e  u sed. toge th er .  

Time o f  
plati ng 

Zero 

0. 5 h 

1 . 0 h 

Overni gh t 

Changes i n  plaque count 

Pl aqu e Coun t s  
(Each figur e repr e s ents sum o f  

c ou n t s  for th� o e  pl a t e s ) 

Conc entration of s o d ium h exam e ta-
pho sph a t e  i n  m ixtur e 

2 . 0% 1 . 0% 0 . 5% o .  25% 0 

53 7 8  80 1 25 1 3 1 

50 1 04 1 38 1 42 1 2 1 

48 7 2  7 4  1 0 5  1 1 2 

2 2  1 1  6 46 28 

to tal s cou1 d b e  th e r e sul t of : 

(a ) any r eac ti on wh il e Ringer ' s soluti o n ,  h exam e tapho sphate 

solut i on and phage suspens i on s tood togeth er in Mc Ca�tney 

bo t tl e s ;  
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(b ) any fac tors affec ting phage mul tipl ication duri ng incubat ion 

and growth o f  cul ture i n  agar m edium ; 

(c ) any effec t o f  Ringer ' s  sol u t i on on phage d e s truc t ion. 

Resul t s  showed tha t  at � ero and 0 . 5 h the high er conc entra t ions 

of h exame tapho sphat e  r educ ed the pl aqu e c ount co nsid erabl y ,  so that 

thi s  was an effec t r el a t ed to (b ) . Survey of Tabl e XIX as a �rhol e 

shows tha t  i n  a d di t i on to the (b ) eff ec t  there was a g en eral progr e s siv e 

l ow ering of r e sul ts due to s tanding i n  Ringer ' s solutio n , effec t (c ) . 

It th er efo r e  app ear s that phage d evelopmen t  in th e pre s en c e  of 

h exametaph o spha t e  is progr e s s iv ely r educ e d  by progr e s s ively l arger 

conc entr a t i o n s  o f  h exam etaph o sphat e , and that thi s  i s  expr e s s ed during 

pro l iferation in the agar m ed ium . 



Additional Experiments  Showing Effec ts of 
Sodium Hexametaphosrhate 
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In all  experiments shown in  Tabl e XX ,  plaque counts  are averages 
of two plates unl e ss otherwi se noted. 

Expt 1 . Tne obj ec t  of this  experiment was to compare the effects 
on plaque counts of  0 . 1 ml and 1 . 0  ml quantities of hexametaphos�hate  
and Calgon Ringer Tablet solutions in  neat suspensions and in dilutions 
made from them. 

Neat suspensions w·ere prepared as  designated under ( i ) ,  (ii ) and 
(iii ) in Table XX. The 0 . 1 dilutions of (i ) were made : 

1 rnl neat + 9 ml i-s trength Ringer ' s  solution. 
1 ml neat + 8 ml !-strength Ringer ' s  solution , 

+ 1 ml 1 0% hexametaphosphate solution. 

The 0. 1 dilutions of (ii ) were made similarly. 

The 0 . 1 dilu tions of (iii ) were  made : 
1 rnl neat + 9 ml -!-strength Ringer ' s  solution. <t ) 
1 rnl neat + 9 rnl t-s trength Ringer ' s  soluti on , 

+ 1 Ca.lgon RinP,'er Tabl et .  < t  t )  
Analyses wer e  carri ed out ini tially and at i h from zero.  

Resul t s  showed that 0 . 1 ml neat gave counts  of the same order as  
1 . 0  ml  due to  the carry-over of a l arge amount of herametaphosphate 
with 1 . 0 rnl . Nea_t suspension of 0 . 1 ml was equival ent to 0 . 1 ml of 
1% hexametaphosphate and was the normal amount used for analysis .  
Solutions prepared from Calgon Ringer Tabl et ( s )  gave sl ightly higher 
resul ts  than o th er soluti ons except  in (t t ) .  Preparation o f  0 . 1 
dilution in hexametaphosphate  (giving a 1 % hexarnetaphosphate solution 
approx. ) gave ver� low resul ts in (i )  and (ii ) in most  cases.  ( Calgon 
is the trade name for sodium h exarnetaphosphate. ) 

The objec t  of this  experiment was : Expt 2., 

(a ) to compare neat and diluted phage, to find whether any phage 
par ticl es were trapped in the neat suspension ; and 

(b ) to compare hexametaphosphate solution wi th Calgon Ringer 
Tabl et  soluti on. 



56 

Neat suspensions wer e  prepared by mixing 

in column ( i )  0.04 g cal c ium alginate wool , 8 ml Ringer ' s  solution , 

1 ml 1 0% hexametaphosphate solution, 1 ml phage 

suspension. 

(ii ) 0.04 g calcium alginate  wool , 9 ml Ringer ' s  soluti on , 

1 Calgon Ringer Tabl et , 1 ml phage suspension .  

The phage was added to the calcium alginate wool in each case. 

The 0. 1 dilutions l-Tere pr epared in Ringer ' s  soluti on. 

Resul ts showed that 0 . 1 ml neat and 1 . 0 ml of 1/10  diluti on gave 

approximately the same resul ts .  It appeared that phage particl es were 

not trapped in clumps in the neat suspension. Admittedly , in this 

experiment , phage would not be  attached as  firmly perhaps to the wool 

as liTOuld apply in air fil tration. Ca.lgon Ringer Tabl et solution gave 

approximately the same resul t as hexametaphosphate. 

Expts 3 and 4. Th ere was no cal ci,lm al ginate present in these 

experiment s. 

Expt 3. The obj ec t of this experiment was to find th e effec t of 

using vvlumes of 1% hexametaphosphate solution for analysis  above the 

usual 0. 1 ml . The exper imental detail s were as follows : 

Cul ture and phage (0 . 1  ml , 1 .0 ml ) and soft agar were mixed on 

the bottom l ayer of the plate with 0 . 1 ,  0 . 5 ,  or 1 � 0 ml of 1 %  

hexa.metaphosphate soluti on plus 1 . 0 ml of water , respectively,  

as i n  column (a ) .  Al ternatively,  the ingredients were  mixed in 

a test tube before pouring onto the bottom layer of the plate,  

as  in column (b ) .  

The obj ec t of this exp erimen t  was :  Expt 4. 

(a. ) to find th e  effec t on plaque count of various amounts  of 

hexametaphosphate over a wide range; and 

(b ) to find whether order of mixing the ingredients in the test 

tube had any signifi cant effect.  

The experimental details  were as follows:  

A range of c�ncentrati ons of hexametaphosphate was prepared by 

adding portions ranging from 0.05  ml to 1 . 0  ml so that these 

plus water and phage (0. 1 ml , 1 .0 ml ) gave total volumes of 2.0  ml . 
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These amounts wer e m ixed wi th cul tur e an d soft agar . Remaining 

detail s are shown in Tabl e XX. 

Resul ts of Expts 3 and 4 showed tha t  progressively increasing the 

amount of h exam etaphosphat e ,  progr essively lowe� ed the c ounts.  Even 

0.05 ml of 1 %  hexametaphosphate solution (hal f the amount used in 

normal analy sis for dissolving cal c ium al ginate ) l ow ered th e count 
b elow the control • 

. No definite conclusions could be draw� from varying th e order of 

mixing th e c onsti tuents of the soft agar layer.  

From th e forego ing i t  was concluded that the out s tanding cause of 

anomalous r e sul ts was due to sodium h exam eta.pho spha t e  wh ich proba:,ly 

sequester ed some of the cal cium . Th e  next probl em ther efore was to 

investiga t e  the role of cal cium in es timating phage by th e plaque 

count m e thod , espe cially when cal cium al gina te fi l ter pads wer e  being 

analysed. 

Effec t on Pl aque Count o f  Cal c ium Chl oride Added to 

Phage Suspension Mixture 

A s er i e s  o f  experimen t s  was carr ied out to find th e effec t o f  

added cal cium o n  plaque c ounts. Initially cal cium (a s  CaC1 2 ) was 

added to th e phage suspension mixtur e ,  and resul ts o f  experiments 

carr ied out are shown in Tabl e XXII. 

In the se experimen t s  CaC1 2 solutions and phage susp ensions were 

made in Mc Car tney bo t tl es to approximat ely 10 ml wi th t- s tr ength 

Ringer ' s  solution and 1 0% sodium h exam etaphosphat e  so luti on. A wide 

range o f  CaC1 2 strength s wa s used. Comparisons were made wi th and 

without cal cium algi nat e .  The top three l ines of the Tabl e refer to 

quanti ti e s  of ingredients used in Expts 1 ,  2a and 2b. Plaque count s 

were carr i ed out in th e u sual manner , and th e figures given r epresent 

counts on singl e plates. In some cases pH values wer e  adjus ted, bu t 

in th ese cases no allowanc e was made for sl igh t al t erat i ons in volum es.  

Part of Exp t 2a was repeated ano ther day . In Expt 3 the sodium h exa­

metaphospha te in no?mal u s e  was compar ed with Calgon Ringer Tabl et 

so lution. 

Th e  cal culated quan t i ti es of cal cium in so ft agar r esul ting from 
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Tabl e XX Effec t s  of so dium hexametapho sph ate o n  pl aqu e coun t s .  

Exp t  

1 

Zero 

�- h 

2 

3 

(Neat · 

( 0. 1  dilu ti on in t Ringer 
( 0 . 1 diluti on in Hexa . 
(iJeat 
( 0 . 1 dilu ti on ( above Ringer ) 
(0 . 1 di luti on (above Hexa.. ) 

Zero 
1 h 

�0 . 1 ml 
0 . 5 ml 

( 1. 0 rnl 

1 �1.. Rexa. 
" 

" 

( .  ' \ }_ J 
P L A '� "lT E  

( . .  ) \ }_ }_ 
C O U N T S  

( • •  -! ) \ }_ J .J.. 
( 0 . 04 g Ca aJ g .  
( 8 . 0 ml -;} Ringer 
( 1 . 0  � 1  1 0% Hexa. 
( 1 . 0  ml phatse 

( 8 . 0  ml i Ring er 
( 1 . 0 ml 1 0% Hexa . 
( 1 � 0 ml phage 

(0 . 04 g Ca alg. 
( 9 . 0  ml i Ringer 
( 1  Calgon Ringer Tabl et 
r\ "' 0 _, p'n "' ::r e 1 • lt: ..L c.0 

Analy si s  Analy si s Analy si s 
0 . 1 ml 1 . 0 mi 0. 1 ml 1 . 0 ml 0 . 1 ml 1 . 0 ml 

76 
54t 

4Tt 

32  .30 23 
3 36 6 
1 0 2 

23 84 22 . 
5 25  2 
3 0 1 

( .  ) 
\ }_ ' 

0. 04 g Ca al. g .  
( Hexa . )  

Analy si s 

20 
27 

5 

25 
22 

4 

C:: " .; C.  
7 t  
1 tt 

45 
6 t 
3 tt 

( i i ) 
0 . 04 g Ca al �. 
( Calgon T abl e t ; 

Analy si s ---

1 4 1  ( 1 )  
54 t 1 tt 

0 . 1 ml neat 1 ml 0. 1 diln. 0 . 1 ml n ea t  
1 2  

1 ml 0 . 1 diln. 
1 5  1 2  

1 1 
8 

1 4  1 3  1 5  

Fixed Ci"�--;la-te- -------�- - ---� Tl=i�eci<u tube 
PHAGE FO R  AYALYSIS PF.AGE FOR Al'JALYSIS 

0. 1 ml 1 . 0 ml 0 . 1 ml 1 . 0 ml 
>578 ( 1 ) * > 59 2 * 

> 27 1  * 169 1 , 252 ( 1 ) 
9 1  504 ( 1 ) 29 1 9 1  

( cont ' d ) 
\Jl (X) 



. Table  XX ( can t '  dL Cul ture l Cultura l Hexa., in test tube Hexa. in test tube 
Agar before phage Phage before agar 

E� PHAGE FOR ANALYS I S  FH1�CE FO R  AHAI.YS1: S  PT-L\G :S  T'O R M�ALYS :::S 
4 0 . 1 rnl 1 . 0  ml 0 . 1 ml 1 .  0 rr,l 0. 1 ml 1 . 0 ml 

Control 1 1 8  889 
0 . 05 ml . 1%  Hexa . 6 3  59 3  20 567 
0. 1 ml ll 29 5C9 17  398 
0. 5 ml 1 1  1 4  1 95 ( 1 )  1 5  1 60  
1 .  0 ml 11 5 3 1  2 3 1 

* Pl ate s  cl ear or par tly cl ear. 

Fexa. = sodium h exametaphosphate 

( 1 ) = one plate only 

t = 0. 1 dilution of iii , Expt 1 ( 1 ml neat + 9 ml i-strength Ringer ' s solution ) 
t t = 0. 1 dilution of  i i i ,  Expt 1 ( 1 ml neat + 9 ml i-strength Ringer ' s  solution +1 Calgon Ringer Tablet ) 

\J1 "' 

\1 
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spec ific addi tions o f  CaC1 2-phage- etc . mixtur e are shown i n  Tabl e XXI. 

Tabl e  XXI The conc entrat ion of cal c i�m in soft agar after 
th e addi ti on of CaC l2 sol u ti on of spec i fi c str ength 
in the mixture c onta ininP, phage etc . 

CaC1 2 s oluti on 

Prepara t ion 

0. 02 ml 0 . 25M CaC1 2 in 

1 0  ml l iquid 

1 . 0 ml 0 . 25M CaCl 2 in 

10 m l  l iquid. 

2. 0 ml 1 . 25M CaCl 2 in 

1 0  ml l iqu id 

Concentra t ion 
of Ca in ppm 

20 

1 , 000 

1 0 , 000 

Con c entrat i on of cal c ium 
in soft agar in ppm 

CaC1 2-phage-etc . m ixture 
in soft agar 

0 . 1 ml 1 . 0 ml 

0 . 7  5 

36 . 0  270 

357 . o  2 ,  70 3 

Resul t s  ( Tabl e XXII )  show ed that in Expt 1 th e count was r a i s ed to 

about doubl e the c on trol by 1 ml CaC1 2 in phage suspensions , i . e .  270 

ppm cal cium in so ft agar . A somewhat simil ar resul t was ob tained in 

Expt 2a , where 270 ppm calcium in soft agar rai s ed th e c oun t to abou t 
that of the con trol .  Expt 3 shows tha t th e r epressive effec t of sodium 

hexam etapho sphat e  on th e pl aque counts could be overcom e  by suff i c i en t  

cal c ium add i ti on ,  and that i n  som e  c a s e s  greater amount s of calc ium 

coul d then raise th e plaque count b eyond th e con trol figures.  Cal gon 

Ringer Tabl ets some t im e s  gave h igh er counts tha,t th e sod ium he:x:am e ta­

pho sphat e  in use. 

Overall the resul ts in Tabl e XXII  show the need for the addi t i on 

of cal c ium. The addi ti on of suffi ci ent calc i� not only corr ec t ed the 

l ow c ou�ts cau sed by sodium h exam etapho sphate but c ould sometim es 

rais e  c oun ts above th e control . 



Expt 

1 

2a 

2b 

· '  

Tabl e XXI I Effect on pl 2.q1.: e count of ca1. ci"t.J.m chl ori de ac.dec1 to ph age su GTl en si on r:'i xture. 

!�strength Ringer , ml 

1 0% Hexa. , ml 
0 . 251'{ Ca 81 2, r'1 

� 
T">' - ../  
� .�v:�.ge 10 , r.:l 

TT P-l  

';on tro l 
9 

1 

Pl aque ) 0 . 05 ml of above mixture 

count s )  0 . 1 ml " " 

using )  1 . 0  Tl'l " " 

�1age 2 x 1 0-5 ml 
:p ft 

Pl aQu e ) 0 . 1 ml of mixture 
counts , 

u sing ; 1 . 0  rnl 
pTT 
:r �r adjus ted. to 

11 " 

P} a.o_u e ) c. 1 rrl of mixture 
counts 

usin ) 1 . 0  mJ. " " 

fl1age 2 x 1 0-5 (approx ) ml 
pH 

pH adjus ted to 
F1 u. :).ue )o .  1 rnJ. of mixture 

counts , using ; 1 . 0 ml " " 

" 2 
" 4P· 

1 

1 0  _. 

2 1 0  

1 

.19 
5 1 2  

8 I) P, 8 \J 

1 1 1 1 

0 0. 02 �. 1 0 . 2 

1 1 1 I 

6 . 4  6 . 4 6 . 4  
9 5 1 1  

1 9  1 6  1 6  

1 0  9 1 8  

1 1 

7 . 3  .() .  c 
• 

1 0  1 3  

1 3  25 

8 . 4  2 . 3  
6 . 9  7 . 0  
1 3  • 

'+ 

23  1 9  

C�l c i u �  a] �� n a te 
0 . 04 g p er 10 �1 

£ha.:;e S1..t sr, ensi on mixhll'e 
8 .... () r n 0 8 7 I , ,  c '-.) 
1 1 1 1 1 1 1 1 

0 . 5 1 .  0 0 0 . 02 0 . 1 0 . 2 0 . 5 1 . 0  

1 1 1 1 1 

5 . 7  6 . 2  6 .  1 6 . 1 5. 5 
6 0 .... .... 8 :) :) 

1 2 . 5 1 1  7 7 
1 0 3  29 40 1 A  1 1 9 

1 1 1 1 1 1 
8 . 1 n . o  

1 4  27 5 1 5  20 6 
6 3  2 34 1 4  "'7 C. j  77 1 4  
r . 1 e . o 6 .  1 5 . 4 
6 . 8  6 . 7 7 . 1 6 . 8  6 . 9  6 . 6  
1 3  5 1 5 1 1  0 
5 1  1 7 6  

1 1 1 

6 . 1 5 .7 
6 . 5 6 . 8  6 . 5  
3 3  0 48 
59 0 36 0 

(cont ' d ) 

0\ 
� 



Tabl e XXI I ( cont ' d) 

� Control 

3 resides quantities of CaC1 2 solution and phage suspension given below , 

Calcium alginate 

0 . 04 g per 1 0  ml 
phage suspension mixture 

1 ml of 10% Hexa. solution and suffi cient t-strength Ringer ' s  solution to give to tal 10 ml in McCartney 

bottles and 1 t&bl et and sufficient water to give total 10 ml in McCartney bottles ,  were added , respectively. 

0 . 25M CaC1 2 , ml 

Phage 2 x 1 0-5 ml 

Plaque counts � 0. 1 ml mixture 
using Hexa. 1 . 0 ml " 

Plaque counts � 0. 1 ml mixture 
using Tabl et  1 • 0 ml " 

* = CaC1 2 1 . 25 M 

0 
** 

1 1 
4 2  2 1  

426 4 

1 2  
1 9 

** = Control 1 ml phage to 9 ml t-strength Ringer 
Tabl et = Calgon Ringer Tabl et 

o . s 
1 

32  
56 

3 1  

99 

* * 1 . 0 1 2 

1 1 1 
1 6 26 21  

1 20 33 1 1 7  

24 103  1 23 
68 1 1 86 1 200 

Phage = diluti on prepared in i-strength Ringer ' s  solution from whey su spension 

t = calcium alginate insolubl e or partly insolubl e 
Expt 2a - Hexa. or sodium citrate for portion wi thout calc ium alginate 

In above experimen.f;s "mixture"  does not refer to control column. 

0 
1 

32  
67 
1 9 
52  

* * o . s 1 1 2 

1 1 1 1 

37 49t 43t 146t 
1 59 450t 669t 350t 

29 47 87 f 1 38t 
1 84 >466 1 1 26t 938t 

0\ N 



Effec t on Plaque Coun t s  of Various Amounts  of 

Calcium in Soft Agar 

63 

It was decided to investigate th e addition of calcium to the soft 

agar layer , and a series of experiments Has carri ed out (Tabl e XXIII ) .  
Phage suspensions in bro th were prepared, a s  shown i n  th e l eft-hand 

column of Tabl a XXIII ,  so that phage, phage plus so dium hexametaphosphate,  

and phage plus sodium hexamatapho sph�te and calcium alginate,  could be  

compared. A specific phage dilution was prepared for each experiment, 
i . e. Expts 1 , 2 and 3 .  In E:x:pt 2 ,  3. 3% sodium hexametaphosphate soluti on 

was added to the mixture instead of  1 0%. Soft agar analyses were carri ed 

out ,  using duplicate plates 9 and resul ts are shown in the Tabl e.  The 

calcium �ontent of th e soft agars ranged from 10 to 1 0 , 000 ppm . 

In Expt 1 the phage content of th e  phage suspens ion mixture was 

obviously too high .  'Ib.e pr ese11c e of sodium hexametaphosphate  ( 1 . 0 ml ) 
(b ) restri c ted counts until the c al c ium content of the soft agar medium 

r eached about 500 ppm. 

In Expt 2 (0. 1 ml ) (d ) increasing the calcium progressively raised 

the counts for phage from 1 2  to 86 ( 1 , 000 ppm cal c ium ) ,  showing �hat 

calcium was needed in the medium . At th i s  calcium l evel , counts for 

1 . 0 ml were approximately 1 0  times counts for 0� 1 ml . Sodium hexa­

metaphosphate ( e )  had a restric tive effec t on the count�.  With 

sodium hexametaphosphate and cal c ium alginate (f )  bo th present , there 

was some precipi tate in the plates Wi th 1 , 000 ppm calc ium.  

In Expt 3 (g) increasing th e cal ciurr. progres s ively rais ed the 

coant from 37 to 1 48 ( 1 ,000 ppm cal cium )  for phage alone , but 5, 000 
and 1 0 , 000 ppm cal cium caused cloudy plates. Sodium hexametaphosphate 

(h ) somewhat l owered the coun cs and sodium hexametaphosphate and 

cal c ium algi nate ( i )  resul ted in plates difficul t to read at 500 and 

1 , 000 ppm calcium , and caused cloudy plates at 5 , 000 and 1 0 , 000 ppm 

calcium. 

In summary , the resul ts  in Tabl e XXIII showed that cal c ium was 

needed in the medium , and that the maximum practical l evel for cal cium 

addit ion for phage estimation when sodium hexametaphosphate and calcium 

alginate were  not present lay between 1 , 000 and 5 , 000 ppm. The meth J d  

was not sati sfactory for s ecuring maximum counts when sodium hexameta­

phosphate and calcium alginate were  both present.  At h igh calc ium 
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Tabl e XXI I I  ::rf e c t  o�< pl ::1c; � w  couL t o f  v=.ri ou s ::�.rnount. 2. o f  cc.l c i u�" 
in soft agar . 

Calcium 
i n  

soft 

Pl agu e Count s  (Av. 2 p1 ·.;. t e :-) 
Phage 

suspension 

9 ml bro th 

8 !''] bro th 
1 ml phage 
1 ml 1 0% Hexa . 

In E:x:p 1; 2 only 
3 .  3% Hexa . 

8 ml bro th 
1 ml phage 
1 rnl 1 01. Hexa . 

0. 04 e; ea . a l g .  

In :Sx:p t 2 only 
,_ "> '1, H ... . .; , · exa . 

::�.e;ar 
PP TT' 

0 
1 0  
40 

50 

1 00 
200 

. 500 
1 , ooo 

5 , 000 
1 0 , 000 

0 
1 0  
4 0  
50 

1 00 
200 

500 

1 ' 000 
5 , 000 

1 0,000 

0 

1 0  
40 
50 

1 00 
200 

__ E�xp= t 1 
Analy Gi s 

n • 1 rr; l 1 • n r.,, 
( a )  

37 0 CJ. 
40 3 CJ. ( 1 ) 

oo( 1 )  

4 1 8  
44L1 

1 1 5 

(b ) 

Cl 
Cl 

Cl 

Cl 

1 8  
29 

1 54 35 
2 1 8  55 

332 a�B6(1 ) 
37 7  CJ. 

( c) 
1 98 1 06 
1 90 

294 
292 

1 1 3  

1 46 
244 

500 ap�;�f� ) Cl 

1 , 000 apv��f� ) Cl 
s , ooo 

1 0 , 000 
Cl Plate cl ear or almo st 

( 1 ) = one plate only 
H exa . = sodium h exam etaphospha te 

q;)() = assumed ) 500 

__ 
E-"x"""pj;"---"2 __ 

i�rltt.l:r si s 
0 , 1 !"' } 1 . 0  rn] 

( cl )  
1 2  1 1 8 

25 

6 2  
8G 

7 

1 2  

35 
57 

( e) 

(r) 

224 

59 2 

7 06 

29 

6 6  

27 6 

457 

1 3  1 27 

1 9  

57 
43 r 

209 

509 
442 -.J.-

� Precipitate 

Expt 3 
Anal,y .. si s 

o .  1 ,,..1 
( ('" 1 0 1  

37 

5 1 

7 2 
9 1 

1 3 1 
1 48 

Cl oucy 
1 1  

(h ) 
1 6  

28 

36 
11 3  
P,2 

1 22 
Clo·u dy 

( .  \ J. I 

t !  

1 5  

29 

4 1  
6 8  
9 6  t 

11 

l Pr e cipi tate dif f:i. cul t 
to r�a d .  
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l evel s c ompl ex r eac t i on s  b etween r ea c tant s gave pl a t e s  di ffi cul t t o  

r ea d .  

Tr ial o f  Sod ium Ci tra t e  e t c . for D i s solving Cal c ium Algina t e  

Sod ium c i trate wa s sugg e s t ed a s  an al t erna t i v e  t o  sodium h exa­

m e taph o spha t e  for d i s so l v ing c al c ium algina t e , and i t s u s e  wa s 

inv e s t i.ga t ed .  Exp er im en t s  wer e  carr i ed o u t  to fin d th e effec t o n  

th e plaque c ou n t  of c i tra t e  (o f  di ffer en t c onc en tr a t ions ) , w i th a n d  

w i thout cal c iu� algina t e ,  wh en u s i n g  a r ange o f  calc ium c onc entra­

t i ons in th e soft agar , i nc luQing agar wi thout c al c ium ad d i t i on . 

Re sul t s  o f  exp er iments ar e shown in Tabl e XXIV. Ph age for each 

par ti cular day ' s exp er iment ( i . e .  Exp t s  1 ,  2 and 3 )  was used from 

a s p ec i f i c  d. il u t i o n  for that day . 

Expi.J_ . Quan t i t i es ( 0 . 25-2 ml ) o f  1 0% sodium c i tra t e ,  1 ml o f  

phage dilu t i0n , and suffi c i ent t- s tr ength Ringe� ' s  solution to mak e  

a t o tal o f  10  ml , w er e  pr epar ed i n  ei�h t  Mc Car tney b o t tl es , and 

c a l c iQ� al gina t e  ( 0 . 04 g )  wa s added to each of four b o t tl e s .  A 

c on trol o f  phage and Ringer ' s s olu tion was a l so pr epar e d .  Phage 

c oun t s  on these mixtur e s  ( s ingl e pl a t e s ) by th e so f t  agar m e tho d  

showed that c i trate l ow er ed th e c ount s below th e c ontrol and that 

th e gr ea t er th e amount of ci tra t e  pr e s ent , th e mor e th e count w a s  

l ow er e d .  However , wh en calc ium al gin at e  was pr e s ent , t h e  c oun t s  

w er e h i gh er .  

Expt 2 .  Mix tur e s  o f  1 ml quan t i t i e s  of 2. 5% and 1 0% s o d ium 

c i  tra.t e  solutions , ·r e sp e c t iv el y , 1 ml o f  phage d i luti on , and br o th 

to mak e  to tal s to 1 0  ml , w er e  p r epar e d  i n  four Mc Car tney b o t t l e s .  

Cal c ium al g ina t e  (0 . 04 g )  wa s added t o  two l o t s .  A c ontrol o f  

phage an d bro th wa s al so prepar e d .  Plaqu e  c oun t s  (dupl icate 

pl a t e s ) w er e  done by the soft agar m e th od ,  u s ing a r ange of 

cal c ium c onc en tra t i o n s  i n  the so f t agar . Resul t s  sh owed tha t 

cal c i um up t o  1 , 000 ppm incr ea s e d  th 3 pl aqu e c oun t ,  and tha t  

c i tra t e ,  a n d  al ginat e  plu s c i tr a t e ,  di d n o t  gr ea tly al t er th e 

c ount s .  

Expt 3 .  Mixtur e s  o f  1 ml o f  2.  5% and 1 0% s o d ium c i  tra t e  

s o luti ons , r e spec tivel y ,  1 m l  o f  phage di luti on , and bro th to 

mak e to tal s to 10 ml , w er e  pr epar e d  in two Mc Car tney bottl e s .  
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Tabl e XXIV Investigation of  th e effec t on �l ague c oun t of 
the u s e  of sodium c i trate for d i ssolvin� c al c ium 

alginate under var i ous c on di t i on s .  

Control* 

Soft Soft % ci trate Soft 
agar % ci trate agar in phage agar 

Ca Plaque in phage Ca Plaque + Ca al g. Ca Plaque 
Expt ppm count mixtur e ppm c ount mixtur e** ppm c ount 

1 94 2 1 8  2 59 
1 46 1 86 

o. s 6 5  o . 6  102  
0. 25 79 0 . 25 84 

2 5 1 1 1  1 1 3  
200 7 3 1 200 48 1 200 62 
500 84 1 500 77 1 500 1 1 2 t 

1000 1 20  1 1000 1 27 1 1 000 84 t 
0. 25 5 0 . 25 1 6  
0 . 25 200 5 1  0 . 25 200 6 5  
0. 25 500 74 0 . 25 500 10 1  t 
0. 25 1 000 97 o .  25 1 000 1 1 2 t  

% c i  trate 
in phage 
+ Ca al g. 
mixture** 

3 24 1 21  0 . 25 38 
200 88 1 200 104 0 . 25 200 78 
500 1 1 6 1 500 1 30 0 . 25 500 109 

1000 1 20 (t)  1 1 000 1 1 1  t 0 . 25 1000 1 59 
2000 1 90 (t ) 1 2000 47. 0 . 25 2000 1 77 t 
3000 Itr 1 3000 Itr 0. 25 3000 I tr 

4000 11 1 4000 11 0. 25 4000 11 

5000 " 1 5000 11 0 . 25 5000 11 

Plaque counts w ere carried out using 0. 1 ml phage suspension 
in the soft agar. 

* No c i trate 

** 0 . 04 g Ca alg. added to 1 0  ml mixture 

tt> Some prec ipitate on one plate 

t Some precipitat e on plates 

t Very difficul t to count 

Itr Impo ssibl e  to read. 
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Calc ium al gina t e  (0 . 04 g )  wa s added to each of th e m ix tur e s .  A 

con tro l  of pha g e  and broth was al so pr epar ed . Phage c ount s  (dupl i c a t e  

pla t e s ) wer e  done by th e so f t agar m e tho d u si ng a w i d e  range o f  

calc ium c onc entr a t i o n s  in th e so f t  agar . 

In th e tr ial s w i thou t  c i trat e ,  c o n c entrati ons o f  c al c ium i n  

th e  so ft agar up to a maximum o f  2 , 000 ppm ra i s ed th e pl aqu e c oun t s ,  

and th e s e  f igur e s  w er e  som ew� a t  s im il ar t o  th e r e sul t s  wh er e c i tr a t e  

(o . 25%) and al ginate were pr e s ent . I n  th e trial s rih er e c i  tra t e  ( 1 %) 

and al ginate w er e  pr e s en t , th e h i gh amount of c i tra t e  and th e c a l c ium 

appar ently h a d  an effec t in c au s i ng a l ow pl aque c ount or ob scur i n g  

some p l a qu e s ,  a t  a c o n c entrat i on o f  2 , 000 ppm cal c ium . Conc en tra t i o n s  

o f  3 , 000 ppm o f  calc ium and ab ov e y i el d ed pl ates impo s s ibl e to c ount 

bo th in th e ab s enc e of c i tr a t e  and i n  th e pr esenc e of c i tr a t e  plus 

algina t e .  

Trial o f  var i ou s  c omnounds for d i s s o l v i ng 

cal c ium algi n a t e  

R ecomm end ed sol v ents for c a l c ium al ginate ar e s o d ium c i tra t e ,  

sodium glyc eroph at e ,  and so d iu.1'!1 h ex:am e t.apho sphat e ,  and alm o s t  any 
o th er sodium sal t provided th e c al c ium sal t of th e ac i d  rad i c l e i s  

so lubl e .  

A n  exper im ent wa s carr i e d  ou t a t t e�pting t o  d i s solve 0 . 04 g 

quan t i t i e s  of c a l c ium al gina t e  in br o th s  c ontain ing phage and 

1 %  sod ium ac etat e ,  

1 %  sodium pro p i ona t e ,  

1% sodium sal i cyl a t e ,  

r e sp ec t ively , bu t th e calc ium al ginate was incolub l e  in each c a s e . 
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Effe c t  o n  Plaa u e  Count o f  Pr e s ence or Abs enc e o f  Pho spha t e  
i n  Bot tom Agar Layer, a t  Var iou s Cal c i um L evel s in Top 
Agar Layer 

It was necessary to fur ther inv e s t i gate th 9 add i t i on o f  calc ium 
to th e m e d ium to find the amount r equired for maximum pl aque coun t s .  
Al so the rol e  o f  pho sph a t e  i n  th e � edium , and th e r ea son for pr ec ip i ta t e  
formati on , r eq uir ed s tudy . Ini t i a l ly work was c onc entrated on 
exp eriments loJh i ch exc luded th e u s e  of c i  trate and c a l c ium alginat e .  

Expt s  1 and 2 were carr i ed o u t  b y  th e two-layer m e th o d .  
Phospha t e  was added to or omi tt e d  from th e medium a s  shown i n  Tabl e  
XXV .  A range o f  cal c ium conc entrations i n  th e top agar l ay er was 
pr epar ed by adding CaC1 2 to th e m edium , c entri fug ing , and then u sing 
the cl ear m edium .  For the top l ay er 2 . 5 ml of agar m e dium , 0 . 1 ml 

phag e ,  and 0 . 2 ml cul tur e w er e  poured onto th e agar m edium alr eady 
in th e Itl a t e .  In Exp t 2 no t only was pho sphat e  om i t t e d  from th e 
bot tom l ay er , but pr eviously added CaCl 2 r emoved wi th th e pr ec ipi ta t e  
any phosph a t e  o r  o th er sub s tanc e in the m edium wh ich form e d  an 
insolubl e prec ipi tat e  with c al c iUtr . Al l phage for one exp eriment 
was from the same d ilu t e  suspen s i on in p eptone- sal t solut ion . Th e  
appearanc e o f  pl aques and m ed ia was r ecor d ed. 

In Expt 1 it vas found tha t maximum plaque c ounts wer e  s ecur e d  
a t  2 , 000- 3 , 000 ppm cal cium . In th e s ec ond port ion o f  thi s  experimen t ,  
wh er e phosphat e  was not added to th e b o t tom lay er ,  th e added calc ium 
reac t ed wi th a cons t i tuent of th e medium (phospha t e? ) to form a 

precipita t e 8  

In Expt 2 i t  was found that there was no advantage i n  treat ing 
the agar used for th e bo ttom l ay er w i th CaC1 2�  Th is trea tment 
r e sul t e d  in v ery faint plaques and th er e was appar en t ly too much 
cal c ium for opt irnal plaque d evelopment in some c a s e s .  

Th e  above resul t s  confirmed t h e  need for som e c al c ium addi t i on but 
e s tabl i sh e d  that fur th er experimen ts were nec es sary to fi nd b e s t  
combination s  o f  r ea� tants . 
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Tabl e XXV Effec t on �l ague count of Eresenc e or absence  of 
EhO S£hate in bottom a�ar l a�er1 at var iou s  cal c ium 
l evel s in top agar l ayer . 

EXPT 1 EXPT 2 

Soft agar Soft agar Soft agar 
-P _p _p 

( Centrif. ) Plaque ( Centrif. )  Plaque ( Centrif. )  Plaque 
Ca count Ca count Ca count 

ppm ( Av. of 3 )  pp m (Av. of 3 ) ppm (Av . of 3 ) 
Top 1 .  6 7 92 

layer 2. 500 69 500 66  500 67 
3.  1 000 86 1 000 7 5 1 000 33 
4.  2000 1 1 6 20('0 1 29 2000 28 
5 .  3000 94 3000 1 1 9  3000 52 
6 .  4000 34 4000 98 4000 5 
7 . 5000 1 3  5000 9 5  5000 10  

Bottom Hard agar +P Ha.rd agar -P Hard agar -P 
layer + CaC1 2 ,  c entrif. 

used cl ear m edium 

APPEARANCE OF PLAQUES AND PLATES IN ABOVE TABLE 

Plaques Medium Pl aques Medium Plaques Medium ---
1 .  Cl ear Satis. Cl ear Sat is., V. faint Satis. 

2. 1 1  1 1  11 'tlhite ppt. 11 1 1  

3 .  " " 11 " " 1 1  

4. " 11 11 " 11 11 

5.  Faint fl fl " " 11 

6 .  " Sl. different Faint " 11 " 

7 . V " 11 ( Cl ear ( 1 � " " " 
• 

(Fair1t ( 2  

-P = - phosphate 

+P = + phosphate  
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FQr th er Experim en t s  w i th Cal c ium Add i tion, and Experimen t s  

Dir ec t ed to Secur ing Pl a t e s  Free from Pr ec ipi tate when 

Cal cium Ch loride, Cal c ium Alginate, an d Sodium C i trate 

w ere Used 

The experim ent s detail ed in th e last few sec t ions have shown th e 

n eed for addi t ion o f  cal cium to the medium when us ed for phage 

es t irnat�ons . 'fhese exper im ent s  have al so shown that und er c ertain 

cond i ti ons unsat i s fac tory plate s ,  e. g .  plates show ing pr ec ipitat es , 

coul d b e  obtain ed. Th e  fo l l ow ing section d escr ib es exper im ent s  

carr i ed out t o  ch eck the quant i ty o f  cal cium r equired for maximum 

plaque c ounts (w ithout algina t e  and c i trate addi t i on ) . It al so 

descr ib e s  exper imen t s  carr i ed ou t ,  and di fficul t i e s  encoun t er ed ,  

in end eavouring to s ecur e good-qual i ty pl a tes when calcium algina t e  

and sodium c i trate w er e  pr e s en t .  Resu l t s  of th e exp er imen t s  are 

shown in Tabl es XXV I-XXX. 

Th e  experiment s w er e  carr i e d  out u s ing th e so ft agar c ount 

thod (0 . 1 ml phage su spen s ion mix�d w i th o .  2 ml cul tur e and 

; . 5- 3 . 0  ml so ft agar ) . Ini tial ly th e mixture was pour ed onto a. 

layer o f  medium al ready sol idif ied in th e pl ate (about 1 0  ml unl e s s  

oth erw i a e  spec i f ied ) . Lat er , the phage agar mixtur e was added to 

plates b ear ing two pre-pour ed l ay er s .  Eventually experimen t s  wer e 

done in wh ich the phage layer was i t s el f  covered wi th ano ther layer , 

mak ing a. to tal of four layer s i n  th e plat e .  

When cal cium add i ti ons w er e  mad e , measured vo lum e s  of CaC1 2 
solution and m el ted agar medium w er e  mixed, c en tr i fuged , and th e 

cl ear l iquid was pipetted o ff for u s e .  Lat er ,  f il tra t ion was used 

ins t ead o f  c en trifugati on ( Tabl e XXX , Erp t 4 ) . Calcium chloride 

solution and hot agar m edium were mixed , and the mixture was 

fil t er ed through bl o tting-paper mash in a Buchner funnel . The cl ear 

medium was kept in the water ba th at approxim� t ely 46° C unt il 

r equired. Phage vas pr epar ed by mak ing serial dec imal di luti ons 

in peptone-sal t solu ti on from a s to ck wh ey suspens i on of phage .  

Generally 0 . 7 m l  of a 1 0-
4 

di lution of phage suspen s i on i n  whey 

and 9 . 3 ml pep tone-sal t soluti on w er e  m ixed to give a<1 0-5 dilution , 

and from th is a < 1 o-6 dilution of phage was prepar ed. Wh en us ing 

calc ium algina t e ,  1 ml of the < 1 0- 5 dilution of phage suspensi on 

was plac ed in a Mc Cartney bo ttl e to geth er w ith 1 m l  o f  1 0% c itra. t e  
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or h exametaphos:ph a t e  so lu t i on ,  and 8 ml o f  peptone- sal t so lu t ion . 

Adju s tm ent s of th e propor tions o f  c i tra. t e (or h exam e taph o sph a t e ) 
soluti on and p ep tone-sal t solut ion w er e  ma d e  in c erta in exper imen t s ,  
wh i l e still reta ining th e total o f  1 0  m l . One or more 0 . 04 g pad s  

o f  cal c ium algi n a t e  w o o l  -were a d d e d  to the mixtur e ,  an d the bo ttl e 

c on t en t s  w er e  w e l l  shaken . Phage for each par t i cular exper im en t  

w a s  fro� a sp ec i f i c d ilution for u s e  tha t  day . 

Count s v er e  doDe in dupl icate or tripl ica t e . �ih er e var ia t io n s  

oc curred in th e nQ�bers o f  pl ates coun ted , th e number ac tual ly 

counted i s  given in par enth e s e s .  



1 
2 (a )  

(b ) 
(c ) 
(d ) 
( e ) 

3 

4 (a )  
(b ) 
(c ) 

(d ) 
( e ) 

5 

6 (a )  
(b ) 
(c ) 
(d ) 
( e ) 

7 2  

Tabl e XXV I  Effec t o �  a ranRe of calcium l evel s on pl aqu e c oun ts 
Jw i thou t pho sph a t e  ad d i tj on to agars )  and trial s of 
th e effec t on c ounts of fur th er phage diluti on .  

11 

HA 
-P 

" 
" 
" 
" 
" 
tl 

" 

" 
11 

11 

" 

11 

" 
1 1  

11 

" 
" 

" 

12 
(Phage 

l ay er ) 
SA 
_p 

Ca :ppm 

2000 
" 
" 
" 
" 

2500 

3000 
! I  

1 1  

1 1  

11  

3500 

4000 
" 
11 

" 
" 

4500 

EXPT 1 
Count s  us ing 
d il u t ed phage 

Phage Plaque c ount s  
suspens ion D i l u ent Av. o f  3 

3 + 1 
1 + 1 
1 + 3 
1 + 7 

3 + 1 
1 + 1 
1 + 3 
1 + 7 

3 + 1 
1 + 1 
1 + 3 
1 + 7 

89 
59 
28 
1 3  

108 
67 
36 
1 6  

104 
76 
32 
1 5  

5 
1 1 5  

1 54 

1 36 

1 53 

1 55 

1 48 

EXPT 2 

Plaque c ounts 
Av. of 3 

9 1  
49 
3'7 
1 7  

1 1 6  
69  
40 
1 8  

1 0 1 ( 2 )  
73  ( 2 )  
36  
1 3  

4 
1 27 

1 43 

1 46 

'1 4 3 ( 2 )  

1 1 4 (2 )  

Th e s e  experim en t s  are r epe t i t ions (with mod ifications ) o f  Ex:pt 1 
( 2nd :par t ) in Tabl e XXV. Th e  main obj ec t of th e s e  exper imen t s  was to 

find th e c a l c ium l evel s giving o p t imum :pl aque count s w i th phage al on e ,  

i . e . in th e absenc e o f  c i tr a t e  and al ginat e .  A range o f  c al c ium 

add i t ions up to 4500 ppm was mad e .  Resul ts show ed tha t  maximum pl aque 

c ounts w er e  given a t  2500-4000 ppm added c�l cium .  Eo th exper im ent s  

gave s imilar resul t s .  

Dilutions of th e  phage- suspen sion mixture wi th peptone-sal t solut ion 
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in th e pro por t ions shown in the Tabl e w er e  exam ined al so.  Th e  c oun t 

was l in early rel ated to th e dilution . 

In Exp t  1 pl a t e s  showed c l ear pl aqu e s ,  som e show ed sl igh t  opaq ueness , 

and som e sl igh t  pr ec ipitate.  In Expt 2 thr ee pl a t es w er e  very poor , 

due to pr ec ipit a t e  format ion . Thr e e  had fa in t pl aqu es at 4 500 ppm 

cal c ium , and one o f  th ese was not col;_nt e d .  Cbarac ter i s tica1ly , pl a t e s  

came w i thin th e range fair - goo d  i n  th e two exp er im ent s .  

A l is t  of abbr ev i a t i ons us ed i n  th e above and fol l owing Tabl es i s  

app en d e d .  

Av. = average NAC no attempt to c oun t 

Au . = au toc laved N. Cf. = no t c entr ifuged 

Cf .  ::: c en tri fuged +P = pho sphate added 

C i  t .  ::: so dium c i  tra t e  -P = ph o spha t e  no t added 

Cul t .  = cul tuxe Pep. - s . s . = p eptone-sal t ::;oluti on 

HA = hard agar m edium ppm par ts p er mil l ion 

Hexa . sodium hexam etapb o spha t e  Ppt . ::: pr ecipitate 

Itr = impo s s ibl e to r ead SA = so ft agar m ed ium 

1 1 ::: bo tto m  agar l ay er in pl a t e  Sa t i s .  satisfac tory 

12 = 2nd " " " If Sl .  = sl igh tly 

13 = 3rd I f  " 1 1  " St. = s t eaM ed 

14 = 4th " " t l  " 



1 
2 
3 
4 

5 

6 

7 

8 
9 

10 

1 1 

1 2  

.:1 3 

1 4  

1 5 
12 

Table XXV I I  Effec t of ealciurn alginate  and sodium c i  tra teLhexametaEhos'Eha te on Elaque cour1t 

EXPT 1 
when cal c ium chl or i d e  has b e en added to agar . 

12 = Compositi on of EXPT 2 
1 1  2.2m1 suspension/mixture Plaque 11 12 = 2 .  2m1 
HA SA-P from wh ich c oun t s  HA SA 
-P Ca ppm o. 1 ml added to SA Av. of 3 p p Ca ppm 
11 - Phage <. 1 0-6 ] 7 - -
" 2000 1 07 - - 2000 
" 4000 1 45 - - 4000 
11 Diluent 8 . 00ml 1 6 - - 8000 -

Ca alg. 0. 04g 
" 2000 Pb.;ce <. 1 0- 5  1 m l  J 2 - - -

1 0  Hexa. 1 ml . .. 4000 1 - - 2000 
" Diluent 8 . 67ml l 8 - 4000 - -

Ca al g. _ 5 0. 04g 
" 2000 Ph�e < 1 0  1 ml 8 - - 6000 
" 4000 1 0  o He:xa. 0 .  3 3ml 1 5 - - 8000 
" Diluent B. OOml ] 6 10000 - - -

Ca alg. o . 04g 
Ph?oe < 1 0- 5  1 m l  

1 1  2000 1 0  a Ci  t .  1 m l  3 1  - - -
" 4000 1 2  - - 2000 
1 1  2000 D:iJuent to make 10 ml l 4 1  - - 4000 

Ca alg. o . o 4g 
" 2000 Phage ( 10-5 1 ml I - - 6000 -

10% He:xa. 1 ml 
1 1  2000 CaC1 2 (see note below � 5 - - 8000 

1 6  - 1 0000 -
In each case 2 . 5ml agar wer e  used -
where CaCl 2 had been added , the cl ear 1 7  + - -

1 8  + 6000 centrifuged m edium was used. -
19 + - 1 0000 

Composition of 
suspension/mixture 

from which 
0 . 1 ml added to SA 

Phage <: 1 0-6 
" 
I f  

" 

Pep. -s . s.  8 . 67m� 
Ca alg. 0 . 04g 
Ph�e <. 1 0-5 1 m�·lf 
1 0  Hexa. 0 . 3 3m 

11 

11 

" 
1 1  

Pe:p . - s .  s .  8 . 67m� 
Ca al g. 0 . �

4
; t Phage <. 1 0-5 

1 0% Ci t. 0 .  33m 

" 

" 
" 
" * 
" * 
" * 

Plaque 
c ount s Appearance 

Av. o f  2 of plates 
7 Satis.  

1 25 I f  

1 58 ( 1 )  " ( 1 ) 
1 68  Sl . faint 

1 2  Satis.  

1 6  Ppt. 

28 " 

42 1 1  

28 ( 1 ) Ppt. ( 1 ) , other Itr 
30 ( 1 )  1 1  " " " 

1 8  Satis.  

6 5 Ppt. 

80 1 1 

8 3  " 

70 " 
1 0 1 ( 1 ) Ppt. ( 1 )!other Itr 

1 3  Sa tis. 
Itr Ppt .  & cr eamy 

0 " 

(cont ' d )  -.l 
� 



· Tab l e  XXVII (cont ' d ) 

Not� : Mixture for 0 . 1 ml add i t i on to 
· ----

soft agar in No s .  1 3 ,  1 4  and 1 5  
contained 0. 25 , 1 . 0 and 2. 0 ml , 
r e sp & c t ively , of CaCl 2 solu t i on 
in th e 10 mi . 

l!!XPT 2 

1 1  1 2  = 2.  5ml --
HA SA 

p p Ca. ppm 

20 + + -
21  + + -
22 + + 4000 
23 + + " 

24 + + 2000 
25 + + " 

26 + + 11 

27 + + " 

Plaque 
c oun t s  Appearanc e 

Av . of 2 of pl a t e s  

* 10  Sa t i s .  

r 1 4  " 

* Itr Pp t .  & cr eamy 

t 9 " 

Cf. * Itr ( 1 ) Pp t .  & creamy ( 1 )  
N . Cf .  * 1 1 5 ( 1 )  Uniform pp t .  no 

r 
probl em ( 1 )  

Cf. NAC ( 1 ) Cr eamy ( 1 ) 

T 
V., faint plaqu e s  N. Cf. 1 24 ( 1 )  Pp t G  ( 1 ) 

It was shown in Tabl e XXVI that maximum pl aque c oun t s  w er e  obtained w i th 2500-4000 pprn calc ium in th e top , soft 
agar l ayer .  I t  was now n e c e s sary t o  show wh ether th e pr e s ent� e of cal c iurr a l g inate and so dium c i  trato/h ezam e taph o sphate 
woul d y i el d  sati sfac tory c ount s  a t  the s e  h i gh c al c ium l ev el s .  Tabl e XXV I I  sh ow s th e r esul t s  of experiments i n  wh ich 
var i ous phage suspension m ixtur es wer � t ested . Th e s e  phage suspen s i on s  c on t a i n ed (apar t from control s )  one pad (0. 04g )  
o f  alginate  wo ol . Th e  c i trate/h exametaph o s phate var i ed fro� 0 . 3 3- 1 . 0%. In Expt 1 ,  pho sphat e was ab s en t  from th e 
bottom l ay er o f  agar m edium , and in Exp t  2 ph o sphat e wa s pr e s en t  in some o f  th e b o t to m  and in some o f  th e top l ayer s .  

�n e c o n trol experim en t s  show ed l arge increa ses i n  plaq u e  c ount wi th calc ium addit ion . Strik ing r esul t s  w er e  
obtained wh er e cal cium al gina te was present in that most of th e c ounts w er e  extremely l ow and tha t  many o f  th e plates 
showed pr ec ipi ta t e  or (a f ew ) a cr eamy app earanc e .  A c lu e  to a poss ibl e m e th o d  of obtain ing sat i sfa� tory pl ate coun t s  
w a s  given by th e p l a t e s  showing c ount s  o f  1 1 5  and 1 24 ( l in e s  25 and 27 ) .  Th e  pr ec ipita te pre s ent as a cons equen c e  o f  
n o t  c entrifuging o r  du e to chemical r eac tion sl i�� tly ob scured th e plaques �� t ,  for n o  apparent r eason, c l eared l at er 
in th e day . D i d  cul tur e pro du c e  more ac i d  and affev t th e pr ec ipitate? 

--J \.1'1 
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Tabl e XXVIII Investigation of fac tors aff�c ti ng plaque counts - trial s with two- and thr ee-layer plates 
using var ious c o�b ina t i ons of cal c ium and phosphate ( c i trate and alginate present). 

EXPT 1 EXPT 2 
L 1  L2 Composition of mixture L3 Plaque L 1 12 L3 Plaque - - - -

HA from which 0 . 1ml counts HA SA+P SA counts 
p p Ca ppm added to cul ture layer p Ca ppm Av. of 2 p Ca ppm +P Av. of 2 

Pep. -s . s . _5 28 + - " 5 - - -

Phage < 1 0  1 ml 
8 . 67mll 

2 - 2000 Na c i  t . 1 0% . 0 . 3 3ml 50 + 2000 11 84 -

Ca alg. o . o4g 
104  ( 1 ) 3 4000 1 1  78  + 4000 11 - -

4 8000 11 0 ( 1 ) + - + SA+P 1 - -

5 + + 1 1  + - 1 9  + 2000 + If 1 09 -
6 + + 2000 11 + - ) 21 + 4000 + 11 8 3 
7 + + 4000 11 + - Itr us ad fPep. -s . s . 5 8. 67ml 
8 + + 8000 11 + 11 throucshout lJ>n�f" < 10- 1 ml -

e:xpt 1 0  Ci t .  o .  33ml 
9 + + - " 7 Ca alg. o . 04g 

10  + + 2000 11 5 1  Nos .  1-3 L2 Cf. 7- 10ml to plate 
1 1  + + 4000 11 48 13 2. 5ml 

Nos� 4-6 L2 Cf. 6-1 0ml mixed Wi th 2. 5ml 
1 2  + + 8000 " 1 7  of  SA+P (+ cul ture ) , giving 
1 3  10000 " - - 0 ( 1 ) total of two layers.  - -
1 4  + - " 11 - - 0 ( 1 )  
Expt 1 Nos . 1 -4 L2 2. 5ml � cr. where CaCl 2 added ) to each pl ate. 

5-8 L2 10ml N . Cf ) to plate +P) .  L 3 2 . 5ml to plate. 
9- 1 2  L2 2. 5ml SA+P) + 1 0ml SA �of Ca content stated , N. cr. ) mixed in test tube and added to plate. 

1 3 , 1 4  12 10ml (N . Cf. ) added to bottom l ayer. 13 cul ture l�yer. 
(cont ' d )  

-..:J 0\ 



Comment on Tabl e XXVIII 

In Tabl e XXV I I I  resul t s  ar e shown for two- and thr ee-layer experiments. Exper iments 

repor ted so far in th i s  s ec tion have indicated that added pho sphat e  may be needed , but 

tha t c ertain c ondi t ions for empl oym en t  are nec es saryo In Expt 2 ,  No . 3 ,  one pl ate showed 

a count of 104, and the dupl ica t e  plate was impo s s ibl e to coun t ,  showing a few faint 

plaques. Several plates in thes e  exp eriments showed prec ip itat e  or were impos sibl e to 

c ount . Poss ibly non-addi tion o f  pho sphat e  to bo t tom l ayer and addi tion of pho sphat e 

to top layer migh t  improve resul t s .  

-..J -..J 
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2 
3 
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8 

Tabl e XXIX Investigat ion of fac tors affec ting pl aqu e c oun t s - trial s wi th two- and l a t e s  u s in 
various c ombina t i on s  o f  cal c ium and 
algina t e  Er e s ent • 

EXPT 1 
11 12 1 3  Plaque - -

F..A +P coun t s  
HA Ca m SA Av. of 
+P 2000 +P 1 3 3 6 11 11 11 1 30 ( 2  
" " 1 1  8 1 (6  
" " 11 7 3 ( 6 )  
11 11+SA (P )  7 6 ( 3 � 11 "+ 11 9 5 ( 3 
11 11 + 11 37 ( 3  j 
" 11 + " 7 1 ( 3 
Pep . - s .  s . _5 8 . 67ml] 
Phage ( 1 0  1 ml 
1 0% Ci t .  1 ml 
Ca. a.lg. o. o4g 

Cit. 1ml inst ead or ] 
0 . 3 3  •

•
• c ount s 

sl . l ow .  
1 2  1 .  c f. 5-7ml 

2. N . c f. 1 0ml 
3 .  c f. 2. 5ml 
4.  N . c f. 2. 5ml 
5 .  c f .  6ml 
6. cf. 2. 5nl 
7 .  N . cf.  1 0ml 
8. N . c r .  2 . 5ml 

12 above 1 - 4  describes 
tr ea tm ent & ar.1ount t o  
pl ate . 5-8 describ e s  
tr eatmen t & amount mixed 
(i th th e cu� ture layer nominal 1 3  • 

- -

1 1  -

HA 
+P 
11 

11 
11 
11 
11 
If 

11 
9 " 

1 0  " 
1 1  " 
1 2  11 
1 3  11 
1 4 " 
1 5  " 

For --

EXPT 2 
12 1 3  -
SA +P 

Ca m SA 
- +P 

2000 " 
4000 11 

11 -
2000 " 
4000 " 

11 -
2000 11 

4000 " 
11 -

2000 11 
4000 " 

11 -
2000 · 11 
4000 " 

o . 04g 
Ca alg. 

1 - 3  -
4-6 1 
7-9 1 
1 0- 1 2 2 
1 3-1 5 4 

Plaque 
cour, t s  
Av. of2 

6 
1 34 
1 56 

1 0  ( 1 )  
1 39 
Itr 

6 
1 96 
Itr 

10 
1 43 
1 69 ( 1 )  

1 0  
1 40 
20 8 ( 1 ) 

Ci t .  
ml 

1 
0 . 3 3  
1 
1 
1 

All made up to 1 0ml_ 5 incl . 1m1 phage <. 1 0  
t o  give < 1 0-6 . 
1 2  1 0�1 if no Ca ( Cf. ) 
Wh er e cai Cf .

a 
& 

about 7m u s e· • 

nos h a t e  and vari ous quanti t i e s  of c i tr a t e  and 

EXPT � 
1 1 12 13 Pl aque - -

SA+P coun t s  
HA Ca ml SA Av . of 
+P 0 +P 22 
1 1  2000 2. 5 11 1 1 8 
" 2500 " I !  1 47 
" 3000 " 11 > 1 42 
11 3500 " 11 1 49 11 4000 1 1  " 1 24 
If 0 11 43 
" 2000 5 11 1 21 11 2500 11  " 1 26 ( 2 ) 
" 3000 " " 1 1 0 ( 1 )  11 3500 11 11 Itr 11 4000 11 " 1 4 3 ( 1 )  
11 0 11 29 (2 � 11 2000 8 " 1 66 ( 2  
" 2500 11 11 Itr 

1 6 " 3000 " " 1 77 ( 1 )  

� 7 1 1  3500 " " I tr 
1 3 "  4000 11 11 ) 1 89 ( 1 )  

H. A. SA-P 
1 9-P 0 2. 5 40 ( 2 )  
20 " 2000 11 1 60 ( 1 )  
21 " 2500 11 1 66 
22 11 3000 " 1 9 8  
23 " 4000 " 1 89 L"2 .;.-

� .  

1 9-23 2 lay er s  only 
�ep. -s. s . _5 8ml 

1 - 1 8 

1 9- 23 

,�L '},Ra <, 1 0 1 ml 1 1.·'.··· C i  t .  1 ml Ga al go 2 X 0 . 04g 
Phage <. 1 0-6 

EXPT 4 
1 1  12 13 Pl aque c oun+.s - -
fiA +P SA +P Avo of 2 

ml Ca. T!l SA 1 - 1 6 1 _ 1, 
0 0 +P 5 7 
0 2000 " 1 24 87 ( 1 j 
0 3000 " 1 3 1 86 ( 1 
0 4000 11 1 1 8  Itr 
4 0 11 1 0  7 
4 2000 11 1 0 5  1 43 
4 3000 11 1 1 1  1 1 7 ( 1 )  
4 4000 11 1 00 I tr 
8 0 " 1 1  1 1 
8 2000 11 1 0 1 1 29 ( 1 )  
8 3000 " 1 0 3  Itr 
8 4000 1 1  1 25 11 

1 2  0 11 1 2  1 0  
1 2  2000 " 9 8  1 3 3 
1 2  3000 " 1 0 1 I tr 
1 2  4000 1 1 1 1 3  " 
RA-P SA-P * 

1 1 9 ( 1 )  2000 
" ** 3000 1 7 1 

No s .  1 - 1 6  12 Cf. 2. 5r11 " 

" 

11 

11 
1 1 

1 7- 3 2  12 " 6ml 
rPep . - s . s .  5 8ml 

1 - 32 P'.a;ce < 1 0- 1ml 
l10 o Ci t .  1 ml 
Ca alg. 2 x 0 . 04g 

3 3 , 34 Phaye <. 1 0-6
f 

2 l ay er s  
o n  y ,  1 2  C • 2. 5rnl 

3 3  * 

3 4  ** 
(cont ' d ) 
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C omm ent on Tab l e  XXIX Expts 1-4 
In Tabl e XXIX r e sul t s  are shown fro m  s everal exper im ent s ,  m o s t  b eing thr ee-layer experiment s .  

In Exp t 1 ,  ��o- and thr e e-l ay er p l a t e s  wer e  c ompar ed to f ind whe th er CaC1 2 shoul d b e  mixed wi th th e 
cul tur e l ayer or shoul d b e  pr e s en t  in an a d j ac en t  lay er .  'f.h e b es t r e sul t s  wer e obtaine d by c al c ium 
d i ffu s ion from the s ec ond l ay er of thr e e-l ayer pl a t es , in the cas es wh ere 5- 1 0  ml agar m e d ium were u s ed 
i n  th i s  s e c on d  l ay er .  C en tr i fuging gave h igh er r esul ts than non- c en tr i fuging. Mo s t  pl a t e s  in th i s  
exp erim e n t  w ere easily r ead. 

In Expt 2, d i ffer ent numbers o f  algina t e  wo ol pads wer e compared , u s ing differ en t cal c ium l ev el s .  
Resul t s  showed that from 1 - 4 algina t e  pads could b e  us ed sati s fac tor ily provi ded c al c ium was around 
the 2000 ppm l evel , but n o t  at 4000 pprn . In th i s  exp er imen t  several of th e pl a t e s  at 4000 ppm c al c ium 
w er e  impo s s ibl e t o  read. 

I n  Exp t  3� th e th i ckn e s s  o f  t h e  agar mediurn i n  l ay er 2 a t  var i ou s  c al c ium l evel s wa s inv-es tigated. 
Resul t s  showed that increa s ing th e mi ddl e l ay e� from 2 . 5 to 5 or 8 ml c au s e d  many poor or impo ssibl e­
to-r ead pl a t e s .  rne numb er o f  pl at es impo s s ib l e  to r e a d  wa s very hi� a t  8 ml o f  m e d ium . 

In Exp t 4 ,  var i ou s  quant i  t i es of agar w er e  u s ed i n  th e bo ttom l ayer. Th e s e  w er e  tr i e d  r e sp ec t iv ely 
aga in s t  a range of c al c ium l evel s in the m i ddl e  l ay er , using 2 . 5 ml m e d ium in th i s  l ay er .  Th e  '"hol e 
exp erimen t  was r epea t e d  using 6 ml o f  m e d ium in th e middl e l ay er .  In r e sul t s  r ep orted in l in e s  1 - 4  
a l l  pl aqu e s  w er e  smal l , a s  i f  th e l ack o f  :r. ed.ium , an d h en c e p o s s ibly o f  foo d ;:na t erial , wi th out an 
underlying l ayer of med ium , had so m e  effec t .  With th e h i gh er quant i t i e s  o f  m ed ium i n  b o th l ayer s ,  
th ere �er e  s everal pla t es impo s s ibl e to r ea d .  

-.l '!) 



Table XXX 

80 

Inv e s t iga t i on o f  fac tors af fec t ing pl aqu e  c ounts -
tr i al s wj t.h. two-, thr e e- and four-l ayer pl a t e s  
using va:ri ou s  comh i. n a.  t i o n s  o f  cal cium and ph ospha te..J... 
and var i o�s a uanti t. i e s o f  af;ar medium ( citrate  and 
a lgina t e  pr e s ent wi th phage in nearly al l ca s e s ) . 

EXPT 1 

1 .  
2.  
3 .  
4. 
5 . 
6 .  
7 .  
8 .  

1 1 

HA 
-P 
1 1  

+P 
11 

1 1  

" 
" 
" 

* 2000 
** 4000 

ml ea ppm 

10  2000 " 4000 
11 2000 
" 4000 
5 2000 

12 

1 1  4000 -6 
Phage < 1 0  
Pep .. -s. s .  _5 Phage < 1 0  
10% Ci t .  
Ca a l g .  2 x 

pprn Ca Cf. 

2 . 5 ml 
cr.  

SA +P 

11 

" 
11 

11 

" 
" 

I 

�:i] 
1 ml 

o . 04g 

13 14 
2. 5 m l  2. 5 ml Plaque cr. c oun t 

SA-P Ca ppm SA+P Av . of 3 
* 1 1  1 27 

** " 1 80 ( 2 )  
+P 97 
1 1  1 0 1  
11 2000 " 1 07 
1 1  4000 " 1 08 
1 1  2000 11  1 47 
1 1  4000 " 1 48 ( 2 )  

0 . 1ml phage suspen s i on mixed w i th 0 . 2m1 
cul tur e and agar medium in l ines 1 & 2. 

0 . 1ml phage m ixture , mixed wi th o .  2rnl 
cul tur e and 13  in l ines 3-8. 

N o s .  1 ,  2 cf 12  recorded under L3 heading. 

�PT 2 
L1 L2 L3  L4 

5 ml 2. 5 ml 2. 5 m l  2. 5 ml  Plaqu e 
cr.  Cf. c ount 

HA+P Ca ppm SA SA Ca ppm SA+P Av. o f  3 

1 .  " 2000 +P +P 2000 " 1 7 3  
2. " 4000 11 " 4000 " 1 89 
3 . " 2000 HA+P " 2000 HA+P 170 
4. 11 4000 1 1  tl 4000 11  1 86 ( 1 )  
5 . " 2000 " " 2000 " 
6 .  " 4000 " " 4000 1 1  

7 . " 2000 " HA+P 2000 " 1 78 
8 .  1 1  4000 11 " 4000 " 1 85 ( 2 )  

13 Nos.  5 , 6  + 2. 5 ml wat er 
11 7 , 8 + 1 . 0 ml water 

14 not added to all Nos .  5 , 6  plates 
due to so ftne s s o f  agar . 
Pep. -s . s .  5 8m� 0 . 1ml thi s  phage mixture , and o.  2ml 
Ph?e < 1 0- 1mll culture ,  mixed wi th 13 in all instanc es.  
1 0  C i  t .  1 mlj 
Ca alg. 2x0 . 04g 

(cont ' d ) 



EXPT 

1 .  
2.  
3. 
4 . 
'·  
6.  
7 . 
8 .  

= 

EXPT 

1 .  
2. 
3. 
4.  
' · 

6 . 

81  

Tab l e  XXX (cont ' d ) 

3 

4 

..1:L 12 13 14 
2. 5 ml cr. 2. 5 ml 2. 5 ml Cf. PJ.aque 

HA+P HA+P HA+P count 
ml Ca ppm HA+P Ca ppm Av. of 3 

2. 5 2000 " 2000 109 
" 4000 " 4000 1 1 9 
5 2000 1 1  2000 1 39 
" 4000 " 4000 1 28 ( 1 )  

7 . 5  2000 " 2000 104 
tl 4000 " 4000 > 99 ( 1 )  

1 0  2000 " 2000 108 
" 4000 " 4000 1 29 ( 1 �  

Pep. - s . s . _5 8ml ] 0 . 1ml this phage mixtur e ,  and o .  2ml Ph�e < 1 0  1ml cul tur e ,  mixed wi th 13 in all 1 0  o Ci t .  1 ml 
Ca alg. 2 X 0 . 04g instanc es.  

+ 1 ml water to  phage mixtur e and cul tur e 
b efor e mixing w i th  13 in each case.  

_g_ 12 

5 ml 2. 5 ml 
HA+P 

HA+P Ca :e:em 
tl 2000 Cf. 
" 4000 " 
" 2000 St.  
" 4000 " 
" 2000 Au. 
" 4000 " 

1ml 
1ml 

Pep. -s . s!.5 Phage < 1 0  
1 0% Ci t .  
C a  alg. 2 

8mJ ] 

x o . 0 4g 

* 1 plate 1 . 5ml only 

1 3  11: 
2. 5 ml  2. 5 ml Plaque 

HA+P count 
SA+P Ca EEm Av. of  3 

" *2000 Cf.  20 3 ( 2 � 
" 4000 " 1 9 1 ( 1 
" 2000 St .  1 9 5  
" 4000 " 21 1 
" 2000 Au .  1 54 
" 4000 " ** 

0 . 1 ml thi s  phage m ixture ,  and o . 2ml 
cul ture ,  mixed w i th 13 in all 
ins tanc es.  

** no count , pl ates did not  set.  

( cont ' d ) 
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Tabl e XXX (con t ' d ) 
EXPT 5 

1 .  
2. 
3 .  
4 . 
5 .  
6 .  
7 .  
8.  
9 .  

1 0 .  
1 1 .  
1 2. 

EXPT 6 

1 1 

HA+P 
ml 

2 . 5 
11 

11 

5 
11 

11 

11  

" 

1 0  
" 

11 

12 

2. 5 ml 
HA+P 

Ca. ppm 
2000 S t .  
4000 " 

2000 Au . 
2000 S t .  
4000 11 

2000 Au. 
2000 St.  
4000 " 
2000 Au . 
2000 S t .  
11000 " 

2000 Au . 

1 3  

2 . 5 ml 

SA+P 
" 
" 
11 

11 

11 

11 
" 

" 
If 

11 

" 
" 

14 

2. 5 ml 
HA +P 

Ca ppm 
2000 
4000 
2000 
2000 
4000 
2000 
2000 
4000 
2000 
2000 
4000 
2000 

S t .  
" 

Au . 
St . 

11 

Au .  
S t .  

11 

Au . 
S t .  

" 

Au . 

Pl aque 
c oun t 

Av. o f  3 

1 40 
1 44 
1 21 
1 25 

1 25 
1 1 3 
1 6 2  
1 1 5 ( 1 ) 
86 

1 27 
7 4 ( 2 )  

Pep . - s . s . _ 5 8ml] 
Phage < 1 0  1ml  
1 0% C i t .  1ml 
Ca alg. 2 X 0 . 04g 

0 . 1 ml th i s  phage m ixtur e ,  an d 0 . 2ml 
cul tur e ,  m ixed wi th 1 3  in al l 
instanc es . 

1 .  

2.  
3 .  

4. 

1 1 1 2  

2000 ppm Ca 2. 5 ml 
HA+P 

m l  SA+P 

2 . 5 S t .  " 

5 . 0  11 11 

7 . 5 " 1 1  

10 . 0  11 11 

Phage suspension m ixtur e 
pr epared as in Expt 5,  

Medium to wh ich CaCl 2 had 
been added was fil t ered,  
then steamed. 

1 3  

2000 ppm Ca Plaque 
2. 5 ml c ount 

HA +P Av. o f  3 
" St . 87 
11 11 55 
" " 23 
1 1  " 38 ( 1 ) 

0 . 1ml th i s  phage m ix tur e ,  
and 0 . 2m1 cul tur e ,  m ixed 
wi th 12 in al l ins tan c e s .  

(cont ' d ) 
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EXPT 7 

1 .  
2. 
') J •  

n.�ed iU"n 
+CaC1 2 

Stea:ning 
t;me 

-� 
5 ml 

12 

2000 ppm Ca 
2. 5 ml 

HA+P (m in ) 

0 
20 
45 

HA -tP 
" " 

" " 

" " 

Pep . -s. s ._5 8m� 
Phage < 10 1mll 
10% C i  t .  1ml 
Ca alg. 2 X 0 . 0 4g 

13 
2 . 5 ml 

SA+P 

" 

" 

11 

2000 ppm Ca 
2. 5 ml 

HA+P 
If 

" 

" 

Plaque 
count 

Av. of 3 
1 21 
96 

108 

0. 1ml th is  phage mixture ,  and 0 . 2m1 
cul ture,  m ixed wi th 13 in all 
ins tanc es. 

Fil trati ons vari ed using 
fil ter paper/mash . 

EXPT 8 

1 .  
2. 
3.  
4. 
5 .  
6 .  
7 .  
B. 
9 .  

1 0 .  
1 1 .  
1 2. 
1 3 . 
1 4. 
1 5. 
1 6 .  
1 7 .  
1 8 .  
19 . 
20 .  

1 1  12  
2000 ppm Ca 

RA+P HA -�P 
ml ml ------

0 
0 
0 
0 

2. 5 
11 

" 

5 
If 

" 
" 

7 . 5  
" 
" 
If 

10 
" 
" 
" 

Pep . -s . s . _5 Phage < 1 0 
1 0%- Ci t. 
Ca alg. 2 x 
Bulk of agar 

2. 5 
5 

7 . 5 
1 0  

2. 5 
5 

7 . 5  
1 0  

2. 5 
5 

7 . 5 
10  

2. 5 
5 

7 . 5 
1 0  

2. 5 
5 

7 . 5  
10  
Bml] 
1 ml 
1ml 

o . 0 4g 
medium + 

13  
2 .  5 m l  

SA +P 
If 

" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
tt 
If 

" 
" 

" 
" 
" 

14 
2000 ppm Ca 

2. 5 ml 
HA +P 

" 

1 1  

" 
If 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
, ,  
" 
" 
" 
" 
" 

Plaque 
count 

Av. of 3 
0 
0 
0 
0 

56 
6 1  
29 
7 

66  
67  
74 
47 
9 6  
87 

1 1 9 
1 1 3 
1 05 
1 23 
1 1 8 
1 1 1  

0 . 1 ml this  phage m ixture,  and 0 . 2m1 
cul ture,  mixed wi th 13 in all 
instances . 

CaCl 2 was steamed > 1 h .  

(cont ' d )  
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EXPT 9 

EXPT 10 

1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

10 .  
� 1 .  
1 2. 
1 3 . 
1 4 .  
1 5. 
1 6 .  
n . 
1 8 .  
1 9 . 
20 . 

1 .  
2. 
3.  
4. 
5.  
6 .  
7 .  
8 . 
9 .  

10 .  
1 1 .  
1 2. 
1 3 . 
1 4 . 
1 5 .  
1 6 .  

11 

HA+P 
ml 

0 
" 

" 

" 

" 

" 

" 

5 
" 
" 

" 

7 . 5 
" 

" 

" 

10 
" 

11 

" 

12 
4000 ppm Ca 

HA+P 
ml 
2. 5 

5 
7 . 5  
10 
2. 5 

5 
7 . 5  
10  
2. 5 

5 
7 . 5 
1 0  
2. 5 

5 
7 . 5  
10  
2. 5 

5 
7 . 5  
10  

Pep . -s.  s .  _5 8ml] 
Phage <. 10  1ml 
10% Cit . 1ml 
Ca alg. 2 X o . 04g 

HA+P 
ml 
2. 5 

tl 

" 

" 

5 
" 

" 

tl 

7 . 5  
" 

1 1  

" 

1 0 
" 

" 

" 

12 
6000 ppm Ca 

IIA+P 
ml 
2. 5 

5 
7 . 5  
10  
2. 5 

5 
7 . 5  
10  
2. 5 

5 
7 . 5  
10  
2. 5 

5 
7 . 5  
1 0  

13 
2. 5 ml 

" 

" 

" 

" 

" 

" 

" 

11 

" 

" 

" 

1 1  

" 

" 

" 

" 

11 

" 

" 

" 

14 
4000 ppm ea 

2. 5 ml 
HA+P 

" 
" 

" 

" 

" 
11 

" 

" 

" 

" 

" 

" 

" 

'' 
" 

" 

" 

" 

" 

" 

Plaque 
count 

Av. of 3 
42  
30 
8 
2 

1 39 
1 40 
1 90 
1 23 
1 33 

>1 1 5  
)1 32  
)1 1 2  
1 28 
78 
5 1  

1 25 
1 34 
1 32 
226 
1 87 
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0. 1ml this phage mixture,  and 0 . 2m1 
cul ture ,  m ixed wi th 13 in all 
ins ta.nces.  

1 3 
2. 5 ml 

SA+P 
" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

1 1  

" 

" 

" 

" 

" 

6000 ppm Ca 
2. 5 ml 
HA+P 

" 

" 

" 
" 

" 

" 

" 
" 

" 

" 
" 

" 

" 

tl 

" 

" 

Plaque 
count 

Av. of 3 
1 08 
97  

103  
10 1  
9 6  
80 

1 7 2  
8 1  

1 59 
1 52 
1 42 (  1 
1 90 ( 2 
1 23 ( 2 
1 26 ( 2  
1 87 ( 2  
1 93 

Phage suspension mixture 
prepared as in Expt 9 .  

0 . 1ml thi s  mixture ,  and 0 . 2m1 
cul ture,  mixed wi th 13 in 
all instances.  

(cont ' d )  
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EXPT 1 1  
1 1  1 2  __!:1_ 

6000 ppm Ca 
RA-P HA+P SA+P 
ml ml ml 

1 .  2. 5 2 . 5 2 . 5 
2.  " 5 11  

3 .  " 7 . 5  " 

4.  " 1 0  " 

5. 5 2 . 5 " 

6 .  " 5 " 

7 .  " 7 . 5  " 

8.  . ,  1 0  " 

9 .  2. 5 2. 5 5 
1 0 .  " 5 11 

1 1 .  " 7 . 5 " 

1 2. " 1 0  " 

1 3 . 5 2. 5 11 

1 4. ,. 5 11  

1 5 . tt 7 . 5 " 

1 6 .  " 1 0  " 

Pep.-s . s . _5 8m1 
Phage ( 1 0 1ml 
1 0% Cit . 1ml 
Ca alg.  2 X 0 . 04g 
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14 
6000 ppm Ca Pl a9.ue count 

2. 5 ml (4  layer s )  (14 omi tted ) 
HA+P Av .  of 2 1 pla t e  

" 1 42 1 87 
" 1 25 1 1 a 
" 1 3 '1 1 28 
" 1 46 1 20 
" 1 44 1 27 
" 1 55 1 6 2  
" 1 6 3 1 87 
" 1 48 1 47 
11 1 53 1 1 6 ·  
" 1 90 Itr 
" 1 50 1 38 
11 1 68 1 6 2  
" 220 1 9 2  
11 225 203 
" 229 205 
" 239 1 9 3  

0 . 1 ml th is  phage mixtur e ,  and o. 2ml 
cul ture ,  mixed Wi th 13 in all 
instances. 
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Comment on Tabl e XXX, Expts 1 - 1 1 

In Expt 1 two , three and four l ay er s  were c ompared. Th e  higher 

counts r ecorded in l ines 7 and 8 , than in lines 5 and 6 ,  may be due 

to a smal l er volum e  of agar in th e bottom l ayer .  Bec ause of this  
it was not  possibl e to  prove conc lusively whether the fourth l ay er 

wa s an advantage , th ough ther e was a sl igh t indication that it  

was so .  Plates coul d mos tly be reaci sat i sfac toril y. 

In Expt 2 the four-layer method was us ed for all tests. High 

counts w er e  obtained and plates were mos tly sat isfac tory in appear­

anc e. Dilution of hard agar in layer 3 wi th water ( 1  m l ) , compar ed 

wi th the use of soft agar , made very l ittle difference. 

In Expt 3 the effec ts  of different volumes of agar in the 
bottom l ayer were investigated, us ing the four-layer techniqu e .  

It app ear ed that  5 m l  agar i n  the bottom 1 ay er was best but ,  as many 

pl ates were poor , co nc lusions wer e  not defi n i t e .  

Expt 4 .  Pri or to th i s  experiment al l agar m ed ium tr ea t ed wi th 

Ca.Cl 2 was c entr i fuged l�h en th e c l ear med ium was requir ed . As i t  was 
proposed to simpl ify the c larificati on by subs t i tut ion of fil tra t ion 
of agar through blo t ting-paper mash in a warm Buchner fm:nel Exp t  4 

was a comparison  of  c entr i fuged medium wi th fil tered m e 1ium , par t 
of wh ich wa s steamed and part auto c l aved after fil trat ion. Cen tr i fuged 

and steamed fil ter ed-medium gave approxim a t el y  the same resul t s ,  but 
autocl aved fi l tered-m edium gave low result s  at 2 9000 ppm cal c ium , 

and at 4 , 000 ppm c al c ium th e pl ates did uot set.  Plate appearanc e 

was mostly good in . the four-layer experiments .  

In Expt 5 comparison was made of  the eff ec t  on the plaque coun t  

o f  various vo lumes of agar m ed ium in th e bottom layer.  In layer 2 

and layer 4 media of 2 ,000 , 4 9000 ( s team ed after fil tration ) an d  
2 , 000 ppm cal cium (autocl aved after fil tration ) were used for each 

of  the various volum es of m edium in th e bo ttom layer . Plates were  
mostly easily read. Plaque counts general ly became l ess  wi th 
increasing volumes of  medium in the bottom layer . Higher plaque 
counts  were obtained wi th 4 ,000 ppm cal c ium than wi th 2 ,000 ppm 

calcium in layer 2 an d layer 4.  

Expt 6.  The r el at ively low plaque counts obtained in  thi s  
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exp erim ent may have b e en du e par t l y  t o  th e ab s enc e o f  a l ay er b el ow 

th e CaC1 2-tr ea t ed l ay er . Incr ea s e  in the volum e o f  th e CaC1 2- tr e a t e d  

l ay er l e d m o s tly t o  a c orr espond i ng d ecrease i n  p l aque c ount.  

Pl a t es showed lack o f  good cul tur e growth • . 

Expt 7 .  In th i s  exper i m en t  the m ixtur e s o f  m ed i a  and CaC1 2 
w er e  tre':l.ted d iffer ently after m ixing, vi z .  t im e s  for s t ea.rn ing were 

nil , 20 m in and 45 rr i n ,  r espec t iv el y , befor e f i l tra t i on . Th ough 

r e sul ts wer e not c l ear-cut , i t  appear ed tha t avoidanc e of s t eaming 

a f t er m ixing wa s pr eferabl e .  Al l pl a t e s  wer e  easily r ea d .  

In Exp t s  8 ,  9 and 10 a t t emp t s  wer e  made to find th e b es t 

comb ina t i on s  of vo lum e s  of agar i n  l ay er s  1 and 2 at cal c ium l evel s 

o f  2 , 000 , 4 , 000 and 6 , 000 pprn .  In Exp t 8 ,  l in e s  1 -4 ,  in wh ich th er e 

w a s  no l ay er bel ow th e l ow er cal c ium l ay er , plaqu e s  w er e  not 

di sc ernabl e a t  al l ,  ru1d i n  Expt 9 , al so wi th out th i s  l ay er ,  th er e 

w er e  v ery l ow r e sul t s .  In th e s er i e s ,  th er e were many poor pla tes , 

a.nd i t  was impo s s ib l e to r ead some plat e s .  Th e  inclu s i on o f  only 

2 , 000 ppm cal c ium d i d  not give as h :igh resul t s  as 4 , 00 0  and 6 , 000 

pprn cal c i um .  It was appar ent tha t  it was nec es sary to hav e  a 

correc t bal an c e  b e tw e en the voJ.um es o f  m edium in l ay er s  1 and 2 

and a su itabl e cal c ium con t en t  in order to s ecur e maximum c oun t s .  

I t  w a s  al s o  n ec essary t o  mak e some a d j u s tment i n  or d er t o  av o i d  

p o o r  p l a t es . 

In Exp t  1 1  ph o s pha te wa s om i t ted from the bo t t om l ay er . Out 

o f  48 pl at e s , 36 w er e  c l a s s e d  a s  good or nearly so , 1 1  a s  fair , and 

only o n e  as impos s ibl e to r ead. Th i s  r epr e s en t ed a ma j or improve­

m ent over th e app earanc e of pl a t e a  in some of th e pr evi ous exper i­

men t s .  In thi s exp er i m en t  th e fourth l &yer was om i t t ed from one of 

each tri pl i ca te s et of pla t e s .  It \>/'as found th at i n  12  out of 1 5  
c as es th e p l aque c ounts o n  the four-l ay er pl a t e s  (av erages of th e 

two ) w er e  h i gher th an on the th r e e-l ayer pl a t 3 s ( s i ngl e c oun t s ) . 

Layer 3 var i e d  2. 5 and 5 ml . Th e  h igh es t  coun t s  w er e  ob taine d wi th 

5 ml ag�r i n  l ay er s 1 and 3 wh il e ch anges in th e volum e of agar in 

l ayer 2 had no obvious effec t .  
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Appearanc e of  Plate s 

Difficul ties  in securing high plaque counts were due to poor 

plates (precipi tate s ,  opaquenes s ,  faint or small plaque s ,  poor growth ) 

and these points were affec ted by the amount o f  cal cium ,  th e quanti­

ti es  of medium in the layer s ,  the presenc e of  cal cium alginate and 

sodium hexametaphosphate or c i  trate ,  and the presence  or absenc e of  

pho sphate .  Tabl e XXXI gives a summary of  the quali ty of  the pla �es  

in many of the experiments r aneing from grades 1 -4 ( good - impo ssibl e 

or almost impo ssibl e to read ) .  

Tabl e XXXI Grading of appearanc e of  pl ates when u sing 
tvro-, thr ee- or fO'lr-J ay er metho d .  Plates 
wer e  graded 1 -4 (plaques  easy to read -
plaques  impo ssibl e  to read ) . The numbers 
of pl ates i n  specific  r.rades ar e given for 
sel ected erperiments . 

Tabl e 

X� I 
1 1  

XXVII 
1 1  

XXVIII 
" 

XXIX 
11 

" 

1 1  

XXX 
" 

" 

" 

1 1  

1 1  

" 

" 
" 

" 

" 

Expt 

1 
2 
1 
2 
1 
2 
1 
2 
3 
4 
1 
2 
:. 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

Grade 1 Good 
" 2 Fair 
11  3 = Poor 

1 

8 

26 
1 8  
24 
33  
19  
1 4  
8 

1 1  
27 

9 
24 

9 
1 3  
23 

Appearanc e ,  Grade :  
1 -2 2 2-3 3 

57* 
48 
1 8  
1 7  

1 0  

1 3  

7 
5 

20 
1 7 

3 
1 
7 
1 
3 
6 

24 
1 8  
1 8  
1 1  

24 
1 9  
1 3  

2 

1 
1 
1 
1 
3 
9 

1 
5 

4 

26 
1 1  

: t  4 Impo s sibl e to read 

4 

4 

1 3  
4 
1 
2 
6 

20 
9 
1 
2 
4 
1 

1 2  
7 
6 
1 

* Number of plates  in thi s grade for thi s  experiment . 
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Photograph s showine th e app earanc e of typical pla t e s  ar e shown 

i n  Fi g 2. In goo d-Qual i ty plat e s  pl aQu es ar e cl ear and can b e  counted 

easily , but counti ng o f  po or-Qual i ty pl a t e s  is di fficul t and inac cura t e .  

Comme�ts o n  appear an c e  o f  pl a t e s  

A smal l i sh pl aQu es 

B = pr ecipi ta t e  

C smal l i sh pl aqu e s ,  few in numb er 

D large , cl ear pl aQu es . 

K ey shmd ng detai l s  of pl ate pr epara t i on 

A i s  a 2-layer pl a t e , 4 , 000 ppm cal cium in 

top layer , no pho sJlhate in 1 1  ( phage a l one ) . 

B i s  a 2-layer pl at e 1  4 , 000 ppm cal c ium i n  

top l ayer , n o  ph o sphate in 1 1  ( phage , cal cium 

al ginate and h ex<:tmetapho sphate ) . 

C i s  a 4-layer pl a t e ,  4 , 000 ppm c al cium i n  12 

and 14 , ph ) sphate in 11 ( phage , cal cium 

al ginat e  and ci trate ) . 

D i s  a 4-l ayer pl at e ,  6 , 000 ppm c a l ci um in 1 2 
and 14 , TSA in L3 .  

Summary and Di s cu s sion for SuJ- sect i0n 

Many difficul t i e s  w·er e encount er ed in using th e soft agar 

m e thod for phage esti mation. It 1-1a s found tha t , wh en estimating 

phage in the pr e s enc e o f  cal cium al ginat e  woo l , th e r e sul t s  coul d 

b e  affe c t e d  by th e hexam etapho sphat e  u sed to di s solve th e cal cium 

al gina t e ,  and al so by h exam etapho sphat e al on e .  Tn e s e  ob s ervations 

l ed to an examinat ion o f  th e rol e  of cal cium i n  phage e stimation s .  

I t  l-:a s sho1m that cal c ium wa s in sh or t supply i n  th e lacto s e  y ea s t  

pho sphate agar , th e m edium in c onstan t  u s e  f o r  phage work . 'Ib e  

plaQue c ount o f  th e m edium c oul d b e  incr eased by supplying calcium , 

and th e Quant i ty r eQuir e d  for optimum count s >va d e s tabl i shed 



A B 

c D 

Fig 2 , Photograph s o f  typical phage pl at e s  sho wi ng the 
r elat ionship between pl a t e  appearance and method 
of plate pr eparation. (Detail s of m e th o d s  for 
preparing pl a t e s  ar e given in key o n  previou s  page . ) 
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experimentally. '\{hen , however , cal cium alginate  and sodium h exa­

metaphosphate solution were then included in th e improved medium 

l ow counts wer e  again encountered , and the ease  of counting was 

markedly impaired.  I t  >vas ther efor e nec essary to find a way to 

supply the calcium needed for optimal counts in the pr esence  o f  

cal cium al�inat e and hexametapho sphat e ,  and yet ::l.voi d  precipi tates 

and oth er poor plates .  

Sodium pho sphate is  a normal consti tuent of  LYPA m edium .  For 

9 1  

phage estimation s ,  extra calcium i s  supplied from CaC1 2• Calcium 

alginate  i s  di ssolved in sodium h exam etaphosphat e or c i trate solution. 

'I'hus >vi th a compl ex mixture of  cal c "Lurn , p:2osphate ,  and h exametaphosp:!late 

or ci  trate i ons present , Ca3 ( PO 
4

) 2 can be  precipi tate d ,  and thP 
h exametapho sphate 1  citrate or pho sphate  ions can sequester ( compl ex ) 

some of the cal cium ions.  Too much pr ecipitate can spoil th e plates 

and make i mpo ssibl e the accurate  counting of plaq ue s .  Th ere mu st 

be suffic i ent available cal cium l eft to secure optimum plaque counts  

wi th the phage.  

De tail s of  individual exp er iments  in the seri es  have been given 

al ong '"'i th the vari ous Tables . Two-l ayer plates  ·r�er e  invest igated 

ini tia11 y ,  then thr ee-layer plat e s ,  and fi nally four-layer plates .  

In  the ti1o-layer work reported i n  'J'a1)l e  Y..XVI I mo st plates gave only 

l ow plaque counts ,  and many plates  '"'ere unsati sfactory ,  but t>·lO plates 

showing fairly go od  counts indicat2n  that conditions migh t  be found 

which give general ly sati sfactory plates .  In the three- and four­

layer metho ds tested,  th e calcium was suppli ed by diffusion from the 

second layer , and the second and fourth layer s ,  respectively . 

The change of method (as menti oned in com�ents  on Table  XY�)  

from inclusi on of added pho sphat e  t o  omi ssion of thi s additi on in the 

bottom lay er cau sed a striking differ enc e in th e qual i ty of  the plates ,  

and marked a turning point in  th e quest  for easily r ead plates rli th 

r elatively high numbers of  plaque s .  However i t  was c l early necessary 

to fur ther investigate the conc en tration of calcium requir ed , the 

quanti ties  of  medium needed in th e ,variou s  layer s ,  and other fac tor s ,  

i n  order t o  attempt to secure optimum counts.  These  investigations 

ar e deal t with in later sections of  the work . 



( i i i ) THE EFFEC T  ON PLAQUE COlJNTS OF VA RIATI ONS IN FAC TORS 

CONNECTED WI'I'H THE LAYERS AND ANALYT I C AL }!A.TERIAL 

Introdu c ti on 
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Foll owing succ ess  in devel oping a m ethod fo� pr eparing sati sfac tory 

pl at e s , as show·n in th e pr eviou s s ec t ion , an inv e s t i ga t ion was made of 

fac tor s connected. with the lay er s  o f  agar m edium , such as quantity per 

l ayer , cal c ium a ddi t i on , and vari ation of phospha t e .  Th e  effe c t  o f  

vari ous amount s of c al c ium al gi nate i n  the phage mixtur e ,  th e effec t 

o f  calc ium chloride on th e k eeping o f  agar medium , and th e addition 

of cal ciUt'Tl and c i  tra t e  to the phage mixtur e wero al so inv e s t i gated. 

Tabl es are pre s ented wi th th e min imum o f  detail . Four-laye� plates 

were used throughout , exc ep t in par t o f  Expt 1 2  ( Tabl e  XXXII ) . 
Unl ess o therwi s e  sta t ed , phage ino culum was pr-epar ed by mak ing 1 ml 

o f < 10-5 phage up to 1 0  ml wi th  p epton e-- sal t sol uti on . If c i  trate 

an d cal c ium al ginat e  wer e u s ed , 1 ml 1 0% c i tra te (or amount a s  

s tated ) was included in th e to tal 1 0  ml , and th e number of calc ium 

alginate pad s wa s specified. Th e  a:-�10un t of cul tur e used wa s o. 2 ml 

unl e �' S  oth erwi s e  stated.  

Varia t i ons in Qua 'ltiti es of A,<:;-ar Media, Cal c ium Chl oride, 

Cal c ium Algina te and Sod ium C i trate 

Expts 1 -5. Variations in quan t i t i e s  of agar m edia , cal c ium 

chloride and cal cium alg inate ( Tabl e YJCXI I ) . 

In Exp t 1 d iffer ent quan t i t i e s  o f  m edium in th e l ayer s w er e  

compared , u si ng 6 , 000 ppm cal c ium l ev el i n  layer s  2 an d 4.  Th e 

plates wer e  n early al l of go o d  qual i ty (out of 59 pl ates , 57 wer e 

grade 1 ,  i . e .  o f  go od appearanc e ,  and two were grade 2 ,  i . e .  o f  

fair appearanc e ) .  A few plat e s  had dark or bl ack ar eas. 

In Exp t  2 c al c ium at 8 , 000 ppm wa s used in layer s 2 an d 4 .  

Many plates w er e  o f  grade 3 or grade 4 qual ity ,  and some wer e 

impo ssibl e to c ount .  O th er resul t s  would be unr el iabl e.  Th e  

general c onclu s i on from th i s  exp er iment was that the l evel o f  

c al cium was to o high . 

In Expt 3 calc ium at 8 , 000 ppm was agai n used in l ay er s  2 and 4. 
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Th i s  time th e pl ates  wer e not a s  poor in �ual i ty a s  in th e pr ev iou s 
exp eriment. Larger vo lum e s  of m edium in layer 1 may have h elped th i s .  

In Exp t  4 compari sons w er e  mad e using 0 ,  1 ,  2 ,  3 and 4 calc ium 
al gina t e  pads ( each 0 . 04 g) in th e phage inoculum m ixtur e .  In each 
c a s e  2 . 5 and 5 ml of agar m edium in l ayer 2 wore compared. Pl ates 
wer e mo s tly go od ,  ei th er grade 1 ,  1-2 or 2.  Count s  wer e  so mewhat 
h igh er w i th cal c ium algina t e  and ci trate than wi thou t .  With mor� 
than two pads pres ent th ere was a sl i gh t  decrea s e  in pla�ue c ount s. 

In Ex:p t 5 three �uan ti t i e s  of m edium { 2. 5, 5 and 7 .  5 rnl ) were 
compar ed in layer 2 using o ,  1 and 3 pads in phage inoculum m ixtur e .  
Pl ates  were grades 1 and 1 - 2 ,  with o n e  plate i n  grad e 2.  One and 3 
pads gave counts s l i ghtly h igh er th an w i thout pa ds . 

Expts 6- 1 0 .  Compar ison of different proporti ons of sodium 
c i tr a t e  for dissolving cal c ium alginate pads ( Tabl e XXXII ) .  

In Exp ts 6 and 7 count s  from 1 ,  2 ,  3 and 4 c al c ium al gina te 
pads dissolved in 1 %  c i tra t e  wer e  c ompare:! wi th c ount s from 1 ,  2 ,  
3 and 4 pads di s solved i n  approxi ma t el y  proport iona t e  amount s  of 
c i trate ,  viz.  0 . 3 ,  0 . 6 ,  0 . 9  and 1 . 2%. Th ere wer e  no marked cons i s t ent 
d i ff er ences in r e su l t s  by the two m e thod s .  All c ounts wer e sl igh tly 
l ower than the control in Exp t 6 ,  and s l i gh tly h i gh er ( exc ep t one ) 
in Exp t  7 ;  0 . 5 ml cul tur e was used throughout the two experiment s .  

In Exp t 8 there was no mark ed di ffer enc e between the two methods . 
W i th 1 %  c i trate th e average c ount s  o f  0 . 2 ml and 0 . 5  ml inocula 
dropped s teadily with from 2 pads to 4 pads presen t .  

I n  Exp t  9 , 4 pads gave l ow c ounts i n  one par t o f  the exper im ent 
onl y . Apar t from an anomaly (No . 7 )  th ere vas no marked di ffer enc e 
between the two methods for di ssolving pads. 

In �pt 10 th e resul t s  were regular where 1 ml c i trat e  was u s e d  
for solu ti on exc ept tha t  4 pa d s  gav e a l ow coun t .  Wh er e proportiona te 
amount s of c i trat e  were u s ed , three out of four c oun t s  were l ow. 

Expt 1 1 .  Effec t of addi ti on o f  CaC1 2 to l ayer 3 ( Tabl e XXXII ) . 

In Erpt 1 1  cal c ium was added to l ayer 3 to fi nd the effec t o f  
r a i s ing th e cal c ium l evel by direc t addi ti on of CaC1 2 and fil trati on .  
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Trial s wer e  made w i th phage an d phage plus two calc ium alginate pads . 
Th e  whol e exp eriment sh owed unusual ly poor pl ates , mos tly grades 

3-4, and resul ts were unrel i abl e .  Neverthel es s ,  th e experiment 
showed tha t  direc t addi tion of CaC1 2 was sl igh tly advan tageous for 
phage c ount al one up to 4 , 000 ppm c al c ium , but wh ere two calcium 
al ginate pad s  w er e  pre n ent c oun t s  wer e mos tl y nil . Addi tions of 
2 , 000 ppm cal c ium and mor e  direc tly to l ayer 3 wer e  th er efore 
to tal ly rul ed out for phage-al ginate e s ti ma t ion s .  A small amount 
of NaCl had no apprec iabl e effec t .  

Expt 1 2._ Compar i son of plaque counts wi th and wi thout layer 4 

( Tabl e XXXII ) . 

In Expt 1 2  ·(u si ng 6 , 000 an d 8 , 000 ppm cal cium ) c ompari sons wer e  
made wi th and wi thou t layer 4 .  Al l the pl ates at 6 , 000 ppm cal c ium 
-.rare grade 1 ( go od ) , bu t a t  8 , 000 ppm cal c ium the four-layer plates 
wer e  no t qui te a s  goocl , and tripl i c a t e  three-l ayer pla tes had th e 
fol l o-..dng appearanc e :  

Pl aqu e c ount 
280 
1 42'  80 

Appearanc e  o f  pl ate 
Good ( gr&de � )  
Poor ( " 3 )  Prec ipi ta te  on half 

W i th the three-layer m ethod and 8 , 000 ppm calc ium , though one plate 
had a h i gh count , the three pl a t e s  var ied widely in c oun t s ,  and on 
two th er e wer e prec ipi tates on hal f of each pl a t e .  Apparently 
8 , 000 ppm cal c ium wa s too h igh for a three-l ay er pl a t e .  It was 

appar ent tha t a four-lay er , 6 , 000 ppm calc ium p1 a t e  was best.  

Con c lusi ons 

1 .  Whil e var ia t ion s in amount s  of agar medium can b e  used 
satisfac torily ( in differ ent lay ers ) i t  seems tha t  sui tabl e 
amounts are 5 ml in each o f  l ay ers 1 ,  2 and 3 ,  and 2. 5 ml 
in l ayer 4. 

2. Four layer s  of medium are b e t ter than thr e e  l ayer s .  

3 . For add i ti o n  to l ay ers 2 and 4, 6 , 000 ppm cal c ium is a 
sati sfac tory quanti ty ,  but 8 , 000 ppm calc ium i s  too 
h i gh an amoun t. 

4.  High a�ounts of cal c ium c anno t be added satisfac tor ily to 
l ay er 3 for phage-al ginat e determ ination s .  



5 .  One ,  2 and 3 calcium a1 gi na t e  pads (0 . 04 g each ) give 

reasonably sa t i sfac tory resul ts in th e method in u s e ,  

but 4 pad s tend t o  give l ow r e sul ts .  

6 .  One per c ent sod ium c i trate i n  p epton e- sal t sol u ti on i s  

sati sfactory for d i s zo l v ing 1 ,  2 and 3 ca1 G ium alginate 

0 . 04 g pad s ,  and it  i s  unnec e ssary to us e proportionate 

amounts of c i trate according to the n��ber o f  cal c ium 

algina te pads present .  

Compar i o on of D i f ferer. t F.rands of Inr:r ed i en t s  

Used in  Vedia for Pl aqu e Count s 
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As two brand s  of ingredients (Oxoi d  and Bal timore Bacteriological 

Laboratory (BBL ) ) were  availabl e for preparing l ac tose yeast pho sphate 

agar in th i s  l abora tory , compari sons were ma d e o f  plaque counts 

carried o u t  u s i ng media prepar ed w i th the different brand s . In Tabl e 

XXXI I I  are shmm the r esul ts of three exp erimen t s  in wh ich compari sons 

wer e made. In Exp t 1 media m?.de from th e two bran ds of beef extr·ac t 

were compared using a phage mixtur e .  containing 2 x 0 . 04 g al gina t e  

p er 1 0  ml . In th i s  exper iment th e appearanc e  o f  th e plate s were : 

cigh t grad e 1 , five grade 2 1  .. .md four grad e 2-3 .  Th e  resul ts showed 

no cons i s t ent differenc e between the two brands of beef extrac t .  

In Expt 2 the compari son between the two brands o f  beef extrac t wa s 

made in the soft agar layer only.  Two amounts of  cul ture (0. 2 and 

0 . 5 ml ) and al so phage and phage plus al ginate d i s solved i n  c i trate ,  

wer e  compared . Th e  Oxoid possibly gave sl i ghtly better resul t s .  

( Th e  plates i n  No • .  3 were a l l  bel ow standard qual i ty ,  an.d the count . 

of 1 20 may have been l ow. ) In Expt 3 Oxoid beef extract  and Oxo id 

yeast extract were compared with the correspor.d ing BBL ingred ien ts 

in all the media. All were inoculated wi th phage wi thout al ginat e .  

Al l plates  exc ept two were grade 1 . Results showed tha t on two 

occasions the counts agreed, and on two occasions BBL gave better 

resul t s .  

Overall the results  show tha t  there i s  l it tl e  to choose b etween 

the two brand s of ingredients .  
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Tabl e XXXIII  

EXPT 1 

Compari son of differ ent brand s o f  i·1gr edi en t s  us ed in m edia for pl aqu e c oun t s .  

L 1 L2 

In HA HA Plaque 
each -P +P count 

m ed.iu� ml ml AY . of3 
Oxo id 
BE 5 5 2 1 5  
" " 7 . 5  1 6 2  
" " 1 0  1 7 1  
BB1 
BE " 5 204 

" " 7 . 5 1 9 1  
" " 1 0  1 7 2 ( 2 )  

12 Ca 6000 ppm 
13 SA +P 5 ml 

L4 (HA +P 2. 5ml 
( ea 6000 ppm 

Al l inoc . wi th phage 
mixtur e c ontaining 
2 X o . 04g Ca alg. 
pads in 10 ml . 

HA+P und er BB1 

In soft 
agar +P 

layer 
only 
BB1 --

1 BE 

2 " 

3 " 

4 " -
Oxo i d  

5 BE 
6 " 

7 " 

8 " 

L1 

12 

13 

14 

EXPT 2 
t 13 
Ca 

alg. Cul t .  
. 04g ml 

0 

0 

2 

2 

0 
0 

2 

2 

0 . 2 

0 . 5 

0 . 2 

0 . 5 

0 . 2 
0 . 5 

0. 2 
0 . 5 

HA-P 5 ml 
(HA+P 5 rnl 
( Ca 6000 ppm 

SA +P 5 ml 
( HA +P 2. 5ml 
( Ca 6000 ppr. 

Plaqu e 
count 
.tJ..-.r. of3 
1 47 ( 1 )  

1 54 

1 20 ( 1 )  

1 7 2  

1 3 5 
1 56 

1 8 5  

224 

BEL b e e f  extrac t + 
smal l amoun t oxoid. t in phage m ixtur e 

Oxo i d  
BB1 
BE 
YE 

Oxoid 1td, London 
Bal t imore Biological Laboratory 
be ef extract 
yeast extrac t 

In each* 
m edium 

( Defin i ti on 
t erm s in 
l a s t  c ol . ) 

Oxo i d  

EXPT 3 

Time 
anal y s e s  

Wed. 
1 1 . 45 am 

Plaque 
c ount 
Av. o f 3  

225 
BB� 

_ _ _ _ _  _: _ _ _ _  
2�3 _ _  

Oxo i d  2 . 00 pm 248 

BBL " 242 - - - - - - - - - - - - - - -
Ox.:> i d  4 . 30 pm 259 ( 1 )  
BBL " 290 - - - - - - - - - - - - - - -
Oxo id 

BBL 

Tnur s .  
1 0 . 00 am 

1 1  

11 RA-P 5 ml 
L2 (�A+P 5 ml 

( ea 6000 ppm 
L3  SA+P 5 ml 

L4 (HA +P 2. 5ml 

256 

30 4 

( Ca 6000 ppm 
All inoc . w ith phage < 1 0-6 

Defini tion 
of Oxo id 

& BBL 
as u s e ::l  in 

1 ·lE­c o _umn 

Oxo i d  

Peptone BBL 
BE Oxo i d  

YE Oxo i d  

BBL 

Pep tone BB1 

BE BB1 
YE BBL 

Bro th s  for inocul ation contained Oxoid and 
BBL , respec tively , as * . 

\0 m 
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F\1rther Experimen ts wi t.h Phosphate in Layer s of Agar Jledium 

In Table XXXIV are shown the resul ts of further experiments 
carried out in c onnec tion with phosphate in the agar medium . 

Expt 1 was carried out to find whether the usual phosphate 
addition could be withhel d  from the agar m e d ium used in layers 2 
and 4. Such a non-addition of phosphate shoul d lessen the CaC1 2 
addition by th e amount required to precipi tate the phosphate. 
Resul ts  showed that counts increased. l>Ti th calcium additi on up to 
4, 000 ppm , but that at 6 , 000 ppm four poor-qual ity plates (grade  4) 

out of six were  ob tained . Normal ly 6 , 000 ppm of cal c ium shoul d 
give good-quali ty pl ates , but th e 6 , 000 ppm added here would resul t 
in a higher than usual amount of availabl e calcium due to non­
addi tion of phosphate. The experiment gave reasonably good resul ts ,  
viz .  eight  grade 1 plates ,  2 grade 1 -2 ,  ten grade 2 (on si ze  of  
plaques ) and four grade 4 .  As co ntrol experi�ents us i ng phosphate 
were  not included , a stric t compari son b et,� e en the h1o methods w a s  
impo ssibl e ,  but th e resul ts  were  enc ouraging. Al l plates were not  
grad e 1 and there was no special r e3.son to  change th e metho d. 'l'he  
cause of  the smal l plaques was unknown. 

In Expt 2 the obj ective was to investigate the effect of th e 
<l.ddition or wi thholding of phosphate in la.yer 3 .  Counts w ere  l ower 
in Nos .  5-8 (no phosphate ) than in  Nos .  1-4 (plus pho sphate ) . GroHth 
on the plates was mo stly  poor (one fair , one fairly good ) for 0 . 2 ml 
inoculations and good for 0. 5 ml inoculations , and of the 0 . 5 ml 
inoculations plates 2 and 4 (plus phosphate ) showed better growth 
than plates 6 and 8 (no phosphate ) . Plaques or plates showing 
varying degrees of faintness occurred on thr ee plates wi th phosphate 
and on eight  plates without phosphate. The overall resul t was that 
phosphate should be included in layer 3 .  

In Expt 3 comparison was made between the usual amount and 
approximately half that amount of phosphate in layer 3 .  Resul ts  
showed that at 6 , 000 ppm calc ium the  normal amount of pho sphate  
gave higher counts  than the Sl'l"all er amount in  three out of  four 
cases .  Wi th 7 , 000 and 8 , 000 ppm calcium the normal amount of 
phosphate gave a higher count onc e out of four times .  It was 
decided to retain the usual amount of  phosphate in l ayer 3 .  In 
thi s  experiment al l plates were grade 1 ,  but plaques were small ish ,  
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as could be expected wi th 0 . 4  and 0 . 5 ml inocula.  

Effec t on Pl aque Counts  of  Different Temperature Treatm en ts 
of Plates after Pouring each Agar Layer 

An �xp eriment was carri ed out to find whether any particular 
trea tment  of the pla tes after pour ing each layer was important . 
To th is end two extremes of trea tm ent were tried , viz .  keeping 
three plates at 4°C and three plates at 30°C for �-h periods after 
pouring each layer . A s imilar experiment was al so carri ed out in 
which the tirre for keeping the platP.s after pouri ng was 5 min or 
less .  A control analysis  in which plates were treated in the usual 
manner was al so carried out .  All plates were inoculated with 

-6 0. 2 ml of < 10 phage .  Resul ts are shown in Tabl e XXXV . 

Tabl e XXXV The effec t on plaoue coun ts of  different temperatur e 
treatmen t s  of plates after pouri ng each agar l ayer . 

Time and t emp . at which Plaque Deta i l s  of layer 
No. kept after pouring counts composi tion 

each layer Av. of3 (all plates ) 
L1  RA-P 5ml 

1 4 layers  Control (roorn temp . 188 ( 2 � 12 (HA+P 5ml 
as usual ) 1 6 2 ( 3  ( 6000ppm Ca 

2 lt i h  at  4o C 1 77  
3 1 1  i h at 30°C  1 35 13 SA+P 5ml 
4 lt Jlax. 5 m in a t  4°C 1 67 (HA+P 2. 5ml 

30°C 
14 (6000ppm Ca 5 1 1  llax., 5 m in at 1 38 (2 )  

All control plates,  and al l plates in the 4°C exp eriments , were  
graded 1 except for one control plate which was poor . Records were  
not kept of  pl ate gradings for 30°C experiments .  Average count of  
control plates was 162  (one poor , two good plates ) or 1 88 ( two good  
plates only ) .  Plates from the 4°C  exp eriments �ave counts approxi­
mately the same as the control . Plates for the 30°C experiment s 
gave l ower counts  than control . The layers for the 30°C experiments 
t ended to sl ip during handling which may have adversely affec ted 
eounts.  



From the above resul ts  it  woul d appear that th e method as 
normally carried out ,  i . e. standing plates at room temperature 
between pouring the layers , was satisfac tory. 

1 02 

Effec t of Storage on Agar Medium Containing Cal cium Chl orid e  

Two experiments were carried o�t to 
CaC1 2 would adversely affect th e keeping 

find whether the presence of 
qual ities of agar medium 

0 0 stored at  45 C and 4 c, and at room temperature , respectively. The 
medium containing CaC1 2 was used in  layers 2 and 4.  
experiments are shown in Tabl e XXXVI. 

Table XXXVI Effec t of storare on agar medium 
calcium chl oride. 

Results  of 

contai ning 

EXPT 1 EXPT 2 
Medium 0 0 kep t  45 C and 4 C 

compared wi th fresh medium 

1 

2 
3 
4 

5 
6 
7 

1 st da;y 

2nd da;y 
Cold 
45oC 
Fresh 
�rd da;y 
Col d  
45oC 
Fresh 

Both 
expts  

Plag,ue counts 
Av. of 3 

for for 
o. 2ml 0 . 5ml 
inoc . inoc . 

*88 257 

240 223 
225 232 
1 97 1 94 

231  240 
2 1 8  243 
227 21 4 

* Poor plates -
11 HA-P 5ml 
12 HA+P 5ml 

6000ppm Ca 

Analyses throughout day using 
old and fresh medium 

Time 
analyses Medium 

1 o .  OOam Old 

11 Fresh 
2 . 00pm Old  

" Fresh 

4. 30pm Old 
11 Fresh 

disregard figure 
L3 SA+P 5ml 
L4 HA+P 2. 5ml 

6000ppm Ca 

Plaque counts 
Av. of 3 

Phage dilution 
a b c 

1 94 176  1 60 

1 84 1 80 1 6 1  
1 9 1  1 66 1 60 
1 8 1  1 7 5  1 50 

1 7 2  1 8 1  1 67 
1 9 1  1 86 1 76  

Inocs .  _6 
phage < 10  
fresh each day 

In Ex:p t  1 media of the same  composition and including CaC12 
were used on three consecutive days ,  analyses b eing done on the 
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fresh medium on the first day , and on portions kept at 45°C and 4°C 
on the second and third days. Fresh medilm ( +CaC1 2 ) was al so made 
and used on each of the second and third days. No appreciabl e 
effect was detec t ed as a resul t of k eeping medium wi th CaC1 2 at 
45°C or in the cold ro om (4°C ) .  All plates were grad e  1 except 
those inoculated with 0 . 2 ml on the first  day. 

In Expt 2 analyses were done at 1 0 . 00 a.m . , 2 .00 p. m. and 
4. 30 p . m. using medium (+CaC1 2) one-day-old and comparing i t  wi th 
fresh medium (+CaC1 2 ) prepared befor e each lot  of analyses.  Plates 
were  all of grade 1 qual i ty. Resul ts  showed that  there was no 
appreci�bl e difference  between th e di fferent lots  of medium .  
Triplicate phage dilutions were comrared in the same experiment. 

Summary of resul ts  showed that CaC1 2 (at 6 , 000 ppm cal cium )  
did not noticeably affect th e medium when stored warm or cold for 
periods of up to two days or when stored at room temperature for 
one day. 

Effec t on Plaque Count of Inclu�1on of Calcium and/or 
Citrate in the Phage-cul t.ure Lay�r. 

Exp eriments were carri ed out to find whether the addit ion of 
calcium or citrate  to layer 3 at about th e time of pouring had any 
effect on the plaque count. Results  are shown in Tabl e XXXVII. 

In Expt 1 quan tities of 2M CaC1 2 were added to the tubes wh ich 
were used for pouring layer 3. If controls  from another experiment 
done the same day are used, viz .  1 23 (phage) , 1 5 1 (+0 .08 g algina t e  
per 1 0  ml ) resul ts  show a sl igh t  increase (phage ) ,  and about th e 
same l evel of counts  (phage plus alginate (2 x 0 . 04 g alginate per 
1 0  ml ) ) . Some of  the plates were  poor (No . 3 ,  two plates each part 
precipi tate ; No.  5 t sligh t  precipitate one plate ; No . 6 , precipitate 
all over two plates ) .  The experiment  therefore does no more than 
indicate a possible sl ight  improvement due to the presence of calcium 
with phage alone . 

In Exp c  2 mixtures were prepared in McCartney bottles with 
phage,  using 1 ,  2 and 3 ml of 1 0% citrate  and varied amounts of 
CaC1 2• The control count was slightly above 1 38 . The resul ts 



No. 
1 
2 
3 
4 

5 
6 
7 
8 

9 
10  

1 1  
1 2  
1 3  

Tabl e XXXVII 

EXPT 1 

Effect on plague count of in�lusion �f calc ium and/or citrate in layer 3 .  

EXPT 2 
Addition of c itrate and 

Add it ion of CaCl 2 to tubes 
for pouring layer 3 

cal cium to Mc Cartney 
bo ttl es (no alg. ) 

Ca 2M Plaque % 2M Plaque 
alg. CaCl 2 c ounts 
. 04g ml Av. of2 

Sod . CaCl 2 counts 
Cit .  ml  Av. of3  

0 0 . 0 1  1 57 0 0 ) 1 38 
0 0 .05  1 35 1 0 1 75  
0 0 . 1 1 38* 2 0 1 42 
2 0 . 0 1  1 26 3 0 1 5 3 

2 0. 05 1 60* 1 1 1 7 5  
2 0 . 1 9 5* 2 1 223 

0 0 1 23 3 1 1 9 5  
2 0 1 51 1 5 205 

2 5 1 87 
3 5 1 92 

1 6 207 
2 6 1 9 3  
3 6 207 

* Precipitate on som e  
o f  the se plates 

EXPT 3 
Additi on of cal ciurr/citrate to 

layer-3 tubes before pouring 
Ca 

alg. 
.04g Ca ppm 
0 0 
0 1 40 
0 0 
0 1 40 
0 0 
0 1 48 
0 0 
0 1 48 

2 0 
2 1 48 

Composition of 
each layer in 
Tabl e ,  unless  
stated otherwi se 

% Plaque 
Sod. Cul t. counts 
Cit. ml Av. of2 
0 0 . 5  
0 11 

0. 034 1 1  

" If 

0 0 . 2 
0 " 

0 . 0 36 " 

" " 

0 " 

0 . 036 11 

1 1  HA-P 5ml 
12 (RA+P 5rnl 

( ea 6000ppm 

13 ( SA+P 5ml 
(Cul t. o. 5ml 

14 (HA+P 2. 5ml 
(ea 6000ppm 

1 25 
1 6 8  
9 6  

1 96 

107 
1 1 2  
1 1 6 
9 8 

206 
1 9 1 

" 

...... 
0 -+::>-
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indicated that c i trate up to 3 ml 1 0% per 10  rnl o f  phage mix ture 
coul d b e  used,  showing that wi th th e four-layer method th is amount 
of c i trate  did  not cause probl ems due to compl exing of th e cal c ium . 
Addi tion o f  calc ium (as CaC1 2 ) rai s ed counts som ewhat , whe th er 
compared wi th No . 1 control or No s .  2-4 (citrate  addi ti ons wi thou t 
cal cium ) .  

In Expt 3 cal c ium and c itra te  were added to th e mixture b efore 
pouring layer 3. Plate appearanc e \vas  as fo l l ows : Nos .  1 - 4 ,  mos tly 
grade 1 ;  Nos .  5-8 , mostly about grade 2; and No s. 9- 1 0 ,  grade 1-2.  
For phage alone resul t s  were inconclusive. Wh ere al ginate  was 
present the counts were d efini tely higher than the control s ;  added 
cal c iu� and c i trat e  di d not show any marked effec t .  

Small amount s  o f  cal cium (75 and 220 ppm ) wer e  added to Nos .  

9- 1 0  in an experiment  shown i n  Tabl e XXXIV. Count s  of  1 2 1 and 1 47 ,  
respec tively , wer e  c ompar ed with c on trol of 1 23 ( 1 48 on a fairly 
good plat e ) .  Therefore no conclusiv e effec t was d emons trated .  
(Cul ture 0 . 2 ml . )  

· The overal l pie ture was that c ::.  tra t e  added to layer 3 had no 
demonstrabl e effec t ,  and that cal c ium add ed to th i s  layer appeared 
to sometimes moderately increase  the counts.  

( iv)  CULTURES 

Th e  Effec t on Plaque  Counts of tb. e Metho d  of Preparat ion 
of th e Cul tures used for Inoculating Pla te s  

During th e course  o f  thi s  investigation it  was no ted tb.a t one 

day , and again two days  later ,  abnormally low plaque count s  were 
obtained , al though on the day between typical coun ts  wer e  obtain ed . 
Th e  variabl e counts observed rai s ed a question as  to wh eth er the 
broth cul tur e  in use  ( smal l  laboratory ) for thi s  s tud� was satisfac tory. 

It was compared wi th the bro th cul ture used in th e main 
bac teriological laboratory of the Institute. A strikir�g differenc e 
in resul t s  was obtaineci. As i s  shown in Tabl e XXXV III ,  Expt 1 ,  

· the count given by the main l aborato ry cul ture was two to four times 
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1 4  
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.Tabl e XXXVIII 
EXPT 1 

The effec t 

Compari son of small lab . 
and main lab .  cul tures 

13 Plaque count 
SA Av. of 2 

C:ul t .  +P Smal l Pl.a.in  
ml ml lab .  lab .  

0 . 2  5 1 1 1  209 
11 " 1 27 200 
" 2. 5 68  1 57 
" " 88 1 53 

0 . 5 5 67  242 
" " 76  228 
" 2. 5 40 1 77 " " 38 1 51 

0 . 2 5 57 1 27 ( 1 )  
" " 42 1 36 " 2. 5 25 1 33 

· If " 26 9 1  
0 . 5 5 23 1 46 " " 29 1 6 1  " 2. 5 29 1 1 1  " " 45 94 

Ca EEm 12 60CO 1-8 1 7-24 & 14 2000 9- 16  25-32 
Additions to 13 ( even Nos. ) 
were made to give approx. 1 40-
280ppm Ca & 0 . 0 3�0. 01% sod .  
c i  t .  These did not make much 
d ifferenc e.  
�os . 1- 16  correspond �No�.  1 7-32  

small lab .  ma� n lab.  
To 1 tube lab . cul t .  added 2. 5ml 
Plates were grades 1 ,  1 - 3 ,  3 .  

on �lague c ounts of t�e method of 
EXPT 2 

Comparison of smal l l ab .  
and main lab. cul tures 

13 
Plaque 

Source of  Inoc . count 
cul ture ml Av. of4 

Small lab. 0 . 2 1 1 2  . " 0 . 5  96 
Main lab .  0 . 2 201  " 0. 5  257 

ExEt 2 plates grades 1 
and 1 -2 

broth . 

,; 

m-el'_a.r�t_:i._op_ o_f __ the broth__used for inoculating "Plates. 
EXPT 3 

Compar ison bro ths and milks for 
inoculating exp erimental bro ths 

Bro ths for e.xpt 
Inoculation 1 day before expt wi th :  
Small l ab .  cul ture Th en incub. 
1 drop of bro th 22oc (-3 h 4oc) 
5 " " " 
1 " milk " " 
5 " " " 
1 " bro th 22oc 
5 " " 
1 " milk " 
5 " 1 1  

cul ture 'Main lab .  
1 drop o f  bro th 22°C (-3 h 4°C )  
5 " " " 
1 " milk " " 
5 " " 11 

1 " broth 22oc 
5 1 1  1 1  

1 11 m ilk " 
5 " " 

0. 5 ml cul ture in 13 

Plaque 
c ount 
Av. of2 

1 48 
1 40 
41 
47 

200 
1 9 1  
62 
38 

105  
1 53 

46 
35  

1 46 
238 
63  
59 

(cont ' d)  _.. 
0 0\ 



Tabl e XXXVIII ( cont ' d ) 
EXPT 4 EXPT 5 

Compari son of small 1.a.b, and Compari son bro ths and milks 
main le.b, cul tures :f�r inoculating 

( Small lab,  experimental broths 
broth inoc , 0 , 04 Plaque From L3 Plaque 
from milk ) g Inoc ,  count small Am t .  cul t ,  c ount 

No, Bro th alg, ml Av. of3 Inoc . lab .  ml ml Av. of3 

1 Small lab,  0 0 ,  2 1 36. 1 0 , 1 5am Broth 0 . 05 0 .  2 1 89 
2 11 0 0 . 5 1 21 11 11 " 0 , 5 1 96 
3 11  x2 0 . 2 1 60 1 1  1 1  0. 3 0 . 2 220 4 

11 x2 0.5 1 56 11 " " 0, 5 253  
5 Main lab.  0 0 , 2  244 11 Milk 0 . 05 0, 2 82 
6 " 0 o. 5 26 5 " " " o .  5 6 2 
7 11 x2 0 . 2 254 11 11 0 . 3 0 . 2 97 
8 1 1 x2 0 . 5 26 3 11 " " 0 . 5 1 07 

Method ( 1 ) for Expts 2-5 
detail ed on p .  in t ext ,  
but amount o f  cul ture varied 
in expts, 

9 5 . 1 5pm Broth 0. 05 0. 2 1 9 4 
1 0  11 11 11 0 . 5 1 97 
1 1  " 11 0, 3 0 . 2 1 98 
1 2 11 1 1 . 11 0.  5 1 90 
1 3  " Milk 0 , 0 5  0 , 2 1 1 7 
1 4 " 1 1 " 0 . 5  8 1  
1 5  1 1 1 1 0. 3 0 . 2 1 22 
1 6 11 11 " 0 . 5 94 
1 7  1�in lab .  bro th 0 , 2 1 44 
1 8  (from milk ) 0 . 5 1 37 

,: 

EXPT 6 

Compar i son o f  bro th cul tures ­
few and many transfer s in broth 

Plaque 
Cul t.  count 

Transfers  Method ml* Av, of3 
Y:any ( 1 ) 0 .  3 1 28 
Fe'iT ( 1 ) 11 1 Z7 
11faltY ( 2 )  " 1 70 
l,ew ( 2 )  " 17  4 

(Methods 1 & 2 detail ed on p. 1 47-y 
* Th e  amount of cul ture in L3  is 0, 1ml 

mor e  than prescribed in m e thods 
( 1 ) a:1d ( 2 ) . 

...... 

s 
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high er than that given by the small laborato�J cul ��re.  These  resul ts  
led  to further investigation of the matt er. 

The method of investigation was as follows : a standard phage 
dilution was prepared , and counts �rer e  determined (generally by the 
four-layer method )  using the experimental broth cul tures for 
inoculat ing the so ft agar layer. Var ious points ,  such as sourc e of 
inoculum for cul tures , si z e  of inoculum , time of incubation , etc v 
were studied. The layers were as follows : 

11 RA-P 5ml 
12 HA+P 5ml calc ium 6 , ooo ppm 
13 SA+P 5ml cul ture o.  2ml , phage susp ension 0 . 1 ml 
14 HA+P 2. 5ml cal cium 6 , 000 ppm 

Any deviati ons  from these  quanti ties are noted under individual 
experiments. 

The resul t s  (Table XXXVI I I ) of this comparative study are 
commented upon , in chronologi cal order ,  as  fol lows : 

Referenc e has already been made to Expt 1 where the outstanding 
fac t  noted was that the main laboratory broth cul ture gave much 
higher plaque count s for a given phage dilution than the small 
laboratory broth cul ture. ( In thi s  experiment other fac tors were  
al so tested , vi�: 6 , 000 ppm cal c ium charac teristical ly gave 
high er counts than 2 , 000 ppm calcium ; 5 ml agar m edium in layer 3 
generally gave high er counts than 2. 5 ml ; for inocul ati on some t imes 
0 . 5 ml gave high er counts than 0 . 2 ml and sometimes the reverse 
occurred. ) 

In &pt 2 the small laboratory cul ture was prepared 'by 
inoculating broth wi th milk cul ture : the main laboratory cul ture 
was as usual prep�red by inoculating broth with a broth cul ture .  
The experiment showed that eith er there was an inh erent differenc e 
between the cul tures or that a difference in propagation was 
responsibl e for the effect on plaque counts. 

About thi s  time i t  was r eal i z ed that the main laborato�J broth 
cul tures were  regularly prepared by inoculati on from broth cul tures , 
whereas the small laboratory cul tures were often (or charact eristically )  
inoculated from mil� cultures. It appeared that the latter m ethod 



coul d be th e cau s e  of the l ow plaqu e counts but th i s ,  o f  cour s e ,  

r equired confirmati on. 

An exp eriment was set up to compar e bro th s inocul ated from 
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milk cul tures and bro th cul tur e s ,  r e spec t ively (Expt 3 ) .  Th e  resul t s  

o f  thi s  experimen t  showed a striking di fferenc e between the bro ths 

inocul ated from bro th , whi ch gave h i gh plaque coun t s ,  and th e bro th s  

inocul ated from milk , which gave l ow co�� t s .  Th e  resul t s  were not 

affec t ed by wh eth er th e cul ture fo r inocul ating bro th s  was from th e 

smal l l aborato ry or mai n l aboratory. Th er e  was no consi s t ent 

difference b etween r esul t s  for bro th s inocul ated wi th one drop or 

five drops of cul tur e. 

Th e  for egoing r esul t s  were confirmed in Exp t 4 wh ere the ma in 

laboratory broth ( inocula ted bro th- to-broth ) agai n gave count s much 

greater than the small laborato ry broth ( inoculated milk- to-bro th ) . 

Fur ther confirmation was obtained from Exp t 5 wh er e bro th- to­

broth inoculation of experim ental tubes gave h i gher count s  than 

milk-to-broth inoculations. In th i s  exp erim ent inoculati vn s  i�to 

the �xperimental bro th s were made u �i ng 0 . 05 ml and 0 . 3 ml from 

bro th and from milk bo th in th e morning and aga in late in the 

afternoon. The pl ates for counti ng wer e  prepar ed u sing 0 . 2 ml 

and 0 . 5 ml inoculum in layor 3 .  High er counts were obtained wi th 

0 . 3 ml than wi th 0 . 0 5  ml for ino culation of exp erim ental broth s in 

th e morning , bu t di fferent volumes used fo r inocul ation in the l at e  

afternoon did not s e em to make much differenc e. Th ere was no 

cons i s tent differ enc e in the coun t s  b etween 0 . 2 ml an d 0 . 5 ml u s ed 

in lay er 3 ,  but 0 . 5 ml gave small er plaques than did 0 . 2 ml . 

In Exp t 6 compari sons were made between cul tures wh ich had 

b e en cul tur ed many t ime s ,  and few t ime s ,  respec tively , in broth 

after inocul at ion from m ilk. Both cul tures gave th e sam e resul t s  

but method two gave h i gher count s than method one. 

Summary 

As some l ow pl aque c ounts were obtained in c er tai n exp erim ent s ,  

compari sons wer e  made between the smal l l aboratory cul ture and th e 

main l aborato ry cul tur e .  A wide discrepancy was found betw een th e 

. resul tant counts . Th e  explanation was though t  to resi de in the 

fac t  tha t  th e smal l laboratory cul ture was inoculated from a m il k  
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cul ture on many occa sion s ,  whereas the main laboratory cul ture was 

regularly inoculated from a bro th cul ture,  exc ep t on t.hose occasJ.ons 

when a freshly picked-off cul tur e was put into c ircul at ion. 
Experiments proved that inoculati on of exp erimental broth cul tures 
with m ilk resul ted in lower plaque counts  than when broths were  
inoculated from bro th cul tures.  Thus :  

Cul tur e used 
for ino cu l a t ion 

Broth 
Milk 

) 
) 

Cul ture for experimen t  
(for inocu l a t i ng pl ates ) 

Broth 
Bro th 

Resul t 
High count s 
Low c ounts  

Heat Treatm ent During Preparation of Broth Medium used 
for Cul tur es for Pl aa u e  Counts 

In the thr ee experiments r eported in rr'abl e XXXIX bro ths for 

the cul tur e propagation were sub j ec t ed to different heat treatments 

in their preparati on in order to find wh ether ther e was any 

subsequent effec t on the plaque counts .  

A four-layer method was used  (method ( 1 ) ,  p . 1 47 .  In  Expts 1 

and 2 a cul ture rec ently revived from freeze-dried sto rage was 
compared with a stock smal l-laboratory cul ture (HP ) . Plaque count 

plates were prepared in th e morning and in the afternoon. 

Expt 1 .  Some of the autoclaved media liere dark in colour . 
The resul ts  in l ines 2-7 (a .m.  and p . m . ) were approximately the 

same,  and plates were grade 1 .  Results  showed no consis tent spec ific 
effec t due to h eating. ¥� il e plates corresponding to l ines 9- 1 4  
were mostly bel ow grade 1 in appearance ,  the resul ts showed no 
consi stent trend. 

Expt 2.  All a.m.  plates wer e  grade 1 and showed no consi stent 
effec t due to d ifferenc es in heat treatm ent. Th e  p . m .  plates were  
mos tly below grade 1 .  

Expt 3. Again, no specific d ifferences were noted. All plates 
exc ept one were grade 1 (poor plate count omi tted from average ) • 

. Conclusion : 

The resul t s  showed that maj or differenc es in h eat treatment 



1 1 1  
'\ 

Table XXXIX Ef fec t of ty�e and ex t en t of h ea t  tr ea tm ent 
dur ing Er epara t i on of  bro th m ed ium u s ed for 
cul tur e s  fo r r:l agu e  c oun t s .  

EXPT 1 EXPT 2 
Plag,ue counts Pl agu e c oun t s  

Rea t tr ea t:n en t Av. of  2 Av. of  2 
No. of m edia HP a . m .  p. m . a . m .  p . rn .  

1 S t. i h Small lab.  21 5 2 1 8 
2 11 i h " 207 222 21 5 1 6 8  
3 11 1 h * 1 1  223 237 21 3 1 69 
4 Au . 1 0  m in 11 25 1 255 
5 1 1  20 m in 11 221 229 27 1 204 
6 11 40 m in 11 254 1 9 5  254 241 
7 ** 259 222 
8 S t . t h FD 234 1 39 
9 11 ! h 1 1  1 99 1 12  245 1 42 

10  " 1 h * 11 1 78 1 77 230 25 1 
1 1  Au. 1 0  m in 11 251  1 9 1  
1 2  11 20 m i n  11  232 1 95 227 235  
1 3  11 40 m in 1 1  21 1 203 208 205 
1 4  ** 228 1 92  

EXPT 3 Av. of 3 
1 5  ** 255 28 1 
16  Au. 20 m in 250 236 ( 2 ) 
1 7  11  40 m in 238 247 

* St eam e d  ! h one day , ! h aft er weekend ( Exp t  1 ) 
** Media as  normally prepar ed for laboratory purposes 

N . B .  Au toclave  pressures not recorded - probably 1 5  lb/sq in. 
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during the preparation of broths for growth of cul tur es did not 
affect  the subsequent  plaque counts.  

Effec t on Pl aou e  Count of Age, Te�perature and Quantity 
of Inoculum in Cul ture Pr epara t i on or Use 

Experiments wer e  carried out to find to what extent the h is tory 
or treatment of the cul ture used for phage replication affec ted the 
plaque counts (Tabl e XL ) .  

In Expt 1 analyses were carried out using cul tures o f  varying 
ages inoculated from cul tures of varying ages . Analyses were done 
at 9 . 00 a .m.  and noon,  in tripl icate. The resul ts  showed that where 
the cul tures used in plates were 40-5 1 h old the plaque counts were 
higher than where 1 6-27-h cul tures were used.  For 27-h cul tures 
the his�ory of inoculat ion did not make much d ifferenc e .  

Expt 2 was carried out to find whether experimental broths are 
affected by the age and amoun t of  inoculum used in their preparatione 
These e��erimental broth s  were used at d ifferent times throughout 
a day . Resul ts showed that high er plaque counts were often obtained 
with higher quantiti es of inoculum • . The differences  due to th e 
quantities of inoculum were more marked when using the 48-h cul tur e 
for preparing experi mental tubes tha.n when using the 24-h cul ture .  
The latter did not consistently sh ow th is effect .  

0 In Expt 3 th e experimental cul tures were grown at 30 c ,  aft er 
inoculation with 0. 1 ml , 0 . 3 ml and 1 . 0 ml quantities from 22°C 
cul tures of various ages ( see Tabl e XL ) .  An experimental cul ture 
at 22°C was also used.  The  resul ts  showed that the counts  from 
exper imental cul tures grown at 22°C w ere higher than mos t of the 

0 other counts.  Highest  consistent counts were from 30 C cul ture 
inoculated wi th 1 . 0 ml of 3oi-h , 22°C cul ture. Th ere  was there­
fore no advantage in growing the latter cul tur es at 30°C. 

In Expt 4 investigati on was mad e of the effec t of temperature ,  
age , and aiz� of inoculum on plaque produc tion. Experimental 
cul tures , i . e.  those to serve as the source of host  bac teria in 
the third layer of th e  pour plates , kept at 30°C for 48 and 54 h 
gave decidedly lower counts than at  24 and 30 h ,  and lower count s 
than the corresponding cul tures at  22°C at 48 and 54 h .  Inoculations 
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Tabl e XL Effect  on plaque count of  age, temperature and quantity of  inoculum in cul ture preparation or use.  

EXPT 1 EXPT 2 EXPT 3 
Effec t of varying amounts and ages of 

Compari son of cul tures of cul tures used in preparing exper imental Effect on plaque counts of 
varied ages prepared from cul tures.  (Ex:pt.  cul tures us ed at growth of cul tures at 30°C 

cul turus of vari ed ages different ages. ) Cultures for inoc .  Treatment of expt.  
Age of Age of 24 h 48 h expt. tubes  cultures  before use 

/\,_ , ,.� cul ture e:xpt. cul ture cul ture I Am t .  * 
for inor;.  cul ture Age of  for inoc .  for i noc . to 

e::q)t. (at  an- Plaque ex:pt.  expt.  Plaque exp t .  Plaque Temp. e:x:pt .  Temp. Plaque 
cul ture alysis  count cul t. cul t. count cul t.  count Age grown tube Age grown count 

h h Av. of3 h ml Av. of3 ml Av . of3 h oc ml h oc Av. of3 
1 24 48 1 90  24 0 . 1 1 28 0 . 1 97 24� 22 o .  1 24 30 1 1 1  
2 32 40 1 98 11 0 . 3 99 0 . 3 1 76 " " 0 . 3 " " 89 
.,_ 24 24 1 41 " 1 . 0  1 33 1 . 0 236 " " 1 . 0 " " 106 -' 
4 32 1 5  1 64 25! 0 . 1 1 50 0 . 1 1 47 30! " 0 . 1 1 8 " 1 41 
5 1 6  24 1 39 " 0 . 3 1 66 0 . 3 203 " " 0. 3 " " 1 39 
6 2 1  24 1 37 " 1 .  0 1 82 1 .  0 2:22 " " 1 . 0 " " 1 73  
7 24 24 1 21 27 0 . 1 1 69 0 . 1 1 59 24 " 0 . 3 24! 

22 1 6 4 
8 24 5 1  244 " 0 . 3 1 89 0 . 3 221  30 1 8 2  As 26z-
9 32 43 1 85 " 1 . 0 1 90 1 .  0 2�6 " " 1 42 

1 0  24 27 1 46 28! 0 . 1 1 53 0 . 1 1 89 above " 1 1  1 55 
1 1  3 2  1 9  1 33 " 0 . 3 1 69 0 . 3 2 1 0  respec tively 20! " 210 
1 2  1 6  27 1 44 " 1 . 0 1 66 1 . 0 249 ! I  1 1  1 80 
1 3  21 27 1 40 30 0 . 1 1 7 1  0 . 1 1 39 " " 232  
1 4  24 27 1 22 " 0 . 3 1 89 0 . 3 2 34 21 22 206 ' 
1 5 " 1 . 0  1 6 3  1 . 0 282 29 30 205 
1 6  Plates good 3 1! o .  1 1 45 0 . 1 1 9 1  As " 11 1 64 
1 7  " 0 . 3 1 74 0. 3 21 8 above " 11 1 6 1  
1 8 " 1 . 0 17 8 1 . 0 242 respectively 23 1 1  21 4 

Nature of la�ers on plates Plates good 1 1  1 1  1 96 
1 1  1 1  227 L1 HA-P 5ml * This  column should l ogically be plac ed 22-� 22 221  E:xpts L2 HA+P 5ml 6000ppm Ca between the columns in bo th sets 

Plates good � 1 -4 L3 SA+P 5ml o . 2ml cul t . , . of  figures.  � 

0 . 1m1 phage suspension (cont ' d ) lJJ 
L4 HA+P 2. 5ml 6000ppm Ca 
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Tabl e XL ( cont ' d ) 

EXPT 4 

Effec t o f  t emperature of incubation anc age of experimen tal a�d pr evious 
cul tur e s  on pl aque coun t s  ( including amount of inoculum for experim ental 
cul tur es ) 

Exper im ental 
Plaque count s (Av. of 3) cul tures 

Hi story of cul tur es Amt.  Age of exp erimental cul tures 

b efore experimental for Incub .  at anal ys i s  

cul tur es inoc . at h 
oc h oc h ml o c 24 30 
22 26 � 22 23�--7 f o. 3 22 1 30 107 1 75 1 54 

1 . 0 11  1 1 2  1 07 1 6 8  1 7 2 (2 )  
0 . 3 30 1 22 1 06 36 34 
1 . 0 " 1 44 1 42 43 23 

.. 

30 26 � 30 23�---t 

r-

3 22 170 1 80 238 226 
1 . 0 11 1 86 1 94 242 226 
0 . 3 30 1 79 1 39 1 05 80 
1 . 0  11  1 48 i 5 1  69  62  

"' 

�r-

3 
"'-.. Plus 

23� 22 95  9 1  1 23 1 34 
sam e  err:p. 1 . 0 1 1  1 53 1 53 200 1 58 

0 . 3 30 1 08 1 26 38 38 
(49! h b etween inoculat ions 1 . 0 11 1 39 1 52 3 8  1 8 

Plu s  
23� 

t

3 22 67 1 1 9 1 7 3  1 48 
sam e t emp . 1 .  0 11 67 1 23 1 6 2  1 -37 

0 . 3 30 1 97 208 1 34 90 
(49! h b etween inocul a ti ons ) 1 . 0 11 1 75 233 1 1 2  109 

Pl ates go o d  
..... 
..... 
� 



o f  1 . 0 ml and 0 .  3 ml general ly gav e about the same r esul ts.  
Experimental cul tures  incubated at 22°C gave h igher counts wh en 
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48 and 54 h ol d than wh en 24 and 30 h ol d .  Highest  counts were 
obtained at 48 and 54 h by subcul turing and incuba tion at 30°C on 
two occasions b efore put ti ng up exp erimental tubes at  22°C .  Hi gh 

counts  were al so ob tained at  24 and 30 h by subcul turing and 
incubat ion at 30°C for two days b efore putting up experimental tubes  
at 30°C. In experimental tubes , a t  22°C age improves count,  and a t  

0 30 C age decreases c ount. 

Conclus ion : 

Reuul ts  show that the plaque c ount is  markedly affec ted by th e 
state of the cul tur e used a s  hos t in pour plates.  This  can be  
influenc ed by the  cul tur e used for inoculation of the experimental 
tube,  and by the age an d temperature of incubation of th e experimen tal 
tub e.  

The Effec ts  on  Plaque Coun t s  of Cul tur es wh en Used in 
th e Log Phase and Res ting Ph as e  

Cul tures were inv es tigat�d t o  find th e influenc e o n  plaque 
counts of the us e of cul tures in th e l og and r esting phases ( Tabl e XLI ) . 

In E:xpt 1 ,  cul tures were  compared at 3�- , 6 !  and 24 h o f  age. 
Resul t s  di d not show any consi s t ent advan tage from us ing cul ture in 
the l og phase.  

In Expt 2,  compar i so ns were �ade  of cul tur es u sing small and 
large inocu:a.  Th e  resul ts establ i sh ed that counts  decreased to  
a minimum wher e the inoculum was 6-8 h ol d and then rose agai n when 
the cul tur e was 24 h old.  Due to variations in coun t s  ob tained 

with cul tures up to 8 h old,  it appears that a 24-h cul ture woul d 
b e  �ore satisfac tory to us e than a cul tur e in the l og phase .  

In E:xpt 3 ,  one-day cul tur e was compared wi tn cul ture 2! and 
5! h old at time of use.  ( Th e  on e-day cul ture would be approximately 
26 1J - 291l h ol d at time of analysis . ) Th e  day-ol d cul ture gave 
sl ightly h igh er count s than the young cul tures.  In thi s  experiment ,  
c ompar isons were al so made between CaC1 2 medium wi th and withou t  
adjus tment to pH 1 . 0 .  The counts  on the adjusted medium wer e  mos tly 
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Tabl e XLI Comparison of the effects  on plaqu e count� from using cultures in the log phase and resting phase, 

E7..PT 1 
Compari son of log phase and 
resting phase of culture 

Age Vol . 
Plaque expt.  expt . Plaque 
count cul t, cul t,  count 
method b. rn1 Av. of3 

( 1 ) 3i 0 . 3 1 35 
11  1 . 0  1 43 

( 2 )  1 1  0. 3 1 6 1  
11 1 . 0 1 8 1  

( 3 )  11 0. 3 1 73 " 1 . 0 20 1 
( 1 � 6i 0. 3 1 6 4  
( 2  " 1 1  205 
( 3 ) " " 236 
1 24 1 1  1 72 

( 2  " 11 210  
( 3  " 11 21 2 

Plaque count methods in 
Expts 1 ,  2 and 3 are 
detail ed on p. 

EXPT 2 
Compari son of log phase and 
resting phase of cul ture 

Method 
Time ( 1 ) ( 2 )  
from Plaque Plaque 
inoc . count count 

Inoc ,  h Av. of3 Av, of3 
s 2 1 "' ,- 1 5 5  ) 0  L 11 1 60 1 90 ( 1 ) 
s 3 1 47 1 7 1  
L 11 1 46 1 6 1  
s 4 1 3 1 * 1 59 L 11  - 1 5 1 
s 5 1 25 no 
L " 1 28 1 70 
s 6 1 1 7 1 45 
L 1 1  94 1 20 
s 7 1 24 1 4 3 
L 11  1 1 5  1 3 1 
s 8 80 1 21 L , .  1 10 1 56 
s 24 1 30 1 6 4  L " 1 30 1 70 

Small inoc , 1 ml to 24 rnl 
Large innc . 1 ml to 9 ml 
Cul ture in seed agar = 0, 3 ml 

Plates good 
CaGl 2 media adjusted to pH 7.0 

* 2} rnl a�ar 

EXPT � 
Comparison of l og phase and 
resting phase of cul tures 

Method 
( 1 )  ( 2 )  

Culture media Plaque Plaque 
count count 

Age .Av ., of 3  Av . of 3  

1 day :N A  1 07 1 49 
11 A 1 04 1 41 

2-! h  NA 1 29 1 48 
1 1  A 9 1  1 38 

1 day+3 h NA 1 22 1 38 
1 1  A 102  1 41 

5-!- h NA 1 04 1 21 
11 A 9 1  1 36 

Plates goo:i 
NA = CaCl 2 media ; pH not adjus ted 

A = CaCl 2 media;  pH adjusted to 7 . 0  
(young cul ture in Exp t 3 
( 1 ml to 24 ml broth 

� 
� 
� 
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l ower than for the unadjusted medium .  However , with the adjusted 
medium th e resul t s  w er e  more uniform , and th is sugges ts  that perhap s 
pH adjustm ent shoul d have been invest igated mor e extensively - lack 
of pH ad,justment may account for som e of th e irregul ar r esul ts  
r eported earl i er in  this  work. 

In an exp eriment  shown in Tabl e XLII plaque c ounts  were  
determirted with ho s t  cul ture of increasing age. Twenty-five LYP 

bro th tubes wer e  inocula ted with 0 . 4  ml of s train HP in broth and 
at interval s th ese w er e  us ed for tripl icate estimati on of phage 
in a standard phage susp ension .  On th e second day a fr esh phage 
suspension was prepar ed (compari son� were made w i th the pr evious 
suspension ) . Counts  are averages of tripl icate pla tes.  All plat e s  
wer e  o f  good appearanc e .  Analyses w ere  carri ed ou t up t o  32  h .  
Th e  resul t s  showed that coun ts  rose steadily in th e early hours 
after inoculation.  Maximum resul ts w er e  obtained between 24 and 
32 h .  

Binocular examination o f  plates under low-power ob j ec tives  
showed a progr essive increase in  d ensi ty of  grow th as age of  
cul ture increased. The ext ent of growth on plates  steadi ed up 
b etw een 8-24 h. Th e plaque count was sorr. ewha t r elated to number 
of bac teria on plate s ,  and therefore to th e number o f  bac ter ia in 
the cul ture.  ( See Fig 3. )  

Concl usion : 

According to thi s  and the earl i er exper iment s in thi s  group 
the use  of l og phase woul d not b e  as suitabl e for secur ing maximum 
counts  as are 24-h and old er cul tures .  

Phage Es timations Over Prol onged Period s 

The pr evious secti on has shown that  in th i s  inves tigation th e 
cul ture us ed for plaqu e  counts  shoul d b e  at l east  24-32  h ol d .  I t  

was of impor tanc e to know wh ether even elder cul ture s  coul d b e  
sui tabl e ,  and in th i s  section are pr esen ted resul ts  o f  a study o f  
thi s  matter , in graphical form .  Method� are as p.  1 47 ,  method ( 1 ) ,  
unless  other1n se stated. 



Tabl e XLII 

Age of Plaque 
culture count 

h * 

1 76 

1i 96 

2 9 1  

2i 95 

3 1 24 

3i 1 1 7 

4 1 1 8 

4i 1 1 8 

5 1 1 4 

5i 1 40 

6 1 42 

1 1 8  

Relationship between plaque count and aP,e of host 
cul ture at time  of pl ate inoculation; d en s i ty of 
growth on pl ates.  

Densi ty Age of Plaque Plaque Densi ty 
of growth cul ture count count of growth 
on plates h * * * on pl ates 

++ 6i 1 39 +++ 

++ 7 1 45 

++ 7i 1 55 ++++ 

++ 8 1 53 ++++ 

24 182  199  +++++ 

++ 25 177 1 97 +++++ 

++ 26 1 9 2  +++++ 

29 1 97  

30 1 96  +++++ 

+++ 3 1  2 10  

32 202 +-+ +++ 

Plaque counts  by method ( 2 )  see p. 1 47 

* Phage suspension prepared 1 st day 

** " " " 2nd 11 
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1 0  20 30 40 
h 

Fig 3 .  Relationship between plaque �aunt and age of host 
culture at time of plate inoculation . 
Culture v1as grown at 22oc .  

1 1 9  
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In Exp t  1 ( Fig 4 ) two flask s  of bro th wer e  inocul ated from bro th 

and mil k ,  r espec ti vel y ,  and wer e  sub s equently incuba t ed at 22°C.  At 

interval s the fl a sk s  wer e  shaken and a 1 0  ml quan t i ty from each wa s 

p i p etted into a t e s t  tube for u s e  in phage es timation. Th e  r esul t s  

(u sual ly th e average o f  tripl icate counts ) showed : ( 1 ) that bro th 

inoculated from bro th gave cons i s t ently high er c ounts than bro th 

inoculated from m ilk ( thi s  fur th er confirms exper im ents shown in 

Tabl e XXXV I I I ;  ( 2 )  tha t  0 . 2  ml of cul tur e for phage e s t imation 

gave higher counts than did 0 . 5 ml ; and ( 3 ) that low counts wer e 

ob tained in i tial ly (at 1 2  h ) , th ese r o s e  to a maximum between 24 
and 39 h ,  and th en fell off to v ery l ow count s when th e cul tur e 

was 62 i. ol d .  

Expt 2 was carr i ed ou t t o  invest iga t e  var ia ti ons i n  plaque 

counts over a l ong per iod , compar ing : 

(a ) b:!'o th cul tur es wh ich had b e en prepar ed by inocul ating 

a f1 a sk of bro th , mixing , and di str ibuting to test 

tube s ,  an d 

(b ) broth cul tur e s  wh ich had been prepar ed by dir ec t  

inoculat ion o f  t e s t  tub es of bro th .  

Re sul ts showed that maximum coun ts were ob tain ed wh en th e cul ture 

�as between 24 and 53 h ol d. At 76! and 95! h ,  coun t s  wer e  

r el a tively l ow .  Pla tes '1-rer e mos tly grade 1 i n  app earanc e ;  resul ts 

from poor er pla tes a� e identifi ed in Fig 4 (Exp t 2) by a c irc l e .  

Mos t  count s '1-rer e avarages o f  tri pl icate count s .  Th er e  was fairly 

go od agreem ent betwe en the resul t s  for th e two s ets of cul tur e s .  

In Expt 3 cul tures were pu t u p  by inocul a ting a flask 

( d i s tributed to tube s ) and tubes as in the previ ou s exp er imen t .  

Al l pl ates wer e  grade 1 .  Resul t s  showed a maximum abou t 1 6-41i h .  

( Tub e for inoculat ion of exp erim ental bro th s  wa s used late at 

night. It was thus about 1 3  h ol d er than usual . ) 

Exp t  4 was s i�ilar to th e previous exp eriment . Maximum c ounts 

w er e obtained at 22!-48 h .  Al l plates were grad e 1 .  

Th e  above four experiments in Fi g  4 show r e sul t s  wh en a spec i f i c  

cul ture was u s ed ov er a peri od o f  tim e ,  showi ng th e effec t s  of ag ing 

of cul tur e .  

In 
·
contras t ,  Fig 5 shows th e resul ts for Exp t  5 in which fre sh 
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cul tur e s  ( 25!-30 h ) w ere u s ed each day . It thu s shows th e l evel o f  

coun t s  over a n  ext end ed peri od o f  t im e .  Cul t�r e s  were from two 

sourc e s ,  v i z .  a cul tur e da ily subcul tured over the w e ek end , and a 

cul tur e subcul tured onc e  at th e week end. For th e r ema ind er o f  th e 

week bo th cul tur e s  w er e  subcul tur ed daily . 

Ea ch point in Fig 5 wa s th e average of 1 5  e s timations* a s ,  

concurr ently wi th 

of cul tur e s  (ro om 

and phages ( 30° C )  

th e above inv e s tigation,  c ompar i sons were �ade 

t emperatur e ) and phages (RT ) wi th cul tures (30° C )  
in c ol d  tub es and in tubes a t  45° C .  ( Th ere was 

no c ons i s t ent effec t for th e var i ous t emperatur e s , al though th e 

col d tub e ,  cul ture ( RT )  and phage (�T ) c ombina t ion t ended to give 

general ly sl igh tly h igher c oun t s  than th e comb ina t i on : tube at 

45°C , cul ture ( 30°C )  and phage ( 30°C ).) 

Mos t  pl ates wer e  grade 1 .  C oun t s  from a f ew pJ a t e s  und er th i s  

grade were includ ed , but woul d exer� a n egl igibl e ef fec t on resul t s .  

Over a thr e e-day p er i od the average coun ts were reas onably con s i s t et". t 

and even e 

Conclusion : 

Maximum phage c oun t s  ar 3 obtained ;.;i th cul tur es bet� a en about 

24 and 39 h ol d.  Som e t im e� maximum coun ts ar e ob tai n ed with cul ture s  

up to about 50 h o l d .  

Summary for Sub- s ec t i on on Cul tur es 

Effic i ency of pl ating i s  gT ea tly influenc ed by th e cul tur e and 

th e  pr esenc e or ab s en c e of c er ta in c ofac tors. In th i s  inv e s tiga tion 

it was nec e s sary to expl ore wi d el y  c erta in cond i t i o n s  or fac tor s 

wh i ch coul d influen c e  th e cul tur e ,  so as to know th e extent o f  such 

influenc es on pl aqu e counts.  'rlh il e  it might no t b e  prac ticabl e to 

apply every c ondi tion wh i ch woul d t end to a maximum pl aque count , 

i t  was nec e s sary to know what cond i t ions had a marked effect so as 

to establ i sh an acc ep tabl e and so m ewhat standardi z ed procedure for 

cul tur e treatm ent.  For exampl e ,  in Exp t 4 ,  Tabl e XL i t  was shown 

tha t  high e s t  plaqu e counts wer e  ob tain e i  with �Jxperim en tal cul tur es 

* Each 1 5 = av erage of usual tri pl icate and four c ombinat ions 
each in tr ipl icat e . 
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48-54 h old  and grown at 22
°

C which had been inoculated from a 

cul ture twice subcul tured at 30°
C .  For prac tical purposes ,  however , 

it was more convenient to use for routine analyses  a cul ture 

propagated daily at 22°C ,  al though this  gives some'l<rhat sub-opti:nal 

counts.  It was nec essary to inocul ate broth cul ture  media from 

broth cul tures ,  as i t  had been shown that preparat ion of experimental 

broths  from milk cul tures gave considerably lower counts than the 

former. Th e  logarithmic phase of growth was shown to be unsui ta-bl e 

for obtaining high plaque counts , and it  was found to b e  important 

to use  cul tures which had been incubated at 22°C for some 24-39 h .  

(v ) FU RTHER FA C TOR S AF?ECTING PLAQUE COUNTS IN THE 

SOFT AGAR LAYER 

A series of experiments  was made to investigate the effec ts  on 

plaque count s of t emperature ,  order of  �ixing, and t ime  of standing 

when mixing cul tur e ,  phage su�pension and soft agar medium . 

In Tabl e XLIII are shown the resul ts of trial s in which the 

�omponents  of the soft agar l �yer (cul ture ,  phage suspension and 

soft agar m edium ) were mixed at  different temperatures  and in 

different orders.  

Two points required clarificati on : 

( 1 )  1�oul d  raising the temperature 1 essen the viscosity 

and allow greater contact of  phage and bac teria 

and consequently give a h i gher count? 

( 2 )  During mixi ng of  phage and cul ture, severa1 phage 

particles migh t (in som e  cases ) attach themselves 

to one organism.  If the cul ture were diluted by 

mixing with agar before the addition of  phage , would 

there be a more uniform di s tribution of phage 

particles amongst bac teria and consequently a 

higher plaque count? 

In Expt 1 resul t s  showed that wi th layer components at 46°C 

and 49
°

C ,  cul ture mixed with agar before phage addi ti on gave higher 

counts than c 1 ture and phage m ixed together first .  Counts at 49
° C 
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Tabl e XLIII Experiments showing the effects on pl aq'Lte c')unts  of mixing the components of layer 3 und.er various  conditions. 
EXPT 1 EXPT 2 EXPT 3 

Effec t on plaqu e counts of t emperatur e, 
amount of cul ture ,  and orC.er of mixing 

components of l ayer 3 
Effect on plaque count s of 

t empera tur e during 
pr epara t i o n  of l ayer 3 .  

Eff e c t  on plaque counts o f  order of 
a d d i r g  components of soft agar layer 

46 °C 

"� l> O •  

1 
2 
3 
4 
5 
6 
7 

8 
9 

1 0  

Cul t. 
ml 

0 . 2 
0 . 2 
0 . 4  
0 . 8  

Soft 
Phage agar 

ml ml 

0. 1 5 . 0  
0 . 1 5 . 0  

" " 
1 1  1 1  

'Plixed 
as u sual 

MHV 
" 
If 

0 . 2 " )M " )M 
o .  4 " )w " )w 
o. 8 " )v " )v 

Plaque 
count 
Av. of3 

1 28 
87 
6 3  
1 4  

1 34 
90 
4 1 

Soft agar r - . .  ---Phage) 
0 . 2 5 . 0  ) M 0 . 1 lM 
o .  4 11 )w " w 
0 .  8 " )V " V 

1 53 
1 35 
99 

49°C 
1 1  0 . 2 0 . 1 5 . 0  

Mixed 
as usual 82 

1 2  
1 3  
1 4  

1 5  
1 6 
1 7 

0 . 2 
0 . 4 
o . 8 

,, 
1 1  

" 

0 . 2 " lM 
0 . 4  " w 
o . 8  " v 

11 � 1' 
" )w 
" )v 

" lM " w 
" V J 

5 3  
3 2  
35 
55  
68  
..4 1  '1- ..J  

Soft agar l Phage l 
1 8  0 . 2 5 . 0  M 0. 1 M 1 1 5  
1 9  0 .  4 11 w If w 99 
20 0 • 8 , ) V " ) V 9 2 
Cu :t t 0 , phag e , ae;ar & tubes at 46°C 
& 4.9 \_; for l 1nes 1 - 1 0  & 1 1 -20 , r es p ec t 1  vel y. Mi� V "' m i  xer1 >• i  th Vor t ex m i xer , i . e. 
r o n s t i  tu er. t s  o f  I . 3  to l ef t  of 
1if.W ,. i n a 11ov e Fr.n +. _ 

Compar i son o f  cul tur e s  al so 

Cul t .  

Temp. 
aR"ar 

o c  

Daily* 45 
Week en d** 45  
Dai ly 5 5 

1 1  50 
" 47 
1 1  45 
I f  

" 
If 

" 

Weekend 
" 
" 
" 

55 

50 
47 
45 

55 
50 
47 
45 

Temp. Pl aqu e 
tub e c oun t 

C=col d Av .. of3 

c 
c 
c 
c 
.. 

V 

c 
45° 

I f  

If  

" 

c 
c 
c 
c 

1 87 
210  
23 3  
2 1 8  
233  
23 3  
1 35 

1 9 1  
1 54 
1 67 

205 
220 
206 
2 1 6  

Phage 30o c Cul ture 30° C 
( Tube cold = room t emp. 
( Tub e 45° C tak en from bath 
(b efore additi on s .  
* Daily - bro th s w er e  

inocul a t e d  dai l y  
** vie ek end - bro th s w er e  

inocul a t ed daily ex­
c ep t  at w e ek end s . 

Cul t . 

Small lab.  
" 
" 
" 
" 
" 

�..ain lab.  

11 
, 

11 

" 

1 1  

(a ) 
Or d er 

of 
mixing 

CPAg 

CAgP 
CPAg 
CAgP 

CPAg 
CAgP 
CPAg 

CAgP 
CPAg 
CAgP 

CPAg 

CAgP 

C = cul ture 
P = ph age 

Ag "" agar 

!lethod 

( 1 )  
" 

( 2 )  
" 

(Ord)  
If 

( 1 )  

" 

( 2 ) 
1 1  

(Ord ) 
1 1  

Plaqu e 
coun t 
Av. of3 

1 57 
1 85 
1 78  
1 6 2  
4 1  
36 

1 86 

1 6 3  
1 87 
196  

1 4  
5 

Ord method = 2 layers only 
and no Ca . 

Order 
of 

mixing 

C PAg 

CAgP 
CPAg 
CAgP 

CPAg 
CAgP 

(b ) 
Plaq_ue 
c ouri t 

�.�ethod Av. o f  3 

( 1 )  
" 

( 2 )  
" 

(Ord)  
" 

1 3 5 
1 37 
1 57 
1 9 1  

4 
2 

Smal l l ab .  cul tur e 
wa s u s ed in (b ) .  

-4 
1\) 0'\ 
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0 were generally lower than at 46 c. Increasing the amount of cul ture 
general ly caused a lowering in the count. Obviously l owered viscosity 
as  a resul t of h igher agar temperature does no t need further 
c ons ideration. Tube contents would be mixed more thoroughly by 
Vortex m ixing than by the usual method of  rol l ing the tube between 
th e palms of the han ds .  

In Expt 2 phage and cul ture (bv th 30°C )  were mixed in c o ld  tubes  
( c . tubes ) and in tubes taken from 45°C  bath (45°C tubes ) before 
th e agar at various temperatures was added. Agar at a temperature 
a s  h igh as  55°C did no t lower the count when added to the c. tubes , 
but counts were  general ly l owered wh en agar at various te!Tlperatnres 
was added to phage and cul ture in tubes tak en from the 45°C bath . 
In th e case of the c . tubes apparently there woul d not be much 
harmful effec t from the mixing of the phage and cul ture ,  and the 
cold  tube would cool the agar somewhat.  In th e case of the tubes  
warm ed to  45°C the r eduction in count may have been caused. by 
interaction of phage and cul ture in the warmed tube ,  aggravated 
rerhaps by the temperature of th e ag�r. 

In Expt 3 (a )  the order of  mixing : cul ture ,  phage , aga� , and : 
culture , agar , phage , were compared. In methods ( 1 ) and ( 2 )  there 
was no marked difference ,  sometimes one sequenGe of  mixing gave 
h i gher counts and sometimes the o ther . 

In Expt 3 (b ) the order of  mixing : culture , agar , phage was 
slightly better than : cul ture ,  phage , agar. 

In further experiments ,  investigation was made  to find the 
effec t of  temperature on cultures and phage either alone or mixed 
together. Cul ture alone ,  phage al one ,  or cul ture plus phage mixed 
together were kept at specific  temperatures for various times 
b efore mixing with the o ther constituents of the soft agar layer . 
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Bri ef detail s of the individual experiment s are given below. 

Ex�t Com2onent Hol ding: tem2. Mixed at s2ecifi c times with : 

�phage 45o C 45oC 0 agar cul ture 30 C 
1 cul ture " " " phage 30°C 

( culture + phage " " " 

( cul ture · + phage " " " 
2 ( " " '' Room t emn. " " 

(phage 49° C " 49o C cul ture  30°C 
3 �culture " " " phage 30° C 

cultur e  + phage " " " 

�culture + phage Room t emp. " 45o C 4 " " " " " " " 

The resul ts  of these trial s are presented graphically in Fig 6 
and show that : 

( 1 ) 
(2 ) 

Summary: 

0 0 Phage is  fairly stabl e for 20 min at 45 C and 49 c .  
Cul ture gives progressively l ower counts  duri ng a 

20-min hol ding period at 45°C and markedly lower 
0 counts when held at 49 C for even a few min. 

The effects  on plaque cou�t s of  holding mixtures 

of  cul ture and phage under various condi tion s  

were as follows : 

slight  (room 

marked ( 45°C 
extreme ( 49°C 

t emperature for 

for 8 min ) 
" 4 " ) . 

10  min ) 

It appears that whil e a phage suspension is  fairly stabl e when 

hel d  by i tself  for a time even at relatively high temperatures 

( 45°C  and 49°C ) ,  a mixture of  phage and cul ture tend s to give a 

slightly dimini shed plaque count when h el d  at room t emperature 

and the decl ine in count i s  more rapid at higher t emperatures .  

Phage and cul ture shoul d therefore not  be  l eft long in contact 

before pla t es are poured. Mixing of cul ture wi th agar b efore the 

addi tion of phage tend s to give sl ightly higher counts than mixing 

the phage and cul ture together b efore the addi tion o f  agar. 
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Fig 6 .  Graph s showing the effe c t s  on pl aque c ount s of holding 
phage , cul tur e ,  and mixtur e of phage and cul ture , at 
specific t empera tur e s  for v:.1r i ous t ime s before mixing 
with the o ther c omponent s o f  th e soft agar l ayer . 



(vi ) THE USE OF TRYPTICASE SOY AGAR ( TSA) IN MEDIA 
FOR PHAGE ESTIYATION 

Introduction 
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Because another laborato ry worker had found Trypticase Soy Agar 
(TSA ) more sati sfac tory than Lac tose  Yesst  �1o sphate Agar (LYPA )  for 
h i s  particular investigation , i t  was decided to compare the merit s  
o f  Trypticase Soy Agar and Lac to se  Yeast  Phosphate Agar a s  media for 
phage estimation. Th e  series  of investigations made are di scussed 
under appropriate headings.  

Experiments wi th TSA in Layer 3 

An ini tial experiment (Expt 1 ,  Tabl e XLIV ) using TSA in plac e of 
LYPA was unsucc essful in that counts  of 3 and 0 were obtai ned. In 

Expt 2 the use of soft TSA in plac e of soft LYPA in layer 3 was 
succ e ssful . In spite  of some poor plates it could be  deduc ed that 
calcium ( 2 , 000 ppm ) could be added to l ayer 3 but not if -two cal c ium 
algil{ate pads were present in phage suspension (Part 1 ) . Two layers  
of TSA liere not sui tabl e l'li th the particular amount of cal c ium tri ed , 
viz.  6 , 000 ppm (Part 2 ) .  

In Expt 3 , 5 ml TSA in  l ayer 3 gave higher counts than 5 ml LYPA , 

wh ereas 2. 5 ml TSA gave a layer which was too thin . 

In Expt 4 soft TSA s eemed a sui tabl e medium for layer 3 ,  but 
2. 5  rnl TSA was insufficient and gave unsatisfactory plates.  TSA at 
6-7 . 5 ml seemed a sui tabl e quantity and gave higher counts than LYPA 
( 5  ml ) in layer 3 .  The use  of  3 x 0 . 04 g pads �f  cal ciQ� alginate 
in c itrate gave sati sfactory resul ts .  

In Expt 5 ordinary LYPA count s were high on  thi s  occasion. 
Whil e 1 x 0 . 04 g cal cium alginate pad did not l ower the count , 4 x 
0 . 04 g rads l owered the resul t by about one-third. TSA gave about 
the sam e counts with all thicknesses  of agar resul t ing from the use  
of 5-9 ml  medium . 

Conclusion : 

TSA seemed suitable to us e in l ayer 3 in quantit i es of about 
5-9 ml . TSA ft"t.Ve h igher count s than LYPA in layer 3 .  One or three 



No .  

1 
2 

Tabl e . XL IV 
as  

EXPT 1 

Ini tial use  of  TSA 
in layer 3 

o f  4-layer m ethod)  
Ca Vol . 

alg. TSA 
pads in 
o. 04g 13 

0 
2 

5ml 
" 

Pl aque 
count 
Av. of3 

3 
0 

3 0 Method (1 ) 1 23 
4 2 " 1 5 1 
5 
6 

7 
8 

9 
1 0  

1 1  
1 2  

EXPT 2 
(Par t 1 )  

Replac ement of soft LYPA 
(13 ) in method ( 1 )  by 

soft TSA 
Ca L3 

al g. Soft TSA Plaque 
pads  Vol . c ount 
0. 04g ml Ca ppm Av. of2 

0 5 - 168 
0 " 2000 1 74 

2 " - 1 86 
2 " 2000 36 

(Part 2) 
Use of 2 TSA l alers onll 

0 
0 
2 
2 

L 1 L2 
TSA TSA Ca 
Hard Soft ....EQ!!l ml ml 

5 5 0 
" " 6000 
" " 0 
" " 6000 

Plaque 
count 
Av. of2 

2 
1 8  
4 

28 
Plates were grades : 

Part 1 ,  Part 2 ,  2 , 4 
1 , 2 , 2- 3 , 4  

EXPT 3 

Compari son TSA and 
LYPA in layer 3 

L3 
Usual 

Age soft Plaque 
m ed ium LYPA count 

LYPA ml Avo of3 
0 5 . 0  1 23 
N 1 1  1 49 

TSA 
0 2. 5 1 1 8 
0 5 . 0  221 
N 2. 5 Itr 
� 5 . 0  1 9 1  

LYPA --
0 = Old (lab .  s to ck ) 
N = N ew ( fr eshl) 

mad e 

Where counts were  
record ed plates 
w er e  gra d e s  
1 '  2-3 .  

EXPT 4 
Compari son TSA and 
LYPA in layer 3 

L3 
Age TSA Plaque 

medium soft count 
LYPA ml Av. of3 
0 2. 5  Itr 
" 5. 0 1 76 ( 1 ) 

" 6 . 0  209 
" 7 . 5 1 82 
N 2. 5 NV C 
" 5 .0 21::: ( 2 )  
1 1  6 . 0 203 
" 7 . 5 200 

LYPA s oft 
0 5. 0  1 26 
N 5. 0 1 72 

TSA soft 
N 5 .0  1 87 
" 7 . 5  1 99 

Al l c ounts r ec ord e d  
were from grade 1 
plates.  
Lines 1 1  & 1 2 , 3 x 
0 . 04g Ca alg. in 1 0  
m l  phage suspen s i on .  

LYPA 

• 

"' 

Method  ( 1 ).modified 
trial . 

EXPT 5 
Compari son  TSA and LYPA. 

Effect of pads 
when using TSA 

No. L 3  
Ca Soft 

alg. LYPA Plaque 
pads +Ph os .  CO'ln·� 
o . o4g rnl Av·. of3 

5. 0  238 
5. 0  23 1 

Soft TSA 
5. 0  238 
6 . 0  268 
7 . 5 253 
9 . 0  254 

rnl 
1 ( . 25 � 5. 0  255 
1 ( 1 . 0 5 . 0  287 

4 ( 1 . 0 ) 5. 0  1 8 1  
1 ( . 25 ) 7 . 5 273 

1 ( 1 . 0 � 7 . 5 28 1 
4 ( 1 . 0 7 . 5 1 8 1  
In 1 st c ol umn , am t ) 
Cit.  i s  shown in ( • 

Al l plates grade 1 
approx. exc ept 1 each 
in 1 ines 3 & 7 ,  
re sp ec ti  vely. 
Lines 7 , 9 ,  1 0 , 1 2  showed 
s trands in pl ate s  

_.. 0 = ol d agar 
N :: new at;ar ( ?  fibres al ginate ) .  LV 

( 1-day ol d ) 
Ca aoar 1 - <'l ay old for 0 & N a R:ar s . 

__.. 
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calc ium alginate pads could be  used wi th TSA in layer 3 , but four 
pads l owered th e count by about one-third , when 5- 7 . 5 ml TSA were 
used. 

TSA in Various Layers Instead of  LYPA 

1 32 

An experiment was carri ed out to investigate for a four-layeT 
method  the use of  TSA in various l ayers instead of  LYPA. (Tabl e XLV. ) 

Compari sons made with d ai ly cul ture showed : 

( 1 ) TSA ( 5 . 0 ,  7 . 5 ,  9 . 0  ml ) in layer 3 gave high er 
counts than LYPA in layer 3 ;  

( 2 )  TSA i n  layers 1 and 3 ,  and in layers  2 ,  3 and 4 
gave good counts.  

The  counts for media containing TSA were sl ightly l ower than 
for the average control count for daily and weekend cul tures.  

E:x:perimen t s  with Sinfil e-layer 'I'SA t'edium 

Experimen t s  reported i n  Tabl e XLVI \'<'ere designed to find wh ether 
a singl e-layer TSA medium coul d be pr epared in a way sui tabl e for 
phage e stimation in place of mul tilayer LYPA or mul tilayer LYPA 
( TSA layer 3 ) .  

In Expt 1 TSA ,.,i th various cal cium additi on s (0- 1 0 , 000 ) 
was u sed as a s ingle-layer medium , using phage , and phage plus three 
pads of calcium alginate.  Many of the plates b.ad a gl azed appearanc e. 
None o f  the plaque counts  was a s  high as  on the control plates.  

In F.xpt 2 some smal l er amount s  of cal c ium were added than in 
Expt 1 ,  with 2 , 000 ppm added cal cium giving highest  c o'l:nts ,  but ,  
using the one-layer method,  co1.1nts  were always l ower than for 
control s .  Counts were  lower wi th calcium al ginate than \'Ti thou t 
it .  The  one-layer method was not satisfac tory. 

In E.xpt 3 pH vaJ.ues of the one-lay .:sr medium \o-rere adjusted to 
6 . 9  wh en th ey wer e b elow thi s  figure.  The adjus tment of  pH values 
to 6 . 9  of the medium containing 6 , 000 and 1 0 , 000 ppm added cal cium 



Tabl e XLV 

No . Cul tur e  
1 Dai ly * 

2 Week end* 

3 
4 
5 

6 

7 

8 

Da ily 
11 

" 

" 

" 

11 

TSA in vari ou s  layers in stead of LYPA . 
11  

LYPA 
H- P 
ml 
5 . 0  

" 

11  

1 1  

" 

TSA (H) 

5 . 0  

1 1  

I,YPA (-P) 
5. 0 

12 
LYPA 
H+P 

ml 
5. 0  

1 1  

" 
" 
" 

" 
TSA (H) 

5 . 0  

11 

13 
LYPA 
S+P 

ml 
5 . 0  

" 

TSA ( S )  
5 . 0  
7 . 5 

9 . 0  

7 . 5 

1 1  

" 

14 
LYPA 
H+P 

ml 
2. 5 

11 

" 
" 
" 

11 

'l'SA (H) 
2. 5 

" 

Plaqu e 
c oun t 
Av. cf3 

205 

275 

222 

235 

233  

222 

207 

223 

No . of 
Pl a tes 
Gra d e  1 

2 One pl ate sl . area "cl ear " & ppt. 
c entr e ,  but cl ear plaques.  

1 One sl . ppt . & "cl ear " ar ea , & one 
pl a t e  par t sl . "cl ear ". 

3 
3 

3 

3 

3 

3 

One pl ate par t "cl ear " area. 

Each pl a t e  h ad so m e  pl aqu e s  
not qui t e  cl ear . 

On all a few pl aques sl . c l oudy .  

Layer s  2 & 4 had Ca 6000 ppm (0 . 1 5M) , cal cul ated o n  amount added. 

( TSA 6000 pprn Ca (0 . 1 5M) � ppt . and fil t er ed 
( Ca c al culated on a�ount added. 

H = hard S = soft * key on p .  1 26 .  

"' 

� 
VJ 
VJ 



Tabl e XLVI Ex�erim er.t s  v i th one l ayer TSA medium� 
EXPT 1 

Com�ari son of c ou n t s  giv en br o n e-l a�er cal c ium- treated 
TSA and four-] ��er m e th o d s .  

Phage 
No.  Add i tion Method 

1 Phage Usual 4-layer m etho d  ( 1 ) 
Lay er 1 

TSA ( 1 0ml � Ca E�m 
2 " " 0 
3 " " 2000 
4 " " 4000 
5 " " < 6000 
6 " " 8000 
7 " " 1 0000 

Phage Layer 1 
+3 �ad s  TSA ( 1 Cml ) Ca �pm 

8 " " 0 
9 " " 2000 

1 0  " " 4000 
1 1  " " .c:: 6000 
1 2  " " 8000 
1 3 " " 1 0000 

4-I ay er m eth o d  (2) 
Phage 1· 2ml TSA i n  13 

1 4  " " 

Phage 
+3 �ads 

1 5  " " 

Re sul t s  N o .  1 appa r ently inc orrec t .  
No s .  Gra d e  �l a t es 
1 , 1 4 , 1 5  1 
2 (glazed ) , 3 , 4 , 8 , 9  <. 1  
5, 6,7, 1 0, 1 1 , 1 2, 1 3 gl azed appearanc e 
TSA + CaC1 2 (fil t er e d ) . 

CaC1 2 
M 

o . o  
o . os 
0 . 1 

<. 0 . 1 5  
0 . 2 
0 . 25 
CaCl 2 

1l 
o . o 
0 . 0 5  
0 . 1 

< 0. 1 5  
0 . 2 
0 . 25 

Pl aque 
c ount 
Av. of 3  

608 

1 
1 30 
99 
1 5  
0 
0 

2 
1 1 3  
Itr 

0 
0 
0 

23 3  

236 

(cent ' d )  

..... 
w � 



Tabl e XLVI ( cont ' d ) 
DPT 2 

One-la er cal c ium-treat ed TSA ( includin smal l amount s  
cal c ium for phage e s ti m at i ons . 

Phage 
No . A (: d i t ion Me thod 

1 
2 

3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  

Phage 
1 1  

Phage 
.±LJ2.ad s  

" 

" 
" 
11 

" 

( 1 ) 
( 2 ) 

TSA (R )  
10 rnl 

1 1  

" 
1 1  

11  

t l  

tl 

" 

" 
11 
1 1  

ll 
" 

Ca EQ!!l 
0 

200 
500 

1000 
2000 

� 6000 
10000 

0 
200 
500 

1000 
2000 

CaC1 2 
M 

o . o  
0 . 00 5  
0 . 0 1 3 
0. 025 
0 . 05 

.(. 0 . 1 5  
o .  25 

o . o 
0 . 00 5  
0 . 0 1 3  
0 . 025 
0 . 05 

Plaque Pla t e s  
count No . in 
Av . of 3 Grade Grad e 

221 
228 

0 
34 
46 

1 1 3  
1 36 

64 
0 

1 
26 
24 
88 
9 8 

1 
1 

1 
1 

<.. 1 
1 
1 

Poor " 

1 
abou t 1 

<.. 1 
abou t 1 
about 1 

( 3 )  
( 3 )  

( 3 � 
( 3  
( 3 ; 
( 3

l 

( 3 
( 3  
( 3 ' 

( 3  
( 3  
( 3 
( 3  
( 3  

No s .  1 , 2 ,  0 . 2 ml cul tur e .  No s .  3- 1 4 ,  0 . 4 rn l  cul tur e ,  in 
contrast to 0 . 2 rnl in Expt 1 .  
Pl a t e s  3- 1 4  wer e fai n t ;  th ey wer e  no t a s  good a s  1 & 2.  
A few pl aques i n  add i ti on to above No s .  showed u p  by 
hand l en s .  
No . 1 4 ,  al l pl a t es sh owed s tran d s .  

No . 
1 
2 
3 

R 

4 6 . 9 
5 6 . 9  
6 6 . 746 . 9 
7 6 . 9  
8 6 . 3 ... 6 . 9  
9 5 . 9?6 . 9  

1 0  5 . 6�6 . 9  

EXPT 3 
cal c ium- t r eated TSA ( includin� smal l amount s 

for phage e s t imations . pHs adjusted.  

Me thod 
( 1 ) 4-layer 
( 2 )  " 
( 3 )  11  
TSA ( H )  
1 0  ml 

" 
" 
" 
" 
" 
" 
" 

& 12  comb in ed 

Ca ppm 
0 

200 
500 

1 000 
2000 
6000 

1 0000 

Ca Cl 2 
M 

o. o 
o . OC 5  
0 . 0 1 3 
0 . 025 
0 . 05 
0 . 1 5  
C . 25 

Plaque Pl at e s  
c ount 
Av. of3 

194  
223 
237 

0 
1 5  
28 

1 1 5 
1 36 
1 0 1  

37 

No. in 
Grade Grade 

1 
1 
1 
1 
1 

<1 

Poor 1 � 1 t 2\ 
1 3 )  
1 ( 3 ) 

( 3  
( 3  
( 3  
( 3  
( \ ( 3 ;  

Poor ( 3 )  
No s .  1- 3 , 0 . 2 m l  cul tur e .  No s .  4- 1 0 ,  0 . 4 m l  cul tur e. 
In Ko . 3 , m e thod ( 3 ) ,  l ay er s  1 & 2 wer e combi n e d ,  u sing 
TSA ( H ) , 6000 ppm Ca , fil t er e d ,  10 rnl . 

Next l ayer , 7 .  5 rnl TSA-soft. 
Top l ayer ,  2. 5 ml 1YPA (g) , Ca added 6000 ppm ,  fil t er ed. 

-4 
UJ \J1 



1 36 

improved counts somewhat c ompared with the equival ent unadjusted 
medium in Expt 2 .  Neverth eles s ,  all counts were wel l below control s ,  
and the method was c on si der ed unsati sfactory. 

Conclusion : 

A medium compri sing only a s ingl e layer of  � SA with a range of  
added cal cium from 0- 1 0 , 000 ppm , wi th or  wi thout pH adjustment , 
proved quite unsatisfactory for phage estimations .  

Attempts to Replace Two Underlayers of LYPA (Layers 1 
and 2) of Method ( 2 )  by On e TSA Layer 

A series  of exp erimen t s  was carried  out to investi gate the 
replac ement of the two underlayers of LYPA (layer s  1 and 2) of  
method (2 )  by one TSA layer . 

In Expt 1 ( Tabl e XLVII )  1 0  ml TSA were better than 5 m1 in thi s 
singl e underlayer . Unfil t ered media gave higher counts than fil � eredo  

In  Expt 2 ,  5 ,  10  and 1 5  ml volumes of TSA , cal c ium 6 ,000 ppm , 
fil tered and unfil tered,  were tri ed in th e bottom layer . Variations 
were  al so made in th e top l ayer .  Resul t s  showed that a lay er of  
LYPA (H)  plus  cal cium 2 . 5 ml  was needed on top of  the cul tur e-phage 
layer and that 5- 1 0  ml TSA medium was a suitabl e quantity for the 
bottom lajrer where there was an LYPA top layer .  

Expt 3 was carri ed out t o  find the effec t of  ca1 cium alginate  
pads  on  counts wh en using modifi ed method ( 2 )  in  whi ch layers  1 and 
2 wer e replac ed by 1 0  ml TSA (H ) , 6 , 000 ppm cal cium . Results  showed 
that  1 and 2 pads  reduced the count sl ightly , and that 3 and 4 pads  
definit ely r educ ed the count . (There was an anomaly wi th 2 pads , 
0. 5 ml citrate. ) 

Expt 4.  A top layer was needed , and LYPA ( + cal cium )  was 
better than TSA ( + cal cium ) for thi s  layer .  In the section u sing 
a top layer of LYPA ( + cal cium ) 5 ml in the bot tom layer gave 
high er counts than 1 0  or 1 5  ml . 

Expt 5 . Result s  showed that wh ere 1 ,  2 and 3 pads were 
included sat isfactory counts were  obtained with 1 ml c i trate 
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Table XLV I I  Attem ts  to re lac e two underla ers of  LYPA (layers 1 and 2 
of method 2 b one TSA la  er . 

EXPT 1 EXPT 2 
One layer TSA (H)  r eplac ed 
layers 1 & 2 of method ( 2 ) .  

One layer �SA (R )  replac ed 
lay er s  1 & 2 of method ( 2 ) .  

Effect on plaque counts  Effect on plaque counts  of  
of  quantity of TSA. presenc e or absence of a top layer. 

Plaque 
c ount Plaque count 

No . Vethod Av. of3 No .  M<lthod Av. of 3 
1 

g� 
1 36 1 ( 1 

� 
2 1 2 

2 CaC1 2 1 76 2 (2 CaCl 2 243 
TSA ( 1 0ml � Ca :QEm M TSA (H� ml Ca EEm M 

( 3 " " 6000 0. 1 5  F 1 6 1  3 11  5 60CO 0. 1 5 F 259 
( 4 " " 1 1  1 1  u 1 74 4 " " " 1 1  u 242 
( 5 " 5 " " F 1 27 5 " 1 0 " " F 250 
( 6 " 11 " " u 1 69 6 " " " 11 u 247 

. 7 " 1 5  " 11 F 242 EXPT 3 
8 " 1 1  " " u 232  O�e layer TSA (H )  repJ ace� la;y:ers I & 2 of rr. e th o d  ( 2 • 9 " 5 1 1  " F 1 87 
1 0 1 1  " 11 " u 1 9 1 Effec t on plaque counts 

of alginate  pads.  Plaque 1 1  " 1 0 " " F 20 4  
count 1 2  " " " " u 21 3 

Method Av. of3 1 3  " 1 5  " " F 205 

w 
1 4  " " " " u 1 8 1 1 46 

2 21 1 With Without 
3 ( 3 )  1 99 tO:Q tO:Q 

Pads Cit . (ml �  Method ( 3 )*  1 5  " 5 " " F 202 ( 1 )  1 98 ( 2 ) 
4 1 1 " 1 82 16 " " " " u 236 ( 1 l  1 96 ( 2 l 
5 2 " " 1 74 1 7 " 10 " " F 21 5 ( 1 1 82 ( 2 
6 3 11 " 1 49 1 8 " " " " u 200 ( I  1 87 ( 2 
7 4 !I " 1 37 1 9 " 1 5  " " F 206 ( 1 ) 1 90 ( 2 ) 
8 1 0. 25 " 1 8 4  20 " " " " u ·; 8 _3 ( 1 ) 19 1 ( 2 )  
9 2 0 . 5 " 1 28 .... 
'1 0 3 0 . 75 fl · 1 59 (cont ' d )  V-I --l 
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Table XLVI I  ( cont ' d ) 
EXPT 4 EXPT 5 

One layer TSA (H ) r eplac ed layer s  1 & 2 On e layer TSA (H) r en.lac ed l ayer s  1 & 2 
of m ethod ( 2 ) .  F.ffec ts of ( a )  variou s  o f  method ( 2 ) .  Effec t on pl a.qu e c ounts 

J
uan t i t i e s  of TSA in bottorr. 1 ayer ;  o f  alginate pads. 

(b presence or absenc e of a layer above 
th e pha ge-cul tur e l ay er .  

Plaque Pl aque 
C O'J.nt c ount 

No . Wethod Av. of3 No . Method Av. of3 
1 ( 1 

� 
1 57 1 ( 1 ) 1 8 5  

2 ( 2  1 99 2 ( 2 )  2 1 3 
1 1 TSA (R ) Top layer 3 ( 3 )* 2 39 

Ca 6000 ppm ( 2 . 5 ml ) Cit .  CaCl 2 0 . 1 5M LYPA ( H ) +Ph o s .  Pad s  rr:l 1-��"ethod ( 3 )·* 
Ca 6000 ppm --

4 1 1 " 229 ml CaC1 2 0 . 1 5M 
5 2 " " 205 -

3 5 " 233 6 3 " " 2 1 3 
4 10  " 20 1 7 4 " " 1 47 
5 1 5  " 2 1 0  8 1 0 . 25 " 2 1 6  
6 5 Nil 1 57 9 2 0 . 5 " 2 1 9 
7 1 0  " 1 82  1 0  3 0 . 7 5 " 1 6 1  
8 1 5  " 1 89 1 . 0  " 1 70 1 1  4 

TSA (R ) 2 . 5nl 
Ca 6000 ppm 
CaCl 2 0 . 1 5M 

9 5 " 1 88 
1 0  1 0  " 1 80 

1 1  1 5  " 1 80 
( cont ' d ) ...... 

w (X) 



Table XLVII ( cont ' d )  
EXPT 6 

One  layer TSA (H )  replaced layer s  1 & 2 
of method ( 2 ) .  Effec t on counts of  

increased amounts  of  citrate  for 
di ssolving pads. 

Plaque 
count 

No . Method Av. of3 
-

1 ( 1 l 1 6 6  
2 

g * 
1 98 

3 2 1 5  
C i  t .  

Pads ml Method ( 3L* 
4 1 1 . 0  " 21 5 
5 2 1 1  1 1  1 86 
6 3 1 1  1 1  1 72 
7 4 ! I  " 1 54 
8 1 1 . 5 " 223 
9 2 1 1  ! I  206 

10  3 " 11 20 1 
1 1  4 1 1  1 1  1 47 
1 2  1 2 . 0  " 253 (2 ) 
1 3  2 1 1  " 2 1 3 ( 2 l 
1 4  3 " " 220 ( 2  
1 5  4 1 1  1 1  1 1 2 ( 2  

EXPT 7 
One layer TSA (H )  replaced l ayers  1 & 2 

of  method ( 2 ) .  To find optimum 
quantity of  medium in TSA bottom layer .  

Pl aqu e counts 
N ex t  da;y: 

No . 1��"ethod PM AM PM 
1 ( 1 l 2 ( 2  
3 ( 3 * 

1 1 6 1 52 277 
1 30 1 80 246 
1 30 2 1 0  236 

-

4 TSA (H ) 5 . 0ml 1 45 2 1 4  176 
5 " 7 . 5 " 1 6 5  204 1 84 
6 11 1 0 . 0 11 1 69 203 1 7 5  
7 " 1 2 . 5 " 1 8 1  247 1 68 
8 " 1 5 . 0 "  1 47 230 1 64 

( cont ' d ) 

,: 

' 

....... 
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Comment s  on Tabl e XLVII 

Expt 1 

Expt 2 

Plates all grade 1 .  

Top l aye:!" (H )  
Nos.  3-8 LYPA ( +Phos . ) 2. 5 m l  Ca 6000 ppm (0 . 1 5�!) 

1 1  9- 1 4  Nil 
11 1 5-20 TSA. 2. 5 ml Ca 6000 ppm (o . 1 5M) 

All plates  grade 1 exc ept Nos. 1 0 , 1 2 , 1 4 , 1 6 , 1 8 , 20 .  
These had speckl ed ppt. 

F = fil t ered U = unfil tered 

Expt 3 
* 

All plates  grade 1 except l ine 1 which were grade 1 -2. 
Method ( 3 ) anticipated ,  as detailed on p .  1 47 , i . e . 
layers  1 and 2 of method ( 2 )  replaced by 1 0  rnl TSA (H ) , 
Ca 6000 ppm (0 . 1 5M) . Each pad = 0.04 g. 

Expt 4 Plat es grade 1 exc ept follo\dng < 1 . No . 1 ( 2  plates ) ;  
No � 6 ( 2  plates ) ;  No . 7 ( 1  plate ) ;  No . 8 ( 1  plate ) ;  al so 
No . 7 ( 1  plate grad e  3 ) .  

Expt 5 

Expt 6 

Expt 7 
PM 

Top l ay er = layer above phac e- cul ture l ayer .  

All plates  grade 1 .  

Plates grade 1 exc ept No . 1 ( 3 plates grade <. 1 )  
No . 9 ( 3 " 11 2- 3 )  
No . 1 2  ( 1  " 11  2-3 ) .  

Grade of plates , G = grade 
Of control s ,  4 were G1 and 5 were < G1  to part cloudy . 
Nos. 4-8 ; many plates part cloudy ,  and some impossibl e 

to count . Some were G1 .  
AM All control plates G 1 .  

next day Nos. 4-8 , of 30 plates , 26 were  G1 , 1 was G 2-3 , and 3 
were impossible to count. 

PM 
next  day 

All control plates G 1 .  
1ios .  4-8 ,  pl ate s  (G1 , except 2 G1 . 
Cul ture 0 . 2 ml AM, 0 . 3 ml AM and PM of next day.  
Because of poor plates  th ere would be inaccuracies  in  
counts recorded , especial ly fir st column PM. 

1 40 
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present , bu t that 4 pads gave l ow counts .  Wi th proportionate amounts  

of c i trate incorporated 1 and 2 pad s  were satisfactory , but 3 and 4 
pads gave l oH c ounts .  

Expt 6 .  Count s increased sl ightly with l arger amount s of 

ci  trate  for 1 ,  2 and 3 pads.  Four pad s  gave l ow counts and the 

count s  decreased  wi th larger amount s  of ci  trate.  At 1 ml ci tra t e ,  

fairly ;:,imilar counts  ,.,ere obtained for 1 and 2 pad s ,  were  l o w  for 

3 pads ,  and wer e l ower s till  for 4 pads .  

Expt 7 .  In  this  experiment an at tempt was !T'ade to  final ize  

the quantity o f  TSA req_uired in th e bo ttom l ayer to  give best  

resul ts .  To thi s  end , six plates  vwre poured vd th each volume 

of medium , and experiments wer e  done one afternoon, th e next morning, 

and the afternoon of  that same day . Con trol counts wer e done in  

tripli cate.  Th ere  would sometime s b e  averages of l ess  than six 

plates because  some wer e  impossibl e to c ount . 

Th ere  did  not  appear to be  any par ticular amount of TSA medium 

in l ayer 1 which c onsistently gave a high count . 

In this  experiment method ( 2 )  was used bu t wi th varying amounts 

of TSA ( £I) in bottom l ay er ( 5- 1 5  ml ) , cal cium 6 , 000 ppiT' , in plac e of  

LYPA layers  1 and 2 .  

Conclusions : 

Layers 1 ( LYPA-Pb.os . ) and 2 (LYPA+Phos . , calc ium ) of method ( 2 ) 
coul d be replac ed by a singl e layer of  TSA (cal cium ) .  Although a 

specifi c  quanti t.y .consi stently giving ma.ximum counts was not found , 

i t  was decided that  a volume of  1 0  ml would be appropriate.  For 

3ati sfac tory count s with TSA (cal c ium )  underlayer ,  a 2 . 5 ml LYPA 

( cal c ium ) layer iva s needed on top of the cultur e l ayer. 

Using 10 ml TSA (cal ciu!T' ) in the bo ttom l ayer ,  1 and 2 cal c iurr: 

alginate  pads could be  used wi th reasonabl e accuracy . 
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Further Experi ment s  Inv e s t i�at. ing th e Effect on Plaaue  
Counts  of  Cn.] c ium Algi nat e Pads and Sodium Citrat e when 
TSA -vras Included in the J\�ed ium 

1 42 

In Exp t  1 ( Tabl e XLV I I I ) method s ( 2 )  and ( 3 )  were tri ed 
extensively wi th 1 ,  3 and 4 pad s ,  and 1 ,  2 and 3 ml c i trate ,  in 
A .Y. an d P . M. Resul t s  show·ed that wi th 1 pad pr esent  th e count was 
appro:xir . . ately the same as control , 3 pads somewhat d epres sed the 
count , and 4 pads  very much reduc ed  the plaque count . The amount 
of c i  trate did not have much effec t on the count wi th 1 and 3 pad s 
present , but wi th 4 pads 2 and 3 ml citrate brought the counts 
down greatly in some cases. 

In Expt 2 using method ( 2 ) , 1 and 2 pads were  sati sfactory 
wi th 1 ,  2 and 3 ml c i  trate.  Counts  wi th 3 pad s iiere slightly low 
wi th 1 ml c itrate and were unsati sfac tory wi th 2 ,  3 and 4 ml 
citrate .  

R1.nge of  Counts Obtained by �!ethod ( 2) 

Using method ( 2 ) , con trol and check plates were put up in the 
morning and in  th e afternoon (Tabl e XL IX ) . The resul ts  showed 
that average plaque counts were  wi thin a reasonabl e range of 
the controls .  Counts vari ed from 203 to 231 i n  the morning 
( control 21 5 ) and from 1 84 to 200 in the after�oon ( control 1 88 ) .  



Tabl e XLVIII Effec t on pl aqu e c oun t s  o f  cal ci�� alginate pads and sodium citrate in T. e thods ( 2) and ( 3) • • 

No . 
1 
2 
3 

4 

5 
6 

7 
8 
9 

1 0  
1 1  
1 2  

EXPT 1 
Effect on plaque count s of No. of pads � amount 

of citrate , in methods ( 2 )  and ( 3  • 

A .  � . .f. ? .  '!!. 
Pl aqu e count Plaque c ount 

Control method Av. of  3 Av. o f  3 

( 1 � 1 39 1 56 
( 2  200 2 1 4 
( 3  200 20 

Pads Ci t . (ml ) Method ( 2 ) �le thod ( 3 Meth o d ( 2 ) :rteth;iw --
1 1 1 90 2 1 3 2 1 3 2 1 3 
3 " 1 80 179  162  16 5  
4 " 1 20 1 49 106  1 8 1  

1 2 221  221 230 236 
3 11 1 83 1 78* 1 8 5  1 74  
4 11 97 50 1 38 1 04 

1 3 21 3 206* 204 2 1 8  
3 " 1 88 1 72 1 8 3  -
4 " 98 62* 1 74 1 40 

Cul ture 0. 3 ml . A . M. = daily cul ture , broth s were inoculated 
daily . 

P.M. = weekend cul ture , broths were inoculated 
Grade of plates = 1 ,  daily except at the weekend. 
exc ept line 8* grade (1 �3 ) 

1 1  10* " 2-3 1 ) 
1 2* " 1 ( 1 ' 3 ( 2 ) 

Method ( 1 l  four layer s LYPA 
1 1  ( 2 two layers LYPA, one layer TSA9 one layer LYPA 
" ( 3 two layers TS.A , one layer LYP.A. 

EXPT 2 
Effect on plaque counts of No. of 

pads , amount of citrate� in rr.et�o d ( 2 ) .  A .  - ·  P . M. 
Pla:{ue 

Control count 
methoi Av . of3 

( 1 � 1 1 9 
( 2  1 3 4 ( 3  2 f.J  

Pais  �le thod  2 )  -
1 1 1 86 
2 1 1  1 75 
3 " 1 56 

1 2 208 
2 " 1 60 
3 " 7 2  

1 3 1 8 7  
2 " 1 96  
3 " 1 28 
1 4 237 
2 " 206 
3 1 1  58 

Culture = 0 . 3 ml . 
All plates grade 1 .  

Pl aq,u e 
c ount 
Av. of3 

97 
1 6 3  
1 37  

Metl:lod  2 )  
2 1 1 
1 66 
1 54 

1 9 1  
1 88 
42 

1 ·3 5 ( 2 )  
20 1 ( 2 )  
9 4 ( 2 )  

1 9 9 ( 2 )  
1 89 

35 

..... 
..;:::. VJ 
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Tabl e XLIX Th e rar\c;e o f  c oun ts  ob tained by method ( 2 ) . 

AM PM 
Plaque Plaque 
count count 

Method Av . of3 Av. of3  Grade  of 12J. a t e s  
1 .  ( 1 ) Control 1 56 1 53 ( 2 )  1 .  1 ( 1 ) 2a ( 2 )  < 1  ( 2 )  
2 .  ( 2 )  " 21 5 1 88 ( 2 )  2 .  1 ( 2 )  2

b ( 1 )  3s (2 ) 
3 .  ( 3 ) " 21 1 207 3 .  1 ( 1 ) 2b 

( 2 )  1 ( 2 � 
< 1  ( 1 

4 .  ( 2 )  2 1 9  1 9 2  4 .  2
b 

( 3 )  1 ( J ) 
5 .  " 20 3 1 86 5 .  2

b ( 3 )  28 ( 3 )  
6 .  " 21 5 200 6 .  2b

( 3 )  23 ( 3 )  
7 .  " 2 3 1  1 8 4  7 .  2b ( 3 )  1 ( 3 )  

# Cul ture 0 . 3 ml 

2a 
= some small pl aques 

2b sl ight  cloudines s o f  some plaques 

2s sl ip first l ayer ; not l eft l ong 

enough before next adrl ed . 

No . of  pla tes graded in  parentheses .  

Effec t on  Plaque Counts of He� t Treatmen t of  TSA 

In th e foll ol'l'ing experiment ( Tabl e  L )  the TSA med:i a were : 

th e ordinary l aboratory stock ; TSA h eated to th e minimum ; and 

TSA subj ec ted to extensiv e  h eating. Combinati ons of  m edia wer e  

as  shown in  the Tabl e .  N o  relationsh ip coul d be found beh1een 

extent of h �ating of  media and plaque counts. Apparently 

exc essiYe h eating d.i d not harm the TSA rr ed:i.um for pl aque­

counting purp o s es .  
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Tabl e L Effe c t  on p] ao u e  c ount s o f  h eat treatment 
of TSA [m ethods ( 2 )  and ( 3 )  ]. 

Plaque 
c ount 

Me thod Med ium Av . of3 
( 1 ) 1 47 

( 2 ) TSA ( S ) LS 1 56 
11 1 1  Min. 1 67 
1 1  " Ext.  1 69 

( 3 )  " LS ( Ca TSA ) LS 1 6 1  
" 11  Min. " " 1 89 
" " Ext . " " 1 74 
" " LS " Min . 1 76 
" " Min . " " 1 68 
" " Ext.  " " 1 82 

" " LS " Ext. 1 90 
" " Min. " " 1 84 
" " Ext.  tt " 1 7 3  

Cul ture = 0 . 3 ml 

Grade of pl ates = 1 (but me thod  ( 1 ) smal l pl aques ) 

LS = laboratory stock 

Ext . = exten sive heating 

To dissolve AutoclaYe ( oEened )  1-ia ter bath 

Min.  Boil ing 1 5 1 b 1 5 rnin 1/in .  t ime  water ( so on as po ssibl e )  

Max. Ste.amer up 1 5 1 b 20 min Long as 
to 1 h (after ! h )  po ssibl e 

before use 

Bottom lay ers  for rne"thod. ( 3 ) are given after 

phage-cul ture layers . 
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Summary for Sub-section 

Investigations uere made to find whether Trypticase  Soy Agar 

medium could r eplace  LYPA in part or whol e in the four-l ay er method 
used for e s t imating phage quanti tativel y. 

A m edium \d th one layer only of TSA and wi th calcium addi tion 

0- 1 0 , 000 ppm , wi th or withou t pH adjustm ent , wa s qui te unsati sfac tory . 

TSA in quanti ties of  5-9 rnl gave satisfac tory resul ts  when used 
in layer 3 of method  ( 1 ) ,  and th e pl aqu e count s were higher than 
wh en usine LYPA in thi s  layer. 

A l ay er of  LYPA plus cal c ) um wa s needed on top of the cul ture­
phage l a�· er , and 1 YPA was better than TSA when method  ( 3 )  was u sed • 

• 
The two LYPA layers b e1 ow the cul ture-phage lay er of  method ( 2 )  

could be  satisfactori ly r eplac ed by one layer TSA containing added 

cal c ium . 'I11e vo lum e of TSA for consis t ent resul ts wa s not accura t ely 

d e t ermined. A quant i ty of 10 ml was decided upon for m ethod ( 3 )  .. 

One and 2 cal cium al ginate pad s  could be used wi th reasonabl e 
accuracy both in m ethods ( 2 )  and ( 3 ) .  

(vi i )  COMPARISON AND REVIEI'l OF VARIOUS l�TRODS FOR 
PHAGE ESTBK_ATION 

Types of  J.�edia. and Co . . .  pari son of Coun ts  in 
Methods ( 1 ), ( 2) and ( 3) 

During the course  o f  thi s  study many variations in  de tai l s  

of the methods were investigated. Th e  mat erial s fi nally adopted 
for plating in the three methods ar e summarized b el ow. 
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Method. ( 1 )  ml Ca EEm Cul tur e (ml L Phage{ml L 
LYPA (H ) +P 2. 5 

" ( S ) +P 5 . 0  
" (H ) +P 5 . 0  
" (H )-·P 5 . 0  

Meth od  ( 2) 
LY.f'A ( H ) +P 2. 5 

TSA ( S )  7 . 5 

LYPA (H ) +P 5. 0 
" (H )-P 5 . 0  

Meth od. ( 3) 
I.YPA (H ) +P 2. 5 

TSA ( S )  7 . 5  

" (H )  1 0 . 0  

p = phosphate  

' 'i 
! 

r-
� 

. � I I I 

J 

f��J ·-- - --. . - · c.' '"·' ·;;�-::. .' . . ' 
� . ' 

l� J . . . 

. -
___ _;_ __ 

6000 F 

0 . 2  

6000 F 

6000 F 

0 . 2 

6000 F 

6000 F 

0 . 2 

6000 F 

F "" fil tered 

Method. ( 1 )  had four layers  o f  lactose yeast agar , three o f  these 
vTi th added. ph o spha t e .  Ca l c ium was i n cl uded i n  laye-rs 

0 . 1 

0 . 1 

0 . 1 

2 and. 4 so as to supply cal cium to l ayer 3 by diffusion . 

Method. ( 2) used. TSA in th e third layer in plac e of L YPA. 

Method ( 3L had one thic'k: lay er of  rrsA plus cal cium bel ow the TSA 
phage-cul ture layer , and on th e top \ofas a layer of 

LYPA medium plus calcium.  

Some of  th o phage counts obtained by methods ( 1 ) ,  ( 2 )  and ( 3 )  

are shown graphically in Fig 7 .  Methods ( 2 )  and ( 3 )  gave high e -r  

counts than method ( 1 ) . Method ( 2 )  was chosen for routine work . 
(A few of th e pl ates in method ( 1 )  w er e  s l i gh tl y  under grade 1 
in appearance. ) 
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Survey of Pl a.o u e  Count s Ob taine d by Vari ou s Method.s 
Usin� Media wi th and wi th ou t A ided Cal cium 

1 49 

At this stage it wa s considered a dvi sabl e t o survey different 
m e th o d s  for phage estimati on , compar-i ng m ethod s w i th and without 
cal cium addition . R e sul t s  ar e shovm in Tabl e L I .  

'l1abl e LI Compar j son of El aqu c  c ounts ob t ai n ed b:t vari ous 
m e th o d s  u s i ng !T' ed i a.  wi th and •·ri tho�1 t added cal c ium 

Amount Agar 
per hard Appearanc e o f  

l ay er or Ca Pla<i.u e counts pl ates 
Me-thod ml Medium p s o f t  pum 0 , 1 ml Av. G �Y"OOd 

( 1 ) 2. 5 LYPA + H 6000} 
.5 . 0  " + s 1 52 , 1 34 1 43 G G 

" " + H 6000 
,, " H 

( 1 ):No Ca 2 . 5 " + H 

} 5. 0 " + s 9 , 8  9 G G " " + H 
" " H 

( 1 ) * 2 . 5 " + H 6000} 
5 . 0 " + s 1 29 '  1 56 1 43 G G 

" " + H . 6000 
" " H 

Normal ** 2. 5 " + s 
} 

7 , 4 6 opaque < G  
1 0 . 0 " + H ppt . 

Normal *** 2 . 5 " s } 10 . 0 " H o , o  0 G G 

( 2 ) 2. 5 " + H 6000} 
7 . 5 TSA s 198 , 208 203 G G 
5 . 0 LYPA + H 6000 

" " H 
( 1 ) 2 . 5  " + H 6000} opaque 

5 . 0 " + s 177 , 1 22 1 50 G <G 
1 1  " + H 6000 pp t .  probably 
" 11 H not interfere 

Normal ** 2 . 5 " + s } opaque opaque 
10 . 0 " + H 3, 1 2 � G  � G  

ppt . ppt . 

p "' phosphate 
* = Ca medium pH adjusted 4. 9�7 . 1 

** = two-l ayer soft agar method 
*�·* 11 " " " (no P soft , no P hard ) 

First six methods cul ture 1-day-old 
La s t  two " cul ture l o g  pha s e  
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An experiment was carried ou t comparing th e plaque counts 

obtained by method ( 2 ) (four-layer ) and the normal two-layer metho1,  

u sing sma11 laboratory and main laboratory cultures .  Counts were 

made by two workers .  The r esul ts  are shown in Tabl e LII. Both 

cul tures gave approximately the same c ounts by method  ( 2 ) , but 

counts were  high er ui th the main laboratory cul ture than with the 

small laboratory cul ture wh en the two-layer method was used. Medium 

containing added cal c ium gave a much higher count than medium to 

which calcium was not added . 

Tabl e L I I  Compari son of pJ aqu e counts obtained by tiofo-layer 
and four-l ayer methods.  

Plaque 
L1 (LYPA ) A 

Culture Method ml Av. of3  

SL 
" 

ML 
l t  

Normal 2-layer* 

( 2 )  
Normal 2-layer* 

( 2 )  

Cul ture 0 . 2-0 . 3  ml 

SL = small laboratory 

ML = main laboratory 

1 0- 1 2  

5 

10- 1 2  

5 

A , B  = two different work ers 

Plates all grade 1 
* = top layer 5 ml soft LYPA ( +P )  

instead of  2. 5 ml . 

1 

1 7 5  
20 

1 68 

counts 
B 

Av. of3 

1 

1 5 1 

1 5  

1 49 

Th e  results  shown in Tabl es LI and LII reveal a marked differenc e 

in counts between t�e vari ous methods tested. Tne four-layer method  

( 1 )  gave �ounts of 1 43 and 1 50 wi th calc ium , and a count o f  only 9 

when cal cium was not added. The pH adjustment of  medium plus cal c ium , 

method ( 1 ) ,  did not alter the count.  The four-layer method  ( 2 ) , 

with TSA in layer 3 ,  gave a com�t  of 20 3. 

The two-lay er m et�od wi thout cal cium addiii on gave very l ow 

counts , viz :.. 6 and 2 .  'Yhe two-layer method,  without phosphat e  in  

eith er layer , gave a count of  o .  

In Table LII  ar e shown result s  o f  the same type as  those  in 
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Tabl e LI. The.y confirm the need for cal ci�� addition,  and show 
that the addition of calcium to the medium raises  th e plaque c ount 
considerably .  

Conclusion : 

A compli cating factor that presented itsel f during the course 
of  thi s study was that troubl e could ari se if cal cium alginate 
di s solved in hexametaphosphate or ci trate were added to medium 

. containing added cal cium . A method , therefore ,  had to be devi sed 
whi ch overcame  thi s  difficul ty . As can be seen from th e foregoing 
results and from earli er work , a four-layer method i s  sati sfac tory , 
and was adopted for general use .  

(v:. ii ) THE EFFECT OF CALC JUM BOROGLUCONATE ON 

PLAQUE PRODUCTION 

Trial s wi th Various  Conc entrati ons of Cal cium 
Borogluconate in Media 

Cal cium borogluconate ( CBG )readJly l iberates calcium ions . 
In th e present investigation its  usefulness as a sourc e of the 
cal cium needed in phage estimations was examined. 

Experiments were carried out in which a range of  conc entrations 
of  CBG in  media was tri ed ,  the range incl uding amounts that woul d 
normally be expect.ed to affect phage production. T-l•o-layer and 
four-layer plates were used, respectively, in two experiments ,  
the result s  of whi ch are shown in Tabl e LIII. 

In Exp t 1 a two-layer method was used, vi z .  1 0- 1 2  ml TSA. in 
the bottom layer , and in the top layer 2. 5 ml TSA mixed with phage , 
culture and varying quantiti es of  calcium borogluconate. Equal 
amounts of phage were added in each case. Control s were done by 
methods ( 1 )  and ( 2 ) , i . e. using CaCl 2 in  layers 2 and 4. Without  
CBG ,  the two-layer method di d not  give any plaques .  There was an 
increase in plaque production with increasing amounts  of CBG up 
to 0 . 1 molarity ,  but even wi th thi s conc entration of CBG counts 
wer e greatly bel ow those  of the control s .  Plates were not 



Tabl e 1III Experiments showing effects of various amounts of calcium borogluconate 
on plaque counts . 

EXPT 2 
Four-,_a;yer method EXPT 1 

Two la;yers of TSA, 
with CBG in top layer Variations in quantities of CBG and CaCl2 

MOlarity Plaque Plaque* 
:Molarity 
of CBG in 12 and 14 

of CBG in count count 13 Ca 
Method top layer Av. of3 Av. of3 H n ( TSA ) nnm 
( 1 ) 1 5 1 

( 2 ) 166 
2-layer 

11 

" 

11 

11 

I f  

11 

11 

o . o  
0. 0005 
0 .00 1 
0 .0025 
0. 005 

0. 01 
0 . 05 
0. 1 

0 
1 

< 1  
< 1  
3 

1 2 
26 
38 

1 
1 

0 
2 
6 

8 
1 6 
38 

0. 0025 
0 . 005 
0 . 025 
0 .0025 
0 . 005 
0 . 025 

0. 0025 
0.005 
0. 025 

6000 
" 

" 

" 

4000 
" 

" 

2000 
" 

" 

CaC12 
Molarity 
0. 1 5  

If 

" 

" 

0. 1 0 
" 

I f  

0 . 05 
" 

" 

All plates grade 1 .  All plates grade 1 . 
* Phage with Ca alginate + citrate 

2 x 0 . 04 g Ca alginate per 10 ml 
phage. 
2-layer method of RJ1 (YE omitted) 

Plaque 
count 
Av. of3 
1 46 
1 24 
1 29 
1 27 
1 1 2  
1 1 2  
1 1 5  

-

68 
58 
56 

" 

...... 
\J1 1\) 
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noticeably a ffected by alginate. The pH of the CBG had been 
adjusted to approximately 7 .  
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In Exp t 2 ,  using method ( 2 )  ( wi th variati ons in CaC12 content ) ,  
CBG was added to layer 3 to secure a range of molar i ti es 0 . 0025-0 � 025 , 
with 6 , 000, 4 , 000 or 2 , 000 ppm cal c ium in layers 2 and 4.  These 
amounts of  CBG did not rai se average counts to the control values 
when the cal cium l evel s were 4 , 000 Gnd 2 , 000 in layer s 2 and 4. 

Under th e condi tions  prevail ing in these exp eriments  the 
amounts of CBG added were inadequate  to rai se th e average counts 
to those  of the control plates.  

Methods U s e a  by RJL* 

A coll eague ,  ( RJL ) , workin� in  a nearby laboratory ,  devel oped 
methods for the use of calcium borogluconate ( CBG ) in media .  They 
were as foll ows : 

0.5 mol ar CBG s tock soluti on 2.1. 1 g of CBG were dissolved 
in di stil l ed water ( 50 ml ) by st eaming. The solution was 
made up to 80 ml , cool ed, th e pH was adjus ted to approximately 
7 ,  and the volume was made up to 1 00 ml with water . 

Two-layer method TSA containing YE ( 1  g/1 ) was used in 
both l ayers  wi th CBG in the top layer (0. 004M) . 

Three-layer method Agar medium con�ained 1 g YE/1 . 
The bot tom layer ( 1 5  ml ) was har d  TSA , and the second 
and third layers  were both 2 . 5 ml of soft TSA. CBG 
stock solution was included in each layer to give a 
final conc entration of  0 . 005M. Phage,  and cul ture 
( 5-6 h ,  30°C ) ,  were mixed wi th the medium in layer 2 .  

Broth for cul ture  growth contained 1 g YE/1 , and CBG 
at a concentrati on of 0 . 005M. 

A count by R� o� phage suspension suppli ed by the author 
gave the fo l lowing resul t s :  

0 . 1 ml o f  1 0-6 x o .  7 phage suspension • 1 54 plaques. 

* Research Officer ,  NZDRI 



(Throughout thi s i nv e s ti ga t i on stock phage di l u t e d  to th e 

same strength has fr equently b e en u s ed and sim i l ar , but vari abl e ,  

c ount s  ob tained. ) 

Compar i son of Cmm ts o f  Air1)orn e Phage Carri ed Out 

by th e Author and by RJL 
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Compari sons ller e made of pl aque cou n t s  don e  by th e method s o f  

th e  author and RJL , r e sp ec t ivel y .  For thi s  purp o s e ,  phage su spen s i o n  

was spraye d  int o the atmospher e ,  plat e s  were expo s ed to thi s  

a tmo sph er e for sp e ci fi c p eriods o f  t i m e ,  the pl a t e s  were incuba t ed , 

and the plaques were sub sequ entl y counted. Pl ates for expo sure 

h a d  b een rou tinel y spr ead vri th cul tur e ,  bu t RJL introduc ed th e 

m e thod o f  mixing th e cul tur e wi th th e agar medium . 

Ttio ini ti al experi m ent s "t-ier e un su c c essful O\\i ng to sub stan ti al l y  
ly s ed pl a t e s  or l ow c oun t s  bei ng obtaine d .  Resul t s  from a suc c e s s ful 

exp eriment ar e sho"tm i n  Tabl e  LIV. 

Th e  exp eri m en t showed tha t h i gh er c oun t s  were o btai ned Hh e�, 
th e  cul tur e  vTas mixed vTi th th e m ediur.1 than wh en th e cul ture v1as 
spr ead on th e pl a t e .  In the RJL meth o d , CBG app ear e d  to be a 

sat i s fac tory sour c e  of cal c iu m .  Meth o d  ( 2 )  (au th or ) g<H•e simi l ar 

r e sul ts to the pour m ethod o f  RJL. 

Considerati on o f  th e for ego i ng r e sul t s  sugg e s t s  tha t  po s sibly 

the cal cium added to the bro th may have (:Ontribu t e d  consi derably 

to rai sing the pl aque c ount . 

It was c on si der e d  a dvi sabl e to continu e  the u s e  o f  the four­

l ay er method and not change to CBG b ecaus e :  

( 1 ) CBG und er the c on di ti on s used by the au thor di d no t 
give th e expec t ed i ncr ea s e  in counts ;  

( 2 )  the four-l ayer method had b e en ext en sively tri e d  under 

varie d co ndi ti on s and had b e en ch ecked for u se wi th 

phage in th e pr e s ence of cal c ium al gi nate and c i tra t e ;  

( 3 )  furth er work woul d have b een n e c e s sary t o  fi nd the 

effec t o f  the cul ture-bro th wi th and wi thout added 

cal c ium wh en us ed i n  m e thod ( 2 ) .  
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Tabl e LIV Compari son of  author ' s  and RJL ' s methods 
fo:r- phar;e estima Hon.  

(Plates containing media used by the author and by 
RJL wer e  expos ed to a phage a tmosphere, and 
comparisons of counts  were  made. ) 

Pl aque counts 
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1t h 2 h 

Plates exposed to phage 

Author LYPA spread with 
milk culture 

" 

" 

RJL 

" 

" 

" 

RJL 
series  

LYPA spread with 0 . 2 ml 
broth containing 
0 . 005 M CaC12 

Method ( 2 )  omi t  14 
0 . 2 ml broth culture 
mixed with TSA * { TSA (H)  spread with 
0 . 2 rnl broth culture { Top layer : TSA ( S ) mixed 
with broth cul ture 

Bot tom layer : TSA (H ) { ML (H) spread with 
0 . 2 ml broth culture { Top layer : ML ( S ) mixed 
with broth culture • 

Bottom l ay er : ML ( H )  

ML = L YPA modified mediurn 
H = 

s 
CBG was 
s agars 
a final 

0.005 M. 

hard 

soft 

included in all 
and in broth to 

H and 

give 
conc entration of 

from spraying from spraying 
Plates open for Plates open for 
3 m in 1 m in 10 min 2 m in 

21 2 1 0  1 

240 32 

7 68 437 

Ly s e d  302 1 98 1 07 

69 1 27 1 

378 200 

806 296 

* Doubt 0 . 005 M 
CaC1 2 in broth 
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( ix )  PREPARATION OF  CaCl2 SOLUTION ANn ADDITION TO AGAR MEDIUM 

Cal cium chl ori de solution s  n-ere prepared a t  interva1 s by 
di ssolving CaC1 2 , 6H2o in di sti ll ed ·Ha ter , and th e s e  solu tions 
were then standar d i z ed. Cal cul ated amounts of CaC12 solu ti on wer e 
added to hot agar media ,  and the pr ecipi tate forn·.e d wa s fil tared 
off. ( Ini tial ly centri fugation -w-as u seC. instead of fil tration. ) 

The method for s tandardizing the CaC1 2 solutions was as  foll ows : 
a measured amount of  the diluted solution was Tl"ixed 
with 1 5  ml of 0 . 0 2  M EDTA in a flask . i·iater ,  NaOH 
solution and Cal con* ind.i ca tor were added . 'lb.e 
remaining EDTA in th e solution was titrated wi th 
0 . 02 M CaC1 2 and the quan ti ty of cal ci um in the 
original solution was cal culated as ppm 
(1 ml 0 . 02 M EDTA = 0 . 8  me calcium ) . 

Wi th a vi ew to finding out by chemical analysi s the amour.t of  
cal cium in  the aga:c m edium , the foll owi ng experirr.ent was carri ed 
out : 

Known quanti ties of CaCI 2 solution 1-rere added to 
agar media , the media were fil tered , and the 
calcium remaining in the fil trate was estimated 
by th e above me -thod . Results  are shovm in 
Tabl e LV. 

Tabl e LV The cal cium content  o f  agar aft er th e addi tion 
of  differ er.t quan t i t i e s  of CaC1 2 ,  and th e 

effect of sub s equ e n t  fil tra t i o n .  

Amount Calcula ted Ca content 
Bard agar . of 2M Ca conten t  of  of agar m e d i  urn Ca r emoved 

+ CaCl 2 agar m edium after after fil tration by fil tration 
pho spha t e  added CaCl 2 addi tion (by analysi s )  (by differer.c e ) 

ml m1 ppm 1folar pp m lfola.r pp m N:olar 

97 . 5 2. 5 2000 0 . 05 Boo 0 . 02 1 200 0 . 03 
95. 0  5. 0  4000 0 . 1  2720 0 . 068 1 280 0 . 032 
92. 5 7 . 5 6000 0 . 1 5  4800 0 . 1 2 1 200 0 . 03 
90 . 0  1 0 . 0  8000 0 . 2 67 20 0 . 1 68 1 280 0 . 032 

* Sol ochrome dark blue di s so lved in anhydrous methanol . 
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It appeared that a constant amoun t of cal cium was removed by 

pr ec i p i ta t i on and fil trati on regard] ess  of the quanti ty of  Ca C1 2 
initially presen t .  Th e  cal cium was apparently removed by r eacting 

with phosphat e  and possibly other constituents in the agar mediu�. 

V.'hile  the quanti ty of cal cium u s e d  in experitr.ents  may appear 

l arge , i t  i s  probabl e that only a smal l propor tion o f  th e cal cium 

reach es the phage-cul ture layer by diffusion. 

(x ) VARIATION WITH IN BA'I'CHES OF PHAGE Mill E'F'FECT ON 

PLAQUE COl:'WfS 0? D I LU�'ION OF PHAGE �USPENS ION 

Corr:par i son of Plaque Counts  fro� Separa t ely- s t ored 

Porti ons of  th e Same Ba tch of Phage Su spen si on 

Separate portions of the same batch of phage suspension were  

compared by plaque count after storage for some months .  Phage 

suspensi on from a freshly-opened bottl e was somewhat higher in  

plaque count than the phage suspension residue  from another 

bo ttle ( Tabl e LVI ) .  

Tabl e LVI Cotr.pari son of nh age su spen s i on from a freshly-opened 
bot tl e with resi du e  from another bo t tl e .  

Phage suspension ( freshly opened ) 
11 11 (re  si due )  

Plaque count 
Agar medium 

(pr epared some 
day s b eforehand ) 

1 64 
1 36 

(Av.  of  3)  

Agar medium 
( freshly prepared ) 

1 79 
1 21 ( 2 )  

Effect o n  Phage Count s of  Dilution of Phage Su spensi on 

Various tests  -�ere undertaken to determine the effec t of  dilution 

of  the phage suspen3ion on plaque counts.  

In  Expt 1 ( Tabl e LVII ) one objective wa s  to find wheth er 

preparation of phage diluti ons contributed appreci ably to experimental 



error. (The  o ther obj ective , whether agar medium i s  affected by 
s tanding wi th CaC1 2 , i s  discussed el sewhere. ) From a sampl e of  
phage suspension three s eparat e  lot s  of  dilutions (a ) , (b ) and 
( c ) were prepared. These were exa�ined at interval s throughout 
the day . The result s  establ i sh that dilution errors were not 
great assuming that oth er fac tors al so probably affected th e counts .  

In Expt 2 two < 1 o-6 dilutions of  a s tock wh ey suspension of  
phage were prepared.  These contained 1 calcium alginate pad (0 . 04 g )  
and 2 pads ,  respectively. From each of these suspensions 1 0- 1 and 
1 0-2 dilutions were prepared. Similarly , two�1o-7 dilutions con­
taining 1 and 2 al ginate pads , respP.c tively, were prepared. From 

_ -1  
each o f  these  suspensions a 1 0  ' dilution was prepared. Plaque 
c ounts  were determ ined as  shown in Tabl e LV II . Th e r esul t s  shol-red 
that the counts  were proportionate to the extent of dilution .  

Tabl e LV II Effect on pl aque counts of dilution of 
phage su spen s1 on.  

EXPT 1 

Comparison of counts  on three sets of d i l u ti ons prepared 
from sarr.e neat pharre 

Phage Plaaue c oun t s  (Av. of 3 )  
suspension 
dilution 

1 0  am
t 

2 pm
f !· 3o pm

r * * 

( a )  1 94 1 84 1 9 1  1 8 1  1 72 1 9 1  
(b ) 1 76  1 80 1 6 6  1 75 1 8 1  1 86 
( c )  1 60 1 6 1  1 60 1 50 1 67 1 76 
* = CaC1 2 added to agar medium 1 day earl i er .  

Av. 

day 

1 86 
1 77 
1 62 

t = 11 1 1  1 1  1 1  1 1  at  time of  each analysi s .  

EXPT 2 
Highly diluted phage suspensi ons - pl aqu e cou�ts on th ese 

and on dec imal dilutions from th em 
Two suspensions � o-6 contained 1 & 2 pads alginat e ,  respectively , 
similarly < 1 o-7 . 

Phage Plaque count (Av. of3 ) 
suspens�on 1 pad 2 pads 

< 1 o-6 (a�  i s ) 1 85 1 48 ( 2 )  
1 0-1 dil .  1 9 19 
1 0-2 dil .  2 ( 2 ) 3 

Note : In preparing s erial decimal 
the strength was reduced to  

Phage Plaque count (Av. of3 ) 
suspension 1 pad 2 pads  

<10-7 (as i s )  22 21  
( 1 0- 1 dil . ) 2 0 

dilutions of  stock phage ,  
70% at  ·;o-5. 



Anoth er experiment �as carri ed out in which phage dilutions 
of the approximate strength l ikely  to be found when evaluating 
airborne phage were prepared using o ,  1 and 4 cal c ium alginate 
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pads ( 0 . 04 g each pad ) . n1e obj ect  was to make  dilutions from 
these suspensions ,  to find whether counts were proportionate to 
extent of di1ution . The resul ts  are presented in Fig 8 .  Linear 
relationships 'IH�11"0 obtained, counts  being proporti onal to diluti on. 
Counts were distinctly lower uh en 4 pads were used, possibly due in 
part to the relatively large amount of calcium alginate affecting 
the amount of cal c ium available for phage proliferati on. 

Conclusion : 

�be above resul ts demonstrat ed that phage di lution could be  
carried out without j ntroducing major errors ,  and that counts were 
charac teri stically proportionate to the dilution. 

(xi ) SID.nl.4.RY OF BASIC "METHODS ADOPTED 

Four-layer Plate Method 

Phage was estimated by the four-layer plate method.  The 
diagram below illu strates the composition of each layer : 

Layer 4 LYPA (H) +P 
" 3 TSA ( S ) 

" 2 LYPA (H) +P 
1 1  1 LYA (H)-P 

2.5 ml 

7 . 5  ml 

5. 0 ml 

5. 0 ml 

Ca 6000 ppm (fil tered ) 

0 . 2 ml cul ture ,  0 . 1 ml phage 

Ca 6000 ppm ( fil tered ) 

To a steril e Petri dish 5 ml lacto se yeast agar medium were 
added ( so-called LYPA , but with the phosphate omitted ) . The agar 
was allowed to harden and the plates were often kept in the 
refrigerator until required. 

When used for analyses 5 ml LYPA co::1taining added CaC1 2 were 
poured on layer 1 ,  and the plates were all owed to set .  ( CaC1 2 had. 
been added to thi s medi�� so a s  to give 0 . 1 5  M CaC1 2 (6 , 000 ppm 
calc ium ). The  mea.ium was fil tared hot. ) T'ne ma terial for the 
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Percentage dilu tion of  phage suspension 

Fig 8 .  Relationship between plaque count and percentage 
dilution of phage suspension. 
(Phage suspensions contained 0, 1 and 4 alginate 
pads  per 1 0  rnl , and dilutions of various strengths 
were prepared from the respective suspensi ons . 
Plaque counts were determined on 0. 1 rnl portions. ) 
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third layer consi sted of 7. 5 ml soft trypticase soy agar (at 
approximately 45°C )  mixed wi th o. 2 ml cul ture plus  0 . 1 ml phage 
suspension (added. last ) .  Aft er mixing , this material was poured 
on top of layer 2. The fourth layer con�isted of 2. 5 ml of LYPA 

containing CaC1 2 , similar to layer 2. The plates were incuba ted 
at 30°C overnigh t and. th e plaques were subsequently counted. 

No tes : 

( 1 ) Cul ture.  The requisite  cul ture of lacti c  streptococci 
for phage detection was maintained by daily subcul ture 
in LYP broth , using a 0 . 3 ml inoculum and incubation 
at 22°C . hnen a fresh bro th cul ture was prepared from 
a milk cul ture,  broth 'I'Tas subcul tured to broth at l east  
once before use  for analytical work. The culture used 
for phage counting was generally 24-30 h of  age. 

A steamed solution of CaC1 2 was 
added to hot LYPA ,  and the precipitate was fil tered 
off using a hot Buchner fil ter funnel containing a 
layer of  blo t ting paper . Throughout thi s  study the 
stated cal cium content of the agar medium (molarity 
and/or ppm ) i s  tr e quanti ty added to th e medium , but 
the effect ive amount of availabl e cal ciu� i s ,  of 
course , lower , as i s  sho1m in Tabl e LV. 

( 3 ) Trypticase soy agar. Soft medium contained 3% 
trypticase .  soy medium and 0 . 5% agar. 

Estimation of Phage by Cal c ium Alginate  Wool Pads  

1 6 1  

Flange ')I 

0. 7 3 "  
" 

I 

1 2 . 5 " 

I 
I 
I 

..Jt 

Seven alginate wool pads ,  each 0 . 04 g ,  
were weighed, pressed flat in a metal 
mor tar wi th a pestl e ,  and placed on 
top of the grid  acro ss  the su�fac e  of  
the cylindrical metal support hel d  in 
place in a glass tube by pro j ections 
from the glass wal l .  The pads were 
compact ed by a weigh t .  The apparatus 
was wrapped in parchment paper and 
auto claved at 1 5  psi for 20 min • 
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Pri or t o  a d e t ermi nation o f  airborn e phage par ti cl es , th e fl owmeter 

wa s l evel l e d . Tn e gl a s s  tub e was a t tach ed to o n e  end o f  th e pl a s t i c 

inl e t  tub e of th e fl owm e t er ,  and a i r  wa s drawn through th e appara tu s 

for a defini t e  t im e ,  e. g. 1 0  m i n .  A t  th e star t o f  air sampl i ng th e 

pads were ' ti gh t en e d '  by l ightly tappi ng th em about 40 times wi th 

the fl a t t ened end o f  a s t eril e gl a s s  ro d. 'Ih e tamping of th e pad s ,  

c ombined with the suc ti on o f  air , r e sul t ed in a c ompac t  fil ter o f  

algi na t e  wool . 

'\\'h en air sampl ing vras compl e t e  th e pads wer e indi vi duaJ. ly 

transferre d ,  wi th th e aid of forc ep s ,  to Mc Car tney bo t tl e s  c ontaining 

9 ml of p eptone- sal t solu tion. The b o t tl es and c ontents w er e  k ep t  

cool i n  an i c e  b o x  c ontaining fro z en Sl ikka pad s .  

F'or phage e stimation 1 ml o f  1 0% ( ii/v ) so dium c i  tra t e  solu t i o n  

wa s added t o  th e Mc Cartney bo t tl e and t h e  cont en t s  wer e 1.;el l mixed. 

I f nec e s sary , s erial dec imal diluti c ns w ere pr epared by trans ferring 

1 ml o f  th e mixtur e  to 9 ml o f  peptone- sal t solu ti on. Tn e s e  su spen s i o n s  

were c al l ed ' nea t ' , 1 0-1 , 1 0-2 , e t c .  For esti mati on o f  phage 0 . 1 ml 
of su spen s i on wa s pl a t ed. Th e  number o f  phage par ti c l e s  per pad 

= c ount x 10 ( a s  0. 1 ml u s e d ) 
x 1 0  ( a s  10 ml p er bo t t l e ) 
x dilu t i on. 

Th e c oun t s  from the pad s  wer e  added to e s tabli sh th e total c ount p ar 

speci f i c  volume o f  a i r .  

No t es : 

( 1 ) Peptone-·sal t soluti on c on tained 0. 1 %  p ep tone and 0 . 88% 

NaCl . The solution was au toclaved at 1 5  psi ( 1 . 0 5  bar ) 
for 1 5  m i n .  

( 2 ) So dium c i tra t e  sol u tion ( 1 0% w/v ) was prepar ed by 

di s solving s odium c i trat e  i n  wat er and s t eaming 

for 1 5 min. 

( 3 ) Vo lume o f  air. General l y  20 cu. ft (0 . 566m3 ) of a ir 

was sampl e d  by drawing i t  through th e pads and 

fl o-vr m e t er for 1 0  min at th e r a t e  of 2 cu . ft per m in .  
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Estimation of Phage �all ing into Lisuid  

To a steril e Petri dish 10  ml  peptone-sal t solution were added 
from a 'McCartney bottl e. The pla t e  was exposed (l id  off ) to the 
a tmosphere for 1 0  min.  Th e  liqui d  was then transferred back to 
the McCartney bottl e ,  placed in an ice  box and cooled with Sl ikka 
pad ( s ) . The l iquid vr3.s kept cool until analysi s ,  when 0 . 1 ml 
portions wer e  examined by the plating methoi. 

To tal phage particles  fall ing into Petri dish 
= plate count x 1 0  (as  0. 1 ml used ) 

x 1 0  (as 1 0  ml per bottl e ) . 

Estimation of Phage Particl es Fall ing onto Solid  Medium 

To a steril e  Petri dish were added 5 rnl LYA (wi thout phosphate ) , 
th en 5 ml LYPA ( CaC1 2 0. 1 5M, fi l t ered ) , then 7 . 5 ml soft TSA mixed 
wi th 0 . 2 rnl hos t cul ture ,  giving a three-layer plate .  Each l ayer 
was allowed to set after pouring. The plates were k ept cool unti l  
u s ed.  

Plates were  exposed at Ci fferent places in the dairy factory 
wi th the l ids  off for 1 0  min.  Th e lids were then replaced and th e 
pla te s  were kept cool prior to overnight incubation at 30°C .  Plaques  
were count ed subsequently. 

Analyses  of  lfuey Sarnpl es  for P'nage 

Whey samples liere  taken in Bijou bottl es and plac ed in ice  
in a the1�os flask. On  return to the laboratory the sampl es were 
k ep t  in the c ol d  ro om until analysed.  

For analysis , serial decimal d iluti ons were pr epared in pep tone­
sal t solution and a 0 . 1 ml portion from each of s everal different 
diluti ons vias examined by the plating method. Plates were  incubated 
overnight at 30°C and the plaques were counted subsequen tly. 

Phage count per ml whey = plaque count x 10 (as 0 . 1 ml used ) 
x dilution • .  
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Esti mati on of Phage in ?li1£ 

Milk sampl es were taken in 1 00 ml bottl es and stored as  
d escribed for wh ey sampl es.  For examination 10  ml of the sampl e 
were plac ed in one tube and a further 1 ml of the sampl e was added 
to approxi�ately 9 ml s t eril e skim milk in another tube. From 
th e la tt er approximate serial decimal dilu tions were made in tubes 
o f  skim milk so tha t eventually a s eries of tubes containing a 
to tal of about 9 or 1 0  ml was obtained. Two drops of a coagulated. 
milk cul tur e of the appropriate starter strain were added to each 
tub e and ,  after incubat ion at 30° C for 5 h and sub sequent c en tri fuga­

tion , t� e supernatant wh eys were spotted on three-layer plates ,  
wh i ch were furth er incubat ed. Resul ts were recorded a s  + or -
for th e presenc e o f  phage in approximate specific  quanti ti es of  
th e ori gi nal sampl e o f  milk. 

Standard P.�ace Suspensi on 

A wh ey r;uspension of phage was prepared early (November 1 968 ) 
i n  th e pr e s en t  study . Th i s  wh ey was used over a l ong period as a 

s tan d ar d  susp ension . 

Dilutions of th e suspension were prepared in pep tone-sal t 
. - 1  -6 -5 

e o lut1 on , 1 0  to 1 0  , but 1 0  dilution was made b y  usi ng 0 . 7 ml 

o f  1 0-4 and 9 . 3 ml diluent ; 1 0-6 was made by using 1 ml of 
approxi ma t el y 1 0-5 

an d 9 ml diluent.  This meant that so-call ed 
diluti ons 1 0-5 and 1 0-6 were sl ightly under thi s  strength . Th e  

r ea son for us ing 0. 7 ml inste�d of 1 ml  was in  order to have a 
r e.s.sonabl e number of plaque s  wh en 0. 1  ml was plated from the highest  
dilution ; 0. 1 ml of the so-called 1 0-6 dilution gave about 1 50-200 
plaques gen erally. In a grea t many of the experiments  conducted 
in invest i ga t i ng the phage methods i t  was convenient to have a 
phage su spension of known str ength and this  particular whey 
suspension was kept i n  the refri gerator and us ed over a l ong perio d. 
Th er e  wa. e no apprec:i.abl e decl in9 i n  t i tr e  over a consider abl e period 

of time . 



P A R T  I I  

PHAGE IN THE ATMOSPHERE -

EXPERIMENTS WITH ARTIFICIALLY ?REPARED AEROSOLS, 

ANJ) FACTORY INVESTIGATIONS 
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A. E7...PERI1fu:INTS '\H TH ARTI FI CIALLY PREPARED AEHO SOLS 

( i ) ARTIFI C IAL PRODUC TION OF PHAGE AEROSOLS AND 
THEIR EVALUATION 

Introducti on 
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It  had been deci ded to estimate phage in the air by filtration 
through calcium al ginate wool , and in vi ew of th i s  th ere was needed 
a phage-laden atmosphere whi ch coul d be used for evaluating the 
method. Tne atmosphere of  ch eese factories vari es wi dely in phage 
content , the number of parti cl es p er uni t  volume varying from nil 
to very high l evel s.  For developing and testing a metho d  of sampling 
i t  was nec essary to produce artificially an aero sol whi ch would 
c ontain a r easonably high l evel o f  phage.  During th e trial s various  
points arose  which needed clarification. These vrere examined by 
suitable  experiments.  This  section deal s wi th : 

Production of aero sol s ;  
Th e  time o f  survival o f  an aero sol ; 
Factors bearing on the estimation of phage in 
aerosol s by filtration through calcium al ginate  
wool . 

Method for Preparati on of Aero sol s 

A simpl e method for aeroso l  production was by passing compressed 
air through a rubb�r tube into whi ch a phage susp ension was inj ected 
slowly. The  turbul ence in the ai r being forc ed through the tube 
resulted in  an atomi zing act�on on the phage suspension , and an 
aerosol '\-Tas produc ed whi ch coul d be  di scharged into a container or 
room. 

Detail s  of the method are as follows : a rubber tube about 
3 ft ( 9 1  ern ) in l ength and of 3/8 in .  (0 . 9 5  cm ) internal diameter 
was connec ted at one end to an el ec trically driven air pump* . 
The tube was pi erc ed by the needl e of  a hypodermic  syringe which 
contained a small amount of whey of  high phage content , and thi s 
.whey was gradually introduc ed whi l e  air was being forced through 

* Of th e two pu�:�ps used, one was a 1/3 h . p. "Tuffy " (Arnol d  
de  Vilbi s s ) diaphragm pump. · 
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th e tube .  In i t ial ly th e needl e wa s pl ac ed i n  th e tub e n ear th e 

pump , but i n  l a t er exp er i m en t s  th e p o s i t i on of th e n e e dl e wa s 

changed to n ear th e exi t end o f  th e tub e .  Th e  o p en end o f  th e 

rubb er tub e was moved about c on tinual ly i n  order to d i s tr i bu t e  

phage round th e room. In thi s  way an a ero sol o f  h i gh phage c on t en t  

coul d b e  pr epar e d ,  and som e o f  th e fi n er parti cl e s  r emained 

su sp ended for s ev eral h our s .  

Pr el irr i nary Tr ial s o f  A ero sol Pro duc t i on 

Pr el iminary trial s wer e mad e  w� th th e appara tu s describ e d ,  

and r e sul t s  o f  exp er im en t s  ar e shown in Tabl e LV I I I . A t  thi s stage 

of th e work s edimentation pl a t e  c oun t s  wer e us ed. for e stirna ting 

pha g e s .  Phage sus p en sion ( o .  7-2 ml ) in wh ey wa s introduc e d  from a 

hypo derm i c  syr i nge into the rubb er tube a t  th e end n ear th e pump , 

and th e ph age was bl olm into th e room for 5- 10 min. Pl a t e s  spr ead 

wi th th e appropr i a t e  host strain wer e  expo sed a t  i n t erval s ,  b efor e 

and af t er phag e di s tribu ti on .  Plat e s  wer e  expo s e d  s ev era1 feet 

from th e a ero sol-ger. erating equipmen t .  

Th a  two rooms u s ed for th e s e  exper imen t s  wer e 1 1  f t  x 1 1  f t  x 

1 0  ft ( 1 , 2 1 0  c u .  ft ) [ 3 . 35 � x 3 . 35 m x 3 . 05 m =  34 . 2 cu . m) and 

8 ft X 20 ft X 10 ft ( 1 , 600 C U •  f t ) �. 44 m X 6 . 1  m X 3 . 05 m = 45 . 4  
cu . m] , r e sp ec tively ; th ey con tai n e d  l i t tl e  furni tur e .  

Th e  coun t s  obtained shol;ed tha t  th e m ethod o f  a erosol pro duc tion 

r e sul t e d  in qui t e  an appr eciab l e  amount o f  phage b ei ng di sper s e d  

into th e a tmo sph er e .  Hundr e d s  o f  p l aqu e s  coul d b e  ob tained b y  

s edimen tati on from th e aero sol i n  a per i o d  o f  10 min . Th e  count s 

fell off qui t e  rap i dly in Exp t s  2 an d 3 .  ( Times s t a t ed i n  Tabl e 

LVI I I  wer e c ount ed from z ero t i m e  an d, therefor e ,  included a p er i o d  

b efor e phage wa s di s tribu t ed i n t o  th e a i r  duri ng whi ch c ontrol p l a t e s  

w e r e  exp o s e d . ) 

Th e s e  pr el iminary trial s i nd i c a t ed tha t  an a ero sol c oul d b e  

sati sfac to ri ly pro du c ed by th e m e th o d  d escribed . 



Tabl e  LVIII Sedimentation plate counts in preliminary aerosol production trial s .  

EXPT 1 EXPT 2 EXPT 3 EXPT 3 ( cont ' d) 
Di stanc e 

rin from pla.tes PLATES 
ero time from pump 
t which (aero.3cl  
plates uni t )  Plaque 
opened ft count 

0 3 0 " 7 0 
1 0  3 738 

" 7 965 -
1 5  3 928 " 7 950 -
25 3 495 " 7 455 
35 3 3 1 6  

" 7 324 

Plates open for 1 0  min. 
Door shut mo st of the time. 

Distanc e 
Min from plates 
z ero time Plates from pump 
at which open (aerosol 
plates for unit ) 
opened m in ft 

0 10 3 " " 7 
1 0  5 3 

" 1 1  7 
1 0  5 6 (D )  
1 5  " 6 (D )  
1 5  5 3 " 1 1  7 

1 7 1 1 0  3 
" 11 7 

Di stance Distanc e 
PLAT:E.S Min from plates  PLATES Min from plates 

Plaque 

zero time from pump z ero time from pump 
at which (aero sol at which (aerosol 
plates unit ) Plaque plates uni t )  

count opened ft count opened ft 
0 3 0 8 1  3 

0 " 7 0 " 7 
320 " 6 (D )  0 " 6 (D )  
250 1 5  3 87 1 05 3 
2 1  1 1  7 65  " 7 
9 1  " 6 (D )  9 2  " 6 (D )  

1 24 30 3 2 1  1 35 3 
1 50 11  7 25 " 7 

0 " 6 (D )  23 " 6 (D ) 
0 45 3 5 1 6 5  3 

1 1  7 2 " 7 " 6 (D )  2 " 6 (D )  
Phage di stributed during 1 0-1 5 
min period after zero time. 
Door shut mo st of the  time. Phage distributed during 1 5-20 min period after 

zero time . Plates open for 10  min. 
all th e time .  

( D )  by door - opposite direction to other plates .  
In Tabl e LVIII zero time i s  defined as the time at which control plates were first exposed. 

In Expt 1 
At zero time , plates  were exposed for 1 0  min. 
At 1 0  min after zero time , phage di stribution commenced (pump ran for 10 min, 

including 5 min after phage suspension had been di spensed ) .  
At 1 0 , 1 5 , 25 and 35 min , respec tively , after zero time ,  plates were expo sed for 1 0  �in. 

Door open 

"' 

PLATES 

Plaque 
count 

0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

..... 
0\ '-0 



Th e  Effec t on Aero sol Pro duc tion o f  Si z e  of Exi t 
from Rubber Tuc e 

no 

The above method was examined fur th er to find the effect on 
aerosol production of different si zed exits  from the rubber tube. 
Production of an aero sol by th e method described depended on 
turbul ence pro duced in the rubber tube. This turbul ence coul d 
pos sibly be  affected by the siz e  of  the exit from th e tub e ,  so 
experiments w·ere carried out to check thi s point . Three different 
si zed exit s  vrore compared , viz .  end of rubber tube unrestricted ,  
a hypodermic needl e fi tted in  the end of  the rubber tube so  as to 
cause air passage through the narro•T bore ,  and a gl ass  tube connected 
wi th the rubber tube at the broad end and tapered to about 0 . 1 in . 
( 2 . 54 mm ) at  the di scharge end . 

The hypodermic needl e fi tted at the di scharge end in the majority 
o f  th e experiments had an internal lore of approximately 0 . 075  in. 
( 1 .  9 mm ) . 

Phage was di stributed into the air  by th e three  methods , and 
plaQue counts were determined by seJimentation using exposed agar 
pl ates spread �� th the appropri ate ho st strain. 

The resul t s  of the above experim ents are shown in Tabl e LIX. 
Times  stated in thi s  Tabl e were counted from zero time and includ ed 
a period before phage was di stributed into the air .  Phage was 
di stributed into the air from 1 0- 1 3  min after zero tim e ,  for a 
period of 8- 1 0  min,  part of  which time included th e air pump 
running after th e hypodermic syringe was empty. Zero time was 
the time at which control plates were fir st exposed .  

High est counts were obtained wi th the tapered glass  tub e.  
The  open rubber tube apparently di d no t cause enough turbul ence ,  
and the needle probably hindered. produc tion of turbul ence ,  t o  sorr.e 
extent , by causing too much obstruction of  the ai r fl ow. 

As th ese experiments deal t only with counts ob tained by 
sedimentation i t  was possibl e that the count of a very fine 
aerosol migh t  have been underestimated. 
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Tabl e LIX Compari son of different siz ed exit tuGes in aerosol preparation. 

All First 2 
e.xpts e.xpts  EXPT 1 EXPT 2 EXPT � 

Di stance Min from Plaque count (10 min ) Plaque count ( 1 0  min ) Min from Plaque count ( 10 min) 
plates ?i ero time z ero time 

from at whi ch Open Tapered Open Tapered at whi ch Open Tapered 
pump plates rubber glass rubber glass plates rubber glass 

ft opened tube Needl e tube tube Needl e tube opened tube Needl e tube 
3 0 3 o ·  1 0 2 1 0 0 1 0 
7 1 1  2 11  0 " 1 1 " 1 1  2 5 
6 (D )  11 2 1 1  1 11 0 0 " " 0 0 
3 10  1 6  367t 7 10 1 *25 **253+ 10  5 1 1  254 
7 11  0 "20 t 200 2 * 1 6  ** 1 6 5  " 4 8 808 
6 (D )  1 1  5 50 t 94 0 *21  ** 59 " 2 1 3  9 3  
3 30 4 6 1 9  0 3 1 3  20 1 7 76  
7 1 1  1 2 24 1 1  5 2 " 1 6 66 
6 (D )  11 2 3 24 1 1 5 " 0 4 7 2  
3 50 2 0 1 1 3 4 30 3 2 21  
... " 0 0 4 1 2 5 " 0 1 29 I 

6 (D )  " 1 0 3 1 1 2 1 1  0 2 1 6  

Position hypodermic syringe : Near pump Near pump Near exi t end 

D= by door - opposite  directi or;. to other plates.  
Phage ( end tube T= phage started 1 2  min after zero t ime. Expt 3 
open ) started 

*= 1 2  min exposure.  13  min after zero . 
**= phage and plates started 1 3  min after z ero . 

Zero time is  defined as th e time at which control plates were first exposed. _._ --J 
..... 
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Effec t s  of Quan ti ty of Cal ciuT:J Alginate '\{ool and Si ze  
of Hol der-tube wh en Estimating Phage 

Experiments wer e  carri ed out to investigate  th e phage conter. t  
of an aerosol by fil tration through cal cium algi nate wool . 

In an ini tial experiment a compari son was rr:ade b etween th e 
alginate wool fil tration method and the sedimentation method for 
examining an aero so l . At this stage of  th e developrrent of test 
m e thods and media a portion (0 . 25 ml ) of the alginate wool/phage 
suspensi on was spread on a lac tose  yeast  phosphate agar plate on 
which th e homologous organi sm had already been spreado After 
incubation of th e plates , plaques were counted. Resul ts of  the 
experiment are shown in Tabl e LX. 

Tabl e LX Plaque coun ts  by the cal c i um alginate wool 
fi l trati on method. and bv th e sedimentation method .  

Min after zero time at which cour. ts started 0 20 40 

* Algir.at.e  count per 20 cu. ft in 1 0  min 
Plaque count ( sedimentati on)  10  " 

1 , 204 , 000 

)1 ' 943 

6 , 640 
1 1 1  

1 60 

3 

* Pads kept  at room t emperature overnight 

Not e  on above experime11 t : Phage was inj ac ted into the tube for 
5 min after zero time ,  and th e pump 
was l eft on for a further 5 min. 

Comparative counts by the two methods showed that plaque 
s ed.imenta tion counts ,  whil e  not strictly proporti onal to alginate  
counts ,  did show svme  r elationship. 

After thi s  parti cular experiment the spreading of  plates for 
estimating phage in al ginate wool was replaced by the use  of soft 
agar . A series of furth er experiments for estimating phage in 
a ero sol s �ras carried out ,  and records were kept of  the amount o f  
alginate wool ,  th e d.iameter o f  7-h e glass tube holding th e alginate  
wool , the vol tage of  the transformer , the terr.p�rature of  the motor , 
and the phage counts per layer .  These result s  have been recorded 
in tabul ar form (pps .  34 , 35 · of text ) .  They were reported in that 
part icular section of thi s study because various aspects of the 
method were  di scussed there .  It will be  recal l ed that the 0 .  7 3  in.  



d i am e t er tub e wa s sel ec t ed a s  the m o s t  sui tabl e si z e  o f  tube a s  a 

h o l d er for al gina t e  1iO Ol pad s .  Several 0 . 04 g pads o f  al ginate 

woo l  were needed t o  c ol l e c t  the rr.aj ori ty of phage par t i cl e s .  

Change s i n  Ph age Coun t s  o f  A ero sol s Over Several Hour s 
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Foll owi ng th e previ ou s s ec ti on o f  the work , exp er iment s wer d 

carr i e d  ou t to fi ncl how long phage r emai n ed su spended in th e air and 

t o  wha t extent al t era t i on s  o c curr ed . Th e  resul t s  o f  the s e  exp er i m e n t s  

are p r e s ented i n  Tab l e s  LXI , LXII and LXIII. 

In th e s e  Tabl e s  th e r e sul t s  of fiv e exp erimen t s  ar e sho�� .  

Ph ag e  su spen sion w a s  di sper s ed i nto a room and th e amount of a i rborne 

ph age i n  20 cu . ft of a i r  wa s exam ined a t  in terval s by th e al ginat e 

f i l t r a t i on m ethod . At thi s  s t age of th e work th e a l gi na t e  m e th o d  

wa s c ar::·i ed out b y  adding a m i xtu r e  o f  phage su sp en s i o n an d bac t er i a  

i n  s o f t  agar to a sol i di fi ed pla t e  o f  11� agar . A t  th e sam e t i m e  

agar pl a t es wer e expo s ed t o  f i n d  th e count s by s ed i m entation. 

Ir, Tabl e LXI ( Exp t s  1 and 2 )  d e tai l ed coun t s  for th e first two 

exp er i m ent s are given. Th e s e  exp erim ent s show th a t  th e ma j ori ty o f  

th e phage par t i c l e s  w e  e r err.ov ed i n  .th e o p  0. 1 2-0. 1 6  g of a1gina t e  

wo ol . I n  Tabl e s  LXI �xpt s  1 ( con so l i da t ed ) and 2 ( c o nsol i da t. ed3 , 

LXII an d LXI I I  th e r e sul t s  for th e five exp erim en t s  are given i n  

c o n so l i da t e d  form . For th e fir s t  thr e e  experim e n t s  th e s edimen ta t i on 

pl a t e  coun t s  wer e calcul a t e d  a s  th e amount of phage fal l ing from a 

volume o f  20 cu . f t .  I n  th e l a st two exp eriment s th e s edim enta t ion 

pl a t e  c ount s  wer e ·cal cul a t e d  a s  th e amount of ph age fal l i ng onto 

pl a t e s  in 5 min. Th e s e  Tabl e s  sho w  that th er e i s  a broad r el a ti onsh i p  

b e tw e en th e algina t e  c oun t s  and th e s edimentati on pl a t e  coun t s ;  bo th 

sh o w  a somewhat s i mi l ar decl i ne i n  count wi th ti m e .  

I n  th e experi ments show� i n  Tabl e LXI I a fan wa s u s e d .  Phag e 

wa s di s tribut ed into th e a tm o sph er e for 10  min from z ero tim e .  

During th i s  t im e  th e door o f  th e room wa s cl o s ed. Th en 4 min l a t er 

th e fan wa s turn e d  on in a c orner of th e room diagonal ly oppo s i t e  

th e door , and th e door wa s opened for th e r emaind er o f  th e exp erimen t . 

Ph ag e  c ount s in th e room dropp e d  v ery qui ckly ( compar e Expt s  1 
( c o n s o l i dated ) an d 2 (consol i da t ed ) , Tabl e LXI ) . I t  wa s apparent 

th a t  much phag e wa � b l own ou t o f  th e room by the fan . 
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Tabl e  LXI ExEeriments to  m easure decrease in airborne 
:Qhage after aero sol generation. 

EXPT 1 
ALGINA'l'E METHOD SEDIMENTATION PLAQUE COUNTS 

Time from (A ) Near pump ( B ) Near alginate 
start of Count a:Qnaratus 
phage Ca per Calc . Cal c .  

di stri- alg. layer av. av . 
bution pads per per 
hLmin g Plaques Min Count 5 min Min Count 5 min 

1 . oo 0. 1 2  4 .9x106 1 00 ) 1 eo ) cJ> 
1 . 0x 105 00 

2 " 0 . 04 2 ) 2 w ) dJ 
3 " " 2. 0x103 

4 • 20 0 . 1 2  1 .  2x1 06 1 427 ) 1 5 1 3 )  
5 " 0 . 04 2 . 5x 103 2 d) ) 21 35 ( 1 ) 2 00 ) 2565 ( 1 ) 

6 " 1 1  1 .  Ox1 0  2 

7 . 40 0 . 1 2  3 . 1 x 105 1 236 ) 1 1 36 )  
8 " 0 . 04 6 . 0x 103 2 325 ) 996 2 396 ) 835 

9 " 1 1  2 .0x 10  2 

1 0  1 . 1 0 0 . 1 2  2.  1x 105 1 98 ) 1 85 ) 
1 1  " 0 . 04 3 . 0x 10  2 5 403 )  447 5 439 ) 432 

1 2  1 1  1 1  2 . 0x10  2 

1 3  1 .  50 0 . 1 2  3 . 3x1 04 5 84 ) 5 99 ) 
1 4  " 0 . 04 5 . 2x10  3 10  1 26 )  74 1 0  1 29 )  82  

1 5  " " <. 1 .  Ox102 

1 6  2. 40 0 . 1 2  7 . 8x1 03 5 1 4 )  5 24) 
1 7  11 0 . 04 2 .0x 102 1 0  3 3 )  1 5  1 0  3 1 ) 20 

1 8  11 11 < 1 . 0x 102 

1 9  5 . 00 0 . 1 2  < 1 . 0x 10  2 5 o )  5 o )  
20 " 0 .04  < 1 . 0x 10  2 1 0  o )  0 1 0  1 )  0 

2 1  11 11 1 . 0x10 2 

22 6 . 25 0 . 1 2  1 . 0x 10  2 5 1 )  5 o )  
23  " 0 . 04 < 1 . 0x1 0 2 1 0  1 )  1 1 0  o )  0 

24 11 " -' 1 . 0x 10  2 

25 7 .  20 0 . 1 2  2 5 o )  5 o )  < 1 . 0x 10  
26 " 0 .04  2 1 0  o )  0 1 0  o )  0 

<. 1 . 0x 10  
27 " " < 1 . 0x10 2 

Notes : Alginate pads kept in refrigerator 1 day. 0() = uncountabl e 

Phage suspension was distributed into the atmosph ere over 
a period of 1 0  min ,  commenc ing at zero time.  For analysis , 
air was drawn through alginate wool at the rate  of  
2 cu. ft min . 

(cont ' d ) 
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Table  LXI (cont ' d ) 
EXPT 2 

Time from ALG INATE METHOD SEDIMENTATION PLAQUE COUNTS 

start of Cal cul ated No . per 5 min phage Ca Count Av. of 2 or 3 plates distri- alg. per 
bution pads layer Near alginate 
hLrr.in g Plaques Near pump apparatus 

1 . oo 0 . 1 2  6 6800 5220 5 . 4x10  
2 " 0 . 04 5. 2:x:1 0  5 

3 " " 3 . 8:x: 104 

4 • 20 0 . 1 2  5. 2x 10  6 1 864 2072 
5 " 0 . 04 1 .  2:x:1 04 

6 " " 5 . 0x1 03 

7 . 50 0 . 1 2  8 . 7:x: 1 05 376 376 
8 " 0 . 04 7 . 1x 103 

9 " " 6 . 4x 103 

1 0  1 .  30 0 . 1 2  3 . 0x 105 1 86 227 
1 1  " 0 .04  2. 4x103 

1 2  " 1 1  1 . 2x 103 

1 3 2. 1 0  0 . 1 2  1 . 3x1 0 5 39 36 
1 4  " 0. 04 1 . 1 x1 04 

1 5  " " 2. 0x1 0 2 

16  ' 2 . 50 0. 1 2  5 . 6x1 04 23 1 4 
1 7  " 0 . 04 9 . 0x10  2 

1 8  " 11 1 . 0x1 0  2 

19  4. 50 0 . 1 2  3. 0x103 1 3 

20 " 0. 04 2. 0x10  2 

2 1  " " < 1 . 0x 10  2 

22 5. 40 0. 1 2  7 . 0x10  2 0 1 
23 " 0 . 04 1 . 0x 10  2 

24 " " 1 .  Ox1 0  2 

Detail s a t  foot  of  fir st section of  Tabl e LXI. 

(cont ' d ) 
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Tabl e LXI (cont ' d ) 
EXPT 1 ALGINATE SEDD."EN- EXPT 2 ALGINATE SEDTh'!EN-(Consol . ) IWOL TATION ( Consol . ) 1tf001 TAT ION 

Time Plaque Plaque Time Plaque Plaque 
from count s counts from count s count s 
z ero per calc .  for z ero per cal c .  for 

20 cu . ft 20 cu. ft 20 cu. ft 20 cu . ft 
h/min ( 1 0  min ) ( 1 0 min ) h/min ( 1 0  min ) ( 1 0 min ) 

1 . oo 4 , 986 ,000 > 430 , ooo . oo 5 , 952 , 600 T51 6 , 787 
2 . 20 1 , 202 , 600 202, 100 • 20 5 , 1 87 , 400 1 69 , 248 
3 . 40 3 1 9 '  200 78 , 744 . 50 883 , 500 32 , 358 
4 1 . 1 0 21 4 , 500 37 ' 776 1 .  30 305 , 600 1 7 , 7 1 6  
5 1 .  50 38 , 200 6 , 676 2. 10 1 40 , 500 3 , 1 9 3 
6 2. 40 8 , ooo 1 ' 505 2. 50 5 7 '  100 1 , 559 
7 5 . 00 < 300 < 32  4.  50 3 , 200 1 5 1 
8 6 . 25 < 300 .(, 32  5 . 40 800 54 
9 7 .  20 < 300 ( 22 
Notes : _Lysed plates were reckoned as having counts > 1 000 . 

Time from zero was calculated from half-way through phage 
distribution to half-·way through alginate fil tration or 
(approx. ) plate exposure ( sedimentation ) � Alginate wool 
pads were 0. 1 2 , 0 .04 ,  0 . 04 g for each fil trati on. 
Alginate wool pads were mostly kept cool overnight.  

· j· = 5 min late.  
Method for calculating sedimentati on volume count. 

Area Petr i  dish = 9 . 1 sq . in . Height bench to c eil ing = 
7 ft 4 in. = 88 in • •  

•
• volume over Petri dish = 80 1  cu. in. 

20 cu. ft = 34, 560 cu. in . 
The average sediment plaque  count for 1 0  min was calculated, 
and this  figure mul tipl ied by 34 , 560 = 43 801 
gave the sediment plaque count for 20 cu. ft over 10 min. 
The fac tor for floor plates was 34, 560 = 32 

( 88+30 )x9 . t 
Compari son 20 cu. ft count by alginat e method with cal culated 
20 cu . ft count by sedimentation method. 

In the sedimentation method : 
( 1 ) all dropl e�s of whey may not fal l ; 
( 2 ) plaques  may be formed from whey droplets containing several 

phage particl es .  ( In the cal cium alginate method,  the 
clusters of phage particl e s  are di spersed by mixing in 
fluid,  and plaques would thus be formed. from individual 
particl es . ) 

Sedimen tation counts are obviously lower than calcium 
alginate  counts .  
As cal cium l'las not included in the media at thi s  stage , 
all estimation could be low. 
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Tabl e LXII The effect of a fan on di spersion of  airborne phage . 
ALGINATE '\'TOOL 

Time from Plaque counts per 
z ero 20 cu. ft 
h/min ( 1 0  min) 

1 0 2 , 7 1 4 , 800 
2 0 . 25 250 , 400 
3 1 . � 0 1 6 , 000 
4 1 . 55 < 1 , ooo 
5 2. 20 1 00 
6 4 .00 1 00 

In 

SEDIMENTATION 
Plaque count s cal culated 
for 20 cu . ft ( 1 0  min) 

Outside room 
room Tabl e Floor Brmch 

l 76 1 ' 1 00 59 
34 ,400 53 , 320 

978 602 1 , 1 52 
.( 86 1 5 1 288 

43 < 43 464 
< 22 43 96 < 1 1  

Notes : See notes following Expts 1 ( �onsol . )  and 2 (consol . ) of Tabl e LXI. 

Tabl e LXIII  Further experiment s to measure  decrease  in  
airborne phage after a ero sol generation .  

Tim e  
from 
z ero 
h/m in 

1 1 0  
2 1 8  
3 1 .  20 
4 1 .  28 
5 2. 1 5  
6 2. 23 
7 4. 30 
8 4. 38 

Rate 
cu. 
ft/ 
m in 

2 
4 
2 
4 
2 
4 
2 
4 

Alg .  wool 
Plaque 
count s 
p er 20 
c u .  ft* 

1 ' 9 26 ' 600 
1 ' 7 2 1  ' 300 

1 89 , 700 
299 , 500 
1 04 , 1 00 
6 3 , 600 
9 , 000 

. 4 , 400 

Sedimen t3. tion 
Plaques cal c .  

for 5 min 
In room Cut room 
4298 ( 2 )  37 ( 1 )  
1 485 ( 1 ) 75 ( 2 )  
1 7 6  ( 3 ) 
77 ( 1 ) 
40 ( 1 )  
1 0  ( 1 )  
3 ( 1 )  

1 ( 1 ) 

0 (2 )  
0 ( 2 )  

Time 
from 
zero 
h/min 

00 
20 
35  

2. 10  
3 . 00 
3 . 45 
4. 30 

EXPT 2 
Al g. \-TOOl 

Plaque 
counts 
per 20 
cu. ft 

in 10  min 
1 09 , 500 

6o , :,oo 
34, 1 00 

2, 300 
600 

� 300 
< 300 

Sedimen­
tation 
Plaques  

cal c .  for 
5 min 

In room 
� 87 (6 ) 
"' 1 8  (4 ) 
< 4 ( 3 )  
< 2 ( 4 )  

2 ( 4 )  
4 (4 )  

.( 1 ( 5 )  
1 0  rnin fil trations .  Rate  
not r ecorded, but probably 
2 cu. ft min 

Notes : Alginat e  wo ol pads were  0 . 1 2 , 0 . 04 ,  0 . 04 ,  0 . 04 g for each 
fil tration in Expt 1 ,  and 0 . 1 2 , 0 . 04 ,  0 . 04 g for each 
fil trati on in Expt 2. 
Time from z ero was cal culated from hal f-way through phage 
distributi on to approximat ely hal f-way through alginate 
fil tration. 

* r
o cu. ft coll ected in : 

1 0  rnin where rate 2 cu . ft/min 
5 " " "  4 " "  
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I n  rel a ti on to ch eese fac tori es th e s e  resul t s  sh Ol'T that it i s  

po s sibl e for som e o f  th e phage par t i c l e s  distribu t ed into th e 

a tmo sph er e by th e a tomi z i ng ac t i on o f ,  say , th e wh ey s eparator , 

t o  r emai n susp end ed in th e air for a c on s i derabl e l ength of t im e ,  

and thus to prO"�ti de a p o s sibl e sourc e o f  contamina tion for star t er 

bac t eria. Th e s i mpl e trial with a fan sugges t s  th at a i rborne ph age 

can b e  fai rly r eadily di spl aced from th e interior of a ch eese 

fa c t ory. 

ExperiMen t s  t o  Ch eck th e Eff ec t i Yen e s s  o f  Fil tration 

by Cal cium A l p,in a t e  Hool 

Exp eriments we� e  carri ed out to fur th er ch eck th e effec tiven e s s  

o f  th e fil tra t ion pr o c e s s  u sing cal c ium alginat e  vool . Th i s  was don e 

to t e s t  m1 eth er any s i gni fi cant proportion of fine par ti cl es coul d b e  

carri e d  through several l ayers of al gi nate wool and e scape detec t i on . 

In Tabl e LXIV th e r e sul t s  o f  analyses made using a two-l ay ar 

m e th o d  Gre r ecorded. In Table LXV th e r e sul t s  were ob tained by th e 

four-J ayer meth o d  ( 2 )  wi th cal c ium included in th e medi a .  Thz 
fil t er s used t o  trap ai rborne phage c orr.pri s ed 7 pad s of al gi na t e  

wool , each pad wei gh i ng 0 . 04 g .  In on e experin;ent 10  :pad s  wer e us e d .  

Phage e s t imati ons were made at th e beginning of th e experiment ( i n  

mo s t  c a s e s ) and approxima tely 3-4! h l a t er .  Twelve t o  30 cu . ft 

o f  air wer e  drawn through the apparatus at the ini tial det erminati or. , 

an d 50- 100 c� ft a t  th e s econ d .  In two experimen t s  thr e e  s e t s  o f  

fil trations were mad e .  

Dorman ( 1 966 ) l i st e d  th e fac tors wh i ch aff e c t  fil tra tion through 

f ibrou s fi l t or s  a. s  fo l l ow s :  Erowni an movem ent , i n er tia , th e direc t 

interc eption effec t ,  el ec tri c charges upon parti cl es an d fibr e s  and , 

for par ti c l es a few mi cron s in diam e t er , gravi tati onal settling. 

He stated that a s  par ticl e si z e  d ecrea s e s  down to about 0 . 3 jl diame t er 

the p en etration increases , and that i t  i s  p redi c t e d  that a t  th i s  s i z e ,  

or smal l er ,  p enetra ti o n  d ecreases b ecau s e  o f  increa sing di ffusion 

rat e s .  Wi th increa si ng vel ocity p enetrati on increases as diffu si on 

become s l e s s  impor t an t ,  rea ches a maximum , and th en de�rea s e s ,  the 

velo ci ty for peak penetra ti on being gr eat er th e smal l er the par t i c l e .  

Probably al l the fac tor s l i s t ed wo ul d apply i n  th e experimen t s  



Tabl e LXIV Experiments to check efficiencr of fil tration. ComEarison of ma�y larers of alginate Eads 
exnosed shortll after aerosol generation and several hours 1 ater . 
used for phage detection. 

Plaque counts per pad 

Time fil tration (min ) 1 0  1 0  1 0  1 0  20 1 0  
Vol. cu. ft 20 20 20 20 20 30 
Time from zero (min ) 1 0  1 0  10  1 0  20 . 1 0  
Pad 1 First 9 . 6x 105 4. 9x 105 1 . 2x 10  6 3 . 8x 10  6 3 . 3x 10  6 4. 4x 106 

2 3 . 7x1 05 7 . 6x1 04 1 . 1x 10  6 2 . 0x 10  6 1 . 9:x:10  6 1 . 3x 10  6 

3 3 . 2x 104 2 . 1x 104 1 .  1x1 05 2 . 7x 105 5. 1x 105 4 . 1x 105 

4 4 . 2x 103 4. 6x1 0 3 1 . 6:x105 6 . 4x 104 2. 1x 105 1 . 9:x:105 

5 9 . 0x 10  2 3 . 4x 103 1 .  ?x104 1 . 3x1 05 3 . 5x104 2 . 0x 104 

6 1 . 0x 10  2 4. 0x1 0 2 2. 4:x:103 1 . 8:x:1 o4 4o 2x 103 1 . 0x 104 

7 2 . 0x10  2 6 . 0x 10  2 1 . 6x103 4. 4:x: 1o4 1 .  4x1 03 2. 5x 103 

8 4. 1 x 103 

9 1 . 1 x 103 

1 0  Last 1 . 1:x: 103 

Ti-ro-layer plate method 

1 0  6 1 0  
20 1 2  20 
1 0  8 1 0  

2. 1:x:1 0 6 1 .  2x10  6 6 . 1x 10  6 

3 . 5x105 9 . 2x105 2. 6x10 6 

4. 0x 105 3 . 7x105 5 . 0x 105 

1 . 3x1 05 2. 0x105 3 . 9:x:1 05 

4. 7x 1 04 4. 1x 104 5 . 2x 103 

1 . 7x1 04 7 . 4x 104 8 . 5x1 03 

1 . 3x 1 04 1 . 0x 104 1 . 4:x:103 

( cont ' d ) 

-
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Tabl e LXIV ( cont ' d ) 

Time fil tration (min ) 50 
Vol . cu. ft 1 00 

Time from z ero 3 h/ 
20 min 

Pad 1 First 1 . 1x 105 

2 9 . 4x103 

3 1 . 6x1 03 

4 2 . 0x 10  2 

5 1 . 0x10 2 

6 1 . 4x 103 

7 < 1 . 0x 10  2 

8 

9 
1 0  Last 

50 
1 00 
3 h/ 

20 min 

2 . 3x1 04 
. 3 1 . 6x 10  
3 . 0x1 0 2 

1 . 0x1 03 

1 .  Ox1 0  2 

< 1 . 0x10 2 

< 1 .  Ox1 0 2 

50 
1 00 
3 h/ 

20 min 

5 . 4x 105 
.1. 7 . 9x10 · 

1 . 6x104 

3 . 1x 1 03 

1 . 0x103 

5 . 0x1 0 2 

5 . 0x 10  2 

Plaque count s per pad 
50 50 30 

1 00 50 90 
3 h/ 3 h/ 3 h/ 

20 min 30 min 1 0  min 

1 . 9x 105 5 . 0x 104 9 . 5x 103 

1 . 8x 105 1 . 2x 104 4. 3x 103 

4. 1 x 1 04 1 . 7x 103 2 . 6x103 

3 . 0x104 9 . 0x10 2 3 . 2x1 03 

7 . 9x1 0 3 < 1 . 0x 10  2 1 .  2x103 

3 . 0x103 < 1 . 0x10 2 5 . 0x10 2 

1 . 0x 1 03 < 1 . 0x 10  2 2 . 0x 10  2 

1 . 0x10 2 Slow Fast . 
2 fil tra.- fil tra.-<. 1 . 0x10 tion tion 2 < 1 . 0x1 0 

t Moistened top pad before both fil trati ons ( 20 drops water each time ) .  
Time from zero "' half-"Vray through phage di stribution ( z ero ) to 

half-way through alginate estimation. 
All  pads = 0 . 04 g * ** 

Time fil tratio� (min ) 1 0  7 5  
Vol . cu. ft 20 1 50 
Time from zero 5 h/20 min 5 h/58 min 

50 
1 00 
3 h/ 

20 min 

6 . 1x 104 

1 . 1x 104 

4. 8x1 03 

1 . 4x1 03 

4. 0x 10  2 

2 . 0x1 0 2 

<. 1 . 0x 10  2 

T 

50 
1 00 
3 h/ 

20 min 

6 . 0x10 2 

1 . Ox103 

3 . 0x103 

2 . 0x10 2 

< 1 . 0x 10  2 

1 . 0x10 2 

< 1 . 0x10 2 
* 2 < 1 . 0x10 

" 

" 

" 

2. 0x10 2 

-<. 1 . 0x 10  2 

" 

20 
40 

3 h/ 
1 5  min 

2 . 5x1 05 

9 . 3x1 04 

1 . 6x104 

3 . 3x103 

2 . 0x10  2 

<1 . 0x 10  2 

.c:. 1 . 0x1 0 2 
** 4 3 . 7x 10  

3 . 5x1 04 

1 . 1 x104 

4. 6x1 03 

5 . 0x 10  2 

1 . 0x1 0 2 

41 . 0x 10  2 

...... 
(X) 0 
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Tabl e LXV Exper i m en t s  t; o  ch eck effici ency o f  fi l tra +. i on . 

T ime filtration 
(m in ) 

Vol .  cu. ft 

Compari con o f  r.Ja!"ly 1 axe-:- s o f  a 1p; i na t e  pad s  

expo s ed c:"l o:;:-tly a fi: e:t a e:-o sol ,o:e :1 era t i on 
and seve::.-c.1 h our s l a t a:::.- . �our-l a;rer pJ.ate 
method ( 2) u s ed for �ha�e d e t ec t i on .  

Plaqu e c oun t s  per pad 

1 0  
25* 

Time from z ero (m in ) 1 2 . 5  

1 0  

20 
1 1  

Pad 1 
11 2 
" 

" 

" 

" 

" 

3 

4 
5 

6 

7 

First 

Las t  

Ti me fil t::.-ation 
(min ) 

Vol .  cu . ft 

Ti me from zero 

Pa d 1 
" 2 
" 

" 

11 

" 

" 

3 

4 
5 

6 

7 

First 

Last 

45 

90 

3h/ 
2 3  min 

Av . of3 

4 . 7x 1 05 

1 . 6x 1 05 

6 . 5x1 04 

1 . 7x 1 04 

8·. 9x1 03 

6 . 2x1 03 

3 . 6x1 03 

45 

90* 

3h/ 
30 min 

Av. of3 

6 . 0x105 

1 . 1 x 1 05 

2 . 3x 1 04 

3 . 4x103 

3 1 .  2x1 0  

5 . 0x102 

1 . 0x1 02 

Av. o f  3 or 6 

) 5 .  Ox 1 06 

8. 7x 1 05 

9 . 4x1 04 

3 . 8x 1 04 

2. 6x1 04 

1 . 8x1 04 

1 .  2x 1 0 4 

45 

90* 

4h/ 
20 min 

3. 6x104 

4. 8x10 3 

1 . 0x 1 0 3 
2 3 . 0x 1 0  
2 3 . 0x 1 0  
2 <.,1 . 0x 1 0  
2 < 1 . 0xl0  

Av . o f  2 or 4 

5 . 3x 1 07 

1 . 5x 1 06 

5 3 . 8x1 0 

3 . 8x 1 04 

1 . 0x1 04 

3 .  1 x 1 0 3 

9 . 0x 1 0 2 

45 

90 

4h/ 
3 3  rrti n 

9 . 5x1 04 

1 .  5x1 04 

4. 9x1 03 

2 .  9x1 03 

2 9 . 0x 1 0  

2 . 0x 1 0 3 

1 . 1 x 1 0 3 

Time from z ero 

All pads 

hal f-way through phage di stribution ( zero ) 
to hal f-way through alginat e  estimation. 

0 . 04 g 

* a s su�ed 2 cu . ft min 
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undertaken i n  thi s s tu dy .  In th e s e  experi men t s  th er e sh oul d b e  

i ni t i al ly a grea t nuMb er o f  var i o u s  s i z e d  dropl e t s  containi ng phage , 

bu t s everal h after aerosol gen er a � i on c eases th e h eavy dropl e t s  

shoul d have 3 e t tl e d  and only a f i n e  mi s t  o f  phage should b e  l e f t .  

I f bo th l arge an d fi ne par t i c l e s  wer e b ei ng trap p e d  b y  th e 

fibr e s  of. th e algina te wo o l , t� e fal l - o f f  in th e c o l l e c t i o n  o f  

p ar ti c l es from fir s t  t o  l a s t  pads shoul d b e  som ewh a t  simi l ar for 

t h e  i ni tial and th e f i nal analy s e s  s everal hour s l a t er .  Con s i d er a­

t io n  o f  th e fi gur e s  sh o w e d  tha t th ere was a decrea s e  i n  c oun t s  from 

th e fi r st to th e l a s t  pads a t  tim e s  s everal h from z ero , and th i s  

th e r e fo�e i ndi c a t e d  tha t fi n e  par t i c l e s  were b eing c ol l e c ted. 

Tripl i c a t e  Ana1ys e s  

I t  was sugg e s t ed th a t  tri pl i c a t e  analy s e s  b e  mad e  o f  an 
aero sol sampl e d  s evera1 h a ft er phag e di s tribu ti on .  

�ni s  was c arri ed o�t i n  �hr e e  experi ment s ,  an d fi gures from 

two o f  �hese exp er iment s are given on p. 53. 

Cer tain anomalous r e sul t s  wer e  ob taine d ,  th e count per pa d 

being o ft en l ower th e gr eater the equival ent amount o f  the neat 

phage su spen s i o n  tha t  wa s pr e sent p er analysi s .  It s e eme d tha t  

the amoun t  o f  so dium h exam e tapho sph a t e  pr e s ent M i gh t  have affec t e d  

th e r e sul t s .  Thi s l ed t o  a n  i nv e s ti ga t i on o f  th e ro l e  o f  sodium 

h exame tapho spha t e  i n  phage work , and r e sul ts hav e b e en pr e s en t e d  

and di s cu s s ed i n  the appropria. t e  s e c tion in th e text . 

( i i ) SU11f1tARY AND CONCLUSIONS FOR THIS SECTION 

Work described in thi s  s ec t ion d eal t with : 

Th e  pr epara t i on o f  an aero sol . 

Th e  t i m e  o f  survival o f  an a erosol . 

Factors b ear ing on t h e  e s ti ma tion o f  ph ag e  i n  

a 3ro s o l s  by fil tration thr ough cal c ium al gi na t e  

wool . 
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Aerosol s were successfully pr epared by forcing air through a 

rubb er tube whi l e  phage su sp ensi on wa s inj ect ed into  th e rubber 

tub e by means o f  a hypodermi c syringe . T'ne di scharge end o f  th e 

rubb et' tube l'Ta s partially cl o sed by a taperecl gl ass tub e or needl e .  

Phage par ti cl e s  in  t� e a i r  gradual ly settled ou t ,  but some 

r emained suspended in t� e air for several h .  

Some of the phage in the �ir coul d b e  di splac ed fro� the room 

by a fan. 

A tube o f  0 . 7 3 in.  dia�eter was sui tabl e for hol ding cal cium 

al gi nat J pads.  Several 0. 04 g cal cium alginate pads were needed 

for a re1iabl e col lection of most of th e phage particles  in a 

given volume of  air .  The pads appear ed to coll ec t even the tiny 

phage particl es.  
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B.  FACTORY INVESTIGATIONS 

( i ) PHAGE IN AIR IN TYPICAL NEW ZEALAND FACTORIES 
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Initial investigations of  airborne phage di stribution were made 
at Mangawhata Dairy Co . and at the processing plant  of the New Zealand. 
Dairy Research Institute.  The  main investigations were carried out 
at three factorie s ,  viz .  Tui ( formerly Ruahine ) Co-op . Dairy Co . 
(Woodvill e  Branch ) , a conventional cheese factory ; Tararua Co-op . 
Dairy Co . , a mechanized factory ( Ched darmaster ) ; and Wairarapa Co-op . 
Dairy Co. ( Belvedere Factory ) , a m echaniz ed factory ( Ch eddarmaster ) . 
The result s  obtaine d at each of  these three factories are first 
described in detail and then the significance of the observations 
is discussed.  

Outline of  Procedure 

rfu o m ethods used for the study of  airborne pha.ge in dairy 
factori es  have been described earlie�, but some of  the work described 
in thi s  section was carri ed out before c ertain improvements were 
developed. 

Apparatus was prepared and sterili z ed (where necessary ) at the 
New Zealand Dairy Research Insti tute  laboratory , and was transpor ted 
by car to the cheese  factory. The  air filtration apparatus was set 
up on its table at defined locations wi thin the fac tory , and air 
sampling by fil tration was carri ed out at specific times  during the 
morning and afternoon. At int erval s throughout the day , plates of 
agar medium and plates containing 1 0  ml of  liquid were expo sed for 
definite  times at strategic posit ions in the factory . Wh �y sampl es  
were taken on occasions,  mo stly at running and sal ting, and an 
occasional milk sample was al so taken. 

On r eturn to the laboratory , analyses were carri ed out as soon 
as practicabl e.  wnere necessary , sampl es  were kept  in a refrigerated 
room until analysed. 

The data accumulated from the analyses provided information 
about the distribu tion of phage in the factory throughout the day , 
and some  about the relationship b etween stage of th e cheesemaking 
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process  and the phage content of  the air . Ro1�ever , a cl ear-cut 
picture of variations in airborne phage at any particular stage of 
the cheesemaking process  was marr ed at times by the drift of phage 
from oth er parts of the making room.  The multipl e-batch nature of  
the cheesemaking process and asso ciated setting of vats  at  different 
times ,  the distribution into the air of phage from curd and whey by 
the vigorous but intermittent operations of the process , and phage 
di stribution from the VThey separator , all tended to complicate the 
picture of  phage l evel at any particular spot.  

( i i ) TUI CO-OP. DAIRY CO .  (lWODVILLE BRANCH) 

Description of Factory 

Thi s factory was located on the out skirts of  Woodvill e .  

Seven cheese vats  were situated in  a long cheesemaking room .  (Fig 9 . ) 
On one si de of thi s  ro om there was an al cove in which were placed 
two separators ,  which ran for 2-3  h from approximately 1 1 . 00 a .m .  

Two extractor fans situated a t  the apex of  the gabl e roof 
removed air from the factorJ making room.  A large inl et fan , al so 
placed at the apex of the roof ,  was fitted with a fil ter to remove 
as much extraneous matter as po ssibl e from th e air entering th e 
making room.  

Comment s on Resul ts  Presented in the Tabl es  

Investigations at  this factory were carried out as detail ed 
under "Outline of Procedure " , and results  are presented in Tabl es 
LXVI-LXIX. 

The phage counts at thi s  factory were characteri stically low.  
vfuey titres were not particularly high ;  a count of  1 05 or 1 06 per 
ml i s  not specially high for whey sampled late in the cheesemaking 
process , e . g. at sal ting. 

In Tabl e LXVI, agar sedimentation counts near the separator 
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Fig 9. Layout of equipment in  the cheese�aking room , 
Uoodvil l e  Dairy Factory ,  Tui Co-op , Dairy Co . 
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were  fairly high and counts by vat s  1 and 5 rose  di stinctly about 
4 h from setting . Air fil tration sampling was not done at this  
stage of  the invest igation. 
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In Tabl e LXVII , counts in the s eparator alcove and by the vat s  
were nil or very l ow. The  air filtration method  showed a rise to 
600 per 20 cu. ft 25 min after salting vat 2 ,  but sedimentation 
plates expo sed 55 min later di d not detect phage. 

In Table  LXVIII , Expt 1 ,  counts by all methods were nil or very 
l ow. In Expt 2 ther e was a marked rise  in phage count about sal ting 
time in the separator alcove (plat e and l iquid count s ) , and near 
vat 2 (air fil tration and agar plate counts ) . Wheys at approximat ely 

5 this  time gave titres  2. 7-5. 0x 10 . 
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Tim e  
a .  m .  
1 0 . 30 
1 1 . 00 
1 1 . 30 
1 2 . 00 

1 2. 37 
1 . 00 
1 .  30 
2 . 00 
2 . 30 
3. 00 
3. 30 
3 . 3 3  
4 . 00 
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Tabl e LXVI Woodvill e :  phage c ount s  on LYPA plates exposed 
at int erval s throu�hout the d ay in the cheese 
factory. 
Starter cul tures : HP ,  Eg and BR4 grown together 
in bulk starter vessel .  Count s are for hp phagB. 

Separator room 
in near 

1 52 
67 

-; 1 27 
) 1 04 

1 00 

)1000* 

1 48 
1 4  

) 50 
1 39 
1 1  

) 1 '70 

167 

Receiving 
vat 

5 
1 
1 

1 0  

1 3  
24 
39 
1 2  
58 
1 2  
1 4  

56 

Vat 1 
Set : 
Dry : 
Sal t : 

8. 1 5am 
10 .  55am 
1 .  25pm 

3 
0 
1 
0 

1 9  
1 3  
53 
4 

1 9  
2 
2 

29 

Vat 5 
Set : 
Dry : 
Sal t : 

9 . 00am 
1 1 .  40am 
2. 1 5pm 

2 
1 
0 
1 

3 
1 5  

1 6 3  
25 
47 
50 
1 4  

24 

Note s :  * = 1 1  plates .  
Plates were  LYPA medium spread wi th RP starter. Th ey were exposed 
to the atmo sphere for 10  m in. Ca was not included in the medium . 
Plat es near vat s 1 and 5 were exposed on boards on agitator beam s ,  
6-7 ft above floor ' l evel . Vat 1 plat es were  exposed on window sill · 
at  1 . 00 p .m .  and 1 , 30 p .m .  
Plat es on r eceiving vat wer e  on  a board near the corner of th e vat .  
Mo st plate counts were the averages of two plates .  
Plates were  exposed in the starter room for 1 h ( 1 . 05-2 .05 p . m. ) . 
Th ey gave count s of 3 , 4 (bench ) , o ,  4 (box ) per plate.  
Ti tr es were  determined by spotting serial decimal dilutions of  w�ey 
on LYPA plates spread with RP starter . 

(cont ' d ) 



Vat 

1 

1 

4 

5 

5 

Table LXVI ( cont ' d ) 

Time Stage 

10 . 50am Running 

1 .  30pm Sal ting 

1 1 . 10am Just  before 

1 1 .  25am 1 1  1 1  

2. 30pm Sal ting 

1 90 

Titres of  wheys 

Time from s et Ti tre 
h min 

1 0-2 2. 35 

5. 1 5 1 0-5 

running 2. 25 1 0- 1 

11 2. 25 1 0-2 

5 . 30 1 0-5 



Tabl e LXVII 'Hoodvill e :  pha,g-e counts by air filtration, on 
exposed LYPA ulates, and in expo sed di shes of  
sal t-peptone w-ater, at  interval s throughout 
th e day in th e ch eese  factory. 

1 9 1  

Starter cul tur es : Es ( 2/3 inoc . ) and H2 ( 1/3 inoc . ) 
gro'm together in bulk starter vessel . Count s 
are for e8 phage . 

Vat 2 Vat 6 

Air 
count 

20 

Set : 8 . 1 0am 
Dry : 1 0. 5 5am 
Sal t :  1 . 05pm 

Vat 4( Colby) 
Set : 8 . 30am 
Dry : 1 1  • 45am 
Salt : 1 • 1 5pm 

Set : 9 . 00am 
Dry : 1 1  • 40am 
Sal t : 1 • 50pm 

Separator 
Liq . cu . ft 

Time Plate 1 0ml End 
a .m .  
1 0 .00 0 
10 . 30 
1 1 . 00 0 
1 1 . 30 
1 2. 00 0 
P e iD .  
1 2. 30 

1 . 00 8 
1 .  30 
2 .00 0 
2. 30 
3. 00 0 
3. 30 
4 .00 0 
Notes : 

<100 50 
< 50 

11 " 

" 

11 " 

" 

" 

11 

11 

1 00 
1 50 
600 

< 50 
1 00 
( 50 
1 00 

Plate 
End Side 

0 0 

0 0 

0 0 

0 1 

0 0 

0 0 

0 0 

Liq . 1 0ml 
End Si de 

< 1 00 (100 

11 11 

" " 

11 1 1  

11  11  

" " 

11 " 

Plate 
Side 

0 

0 

0 

0 

0 

2 

1 

Liq . 
1 0ml 
Side 

< 1 00 

11 

11  

" 

" 

" 

" 

Plate 
Si de 

0 

0 

0 

0 

0 

0 

0 

Liq . 
10ml 
Side 

< 1 00 

" 

" 

" 

" 

" 

11 

LYPA plates were spread with E8 starter on the day before the experiment , 
and were kept cool · until used. ( Ca not added. ) 
Liquids were examined by method which included use of Ca . 
Vat 5 :  Set : 8 . 45am ,  Dry : 1 1 . 25am , Sal t :  1 . 35pm 

11 7 : " 9 • 1 5am , " 1 2 .  20pm , " 1 • 50 pm. 
Separators : Both on 1 0 . 30am . One off 1 2. 45pm , other off 1 2. 55pm. 

Whey counts 
Vat Time Stage Time from set Count ml 

2 1 1 . 00am 
2 1 . 05pm 
5 1 1 .  25am 
6 2. 40pltl 
7 � . 1 0pm 

( Col by ) 

Drying 
Just befor e salting 
Running 
Hooping 
Hooping (last bucket ) 

h min 
2 . 50 
4. 55 
2 . 40 
5. 40 
5. 55 

1 .  2x105 
6 6 . 4x 10  
2 3 . 0x 10  

1 . 7x1 04 

2 . 2x105 
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Table LXVIII Woodvill e :  phage counts by air fil tration, on exPo sed plates, and in expo sed di shes  of  l iquid, 
at interval s throughout each of two days in the cheese factory. 
Starter cul tures : HP ( 1 /3 inoc . ) and A�2 ( 2/3 inoc . )  grown together in bulk starter vessel 
on both days .  Counts are for hp phage on each d�y. EXPT 2 EXPT 1 

Vat 2 
Set : 8 . 05am 
Dry : 1 0 .  50am 
Sa 1 t : 1 • 21 pm 

Separator room 

Air 
count 

20 
cu. ft 
End 

Plate L�. 
.. ----- · .. 

Time Plate Liq . End Si de End 
a .m .  
7 . 30 0 ( 50 .<. 50 0 0 < 50 
8 . 00 1 1  1 1  50 1 1  1 1  

9 . 00 " " < 50 " 1 1  

1 0 . 00 1 1  1 1  " 1 1  1 1  

1 1 . 00 - 50 1 1  1 1  1 1  

1 2 . 00 0 < 50 50 " -

p . m .  
1 . 00 1 1  11 <50 " 1 
2 . 00 1 1  " 0 
3 . 00 1 < 50 1 1  1 1  tl 

4 . 00 1 1  1 1  ! I  " 1 1  

Notes : 
Milk entering Vat 3 . Phage absent in 1 0  ml . 
Vats  2-7 : Set : 8 . 05-9 . 1 0  a .m .  
Separator : ran 1 0. 38 a .m .-approx. 1 2. 1 5  p .m .  
Times for commencing plate expo sures  not preci se .  

1 1  

" 

1 1  

1 1  

1 1  

11  

11  

11  

1 1  

Side 

{ 50 
50 

< 50 
1 1  

1 1  

" 

" 

1 1  

1 1  

1 1  

Separator room 

Plate Liq . 

0 < 100 
1 1  1 1  

1 1  1 1  

1 1  1 1  

1 1 1  

� ' 200 1 09, 000 
22 < 1 00 
0 1 1  

--

Notes : 

Air 
count 

20 
cu. ft 
End 

< 50 
1 1  

I !  

I!  

50 
700 
<50 

11  

Vat 2 
Set : 8 . 35am 
Dry : 1 1  • 20am 
Sal t : 1 .  50pm 

Plate 1��·�---___ __,.. _____ r "'-" ., 
Vat Press Vat Press  
End Side End Side 

0 0 < 100 <.100 
1 1  1 1  1 1  1 1  

2 1 1  1 1  , ,  

0 " " " 

1 1  3 1 1  " 

1 6  25 " 100 
0 0 " < 100 
1 1  1 1  1 1  1 1  

Air fil tration 6 ft away at 1 . 00 and 2. 00 p .m .  
W.ilk entering Vat 2. Phage absent in 1 0  ml (HP ) 
Vats  2-7 : Set : 8 . 35-9 . 30 a .m .  
Separator : ran 1 0. 55 a .m . - 1 . 50 p . m. 
Times : as for Expt 1 .  

(cont ' d )  

_... 
\0 I\) 



Vat 

2 

2 

2 

2 

Tabl e LXVIII (cont ' d ) 
EXPT 1 

Whey counts 
EXPT 2 

Whey counts 

... 

Time from set Time from set 
Time  Stage 

9 . 1 3am Stirring 

1 0. 1 3am " 

10 . 43am Near end running 

1 .  2 1pm Salting 

h/min _____ _ Gc>up.__-tfml V3.t Time S_t?-g� h/min Count/ml 

1 . 8 <.10 2 1 1 . 09am 'Hb. ey half run 2. 34 <10 

2. 8 10 2 1 2. 1 4pm Stagnant 3 . 39 7 . 9x103 

2. 38 <1 0  2 1 . 1 5pm Aft er raking 4. 40 5 . 0x105 

5 . 1 6  3 .  9x104 2 1 . 55pm Just salt ed 5 . 20 2 o 7x 105 

_... 
'-0 w 
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Experiment  to  Find Averaee Number of Phage Particl es 
in Each Dropl et of  Hh ey 

1 94 

Experiments were carri ed out at Woodvill e to find the numb er of 
phage particle s  in wh ey dropl ets .  �be method used was to expo se agar 
plates  spread with cul ture alongside broth or Ringer ' s  solution in a 
Petri di sh in a phage atmo sphere .  After incubation and counting of  
agar pl �tes ,  and analysi s of  broth (by spreading a know� volume on 
a plate  already spread with culture , incubating , and c ounting ) the 
count s were compared. 

The resul t s  are shown in Table  LXIX. As thi s  exp eriment 1-1as 
carried  out before the rol e of  calcium in phage estimations was 
investigated, accurate  counts coul d not be obtained. Nevertheless ,  
result s  showed that the average whey dropl et contained a considerabl e 
number of phage particl es ,  and that thi s  number could vary considerably . 

Tabl e LXIX 

Time (pm ) Place  

1-Toodvil l e : inv estigation of numb er of  phage 
particl es in individual wh ey dropl ets .  

Broth or 
Agar plates Ringer ' s  

No . of  Av. 
plates count No . Count* 

1 2. 55- 1 . 05 Separator al cove t 5 > 2 1 7  1 57 '  1 00 
1 . 28-1 . 38 1 1  11  tt 6 3 1  1 600 
1 . 50-2. 00 1 1  1 1  tt 6 1 5  1 1 00 
2. 1 0-2. 20 1 1  1 1  tt 1 4  10 1 9 , 000 

No . 
parti cl es  

per 
dropl et 
(. 26 3 

1 9  
7 

900 
* This  i s  count for total expo sed volume , calculated from fraction of 

thi s  volume used for analysi s .  Counts are recorded to the neare st 
hundred. 

j = corner tt == diagonally opposite  
Note s :  

The s eparator was stopped at 1 . 1 5 p.m.  No reason can be  advanced 
for the  high broth count in the 2 . 1 0-2. 20 p.m.  determination except 
perhaps  that the airborne drople t s  may have been larger than usual at 
thi s  time and hence contained more phage particl e s .  

Some plates were spread with coagulated milk cul ture ,  and some 
with broth culture. Counts were generally lower on broth cul ture 
plates than on milk culture pl ate s.  
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Conclusion s :  

Experiments a t  Woodvil l e  showed a characteri stically low phage 
l evel in the air and in the whey . 

Dropl ets of whey contained from a few to a high number of phage 
parti cl es. 

( iii ) TARARUA CO-O P .  DAIRY CO . 

Description of Factory 

The  Tararua Dairy Facto ry i s  a mechaniz ed cheese factory with 
Cheddarmaster equipment and Large  Hoops. There were four large vats 
situated a s  shown in the plan of the factory (Fig  1 0 )  and , of these ,  
three vats  were  generally used.  

Tw o  different starter strains were used each day , on a four-day 
rotational basi s .  The  two starters were grown in one bulk starter 
vessel and the appropriate volume of  the mixtur e was pumped into the 
vat.  Th e  starter was added to the vat 1 0  min before setting. 

The vats were set at 9 . 05 , 9 . 30 ,  and 9 . 50 a .m . , respectively . 

The  Cheddarmaster unit was started at 1 1 . 30 a .m .  Curd  and whey 
were  pumpe d  to the Cheddarmaster draining conveyor . The curd was 
drained and was eventually deposi ted in cheddar boxes .  About 2 h 
later the curd was milled and sal ted on the same Cheddarmaster unit .  
From her e  the curd went t o  the presses (Large Hoops and some 
conventional 40-lb hoops ) .  Washing o f  the Cheddarmaster unit was 
fini she d  by about 3. 30 p .m .  Fans  were turned on  or  off  to  maintain 
pl easant working condi tions throughout the day ; they were  usually 
run for about 6-8 h per day. 

A s eparator was situated in a corner of the cheese  room. �he 
separator ran from approximately 1 1 . 30 a .m.  to 1 . 45 p .m .  Th e  whey 
was piped  to a tank outside th e factory and the cream was di scharged 
into a cont�iner inside the making room .  
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Fig 1 0 .  Layo�t of equipment in the cheesemaking room 
at the Tararua Dairy Factory . A cro ss  
i dentifies each sampling point used.  
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Comment s on Resul t s  Pr e s en t ed in th e Tabl e s  

Invest igations at thi s  fac tory wer e  carr i e d  out o n  four occasions 

by th e proc edur e detail ed under "Outl ine of Proc edur e " .  '!h e r e sul ts 

ar e pr e s en t ed in Tabl e s  LXX-LXXII I . 

S everal points of int er est w er e  apparent from thi s  fi rst 

experim en t  ( Tabl e LXX ) . Th e  alginatP. fil trati on m ethod r eveal ed 

a r egul ar i ncr ea s e  in airborne phage par ticl es to a maximum a t  

1 . 30-2 . 30 p . m. and th en a sligh t  decr ea s e .  Large and fine dropl e t s  

wer e  coll ec t ed in thi s  method,  and th e figur es s erved a s  a standard 

against wh i ch th e sedimentati on count s coul d b e  compar ed.  Sedimenta-
l 

tion count s star t e d  to ri s e  appr eciably at noon , and high count s iver e 

ob tained by sedimenta t ion and fil tra tion methods from 1 . 30- 3 . 30 p . m .  

Sedimen ta t i on counts fell rapi dly by 4. 00 p . m . 

Meanti me , c ount s near the s eparator wer e h i gh a t  noon , 1 . 00 p . m . 

and 2 . 00 p . m .  vfu ey count s wer e h i gh by noon (va t 2 ,  1 . 3x1 08 a t  

1 1 . 55 a . m . ) . 

A h i gh  phage cont ent o f  th e air wa s associated wi th di sper sal 

of wh ey of high phage t i tr e  at ruru1ing , and then by fur th er vigorous 

agi ta tion of pro duct at mil l ing and sal ting at wh i ch t im e  th e phag e 

content o f  th e wh ey wa s very h i gh .  

In th e early stages of th e  pro c e s s  some of th e a irborne phage 

det ected coul d r esul t from spl a shing of wh ey dur ing opera tion of th e 

vat s .  

High es t  sedi m'en ta ti on counts wer e obtained n ear th e Ch eddarma ster 

and th e s eparator . 

In th e  second exp er iment ( Tabl e  LXXI ) a seri e s  o f  r esul t s  

similar t o  tho s e  i n  Tabl e  LXX wa s obtained, but both wh ey counts 

and atmosph eric count s were l ower .  I t was no ted tha t  th er e was a 

very rap i d  fall i n  c ounts from 3 . 00 p . m . to about ni l a t  4 . 00 p . m .  

In th e third trial ( Tabl e LXXII ) th e resul t s  fol l owed a patt ern 

similar to tho se obtained earl i er but counts wer e h i gh er .  Wh ey 

counts o f  up to 2 . 8x1 09 were ob tained, and som e s e dimentation and 

air fi l tra t i on counts wer e very h i gh .  A t  4 . 00 p . m. , coun ts wer e 



still appr eciabl e .  From no t e s  i t  wi ll b e  seen that th e incoming 

m ilk contained hp phage. It i s  r el evant to no t e  tha t  a t  thi s  

fac tory four suppl i er s  took wh ey hom e  for pig-feeding and thi s 

may have l ed to c ontamination of th e milk with phage. 
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Th e  resul t s  ob tained in th e fourth , and l a st , trial a t  Tararua 

( Table LXII I ) showed wh ey count s whi �h were exc epti onal ly high .  

Some o f  the s e dimentat ion and air fi l tration coun t s  wer e al so very 

high .  Th e  patt ern o f  th e re sul t s  wa s similar t o  that for earl i er 

tri a l s  a t  Tararua . In spi t e  of the very high c oun t s  obtained a t  

3 . 00 p . m. , counts a t  4. 00 p . m .  wer e low,  and pract ical ly nil a t  

4. 45 p . m. 
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Tabl e LXX Phage counts on expo s e d  agar-m edium pl a t es! in 
expo sed di sh e s  o f  l i�u i d! and b� air fil tra t i on! 

a t  int erval s throu�hout on e dai a t  th e  Tararua 
m echani z ed ch e e s e  fac tory . 

Star t er cul tures : HP and AM1 grown together in 
bulk starter ve s sel . Plates and l i qui d expo sed 
:for 10 min.  Coun t s  ar e for hp phage . 

Si de vat 1 Va t  2 By ( towards l'Tall end 
Ch eddar- Ch e ddar- By oppo s.  Vat 2 20 
ma s t er ma s ter ) s eparator va t 2 end cu . ft 

Time Pl ate Liq . Pl a te Liq . Pl a t e  Li q .  Plate Liq . Pl ate Liq . air 
a . m .  
7 . 03 0 <50 0 < 50 3 <.50 466 <50 
7 . 40 <50 
8 . 00 0 " 4 50 0 " 1 6 1 1  

8. 30 " 

9 . 00 0 " 3 1 000 0 " 0 " 

9 . 45 50 
1 0. 00 9 " 7 1 800 6 " 200 " 

1 0 . 30 <. 50 
1 1 . 00 2 11 5 <. 50 3 1 1  0 " 

1 1 . 30 1 50 
1 2. 00 1 6 11 1 9  " 596  300 23 1 1  

p . m .  
1 2. 30 300 

1 . 00 44 1 1  63 50 1 452  800 1 1 1  1 1  

1 .  30 1 5 (50 5750 
2. 00 275 1 26000 1 69 350 1 5 1 2250 37 250 
2. 30 1 7  50 5050 
3. 00 1 1 8 200 69 " 1 9  <.50 35 .(.50 
3. 30 1 850 
3. 36 41 50 

1 6 
4. 00 0 <.50 0 < 50 0 <50 0 < 50 
Next 3 <.22 1 30 5244 4 <22  1 22 333 

day 3 <22 3 1 7  2 

(cont ' d ) 
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Tabl e LXX ( cont ' d ) 

Wh e;y: from va t 2 

Tim e  Stage Time from s et Count ml 
a . m. h min 

1 0 . 1 3  Comm enced stirring . 43 1 . 0x 1 0  

1 0 . 40 Stirr ing 1 . 1 0 2 . 3x1 0 3 

1 1 . 55 Star t e d  to 2. 25 8 run 1 . 3x 1 0  
p . m . 

6 1 2 . 38 Cb. eddaring box 3 . 08 5 . 8x 1 0  

2. 3 5  Mil l ing 5 . 0 5  1 . 5x 1 09 

2 . 43 Salt i ng 5. 1 3  1 . 1 x 1 0  8 

2 . 5 4  Over end 5. 24 4. 0x 1 09 

Not e s : 

Pl a t e s  for expo sur e ,  3 lay er s ( th ird layer TSA wi th cul tur e mixed in ) . 

Va t times 

Vat Set Dry Sal t 
a .  m .  a .  m .  � 

1 9 . 05 1 1 . 40 1 .  58 
p . m .  

2 9 .  30 1 2 . 05 2 . 43 

3 9 .  50 1 2 . 26 3 . 04 

Examinations made th e fol l o wi ng day wer e  under tak en in th e 

afternoon, using 1 h air fil tration and i h pla t e  expo sur e s .  

Re sul t s  ar e cal culated to th e usual 1 0  min. HP s tar t er wa s no t 

u s e d  thi s  day and th e coun t s  r efl ect resi dual airborne material 

plus phage l i  berat.ed by r emoval of che e s e  from th e pre s s e s  in th e 

morning and from col d curd ( trimmings from th e pr e s s ed ch eese ) 

r eturne d  to the va t s .  

Fourteen a gar-medium pla t e s  wer e exposed at 4. 0 0  p . m .  

( for 1 0  min ) on the ground ou tsi de th e fac tory : 

1 2  pla t e s  

2 " 
= 0 

= 1 plaqu e each . 



Table LXXI 

::Jy 
Cheddar­
master 

Time Plate Liq . 
a .  m. 
8 . 35 

1 0 .00 
1 1 . 00 
1 2. 00 

p . m. 

1 
0 
9 

1 6  

1 . 00 55 
2 . 00 75  

ea* 8 5 

2. 40 

(50 
" 

" 

" 

" 

50 

3 . 00 205 1 50 
ea* 208 

4. 00 
Ca* 

Next 
a . m. 
approx. 

0 ( 50 
2 

8 . 30 < 1  -< 1 7  

1'ime Stage 
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Phage counts on exposed agar-medium plates, in 
exposed di sh es of l iquid, and by air fil tration, 
at interval s throughout a second day in the 
Tararua mechani zed cheese facto ry. 
Starter cul tures : HP and AM1 grown together in  
bulk starter vessel .  Plates and l iquid expo sed 
for 10 min. Counts are for hp phage. 

Si de vat 1 
( towards 
Cheddar­
master ) 

By 
separator 

Wall  
oppos. 
vat 2 

Plate Plate Liq . Plate Liq . Plate Liq . 

Alcove t 
1 09 

Storage 
room 3 tf 

2 
1 26 

70 

46 
1 2 1 
1 3 1  

233 
188  

0 
6 

1 

-<. 50 
1 7850 

50 

.<. 50 
" 

400 

1 00 

0 ( 50 
0 50 
1 < 50 

232 1 1  

960 700 
1 50 250 
60 

0 
0 

50 

1 .(1 7 
Counts  on whey from vat 2 

1 
1 

32 

9 3  
1 7 5  
84  

" 

" 

11 

" 

100 

333  1 00 
252 

0 (.50 
0 

1 <1 4 

Vat 2 
end 
20 

cu. ft 
air 

" 

" 

300 

" 

2550 

450 

Tirr.e from set Count/ml 

1 1 . 1 2am Mixing in vat 
h/min 
1 .  42  3 . 0x10 

6 . 1x 104 

1 . 1x 107 
1 2. 03pm Towards end running 
1 . 58pm Mill ing - just before sal ting 

Notes : 
* = CaC12 in cul tur e mixed rli th TSA. 

2. 33  
4. 28 

t = Near Cheddarmaster and i n  alcove off make room (count i s  av. of 4 ) .  
1t =  Door of storage room mo stly shut ( count i s  av. of 8 ) .  
Plates  were 3-layered,  cul ture  mixed with TSA in  3r d  layer . 

( cont ' d ) 
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Tabl e LXXI ( cont ' d ) 

Vat times 

Vat Set Dr;y Sal t 
a . m .  a . m .  p . m.  

1 9 . 05 1 1 . 4 5 1 .  50 
p . m .  

2 9 . 30 1 2 . 0 5  2 . 10  
3 9 . 50 1 2 . 30 2 . 35 

Tes ts for hp phage in milk 

Sampl e day of 
exp er iment . 

From vat 
befor e star ter .  

Phage 

1 0ml m ilk + 

1mJ. " + 
0 . 1 ml " 

Sampl e taken next 
day from vat .  

Star ter in 
o th er end . 

Phage 

1 0ml milk + 

1 ml 

0 . 1 ml 

" 

" 

Examinations made th e fullo��ng day were under tak en in th e 

morning , u sing 50 min air f il tration and 30 min plate expo sur e s .  

Re sul ts ar e cal cul a t e d  t o  th e usual 1 0  min. Phage coul d hav e  

been pr esent in th e a tmo sph er e a s  explained i n  th e not e s  on th e 

pr evi ous exp erim ent , bu t appar ently th er e w·as very l i ttl e wh en 

th e t e s t s  wer e carr i e d  out . 
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Tabl e LXXII Phage count s  on e�o sed a�ar-m �dium �la t e s2 in e�o sed di she s  o f  l iqui d2 and bz 
air fil trat ion2 at int erval s throughout th e third daz at th e Tararua mechani z ed 

ch e e s e  fac tor;y. 

Star t er cul tur e s : HP and AM1 gro1m together ::.n bulk star t er v e s s el . Pl ates 
and l iqui d expo sed for 10 min. Count s ar e for hp phag e .  

Side vat 1 
By to1·1ards By separator Wall oppo s .  End b etwe en End b etween 

Che ddarmas t er Ch eddarmas t er vat 2 vat s 1 & 3 vat s  1 & 3 
Time Pla t e  Li q .  Pl ate Liq . Plate Liq . Pl ate Liq . Pla t e  Liq . 20 cu. ft air 

a . m .  
9 . 1 5  · o  <1 00 3 -< 1 00 2 200 0 ,€.. 1 00 2 .<:. 1 00 50 

1 0 . 00 3 .(.1 00 37 - 2 L..1 00 0 ( 1 00 3 ( 1 00 � 50 

1 1 . 00 0 <1 00 0 900 1 3  1 00 0 < 1 00 1 < 1 00 1 00 

1 2. 00 2 1  <1 00 9 - 1 7  4 < 1 00 1 0  < 1 00 4 - < 50 
p . m .  
1 . 1 0 9 1  200 209 1 600 77 2 2000 325 1 00 1 6 2  300 1 0200 

2 . 00 7 6 00 46 2400 1 0  1 1 00 2 1 00 4 1 00 6 200 

3 . 0 5  707 5600 7 1 2 5800 1 37 52400 36 2 1 6 300 640 8 200 46 7 1 00 

4. 00 436 1 900 36 - 6 300 4 2900 28 1 00 1 900 

Coun t s  on wh ey from vat 1 

Time from set Count/ml 
Time Stage h/min 

� 
1 . 2x 1 0 3 1 0 . 30 Stirring curd and wh ey 1 . 1 0 

p . m .  
5 . 8x 1 05 1 2. 1 0  Started pump curd and wh ey to tower 2 .. 50 

2 . 32 Ch eddar tower b efor e mill ing 5 . 1 2  2 . 8x109 

2 . 47 Ch eddarmaster m i l l ing 5 . 27 1 . 2x 1 09 1\) 0 
2 .. 5 5  After sal t ing 5 . 35 2. 7x 1 09 LV 

( cont ' d ) 



Tabl e LXXI I (cont ' d ) 
Vat times 

Vat Set Dr;y 
a .  m .  p .m .  

1 9 . 20 1 2 . 1 7 

3 9 . 45 1 2 . 43 

Salt 
p .m .  
2 . 50 

Tests for hp phage in milk* 

Sampl e of milk from vat 1 
(9 . 1 5  a .m . ) 

1 0rnl milk 
1ml " 

0 . 1ml " 

0 . 0 1 ml " 

Phage 
+ 
+ 
+ 

* Sampl e may have 
contained starter .  

Cheddaring tower , not cheddaring boxes ,  was used for cheddaring on thi s  occasion. There was milk in 
vats  1 and 3 only. 
Air fil tration apparatus was stationed in the passageway between vats 1 and 2 ,  and near the junction 
of vat s  2 and 3. 

Agar-medium plates exposed ir1 factory 
several yards from vats .  3 . 55-4 . 05 p . m . 

Pl aqu e  coun t s  per pla t e  
2 3  
1 8 
23 
32 
23 

63 
30 
27 
39 
28 

Separator running 1 2 . 0 5- 1 . 1 5  p .m .  
(approx. ) 

" 

l\) 0 +>-



Tabl e LXXIII Phage count s on expo sed agar-m ediu.n pJ.a t es, in expo sed di sh e s  o f  l iqui d, and by air fil trati on, 
at int erval s throughout th e four th day a t  th e Tararua m echani z ed ch eese factory. 

Starter cul tur e s : HP and AM1 grown togeth er in bulk s tart er vessel .  Pla t e s  and l iqui d 
expo s ed for 1 0  min. Counts ar e for hp phare. 

Side vat 1 By 

..: 

B.r toward s  By s eparator Wall oppo s .  Vat 2 end � ·· ·� Cb.eddarma ster 
Cb. eddarmaster Cb.eddarmaster vat _,2 

r ' 
Time Plate Liq . Plate Liq .  Pla t e  Liq . Pl ate Liq . Pla t e  Liq . 
a . m .  
9 . 35 2 <. 1 00 1 5  <. 1 00 7 .(. 1 00 25 <.1 00 1 <1 00 

1 0 . 1 5  0 1 1  304 1 000* 2 3  1 1  1 11 0 1 00 

1 1 . 00 1 1  1 1  1 < 1 00 1 11 1 1 00 7 ( 1 00 

1 2 . 00 11 11 0 1 1  0 11 0 < 1 00 2 800 

� 
1 . 00 1 43 1 00 1 69 300 700 

approx. 
5400 20 1 1 00 1 3 3 400 

2 . 00 8 7  200 3 2  400 29 1 00 49 300 80 600 

3 . 00 47 3 1 7600 > 500 70 3000 440 1 6 300 427 1 1 200 541 39400 

4 . 00 1 1  <100 6 <. 1 00 4 <. 1 00 2 200 0 < 1 00 

4 . 45 0 1 1  0 If 1 I f  0 1 00 0 If 

Next day 
a . m .  
6 . 30 3 300 26 < 1 00 1 � 1 00 1 <. 1 00 0 1 00 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
7 . 3 3 0 -<. 1 00 2 " 1 1 1  0 " 0 < 1 00 

8 . 25 28 300 20 1 00 1 3  11 2 If 1 9  600 

* Spl ash e d? 

t Average o f  4. 

20 cu . 
ft air 

200 

< 50 

4050 

20 cu . 
ft air 

8 00 

1 00 

50 

1 00 

5050 

1 1 1 00 
8 38 500 

550 

< 50 

(cont ' d ) 

Plate 

44s.r · 

I\) 0 \J1 



Tabl e LXXIII ( cont ' d ) 
Count s on wh e� from vat 2 

Tim e  Stage 
a . m . 
1 1 . 25 Stirring curd and wh ey 
p . rn .  
1 2 . 1 4  Started pumping 

2 . 58 Start Ch eddarmaster (vat 2 ) 

3 . 09 Salting 

No t e s : 
Vat tim es 

Vat Gal Set Dry Sal t 
a . m .  p . m .  p . m .  

--

2 1 8 7 5  9 .  20 1 2 . 20 2 . 35 

3 1 475 

Vat 2 sl i ghtly slow thi s  day . 

S e�arator ran 1 2. 24- 1 . 1 5 p . rn .  

Time from s et 
h/rnin 
2 . 05 

2. 54 

5 . 38 

5 . 49 

CountLml 

1 . 9x 1 05 

2 . 8x 1 0  6 

6 .  3x 1 0  1 0  

7 . 0x 1 0 1 0  

Te s t s  for �ha�e in milk 

Vat 2 Next day 
rnl milk* Pa s t .  from bag* 

Phage Pnage 

1 0  + + 
1 + + 

0 . 1 + -

0 . 0 1  - -

0 . 00 1  

Vat* 

Phage 

+ 
+ 
+ 
+ 

* No star t er in m ilk sampl e as taken. 

Determinations next day. During th e p eriod from 6 . 50 a . rn. unti l  8 . 35 a . rn .  th e 40-lb ch eeses from 
th e conventi onal pr esses wer e  unviTapped , bandages wer e scrap ed,  and 
ch eese 1-1a s cut out from th e Large Hoop s .  T'n e 2nd and 3rd "next day " 
determ inati ons of airborne phage (b elow th e do t t ed l ine ) wer e made 
wh il e th ese operati ons wer e taking plac e .  

"' 

1\) 0 0\ , 
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( iv ) WAIRARAPA CO-OP. DAIRY CO .  (BELVEDERE FACTO RY) 

Plant Layout at Belveder e  Ch eese Factory 

Belveder e  Ch e e s e  Fac tory has c l o s ed down sinc e th e fol l owi ng 

r e sul t s  were ob tained. It was l o cat e d  a short di stanc e  from Car t erton. 

Th e  l ayout of th e making room i s  sho"'m in Fig 1 1 .  Th e  factory had 

six 2 � 600-gal vats whi ch wer e  fil l ed up to thr e e  tim e s  a day and thus 

46 , 800 gal of milk coul d b e  d eal t wi th daily. Th er e  wer e two 

Ch eddarma ster conv eyor s ,  one for draining ,  and one for m el l o wing 

and sal ting. Conventional pr esses  w er e  l o cated in th e c entr e of 

th e fac tory . 

Th e  wh ey separa tor wa s l ocated in a room adjac ent to th e ch e e s e  

vat s .  A door from thi s  room op ened into th e factory oppo si t e  th e 

ch e e s e  vat s ,  and th i s  door wa s opene d on o c ca sions.  The separa to r 

ran from between 1 1 . 00 and 1 1 . 30 a . m .  to abou t 4 . 30 p . m . , with 

shor t shut-down s .  

A large ventilation uni t  vli th a r elatively l ow effi c- j_ ency fi l t er 

wa s .:L o cat ed at th e end of th e makin� room farth est from th e va t s ,  

i. e .  n ear th e Ch eddarma ster equipmen t .  Thi s uni t  wa s instal l ed 

b etween fir st and second surv ey s of airborne phage . 

Inv esti gations at th i s  fa c tory w er e  carri ed out as detail ed 

under "Outl ine of Pro c edur e " ,  and r e sul t s  are pr e s ented in Tabl e s  

LXXIV-LXXXI . 

( Th e factory plan and detai l s ar e from a bro chur e pr epar ed 

by th e N ew Zeal an d  Dairy Re s ear ch In sti tu t e ,  to inform and gui de 

vi sitor s  to th e Belveder e  Facto ry . ) 

In th e early s tages o f  th e study 1�8 was u s ed a s  t e st organi sm 

but l a t er HP was adop ted b ecau s e  thi s  strain wa s u s e d  in th e o th er 

fac t or i e s  studi ed.  

Comm en t s  on Resul t s  Pr esented in th e Tabl e s  

In th e first survey ( Tabl e LXXIV ) an incr ease i n  phage count 

. was d e t ected about the time of running of th e fi rst vat . A tmosph er i c  

phage c ount s wer e much high er b y  th e Ch eddarmaster than near th e va ts . 
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Layout o f  equipm ent i n  th e ch eesemaking room 
at th e Belvedere Dairy Fac tory . A l e t t er 
identifi e s  each sampl ing point used , 

208 

.Va t s  



Wh en th e door to th e s eparator room wa s opened a t  2 . 0 5  p . m .  th e 

s edimentati on count (wh ich h ad b e en 1 67 at 1 . 55 p . m . ) rose to 

) 1 , 37 5 .  

I n  th e second survey ( Tabl e LXXV ) counts wer e mo dera tely l o w  

through out the day , and wer e no h i gh er in th e vic ini ty of th e 

Ch eddarmaster e�uipment than near th e vats.  

Count s ob tained throughout th e third survey ( Tabl e LXXVI ) 

2 09 

were very low, exc ep t  in th e separator room at 3 . 00 p . m .  and 3 . 30 p . m .  

During th e four th survey ( Tabl e LXXVII ) th e phage count s in 

the vi cinity of th e Ch eddarrra st er equipm ent star ted to r i s e  sool! 

after running commenc ed. Hear th e vat s ,  counts did no t r i s e  much 

until  about 2 h l a t er .  High counts wer e  ob tained in bo th ar ea s 

about 3 . 30 p.m.  

In th e fifth survey ( Tabl e LXXVIII ) mo s t  c ounts r emained v&ry 

low until 3 . 00- 3 . 30 p . m. 

Between th e fi fth and sixth surveys th e analyti cal metho d  for 

estimati ng phage in wh ey wa s chan ged and cal cium wa s al so a dded to 

th e medium ( see * ) . 

Th e  host organi sm was ML8 for survey s  one to five �nd HP for 

th e s ixth and s ev enth survey s .  

I n  th e sixth surv ey ( Tabl e LXXIX ) wh ey count s ,  sedimenta ti on 

count s ,  and air fil tration count s wer e  al l very high .  Phage p 2 
grows on HP ,  and a.s bo th P2 and HP wer e  u sed as star t er s  thi s  day 

the high ini tial coun t s  wer e no doub t du e to detection o f  p 2 phage 

on the HP test organi sm .  

In th e  seventh survey ( Tables LXXX, L7J�I ) count s were fairly h i gh 

about �-1 h aft er th e fir st vat wa s run.  About th e time mill ing 

commenc ed,  the air filtration metho d of phage detec tion showed a 

very mark e d  incr ea s e  i n  coun t .  Wh ey c ount s wer e fairly h i gh t� i s  

day. 

Th i s  was th e fir s t  Belvedere exp er iment in wh ich cal c ium wa s 

incorporated in th e exposed plat e s .  
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Unwrapping, weigh ing and wr apping of che e ses.  

As i s  u sual th e day fo l lowing m anufactur e ,  th e ch eeses wer e 

taken from th e pr e s s e s  and th e bandages were taken o ff and flung into 

a h eap as a pr elude to gathering up for waShing� Th e  ch eeses wer e 

then par tial ly scrap ed.  Th e  ch e e s es wer e next tak en into a wrapping 

room ( Fig 1 2 )  wh er e th ey wer e  weighed,  cut to adjus t wei ght s ,  and 

th en wrapped. Some of th ese movem ent s coul d r e sul t in phage fro� 

th e ch eeses and bandages being di sper sed into th e atmo sph er e .  

Plat e expo sur es vTer e made wi th th e r esul t s  shown in Tabl e LXXXI . 

* Rel ationship b etween pl aqu e count of wh ey expr e s s ed a s  

"titr e "  and a s  "count per ml " 

In early exp eri m en t s  (up to fifth survey inclusive ) phage in 

'\'Th ey wa � 

o f  phage 

on LYPA . 

e s timated by spo tt ing l oop sful of serial dec imal dilutions 

in Ringer ' s  so lution on a m at of th e host organi sm spr ead 

Calcium wa s no t added. Th e  highest di lution givi ng plaques 

wa s cal l ed th e "ti tr e " .  

In lat er exp er iments ( sixth and sev enth survey s ) phage wa s 

e stimat ed by plat ing 0 . 1 ml quant i ti e s  of phage su spension wi th 

m edium containing added cal cium . Th e  ser ial decimal di lutions of 

phage wer e pr epar ed in p eptone- sal t solution. 

Obvi ou sly th e s econd m etho d  gave higher coun t s  than th e fir s t .  

A rough relati onship between counts by th e two m ethods i s  

illustrated by th e fo l l owing hypo th eti cal ca se : 

Count by first m ethod : if two plaqu es 1-:ere ob tained at 10-2 

dilution ( titre 1 0-2 ) ,  th en count p er ml • 

2 x 250 x 1 00 = 5 x 1 04 p er ml 

(a loopful is ap pro ximately 0 . 004 ml ) . 

Count by second method : woul d b e  appro ximately 1 0  t i me s great er 

(or mor e ) than by fir st m etho d  5 x 105 ( or mor e ) p er ml . 

Re sul t s  in Tabl e LI show that the addition o f  c al c ium to 

th e m edium can cause more than a t en-fol d increa s e  in plaque count. 
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Tabl e LXXIV Making detail s and �l a�ue count s  ob tained with a sl i t  sam�l er and b� e�o sing agar-m edium 
�la t e s  at int erval s throughout th e da� at the Belveder e  m echani z ed ch eese  fac tor�. 

Sedimentati on counts ( 1 0  min� 
Sl i t  Near Ch eddarma ster area 

Vat numb er s and detai l s  sampl �r va t s  Near 
i cu. ft 2, 3 wal l  Near r op e  

Tim e 1 2 3 4 5 6 Tim e ( A )  ( .A. )  Tim e (N ) conveyor ( L )  
a .  m. a . m .  a . m.  
1 0 . 50 ·  Stir 10 . 50 0 

1 1 . 00 0 0 
1 1 . 1 5 1 1 1 . 1 5 0 0 

1 1 . 27 C . Run 1 1 . 20 1 
Fir s t  vat run 

N. F.  . 1 1 .  4C 0 22 1 1 . 45 1 05 1 1 0 
1 1 . 45 Run Stir Stir Stir c .  s. 1 2. 00 1 8  34 
1 2. 00 c .  Run " " Sti r  � � 

� N . F.  1 2  . • 20 1 9  9 5  1 2. 1 5  895 1 00 
1 2. 1 5  lva sh Run 11 11 11  1 2 . 35 1 8  22 1 2 . 45 277 1 27 
1 2. 45 N. F.  " " Stir 1 2 . 50 28 88 1 . 1 5 478 1 42 

Run 1 .  25 1 2) 
(�J 

1 .  45 641  268 1 . 00 Wash 11 11 1 1  ( B  N. F. 
1 . 1 5 Run 1 1  11  1 . 55 1 44 1 6 7  
1 .  30 " 1 1  2. 05 ) 1 37 5  
2 . 00 E.mp ty 1 1  2. 10  to 

' 2 . 1 5  1 589 2. 1 5  7 28 370 
c. s.  = c omm enc ed s tirr ing Stir = s tirr ing 2. 45 688 239 
C . Run = c omm enc ed running Run = running 3 . 20 97 380 3 . 20 445 70  
N. F. Run = nearly fini shed running Wash = washing 3 . 40 296 79 3 . 45 1 1 7 1  229 

vat 3 . 50 1 26 
3 . 52 7 1 2  
4 . 00 909 4 10  

r:J:J = probably ) 500 ( cont ' d ) 1\) ..... ..... 



No te s :  

Tabl e LXXIV ( cont ' d ) 

a . m .  

1 1 . 30 

1 1 . 45 
p . m . 

. 1 2 .  1 5  
1 2. 45 
2 . 1 5  

Ch eddarmas t er op erati ons 

Stirr er s  ro tating - water rinse . 
No curd on no . 1 conveyor unti l  
approx. 1 1 . 30 a . m .  

No . 1 b eing wa sh e d ,  draining curd 

Some boxes turning ( ch eddaring ) 
1 1 1 1  1 1  

Draining t erminat ed about thi s  ti me 

For l o cation o f  sampl ing points A , B , N and L see Fig 1 1 .  

1 . 55 p . m .  Sampl ing (plat es , sl i t  sampler ) moved from "A " to "B " .  

2 . 0 5  p . rn .  Sepa1•ator door opened ( oppo s i t e  " B "  locati on ) . 

3 . 50 p . rn. Separator door shut ( s eparator has been o ff approx.  i h ) . 

Pl a t es spread at Bel veder e  wi th ML8 and R1 clo tted cul tur e s .  

Re sul ts for R1 are no t shown , as most plat es had no plaques.  

Star t er s : 1 bulk v e s sel ML8 
1 1 1  1 1  ML8 and R1 
1 1 1  1 1 BK5 and P1 
Star ter s from bulk starter machines wer e mixed b efore use i n  

th e vat s a s  r equired , to give specifi c combination s .  

,.: 

(\) 
_... 
(\) 
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Tabl e LXXV Wak ing d etai l s an cl pl aque count s u sing agar-m edium 
pl ates expo sed at interval s throu ghout th e second 
day at th e Belved er e mechani z e d  cheese fac tory. 

Vat 1 

2 

3 

4 

5 
6 

Time 
a .  m .  
1 0 . 50 
1 1 . 1 0 
1 2 . 00 
p . m . 
1 2 . 20 

1 .  20 
1 . 50 
2 . 00 
2 . 1 0  
2 . 20 
2 . 30 
3 . 20 
3 .  30 
3 . 40 
4. 00 

Vat detail s  Ch eddarmaster area 

1 2 . 20- 1 . 20pm Ran between 1 1 . 00am Draining cur d in 
th ese times Ch eddarmaster 

1 0 . 54am Started to run conveyor 

1 1 . 1 0am " " " 1 . 1 5pm Mi l l ing and 

1 1 . 50am 1/3 run sal ting start ed 

1 2 . 20pm i run 

1 2. 20- 1 • 20pm Ran between 
th ese times 

Sedim entati on c ounts ( 1 0 min ) 

Near vat s  
2 & 3 (A ) 

Av . 2 
2 
0 
0 

2 

1 1  
28 
2 5  
46 
29 
1 1  
1 6  
1 0  
24 

S eparator 
room ( C ) 

Av. 2 

28 2 
1 
1 

Time 
a . m .  
1 0 . 45 
1 1 . 1 5 
1 1 . 45 
p . m . 
1 2 . 1 5  
1 2 . 45 

1 . 1 5 
1 .  45 

2 . 1 5  

Cheddarma s t er area 
Near 

wal l (N ) 
0 
3 

1 6  

1 8 
1 4  
1 8  
5 1  

Near rope 
conveyor ( L )  

0 
1 
1 

2 
2 

1 3  
39 

20 

5 min . Tvro plates each end ch eese press e s :  
1 5 i , 2 5 ,  1 4 ,  2 1 pl aqu e s .  

For l o cation o f  sampl ing po int s A , C , N  and L see Fi g  1 1 .  

No tes : 



., 
Tabl e LXXVI 

Vat detail s 

t�aking detail s, whey titres and pl aque counts 
obtained ·Hi th agar-medium plate s  ex-po sed at 
interval s throughout the third day at the 
Belvedere mechani zed cheese fac tory. 

Ch eddarma s t er 

2 1 4  

Vat 1 1 . 00- 1 . 30pm 
2 
3 1 1 .  30am 

Run 

�- run 

1 1 . 1 0- 1 1 . 30am Started draining 
2 . 00pm Started mill ing 

4 1 2 . 00pm i run 
5 1 2 . 30pm 2/3 run 
6 1 2 . 30- 1 . 00pm Run 

vib ey ti tres 

1 1 .  45am Vat 4 Shor tly before running Neat 1 plaque 
1 2. 45pm " 6 " 11 " " 0 1 1  

2 . 35pm " 5 Mil l ing 1 0-2  2 " 

Sedimentation counts ( 1 0  min) (Av . 2) 

Near Separator  Cheddarmaster area 
vat 3 room Near Near rope 

conveyor . ( L )  Time (A )  ( c ) ;.;all (N)  
a .m .  

1 0 . 30 0 
1 1 . 00 0 0 0 
1 1 . 30 0 0 0 
1 2 . 00 0 0 1 
p . m. 

1 2. 30 0 0 1 
1 . 00 1 0 1 
1 .  30 1 0 1 
2 . 00 1 0 1 
2 . 30 1 1 2 
3 . 00 2 90 1 
3 . 30 1 38 1 1 
3. 55 0-1 ( 8 )* 0 
3 . 55 S tairway· to r eceJ. vJ.ng platform 10  m in 1 �\ 

Edge of press  1 1  1 1 ' 
Rec eiving platform " 1 ( 2 ' 

4. 00 Packing room 11  

Test ro om " 1 ( 1 ) ' 
* No . cf plates in parentheses 

For location of sampling points A , C ,N and L see  Fig 1 1 .  
No tes : 
Separators 1 1 . 30 a . m . - 3 . 00 p . m. 
Door opened at times  to separator room . 

0 
0 
0 
0 

3 
3 1 
3 
1 
0 
0 
0 

0 ( 3 l 0 ( 3  
0 ( 2  
0(4 � 
0 ( 2  

Plates LYPA (no Ca added ) spread on day prior to thi s  experimen t  
wi th ML8• 

Starter s  used in factory : NL8 , SK3• 



a .  m. 

1 1 . 05 
1 1 . 20 

1 1 . 50 
p . m .  

1 2. 10  

1 2. 30 

1 2. 50 

2. 40 

2. 55 

Tabl e LXXVII 

Vat times 

Vat 

Waking detail s, wh ey t i tr es an d pl aque count s obtained with a sl i t  sampl er and by 
expo sing agar-m edium plates at int erval s throughout th e four th survey a t  th e 
Belveder e mechaniz ed ch e e s e  fac tory. 

Ch eddarmast er Wh ey titres 

a . m . a.  m. Vat 

6 Star t  run Curd draining 1 1 . 05 1 1 . 0 5  6 1 0-2 Start run 

1 11  11  Es timate to 1 1 . 35 1 1 0-2 Hal f run 20 min 
2 1 1  11  ch eddar box p . m . 

Estimate 1 2 . 40 4 1 0-1 11 1 1  
1 h 45 min 

3 11 " ch eddaring 1 . 1 5 6 1 0-5 Mil l i ng p . m .  
1 0-5 4 1 1  " 1 . 40 1 11 

Es timat e mill ing 1 . 1 0 
5 1 1  " 2 .00 2 1 0-4 11 

Recorded sal ting 
6 " " and mi l ling 

1 .  30 2 . 20 3 . 1 0-5 " 

1 " " 

(cont ' d ) 
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Tabl e LXXVII ( cont ' d ) 
Sedimentation count s ( 1 0  min ) 

Tests Slit  sampl er Ch eddarmaster area started near 
between vats  2 & 3 Near vat s  Near wall Near rope Press 

or at  (A )  2 & 3 (N )  conveyor (L ) near vat s  ( J )  
times i min (A ) 1 or 1 or 1 or 
below Av. 2 or 3 Av. 2 or 3 Time Av. 2  or 3 Av. 2  or 3 Av. 2 or 3 
a .m .  a .  m .  

1 0 . 00 0 0 
1 0 . 50-58 0 0 1 1 . 00 0 0 
1 1 .  30-37  1 4 1 1 . 30 2 20 2 
1 2 . 00-04 1 4 1 2 . 00 1 0  1 5  8 

p . m .  p .m .  
1 2 . 30- 32 2 4 1 2 . 30 28 1 5  1 5  
1 . 00-06 2 6 1 . 00 34  25  1 1  
1 .  30-39 40 54 1 .  30 40 1 21 87 
2 . 00- 1 0  57 69 2 . 00 7 5  1 0 2  1 74  
2 . 35-44 30 24 2 . 30 45 85 1 00 
2. 45-54 1 7  1 9  
3 . 00-08 25 22 3 . 00 1 49 52 67 
3 . 30-39 177  ') 7 50* 3 . 30 1 0 3  509 1 21 

) 800 ( 6 )** 
3 . 40 424 ( 8 )  2pm moved to 

beneath 
cheese mil l 

* Of 3 plates ,  1 e stimated and other 2 alrr.o st compl etely lysed. 
** No . of plates in parentheses.  

For location of sampling points A ,N ,L  and J see Fig 1 1 .  
Notes : 
Separator door closed during analysi s ,  as far as was known.  
Method wh ey titres = Serial decimal dilutions in t-Ringer ' s , 

and spotted on pl ates.  

Plates : LYPA medium (no Ca added ) spread 
day before experiment with ML8 • 

Starters : Vats 6 , 1 , 2 , 3 , 4 , 5 MLg R1 
" 6 ,  1 (refill ) AM2 ML1 

_. 

!\) 
__,. 0\ ' 



a.  m. 
1 0 . 35 
1 1 . 00 

1 1 .  20 

1 1 . 40 

1 2. 00 
p . rn. 

1 2 . 20 

1 . 55 
2 . 20 
2 . 35 

Tabl e  LXXVI I I  

Vat times 

Vat 

Waking detail s, wh ey titres and plaque counts obtained wi th a sl it  sa�l er and by 
expo sinP,' a,c;;ar-med ium pl ates at i n t erval s throughout th e fi fth survey at the 
Belveder e tr echan i z ed ch eese fac tory. 

Ch e d darmaster Wh ey titres 

a . m. a.  m. Vat 

5 Started to run Started to run 1 0 . 35 1 1 . 45 2 Neat Hal f run 
6 11 Es timate star t p .m .  

cheddar boxes 1 0 . 55 --
10-3 1 " 1 .  50 6 Mil l i ng 

2 11 Ee timat<: start 1 0 . 55 
1 0-3 mill ing + 1 h 45 rnin 3. 50 4 Sal ting 

3 " ::: 1 2 . 40 
p . m .  

4 " 

5 1 1  

6 " 

1 " 

( cont ' d ) 
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Tabl e LXXVIII (:::ont ' d ) 

Tests Sli t  sampl er Sedimentation counts ( 10 min ) 
started near 
between vat s  2 & 3 N ear vatn  Cheddarmaster area 

or at (A) 2 & 3 
times t min (A) 
below Av. 2 or 3 Av. 2 or 3 
a .  m .  

1 0 . 40 
1 0 . 45-54 0 0 
1 1 . 00-05 0 0 
1 1 . 30-37 1 1 
1 2 . 00-06 0 1 

p .m .  
1 2 . 30-37 0 1 

1 .  00-05 3 0 
1 .  30-38 1 1 
2 . 00-06 0 1 
2 . 30-35 0 2 
3 . 00-02 4 
3 . 30 9 
4 . 00 1 2  
4. 30 

For location of sampling points A , N , L  and J 
Notes : 

Near vrall Near rope 
(N ) conveyor (L ) 

Av. 2 or 3 Av. 2  or 3 

1 0 

0 0 
0 0 
0 2 

0 2 
2 4 
2 2 
2 1 
3 4 
4 1 2  

34 1 22 
) 90 36 

1 3 1 7  
see  Fig 1 1 .  

Separator door opened several times  after commenc ement of experiment .  
Plates : LYPA medium (no Ca  added ) spread wi th ML8 • 
Starter s :  ML8 R1 ML1 AM2 in each bulk vessel , respectively. 

Vats 5 , 6 , 1 , 2 , 3 , 4  = 1�% (YLg + R1 ) 
5 , 6 , 1 ( second fill ) = 2% (ML1 + AM2 ) 

Press 
near vats  ( J )  

Av. 2  or 3 

0 

0 
0 
1 

1 
3 
1 
2 
2 
4 

1 0  
1 2  
1 6  

,. 
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Tabl e LXXIX Naking detai l s, pha�e counts in whey and plaque counts obtained by 
air fil tration and by exnosin� agar-medium plates and di shes of  
l iquid at int erval s throughout th e sixth survey at the Belvedere 
mechanized cheese fac tor� 

Vat detail s 

Vat Dry Mill  Time  
a . m .  a .m .  a .  m .  

1 8 . 1 5  1 0 . 40 1 1 . 07 
2 8 . 35 1 1 . 00 1 1 . 40 
3 8 . 55 1 1 . 1 0 p . rn. --

1 2 . 36 
4 9 . 1 5  1 1 . 30 

1 . 05 
5 9 . 35 1 1 . 50 

2 . 25 p . m .  
6 1 1 . 25 1 .  25 2. 58 
7 1 1 . 45 1 . 45 3 . 00 

p . rn .  

8 1 2. 05 2 .05  
9 1 2. 25 2. 35 

10 1 2 . 45 3 . 00 

Vat 

9 
7 

1 0  
9 

10 
1 0  
9 

Phage counts  in whey 
Stage 

Stirring 
Running 

Stirring 
40 rnin aft er drying 
1 h 40 rnin 11 1 1  

5 rnin before mill ing 
Sal ting 

Count/ml 

4. 4x 10  6 

4 . 5x1 04 

2 . 2x107 

1 . 5x 10  8 

4 . 4x1 09 

1 . 2x10 10  

1 . 9x 10  8 

(cont ' d ) 
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Tabl e LXXIX ( cont ' d) Sedimentation counts ( 1 0 min) 
At er.d vats  Cheddarmaster area 

(D )  End vats  
(Al ginate method)  (D ) 

Wall side vats Near clock Near clock 
(F)  ( H) (K ) 

Time 20 cu . ft air Plate Liq . Plate Liq . Plate Liq . Plate Liq . 
a .  m .  

. 1 0 . 00 5200 1 2+ 850 3 200 0 50 1 2  1 200 
1 0 . 30 1 5950 1 7  750 9 3200 4 1  700 48 8650 
1 1 . 00 38725 36 + . 3050 40+ 2400 50 1 0200 77 7850 
1 1 . 30 38775 57 3200 3 3  3550 57 4400 72 1 1 000 
1 2. 00 1 2900 37 900 26 400 43 450 3 1  1 400 
p .m. 
1 2 . 30 26200 85  1 350 1 9  1 100 59 2450 35 6 500 
1 . 00 1 6 350 37 750 28 950 47 1 000 103  2950 
1 .  30 35050 47 2 100 27 1 300 23 1 600 43 1 1 50 
2. 00 58400 54 2 1 50 88 4550 7 1  6 700 1 7 5  20250 
2 . 30 1 49750 1 25 5450 36 + 6050 6o+ 1 2650 99+ 88:>0 
For location of sampl ing points D , F , H,K  and 
+ count coul d be slightly higher .  

P see Fig 1 1 .  

Notes : Fan wae shut off when vats 1-5 started to run until last of vats (6- 1 0 ) had clotted,  to 
prevent blowing phage over vats during thi s  peri od. 
On thi s  day 10  vat s  were used, 5 in the first fill  ana 5 in the second. The vats  were  
numbered 1-5 and 6- 1 0 ,  but as no  record was kept of  which actual vats  were used , the 
numbers do not correspond wi th vat  numbers in the plan of the factory. The numbers 
merely refer to the sequence in which the vats were used; the detail s  given correspond 
with tho se specific  vat numbers.  
Liquids  estimated by medium with Ca addi ticn. 
Plates : LYPA medium (no added Ca ) spread wi th HP. 
Starter s :  i n  1 st fill P2 AW2 ) Phage P2 grows on HP. Thi s could account for high 

in 2nd fill HP R1 { count s early ir th e trial . 

Cheddarmaster 
(No . 1 (P) 

Plate Liq .  

1 2  89500 
235 280500 
2 1 7  269000 

32  3300 
46 4750 

82  2 1050 
220 9 1 0000 
59 9500 

36 2 1 00000 
285 585000 

..: 

1'\) 1'\) 0 



No . 

1 

2 

3 

4 

5 

6 

Table LXXX Making detail s, phage counts in whey and �laque counts obtained by 
expo sing agar-medium plates and di shes of liqui d and by air fil tration 
at interval s throu�hout th e seventh survey at  the Belvedere  mechanized 
cheese fac toru 

Vat detail s Phage counts in whey 

Set lh·y 
i Will t Salt Time Vat Process  Count/ml 

a .m .  p .m .  p .m .  p .m .  p . m .  
9 . 1 0  1 2. 1 5  2. 25 2 . 30 1 2. 30 2 Started run 1 .  7x1 06 

9 . 40 1 2 . 35 2 . 45 2. 50 1 2. 34 2 Draining 1 . 9x1 0  6 

1 0 . 05 1 . 00 3 . 1 5  3 . 20 3 . 00 2 Milling 4 . 0x1 09 

1 0 . 25 1 . 1 5 3 . 40 3 . 45 3 . 07 2 Salting 2 . 7x10  8 

1 0 . 40 1 .  35 3 . 55 4 . 00 

1 0 . 50 1 .  50 4. 1 5 4 . 20 

i calculated 

( cont ' d ) 
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Table LXXX ( cont ' d ) 
Sedimentation counts � 1 0  min� 

Wall ( against Near presses  Near Near 
Cheddarmaster End vats  wrappin� room ) approx. Cheddarmaster salt unit  (M) (E )  - ( G ( I )  sal t uni t (M) Alginate method 

Time Plate Liq . Plate Liq . Plate  Liq . Pl ate Liq. 20 cu . ft air 
a . m .  

1 0 . 05 5 ( 1 00 9 0 0 .( 1 00 50 
1 1 . 00 0 .( 1 00 0 0 0 <1 00 .c. 50 
1 2 . 00 4 <1 00 3 0 1 <1 00 50 
p .m .  
1 . 00 58 1 00 1 1 8 1 45 203 1 800 16400 
2 . 00 238 Boo 1 6 1  1 34 1 75 3200 64100 
2 . 30 269 1 900 297 28 1 339 22300 3 36700 
3 . 00 1 41 8000 202 1 54 2 1 2  1 6 200 26 1 7 50 

*4 . 25 327 2273 256 408 245 2455 45520 
5 . 00 226 3400 1 9 6  26 1 347 1 9000 2750 
5 . 45 57 1 00 54 1 5 <.100 700 
* Expo sure times varied,  so cal culated to 1 0  min. 

For location of  sampling point s E , G , I and M see Fig 1 1 .  
No tes : 
Th e  alginate  air fil tration apparatus was placed about 6 ft from the Cheddarmaster ( towards the presses ) . 
Methods : ( Sedimentation : 3 layer ( Ca added ) media. HP starter in top layer . 

(Whe,y count s ,  liqui d counts :  4 layer ( Ca added ) media. 
(Air filtration. Counts on 4 layer ( Ca added ) mediao 

Vat numbers  refer to  the order of filling used thi s  parti cular day , not to  thos e  shown in Fig 1 1 .  

( cont ' d ) 
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Tabl e LXXX ( cont ' d ) 

Examination of milk for hp phage 

Time Vat Sampl e 
� 
9 . 35 2 Milk entering vat 

1 0 . 55 6 " " " 

Starter s  on day of manufactur e :  

Phage present or absent 
in quantiti es of milk noted 
1 0  1 . 0 0 . 1 0 . 01 
ml ml ml ml 

HP ( 1  vessel ) , R1 ( 1 vess el ) , HP +  R1 ( 1 vessel ) . 
Starters were mixed before being used in the vats .  

bel ow 
0 . 00 1  
ml  

" 

i\) r·v \j.J 
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Treatment of cheeses the day after manufacture.  

An account of the removal of  ch eese bandages and the subsequent 
handling of the cheeses has been given in the text .  These operations 
were carried out from 8 . 00 a .m .  to 1 1 . 00 or 1 1 . 30 a .m . , wi th a break 
from 1 0 . 00 to 1 0 . 20 a .m .  A diagram showing the layout of areas for 
removal of cheese bandages , weighing , and wrapping of cheeses i s  given 
in Fig 1 2 . See al so Tabl e LXXXI . 

(v ) EXPERH�T COl•TARING THE "hp" PHAGES FROM THE 
I 

THREE FACTORIES 

An experiment was carri ed out to compare ' 'hp " phages from the 
three  factori es.  To each of  three vats of  milk was added a small 
number of phage particl es i solated from the respective fac tory .  A 
fourth vat served as control . Pba�e l evel s wer e measured in whey 
sampl es taken from each vat at interval s throughout the making 
process .  Resul ts  showed that the three vats wi th added phage gave 
approximately the sam e phage c ounts . at the corresponding times 
throughout the experimen t ,  showing that the phages from th e three 
di stric t s  had similar charact eri sti c s  and wer e probably one and 
the same ' strain ' . This indicated that the differ enc es in phage 
l evel s in factories wer e ,  therefore ,  due to factors such as 
procedure ,  e�uipment , etc . in the speci fic  factory rather than 
to a difference in strains of  ''hp " phage. 

(vi ) DISCUSSION OF RESULTS , AND ACCOUNT OF CONCLUS·IONS DRAWN, 
FROM SURVEYS OF PHAGE DISTRIBUTION IN FACTORIES AT 

WOODVILLE , TARARUA AND BELVEDERE 

On a number of occasions detailed surveys were made of  the 
phage di stributi on in  factories  at vToodville ,  Tararua and Belvedere .  
The obj ect of the investigati on  was to obtain a broad but quanti tative 
understanding of the di stribution of phage in the ai r during the 
cheesemaking pro cess .  The surveys were made collaterally wi th the 
investi gation of the rol e  of cal cium in phage estimations .  Hence 
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Wrapping 
tabl e -.------�--- Plates opened 

X X  
Weighing 

Cheeses unwrapped 

Plates 
opened 

/ here 

Bandages flur.g 
into heap . 
Ch eeses 
par tially 

scraped. 

Fig 1 2 . Diagram showing layout of areas for removal of 
cheese bandages ,  weighing , and wrapping of 
cheese ( Belvedere Dairy Factory ) .  



Time  
a .m .  
7 � 40 
9 . 32 

1 0 . 25 
1 0 . 55 

Tabl e LXXXI Counts of  airborne phage the day following cheese manufacture at the 
Belvedere mechaniz ed cheese fac tory. 

____________________________ s_e_d�i_m_e_n_t_a_t_i_o_n��ount s ( 1 0  minJ 
End vats  

(E )  
Plate Liq .  

0 < 1 00 
36 1 00 
1 9  200 
1 1  300 

Wall ( against Near presses 
wTappin� room ) approx. 

Plate 

1 1  
1 26 

( G )  ( I )  
Liq .  Plate 

1 4  
7 

Liq . 

Sedimentation cour. t s  (plates) 

Near 
Cheddarmaster 
sal t unit (M) 
Plate Liq . 

1 6  
1 

1 8  
40 

-< 1 00 
( 1 00 
< 1 00 

100 

Time Place Exposure time Plaque count 
. a .m .  
1 0 . 28 
1 0 . 28 
1 0 . 57 
1 0 . 57 

rlrapping rOOJTl 
" " 

Unwrapping area 
" " 

mln 
5 5 

1 0  36 
5 30 

1 0  1 00 

Near 
Cheddarmaster 
salt unit (M) 

Alginate method  
20  cu . ft air 

600 
750 

7 100 
< 50 

For location of  sampling points E, G , I and M see Fig 1 1 .  
For l ocati on of  sampl ing points ,  wrapping room , unwrapping area see Fig 1 2 .  
Notes : 

Examination of milk for hp phage 

Time 
a.m.  
9 . 22 

1 0 . 38 
Starters : 

Vat Sampl e 

2 Start filling vat 
6 N.ilk entering vat 
H2 ( 1 vessel ) ,  SK4 ( 1 vessel ) ,  

Phage present or absent 
in quantities of milk noted below 
1 0  1 . 0 0 . 1 0 . 0 1 0 . 001  
ml ml ml ml ml 

+ + 
+ + + + 
H2 + SK4 ( 1 part vessel ) J mixed. 

.,. 

f\) f\) � 
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the methods used vari ed somewhat on occasions . In Tabl e LXXXI I i s  
set  out the pre sence or absence o f  cal cium in the me dium used in 
each phage detection method employed on specific  factory vi si ts .  

Tabl e LXXXII 

Factory 
Woodvill e 

11 

11 

1 1  

Tararua 
" 
11 

" 

Tabl e 
LXVI 

LXVI I  

LXVIII ( 1 )  
LXVIII (  2 )  

LXX 
LXXI 
r.xxii 
LXXIII  

Belvedere LXXIV 
11 LXXV 
" LXXVI 
" LXXVII 
11 LXXVIII 

1 1  

" 
LXXIX 

LXXX 

Presence or absence of added cal cium in media 
used in phage estimation methods e�pl oyed on 
specific fac tory vi si ts.  

Sl it  
sampl er 
No Ca 

" 
11 

11 

11 

rih ey 
Ti tre  Count 
No Ca + Ca 

11 

11 

I :: 
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

Sedimentation Air 
fil tration Plates Liq . Alginate 

No Ca + Ca + Ca + Ca 
11 

11  " 11 

11 1 1  11  

1 1  " 11 

--
1 1  11  11  

11 11 " 
11 11 11 

11 1 1  11  

" 

11 

11  

11  

1 1  

" 1 1  1 1  

L'-
'
-

'
---------------

��
--------

� �
-------

11 -� 

Whereas c ertain facets  of information coul d be  gathered from 
surveys whi ch used media lacking added calcium , i t  was obvious that 
for strictly comparative purposes only the result s  obtained with 
cal cium in all media were of value.  In Table LXXXI I the experiments  
marked in r ec tangl es  were ,  therefore ,  of special value .  

In assessing numbers of  airborne phage parti cleR  throughout the 
day at  factories , �h e sampl es  wer e  generally taken at hourly interval s .  
Such a routine i s  reasonabl e and practicabl e for sampling when dealing 
wi th a sy stem '1-rhere vats of  milk 'lorere set at different time s ,  and 
'i'There several different stages  of the manufacturing proc ess migh t  be  
going on  a t  any particular time. The contribution to airborne phage 
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o f  th e making o p eration s a s so ci a t e d  ,.,i th any one vat c oul d s ti l l  h; 
fol l ow e d  to som e extent , al th ough th er e wa s th e po s s ibi l i ty o f  phage 

l evel s at any sp ec i fi c  l o ca t i o n  i n  th e making ro om b ei ng influ enc ed 

by ph age fr om som e o th er ar ea a t  that par ti cul ar tim e .  Never th el e s s , 

main tr en d s  in phage l evel s c oul d b e  e s tabl i sh e d  r ea sonably wel l . 

In gen eral i t  wa s found tha t  ph age devel o p e d  in t h e  va t s  to a 

varying ext ent , and that atm o sph er i c  c ount s (unl e s s  i nfluenc e d  by 

phage from som e o th er ar ea ) w·er e comparativ ely l ow· un t i l  running o f f  

o f  1·rh ey c omm enc ed or th e cur d wa s dr ained o n  th e cur d- conv eyor o f  th e 

Ch ed darmaster equipm en t . At th i s  stage th er e via s  o ft en a dis tinc t 

incr ea s e  in p�a�e in th e air . Tn c h i gh er l evel s o f  a tm o sph eri c  ph age 

wer e a s soci a t e d  wi th pro c e s se s  ap pl i e d to the curd a f t er ch e ddar i n g ,  

i . e . mi l l ing, sal ting ,  and o th er vi gorou s oper8. t i o n s  t o  whi ch th e 

cur d wa s sub j e c t e d  in th e vat s o r  on th e curd- c onveyor . 

Th e  amoun t o f  ph age tran sferr e �  to the atmo sph er e at any stage 

cl early depended on th e exten t to whi ch phage had devel oped i n  th e 

cur d and v1h ey ,  and th e sub s equ ent amount o f  movem ent t o  whi ch the 

pr o du c t  was sub j ec t e d ,  th e b a s i c  fac t or , o f  cour s e ,  b e ing th e numb er s 

of phage par ti c l e s  in th e  pro duc t .  Low or high c oun t s  o f  phage i n  

whey w·er e to a gr ea t ext en t  r e fl e c t e d  i n  l o1-1 o r  h i gh p:hage l ev e l s i n  

th e a tmo sph er e .  Th e  s epar a tor made a small o r  l ar g e  c o n tribu t i o n  to 

the a tmo sph er i c  phage dep ending on : 

( i ) 

( i i ) 
( i i i ) 
( i v ) 

wh e th er i t  ua s si tuat e d  in th e mak ing r o o m  or i n  a 

separat e c l o sed r oom ; 

th e l ength o f  time for whi ch it wa s run ; 

th e phage cont en t  o f  the wh ey ; and 

movemen t s o f  th e a i r .  

I n  summary , th e fac t or s  whi ch d e termi ned th e amount o f  phage 

i n  th e air wer e : 

Quanti ty o f  phage in vTh ey (and cur d ) a t  di ffer ent time s .  

Di s tribution o f  phage fro m lvh ey and/or cur d ( Running/draining 
( conveyor . (Mi l l ing. 
(Agi tation i n  vat or 
( o n  cur d- conv ey o r . 

D i s tribution o f  phage by separa tor . 

Air movement s by fan , e t c .  

Removal o f  bandage s n ex t  day . 
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Th er e  wa s thu s a r i s e in ph age content o f  th e air to a maxi mum 

duri ng th e l a t t er par t o f  th e ch e e s emaking pr o c e s s  o n  e ach day o f  

manufac tur e ,  foll ovre d by a qui ck fal l a s  making o p er a t i on s  c e a s e d .  

Th e  fo1 1 oHing morning s o m e  phage '1-ra s di s tribut ed i n t o  the atmo sph ere 

as the bandage s wer e  r e�oved and the ch e e se prepar e d  for packagi ng. 

Compar i son o f  th e r e sul t s  obtai n e d  a t  th e thr e e  fa c t ori e s  

showed that the non-m e chani z e d  vTo o dvill e factory h a d  a char a c t er­

i st i cal ly l ovr l evel o f  phage in th e atmo sph er e .  

I t  may b e  concluded th at th e hi gh er l evel s o f  phage some t i m e s  

o b tained a t  th e o th er tvro fac t or i e s  wer e partly due t o  th e 

Ch e ddarm a s t er equipm en t . Th e  ratio o f  l i qui d to spr ead plate 

c ount s i n  thi s ar ea was at t i m e s  h i gh and thi s  wa s pre sumably due 

( i n  par t at l ea s t ) to l ar ge si z e d  dr o pl e t s .  I t  woul d appear th a t  

i n  fa c t ori e s  with Ch ed darm a s t er equipment air curr en t s  shoul d b e  

avoi d e d  b e twe en such ar eas and th e vi cini ty o f  va t s  wh i ch ar e 

b e ing fil l e d vrhil e pr o c e s s e s ,  such a s  draini ng , mi l l ing and sal t i n g ,  

ar e p ro c e eding. Similarly , a i r  cur r en t  from th e r e gi on o f  separa t o r s  

f"b.oul d b e  avo i de d .  Extractor fans shoul d b e  provi d e d  in th e ar e a s  

wh er e phage i s  b e i ng generat e d .  

In Tabl e LXXXIII are sho1m th e maximum a tmo sph e r i c  phage 

c oun t s  and Wh ey coun t s  ( and t i t r e s ) for various day s .  

Peru sal o f  th e Tabl e confirm s that low and h i gh phage c oun t s 

i n  wh ey w·er e a s so c i a t e d  wi th l ovl and h i gh phage c ount s ,  r e sp e c t iv ely , 

in th e - atmo sphere . "Loi·r 1-1hey c ount s "  were appro xi mat ely 5 :x 104 t o  

5 x 1 06 
phage/ml , and ''h i gh wh ey c ount s "  uer e approxi mat ely 5 x 1 08 

t o  

5 x 1 01 0  
phage/ml . 

The al ginate f i l t�ation m e th o d  proved o f  gr e a t  valu e  and s erved 

as a r e l i abl e staniar d for phage e s timation in th e a tmo sph er e .  

Coun t s ob taine d by plate s e dimen t a t i on meth o d s  ran som ewhat paral l el 

wi th i t .  Thi s ,  th e r e fore , indi c a t e d  that th e •,;i dely u s e d  m e th o d  o f  

airborne phage e s timation by sedimen tation u sing agar-m e dium p l a t e s  



Tabl e LXXXIII  Waximum phage in whey and in air. A relationship between these can be seen in an overall survey 
of counts for hp phage. The interpretati on of resul ts i s  some1vhat complicated by the fact that 
both mechanized and non-mechaniz ed equipmen t had been used. 

Phage content of  whey 

Ti tret 
or 

Factory Phage/ml 
Woodvil l e  1 . 0x1o-5 Sal ting 

6 . 4x106 Before salting 
3 . 9x 104 Sal ting 

l_2._0�105 After ra�ing 

Tararua 4. 0x1 09 Over end conveyor 
1 . 1 x1 07 Before sal ting 
2. 8x109 Cheddar tovrer ; 

before mil ling 
._7_ .. 0::x;1 0  1.?�Sal ting 

Belvedere  1 . 0x 1o-2 Mil ling 

1 . 0x 10-5 Milling 

1 . 0x 10-3 Salting 

�aximum phage ccntent of atmosphere 
Plaque count s  ( s edimentation, pl a t e s  expo sed 1 0  min) 

Near Near 
vat vat 

5 3  1 63 
0 2 
1 

25 

1 69 1 1 1 ** 
23 3  3 3 3  

7 1 2  36 2  

> 500 427 

Near 
vat 

58* 

640 

541 
------ -�-- -----

2 

> 800 1 74 

1 2  1 6  

Near 
Ch ed dar- Near . 

- lAir 

ma ster 

275  
208 

707 

473 
2 
3 

1 49 
509 
,. 90 
1 22 

separator 
> 1 70 

8 
1 

1 200 

1 452  
960 

772 

fil tration 
20 cu . ft 

600 
50 

700 

5750 
2550 

467 1 00 

700 840000 
- ---------�--- - -- ----· -

38 1  

Phage 
under 

investiga­
tion 

hp 
eg 

hp 
1 1  

" 

" 

mlg 

" 

" 

Ca 
addition 
to medium 

- +  

+ 
+ 
+ 

+ 

1 . 2x 10 1 0  5 min before milling 1 25 88 7 1  1 75 1 49750 hp - + · 36 2 
Q;JC1 09 Mi l l ing: 

jHighest dilution giving plaque ( s ) 
I 327 

see p. 2 10. 
297 408 347 336700 " + 

* = rec eiving vat 
** = there were counts of 466 & 200 at 7 . 00 & 1 0 . 00 a .m . , respectively . r\) w ------- 0 
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§�n give � V�!Y approxi mate but useful indication as to whether 

t!!�;r,� t !3 s§lmparo, ti vel;y much or 1 i  ttl e phage in the atmosphere. 
§l §�r�v , hg�.;�ver , spl' E_?ad plates give lower estimates than liQuid 

�} � t �s p�r ttcularly in locations where large, or coarse, droplets 

al' @ �n�9unt�r ed which may contain numerous phage particles. 

TI�� !3� !t �amplep method was not considered sati sfactory for 

�g�ge � st1��ttgn , 

A!1 �g�gu}lt >vas gtyen (p .  224 ) of an experiment comparing the 

''hJ? '' phag�s fr9m the three factories. It was concluded that the 

�! ff@r�n�e!3 t1l phage level s i n  the factories were due to factors, 

§Y�g �� pr�c�dure, equi�ment, etc., in the specific factory rather 

th�P. tG 9.- d!ff�?r�nce i n  strains of "hp " phage. 

\fuE:l;Y' t4'op�ets ••ere shown to carry an average of less than one 

:t� §@Vf?r?-� hundred phage particles in each droplet. This was 

@ flt�bl t shed ( Tables J:,XIX, LXXXIV ) by dividing the liq_uid count by 
th� pl ate p l §.QU e count, Pifferences in phage content of whey 

€il'9P± �ts  might depend to some extent on the location in the factory, 

e�d Tabl e ��IV shows results for samples taken near, and far from, 

th@ Cheddarma ster dr�t�i n.g conveyor. 

'fi me 

p , �. 
T;-(rp 
�. {)� 
�. �� 
l. �� 

4, ?� 
� . �© 

!fable LX� 
- · - - - - -

�elvedere 

�d €?f �ear 
vats Cm* 

2 9 
3 H }  
7 �9  

�1 19 

1 1 1?  
1 5  �§ 

Liqu i d  count divi ded by pl ate count _0._._e. avera� 
number of pha�e particles in each dropl e t ) i n  
y�ri ou s  locations i n  factorie s with Che dd armas ter 

- - · 

eg,ui:Qment. 

Opp , 
yi:d; 

- - · - - -

1 

-

Near 
Cm 

458 

Opp. 
vat 

( 1  

Tararua 

Near Opp. 
Cm vat 

< 1  

� 1  50 

45 

4pm 

7 25 

Near Opp. Near 
Cm vat Cm 

2 < 1  < 1  

86 6 2 

8 26 37 
4pm 

4 1 00 < 9  

* Cm Ched.darmaster eq_uipment 
. -

-·---
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It woul d b e  e:Jt:pected that heavy droplets of whey near the so\�:r- c e  
woul d contain more phage particl e s  per dropl et than tho se drifting 
to further par t s  of the making room. Thi s appeared to be the case 
at Belvedere ,  th ough it is not known to what extent the dropl ets  
from near the Cheddarmaster equipment woul d have reached the other 
end of the making room in a given test  interval of 1 0  min. 

At the Tararua factory the resLl ts  were not cl ear-c�t , but 
thi s  may be connected �n th the comparatively small size  of the 
making room and th e rel ative nearne s s  of the sampling point s. 

StJ!.'ThKARY OF RESULTS FROM SURVEYS OF PHAGE DISTRIBUTION IN 
FACT,2RIES A'I' l'iOODVILLE, TARARUA AND BELVEDERE 

A quantitative survey of the di stribut ion of phage in the 
atmo ephere of the making rooms of  chee se factori es  was carried out . 

The phage content of  the air varied greatly , and depended on 
th e amount of phage developed in the milk , curd ,  and whey , and the 
extent to whi ch th e  products l'lere agitated during manufacture .  

Maxi mum number s of airborne phage particle s  were f�und late 
i n  th e  making process ,  after cheddaring (milling , sal ting ,  etc . ) . 

The alginate fil tration method  of  sampling airborne phage was 
of value a s  a standard wi th rrhich other method s of  e stimation 
ooul d be compared. 

The maj ori ty  of phage particl es in the air normally sedimented 
out fairly rapidly when the cheesemaking process  had concluded for 
the day.  

Fre sh phage was distributed into the air the morning fol lorn ng 
manufac tur e �men the bandage s were unwrapped from the cheeses and 
flung into a heap .  

Th e  Whey separator di spensed l arge quanti ti e s  of  phage into 
the air . The separator should be  kept i solated from the cheesemalc ing 
.room. 
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At two of th e three factorie s studi e d  th e Che ddarma ster 

equipment wa s a sourc e  of rel atively l arge whey dropl e t s  of phage . 

Th i s  equipment shoul d eith er b e  s epar ated from th e r emaining 

equi pment in th e make room , or arrangement s shoul d b e  made for 

air current s to b e  directed towar ds the Chcddarna ster ar ea. 

The sedimentat i on method u sed for e stimating th e quantity 

o f  airborne phage in a dairy fac tory wa s shown to give an 

approximate i dea of comparative amount s o f  phage in th e atmo sph er e .  

Th e  average whey droplet contai ns more than one phage par ti cl e .  

Hen c e ,  wh en sedimentati on agar plat e s  and liqui ds ar e expo sed for 

th e sama time and at the same pl ace th e spread plate gives lower 

count s than the liqui d medium . 
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