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IHTRODUGTION

The treatnent of infectious mastitis with antibiotics has caused
trouble for the dairy industry by the inhibition of starter cultures
used in fermented dairy products. Previous work has shown thaet anti-
biotics, when used as a Sreatment for mesbitis, are given off in ‘the -
2ilk in sufficient quanitics o inhibit the growth of the lactic acid
producers used in the production of various fermented deiry preducts.
VYory little work has beon done oz the imhibitory action of antibiotics
on other organisms important to the deiry industfy, including those
generally ceausing defects.

The work herein reported wos initiated to show the effsct of
various antibiotics on microorpganisms commonly associated with dairy
products, both those organisms thal are commoaly used in feruented
dairy products and those orgenisms that are associated with flavor

deflects.



Penieillin was one of the first antibiotic to come into use in
the deiry indusiry as a means of combabing masiitis. OUrysa, et al
(¢} found penicillin %o be an effective treatment for sente local and
acute systemic mastitis caused by streptococcl or staphylocei. Two
mundred thousend units of penicillin given extravenously end 100,000
ualts into the involved guarter or quarters, repsated at 1li- or 24
intervels, usually resulted in proupt clinicel improvement. To obtain
baeteriological recovery, the infections remsining were treated during
the chrounic stage of the diseass.

Soon other antibiotics were meklng their eppearance. Bryaa, et al
{8) reported & bougie containing 50,000 units each of peniciliin and
streptomycin to be an effective trsatuent for nine cesss of acute
coliform mastitis, one of staphylococcic mestitic and six of acute
strepotoceic mastitis.

Bryen, et al (6) found when 157 cows, heviag streptoccceic mastitis,
were treated by infusing each cuarter with 150 mge of tyrothricin,
142 or 20 por cent becaue frec from the infection of the udder. Con-
parisons of the stendard plate counts oa milk produced by 10 cows
before treatument with those on the ﬁilk produced after treatment
showed reductions in bacterial counts varying from 30 to S0 per cent.

THth the treatment of mastitis with antibiotics, trouble soon

appeared for the industry. dJackson and Pryan (11) reported that



when 25,000 units or more of penicillin of any medicetion form were
adninistered to cows im all stagss of lactabion, measurable milk levels
of penicillin wero obisined at the 24<hour sanpling period in sach
ease and for longer periods with those treated during ths latter peart
of the lactation.

Bryan (3) fourd that of 27 samples of herd wmilk collected at ran-
dom at several milk pleats and checked for penicillin, 26 had varying
levels of penieillin and the other was suspected of having penlcillin
presente IThis presents a problem to the industry es penleillin is not
destroyed by proper pasteurization.

Hansen (10) found penicillin, streptomyein, aureomyein, sulfanilaside
and sufamerazine, when used azg & %faatment Tor masbitis, are gliven ofl
in the mill in sufficlent mmounts to restriect growth of lactic acid
producers. In reconstituted nrilk penicillin ;nd streptomycia ars not
destroyed by the process of condensing end drying, whereass sulfanilamide,
sulfamerzaine snd aureomyciu are chanzed and they appearad'tﬁ have
8 stimlating offect on acid production.

Tilkowski and Krienke (21) found that a concentration of one unit
of penieillin per ml. in rew mized milk held at 10 degrees C,
significently retarded mierobial growth during a three day storage
period., Coliform orgenisms that were inoculated into sterilized milk
wera not significantly influenced by as mmch as 10 units of peniecillin
per ml., of milk. The activity of the pcnicilliﬁ was reduced in the
wilk aftor a storage of 2 days at 10 degrees Cs and this was thought
to be due to "penieillinase" produced by L. coli with which the milk

was inoculeted.



Katznolson and Hood (13) found that complete inhibition of acid
production by six starter cultures wes oblaoined with 0.5 units of
peaicillin per nl. of milk, strong inhibition with Q.1 unit and mode-
rete with 0.05 units. Of six entibiotics tested against starter culture
they found thal penieillin was the wmost inhibitory, with subtilin next
and chloromycetin was the least potent. OFf 45 sireins of lactie
strentoccocel isolated from startved calturscs, all were completely in-
hibited in sterile skim milk by penieillin at a eoncentration of G.2
to 0.4 units per ml.

Doan (8) reporied vory serious inhibition of starter activity
is coused by U.1 unit of penicillin per mle. in milk. Partial arrest
or slow acid development results from G.05 unit per mle. of wilk. Doan
found that pastourisation has practically no effect on any of the
antibiotics studied, while autocleving reduccs potency to a detect-
able degreece

Krienks (15) found there was practically no acid production ab
the end of 18 hours when the milk was inoeulated with a culture end
the milk contained 0.0005 mge of aurcomycin hydrochloride par'ml. of

milk and the "drug containing”

milk hed been pasbeurized st 145 degrees
Fo for 30 minutes. Vhen the concentration of sureomycin was reduced
_to 0.00005 mg. per ml. the acid production was nearly normal as come-
pared to the control.

Calvert (7) reported that the presence of antibiotics in milk
will cause a sudden drop in the plale counts on milk or will cause

an increase in the time required for nilk Yo reduce in ithe methylene

blus Leste



Johns and Katznelson (12) found that one part of penieillin in
167,000,000 parts of milk may retard the dye reduction test on raw
millk,

Stoltz end Hanlrinson (18) found that when the standard plate
count was run on raw millk, penicillim in concenirations of 1.0, 0.1
end 0.01 unit per ml. of milk was offective in controlling the bacterial
populetion. St;eptomycin when added to the raw milk in concentrations
of 5.0, 10« and 0.1 mg. per ml. showed an immediate lowering of the
coun£ that lasted 12 hours before an increase started. Penieillin
in concentrations of 1.0 and 0.l ngse was effective for a 24 hour
period before an imcresse starbted and 40 hours was reguived 6o gain
the count of the conftrol. Iyrothricin, which is mede up of gremicidin
and tyocidin, at conconbtrations of 5.0, 1.0 and 2.1 mg was effective
in lowering the bacteria counts in raw ﬁi Ke Aureomyeiﬁ at levels
of 0.5, 0.25 and 0.1 megme per ml. of raw milk was effective in lowering
the counbts for a peried of 36 hours snd had not gained the counts of
the controls at the end ot 48 hours.

prury (0) says that less entibiotics should be used for mesbitis
treatment and mors good sound dairy practices. #ntibiotics ars only
tools to be used when other moans fail,

Mbrék and Co. (16) in their brochure on penicillia show thet
15 ppm. of psnicillin when added to agaer complebely stopped S. lactise
A% o6 ppme penicillin apparently had no effect on S. lactis; At a

conecentration of 500 ppne, Fe o0li and A. acrogenes greow well.

Shiveler and Weiser {18) found that with dry streptomycin added
to raw milk to give a concentration of 10 ppn. there was no reduction

of the bacterial population. VYhen the mill: coutaining the 10 ppne was



pasteruized the bacterial population was restricted in its zrowth for
24 hours. JAureomycin at & concentration of 10 ppme. wes effective in
controlling the bacterial population of raw milk. JThe aurcomyein is
mel more effoctive wheon the rew millk is pasteruized. 'This shows that
the esureomycin was nore cffective on thermoduric organisms usually
surviving pasteurigation then ou the organisas in rew milk. Vhen 8
units of peniecillin were added to milk'end the milk then pasieurized
at 145 degroes for 30 minutes the penicillim is much more effective
in controlling the bacterial population then when the penieillin is
added to the pasteuriged milk. Rew milk with ponicillin added showed
& reduction of bacterial population up to 48 hours, Vith § units of
" penicillin added to raw nill and the milk thea pasteruized and the
pasteurized milk held at 8 to 10 degress (. the standard plate eount,
on en averaze of five semples, inercased frow 100 to 16,400 in 48
hours.

intibioties heve been tried as a means of preservation of foods.
Anderson and Michenor (1) stete that pees sad asparsgus showed no
apoilage when from § %o 20 ppme of subtlilin wes added and the mixtures
heated for § to 10 minutés at 212 degroes F. or below, This process
is based on two principles. ihe destruction of non-spore foraing
bacteriae, yeasts, fungl and the destruction of spore forming becterie
with milk heat and subtilin or other antibiotics, siagly, or in cou-
bination. Aureonmycin, and chloromycetin heve al#o shown good reamlis.

farr et sl (20) have showa sureomycin, terramycin and chloromyeetin,
in the order named, to bo the most effective inhibitors of growth of
the nsturel mixed bacterial flora of flesh meats at temperatures be-

tweon O degreecs C. and 21 degrees C., while rimocidin inhibited yeast



growth. Aureomycin caused marked inhibition of spoilage in 0.6 and
240 unlts per gram concentvration whea incorporated In minced flesh
and was equally effactive when epplied by imwmersing steaizs ir solutions

conteining the auitbiotie in 5 or 10 units per wl. concentrations.

fe Source and Frepersticn of Antibioties Used.
The entibiotics used in this work wers obtained from various
soureces as follows:

1. Achromycin Hydrochloride
Lederle Loboratories Division
I‘I&'{‘a‘ Ycrk Cit}r, ﬁa Ya

2+ Aureemycin Hydrochloride
' Lederle Leboratories Division
Hew York City, H. Y

3. Dacitracin
5342 Units Por mgme
Wyeth Incorporated
Fest Chester, Pa.

4. Dibenzylethylenediamine Iigenieillin G
1170 Units por mZe.
iiyeth Incorporated
Test Chester, Pa.

5. Potassium Penieillin G.
1580 Units per mgne
Wyeth Incorsorated
fest Chester, Pa.

6« Procaine Peniclillin G
980 dnits per nmil.
Yiyeth Incorporated
West Chosgtor, Pae.

7. Uibydrostreptomyein
lyeth Incorporated
flest Chester, Ia.

Bs Sulfathiazole
Local Trug Store
5%illwater, Oklahoumsa



9., Tyrothricin
Se Ba Penick and Compeny
New York City, He. Y.

10, MYmgnanmyein
995 Units per mg.
Chas Pfizer and Co.
New York City, l. Y.

1l. Terramyein
$10 Units Por mie
Chas Pfizer and Co.
New York City, H. Y.

1Z2. Viocin

Chas Pfizer and Co.
Hew York City, N. Y.

£ fresh solution of sech antibiotics was prepared for each trial.

This was done by weighing & gran of antibloties into z sterile cerew

i

cap test tube and adding 1%.5 nls of sterile distilled water., Ffrom
this two psr ceat stack solubtion the required coaceatratioa could be

pade by diluting with sterile distilled water.

Be The Double Dilution llethod.

The domble dilution method was used when rather wide variations
in concentrations of antibiotics were desired, sueh as in prelininary
screening testss The yroce&ura for esch antibiotic was as follows:
Enough of the satibiotic was added to a measured 20 ml. portion
of the medium to produce the maximﬁm concentration regiired. The
contents of the tube wore mixed Ly inverting several times and
‘about one~half of the mixturs was added to e tube coabaining 10 wnl.
of the mediume. JThe concentration in the second tube would be aboutb
one-half of that in the first tube. This procedure was repented
twice more so that, for exanple, you could have approxinate con-

centrations of 400, 200, 100 and &0 ppuhe



Ge Ooures snd Propagotion of CGultures Used.
Caltares for this work were %those carried in the stosok cule
ture supply of the Deiry lUeparitnment of the Oklehona Lgrieulturs

and ifechenloal College and counsisted of: ilceligeaes viscosus,

Aorobacter aeragenes, scherichia coll. Lactobaeillus acidorshilus,

Lactobacillus bulgmricus, Lactobecillus casei, Useuadononas fragi,

Pseudomonas mucidolens, Useudowonas vuirefaciens, Straptococcus

fascalls, Strentococcus liguefaciens, Jtrepbococcus luetis,

Torula cremoris aad Torule sphaserica.

The cultures were transferred into sterile litmus nilk a day
or two before each trisl to zive a fresh cultures. The zultures

were carried in sterile litmus milk with & small soount of cale

gium carbonate mdded to enhsnez the leeping guzlitye

o

D Agar Flate Technique.

The sgar platc technlgue wes used to determine the growth
of organisms on agar coatainin: varioua econcentrations of antie
biotics, Dehydrated trytone-glucnse-exiract egar {Lifco} was
propered according to Stenderd methods {17). The syar wes dise
pensed in 10 ml. quantities into seorew cap Yesu tubes, and if
the anbibisties were to be sbterilized in the aysr thoy were sdded
st this time. ihe tubes comteining the azar were shterilized at
15 pounds pressure for 20 nionutes, cooled up Lo 45 degrees C. and
poured into sterile petri plates. the plates were allowed %o
solidify, inverted, and placed in an incubator at 37 degroes C.,
usually overnizht, %o sliow the surface of the agsr to dry. The
plotes were naried into seetlons and one drop of a 1 to 100

dilution of each test organisnm in sterlle water was pleced on



the plate. The plates were incubated at room temperature (21 %o
28 degrees C.) or at 37 degrees C., depending on the test organ=

S
isms, and noted for rate and extent of growth.

10 -



EXPERMILHIAL

Le The Inhibitory Action of Antibiotics added to the Ledia Before

Steriligation on the Growth of Various liicroorganismsa.

1.

Growbth of Organiswms on agar containing various concentrations
of antibiotics.

In the agur'platé technique used in these itrials the
antibiotics were added ©o the agar and the nixture then ster=
ilized. The double dilution method was employed to give cone~
centrations of 100, 200, 400 end 800 ppms This was the
serseniag process and was used to determine rather wide levels
of sntibiotic tolerance by the orgenisms.

The anext step in the screening process wes to determine
the raunge im toleraace of the organisms fmiling to zrow at a
concentration of 100 ppm. Using Vhe ezar plate techaique and
the double dilution mebihod concentrations of 12.5, 25, 50 and
100 ppm. were prepared. the 100 ppze was duplicated from the
last run Lo give an overlapping negative result.

The fiaal step in the process of screening the orgeaisms
was to deteraine Golerances for antibiotics of the organisns
which grew in conceatrations of 800 ppme The agar plate method
was again used but it was found thet about 1600 ppm. was aboutb
the maximum concentrations bthat could be obtained by using
aquoous solutions. I the organisms required more than 1600
ppne to inhibit growth, thea the antibiotic was considered to

be ineffective against that organisme. Bnough agueous solution
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of the antibiotic was added to 10 ml. quantities of agar con-
tained in sorew cap test tubes to produce 1000, 1200, 1400 and
1600 ppm. and the mixture then sterlized. When the work was
first started it wes decided to use the agar plate technique
as a screening method only. Litmus milk would be used to give
narrower ranges of tolerances.

Table I shows the ranges of concentration for the anti-
biotics required to inhibit the growth of the test organisms
when the antibiotics were added to the sgar before steriliz-
ation.

l. Achromycin.

A, aerogenes, Ps, fragi, T. cremoris and T. sphaerica

were able to grow on egar with 1600 ppme. of achromyein

added. E. coli and Ps. putrefaciens were able to grow

with 400 ppme. but were not able to grow with 800 ppm.

Alc. viscosus was able to grow with 300 ppme. but was un-

able to grow with 400 ppm. Ps. mucidolens was able to

grow with 200 ppm. but unable to grow with 400 ppme L.
acidophilus and §. faecslls grew with 50 ppm. but were

stopped with 100 ppm of achromycine L. casei, S. ligue-

faciens and S. lactis grew with 12.5 ppm. but were stopped

with 25 ppn. L. bulgaricus was negative with 12.5 ppm.

of achromyein.
2. JAureomycin,

T. coremoris and T. sphaeirce were the only two

orgenisms able to grow on agar with 1600 ppm. of aureomyecin

added. L. bulgaricus was able to grow with 200 ppme of
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sureomyein but was stopped with 400 ppm. Alc. viscosus, A.

aerogenes, k. coli and Ps. fragi were able to grow with 100

ppms but was stopped with 200 ppm. L. omsei grew with 50 ppm.

but was stopped with 100 ppm. I.acidophilus and Ps. mucidolens

were able to grow with 25 ppue but stopped with 50 ppm. Ps.

putrefaciens, S. faecalis, 5. liguefaciens and S. lactis were

all stopped by 12.5 ppm. of aureomycine.
3« Bacltracin.

Ps. fragi, Ps. mucldolens, Ps. putrefaciems, T. cremoris

and T, sphaeirca were able to grow on agar with 1600 ppm. of

bacliracin added. Alce viscosus, E. coli and L. casei were

were able to grow with 400 ppm. but were stopped by 800 ppm.

A. serogenes and S. liquefaciens grew with 100 ppm. but were

stopped by 200 ppme L. acidophilus, S, feecalis and S. lactis

were able to grow with 12.5 ppm. but were stopped by 25 ppm.

Le bulgaricus was negative with 12.5 ppme of bacitracin.

4, Di Penieillin G

Pse fra;i. Ps. moidolens, T. cremoris and T. sphasrica

were able to grow on agar with & concentration of 1600 ppm.

added. A. aerogenes was able to grow with 400 ppm. but was

stopped by = concentration of 300 ppme Es coli grew with 100

ppme but was stopped by 200 ppm. Ale. viscosus and Ps. putre-

faciens grew with 50 ppm. but were stopped by 100 ppme L.

acldophilus, L. bulgaricus, 8. facecalis, S. liquefaciens and

Se lactis grew with 12.5 ppm. but were stopped by 25 ppu. L.

casel was stopped by 12.5 ppme. concentration of di penieillin G.



Ale. viscosus
A+ merogenes

Es coli

L. acidophilus
Le bulgerious
Le casei

Pss fragl

Ps. mucidolens
Ps, putrefaciens
8., feecalis

S+ liquefaciens
8. lactis

Te cremoris

Te sphaerica

TABLE I - THE GROWTH OF MICROORGANISMS ON AGAR CONTAINING VARIOUS AMOUNTS OF ANTISIOTICS

(Antibiotics added before sterilisation)

Achromyein |Aureomyecin Bacitracin 2i otassium Procain Sulfath- Streptony= Tryothri=-
Ponéfillin Fenioé}lin Poni;fllin iazole ein ein
x - x - x - x - x - x - x - x - x -
ppme of jantibiotics added to the aggr
300 (400 100 | 200 400 |§00 60 00 100 200 50 100 12.6 |25 12.5 1600 *&
1600 |+« 100 | 200 100 [200 400 P00 00 | 400 {400 |800 800 1000 |25 1600 | *=
400 [soo {oo | 200 400 [800 100 R0O Ec 100 |200 [400 1600 p» |25 1600 | #s
50 100 25 50 12,5 256 12,5 B6 i 12,6 |=* 12,5 800 1000 |35 100 200
» 12,5 200 | 400 ® 12,5 12,5 @6 e 12,5 |» 12,86 800 1000 |12.5 12,5 25
12,5 |26 Io 100 400 {800 . 2.5 12,5 |12.5 |26 800 000 |28 100 | 200
1600 |+= 100 | 200 1600 (*+ 1600 p+ 00 1000 {1600 |[*= 1600 #* 100 1600 i
200 |400 35 50 1600 = 1600 p» EGOO L 1600 |*» 400 50 1600 *4
400 800 ¢ 12,5 1600 [+= 50 00 100 200 100 {200 400 I:: 25 1600 i
50 o0 ¢ 12,5 12,5 26 12,5 B§ po 100 50 100 1600 #= 50 100 200
12,6 |26 ¢ 12,6 100 OO 12,5 B8 b 12,6 |+ 12.5 1600 #= 400 1G0 200
12,6 (26 ¢ 12,5 12.5 12,5 g6 12,6 |+ 12,5 12,5 6 “ 80 100
1600 |*+ 1600 | »+ 1600 = 1600 p= 600 | #+ 1600 |#= 1600 ¢=* 1600 1600 o
1600 j#+ 1600 | *« 1600 pr= 1600 p# 600 | *» 1600 |=» 1600 #* 1600 1600 L L

x equals growth

equals no growth
» no growth on agar containing 12.5 ppm.
*% grow on agar containing 1600 ppm.

14



S« Potassium Penieillin G.

Ps, mucidolens, T. oremoris and T. sphaerica were

able to grow on agar with 1600 ppm. of potsssium penieillin
added.s Pse. frogl was able to grow with 800 ppm. but was

stopped by 1000 ppm. A. aerogenes was able to grow with

200 ppm. but was stopped by 400 ppme. Alc. viscosus, and

Ps. putrefaciens were able to grow with 100 ppm but were

stoppod by 200 ppm. concentration. E. eoli and S. faecalis

ocould grow with 50 ppm. but were stopped by a concentration

of 100 ppm. L. scidophilus, L. bulgaricus, L. cssei, S.

ligquefaciens and S. lactis were all stopped by 12.5 con=

centration.
6, Procain Penicillin G.

Pss fragi, Ps. mucidolens, T. cremoris and T. sphae-

rica were able to grow on agar with 1600 ppm. of proeain

penicillin added. A. asrogenes was able to grow with 400

ppm. but was stopped by 800 ppm. E. coli grew with 200

pps but was stopped by 400 ppm. Pse. putrefaciens was

able to grow with 100 ppm. but was stopped by a concent=-

ration of 200 ppms Alc. viscosus and 5. faecalis was able

to grow with 50 ppm. but were stopped with 100 ppm. Lo

casei could grow with 12.6 ppm. but wes stopped by a con-

centration of 25 ppme L. acidophilus, L. bul;arious. 5.

liquefaciens and 8. lactis were stopped by & concentration

of 12.5 ppm.
Te Sulfathiazole.

Ee coli, Ps. fragi, S. faecalis, 8. liquefaciens,

Te cremoris and T. sphaerica were able to grow on agar
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with 1600 sulfathiazole added. Ae aerogenes, L. acidophilus,

Le bulgaricus and L. casei were growing with a concentration

of 800 ppme but were stopped with 1000 ppm. Ps. mucidolens

and Ps. putrefaciens were able to grow with 400 ppm. but

were stopped by 800 ppme. Alc. viscosus and S. lactis were

able to grow with 12.5 ppme but were stopped by 25 ppme
8. Streptumyein.

Te cremoris and T. sphaerica were the only two organ-

isms eble to grow on ager with 1600 ppm. of streptomyecin

added. S. liquefaciens was sble to grow with 400 ppm. but

was stopped by 800 ppme Pse fragi grew with 50 ppm but

not with 100 ppme A. aerogenes, E. coli, L. acidophilus,

L. casei and Ps. putrefaciens grew with 25 ppm. but not

with 50 ppme Alc. viscosus and L. bulgaricus grew with

125 ppme but not with 25 ppme Se. lactis was stoppsd by
12,6 concentrations.
9¢ Tyrothricine

Alce viscosus, Ae. serogenes, E. eoli, Ps, fragi, Ps.

muicidolens, Ps. putrefaciens, T. cremoris and T. sphasrica

were able to grow on ager with 1600 ppme. of tyrothriecin

added. L, acidophilus, L. casei, S. faecalis and $. lique-

faciens were able to grow with 100 ppme but not with 200
ppme Se lactis was able to grow with 50 ppm. but not with

100 ppme Le bulgaricus was the least resistent growing

with 12,5 ppm. but not with 25 ppme It should be noted,
especially the results in the Teble for any concentration

of tyrothricin above 100 ppm., may be inaccurate as it
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was observed that tyrothricin had a rather low solubility
in weter and probably the concentrations obtained were no
greater than 200 ppm.

The results show that aureomyein, streptomycin, and
the penieillins, in the order named, had the greatest in=
hibitory effect against the test organisms. TIyrothriecin
and sulfethiazole were the least effective. The yeasts
were the most resistant organisms followed by the eoliform

group end Alc. viscosus. The results shown here are prob-

able partly inaccurate as later work showed that some of
the antibiotics are at least partly destroyed by the
sterilization exposures used. WNo attempt was made to
determine the amount of destruction by the sterilizing
process.
The Growth of Organisme in Litmus Milk Containing Various Con=-
centrations of Antibiotics.

The work with litmus milk wes an attempt to bring the
tolerances of the test orgenisms toward the antibioties to
narrower oconcentrations.

A 2 per cent solution, in sterile water, of each anti=-
biotic was used. The sntibiotic wes prepsred fresh for each
triael. Litmus milk wes dispensed into test tubes in 10 ml.
quanities using a burette with a capacity of 50 ml. The con=-
centrations of antibiotics were edded with a2 1 ml. pipette
graduated in tenths. The amounts of antibiotic used for each
organism were determined from the resulis of the screening

test with the ager plate technique. Four concentrations of
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each antibiotic were used for each test organism. The tubes
of litmus milk with the entibiotics added were plugged with
cotton and sterilized in the sutoclave at 15 pounds pressure
for 15 minutes. One control for each organism was prepared in
a like mamner with the exception no antibiotic was added to
that tube. The fresh cultures of the test organisms were di-
luted 1 to 100 in sterile water and one drop of the dilution
was added to each tube of the four concentrations of anti-
biotics and one drop to the control. The tubes were incubated
at room temperature (21 to 28 degrees C.) or at 37 degrees C.,
depending on the test organism, and noted for rate end extent
of growth. The tubes were observed for several days if the
growth wes very slow or negative.

Table II shows the ranges of concentration for the anti-
biotics required to inhibit the growth of the test organism
when the antibiotics were sdded to the litmus milk before
sterilization.
le Achromycine.

T. cremoris end T. sphaerica were able to grow in litmus

milk with 1600 ppm. of achromycin added. A. aerogenes was

able to grow with 1800 ppm. but not with 2000 ppm. Ps. fragi
was able to grow with 1000 ppme but not with 1200 ppm. E.

coli was able to grow with 400 ppm. but not with 800 ppn.

Alc. viscosus and Ps. mucidolens were able to grow with 300

ppie but not with 400 ppm. Ps. putrefaciens was able to

grow with 250 ppme but not with 300 ppme L. acidophilus and

S« faecalis were able to grow with 75 ppm. but not with 100



TABLE II « THE GROWTH OF MICROORGANISMS IN LITMUS MILK CONTAINING VARIOUS AMOUNT OF AHTIBIOTICS
(Antibiotics added before sterilization)

Achromyein Aursomyoin Baeitracin Di Potassium ocain Sulfathia- Sireptomye Tryothrie=
Peneillin Penioillin enieillin zole ein oin
G Ge Ge
Tost organisms x - x - x - x - % - x - x - x - x -
ppm. of ankibiotios added to the litmug milk
Alos viscosus 300 400 66 76 800 400 26 50 50 75 5 IBO 16 20 10 20 1600 |+~
Ao aerogenes 1800 |2000 [100 200 100 200 co0 700 200 250 |:00 000 (1000 (1100 |26 50 1600  f»=
Ee ooli 400 800 100 200 800 1000 |100 200 50 76 300 1600 |#= §0 100 1600 =+
L. scidophilus 76 100 50 100 26 60 6 10 6 8 18 12 900 1000 |10 20 100 200
Le bulgariocus 10 15 100 200 6 10 »50 1 2 4 o5 1 800 1000 (20 25 8 12
Ls ocasel 20 25 50 100 800 1000 |1 2 1 2 120 4] 200 1000 |20 26 100 1200
Ps. fragli 1000 {1200 {100 125 1600 | *= 1600 [« 1900 1000 {1200 (400 (1600 |%= 400 800 1600  |ex
Ps. mucidolens 300 400 50 100 1600 | »= 1600 |»+ 1600 | *= 1600 e« 400 800 76 100 1600  [#=
Pss putrefaciens 250 400 10 20 1600 | *= 60 100 78 100 bo | 100 400 800 37 50 1600 |w»
Ls faccalis 78 100 80 100 10 15 15 20 50 75 50 76 400 800 50 1c0 100 125
Se liquefaciens 20 26 4 10 76~ 100 15 20 10 15 10 15 1600 [#= 100 200 50 76
Se lactis 10 15 25 2 10 15 10 16 1 2 * o256 8 12 1 2 25 |80
Ts cremoris 1600 | *» 1600 | #+ 1600 | == 1600 |[== 1600 | *» 1600  [w» 1600 [#=* 1600 | #+ 1600 [##
T+ sphaerica 1600 ° #= 1600 ° #= 1600 © = 1600 "= 1600 ' s 1600 e= 1600 "= 1600 = 1600 ‘'e*

* no growth in litmus milk containing .25 ppm.

#+ grew in litmus mllk contaeining 1600 ppm.

zoulllgl;‘r

= oquals

61
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ppine Lo casei and S. liquefaciens were able to grow with

20 ppme but not with 25 ppme L. bulgericus end S. lactis

wore able to grow with 10 ppme. but not with 15 ppm.
2. JAureomycin.

T. cremoris and T. sphaerica were asble to grow in

milk with 1600 ppme of sureomycin added. A. aerogenes,

E. coll end L. bulgaricus were able to grow with 100 ppm.

but were not eble to grow with 200 ppme Ps. fragl was
able to grow with 100 ppm. but was not able to grow with

125 ppme Alc. viscosus wes abls to grow with 65 ppm. but

was not eble to grow with 75 ppm. L. acidophilus, L.

casei, Ps., micidolens end S. faecalis were able to grow

with 50 ppme but not with 100 ppme. Ps. putrefaciens was

able %o grow with 10 ppm. but not with 20 ppm. S. lique-
faciens was able to grow with 4 ppme but not with 10 ppm.

Se lactis was able to grow with .25 ppm. but not with 2

PPhe
B¢ Baclitracine

Pse fragi, Ps. mucidolens, Ps. putrefaciens. T.

cremoris and T. sphaerice were able to grow in milk with

1600 ppme of bacltrecin added. E. coll and L. cesel were

able to grow with 800 ppme. but were not eble to grow with

1,000 ppme Alc. viscosus was able to grow with 300 ppm.

but not with 400 ppm. A. aerogenes was able to grow with

100 ppme but not with 200 ppme S. liquefaciens was able

to grow with 756 ppme but not with 100 ppm. L. acidophilus

wes able to grow with 25 ppm. but not with 50 ppm. S
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lactls and S. fascalis were able to grow with 10 ppm. but

not with 15 ppme. L. bulgaricus was able to grow with §

ppme but not with 10 ppm.
4. Di Penicillin G.

Ps. f'raﬂ._, Pse. miocidolens, T cremoris and T, sphae-

rica were able to grow in milk with 1600 ppm. of di

penicillin G sdded, A, aerogenes was able to grow with

600 ppme but not with 700 ppm. E. coli was able to grow

with 100 ppm. but not with 200 ppm. Ps. putrefaciens was

able to grow with 50 ppm. but not with 100 pom. Alce
viscosus wes able to grow with 26 ppm. but not with 50

prm. S. faccalis and S. licuefaciens were able to grow.

with 16 ppme but not with 20 ppm. S. lactis wes eble to

grow with 10 ppm. but not with 156 ppm. L. acidophilus

wes able to grow with § ppme. but not with 10 ppms L.

casei was eble to pgrow with 1 ppme but not with 2 ppm.

L. bulgaricus was able to grow with .5 ppm. but not with
1 FpMe
5. Potassium Penieillin G.

Ps. mucidolens, T. cremoris snd T. sphaerice were

eble to grow in milk with 1600 ppm. of potassium peni-
cillin edded. Ps. fragl was able to grow with 900 ppm.

but not with 1000 ppme A. ferogenss was sble to grow

with 200 ppm. but not with 250 ppm. Ps. putrefaciens

was able to grow with 756 ppme but not with 100 ppm. Alc.

viscosus, E. coli and S, faecalis were able to grow with

50 ppme but not with 75 ppm. S. liquefaciens was able
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to grow with 10 ppme but not with 15 ppme L. acidophilus

was able to grow with 6 ppm. but not with 8 ppm. L.
bulgericus was able to grow with 2 ppm. but not with ¢

ppme Le casel and S, lactis were able to grow with 1 ppm.

but not with 2 ppm.
6+ Proeain Penieillin G.

Ps. mucidolens, T. oremoris and T. sphaerica were

able to grow in milk with 1600 ppm. of procain penicillin
added, Ps. fragi was able to grow with 1200 ppm. but not

with 1400 ppm. As aerogenes was able to grow with 500 ppm.

but not with 1000 ppme E. coli was sble to grow with 300

ppn. but not with 400 ppm. Ps. putrefaciens was able to

grow with 50 ppms but not with 100 pm. 8. faecalis was
able to grow with 50 ppme but not with 75 ppm. Alec.
viscosus was able to grow with 256 ppm. but not with 50
ppme Lo casel was able to grow with 20 ppme but not with

25 ppme S. liguefaciens was able to grow with 10 ppm.

but not with 15 ppme L. acidophilus was able to zrow with

8 ppme but not with 12 ppme L. bulgericus was able to grow

with «56 ppme but not with 1 ppme S. lactis was negative
with <25 Ppille
T+ Sulfathiazole.

Ee. coli, Ps. fragi, S. liguefaciens, T. cremoris and

Te sphaerica were able to grow in milk with 1600 ppm. of

sulfathiazole added. A. merogenes was able to grow with

1000 ppms but not with 1100 ppme L. secidophilus, Le

bulgaricus and L. caesel were able to grow with 900 ppm.




but not with 1,000 ppm. Ps. mucidolens, Ps. putrefaciens

and S. faecallias were able to grow with 400 ppm. but not with

800 ppm. Alce. vigocosus was sble to grow with 15 ppme but

not with 20 ppm. S, laectis was able to grow with 8 ppm.
but not with 12 ppm.
8. Streptomyein,

T. oremoris and T, sphaerica were able to grow in milk

with 1600 ppm. of streptomyecin added. Ps. fragi was able

to grow with 400 ppm. but not with 600 ppm. S, liquefaciens

was able to grow with 100 ppm. but not with 200 ppu. Ps.
muclidolens was able to grow with 756 ppm. but not with 100

ppm. Ae sorogzenes and Ps. putrsfacliens were able to grow

with 25 ppme but not with 50 ppm. L. bulgaricus and L.
cassl were able to grow with 20 ppm. but not with 26 ppm.

£lo, viscosus and L. acidophilus were able to grow with 10

ppme but not with 20 ppwm. S. lactls was able to grow with
1l ppme but not with 2 ppm.
9. Tyrothricin.

Ale, viscosus, Ae serogenss, E. eoli, Ps. fragi, Ps.

mucidolens, Ps. putrefaciens, 1. cremoris and I, sphaerica

were able to grow in milk with 1600 ppm. of tyrothricin added.

Le casei and L. acidophilus were able to grow with 100 ppm.

but not with 200 ppm. 5. fRecnlis was able to grow with

100 ppm. but not with 125 ppm. L, liquefaciens was able

to grow with 50 ppme. but not with 76 ppme. OSe lactis was
able to grow with 256 ppm. but not with 60 ppm. L. Dul=-

garicus was able to grow with 8 ppm. but not with 12 ppm.



It should be noted, especislly the results in the Table for
any oconcentration of tyrothricin sbove 100 ppme., may be
inaccurate as it was observed that tyrothricin had a rat-
her low solubility in water and probably the coneentrations
obteined were no greater than 200 ppm.

The results show that streptonyein, aureomyein and
the penieillins, in the order named, hed the greatest in-
hibitory effect against the test orgaaisms. SLyrothricin
end sulfathiezole were the least effective. The two yeasts
were the most resistant organisms followed by the coliform

group, the Pseudomonas group end Alce viscosus. S. lactis

wes the least resistant of the organisms tested. The re-
sults shown here are proba.ly partly inaccurats ss later
work showed that some of the sntibiotics are at least partly
destroyed by the sterilization exposures.

In another phase of the work on antibiotics, samples
of raw milk from the dairy lerd and of pasteurized milk
from the dairy plant at Oklahoma Agriculture and lechanicsal
College, were plated on tryptone glucose agar containing
concentrations of 50, 100, 200 and 400 ppm. of aureomycin.
Several tricls were run in which the concentrations of
aureomycin were added to the agar before sterilization at
15 pounds pressure for 20 minutes and several uore in
which the coneentrations of aureomycin were added to ster=-
ilized ager after cooling %o 49 degrecs C. 4 control was
used which hed no aureomycin added.

The results show that the plates containing the

aureomyecin added before sterilization had several bacterial
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colonies per plate, even on the plates containing 400 ppm.
of aureomycin. However, when the sureomycin was added to
the agar after sterilization, no growth ocourred on the
plates, even with only 50 ppm. of aureomycin added, except
for an occasional yeast colony. These results indicate
there was apparently considerable destruction of the
aureomycin by the sterilizetion exposures of 15 pounds

pressure for 20 minutes.

Be The Inhibitory Action of Antiblotics Added to Media after Sterili-

gation on the Growth of Various Miecroorganisms.

1.

Growth of Orgenisms on agar conteining various concentrations
of entibiotics added after sterilization,.

The results of the preceding work suggest that autoclaving
antibiotics in agar or litmus milk reduced the ability of some
of them to inhibit the growth of the test organisms. Additio-
nal Trials were run in which the aqueous solution of the anti=-
bioties were added to the medias after sterilization.

In the agar plate technique used in these trials solutions
of the antibioties in sterile water were added to the agar
after sterilization and eooling to about 49 degrees C. Con-
centrations of 50, 100, 200 end 400 ppm. of the antiblotics
were added with pipettes to the measured 10 ml. quanities of
the sterile agar contained in screw capped test tubes. This
was the screening process and was used to determine rather
wide levels of antibiotic tolerances by the organisms.

The next step in the screening process was to determine

the range of tolerance of the organisms failing to grow at a
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concentration of 50 ppm. using concentrations of 5, 10, 20 and
40 ppme. of the various antibiotics,

The next step in the screening process was to determine
the range of tolerance of the organisms failing to grow at a
concentration of § ppm. using concentrations of 1, 2, 3 and 5
ppne of the various sntibioties,

The firel step in the process of sereening the organisms
was to determine tolerances for entibioties of the organisms
which grew in concentrations of 400 ppm. Enough agueous sol-
ution of the entibiotics were added to 10 ml. quentities of
sterile agar to give concentration of 400, 600, 800 and 1,000
Ppme

Table ITI shows the concentrations of the antibiotics
required to inhibit the growth of the test organisms when the
antibiotics were added to agar after sterilization and cooling
to about 4¢ degrees C.

l. Mreomyein.

Te cremoris and T. sphaerica were the only two organ-

isms able to grow on agar with 1,000 ppm. of aureomyecin

added. /M. seropenes was the next resistant, growing with

a concentration of 3 ppme. but not with § ppme E. coli

and Le bulgarieus were able to grow with 1 ppm. but were

not able to grow with 2 ppme Alc. viscosus, L. acidophilus,

Le casei, Ps. fragi, Ps. mucidolens, Ps. putrefaciens, S.

feecelis, S, liguefaciens and S, lactis were negative with

1 ppm. of eureomycine.
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2. Becitracine

A. serogenes, He coli, Ps. fragi, Ps. mucidolens, T.

cremoris and T. sphacrlca were able to grow on agar with

1,000 ppm of bacitracin added. Ps. putrefaciens was able

to grow with 200 ppme but not with 400 ppm. Alc. viscosus

was able to grow with 50 ppm. but not with 100 ppme 8.

liquefaciens was able Lo prow with & ppm. but not with 10

ppine L. c2sel was able to grow with 3 ppm. but not with

5 ppu. Le acldophilus, L. bulgaricus, 5. faecalis and S.

lectis were negative with 1 ppme concentration of bacit-

racin.
3, Dipenicillin G.

Ps. fragi, Ps. mucidolens and T, sphaerica were able

to grow on agar with 1,000 ppme of di penicillin added.

The other yeast, T. cremoris, snd A., zerogenes, were &ble

to grow with 100 ppm. but not with 200 ppme E. coli was
able to grow with 50 ppm. but not with 100 ppm. Pse.

putrefaciens was able to grow with 10 ppm. but not with 20

ppme Alce viscosus wes able to grow with 3 ppm. but not

with 5 ppme °. faecalis and S, liguefaciens are able to

grow with 1 ppme but not with 2 ppme L. acidophilus, L.

bulgaricus, L. casci and . lactis were all negative with
1 ppm. concentration of dipenieillin G.
4, Potassium Penicillin G.

Ps. micidolens, T. oremoris and T. sphaerica were

able to grow on agar with 1,000 ppme of potassium penieillin

added. Ps. fragl was able to grow with 100 ppm. but not
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with 200 ppme 4. serogenss was able to grow with 50 ppm.

but not with 100 ppm. E. coll was able to grow with 20

ppiie but not with 40 ppu. Ps. putrefaciens was able to

grow with 5 ppme. but not with 10 ppm. Alc. viscosus was

eble to grow with 2 ppme bul not with 3 ppm. 8. liguefaciens

was able to grow with 1 ppm. but not with 2 ppme L.

acidophilus, L. bulgaricus, Le casei, S, faecalis and S

lactis were all negative with 1 ppm. concentration of
potassium penicillin G.
5« Procain Peanieillin G.

Ps. mucidolens, i. cremoris and T. sphaerica were able

to grow on agar with 1000 ppme of procain peniecillin added.

Ae serogenes and Ps. fragi were able ts grow with 200 ppm.

but not with 400 ppme E. coli and Ps. putrefaciens were

able to grow with 20 ppm. but not with 40 ppm. A4Alce. vise
cosus was able to grow with 2 ppme but not with 3 ppm. Ee

liquefaciens was able to grow with 1 ppm. but not with 2

ppn. Le acidophilus, Le bulgaricus, L. casei, S. faecalis

and 5, lactis were all negative &t 1 ppm. concentration
of procain penicilline.
6. Sulfathiazole.

Be coli, T, cremoris and T, sphaerica were sble to

grow on agar with 1000 ppm of sulfathiszole added. As
serogenes was able to grow with 800 ppme but not with

1,000 ppue Pse putrefaciens and S. liquefaciens were able

to grow with €00 ppme. but not with 800 ppm. Ps. fragi, Ps.

mucidolens and S. fmecalis were able to grow with 200
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ppme but not with 400 ppm. S. lactis was eble to grow
with 100 ppme but not with 200 ppme Le casel was able to

grow with 20 ppm. but not with 40 ppme Le acidophilus

was able to grow with 3 pom. but not with § ppm. Alc.

viscosus and L. bulgaricus were sble to grow with 1 ppm.

but not with 2 ppm.
7« Streptomycin.

Te cremoris and T, sphaerica were able to grow on

agar with 1,000 ppm of streptomycin added. Ps. fragi, Ps.

macidolens and Se. liguefaciens were eble to grow with 20

ppme but not with 40 ppm. Ps. putrefaciens and S. faecalis

were able to grow with 3 ppme but not with 5 ppm. Alc.

viscosus, e coli and Ae aerogones were asble to grow with

1 ppme but not with 2 ppme Le scldophilus, L. bulgaricus,

Le casel and Se lactis were all negative with 1 ppm.

concentration of streptomycin.

8+ Tyrothricine.

Ae merogenes, Ee coli, Ps. fragi, Ps. mucidolens, Ps.

putrefeciens, Te oremoris and T. spheerica were sble to

grow on agar with 1,000 ppme. of tyrothricin added. Alc.
viscosus was eble to grow with 200 ppm. but not with 400

pprie S feecelis, Se liquefaciens and S. lactis were able

to grow with 3 ppme. but not with 5 ppm. L. acidophilus,

Le bulgarious and L. casei were negative with 1 ppm.

coneentration of tyrothricin.



TAPLE III « THE GROWTE OF MICROOROCANISMS ON AGAR CONTINING VANIOUS AMOUNTS OF ANITBIOTICS
(Antibiotics sdded to the sgar efter sterilizetion)

Test orgenisn “Aureomyoin Baeitraein Di= Fotassiun Procaln Sulfath- Streptomye Tyrothi- Hagnsme Terramye Viooin
Penioillin Penieillin Penlelll= iaszole ein oin yein cin
Ge Ge Ge
PP, x - X - x - x - x - x - x - x x - x - x -
ppme of antibiotics edded to the agsr
Ales viseosus « | = 1 | so | 10| s 5 | 2 s 2 | 3{1 |2 1] 2| 200 400 1 |2 | ¢« | 2| 20| a0
Ae aerogenes 8 b 1000 | w»= 100 | 200{ SO 1000 200 400 800 100D 1 2 | 1000 »+ | 1009 ¢+| 5 19 20 40
Ee ooll 1 2 1000 | o= 80 100§ 20 40 20 40 ) 100Q »+ | 1 2 1000 w» 1 *»! 5 1& 10 20
Le scldophilus . 1 . 1 " 1 . 1 * 1 3 5 . 1 . 1 . 1 * 1 10| 20
Ls bulgaricus i 2 " 1 . 1 * 1 s 1 1 2 * 1 * . 1 8 & 6 10
Le casedi . 1 3 b . 1 . 1 . 1 20 (40 | » 1 * 1 . 1 . 1 6 10
Fse fragl . 1 1000 | »= 1000 | »» 100 200 200 | 400| 200 | 400| 20 40| 100Q »» 100| 200 3 8§ 60| 100,
Pse mucidolens - 1 1000 | == 1000 | we 1000| == 1000 =+ ! 200 | 400! 20 40| 100Q e¢= 100Q =+ | 3 ) 400 GG;
Pse pitrefaciens | * 1 200 | 400 20 | 20 | 8 10| 20 |40 |60/s0 3 | 5| 200des | 5 |20]2 | 8| 20] o
8¢ faccalis » 1 . 1 1 2 * 1 * 1 200 (400 3 & 3 ) . 1 1 2 100 200
8+ liquefaciens * 1 8 10 1 2 1 2 1 2 600 | 800 zo 0| 3 5 8 101 2 400 600
Se lactls . 1 » 1 . 1 ¢ 1 . 1 100 {200 = 1 3 8 . 1 * 1 5 10
Te eremoris 100q w» 1000 | «» 100 200 | 1000| =+ 1000| #= | 1000| = | 1000 *+ | 1000 *+ 800 1009 1000 ""‘ 1 2"
Te spheerica 100Q =+ 1000 | e+ 1000 | =+ 1000 | =» 1000] =+ | 1000|«* | 100G =+ | 1000 *» 1000 #+ | 1000 #«| 1 **
x eqguals ngrbh - *1 mo growth on'agar'containing 1 pﬂn.

equals no growth

L

grew on agar containing 1000 ppm,

1e



Se Magnamycine.

Ae amerogenes, Be 00li, Pse. muicidolens and I, sphserica

wore able to grow on sgar with 1,000 ppme of magnamyoin iddod.
One of the yeasts, I. oremoris, grew with 800 ppm. bhut not
with 1000 ppm. Ps. frazl was able to grow with 100 ppm.

but not with 200 ppms Ps. putrefaciens and S, liguefaciens

were able to grow with 5 ppme but not with 10 ppm. ilc.
viscosus was ablo to grow with 1 ppme but not with 2 ppm,

Le acidophilus, L. bulgaricus, L. casei, S, faecalis and

Se lactis were negalive with 1 ppm. concentration of
LAZNAnyClie
10s Terramycine

I, oremoris and T. sphaerica were able to grow on agar

with 1,000 ppm. of terrsmyein added. As serogenes ead E.

coli wore able to grow with § ppme but not with 10 ppm. L.

bulgaricus, Ps. fragl send I's. aucidolens were able to grow

with 3 ppme but not with O ppu. Pse. putrelaciens was able to

grow with 2 ppm. but not with 3 ppue S, faecslis and Se

liquefaciens were able to grow with 1 ppmne but not with 2

ppme Alce viscosus, L. acidophilus, L. casel and S.

lactis were negative with 1 ppm conceatration of terramyoin.
1l. Viocine.

Te cremoris snd Y. spheerica were sble to grow on a ar

with 1,000 ppme of viooln mdded. Pse. mucidolens end S.

liquefaciens were able to grow with 400 ppme but not with

600 ppme So feecelis was able to grow with 100 pp=ze but
not with 200 ppme Pse fragl was able to grow with 50 ppm.

but not with 100 ppm. 4£lc. viscosus, Ae asrogenes and Pse
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putrefaciens to grow with 20 ppm. but not with 40 ppm. E.

coli and Le acldophilus were able to grow with 10 ppm. but

not with 20 ppm. L. bulgaricus, L. cesei and S. lactis

were able to grow with § ppm. but not with 10 ppm.

The results show that aureomycin, terramycin, strept-
omyein, vioein, magnamyein and the penieillins, in the
order named, had the greatest inhibitory effect against
the test organisms. Tyrothriein, bacitrecin and sulfathe-
iszole were the lesst effective. The yeasts were the most
resistant orgenisms followeid by the eoliform group, the

pseudomonas proup end 4Alc. viscosus. Di penicillin and

megnamycin were the only antibioties showing any inhibitory
effect toward the yeasts. T. cremoris was stopped by 200
ppm. of dipenicillin and 1000 ppm. of magnamyeln. S.
lactls was the least resistant growing with 100 ppm. of
sulfathiazole, 3 ppm. of tyrothricin snd 5 ppm. of viocin
but was negative with 1 ppm. concentration of &ll of the
other antibiotics. The Lactobecillus group was next in

susceptability followed by the Streptococcus group.



2., The Growth of Orgenisms in Litmus Milk containing various
concentrations of antibiotics added after sterilization.

In the litmus milk method used in these trials solutions
of antibiotics in sterile water were added to sterile litmus
milks ‘he amounts of antibiotics used for each organism were
determined from the results of the screening test with the
agar plete technique. Four concentretions of sach antibiotic
was used with esch test organisms.

Litmus milk was dispensed into test tubes in 10 ml. quantities
using a burette with a capscity of 50 ml. The tubes were plug-
ged with cotton and sterilized at 15 pounds pressure for 15
minutes, The milk was cooled and the four concentrations of
antibiotics were asepticelly edded with a 1 ml. pipette gradua=-
ted in tenths. One control for each organism was prepared in
a like manner with the exception no antibiotic was added to
that tube. The fresh ocultures of the test organisms were
diluted 1 to 100 with sterile water and one drop of the dil-
ution was added to each tube of the four conecentrations of
antibioties and one drop to the control. The tubes were in-
cubated at room temperature (21 to 28 degrees C.), or at 37
degrees C., depending on the test organism, and noted for rate
and extent of fermentation as en indication of degree of in-
hibition of growth. The rate and extent of growth of the
test organisms was designated as follows: Good (AXXX); Fair
(XXX)s Poor (Xi); Very Poor (X); and no growth (0). The
growth designated as very poor usually appeared after several
days incubation and was not considered as being of significance

in determing the concentration required to inhibit growth.
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When there was some doubt asz to whether growth asctually existed
the designation "very poor"™ was used but the designation "poor"
was used in the analysis of the results to indicste the highest
levels of antibiotics tolerated by the test organisms. The
cultures were incubated for about 5 days before the results
would be reported ms no growth.

Teble IV shows the concentrations of antibiotics required
to inhibit the growth of the test organisms when the anti-
biotics were added to sterilized and cooled litrmus milke Table
IV gives a range of four concentrations of antibiotios and the
rate or extent of growth for the test organisms over that
range.

1. Aureomycin.

Te cremoris and I. sphasrica were able to grow in

litmus milk with 2200 ppm. or more of aureomycin added.

A, aerogenes, B. coli and L. bulgaricus were able to grow

with 6 ppme Alc. viscosus grew with 3 ppme Ps. putre-

faclens grew with 756 ppm. L. acidophilus, L. casei and

Se liquefaciens grew with .60 ppm. S. faecalis grew very

poorly over a renge of 25 ppme. to o756 ppme while Se
lactis was able to grow with «25 ppme concentration of
aureomycin added.

2. Baclitracin.

Aes serogenes, E. ocoli, T. cremoris end T. spheerieca

were able to grow in litmus milk with 2200 ppm. or more .

of bacitracin added. Ps. putrefaciens wes able to grow

with 1000 ppms Alc. viscosus was able to grow with 140




TABLE IV « THE GROWTH OF ORG W I

(Antibiotics added after sterilization)

S IN LITWUS MILE CONTAINING VARIOUS CONCENTRATION OF ANTIBIOTICS

Test organisms Ale. Ae E. . acid- [L. bulg- Le Ps, putred 0. fee- g, 5. liqued 8 To
used viscosus [aerogenes| c¢oli ophilus |ariocus cosel facien calis lactis facliens eremoris sphaerica
Antibioties ppm |grth | pps Frth ppm |grih |ppm|gréth |ppm |grth | ppm |[gréh| ppm Erth ppu |grth |ppm|grth | ppm [grth |ppm Frth ppm grih
2 [xxx 5§ [xx |5 xx |e25|xxx |56 [xx «25 [xxx | «50 [xx 25 (x «25|x 25 |xxxx |1600{ xxxx 1600 xxxx
Aureomyein 3 XX |6 |xx |6 XX «80|xxx |6 |xx 250 |xx | &T5 |xx «50 |x +50|0 «50 |xxx  |1800| xxxx 1600| xxxx
& 0 R 7 x «75 |x 7T |x « 75 |x 1 |x «75|x 75| 0 «75 |x 2000| xxxx 2000] xxxx
- 5 o 8 I|x 8 x } o B8 Jp 1 |o 2 Jo 1l |o 1l |o 1 Jo |12200| xxxx 2200 xxxx
100 [xxxx ;1600 xxxx| 1600 | xxxx| 5 5 |x 5 xxxx| 400 |xxxx [6 [xxxx |§ |xx 5 poxxx [1600] xooxx 1600 | xxxx
Bacitracin 120 [xxx | 1800|xxxx| 1800 | xxxx| 6 6 |o 6 |xxx | 600 |xxxx |6 |xxxx |6 [xx 6 |xxxx |1800|xxxx 1800 | xxxx |
140 [xx 2000 xxxx| 2000 | xxxx| 7 7 o 7 |xx |800|xxxx (7 [xx 7 |x 7 2000 | xxxx 2000 | xxxx
160 |x 2200| xxxx| 2200 | xx b b B |o 8 |x 000 |xx 8 |x 8 |x 8 |x 2200 | xxxx 2200 | xxxx |
| [
§  |xxxx| 20 100 |xxxx| +25| xxxx | o256 xxxx |2 poxxx| 20 |xxxx |3 |xxxx |+25|xxxx (6  [|xxxx |1600 |xxxx 1600 | xxxx
Dipenieillin G. 6 beees SOO-Lxxx 200 |xxax| «50| xxxx |80 |xxox |3 [xxx |30 [xxxx [4 [xxxx |.50]|xx 6 |xx 1800 |[xxxx 1800 |xxxx
7 xxx | 400 L: S00 |xx | «¥5|xx |75 |xx 4 |xx [40 |xxx |56 |oxx |«7B|x 7 |xx 2000 |xxxx 2000 |xxxx
|8 |xx SOOL 400 [x 1 Ix 1 |Ix 5 [x 50 |xx 6 Ixx 1 |o 8 |o 2200 |xxxx 2200 | xxxx
E xxxx |100 jxxxx | 40 |xx | .25|x «25 |o 25 |x 2 [xxxx | ,25 |xx 26 |x 5 |x 1600 | xxxx 1600 |xxxx
Potassium E xxx (120 |xxx |80 |xx | «.50|0 «50 |0 «50 |o $  |xxxx | «50 |xx «50 |0 6 |o 1800 |xxxx 1800 |xxxx
Penicillin G.
: 140 [xx 80 |xx | «76|0 «75 |0 «75 |o 4 |xxxx| «75|x «75|0 7 o 2000 | xxxx 2000 |xxxx
L |3 160lx [ 70 |xx |1 Jo 11 Jo 1 lo Is |x 1 |x 1 e 8 o 2200 pxxxx | 2200 [xxxx
3
L xxx (200 |xxxx | 40 |x 025| xxxX [ o 25 [xxxx | ¢25 |xxxx| 40 |xx o265 |xxxx | o256 xxxx |6 |xxx [|1600 |xxxx 1600 |xxxx
Procain Penicillin k pxx | 300 |xx .50 ) » 50| xxxx | 50 [xxxx | 450 [xxxx| 50 |2x «50 | xxxx | &50 |xxxx |6  [xX 1800 |aoxxx 1800 |xxxx
- 400 |x 60 |o o 75| xxxx | o 75 [xxx | o765 |xxx | 60 |xx o75|xxx | 476 |xxx |7 |x xxxx | 2000 Lﬂﬂ
3 XX 500 |x 70 |o 1 J=x (1 |[xx 1 |xx |70 |xx 1 |xx 1 |xx 8 |x 2200 axxx 2200 |xxxx
Sulfathiazole cxxx |1000)x | 1000(x |5 |xxxx|§ |xxxx |50 |x LOOO L 400|xx | 200|xx 1600|xx [1600 |xxxx | 1600 [xxxx
6 pexxx | 1200 o 1200 |o 6 |xxx |6 |o 60 |o 1200 o 6000 220 |o 1800|o 1800 |xxxx 1800 |xxxx
7 xxx |1400( o 1400 |o 7 |o 7 |o 70 |o 1400 o 800| o 240 |o 2000| o 2000 | xxxx 2000 |xxxx
18 pex 1600| o 1600 |o 8 |o 8 |o 80 |o 16000 o |1000|o 2600 2200|0 2200 [xxxx 2200 |xxxx
5 x 5 L 5 x 5 [x 5 |x 5 Ix 5 [ § |x 5 |x 40 L:n.x 1600 |xoxxx 1600 [xxxx
Streptomyein 6 6 jo 6 0 6 |o € |o 6 |x 6 p 6 |o 6 |o 50 gxxx [1800 |xxxx 1800 [xxxx |
7 o 7 p 7 o 7 |o 7 |o 7 |o 7 p 7 |o 7 |o 60 pxx 2000 |xxxx 2000 |xxxx
] o 8 p 8 o 8 lo 8 |o 8 |o 8 8 |o 8 |o 70 Lx 2200 |xxxx 2200 [xxxx
Lpo -:x: 1600 [ xxxx | 1600 :x;] BrL;:x b [xxxx| 5 [xxxx|1600 xxxx|5 |jxxxx | 5§ |xxxx| § [xxxx | 1600 [xxxx 1600 |xxxx
Tyrothriein |500 |xxxx | 1800 |xxxx| 1500 ::quﬂlzxxx 10 |xxxx| 10 [xxxx| 1800 xxxxlO fexxx | 6 | xxxx| 10 |xxxx | 1800 |xxxx 1800 |xxxx
600 [xxx | 2000| xxxx|2000 :szlﬁ XXX 156 poxx | 16 [xxx (2000 xxx 16 pexxx | 7 | xxxx| 15 [xxxx | 2000 |xxxx 2000 | xxxx B
700 |xx | 2200] xxxx | 2200 | xxxx20 |xx 20 |xx | 20 |xx (2200 =xx | 20 [xx 8 |=x 20 [xx |2200 [xxxx | 2200 |xxxx
5  |xxxx | 1400| xxxx|1600[xxx | +26|xx | +25|0 25(xx |1 xx (2 | 3 |x 1 |xxxx [1000 fxxxx | 1200 [xxxx |
Magnamyein 10 |xxx | 1500| xxxx|1800[xxx | «50|x «50 |0 «50 |x 2 [xx [26p 4 |o 2 |xx 1200 |xx 1300 | xxxx N
16 |xx 1600| xxxx | 2000| xxx | «75|0 «75l0 | «75]|0 3 Ik 3 b 5 |o 3 [x 1400 [xxx 1400 | xxxx
20 [x 1700 xxx |2200|xxx |1 |o l |o 1l Jo 5 p 4 b 6 |o 5 |x 1600 |xxx 1600 | xxxx
1 xxXX | 5 K 1 XX | «25] xxxx| 2 «25 | xxxx| .25 |x «25] xx 225| xxx | 25 poxxx (1600 |xxexx | 1600 |x. Ny
Terramycin 1.25 [xx 6 Kk 2 XX «50|xxx | 2,25 x +50 [xxx | .50 |o «50| x + 50| xx «50 [xx 1800 |xxxx 1800 |o
1.5 |0 «7T P 3 o #75|xx |2.5 | x «78|xx |75 |0 75| o « 75| xx « 75 xx 2000 |xxxx 2000 |o
7o |8 p |5 fo |1 x |3 [x |1 |x [1 o |1 b 1 [x |1 Kk |2200pooex | 2200 [0 R
40 |xxxx | 40 Lxxx 30 20 |xxxx|5 -Lxxz 5 |xxxx|40 | xxx POO |xxxx| 10 |xxxx | 1600| xxxx|1600 xxx 1600 | xxxx
Viacin 50 |xxxx | 50 Lnx 40 [xxx | 30 |xxx |6 L::u 6 |xxxx|45 [xxx | 300|xxxx| 20 [xxxx |1800| xxxx|1800 [xxxx 1800 [ xxxx
60 |xxx | 60 Lxx S50 |xx |40 |xx |7 pxx |7 |xxx |60 px 400 xxx | 30 |xxx |2000|xxxx |2000 jxxxx 2000 |xxxx
70 [xx 70 Lx 70 |x 50 |x 8 Ix 8 [x 60 Jo 500] x 40 |x 2200( xxxx | 2200 pxxxx 2200 | xxxx

Grth---Abrev. for growth

xXxxx -=- good
xxx == fair
XX == poor
x - very
] == none

poor

o C
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Le casel, S. faecalis and S. liguefaciens were abls to

grow with 7 ppm. Le acidopnilus and S, lactis were able

to grow with 6 ppm. L. bulgaricus was eble to grow very

poorly with 5 ppm of bacliracin added.
3s Dipenicillin G.

Ts cremoris end T. sphaerice were able to grow in

litnus milk with 2200 ppm. or more of dipenicillin added.

Le serogenes was able to grow with 400 ppm. E. coli was

was able to grow with 300 ppm. Ps. putrefaciens was able

to grow with 6 ppme Alc. viscosus was able to grow with

8 ppue S. liquefaciens was able to grow with 7 ppme S.

faecalis was able to grow with 6 ppme L. casei was able

to grow with 4 ppm. L. acidophilus and L. bulgaricus

were able to grow with 75 ppme S. lactis was able to
grow with o6 ppme. concentration of dipencillin added.
4., Potassium Penieillin G.

Te cremoris and T. sphaerice were able to grow in

litmus milk with 2200 ppm or more or potassium penicillin

added. A, eerogenss was able to grow with 140 ppm. E.

¢oli grew poorly over a range of 40 to 70 ppm. A4lce.

viscosus was able to grow with 7 ppm. S. liquefaciens

wes able to grow poorly with 6 ppm. FPs. putrefaiens was

was able to grow with 4 ppm. S. faecalis was able to

grow with .50 ppm. Le ascidophilus, L. casei and S. lactis

grew very poorly with 256 ppme L. bulgericus was nsgative

with .25 ppm. of potassium penicillin added.
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5 Procain Penicillin G.

e cremoris snd T. sphaerica were able to grow in

litmus milk with 2200 or more of procain penicillin added.

A aerogenes was able to grow with 300 ppu. Pse putre-

faciens was able to grow over a range of 40 to 70 ppa.
Ee coli was able to grow very poorly with 40 ppm. Alc.

viscosus was able to grow with 8 ppm. O, liguefaciens

was able Lo grow with O ppme L. scldophilus, Le bulgaricus,

Le casel, S« faccalis and 5. lactis were able to grow

with 1 ppw. concentration of procain penicillin added.
6e Sulfathiszole.

Te cremoris and T. sphaerica were able to grow in

litmus mllk with 2200 ppn or more of sulfathniazole added.

Se liquefaciens was able Lo grow with 1600 ppm. A.

aerogenes, Le coli and s, putrelaciens grew poorly with

1000 ppm. S. fascalis was able to grow with 400 ppm. S.
lactis grew very poorly with 200 ppne L. casei grew very

poorly with 50 ppme Alc. viscosus was able to srow good

with B ppme Le acidopnilus was able to grow with & ppm.

Le bulgaricus was able to grow with 5 ppm. of sulfathiazole

added.
Teo Stﬂptomyoin-

T. cremoris and T. sphaerice were able to grow in

litmus milk with 2200 ppm. or more of streptomyein added.

S5 liquefaciens was able to grow with 70 ppm. Alc.

viscosus, A. aerogenes, E. coli, L. acidophilus, L. bul=-

garicus, L. casei, Ps. putrefsciense. S. faecelis and




S. lactis were all eble to grow very poorly with 5 ppm.
concentration of streptom;ecin added.
8+ Zyrothricin.

Ao serogenes, E. coll, Pse. putrefasciens, T. cremoris

and T. sphaericsa were eble to grow in litmus milk with

2200 ppme or more of tyrothricia edded. Alc. viscosus

was able to grow in 7 ppm. L. acidophilus, L. bulgaricus,

L. casel, S, faecelis and S, liqusfaciens were ablse to

grow with 20 ppme. S. leoctis was eble to grow with 7 ppa,
of tryrothricin added.
9. Magnamycin.

Es c0li was able to zrow in litmus milk with 2200

Ppue or more of magnamycin added. A. aerogenes was able

to grow with 1700 ppm. or more. T. cremoris and 7. sphae-

rica were able to grow with 1500 ppm. or more Alc,.

viscosus was able to grow with 15 pom. Ps. putrefeclens

was able to grow with 2 ppn. Se lectis grew very poorly
with 3 ppm. S. faecalis grew very poorly with 2 ppm.

S« liguefaciens was able to grow with 2 ppme Le scidophllus

and L. oasei were able to grow with 25 ppme. L. bulgaricus

was negative with .25 ppm. of magnamycin added.
10, Terramycine.
T« eremoris was sble to zrow in litmis milk with

2200 ppm. or more of terramycin added. T. sphaerica grew

very poorly with 1600 ppme. A, aerogenes grew very poorly

with 5 ppn. E. coli and L. bulgaricus were able to grow

with 2 ppm. Alc. viscosus was able to grow with 1.25
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L. acidophilus, L. cesei, S, lmotis and S. liquefaciens

were able to grow with .75 ppm. §. faecalis was able

to grow with .26 ppm. Ps. putrefaciens grew very poorly

with .25 ppme of terramycin added.
11, Vioein.

Ses liquefacliens, I, cremoris and T. sphaerica were

able to grow in litmus milk with 2200 ppme or more of
viocin added. S. faecalis was able to grow with 400 ppm.

Ale. viscosus and A, serogenes were able to grow with 70

ppie Ee coli and Ps. putrefaciens with 50 ppm. L. acid-

ophilus was able to grow with 40 ppm. S. lactis was able

to grow with 30 ppme L. bulgaricus and L. casei were
able to grow with 7 ppm. of viocin added.

The results show thet asureomyein, terramyecin, strept-
omycin, the penicillins, vioein, magnemyecin and bacit-
racin, in the order named, had the greatest inhibitory
effect against the test orgenisms. Tyrothricin and
sulfathiegole were the least effective. IThe yeasts
were the most resistant organisms, followed by the

eoliform group and Ale. viscosus or Ps. putrefaciens,

Magnamycin and terramycin were the only antibiotics
ghowing any inhibition toward the two yeassis. S. lactls
was the least resistant organism being stopped with .25
ppm of concentration of some of the antibiotics. The
Lactobacillus was the next in susceptibility toward the

antibiotics.
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Ce Jhe Use of sureomycin Agar for Yeast and Lold Counts.

The resulis of the work reported herein show that the two yessts
were very resistant to the vericus antibioctics tested. The yeasts
were able to grow with concentrations of Z200 ppue or more of all but
three of the entibiotics used. Dipenicillin, terramycin and magnamycin
were the only antibiotics showing eny inhibitory action toward the
yeasts and then only in high concenirations. The resistance of the
yeests indicate the possibility of adding antibiotics to egsr to in-
hibit the growth of dacterla in yeasi and mold counts on verious
deiry products. ®Since aureomycin was very effective iu inhibiting
the test cultures ol bactorie, this antibiotic was selected for use
in an attempt to determine the effectiveness of it in inhibiting
bacteria in yeast and mold counts. CSamples of butter and cottage
cheese were plated on acidifled potato dextrose ager according to
Stancerd Methois (17) und on potato dextrose agar with 50 ppm and
100 ppme of aureomycin added.

l. Yeast and mold counts on butter.

Teble V ghows the results obtained from plating butter for
yeast and mold counis using acldllled poteto dextrose agar and potato
agar with 50 ppm end 100 ppm. of aureomycin sdded. The acidified
agar everaged 40 colonies per plate while the agar conteining the
650 ppm. of aureomycin everaged 56 colonies end the esgar containing
the 100 ppm. of sureomycin aversged 61 colonies per plate. The
plates containing the potato dextrose agar with the 50 pm of sure-
onycin added had higher numbers of colonies per plete than the acidi-
fied potato dextrose agar pletes with 15 samples, the seme number

with 2 and lower with 7, whereas the plates containing the potato



TiBLE V - COMPARISOH OF COUNTS ON AUREOMYCIN AGAR
WIltH STANDARD PLATE COUKTS FOR YEAST
AND MOLDS IN BUTTER

Number of colonies per plate on potato dextrose agar with

Semple Tartarie acid tureomycin added
P edded to p i 3.5 50 ppm 100 ppm

1 0 3 4
2 11 15 18
3 94 90 96
4 62 44 44
8 8 5 4
6 11 3 8
7 160 227 293
8 69 82 67
9 11 5 3
10 84 137 172
11 230 263 256
12 4 4 2
13 131 177 185
14 29 28 28
15 11 24 27
16 2l 2l 31
17 a3 29 31
18 5 2 11
19 30 42 47
20 26 41 29
21 8 10 17
22 14 20 20
23 58 69 74
24 1 0 3
Average 45445 55487 61.25
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dextrose ager with 100 ppm. of aursomyecin sdded had higher numbers
of colonies per plate than the acidified potato dextrose szar plates
with 17 samples and lower with 7. The colonies growing on poteto
dextrose agar with aureomycin added were usually larger than those
growing on the acidifled potato dextrose agar.

2+ Yeast and mold counts on cottaze cheese.

The samples of cottage chsese were prepared for plating by
placing 1 gram of the cottesge cheese in a Sterile mortar, one ml.
of sterile 20 per cent sodium citrate was added and the mixture throughly
ground with a sterile pestle. Eight ml. of sterile distilled weter,
contained in m sorew capped test tuhe, were added and the mixture
then poured back into the tube. If further dilutions were needed
they were made i'rom this 1 to 10 dilution.

Table VI shows the results obtained from plating cottage
cheese for yeest end mold counts using scidified potato dextrose agar
and potato dextrose sger with 50 ppme. and 100 ppme. of sureomycin
added. The acidified mgar aversged 37 colonies per plate while the
agar containing the 50 ppm. of sureomycin averazed 41 colonies and
the agar contalning the 100 ppn. of aureomycin aversged 41 colonies
per plate. The plates containing the potato dextrose agar with the
50 ppme of aureomycin added had higher numbers of colonies per plate
than the aclidified sger plates with samples and lower with 4, whereas
the plates contsining the potato dexirose agar with 100 ppm. of
aureomycin added had higher numbers of colonies per plate then the
acidified agar plates with 7 samples and lower with 4 samples. The
colonies growing on the potato dextrose szar with the 50 ppm. and
the 100 ppme of sureomycin added were usually larger than those

growing on the acidified potato dextrose sgar.



TABLE VI - COXPARISON QF COULIC i AURBOXYCIN AGAR WITH

DAL RT T TIT § va TEATIT TN W A DM ML AN Y T
7 i LA COUITE POR OYEAST AMD UDLDRS I

b adtadacd it BTl
COTTAGE CHELSE

[

Humber of golonies per plute on polete dextrose sgsr with

Tartaric acid Aursomycin eddsd

Rrcple ndded o 3.5 50 ppma 100 ppm.

1 1 1o i is

el
L]
[ +e]
[#3]
L

a2

156 &7 i 8
12 10 L% §

a7 30 i

w =N o G

al 27 37

w

26 37 &7
10 85 39 50

11 21 75 €3

iverage 37 4l 41
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The pletes containing the potato dextrese agar with 50 ppue
end 100 ppms of aureomycin added were much easier to count than those
acidified with tarteric scid because fhere was no precipitated milk
solids prosent, whereas the pletes poured f{row the lower dilutions
(1 to 10 and 1 to 100) with acidified potato dextrose agar contained
considerable amounts of precipitated mil: solids whieh made counting
very diffieult, All of the ecolonies appesring on the platess contain-
Ing the agar with sureomycin added that might posaibly be bacterial
colonies, were picked end stained with the Gra=m stein. 4 total of
approximately 76 ecolonies were examined. &1l eolonies proved to be
yeasts end no bacteric were present in any of the c¢olonies plicied.

3. The 1afluence of eureomycin on the rate of growih of molds.

In order to determine the influence of esursomycin on the
growth of molds, pure cultures of molds were picked from plates poured
frov. samples of butter and of cottage cheese and lnoculated onte ecide-
ified potato dextrose sgar and onto potato dextrose sgar with 50 opu.
and 100 ppm. of aureomycin edded by stabbing the plate with an ino-
culating needle that had been exposed to the mold culture. Ihe
plates coutaining the molds were incubalted at 21 degrows C. and the
rate of growth determined by messuriag the diasmeter of ea:h mold
colony every day for four days.

Table VI! shows the averz e growth rate of 10 cultures of molds
on acidified potato dextrose ager and on potato dextrose a;ar con-
taining 50 ppue and 100 ppme of sureomyecln during s four day peried.
While 12 oultures were inoculated on the pletes, the everaze size of
the colonles is given for only 10 of the cultures because two of
the cultures failed to jrow oa the acidified ager, whersas all

the ocultures grew well on the ager with aureomycin added.



TABLE VII « TUE RATE OF GROWTH OF uOLD COLONIES OF

ACIDIFIZD POTATD DEXTROSE AGAR AND OK
AGIR WITH AUREQWYCIE ADDED
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Aversge eige in em. of mold colonies on potato
dextrose agar with

Period of Tartario acid fureomyein edded
incubation| sdded to pk 50 ppm. 100 ppme
at 21°C. 3.5
1 dly BT eu T 031
2 dl}’l « 88 106 093
S days 1.74 le82 l.84
4 dﬂy‘ 2ad3 2463 2.53




The results show the average growth rate of the molds on the
potato dextrose agar with 650 ppme. and 100 ppm. of aureomycin added
was significantly greater than the average growth rate of the molds
on the acidified potato dextrose agare. The mold colonies developed
faster bn the agar containing 50 ppm. of sureomycin than they did
on the ager conteining 100 ppm. but the difference was not signifi-
cant, From the results it appears thet potato dextrose agar with
aureomyein added is superior -to acidified potato dextrose agar as

a growth medium for molds.
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SUMVARY

The inhibitory action of various antibiotics on microorganisms
important in deiry products was determined by addiag different con-
centrations of the antibiotics to agar and to litmus milk end then
determining the rate or extent of growth of the test organisms. The
agar plate techinique was used to determine rather wide ranges of
tolerances whereas narrower ranges of tolerances were determined by
growing the test cultures in litmus milk with the antiblotics added.
In the initial trials, where the antibiotics were added to the media
before sterilization, there was apperently partial destruction of
some of the antibiotics by the sterilizetion exposures and the results
probably do not represent a good measure of the effectiveness of the
antibiotics in inhibiting bacterial growth., No attempt was made to
determine the amount of destruction by the sterilization exposures.

Additional triels were rum in which the various concentrations
of antibiotics were added to the medim after sterilizetion, In
general, the lsctic acid produeing orgenisms commonly used in fer-
mented deiry products were much less resistant to the verious anti-
biotics than those usually causing defects in dairy products.

Alc, visecosus, A. merogenes, E., coli, L. moidophilus, L. bul=-

gericus, L. casei, Ps. putrefaciens, S. faecalis, S. lactis and §S.

liquefaciens were inhibited with 6 ppm. or less of sureomycine T.

cremoris and T. sphasrica grew in litmus milk with 2200 ppm. or more

of aureomycin added.
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Lo acidophilus, L. bulgaricus, L. casei, S. faecalis, S. ligque~

faciens and 8, lactis were inhibited with 10 ppme or less of bacit-

racin, Alc. viscosus was able to grow within a range of 50 ppm. to

140 ppme while Ps. putrefaciens was sble to grow with a range of 20

ppm to 1000 ppm. A. serogenes, E, coli, T, cremoris and 7, spheerica

were the most resistant and grew in litmus milk with 2200 ppmn. or
more of bacltracin added.

Ales viscosus, L. acidophilus, Le bulgaricus, L. casei, 5. fae-

calis, 5. liquefaciens and S, lactis were inhibited with 10 ppm. or

less less of dipenieillin, potassium penieillin and procain peniecil=-

lin, Pse putrefaciens was able to grow within a range of 10 ppm. to

300 ppme of potassium penicillin and proeain penieillin but wae in-

hibited with 10 ppm or less of dipenicillin. A, serogenes and E. c¢oli

were able to grow within & range of 50 ppm. to 300 ppme of &ll three

of the penicillin's. T. cremoris and T. sphaerice were the most re-

sistant and grew in litmus milk with 2200 ppm. or more of dipeniecillin,
potassium penicillin and procain penieillin added. T. cremoris wes
stoppred with 200 ppm. concentration of dipenieillin when grown on

the agar plate technique.

Alc. viscosus, L. acidophilus and L. bulgaricus were inhiblited

with 100 ppme or less of sulfathiazole. L. casei was able to Erow

within a range of 100 ppm. to 200 ppm. Ae merogenes, B. coli, Ps.

putrefaciens, S. faecalis and S. liquefaciens were able to grow within

& range of 1000 ppme to 1600 ppme Te. cremoris snd T. sphaerica were

were the most resistant and grew in litmus milk with 2200 ppm. or
more of sulfathiazole added.

Alc, viscosus, Ae merogenes, Ee. coli, L. acidophilus, L bulgaer-

icus, L. casei, Pse putrefaciens, S. faecslis and S. lactis were




inhivited with 10 ppme or less of streptomycine 5. liquefaciens

was able to grow within a range of 20 pmm. to 70 ppme I. aremoris

and Te sphaerica, were the most resistant and grew in litmus milk

with 2200 ppme or more of streptomycin added.

Le moidophilus, lLe bulgaricus, L. casei, 5. freoc:zlis, S. lique-

feciens and S. lactls were inhibited with 20 ppm. or less of tyrothe

ricine Alce. viscosus was able to grow within a range of 400 to 70C

Ppae 4o serogenes, Se 0oli, Pse putrefsaciens, Te eremoris and I.
a&riaa were the most resistent snd grew in litmus milk with 2200
ppe or more of tyrothricin added.

Alce vicosus, Le mcidophilus, Le bulgaricus, L. casei, Fs.

patrefaciens, o faecalis, S. laotls and Y. ligquefaciens were in-

hibited with 15 ppm. or less of magnamyein. 4. aserogenes, I. cremoris

and f. spheericae were able to ;row within a range of 1000 ppm. to

1800 ppme BEes coli was the most resistant and grew ia litmus milk
with 2200 ppame or more of magnamycin added.

Llce viscosus, ie asrogenes, Se coli, L. acidophllus, L. bulgar-

lous, L. oasel, Fs. putrefacieas, 5. faecalis, S. lactis and 5. lique=

foclens were inhibited -wlth 10 ppme or less of terramycine Io sphae-
rica was able to grow within a range of 1600 ppme to 1800 ppm. T.
oremoris was the most resistant and grew in litmus mili with 2200
ppae or more of terramyclin sdded.

l. bulpericus and L. casel were inhibited with 10 ppme or less

of viocine Alcs viscosus, ie 8erogenes, L. ooli, L. acidophilus,

Ps. putrefaciens and 5. lactis were able Lo grow within a range of

20 ppne to 70 ppme while S, faecalls was able to grow within a range

of 400 ppme to 500 ppne BSe liguefuciens, Y. cremoris and I sphse-

rica were the most resistant and grew in litmus milk with 2200 ppm.

or more of vioein added.
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The high resistence of the yeasts to the various antibiotics
sugrested the use of antibiotics to inhibit the growth of bacteria
in yeast and mold counts., Several comparisons of yeast and mold
counts were made in which butter and cottage cheese were plated on
acidified potato dextross agar and on potato dextrose agar contein-
ing 50 ppm. and 100 ppme of aureomycine The resulte indicated that
the aureomycin sgar wes superior to the acidified agar for yeest
and mold counts becauss it gave higher counts, the colonies were
larger and there was no precipiteted milk solids in the plates
poured from cottage cheese. The concentrations of asursomyein needed
to effectively inhibit bacteria growth apparently did not inhibit
the growth of yeasts and molds, in fact, the growth of both yeasts
and molds eppeared to be more rapid and extensive on sureomyecin

agar than on the acidified sgear.
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