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Ths t:t"ee.tment of inf'ec:-tious mas ti tin wi:th an·tibiotics hi!ls caused 

trouble for the dairy iu{hrntry by the inhibition of starter cultures 

used in f'er1nented dairy products.. Prev-lous work has: showi1 that anti .. 

biotics.,. vrhen used ns a t r eatment for mas.ti tis., a.re bi van off in t he 

milk in. suff'iciel'1t quani tics to inhibi't i~ho grovith of' the lactic acid 

producers used in ·the pr-oduction of varicv.11:1 fermented dairy products. 

Vary little work has been done on the inhibitory action of antibiotios 

on other orr~anisms i m11orta.nt to the dairy industry~ inelucUng those 

generally oausiu.g dafec-1:;s. 

The work harei11 reported mi.s initiated to shovI the effect of 

various an.tibiotios on mieroorganisms commonly associa·bed wl th dairy 

pr::>duots, both t hose org:a:nisms that are c01"Ilmo1lljT used in f'erl1lonted 

tlairy products and those org;0:nis111s that tlre associated vd. th flavor 

def'e·ets . 
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Penicillin was one of the first antibiotic to come into use in 

the da1ry industry es s !i1.eans of MEilmting; wastitis. Bryan., ~ 2:!, 

(f.;,) fotn1d penicilli:c1 to be ru:1 effective treat111ent i'or ti.oute local and 

noute systemic mastitis caused by streptococci or stap,.11.ylocei. 'l'wo 

hundred thousand uni ts of penicillin given axtravenously and 100.000 

uai t:s :into t he involved quarter or quarters., repeated at 12- or 24 

int-.ervals, usually Tosul tod in prcnnpt clinica l it1pro·trwme:r.rt-;. To obtain 

baeteriological recovery,, t,.}]o infections rer:miuing were trea·ted dur ing 

·the chronic stage of ~ch0 disease . 

Soon other antibio·l:;ios ,,ere making t ho:tr eppeiH'Hne0. Br yim . ., ~ . .!!_ 

(5) roportad a. ·bougie oo:ntrdning tm.,ooo uni ts et~ah of penicillin and 

s'Grepto.myei n to be ml effective ia:-eatmm:i.t for nine ees:,is of acute 

coliform r:tn.stitis , one of' s'taph~rlocoeeio mf.!;sti tis ancl si.:it of' acute 

stropotoccie ma.stitis. 

Br yan ., !!; al (6) found whm1 15? cows., he:vi:a.g s t r eptot.ioccio masti tis., 

wore ·br eated by i nft1aing eiwh q_m1rt er with 150 mg . oi' '~rrothricin , . 

142 or 90 por eent lHJcame freo f1"om t he inf'eotion of the udder . Com­

parisons of the standard pls:be counts on milk pr oduced by 10 oows 

before treatment with those on the mil k produced after treatment 

.showed reductions in bacterial couuts vnryi.ng from 30 to 90 per cent. 

'fiTi th th<& treatmer.rl:; of mas ti ti$ tv-i th antibiotics, trouble soon 

appea1~ed for the indt1stry.. Jackson and Ih*y·an (11) reported that -



1th.en 25.,000 uni ta or mor/S of' pen1.e:Hlin of any metliofi'<tlon f'orr:1 were 

administered to cows in all stac;es of laotation, L1easurable milk levels 

of penioilli:n WOl"li,) oht.ain@d G.t the 24•hour sampling pe:riod in each 

onse a.'ld f'or long;ar periods with those trea·hed during the l,;d;ter ps~t 

of' the lactation. 

Br yan (3.) found thn.t of 27 srunples of' hel"d rr.i lk ooUeetad at ran­

dom at several niilk pltHl'i:is and checked for penic:UUn,. 26 had varyi ni 

l e'l1ols of pe:ni('}illin m1d. the ot:hor was su~peoted of l:rn.vi:ng penicillin 

present. '.f'his presents a p1·oblem to tho industry as penicillin is no'b 

destroyed by proper pasteurizstion. 

Hansen (10) .found penioilliu1, streptomycin, e.ureomycin, suH'a:nil::1·"1ido. 

and su f iau:.-erazine., whm1 used as n t--roatm10nt for ma,stith ., ar0 g:i.vo11 off 

i n ·tho milk in su.fi'iol.ent .amou:n-t:.s. to restrict growth of lao·tie $iOid 

produoers. In r'eoonstituted mlllr. penicillin and strept;,n:tcin are not 

destroyed by the process of condensing ~nd dryine , v,he:reas su l fani lamido., 

su lfnmerzaine and aureomycin are ehang:ed and th.ey appeared tc) have 

a stiln'-.llating effoct on soid productitni. 

tTilkowski and Krienke (21) found the,t a oorwentra'tion of r.n1e unit 

of pen:lolllin p,,r ml~ in re.w mixed milk hold v.t 10 degrees c. 

sig:ai:ficantly retardod microh:i.nl g,rovlth during a three day s'torag;e 

period.. CoUform orgs.nis1us thl$\t vr0r0 inooultitod in.to sterilized milk 

11ere not signif'it1antly inflt11,1m,eed by as much ns 10 uni ts of penieillin 

pe1• ml.. of' milk. The activity 0£' the penicillin vms roducad iia tho 

milk aftor o storage of 2 days at 10 degrees c. and t his was thought 

to he due to nponicillinase0 :prouuced by B. c~i v.r.1. th which the :rnilk 

was inocmlat0d. 
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Katznt3l$Oll and Hood ( 13) found th.at eompl ete inhibi t1on of fl.Cid 

production by six stnrter cul 'hur\'.9s v:us obt:ained wi-th o.s. units of 

penicillin per ml. of milk, strong i s1hi 'bi'c1on viri th Q.1 unit and mode­

:re,te td th 0 .05 units. Of' six antibfot::i.cs tested agains t star ter culture 

they found that penicillin was the tno t5t inhibitor;;, with si.1btilin. nex.t 

Qnd ehloromyceiii:o: ·wns the lea~rt poter.rt. Of <l.5 strains of lactic 

streptoococoi isola:ted from, stal'ted eul turea, all w-ore completely i n­

hibited 'in sterile s ki m milk by penicillin at a crmeentr atiou of 0.2 

to O .. 4 tH'.li t s per ml• 

Doan (8 ) reported very serious inhihitiou of.' starter a ctin·t".t 

is ce-1..rn®d by 0.1 unit of penicillin per ml. i n ml.11:. Partial arros.t 

or slov: acid d.e~li'eloprnent r esults f rom 0. ,05 unit per ml . of milk. Doan 

l'Qtmd that pasteurization h&s praet ic11lly :no eff'eot on any of the 

a:i:rl:;ibi:,tics s tudied• V:!hile au-tocl e:vint r educes potency to a. detect­

abl e degree .. 

I{ri.enke (15) :tound there was pr actically no f.l.ci.d pr-oduetion Qt 

the e nd 0£ 18 haurs when t he milk wns ·inoeule:t.ed with n cultur e and 

the milk contained 0.0005 mg. of iiuroomyein hydrochlori de pei· ml . of 

mil k ru1d the ''' drug co11taini-Uf/ roilk had been p.as'het\rized at 145 degrees 

F,. for 30 minutes. "Vfuen tho eonoentra.tio.n of €1.u:reomycin was reduced 

to 0.00005 mg. par ml. the acid production was nearly normal as oom­

par-ed t o the eont:rol., 

Calb:e':rt ( 7) report ed that the presence of &11tibioti.cs in milk 

will <muse a sudde11 d:rop i n the plErte counts 011 mil k or will en.use 

·au increase in :the time required for mllk ·l::o reduce in the me thylone 

blue test. 



Johns mi.d Kat.znelson (12) found that one part of penicillin in 

167 ,000,000 parts o:f' milk ma.y retard the dye reduction test on raw 

milk. 

Stolti and Hankinson { 19) found that when the standard plate 

count ~ .. us run on raw milk , penicillin iu ooncent:rations of 1.0~ O.l 

5 

&nd o •. 01 uui t pe1• ml . of milk was effecti'lra in eot:rtrollinr:: the bncterial 

population.. Streptomycin when added to the ra.,v milk in couoentratiorui 

of 5.0, 10. rutd O.l mg .• per ml .. showed an immediate lm'iering of the 

count that lasted 12 hours before an increase started. Penicillin 

in conoantrotions of 1..,0 ~.ud 0.1 mgs . was effective for a 24 h.0111 

period before an incrofls.e stnrted ru1d 18 hours was requi:rod to c;ain 

the com1.t of the co11t;rol .. 'l'yrot}u"ioin ., which is made up of gre.IT!icidi11 

and tyocidin,. at 'ooncouti .. ntio:ns of 5.o .. 1.0 nnd O.l iug was effective 

in lowering the lJacteria counts in raw milk. Aureomycin at levels 

of 0.5,,. 0.25 and O.l m,cg;m .. per ml. of r aw milk was effective in lowaring 

the eou11.ts £'or a period of 36 hours and hmd not gained the counts of 

the 0011.trols at the el'1d of' 48 hours . 

Drury (O) says that less antibiotics s hould be used for mastitis 

treatment. e.nd mOr$ sood sound .elsir y practices . Antibiotics ara only 

tools to he used when othc~r means fail . 

Merck ern.d Co ., (16} in. thoir broohu:i."e on penicillin show thet 

16 ppm .. of penicillin when added tn agar completely stopped s .. lactis . 

At .s ppm .. penicillin apparently had no effect on S., lactis. ,.i\.t a 

eo:ncentration of 500 ppm • ., E . ooli and A. ncrogenes grew viell., 

Shivel01• ~nd We:i.ser (18) found tho.t w'i tu dry streptomycin added 

to raw milk to g;ive a. oonoentration of 10 ppn .• there was no reduction 

of the bacterial popula.tion. Wh:on the milk containing; the 10 ppm. was 



add$d t:0 tbii) pastturiaed milk. Raw milk with penicillin added &ho:vred 

~ reduetion of bueteriel pQpulation. U·P to 48 hours. Vii th. 5 uni ts of 

penicillin added to raw- milk and the mil k then paste:ru:tzed and the 

1'arr et :al (20) have shown a11reomyein.., terratnyoin nnd chloromyeetin»' ....... ~ -

the n~turti.l mixed bact eri al flor.a of flash meats ~t t em~rat ure s b~-
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grovri;;h. .Am•eomyoin ea.used marked inhibition. of spoilage in 0 . 6 and 

2:.0 un:i:l;s ~ r g;rnm conoen·cration 't.vhen incorpor~ted in m:lr.icad £lash 

and W'4S equally eff'31:-bive when o.ppliad by irmnex-s ini~ steaks i n solutions 

containing; tha ard tbiotie i n 5 or 10 uni ts per rnl. concentrations. 

1110 antibiotics used iu t his work were obtained from various 

sources as follows : 

l. lwhromycin Hydrochloride 
Lederlo Lu"':lor.atories ))ivision 
:J:rev.r York City, H~ Y. 

2. Aureomycin B:ydr.ochloride 
!;ederle Labora torie s Di vis i on 
m.'lw York Ci ty~ N. Y. 

;s . JJaci traciu 
53 .2 U:ni"i;s Per mgm .. 
·wyeth Incorporated 
West Chester, Pa. 

4. Diben&ylethylenediamine t i!.'1erdcillin G 
1170 Uni t,s por mg. 
1Ptyeth Incorporated 
·u;est Chester., l?Et. 

5. l'otns t:i um l?enicilli11 G. 
1580 Units per mgm .. 
Wyeth Ineor;;:1or &it 0d 
West Chaster., Pa .. 

6. P:roeaine Penicillin G 
980 uni·ts per nic;m. 
\hJ~reth Inoorpo1·atod 
'f/eat Chosto1• ., Pa.. 

7. · l)thyd ro s tr eptomyo in 
tiyeth Incorporated 
West Chest er, }?a. 

e.. fJulfathiazole 
1.,oc!tl D1·ug S'tora 
St ill'Vs,fs.-ter.- Oldru:10:ina 



9 .. Tyrothriein 
S.. B. Pen ink and Compea:ty 
Mew York Ci ~;y_, H .. Y. 

l.O.. 1fugna:-11ycin 
995 Units per mg .. 
Chas Pf'ize:r and CoQ 
new York Ci t;y.. th Y.. 

11. Terrnmycin 
SlO Uni ts Pot< mi;. 
Chas Pfizer and Co. 
New York City , N .. Y. 

12., Viocin 
Chas Pfizer and co. 
Now Yor!l: Gi ty •. N. Y. 

this tlrm p1il" cent trbnclr solution the reqz.1lrad cou ce:nt r a tioll. could be 

made 'by dilut ing vtl th sterile distilled water. 

:is.. The Double Dilution ::Iethod. 

The doublo dilutiou method was used when rat l1er wi clo variation$ 

i n· concentrations of antibiot 1.cs ware desired , s 1.rnh. as i n pr e l h ,1i na:ry 

Enough of the antibiotic vms added t o a meiasur,ed 20 mL. port ion 

.of the medium t o produ ce t he mnximum c oncentration reqi.1ired . 'The 

contents of' the tube 1.wre m:lxod by ilwe.r ting; several times and 

a.bout oue•ho.lf of the mixti.u•e wa s addet'l to a. tube conta i ning 10 ml . 

of' the medi um. :1.he ec:mcen-cration i 11 the second 1.1.1be would be abou1.;. 

m1e-hsl£' cf t hat i n ·!;ho f i r .s t tube . '.lbis pr ocedur e was ropooted 

eentrations or 400, 200,, lOO and 00 ppn . 



Aerob6eter a<:n"lg;ei:ies, :;;scherichit, ooli. !.actohneillus aoido·,-,hiluss 
- _ _,..,,.. . .... .. . --- , .. ··-····· 

l'seudol!lonas mueid,,le11s:,. Pse:,do..,-:0:10.n putref~cieus,, '.1tr"ptvcH.;ocus: 
.......... _1* ,.. ... _ --~.-~_.._,._ _ _ .~ __ _,, -~---~--<·-- ·--~ --.-.=---

Torula eremm-is and 'forula .imhr.e.r!irm ... ---,··=-~.,._~__,-""_ 



the plate. l'he plates were incubated at room temperature (21 to 

28 degrees o.) or a.t 37 degrees c., depending on the test organ• 

isms, an.d noted for rate and extent of growth. 
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A. The !nhibi tor-y .ti.ctio:n of Antibitd;ios added to the PJedia. Bei'ore 

Sterili1ation on the Growth of' V'arious i:lieroorganisms. 

ll 

l. Growth of Organisms on agar Gonta:b1ing various oe>neantrations 

of antibio-tics .. 

lu th.a ~gar plate technique used in these trials the 

antibiotics were added to tha ,agar llntl thGl ni.--<ttiro then ster ... 

ilited. The double dilution method was employed to g;ivo con• 

oentrations of 100, 200, 400 an.d 1300 ppm. This \ffiS the 

,screening prouess and was us$d to tletermine rather v."ide level$ 

of antibiotic tolere:uoe by the organisms. 

The aext etep in the ecreaning process was to determine 

the range iu tolerance oi.' -the organisms faili.ng to g;rovt at a. 

ooneen'cratiou of 100 ppm.. Tis:l.nff the a~~ pla.to technique and 

the d.ouble dilu'tion method concentrations, of 12.5# 25. 50 and 

100 'Ppl.ll• were prepared. Xhe 100 ppm. w:as, duplicated from the 

last run to give w:i overlapping :negative result •. 

The fiutil stiip i:n. the process of screening the orgau,isms 

was to det&:rmint> ·l.olerances. for antibiotics of the organisms 

wh1oh ~aw iu oo:aoeu-tra·~iona oi' 800 ppm.. The agar plate method 

was ..,.gain used but it v1as found that about 1600 pp--.:12. was a.bout 

the maximmri oorlcetrt1"6 tions that could be obtained by ueing 

aqueous solutions. if i;;he organisms required more th.an 1600 

ppm. tG inhibH; growth~ then the antib:Lotio was oonsidored to 

be inefi'eoti ve aga.iru;t that organism. Enough aqueous solution 
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of the antibiotic w. s dd d to 10 ml . quantities of agar con­

tined in screw cap test tube to produce 1000, 1200. 1400 and 

1600 ppm. and the mixture then sterlized.. V hen the work wa 

first st rted it · s decided to u e the agar plate teohniqu 

s a screening m thod only. Litmu mil k ould be us d to give 

n rrower r anges of tolerances . 

Table I shows the ranges of concentration for th anti~ 

biotics required to inhibit the growth of the test organisms 

when the antibiotics were added to the agar before steriliz­

ation. 

1. Achromycin . 

A. erogenes , P .• fragi , T. cremoris nnd T. s phaerica 

were able to grow on gar with 1600 ppm. of achromycin 

add d. E. coli and Ps . putrefaciens were able to gr ow 

wi.th 400 ppm. but were not able to grow with 800 ppm. 

Ale . visoosus was ble to grow with 300 ppm. but was un­

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

grow with 200 ppm. but unable to grow with 400 ppm. L. 

aoidophilus ands. f'aec lis grew with 50 ppm. but were 

s topped with 100 ppm of achromyoin. L. casei# s. lique­

faciens nd s. lactis grew with 12. 5 ppm. but were topped 

with 25 ppm. L. bulgariou was negative with 12.5 ppm. 

of achromycin. 

2. Aur eomycin . 

the only two 

organism ble to grow on ag r with 1600 ppm. of aureomycin 

added. L. bulgaricus ~ sable to grow with 200 ppm. of 
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aureomyoin but as stopped with 400 ppm. Alo. visoosus., !!. 
aerog nes , E. coli and Ps . fragi were ble to ow with 100 

ppm. but s stopped with 200 ppm. L. casei gre with 50 ppm. 

but vrn.s stopped w1 th 100 ppm. L. oidophilus d P • mueidolens 

ere ble to grow with 25 ppm. but t1topped with 50 ppm. f_. 

P:!t~ facians, s. taec lis., S. liquefacien nd s. laotis were 

all stopped by 12. 6 ppt:1. o~ ureomyoin. 

3 . Dao tracin. 

Ps. fragi , Pe . muoidolens ., Ps . putrefaci :as, 'f. oremoris 

and T. sphaeirca wer e able to grow on agar with 1600 ppm. of 

baeitraoin added. lo. visco u, E. coli d L. oasei r 

er abl e to 5row with 400 ppm. but re stopped by 800 ppm. 

A. aerogenes ands . l iquefaoiens grew with 100 ppm. but were 

ston d by 200 ppm. L. cidophilu , s . faec lis and S. laoti 

ere able to ow with 12. 5 ppm. but ere stopped by 25 ppm. 

L. bulgaricus s negntive with 12. 5 ppm. of b oit aoin. 

4. Di Penicillin G 

Ps . fragi , Ps . oidolens, T. or mori s and T. sphaerioa 

ere able to gr on agar with a concentr tion of 1600 ppm. 

add d. A. aero gene as able to grow with 400 pp:n . but s 

topped by a concentration of 800 ppm. E. coli grow with 100 

ppm. rut was stopped by 200 ppm. Alo . viscosus and • putra-

faci ns grew with 50 ppm. but were stopped by 100 ppm. !:!!_ 

acidophilus , L. bu arieus , s. faecalis, s. l iq efaciens and 

s . l a.ctis grew with 12. 5 ppn. but were stopped by. 25 ppm. l!..:_ 

casei s stopped by 12. 5 ppm. concentration of di penicillin G. 



Alo. TilC04U8 

A. aerogenes 

E. ooli 

L. acidophilus 

L. bulgaricue 

L. oasei 

Pa. f'ragi 

Ps. muc1dolena 

Pa. p.itr•faoiena 

s. raecalis 

s. liqueteoiena 

s. lactis 

T. oremoria 

r. aphaerica 

TA..1LE I • 'lHE GROWTH OF MICROORGANISMS ON AG.AR CONTAINING VARIOUS AJroUNTS OF ANTIBIOTICS 
(Antibiotics added before sterilisation) 

Aohromyoin Aureomycin Baeitr.aoin Di Potaesium .Procain Sultath-

X 

300 

1600 

400 

50 

• 
12.5 

1600 

200 

400 

~o 
12.5 

12.s 

1600 

1600 

:Penicillin 
G. 

- X ... lt .. g -
ppm. of antibiotics ad 

400 ~oo 200 400 800 50 100 

•• 00 200 100 200 400 800 

800 00 200 400 800 100 i?OO 

100 , 5 50 12.5 25 12.s ~6 

12.s : ~00 400 • 12.,5 12.6 ~6 

26 p0 100 400 800 • l2.5 

** < 00 200 1600 •• 1600 ~· 
400 : 5 50 1600 •• 1600 "'* 
800 t 12.5 1600 •• 50 .. oo 

lOc • 1a.s l.2.5 25 12.s ~5 

25 • 12.& 100 200 12.s ~5 

25 : 12.5 12.5 125 12.5 ~5 

•• 600 •• 1600 •• 1600 Ii<• 

•• 1600 •• 1600 *"' 1600 !fJ* 

x equals growth 
• •quals no growth 
• no groW'th on &.~ar oontaininr, 12,5 ppm. 
•• grew on t1gar oontaining 1600 ppm. 

Penioillin Penicillin iaaole 
G. G. 

X .... lt ... X -
kied to the ag1 r -~ 

100 200 50 100 12.5 26 

200 400 400 800 aoo 0001 

150 100 200 400 1600 F:fl 

.. 12.6 • 12.5 800 ,..000 

Ill< 12.6 • 12.5 800 000 

.. 12.5 12,5 25 800 00() 

BOO 1000 1600 •• 1600 •• 
:1600 •• 1600 *"' 400 ~00 

~00 200 100 200 400 100 

ao 100 50 lOO 1600 '* 
i. 12.s • 12.5 1600 •• 
i. 12.5 • 12.5 12.5 as 
11.600 •• 1600 •• 1600 ,. 
l600 .... 1600 •• 1600 . ... 

Strepto,ny ... Tryothri-
cin oin 

X ... :x • 

l2.5 as 1600 .... 
as so 1600 . ... 

as so 1600 •• 
25 pO 100 200 

12.5 ~6 12.5 25 

25 pO 100 200 

100 ~00 1600 ** 
50 lOO 1600 ** 
25 ~o 1600 •• 
50 LOO 100 200 

400 ~00 100 200 

• 2 •. s 50 100 

1600 "'* 1600 •• ; 
leOO ""' 1600 ** 
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s. Pota sium Peni cillin G. 

Fs . mucidolens, T. ore oris and f. sphaeric ere 

bla t grow on gar with 1600 p • or potassium penicillin 

added. Ps . frag! s la to o with 800 ppm. but 

stopped by 1000 ppm. vi able to grow with 

200 p • but was stopped by 4:00 ppm. Ale,. 'rlsoosu , d 

Ps . putref eiens re ble to gro with 100 ppm but ere 

stoppod by 200 ppm. ooncentr tion. E .. coli and s . faec lis 

could grov, with 50 ppm. but were stopped by ooncentr tion 

of' 100 ppm. L. aoidophilus, L. bulgaricu , L. o sei" ~ 

liquefaoiens ands . laoti ere all stopped by 12 . 5 con­

oentration. 

6. Prooain Penicillin G. 

Ps .. fragi ~ Ps .. moidolen , T. cremoris and T. ----
rica 1ere ble to grow on ag r with 1600 ppm. of procain 

penicillin added. A. aerogene s ble to grow vd th 400 

ppm. but was Gtopped by 800 ppm. & ., coli grew with 200 

ppm.. but s stopped by 400 ppm. 

able to gro'l! wi t.11 100 ppm. but s topped by concent• 

ration of 200 ppi.1 . Ale . visco sable 

to gro with 50 ppn. but were stopped with 100 kipm• L. 

o soi could ow with 12 . 5 ppm. but 'II'. s stopped by a con­

centr tion of 25 pp:n. L. acidophilu ,. L. bul garicus., ~ 

llquofaoien d s . laotis re stopped by cone ntrat ion 

of 12. 5 ppm. 

1 . Sulfa tb.iazo le. 

E. coli ., P • fregi ,, s . f ,aeoali ,, _s_._l_iq_u ___ _ 

T. cremoris nd T. phaerica re le to gr on gr 
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with 1600 sulfathiazole added . A. aerogenes, L. aoidophilus, 

L. bulgaricus and L. oasei ere growing with a concentr tion 

of 800 pp . but were stopped with 1000 ppm. Ps . muoidolens 

and Ps . putrefaoiens re able to grow with 400 ppm. but 

were stopp d by 800 ppm. Alo . viscosus ands . laotis were 

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

8. Streptomycin. 

T. cremoris and T. sph erica re the only two org n• 

isms e.ble to grow on a g r rl. th 1600 ppm. of streptomycin 

add d . S. l iquefaoiens was able to grow with 400 ppm. but 

was stopped by 800 ppm. Ps . fragi grew with 50 ppm but 

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

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

with 50 ppm. Al o. viscosus and L. bulgar ious grew with 

12.5 ppm. but not with 25 ppm. S. lactis was topped by 

12. 5 concentration. 

9 . Tyrothricin. 

Alo. vis co u , A. aerogenes , • coli , Fs . fragi, Ps. 

mucidolens, Ps . putrefaciens . T. oremori and r. sphaerica 

w re able to grow on gar with 1600 ppm. of tyrothricin 

added. L. acidophi l us, L. easei . s. faecalis ands. lique• 

faoiens were able to gr ow 1,vi th 100 ppm. but not with 200 

ppm. s. l aotis was able to grow with 50 ppm. but not with 

100 ppm. L. bulgaricus w s the least resist nt growing 

with 12. 5 ppm. but not with 25 ppm. It should be noted . 

especi lly the results in the Table for y concentration 

of tyrothricin above 100 ppm., may be inaccurate as it 
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was ob erved that tyrothrioin had a rather low solubility 

in water and probably the coneentrations obtained ware no 

greater than 200 ppm. 

The results show th t ure myoin , streptomycin 1 and 

the penicillins , in the order named, ha.d the ea.test in­

hibitory effect gainst the test org isms . Tyr thricin 

and sulfathiazole were the least effective. The yeasts 

were the most resistant organisms followed by the coliform 

group nd Ale . viscosus. The results shown here prob­

ablo partly inaccurate as later work sho d that some of 

the antibiotics are at least r t l y d stroyed by the 

sterilization exposures used . No att mpt was made to 

determine the amount of destruction by the sterili zing 

process . 

2 . 'l'he Growth of Organisms in Litmus ·1k Containing Various Con­

e ntrations o-f .Antibiotics . 

'i"he or k with litmus milk was an ttempt to bring the 

tolerances of the test organism toy,--ard the antibiotics to 

narrower concentrations . 

A 2 per ceut solut i n, in sterile water, of each anti­

biot ic vras used . Tb.e antibiotic was prepared f re h for each 

trial. Litmus milk was dispensed into te t tubes in 10 ml . 

quanities using a bur ette ith capacity of 50 ml . The con­

centrationu of antibiotics were dded with a 1 ml . pipette 

graduated in tenths . The amounts of antibiotic used for each 

organism were det r mined from the results of the screening 

test with the agar plate technique . Four concentrations of 
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each antibiotic were used for each test organism. The tubes 

of li tmus milk with the ant~biotics added were plugged with 

cotton and sterilized in the nutoclave at 15 pounds pressure 

for 15 minutes . One control for each organism was prepared in 

a. liko manner with the exception no antibiotic was added to 

that tube . The f rosh oultures of the test or ganisms were di­

l uted 1 to 100 in s~erile water and one drop of the dilution 

s dded to each tubo of the four concentrations of anti­

biotics and one drop to the control . Tho ~~bes were incub ted 

at room temperature (21 to 28 degrees c.) or at 57 degr ees c.> 

d pending on the test organism, and noted for ate and extent 

of grovrth. The tubes were observed for several days if the 

growth was very slow or negative . 

Table II sh the range of concentration for the anti-

biotics required ,o inhi1Ji t the growth of the test organism 

when the antibiotics were ~dded to the litmus milk before 

st erilization. 

l . chromyoin. 

T. c remoris and T. sphaeric were able to grow in litmus 

milk with 1600 ppm. of chr omycin added . A. aerogenes was 

able to gro,v with 1800 ppm. but not with 2000 ppm. Ps . frngi 

was able to grow with 1000 ppm. but not with 1200 ppm. E. 

coli was able to grow with 400 PFC'- • but not with 800 ppn. 

Alo . viscosus and Ps . mucidolens were able to grow i th 300 

ppm. but not with 400 pp~. Ps . putrefaciens was able to 

grow with 250 ppm. but not .vi th 300 ppm. L. aoidophilus and 

s . faao lis were able to grow with 75 ppm. but not i th 100 



Teat oreanlsme 

.Alo. Tiscosus 

A. aerogenea 

s. ooli 

L. aoidophilua 

L. bulgtlrioua 

L. e.ate1 

Ps. tragi 

Pa, muoidolens 

Pa. putretaoiena 

L. taeoalis 

s. liquetaoiene 

s. laotia 

T. oremorie 

111 ephaedoa 

TABLE II • ffllS GROW'fli OF MICROORGANISMS IN LITMUS tJILK CONTAINING VARIOUS AMOUNT OI•' ilTIBIOUCS 
(.Antibiotica added before aterilisation) -

Aohromyoin Aureomyoin Bcoitracin Di Potassium 
Pencillin l?eni o1111n 

o. G. 

X .. X - X ... X - X -
ppm. of an ~ibiotios addoi to tho 11 tmu~ 

500 400 65 15 300 400 25 50 50 75 

1600 2000 100 200 100 200 coo 700 200 260 

,oo 800 100 800 800 1000 100 200 50 16 

75 100 so 100 25 60 6 lO 6 8 

10 15 100 200 5 10 1,50 l a 4 

20 2.5 60 100 aoo 1000 l 2 l a 

1000 1200 lOO 125 1600 •* 1600 *"' · 900 1000 

300 400 50 100 1600 •• 1600 .., .. 1600 •• 
250 400 10 20 1600 •• 60 100 '15 100 

75 100 GO 100 10 15 15 20 60 15 

20 25 4 10 15- 100 15 20 10 15 

10 16 . 25 2 10 15 10 15 l 2 

1600 •• 1600 •• 1600 ** 1600 ** 1600 ** 
1600 I O I 1600 I 11:f!t I 1600 J •• J 1600 I U J 1600 • *• 

• no growth in litmus milk containing .as ppm. 
** grew in li tmua milk oontaining 1600 ppm. 
x equ.ala growth 
- oqQals ao growth 

IProce.in 
Penicillin 

G. 

X ... 
milk 

25 50 

500 1000 

JOO 400 

s 12 

.,5 l 

20 125 

1200 1400 

1600 *"' -
60 100 

50 'lo 

10 15 

* . 26 

1600 ** 
1600 '** 

Sultathia~ 
zole 

% -
ao 
1100 

•• 
1000 

1000 

1000 

•• 
800 

800 

soo 

•• 
12 

•• 
1600 .•• 

fstr 

X 

I 

I 
l 
f • 

! 
I 
I 

I 
t 

.e p17!>my ... 
ein 

.. 

)20 
50 

100 

20 

25 

26 

$00 

100 

50 

100 

200 

2 

0 I ·I<• 

I 

l®O '*• 

Tryothri• 
oin 

X .. 

1600 I* *' 

1600 I•* 

1600 ** 
100 200 

8 12 

100 200 

1600 , .. 
lGOO , .. 
1600 •• 
100 125 

50 75 

25 r° 1600 ** 
1600 '*"' 

i--
tO 
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ppm . L . cas· i and s. liquefaciens were able to grow with 

20 ppm . but not with 25 ppm. L. bt.ilgs.ricus and s . lactis 

woro able to grow with 10 ppm . but not with 15 ppm. 

2 • .Aureomycin . 

T. cremoris nd T. s phaerie were abl e to grow i n 

milk with 1600 ppm . of aureomycin added . A. ------- -
E. coli and L. bulga icus were a b l e to ow with 100 ppm. 

but were not able to gr w it 200 ppm . Ps . fragi W'S.S 

ab le ·co t;row i th 100 ppm . but was not ab l e t gr O\' with 

125 ppm . Ale . vi scosus was abla t o grow with 65 ppm . but 

was not able to gr ow with 75 ppm . L. aoidophi l us, L. 

c sei , Pa . oidol ens ads . faecalis were abl e to grow 

with 50 ppm. but not with 100 ppm. Ps . putrefacions was 

ab le to gr ow with 10 ppm . but not with 20 ppm . s. liq.ue­

s a t l e to grow rl t h 4 ppm . but not with 10 ppm . 

s . l actis was able to ;_;r ow with . 25 ppm. but not with a 

ppm. 

3. Baci t r ncin. 

Ps . f r a i , Ps . !llUCidolens , Ps . putrefaoiens • .!!. 

cra:nori s d T. sph orioe. were ble to gr ow i n milk with 

1600 ppn . of bacitracin added . E. coli and L. casei. re 

abl e to gr ow with 800 ppr:i . but were not able to ~row with 

1 $000 "pm. Ale . visoos s w s able to grow with 300 ppm. 

but not ·Ii th 400 ppm . A. a.er genes was able to grow l th 

100 ppm. but not with 200 pp~. s . l iquefaciens w s ab l e 

to gr ow with 75 ppm. but not with 100 ppr.1 . L. acidophilu s 

we s able to grow th 25 pp • but not •rl th 50 ppm . !!_ 



l ctis nd s. f ecalis were able to grow with 10 ppm. but 

not w· th 15 ppm. a' le to grow ,rl th 5 

pm. but not with 10 ppm. 

4 . Di Penicillin G. 

~~~-P~1-·, Ps . mi~oidolens , T. era oris and T. sphae-

r ' ca r e bla to ow in milk wl th 1 600 ppm. of di 

penicil in G ded . A. aerogenes was ebl e to gr ow vnth 

600 , pm . b t no with 7 0 pp!:1 . E. coli w s ble to 6Tow 

,. '-h 00pp . butnotwith200pp. Ps . -------- ms 

ab 9 to grow ?ri h 50 p • but n t with 1 n ppm. Ale . 

viscos .. s blo to gro n h 25 pp. but not with 50 

ppn . s. fae cal i s and S. liquafs ciens wer e bl o to gr ow 

ri th 15 ppm. but not with 20 ppm. S. l nctis wes abl e t o 

gr ow with 10 ppm. b t not with 15 ppm . L. cidophi l us 

w-&s b e to gr ow nth 5 ppm . b t not it 10 ppm . L. 

ens i s ble to r r o "With 1 pp;n . but not with 2 ppm. 

L. bulga i cus as abl to gr ow with . 5 ppm . but not with 

1 ppm. 

5. Pot ssium Penici llin G. 

Ps . muci do ens , T. cr e.or i s and T. sph erica were 

bl to o in mi l k with 1600 pp:n . of potassium peni -

ci l l in . d d . Ps. f r agi s bl to Er o ith 900 ppm. 

b t not wi th 1000 p m. A. was b e t ._, ow 

with 200 pm. but not with 250 ppm . Ps . putr ofaciens 

was abl e to gr ow with 75 ppm . but not rl. t h 100 ppm. Ale. 

vi , E ooli and s . f aecnl is ~or e abl e to grow with 

50 ppm . t not with 75 pp~. s. l iquefaciens was nbl e 

2.1 
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to grow with 10 ppm. but not with 15 ppm. L . oidophilus 

ms ble to grow· th 6 ppm. but not with 8 ppm. !!.:_ 

bulgaricu s ble to grow with 2 ppn. but not with 4 

ppm. L. casei and S. lactis wore able to gro with l ppm. 

but not with 2 ppm .• 

6. Proc in Penicillin G. 

Ps . mucidolens, T. oremoris nd T. _ __..__ __ _ 
able to grow in milk i th 1600 ppn. of proo in penic i llin 

added . Ps . f'ragi was able to gr with 1200 ppm. but not 

with 1400 ppm. A. aerogenes was able to gro rr with 500 ppm. 

but not with 1000 ppm. &. coli was ble to grow w1 th 300 

ppm .. but not with 400 ppm. Ps . eitrefa.cien wa able to 

grow with 50 ppm. but not with 100 ppm. s . faecalia wa 

able to grow with 50 ppm. but not with 75 ppm. !!.!• 
visoosus s able to grow with 25 ppm. but not with 50 

ppm.. L. oase1 was ble to grow with 20 ppm. but not with 

25 ppm. s. liquefaoiens was abl to gr ow with 10 ppm. 

but not with 15 ppm. L. acidophilus was ble to ~row with 

8 ppm . but not wi. th 12 ppm. , L. bulgaricus was able to ow 

with . 5 ppm. but not with l ppm. s. laetis was negativ 

with . 25 ppm. 

7. Sulf thiazole . 

E. 0011 , Ps. f'ragi, s. liqu faoiens 1 T. cremori end 

T. s phaer ic re ble to grow in milk with 1600 ppm. or 

sulfathiazole dded . A. aerogene s sable to ow with 

1000 ppm. but not with 1100 ppm . L. acidophilus, !!!. 

bulgaricue nd L. oasei rere able to grow with 900 p • 
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but not with 1 .,000 ppm. Ps . rnucidolen • Ps . putref oiens 

ands. f ec lis were bl t~ ~row with 400 PJr.!• but not with 

300 ppm. Ale. visoosus s ble to gr ow ith 15 ppm. but 

ot with 20 pp:n. S. l a tis was ablo to grow with 8 ppm. 

but not with 12 ppm. 

Streptoi:.yoin .. 

with 1600 ppm. of s trepto~ycin added . Ps . frugi was able 

to 6row with 400 p~~ . but not ith 600 prxa . s. liquefaoiens 

was a.bla to gro with 100 pp:;n .. but not with 200 pp.. . K!• 

ucidolens wa able to grow ,rl. th 75 ppm. 1Jut not with 100 

pp . A. aoro§enes and Ps . putrofaciens were able to gr f 

with 25 ppm. but not with 50 ppm e L. bulgar icus and ~ · 

easel ere ble to gro th 20 ppm. but not with 25 ppm. 

Alo . vi cosus and L. oidophilu~ wera able to grow with 10 

ppre .. but not with 20 P!)'i. . S . lnetis was ble to brow with 

l ppm. but not ti. th 2 ppm. 

9 . '.i:yrothricin . 

Ale. viscosus, A. a.erogenes, E. coli, Pa. 1.'ra.gi, !:!.• 

mucidolens , s . Eutrefaciens i '.r . craii oriis and T. sph erica 

,ere ble to ·ro in milk ·t.~ 1600 ppm . of tyrothricin added. 

L . ens i :md L , acidophilus were able to grow with 100 pp::n. 

but not ith 200 PJ?-ll• J . rs calia waa abl to grow with 

100 pprr, . but not with 125 pp" . !:=.._!iquefa.oiens sable 

to grow with 50 ppn. but not with 75 ppm. s . l actis as 

able to Z:raw with 25 ppm. but not with 50 ppm. L. bul-

gari"'-us as able to ,:.;ro with i3 ppm. but not ,ri. th 12 ppm. 
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It should be notod , ospocinlly the results ia the T ble for 

any concentration of tyrothr·ci bove 100 ppm., may be 

inaccurate as it was observed that tyrothricin had a rat­

her low eolubili ty in ws.ter and probably the co?loentretio s 

obtai,1ed were no greater than 200 pp . • 

The r sults show that streptomycin, oureomyoin snd 

tho penicillins , in the ord r named . had the gr eatest in­

hibitory ef~ect 6ainst ~he test organisms. ryrothricin 

and sulfathiazole were the lenst effective . 1'he two yeasts 

were the most ro istant ori;anisms followed by the coliform 

group, the Pseudo onas cro.Ap and Ale .. viscosus. s . l ctis 

wti the least resistant of the organism tested . lhe re­

sults hown hoe are prob~,ly partly in ocurato es later 

1ork sho $d that some of the antibiotics are t lea t partly 

destroyed by the ter · uzati::>n expos;.ire • 

In another phase of the work on antioiotics * samples 

of raw milk i'rnn the dairy f-ierd and of' pasteurized milk 

f r om the oairy plant at Oklahoma Aericulture and Mechanical 

College , were plated on tryptone glucose agar containing 

concentrations of 50, 100, 200 and 400 ppm . of nureo,yoin. 

Several tri" ls •.,ere run in which the eo•1centr tions of 

aur o ycin re dded to the agar before terilizati •1 a.t 

15 pounds pr essur e for 20 minutes and several nore in 

which the conoentrations of aureomycin wore ndded to st er­

ilized ag,ar after ooling t 49 degreos c. A control was 

used which h d no aureomycin added . 

The results show th t the plates co tainin6 the 

aureomycin added bef~re sterilization had several bacterial 



colonies per plate, even on the plates containing 400 pp~. 

of aureomycin. Howeve , when the aureomycin was added to 

the agar after sterilization, no growth occurred on the 

plates , even with only 50 ppn . of aureomycin added , except 

for tlil occasional yeast colony. These results indicate 

there was apparently considerable destruction of the 

aureomycin by the sterilization exposures of 15 pounds 

pressure for 20 minutes . 

B. lhe Inhibitor y Action of Antibiotics Added to Medie after Sterili ­

zation on the Growth of Various · ·croorganisma . 

l . Growth of Organisms on gar containing various concentrations 

of antibiotics added after sterilization. 

The results of the preceding work st1ggest that a.utool ving 

antibiotics in agar r litmus milk r educed 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

bio~ics were added to the edia after sterilization. 

In the agar plato technique used in t hese trials solutions 

of the antibiotics in sterile water were added to the agar 

after sterili~ati n and cooling to abnut 49 de&rees c. Con­

centrations of 50, 100, 200 and 400 ppm . of the antibiotics 

were added with pipettes to them asured 10 ml . quanities of 

the sterile a ar contained in scre.v capped test tubes . This 

w the screenin0 process and was used to dete mine rather 

wide levels of antibiotic tolerances by the organis s . 

Tho naxt step in the screening process was to determine 

the r ange of tolerance of the organisrls failing t grow at e. 

25 
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concentration of 50 ppm. using concentrations of 5 , 10 , 20 and 

40 ppm. of the various antibiotics . 

The naxt s tep in the soreoning process was to determine 

the range of tolerance of the organisms filing to gr at a 

concentration of 5 ppm. u ing concentrations of l , 2, 3 and 6 

ppm . of the various antibiotics . 

The fir,al step in the proces of screening the org nism 

was to determine tolerances for ntibiotica of the organisms 

which grevr in ooncentrntions of 400 ppm . Enough queous sol­

ution of the antibiotics were added to 10 ml. quantities of 

sterile agar tog ve concentration of 400, 600 , 800 and 1,000 

ppm. 

Tabl e III shows the concentrations of the antibiotics 

required to inhibit t he growth of t he test organigms then the 

antibiotics wer e dd d to agar fter s ter i l i zation end cooling 

to about 49 degrees C. 

1. Au r eomycin. 

T. cremor i s and T. sphaeric were the onl y two organ­

isms nbl e to grow on agar with 1. 000 ppm. of aureomycin 

added. ll. . aarogenes. was the next re i stant , growing with 

a conca~tr tion of~ ppm. but not with 5 ppm. B. coli 

and L . bul g ricus rer e able to grow with 1 ppm. but were 

not abl e to O OtV with 2 pm. Ale . vi cosus, L. acidophilus, 

L . co.sei , Ps . fr gi , Ps . mucidol ens, Ps . p.itrefaciens , ~ 

faooo.lis, s. liquefaoiens and s • . laotis were negative with 

1 ppm. of e.ureo ycin . 
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2 . Baci t r acin . 

i . aeroGanes, E. co i , Ps . fragi , P~ . muc ~dolens" .!· 

cremoris ond T. ophoor l ca were able to row n agar with 

1 , 000 ppm of bacitraein added . Ps . putrefacien was able 

to grow~ th 200 pp~. but not with 400 ppm. Ale . vi cosus 

wa.s ab l e to crow with 50 Pl?lll • bu t not with 100 ppm.. s. 

liquefaciens wn abl to Gr mv w:i. th 5 ppm. but not with 10 

ppm. L. casei wns able to gr w with 3 ppm. but not with 

5 pp."'G . L .• acidophilus , L . bulgar icu 

lnctis rrers ne6ative with 1 ppm •. ooncentr tion of be.cit­

racin. 

3 . Dipenicillin G. 

Ps . frag· ,, Po . mucidol ens and T. sphaerica were able 

to row on agar with 1 , 000 pfm. of rli penicillin added . 

The other yeast , T. cremor is . snd A. serogenes ,, were able 

to grow th 100 ppm . but not with 200 ppm . E. coli was 

al1l e to i;r o; ri t h 50 ppm. but not with 100 ppm. Ps . 

putrefacion s was able to grow with 10 pµn . but not with 20 

ppm. Al e . viscosus 1J s able to grow with 5 ppm. but not 

with 5 ppn. • faocalis ends. l iquefaciens are able to 

gr ow with 1 ppm. bu-I:. not trl. th 2 ppm. L. cidophi lus, L. 

bulgaricus = L . ca.s .i and s. lactis were all negative with 

1 pp • concentr ation 0 .1. dipenicillin G. 

4 . Potass ium Penicillin G. 

Ps. mu cidolens , T. oremor is and T. phaer~ were 

abl e to i:;rovr on a.;ar with 1,,000 pp • of pot ssium penicillin 

added .. Ps . f ragi was able t o gr 01r nth 100 ppm . but not 



with 200 ppm. A. aerogenes was able to grow ith 50 ppm9 

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

ppm .. but not with 40 ppi.n. Ps . putrefa.ciens was able to 

grow ~ith 5 ppm. but not with 10 ppm. Ale.viscous wns 
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able to row with 2 ppm. bu not with 3 ppm. s. liquef ciens 

was ab le to grow with l ppn.. but not with 2 ppm. L. 

aoidophilus: L. bulgaricus, L. casei_ s. faecalis ands . 

l actis W$re ll negative with 1 ppm. concentration of 

pota sium penioi lin G. 

5. Prooain Penicillin G. 

Ps . muoidolans , i . cremoris and T. sphaerica ware able 

to grow on abar with 1000 p~ . of procain penioillin added. 

A. aeroe;enes and P • fragi ere bla to ~.ow with 200 ppm . 

but not with 400 ppm. E. coli and Ps .. putrefa.cions wsre 

able to grow with 20 ppm. but not with 4.0 pp:n. Alo . vis­

oosus was able to grow i th 2 pp • b'..:it not .nth 3 ppm. s. 

llquefacien as able to ro with l ppm. but not with 2 

ppm . L. acid philus . L . tulga.ricus , L . ca.soi, s. faece.lis 

ands . la tis were all nagetive at l ppm. concentration 

of ~roo~i penicillin . 

6. Sulfa hiazole. 

E. coli# T. ere eris lil.lld T. sphaerica wore eble to 

grow on agtu· with 1000 ppm of sulfathi zole added . A. 

erogenes ms able to grow with 800 ppm. but not with 

1.000 ppm . Ps . putrui'aciens and s. liquefaciens were able 

to gro ·with 600 ppm. but not with 800 ppm. Ps . fra ~i , Ps. 

mucidolans and s. raeottlis rere able to ·row with 200 



ppme but not with tOO pp~. s. lactis was able to grow 

with lCO ppm. but not w:th 200 ppm. L. casei r.ns able to 

grow· with 20 ppm. b;.it not with 40 ppm. L. acidophiltls 

was abl to grow th 3 ppm. but not with 5 ppm. Ale. 

viscosus and L. bul8~rious were able to grow with 1 ppm. 

but not with 2 ppm. 

7. Str ptomycin. 
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T. cromoris anu ·r. sphaerica ware able to grow on 

agar with l , 000 p of streptomycin added . Ps . fraGi , ~ 

mucidolens and s. liquefaciens re able to grow with 20 

ppm. but not with 40 ppm. Ps . putrefaciens and S. faecn11 

were able to grow vd.-th 3 ppm. but not with 5 ppm. Ale .. 

viscosus , E. coli e.nd A. aerogones were able to grow with 

1 pp:n. but no'.; w·th 2 ppn. L. aoldophilus , L. bulgaricu , 

L. o sei an1 s. 1 ctis were all neg&t:ve with 1 ppm. 

couce:utration of streptomycin. 

8. 1;yl"othricin. 

A. aero enes , E. coli, Ps . fragi, Ps . mucidolens, Ps. 

putrefe.ciens I T. cremoris and T. sph erica were able to 

gro • on a{;;s.r with 1 , 000 ppm .. of tyrothricin added. Ale. 

viscos ·s s eblo to grow Yi •-h 200 ppm. but not with 400 

pp.. s. fe.ec ,li ~ s. liquefaciens and S . la.otis were able 

to grovr with 3 vpm. but not with 5 ppm. L. aoidophilu , 

L. bul8 ricus and L. c sei were negative with 1 ppm. 

conee trRti n of tyrothrioin. 
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TABLE III • THl';,; OROW't't.i OF i.1ICROO!H.1AMISM$ Otl AGAR coi:r.mn;a 'l:Ji lOUS AMOUWrs OF AN I 7lHJ'rlCS 
{At1tih1;'.)tic.s added to the tJ;g ,a:r d 't,e,r o t erilize.tiou) 
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9. ·~ ~oin .. 

A.. non. B. 0.01· • Pa. muoid~lens 

11:l.re abl to grow on ar; r ith 1.000 ppm. of tnain :myoin added o 

One of the ye st , , grew ith BOO p~~. but not ------
i th 1000 ppm. Ps . fr ., l sable to gro · th 100 pp-.n. 

but not with 200 ppti. Ps . putref'ncicna ends. liS':!efaciens 

were able to row wi. th 5 ppm. but not with l O pp ·• /.l <h 

vlsoosus e abl0 to grow ~th 1 Pp?ll• but not 1th 2 PP'~• 

!!..!_a.cidophllus., L. bul n icus, L. easel, s. faecal.ls and 

S. lact.is wre noga '..ive ·:11th l i'Pm• concentration of 

r~agnumyciu . 

10.. 'l' rra:::iycin. 

-r. ore:uoris o.nd T. sph erica v.rere able to t:;row on ai;ar 

1 ·th 1,000 pp.:.. of te~r ycin added. A. roe6aas nd • 

coli bl to grow • th 5 ppm. but not with 10 ppm. L. 

bul6nrlou nd .-s ,. s were nble to gro 

~ th S pp • but not ri th 5 pp.:::i. s . putre~-aciens s nble to 

r;ro , ith 2 p .• but . ot ii.th 3 ppr-. c. faecsl s n:nd 5 ... 

ns .ore olc to .row it! 1 ppr., . out ~ot • ·th 2 -------
ppr;, . ilc. visco .JS • L. e.c~rloo:~ilus , L. ons,.,i a.u;; s . 

tive ith 1 ppn co.con~rutiou of terramyoln . 

11. 'iocin. 

T. ore orls ..-.·~re •ible to E.>ro on a"'ar ------
,ith 1 , 000 p ~ .• of vioo:.u d<!ed. Ps . muoidolons and s. 

liquerncl0ns et' l\ble to Lr~ ·ith 400 p"-. but ot with 

600 ppr.... "'• faooell wa.,. able to cro« ith 100 pp~. but 

not ith 200 p ,. •• rs . tre.~i wa ble to crow wi. th 50 ppm. 

but not with 100 pp:n. Ale. -.riscosus~ and Ps. 
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putrefaoions to grow with 20 ppm. but not with 40 ppm. E. 

coli and L. acidophilus wore able to grow with 10 ppm. but 

not with 20 ppm. L .. bulgnrious ., L. casei and s . lactis 

were able to grow with 5 ppm , but not with 10 ppm. 

The r esults shmv that aureomycin., terramycin ., strept­

omycin, viooin ., magnamycin and the penicillins, in the 

order named , had the greatest inhibitory effect against 

the test organisms. fyr.:>thricin, b citre.cln and sulfath­

i azole were the least effective. he yeasts were th most 

resistant organisms followed byte coliform group. the 

pseudomonas croup and 1,lc . viscosus . Di penicillin and 

magnamycin were the only antibiotics showing any inhibitor y 

effect toward the yea:;ts. T. cremoris as tonped by 200 

p • of dipenicillin and 1000 ppr.t . of magna ycin. s .. 

le.ctis was the leost resistant growi:1g with 100 ppm . of 

sulfathiezole~ 3 ppm. of tyrothricin and 5 ppm. of v i ocin 

but was negative with l ppm. concentration of all of the 

other antibiotics . The Lactobacillus roup was next in 

susceptabillty followed by the Streptococcus group. 



2. The Growth of Organisms in Litmus ~ilk containing various 

concentrations of antibiJtics added after terilization. 

In th litmus milk method used in those trials solutions 

of antibiotics in sterile water ware added to sterile litmus 

milk. lhe amounts of antibiotic used fore ct orgsnism were 

determined f rom the results of the screening test ,vith the 

agar pl ate technique . Four ooncentrations of each antibiotic 

s used with each test organisms . 
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Litmus milk was dispensed into test tubes in 10 ml . quantities 

using a burette with a oaps.oi ty of 60 ml . '.Iha tubes were plug­

ged with cotton and sterilized at 15 pounds pressure for 15 

minutes . The milk rms cooled and the four ooncen~rations of 

antibiotics were aseptically added withal ml . pipette gradua­

ted in tenths . One control for each organisre was prepared in 

a like manner with the exception no antibiotic was adcted to 

that tube . The f'rosh oulturos or the test organisms were 

diluted l to 100 with s terile at er and one drop of the dil­

ution s added to each tube of the four concentrations of 

antibiot ics nd one drop to the control . The tubes were in­

cubated at room teMperature (21 to 28 degrees c. ), or at 37 

degrees c. 1 dependia0 o the t 0st organisn,, and noted for rate 

and extent or fer~ent tion as an indication of de&ree of in­

hibition of e;rowth . 'lbe rnte and extent or growth of the 

test organisms was desie;nated as follows: Good ( ; XXX); Fair 

(XY.X); Poor (XX); Very Poor (X); and no growth (o). '.lhe 

growth designated s very poor u~ually appeared after several 

days incubation and was not considered s being of sibnifioance 

in determing the conoantration required to inhibit growth . 
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When there was some doubt G to whet~her growth actually existed 

the designation "very poor" was used but the desi&nation "poor11 

ms used in the nnnlysis of the results to indicate the highest 

levels of nntibiotics tolerated by the test organisms .. The 

cult-.1res were incub(,.ted for about 5 days befqre th.e res:..ilte 

would be reported as no growth. 

Tablo IV shows the conoentratlons of antibiotics reqJired 

to inhibit the growth of the test organisms when the anti­

biotics were added to sterilized and cooled lit~us ~il4. Tnble 

IV gives a ranbe of four concentrations of antibiotios and the 

rate or extent of gro th for the test organisms over that 

range . 

1. Aur o:::iycin. 

nd t~ soh erica re able to brow in 

li tmu"' milk •ith 2200 ppm. or ::.ore of o.ureo ycin added . 

A. coli and L. bulgoricus were able to gro 

~'1th 6 ppm. Ale. viscosus grew with 3 ppm. Ps . putre­

fo.ciens grew with . 75 ppm. L. acidophilus. L. oasei and 

S. liquefaciens grew with . 60 ppm. S a faeoelis gre very 

poorly over a rant;e or ~25 ppm. to . 75 ppm. whil ~ 

1 ctis was able to grow with . 25 pp:nc concentration of 

aureomycin added. 

2 .. Baci traoin 

A. aorogenes, E. coli . T. cremoris and T .. sph erica 

were able to grow in litmus milk ;ith 2200 ppm. or more, 

of bacitrncin dded . Ps . putrefaciens w sable to ~row 

wl~~ 1000 ppm. Ale . viscosus was able to grow ith 140 



:f~L~ IV - THE G: . J'flt Or ORG. I S IN LITMUS .!IL, CO,JTAINL;G VAR I u-> CONC.c.N1RATION OF ANIIBIOTICS (,uitibiotics added after sterilization) 

·rest organisms Ale. A. E. L. acid-used viscosus aerogenes coli op~.ilu . 
J.ntibiotics ppm 15rtn .P?'.11 1i rth PP 0rth ppm grth 

2 XXX 5 xx ;:, xx 
l1ureor::.ycin 3 xx 0 xx 6 XJC 

4 0 7 X 1 X 
11 

5 0 !la X 8 X 

100 xxxx 1600 xxxx 1600 xxxx 
Baoitr cin 120 XXX i.1800 xxxx 1800 xxxx 

140 xx 2000 xx::u: 2000 xx.xx 
160 X ~200 xxu ~200 xx 

5 xxxx 200 atXX 100 x-xxx 
Oipenicillin G. 6 x:v:x 300 a.xx 200 xxxx 

1 XXX 400 ta 300 xx 
8 xx 600 X 400 X 

5 XXXJC 100 xxxx 40 xx 
Potassium 6 XXX 120 XXX 50 xx Penicillin G. 1 lCX 140 xx 60 xx 

B ~ 160 X 70 xx 

5 XXX 200 xxxx 40 X 

Procain Penicillin 6 XXX 300 xx 60 0 G. 7 xx 400 X 60 0 

8 txx 500 X 70 0 

SU1f'ath1azole ~ ~ 1000 .JC 1000 X 

6 IXXXX 1200 0 1200 0 

1 ltXXX 1400 0 1400 0 

8 ltX 1600 0 1600 0 

5 X 5 X 5 % 

Strepto:r.ycln 6 0 6 0 6 0 -7 0 7 0 7 0 

8 0 0 0 8 0 --
400 xx.xx 1600 sx:x:x 1600 ::ICXU 

Tyrothricin 500 xxxx 1800 xx.xx 11300 lCXXl 

gnamycin 

Terramycin 

Viacin 

600 XXX 2000 xxxx 
700 xx 2200 XJOCX 

5 xx.xx 1400 xxxx 
10 XXX 1500 xxxx 
15 xx 1600 xxxx 
20 X 1700 XXX 

l xxxx .5 )t 

1.25 xx .6 it 

l.5 0 .7 :, --1.7 0 .s :, 

40 xxxx 40 pooot· 

50 xxxx 50 :cocx 
60 XXX 60 XXX 
70 xx 70 xx 

Grth---Abrev. for growth xx.xx good xxx -- fair xx -- poor x -- very poor 
o -- none 

2000 XXXJI 

2200 xxn 

1600 XXX 

1800 XXX 
2000 XXX 
2200 XXX 

1 xx 
2 xx 
3 0 

5 0 

30 xxx:x 
40 XXX 

50 xx 
70 X 

.26 XXX 

.so XXX 

.75 X 

l 0 

5 xx 
6 :u 
7 lC 

J :) 

.25 xxxx 

.so xxxx 

.75 xx 
l X 

.25 X 

.50 0 

.75 0 

1 0 

.25 xxxx 

.so xxxx 

.75 xxxx 
l xx 

5 xxxx 
6 XXX 
1 0 

8 0 

5 X 

6 0 

1 0 

8 0 

6 ~xxx 
10 xxxx 
15 XXX 

20 xx 
.25 xx 
.50 X 

.75 0 

l 0 

.25 xxxx 

.50 XXX 

.75 xx 
l X 

20 xxxx 
30 XXX 
40 xx 
50 X 

L. bul ·-oricus 
pp,, grth 

5 xx 
G xx 
7 X 

8 0 

5 X 

6 0 

7 0 

8 0 

.25 xxxx 

.60 xxxx 

.75 xx 
l X 

.25 0 

.so 0 
' .75 0 

l 0 

.25 xxxx 

.so xxxx 

.15 lOCt 

l xx 

5 xxxx 
6 0 
7 0 

8 0 

5 X 

6 0 

1 0 

8 0 

5 xxxx 
10 xxxx 
15 XXlt 

20 xx 

.25 1) 

• 50 0 

.75 0 ---
1 0 

2 IXX 

2,25 X 

2.5 X 

3 X 

5 PtXXX 
6 IXXXX 

7 XXX 

8 X 

L. .Ps. putre• s. fae- s. -> • lique-ca.sei facien oalis lactis faelons 
pom grth ppm ~rth pp·1 grth pom grth pp:n grth 

-
.25 XXX .so xx .25 X .25 X .25 xxxx 
.5~ xx .75 xx .50 X .so 0 .so XXX 

.75 X 1 X .75 X .75 Q .75 X 

1 0 2 0 1 0 1 0 l 0 

5 xxxx 400 xxxx 5 xxxx 5 xx 5 XXX% 

6 XXX 600 XDOC 6 xxxx 6 xx 6 xxxx 
1 xx aoo xxxx 7 xx 1 :x 1 XXX 

8 X LOOO xx 8 X 8 X 8 X 

2 xxxx 20 xxxx 3 xxxx .25 xxxx 5 XXJtX 

3 XXX 30 xxxx 4 xxxx .so xx 6 xx 
4 X% 40 XXX 5 XXX .75 X 1 xx 
5 X 50 xx ,6 xx l 0 8 0 

.25 X 2 xxxx .25 xx .26 X 5 X -:;l! 

.50 o 3 xxxx .50 ~ - .so 0 6 0 

.75 o 4 xxxx .75 X .76 0 7 0 

1 0 5 X l X l 0 8 0 

.25 XJCXX 40 Xlt .25 xxn .25 xxxx 5 XXX 

.50 x.xxx 50 xx .50 xxxx .so xxxx 6 xx 

.76 XXX 60 xx .75 XXX .75 XXX 1 X 

1 xx 70 xx 1 xx 1 xx 8 X 

50 X 1000 it 400 xx 200 ;x 1600 ~ 
60 0 120C 0 600 0 220 0 1800 0 

70 0 1400 0 600 0 240 0 2000 0 

80 0 1600 0 1000 0 260 0 2200 0 

5 X 5 ~ 5 X 5 X 40 x:xxx -
6 X 6 I:> 6 0 6 0 50 nxx 
7 0 1 p 7 0 7 0 60 lCXlt 
a 0 8 J 8 3 8 0 70 a 

5 xxxx 1600 .XXJCX 5 iXXXX 6 xxxx 5 xxxx 
10 xxxx l80G xxxx ~o xxxx 6 xxxx 10 xxxx 
15 XXX 2000 XXX 15 xxxx 1 xx.xx 15 xxxx 
20 xx 2200 xx 20 ilOC 8 X 20 xx ---
.25 xx 1 xx 2 X 5 x . 1 xxxx 
.50 X 2 xx 25 .:, 4 0 2 xx --
.·,5 0 3 X 3 ~ 5 0 3 X 

1 0 5 0 4 0 6 0 5 X 

.25 xxxx .25 X .25 xx .25 XXX .25 xxxx 

.50 XXX .50 0 .50 X .so xx .so xx 

.75 xx .75 0 .75 0 .75 xx .75 lOt 

l X l 0 l I) l X l ~ 

5 xxxx 40 lOOt 200 xxxx 10 xxxx 1600 xx.xx 
6 xxxx 45 XXX 300 xxxx 20 xxxx 1800 XlCXX 

7 XXX 60 xx 400 XXX 30 XXX 2000 xx.xx 
8 X 60 0 500 X 40 X 2200 xx.xx 

-'f. r • cremoris sphsericn 
ppr ~rth ppm ~rth 

1600 xxxx lc,00 xxxx 
1aoo XXXJt 1800 xxxx -
2000 xxxx 2000 xxxx 
2200 xxxx 2200 . xxxx 

1600 xxxx 1600 ~ 
1800 xxxx 1800 xxxx 
2000 xxxx 2000 xxxx 
2200 xxxx 2200 xm 

1600 xxxx 1600 xxxx 
1800 XlCtX 1800 xxxx 
2000 xxxx 2000 uxx -
2200 XXX:&: 2200 xxxx --
1600 xx.xx _!.600 mx --
lSOu xx.xx 1900 XDX -
2000 uu 2000 xxxx 
2200 XJ[XX 2200 xxxx 

-
1600 x.xxx 1600 xxxx 
1800 xxxx 1800 xxxx 
2000 lltltX:Z: 2000 ~ 
2200 ;;:xxx 2200 xxxx 

1600 xxxx loOO xnx 
1800 xxxx 1800 xxxx 
2000 :xxxx 2000 XX%X 

2200 xx.xx 2200 xx.xx 
·-

1600 xxxx 1800 xx.xx 
1800 xx:xx 1800 xx.xx 
2000 xxxx 2000 xx.xx 
2200 xxxx 2200 xxxx -- ------
1600 xxxx 1600 .xxxx 
1800 xxxx 1800 xx.xx ·-· 
2000 xxx.x 2000 XA:XX --
2200 xxxx 2200 :xxxx -
1000 xxxx 1200 xxxx 
1200 xx 1300 xxxx 
1400 XXX 1400 xxxx 
1600 XXX 1600 xx.xx 

1600 YXXT lROO y " -
1800 DCXX 1800 0 

2000 xxxx 2000 0 

2200 xx.xx 2200 0 

1600 xxxx 1600 xxxx 
1800 xx.xx 1800 xxxx 
2000 xxxx 2000 xx.xx ·-
2200 xxxx 2200 xxxx 



L. oasoi . S. raecalis ands . liquefaciens were ablo to 

grow with 7 ppm . L. ~cidop ilus and SQ lactis were able 

to grovf with 6 ppm . La bulG rious was able to grow very 

poorly wi t h 5 ppm of bacitrncln added . 

3. Dipenioillin G. 

r. oremoris and T. sphaerica were able to grow i 

li unus milk with 2200 ppm. or rnore of dipenicillin added . 

A. aerogenes wus able to bro,v with 400 ppm. i: . coli was 

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

to grow wl th 5 ppm . 1,lc . viscosus was able to grow with 

8 ppm. s . liquofaciens sable to grow with 7 pp~ . S . 

faeoa.lis vas able to grow ·d th 6 ppm. L. casei was able 

to grow with 4 ppm. L. acidophil.Js and L. bulga.ricus 

were abl to 0r owwith . 75 ppm. s . lnctis was nble to 

i;row with . 5 ppm. concentration of dipencillin dded . 

4. Potassium Penicillin G. 

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

litmus milk with 2200 ppm or more or potassium penicillin 

added. A. aerogenes was able to 6ro~ with 140 ppm. E. 

coli grew poorly ov r a ranbe of 40 to 70 ppm. Ale . 

viscosus was able to grow with 7 ppm . s. liquefaclens 

wa3 able to grow poorly with 5 ppm. Ps . putrefaiens was 

was ablo to grow with 4 ppm . s. faeenlis was able to 
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grow with . 50 ppm. L . acidophilu ... , L . casei nd S . laotis 

gre very poorly with . 25 ppm. L . bulgaricus wss negative 

with .25 ppm. of potassium penicillin added. 
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5o Procaiu Pon·cillin a. 

:r. cru:noris sn'1 T. s phacrica 1ere aole to r:,ro:. in 

li trnus mil' with 2200 0r more of proca.ln pe:1:cillin added. 

A. aaro0 oues w ij ab e to brow ;ith 300 PP~ • Ps . putre­

fncions AS nbl to grow ovor n range of 40 to 70 pp, . 

E. coli w sable to i r" very poor y with 40 ppn:. Ale . 

viscosus ·as able to 0 row w· th 8 ppu . ·• liquofaci ns 

was o.ole to i:;ro~r with u pp;i . L. acidophilus , L. bulg, ricu s ~ 

L . easel , ..: • faecalie a d o .. lactis were able to gro 

\iith l ppm . oonc ~tr tion of proc&i. penicillin added o 

6 . Ju lf&thiszol . 

't . cram ris and £. sphaerica were able to t;row in 

11 tmua milk wit 2200 p?Jl or more of sulfatniazole added o 

s . liq.iefaoieus was abl ·o 6row with 1600 ppu . A. 

aerogenes, ~. coli and?~ . utrefaciens trew poorly with 

1000 ppm . S . f eoblis was able t~ 6ro with 400 pp . !· 

le.ctis grew v ry poorly with 200 ppm. L. oasei brew very 

poorl y with 50 ppm. ~lco vls cosus was ble to bro good 

with 8 ppi,i. L . acidopnil.2s wus able to grow ·fi th 6 ppm .. 

L . bulgaricus a able to brov: ith 5 ppm. of sulfsthiazole 

added . 

1. Streptomycin. 

li t::ius milk W'i th 2200 pprr!. or nioro of s treptomycin added. 

s . liquofacieus was able to gro with 70 ppm. Alo . 

visoosus, A. erogenes, E. coli , L. e.cidophilus , L . bul­

garicus, L. cnsei, Ps . putrafaoiens •• faecalis and 
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s . lactis were all able to r;row v ry poorly •ith 5 pp.1l. 

concentration or strepto~;ci~ added . 

A. aerogones. E. coli, Ps . p~trofaclens, T. oreffioris 

and T. sphaerica were able to 0 row in litmus milk with 

2200 ppm. or more of tyrothrici added . Ale . viscosus 

was able to grow i n 7 ppm. L. acldophilus , L. bulgaricus. 

L. casei, s. faecelis and~ . liquefaciens were able to 

grow ,vith 20 pp;n . s. lectis s ~ble to 6 row with 7 p~~. 

ot tryrothrioin ndded . 

9. Mnt;namyoin . 

E. coli as able to 0 ro.v in litmus milk with 2200 

pp:n . or r.1ore of magnamycln added. A. aerogenes -.,; s nble 

to grow with l 700 pn. o moro . ·r . cremori" a d T. s rJhae -

rioa were able to grow with 1600 ppm . or more ~ -

vi~cosus s nbl to brow with 15 ppm. Ps . putrefavions 

was able to gro"., with 2 .. . "': . 1 ctis ;;re· •• very poorly 

w: th 3 ppm. s. faecalis grew very poorly with 2 pp;n. 

s. liquefaciens was able to 6 ro with 2 ppm. L. eoidophllus 

a~d ~• casei w~re able to gro with . 25 ppm. t . bulgarious 

wns neg tive with .25 p • or :u gnanycin Rdded . 

10. Terro.:nyoin . 

T. cremoris was able to grow in litm s milk with 

2200 PI.)U• or 1noro of terre.mycin added. T. sphaerioa Grew 

very poorly with 1600 ppr. . A. aorogenes .;raw very poorly 

ith 5 ppm. Eo coli and Lv bulgaricus were able to grow 

m.th 2 PJ.Xil • Ale. "O"iscoo'.lS was able to grow with 1 .. 25 



~ · ecidoehllu!, L. casoi, s. lact sands. liquefaciens 

were able to g,ro wit. • 75 ppr • S. fa oalis , as able 

to ~ow with . 25 ppm. Ps . putr faoiens grew very poorly 

ith .25 ppm. of terramycin dded. 

11 . \Jlooin. 

s. l iquefaclens, l . cramoris and T. sphaerica ere 

able to 6row in litmus milk with 2200 ppmo or more of 

viocin added. s. faecali was able to grow with 400 pp. 

Alo. visoosus and ere able to grow with 70 

ppm. E.coli and Ps . putrefaciens with 50 ppm. L. acid­

ophilus was able to o:,; with 40 ppm. s. lactis was able 

to grow with 30 ppm. L . bulgarious and L. casei were 

able to grow with 7 ppm. of viooin added . 
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The results show t!,at aureomycin, terr yoi!l, strept­

omycin, the penlcillins, viocin , magnamycin and bacit-

r oin. i:.i. the order named , h the €,r e.test inhibitory 

effect ag inst the test organisms. Tyrothricin atid 

sulfat iazole wer the lea t effective. The yeasts 

wer th most resistant org n sms, followod by the 

coliform group and Ale .. visco us or Ps . putrefe_oiens, 

o.gnamycin and terramycin were the only antibiotic_ 

sh~wing any inhibition tow: rd the two yeasts . S. l otis 

was the least reBi tant orbanism beinG stopped with .25 

ppm of concentration of some of the ntibiotios . The 

Lactobacillus was the next in susceptibility toward the 

antibiotics. 
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C. l'h.& Uso of ~,urooi.yoin Lbar for .Ye "t nd Mold Counts . 

The r e sults of the ,r,ror1- repor":;e herei!, s .ow ttat the t o ye&sts 

wer very resist~nt to the voricus anti~iotics te too. The yeasts 

were able to r.;row with co:wcntrations of' 2200 pp; .. . or more of all but 

thr ee of the Eantibiotics used. Dipe icillin, terra.nyoin and ':l'.agnai::ycin 

were the only a.ntibiotl.cs shov;-.i..,g m;.y inhibitorJ action toward the 

yeast s and the r1 only in hic,l, conoent.rt'.tio . .:1s . lhe resistance of tho 

yee.ats indicate the poGsio.:..li-':.y of adc.i.1g hnt' biotics to o.i;ar to in­

hibit the f.TO.tth of '.:lacte!'ia in ye st ~.d ::iold co.rn'ts on various 

dairy products . Since aureo:1.ycin wcs very ei'fecti ve in inhibiting 

the test cult~1·es oi' actorie. 1 this antibiotic was seloctod for use 

in an attempt to d te.r::'1be the eff'cctiveness of it in inhibiting 

bacteria in yeast a.nu mold counts . Srunples of b:ltter and cottage 

chees e wore pl tee. on t..oidi "ied potato dc:xtroi:iC' nge.r cccoro.ine; to 

StanC:e.rd 211athot1s (17) v.r:..d on potato dextrose e.1.,ar :,tith 50 ppr:: and 

100 ppm. of aur o .. 1~cL added . 

1. Yeas t and n,oltl cout ts o ... butter . 

Table V shows the results obtained frorr. plating butter for 

yeast a d mold counts using cldi i'.i.ed roteto dextrose ag;ar and potato 

agar with 50 ppm and 100 ppm. of aureo.nycin &.dded . 'l'he Etcidified 

ng r avera.;ed 45 colonie par plate :hile the agar co:-i.te.inin;.::; the 

50 ppm. of &ureomycin vert.,"ed 56 colonies and the agar containinG 

the 100 PPlli • of aureomycin averagea 61 color..ies per plate. The 

plates oontainin the potato d xtroso 0 r with the 50 ppra of aure­

omycin added had higher nu~bers of colonies per plnte than the cidi­

fied potato dextrose agar plates with 15 samples~ the s~me number 

with 2 and lovmr with 7 6 whereas the plates coute.ining the potato 
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T, DL V - CO.tf'f,lUS0ri J r' COU -l'l'S Ct- AURE:O .. :YCI:• A..rAR 

AND . OLDS H DUT1'ER 

Number of colonies per plate on potato dextrose agnr .ri. th 

S mpl 
Tartaric acid Aureomycin added 
added ~o p ,. 3. 5 50 pp:.! 100 pp.:ri 

1 0 3 4 
2 11 15 19 
s 94 90 96 
4 52 44 44 
6 8 5 4 
6 11 3 8 
1 160 227 293 
8 69 82 67 
9 11 5 3 

10 84 137 172 
11 230 253 256 
12 4 4 2 
13 131 177 185 
14 29 28 28 
15 11 24 27 
16 21 21 31 
17 23 29 31 
18 5 12 11 
19 30 42 47 
20 20 41 29 
21 8 10 17 
22 14 20 20 
23 58 69 74 
G4 1 0 3 

Average 45. 45 65. B7 61 . 25 



dextrose agar with 100 ppm. of a1.1reoriycin added had higher numbers 

of colonies per pla~e th n the a.oi if od o::,t;ato dextrose gar plates 

with 17 ss.mpl,s nd l'.wer ·th 7 . Th colonies growing on potato 

dextrose agar , ith nnreo:nycin rddatl wer c1s ... a lly larger than thos 

growing on the acidified potato dextr~sc n 1,11r . 

2 . Yoaot and mold counts on cotte0 e cheese. 

The sc..::.ples of oott.s. ·e cheese II ere prepnred for plating by 

placing 1 gram of th cotte_~~e ches o in a Sterile . ortar 6 one ml. 
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of sterile 20 per c~nt todiurn citrate w·n. added 1:md the mixture throughly 

ground with a stedle pestle. Elt:ht ml . of sterile dist:lled 1 t er, 

co tained i!1. c. sere"!'' CEl?t'ed test tube , ~-£re ndded end tl:e mixtl re 

then poured be.ck into thEl tubo. !f' f,u·ther dilutior:s were neodec! 

they were mede frorr. !;.his 1 to 10 dilution. 

Tablo VI shows tho r esults obtained fror plating eottage 

cheese for yecst and mold cunts usinc acidified p tato dextrose agar 

nd potato dextrose (;_g,er with 60 ppm. and 100 ppm . of aureomycin 

dded. The acidified awa.r av r~-Eed 37 colonies per plat ,.;hile the 

agar containln 0 the 50 ppm. of ur omyc · n averaged 41 colonies and 

the a gar contoininb the 100 ppr1 . of aur omycin e.versced 4.1 colonies 

per plate. Tho plates oontainin!; the pot to dextrose f.: r v1ith the 

50 ppm. of nureonycin added h d hli_,1'.er nurebers of colonies per plate 

than the a.cldified ac,;e.r :,!ates with simples and lower with 4, Thereas 

tho plates co taininc; the pota'to dextrose agar with 100 ppm. of 

aureomycin added hnd hi her num~ers of colonies per plate than the 

acidified n;;ar nlates with 7 sa::nples anrl lower, ith 4 samples. The 

colonies gr ow.la.; on the potato dextrose near ·nth the 50 ppm . and 

the 100 pp:n. of ni.1reornycln added were us·ially lo.rg,,er than t~ose 

growing on the acidified potato dextrose a6 ar . 
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I. e plates eontai•1int tho potato extrose a.:,ar with 50 pp;.1.e 

ond 100 ppr:i. or a"r 0_1ycL'l added we •e much easier to count than t oeo 

acidified with t rt ric acid beo ueo v a no proeipi ·ated rail\: 

solids pro nt., ·n.eroas the plates po Jred Cro:;, the bwer di l:.it.i..0•1s 

(1 to 10 and 1 to 100) nth ac.;.difled pr.., to d~Jxtrose tlh r contained 

oonsideraole n~~unts of precipitated milk solidG w~ich maci~ eo;ntlng 

very dif'ficult.. AU of the o?bni.es .ppvarbg o .. th pl tes co.1ta.in .. 

! r.g the a~ar with aure.:i:r.ycin ddod t}.~·, r:.iiht :,ossibly be bact r.4c.1 

oolo::.ios" ere pic1~ed &nd 11,ta.ined with tile Gra!ll tc.in. J. tot l of 

nppr :xiir.ately 75 ~bnies were examined. All colo--:ies prove .... : t~ be 

yoa ... to nnd no bnoterfr ware r,re ... ont in any of t~e <..-olotii s :-io·-'~• 

3 .. Th l.ifboneo of eareo.:nyeic on the r te of £;1':.t t:-. or ino l i~ . 

In order to doter ine the influonce of aureomycin oc: tho 

growth of molds, pura cul turns of -cl,!s were piokod fro~ platos po11red 

fro ... .s · ples of btJtter nc! of eo ~tnir;e checa :1d l ocula~ed 01.to a.aid-

ified p 1:£to dextrose . ar o.nd o. to pot to dextrose ,:ar ii~h 50 ;.: p· .• 

end 100 ppm . of ai..i-eomycin edded b stEtt b · !~,; th;; plate ~1th nn ino­

cul&ti-:1g neecl that h d ::ieen exposed to t r.e .old culture . '1h 

pl te co .. t . inin:; t .o m!)lds ware incubat e I e.t 21 degrou c. an the 

r~ te of t;rowth detcrminec. by ~eas•Jring; the di ,&ter o!' · o. ~h ,old 

colo ,y v-sry day for fo~r d :;s . 

!abl \l'Il sh01Q'a th sven :e ;;ro. "th re.te or 10 e:1ltures or .:; ·;lds 

on aoidi.fied ;_:,oto.to d-nx t; os- n0 "r "'nd on pot to de. trose :: r co~'l-

t ini : 50 PP'"• and 100 ppm • . ,f aureomycin d:.irint a four day period .. 

mule 12 oult:Jrei:: v.ere inoC'.1latvd o, tl_;: 1~htos. the e'lera6e size oi' 

the colot1ie io Givon f'.)r only 10 :>f t; o cul · r es been.t.1se wo of 

tl.e cu lturcs failAd to _;row o~~ Lhe &cidi fied u.._fiu· ~ wheree1s all 
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The results show the average growth rate of~ .olds on the 

potato dextrose agar •.vith 60 ppm. nd 100 ppm . of aul"eomycin added 

was significantly greater than the avera&e 0rowth ra te of tne molds 

on the acidified potato dextrose gar . 'lbe mold colonies developed 

f ster bn the agar conta~ning 60 ppm. or ureomycin than they did 

on the agar con ining 100 ppm. but the difference was not signifi• 

oant . From t he results it appear that potato dextrose ag r with 

aureomycin ddoo is superior to cidified pot to dextrose a gar as 

6rowth medium for molds . 
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SU 'tARY 

The inhibitory action of' various antibiotics on microorganisms 

important in dairy products was determined by addbg different con­

centrations of the antibiotics to agar and to litmus milk and then 

determining the r ate or extent of growth of the test organisms . l'he 

agar plat techinique wa used to determine rather wide rantes of' 

tolerances whereas narrower ranges of tolerances were determined by 

gr~ ing the test culturos ln litmus ~ilk with tho antibiotics added. 

In the initial trials, where the antibiotics were added to the media 

before steriliz tion, there was apparently partial destruction of 
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some of the antibiotics by the sterilization o posures and the r sults 

probably do not represent a good measure of the effectiveness of the 

antibiotics in inhibiting bacterial growth . iO attempt was made to 

determine the amount of destruction by the sterilization exposure~. 

Additional trials were run in 'fJhloh the various concentration ... 

of antibiotics were dded to the media fter sterilization. In 

general, the bctio acid producint; or0 anisms commonly used in fer­

mented dairy products ~~re much less resistant to the various nti­

biotics than those usually causing defects ind iry products . 

Al e. viscosus, A. aerogenes , ' • coli , L. aoidophilus , L. bul­

~aricus , L. casei , Ps . putrefaciens, s. f ecalia, s . lactis ands. 

liquefa.ciens ere L.hibited with 6 ppm o or less of aureomyci"l . T. 

cromoris and T. sphaeric grew in litmus milk with 2200 ppm. or more 

of aur omycin added e 
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L. aoidophilus. L. bulgnrieus, L. oasai, S. faecalis, s. lique­

faoiens ands . lactl ~~re inhibited with 10 ppm. or less of bacit­

re.oin. Ale . visoosus was able to e;row within a r nge of 50 ppm. to 

140 pp,, . while Fs. putref ciens wns ablo to {:,row with a ranGe of 20 

ppm to 1000 ppm. A. erogenes, t . coli, T. cremoris ~nd T. sphaerica 

were the most resistant a d grew in litmus milk with 2200 ppm. or 

rr.ore of bacitraoin added . 

Ale . viscosus , L. aoidophllus, t .. bulgaricus , L. casei , s . fe.e­

ealis , So liquefacien ands . laotis were inhibited with 10 ppm. or 

les s les of dipenioillin, potassium penicillin and procain penicil­

lin. Ps . putref ciens was able to grow within a ranbe of 10 ppm. to 

300 p~n. or potassium penicillin and procain penicillin but was in­

hibited with 10 pµn or leas of dipenlclllin. A. erogenes and E. coli 

were able to grow within a range of 50 ppm. to 300 ppm. of all three 

of the penicillin's . T. cremoris and T. sphaarice were the most re• 

sistant and grew in l itmus mil with 2200 ppm. or more of dipenieillin , 

potassium penicillin and procain pe1icillin added . T. eremoris wns 

stopoed wi. th 200 ppm. ooncentr tion of diperiioillin when Grown on 

the agar plate technique . 

Ale. viscosus, L. acidophllus nd L. bulgaricus were inhibited 

with 100 ppra. or less of sulfathiazole. L. casei was able to 6row 

within a rallt~e of 100 ppm . to 200 ppm . A. aeroganes. Eo coli, Ps . 

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

a range of 1000 ppm. to 1600 ppm. T. oramorls and T. sphaerica were 

wero tho most resistant and grew in litmus milk \Vi th 2200 ppm. or 

more of sulfathiazole added . 

Ale. visoo us, A. aorogenes, E. coli , L. ------- r-

~, L. casei , Ps . pJtrefaciens , s . faeoulis and S. lactis were 
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inht~ itad it.h l ppt~• or less of trept mycin . :,. liquefaci ns 

able to bro · d .t ln r ge of 20 ppn. to 70 p • X. ere. oris 

and T. •tihaeric • \\'el'" tie moat res is'· nt :lU gre,v iu 1 i ttm s ill{ 

wi 11 2200 ppm. or more or strept' iycin added . 

L. aoidof,111 .. bu 1 f.tl ri e;us, liq • ""~· "' • 
fe.cicn" nd 

. ~ 

.:. . lactls wer inh!bit with 20 p;m .. or leas or tyroth-

r ~c i.n. Ale. viscosus .., s a r ·e of 400 to 70 

re tl1e rr.ost rosi.s nt fl.nd rev.r 1n litmus mil 1 v:i th 2200 

p • or more of tyrothricin ddea. 

cidophilus, L. bJlf&~ious , L. oaoei , £!.• 

1 bi ... ed Tli tl 15 P?ffi• or leas ::>1' 

ro abl to ,~ ow wi tru.n r n~ ~r lOJO ppm. to 

1..,00 ppm. .i::. ooli was the .:10::: rt1 1st t and gr in litmus mil.: 

·th 200 FP• . or moiv of i;naruycin ad ... . 

lo. visco u , 1:1. . eroGenos , ~. coli , L. acldophilu • L. bul(fal"-

lous. L . .; . laotis ond ·• lique-

r .ci ns were inhibit d i th 10 pp.'!!. or le of terramycin. ,.'. sp'1 

rioo s ablo to gro • witniu ra ,,e ot· l<iOO p .>1.1_. to 1800 ppm. r. 

or moris im:.r.i ., , t r sl t n t ru: u re in l it..a s .:.il. with i:!20;; 

ppm. or more of torranycln d d. 

l'e ir.hl i tQd i t.h 10 pp•1- or le 

of viocin. Alo. viooosus, ;.. aerogeaas . t.. •. c u . L. acidophil u ,. 

Ps . pu 

a blo to 61' within 

of 400 ppi:1• to 600 pp:.1- ». liqueft~ci ns, J. . erEmori n.d r. nph 

2200 PF!l • 

or r.iore of viooi .. 1 a·· ed. 



'rhe high resista.noe of the yea. i;ts to the vario~ antibiotics 

suggested the use of antibiotics to inhibit the growth of bacteria 

in yeast and mold counts . Several oomp risons of yeast nnd mold 

counts were made in which butter and cottage chees were plated on 

acidified potato d xtrose agar and on potato dextrose &Lar contain­

ing 50 ppm. and 100 ppme of aureomycin. l'he r sults indicated that 

the aureomycin agar vm.s superior to the acidified agar for yeast 

and mold counts because it gave hit;her counts, the colonies were 

larger and there was no preoipiteted milk solids in the plates 

poured fro~ cottage cheese. The concentrations of aureomycin needed 

to effectively inhibit bacteria growth apparently did not inhibit 

the •rowth of yeasts and molds. in fact. the gro :rth of both yeasts 

and molds appeared to be mor rapid and oxtensi ve on aureomycin 

gar than on the aoidi fled agar. 
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