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nrm:JOOC'l' ION 

lmyrtnQGQ tit ~ 

In recent years 1111111 ant1b1otloa haw cane to the toregroWd 

111 a treatment tor l!lllat1tis. Aurefle101n ie one ot the liON recent 

s t1b1otica tbrlt bee been used tor th!e ~· 

A~1n baa '-n rerorted to be euceeSBtul 1n curine ac.e 

typse ot llllat1t1a1 but milk producecl bJ cowa that have beeD t.r.ated 

lfith Aureoll,fC1n doea not act llO!'IIIIIl ill the chMae mamtacturille 

proceea. The 110at notic•ble attect ill aUk troa cowa treated with 

AureClllll't11n baa be.en al~ or ct'llllplete ceeeation of acid production 

bJ becter1a in cultured dairy pzocduoteJ th1e hae been eaJ90~ 

true 1D the cheeao mtacturin8 proceea. 

lD the event ot slow acid production, or complete ceaaet1on 

ot acid produotion, the cheese J:!'Oducacl ia either of lOIIGI' qulll1t7 

than would ~ be cxpectec:l1 or the entire vet ot cheese I!IIIJ' be 

loat. In either caee there ia a detirdte ad't'Srse ettect on the 

dAi.J? 1Jldu•td7· 

The plrpO:Je of thie ra:-oble 11 to cletermille the ~1'08ntage ot 

AureC~~eyCin neceaeacy ill llilk to cauae alow or eo~~plete oeeeation 

ot acid ):'l'Cductlon 1n tho cho co nutllcturing proceaa1 ard to 

filxl a chemical or heat troatl'lllnt tbot n be uaod to illllotiftte the 

aureo~ciD ao tbat there will be 110 harmful ettect 1n llilk uae4 

to llllfaoture eheeae. 
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Spenaer et el. (17) tMt workel'lt bll'fe :rerorte4 a remark• 

able h~ ettic1eney tar a:>st ot the a!Jt1b1ot1c drugs uled 1D 

1!l!latit1a thel'IIW• Such rerort1 an 1111elead1ng and may c use d1 ... 

lllltielacticn alliOng l4J~DGD arrt.icipstl better rellllte tban can 

be ob illl!ld with cl:I.Dicel CSIIGI ot et:ltia tre ted 1n the a.ua 

dab7 ttle f4'8Ctice . treattreut with aot1b1ctloe mat be uee4 

onq ae an aid to control at:l.tie. 

Au~:I.D baa been tound b7 Plline et 1. (l4) to be aot1Ye 

a :tnat rtl/8.rf3 o n:lsu• 1nclud1 eome penio111111 rea:letant am 

etre~1D re1iet&nt beotl!'ia . 'rha IU!lber ct Ol'(ianiau present 

will ictluence the oODCeatration ot antibiotic requ1Pod trw o~ 

plato 111h1bit1ca ot baotlriel P'OWth• 

J':to1~ et al. (15) has tOIU!d that pem- s:ltiYe crpllisma are• 

in neral• attecte4 '117 lllll3h lOft!' oo-rrt.ntions ot a~in 

thaD ere the 

a e&re to be the c.ercbio erore-bec.rinc D1oreo!'g8nin:s . Illhib:ltion 

:ln 24 houn •r be bl'Ciught aboUt b 1 1!11:11111 cODCentretioll8• but 

oontii'Dllld 1ncubllt1on reeulte in growth ot the beoteria . Thie coulcl 

be due to the l!llll"'i'flll ot resistant etl'8ina or to the destruction 

ot the antibactoriol O@lnt 4\lrq the 1ncubat10ll period• or both. 

Speneor et al. (17) found a definite therepeut:lc act:lvit7 '117 

aurecm;vc:ln ogainet et.reptococcue !l!let1t1s. 

0\.>dley et al. (6) det:lnae aureorf3c1D aa on antibiotic produced 

b1 §t.mrtomys;!)!l ourgptpgtcnn am which s the advantege that it b 



be talc n orally . It baa a mlacular w t or about 508. 

Droecbllrd et el. (3) rerort.ed o new antibiotic r1nc1ple active 

piost both gram-negative and positive m1oroorpn181!111• 

A oawcin hae been llllllllid such traD the parent actinomycete, rxl troll 

the golden colQI" or the ceyatelline antibiotic. 

A~ in tol'lllS a hydroohlQI"id.e wbtoh decOIIJlO a a bow 210C>c . , 

h s aD o proximate solubU1ty ill ter ot U mg./ml. at 2,0c., al'ld baa 

a pi of l¥}ueoua solution of 2. 8•2.9. Chemical aMlysis &bema 1t to 

contain c, Sl.~J B, S. 2/S; 191 5.46$; total Cl, 13 .~; ionic Cl, 

6. 691l ; and o, 24. (bf 41tterence) . 

Loomte (ll) ret:erta the toxic effect oL aure011J101D on an1111Ble 

i s deri¥84 troD ita ability to inhibit aerobic rbos;~lation. 

ldoroorgan1 m1ght be dit'f'ere~ euecept1bla to a~ lo r1l'llf ct 

the lnel of phosphate bond enero beyond that ot the r:ature and 

Wld1v1ded heat cell. 

~ ~ e ntfb1etioa...J.n milk 

DuritJg the J:Ast two ,ears ~m~erous c0111Jlla1nte have beea 

reSistered b)- daiey p:bant o ro.tore concern!Dg certain dirt1cult1es 

1n gett1na milk to eet proporly. 111110' of these c0111pla1nt s caae troll 

experienced operators who haw euccesllfUlly produced starters, 

buttem1lk, and obeeee. 

In 8011111 sea there is no dutlcul v in oerryizlg the 1110tbel' 

cultuNJ the trouble bllgine chen the)" tl7 to eet a batch of milk 

fQI" buttel'llllk or oheeae. 

Zx.perimantel. m.deDCe obtained b7 Ruehe (16) aho that apoo 

peoiable &IIIOUilte of' penicillin were present 111 ll1lk dralll'l troa 
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co a treated with Jenic1111n1 end ttwt r:onicill1n1 deren:i on its 

concentration bae a strong inbibitor,r effect U]:'On the growth of 

lactic starters . 

Doan (5) rer;orted eueh antib1ot1ea es enieillin, eureomyein1 

ond etrertoteyein usod for the treatment of stitis in udders or 

pooduei ng claiey cows heve been found in &lilk froiD such elliJMls for 

several milking& a.tter treatll!ent. 

unter (7) euggeate tbe"Nt le e tellllencr to use t.he 8 blitz" 

thai of tre tlllellt end, therefore, it ie coneeiVIlble th t milk 

delivered to e cheese fectoey may, on occas one, contain • hi h lewl 

of ntibiotics . In some o eos antibiotics may be found in sufficient 

quantity tn 1:11~ Nlrd milk to c11uee 11rrested 6cid develorment n 

tNCh ilk 111 used 1n the lllSnufecture of eerta1n cultured daley 

products. 

Xatznelson enll Hood (9) reeCIIIIIII\tnll ttwt careful consideration 

be eiven bJ dlliey rJ.ant oror tors to the accertaoce of milk trca 

11~111 treated 001111 for 5 to 6 days following treatttellt. 

Doan (5) reJ:Orted very serious inhibition of starter activit:r 

was caused b,y the rresence of 0.1 units -penicillin rer ml. Partial 

arrest, or slow ccid developDOnt, results trom 0.05 units penicUlin 

per 1111 . latzDeleon and Rood. (9) in experirente d th various 11Jlt1• 

biotice founll renieUlin tbe ooat ectiw aubstanee, with ure0JD101n 

&nd subtilin equal in reff!.rcls to dilutions ivillg eomrlets 11'lh1b1t1on 

ot growth. 'l'he results obtained bJ Katz leon and Bocci (9) are 

shown in table 1. 



table 1. Intlu nee ot a1z errUbiot1ce on ecid production in 
llllk by a !llbed atrein starter culture. 

AntibiotiC Rocir1'Q9fll Qf dilnt!pp MM§!l!l.n f(lfl 

Penicillin 
StreptOI:IJCiD 
AUNOUIYCin 
Cbl.o~t!n 
Subtilin 

citrac1n 

COIIIJ'1ete No 
inhibiticm inhD/itiPP 

3, 300, 000 
500, 000 

1, 000, 000 
100, 000 

1,oco,ooo 
100, 000 

166, 000,000 
20, 000, 000 
20, 000, 000 
s,ooo,ooo 

100, 000, 000 
20,000,000 

the !Ill tvo 1nveet1i&tore tOWld th4t one J:ercant of milk 

tro11 ted quarters h84 a reetr1ct1w notion tor tho first t110 

s 

milk from trootoc! quarters wea neceesoey to reetr!ct acid production. 

lrisllke (10) tcwXI. that at inoubotioa temperetures ot 700,. 

and 9SOJ'. there Ml.a J:NOtioa~ no aoid rroduction at the end of 

l8 hOU1'8 and 7 II<Nra roereot:l:veq, • D the m!lk contailled .ooos CC• 

ot aureoa~-cin l~Jdrocbloride per 111. ot 1111l.k1 and the milt contain~ 

the ureoseycin bod be J:eateurised at 143°'• tor 30 llirlltee. 

the cobeentzoe.tion ot fi.ureoseycin •• reduced to one tenth the J:revioua 

amount at both :1rtcUb:lt1on te~~~peraturee acid plr(lduct!on was naorq 

ll0l'lll81 u COII1)':.6.red to that or the control ~··· The m11k ot 

3 cOila treated with aurao!JG'Oin contaitllld sutficlont •ureC~C~YCiD 

t lve l!lilkings atter treatment to retard eo14 production couide bq. 

there •• 0.45 pe.1'08nt ae1c1 dew1~ iD the treated llilk aa cOIIplll'fld 

with 0.60 t:ercent ec14 1D the control when inouboted 6 houri! at 

950,· 
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In J:lOtlt instaDCea lllilk atxturea ccmtainilll 10 rercent troa treotocl 

cows allCl 90 rercont druf tree aUk did not tuvor cid deftlopment 

a reechilll th t of the control aomr.lc• untU the sixth 111Uk1~~g atter 

treotment. lilk t:rca 3 cowe tl'eate4 wtth aureo~!Jl did not favor 

acid prcduction approaching thet ot the control n J:liDC1 with 75 rcent 

"dJ'UI tree• milk until the tenth lllilld.ng atter the aureOillyCin treat

lllellt. AureOIIlJCiD ill 'W'&171111 SIIIOWita . wee vidble on the I!Urtaoe ot 

the aUk froOII each cow untU the titth mllldftl, atter which ts. 

noM could be detected. 

Table 2. Conoentretions of antibiotics showing starter 1llhib1t1on 
u rerOJ'ted b7 d1tterent iiMIGtS.tora. 

Product Conceu.-
lnypot.ipt,cr obpe;nd A pUbS otic tretipp 

latr;nelson ellCl 
Hood (9) Starter Penicillin o.os unit 

Hunter (8) Starter 
a· mv1•W Pen1c1ll!Jl 0. 07 unit 
li· lU Penicill!Jl o.10 Ullit 
:~. ~ Penicillin 0.17 unit 

lrienka (10) Starter AU1'fJOIIlYC in o.ooos 

DO&n (5) Starter Pen1c1ll1D 0. 05 unit 

portryqtigp g£ gptlbJgtige 

~ 1uveet1gators (1, 51 81 9) t.aw tour.d that ordiD!\17 

paeteuruatiol.l has little or DO ettect oD a~ of the aDt1b1ot1oa 

atudiecl. It baa boell reported b7 Hanson et al. (1) that when 

1 part of skia em froa cows treated wtth &UJ'eOI!WCin wee l!l1xed with 

99 y:arte ot ll1lk troa untreated con, ead the ll1lk dried then 

recodl1aed, there 11!18 a stimulati!ll ef'tect on ac14 ~tion. 
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Doan (S) fCIW'Il t.Ju;t autoclav!DB reduoea the r oteflCJ of JX!n1c1111D to 

a dotectllble degree. 

It baa been 1"epp1'tec1 by a;y investigators (S, 9, 16) a roa1tive 

antidote t or t:enioillin is the e1211Jll1G pen1c1lllnas& I'I01f &'VI'lilable 

fl'om Sohe~ Laboratories end 1>1tco Laboretories, bo;,ovu, DOIJn 

(S) states that enough en~ to treat mUk oontainift8 0.005 unit 

rer 111. of renioillin would coat ..,.. tbl!lll thll m1lk :J.teelt. latanoleoD 

arx! Hood (9) tCIW'Il the enzyme peldoUH~se pel'!ll1ta a lllloet a llOl"'IBl. 

sold p:'Oduction t a coacentration of o.os unit pen1oill1D pel' 111. 

wb!ch otherw1• etopped fer'!llllntatioll c leteq, and SO percent 

of tba total acid produced 1D the control at S houra d th 1. 0 unit 

pen1cill1n per al. 

Doan (S) uaed oxidizing agellte such as copper, reduclng agents 

auch os Cf&telDe and sacorbic acid, ttnd a~ce active agents such 

as qUBdrefoa rith 110 etfeot o the ent1b1ot1ca. 

In 11111111111')' atudlea Paille et Ill . (:14) tOU!ld no 1nb:J.b1t1on 

ot ~1D ·by aerobic s, or with 3. 5 rcent C0:2 1D a decreased 

oxnen tens1011, b011'Em!!'1 groster lilllllerob1os1ll •Y intert'- with 

tb antibiotic action of' a~ln. Jo aureomyc~1nh1b1t1n8 

aubstence, such as pen1c1111mse, coul4 bo produced 10" the ue\151 

1110thods of obta!n1Dg; GUOh subllte.ncea. 

'1'h roentage of etarte!' uaod can bG ii:IOl"'Osed, bat llt.urtv 

(8) fowd the etl'ict regularity ot acid production desired 1D 

the ohoeee kl~~g poocees ea11110t be pranteed, 
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Stolte IIIli! BarlkineoD (18) de11Cl'1bo a method tor the detection 

ot ant1biot1ce in a1lk ue1Dg a 1101Ut1 ticn of' tbe Scharer t'ield teat 

tor OIIJ'bllt.ee. ~ priiiCipl& mod1fic tion 1a tbe reductioll ot 

the amcmnt ot milk used h'olll o.s 1111. to o.os 1111. It ie claimed the 

teat will detect the ):t'eeence ot several etib1ot1ce iiiClur:UJll 

pen1o11111l and a~ill if preaent 1ft quant1tiee I!Utt'icieDt to 

cauee Nduoed activit)' !n cultured cla11'7 products. A 8UIIIlJll'7 ot 

tbe reeulte bJ Stolte aa! Hallkinacn (18) ie giwn ill table 3. 

fable 3. Rel!lllte ot mocUtied ~taee teet to detect 
aatib1otioe in ailk. 

lfo. ot milk• 
Cow Doaaee ing after Reeulta 
lfg. trpat,rnopt 

l AU!'eOII,JCill 2()0 qJIIIo 4 Grey 
Complete irlaoti'fttion 

2 Streptomycilll p . 2 Gray 
COIIII"lete irlaoti'ration 

3 1')rothrioin 40IISII• 2 Pale 11'8 II 
Pmilll 1Dact1wt1on 

4 Penio1ll1n 25000 unite 1 (hooy 
Complete inact1.-t1on 

s Penicillill 25000 unite 1 Green 
Partial inactivation 

Churchill et al. (4) imeat1gatizlg the modified fhoaphataee teet 

deecribed by Stoltz ea! HankiMOD (18) tor tbe detection ot anti• 

biot1ce 1D milk t'ourd tb&t the at ca11t10t be depea!ed upo11 to 

indicate tbe rresence ot antibiotic lubsteiiCee ill rew llilkJ ~ther 

it 1Dr:Ucatee tbe Wl'!at1on ot .hospb&taae content ot mlllt tl'Oa ditterent 

oowa. t'he preeei:ICO of ant1b1ot1ce do not interter with the regul.llr 
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t:boafhatose te.t as 1101r emr~oye4 bf health a nciee. The antibiotice 

teeted bf CburebUl et &1. (4) -.ere; pen1oU11rl, n omyoin, etrepto. 

myoil2, eureom,yoln, ten'tl111fc1n1 am ohloro111J01rl• All ot the eutl

biotioe ,;sre teated bf ctil'ect addition ot the drug into the llilk, Ill 

by lllilk colllifl@ trOll cowe treete4 w1 th the dzoug. 

Ruehe (16) tOilllll DO sillple 1110tbod to t!eterm!IJe sntibiotioe 1r1 

am, however, auggestett at euepeoted lll1lk can be checked tor starter 

lllllking qual1t1ee "' ra.teuriBiiiS 10 al. eurlee 1r1 teat tubes , heetiqr 

to at least l?s<'P., am 1J!Ooulatifl@ with 1 1111. Of starter. If DO 

antibiotic 1e present a eat1atnotC11'7 cca lua ehould tora ill 10 

hours or leee. 

Huuter (7) tourd that ren1c1111D in m:l.lk has a definite effect 

on the recluctaso tillle, proloJ:18:lft8 the reduotaae tille 1:101'8 in h'eeh 

milk thaD 1D aged lll1lk. The psoo):CJ!'tions ot §tront.pggs;qpe .tlicb 

are aeneitive 111111 CpHrpre organ! lt'hioh 11re DOD-sene! ti've w11l 

e•l"t a llllrked ettect ell tlJe relllllta. Althouah the preaence ot Jllln1C:I.l• 

liD in e:l.lk retards eomewhllt the decolorication ot meteylene blue 

trben the reducta11e teet 1e I'UJl Ruehe (16) tourd it 1 s intluenoe 1e 

not a1gnit1cant, ard does not chane- the cll!lsaitioation of the a:l.llt. 

Jhmter (8) tourd ill cheese CJlde troD milk conteinirlC pen1otlliJS 

1D aiiiDUDte sutt1c1ent to atteot the rate of eo1d prcduot1011 bad curds 

lrhich telllecl to be "ehort" arld "chippt' va1"11fl@ to harsh with the 

l.al'ger aaounte of J:Gnic1111n. Cheese 3 mouths old lllllde troll am 
coDta1Diqr 0 . 10 pen1c:l.ll1D unite Jlfll' ml. had a ~et:y body, a 

cheeeo llll!de rith Dilk coDtaWfl@ 0 . 15 UDite per 1111. aew a nak 

past:y erd t rmeuted cheese. 



Bunter (8) auggoste the poee1bU1tJ that organ1ame poowllllf 

ill the preeence ot fiJl ant1biot1o llllJ becollle lllON euecert1ble to 

the llltlueDCe ot pbap aot1oa. 

10 
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IJisl mm(Mtllre Rt ~ ~ 

flav..O.Lec culture obtained tro• Daiey Leboretoriea Inc. co~~oo 

or:d J.on!i!t'!!lrlltosl gu.rgyprpp WBa ueocl &a the IIOUl'C& of otarter in thil 

9llperlmant. Tbe l'llOther culture waa c~ie4 in erode A skill aUk 

lfhicb ht.i4 been boated in • water bath to 1m. for 1 haar. Goo4 

activity •• lllliintailled ~ troeuferrllll the mother culture in dupll• 

eate c!ail.,-, a.nd 119lect!JII the beet of the dupllcates for the 1nocultml. 

Om fA!l'CGDt iaooulua •• used for the nster, and the cultures were 

iDOUbated at '10° r. tor 16 houri. Bulk 8tarteJ"'I 1I9Z'8 preJ:and in 

one quart milk bottles uslng the aa quallt7 or ailk, 11111thoc! ot 

··~rl.lhh '!J"~ Pfjrctel:t f.noculum, am 1111!ube.tioa tempe tUJ'II . 'f1le 

eulturoes devolopd sn c1d1ty ot about o. 70 pe%'011nt and asaseed a 

a11100tb texture anc! pleasing flavor anrl aroma t:vplcal of eoo4 lactf.o 

The a~cin used in this e:q:eriment 118S or,atalHm eureo

myo1n eyuoohlmide auppliecl b.f l<edel'le Ltlboretorios !>lv1aion1 

American Cya mid 0QIIPlDJ'. 

The milk used we.s grade A milk trdtl the rGgullll' euppq ot 

ColOI'fldo A anc! M Call.ege, and ne h'OII cows which did not have 

atit11!1, nlld bod _,.been treated with 1:17 ot the antlb1ot1oa. 

The ailk wes paeteurised at 143° F. tor 30 llilutoe then oooled 

to 4].0 r. ard etore4 Cft!'ll!ght in elea!llD pllca ll11k cane. !he 

foUowirli I'IWlg tbe 1l11k IISS 4ulp4 ~ two cbease 'fllte, each 'fllt. 

boldlna 38'7 pourds of llilk1 aDd heatecl to 1!60 I . 



12 

Un1to1'11!1ty 111 the c•·eeee 11111k!ng rrocedure was maiJrt.ailled by the 

uee of ll'ileon's (19) clock thad of cheese nutacture es outl ne4 

in figure 1. 

Haneena cboeae rennet •• uaed 111 11 batches at the rate of 4 

ou.noee r:er 1000 J:OUlld• of mille . 

The cheeae Wits lll!lnuf'&ctured in two wta using 1 percent starter 

in both vats. the first t of milk wae uaed sa a control, and the 

cheese O!king rrocedure outl1md above •• followed as cloeelf q 

roseible. To the second vat aureomyc111 lilts ll44ed at the l'!lte ot 

5. 6 rarte rer lllillion. Subsequent trials were l'\111 111 which 2. 8, 1.4, 

0 . 7, t>nd 0.3S p . p . m. were lld.decl to wt Dlll!lber 2. 

Durinc the malllhoture of the oheeee the l'!lte ot acid devel.opuent 

waa oaretully noted. 'l'he tlbatable acicH:ty lllfts -aured before 

addtnc the at'lrter, at the time of edding rennet, rea the curd •• 

cut, before d in!ng tbe whey, and at 15 milllte illtervals during the 

matt1rc and ch ddering rrocess. The titretablo acidity s surec! 

us 0. 10 II ttodium hydroxide •ith 1. 0 J"Cent r henolpbtbalein beilll 

used as the indicator. lflne ml. 116 lee were tit!'l'lted to a taint 

ink color whio r&l!ll!lined tor at least 15 seconds. Any d.itterence 

in titratcble acidity between the two vats \161 earetull.J noted and 

recorded. 

In studying the effect ot steur1sat1on, steriliution, erxl 

hydrogen pci'Oxide treatment ot ll1lk UJ:Oil 1nh1bitillg the effects ot 

aureomyc111 on starters, lleneen's lactic ter::lent oulture contdnill(r 

the orgtlnisa StmptP!!MQila ~ 11111 uaecl as the source ot starter. 



l hour 

rennet 

ro tlil'lo 

Cuttif.18 

ll 
115 !:in. 

30 min. ~ 1/4 hre . 
Stem of t 

Drsinin8 11he:r ~ 1/2 bra . 
lS min. 

Packlng 

2 1/4 hl"s 

l Uling 

Salt1 
115 min. 

30 min. 

- I Time required 

1 30 111111. 

Preeeiag 

Dresaif.l8 

Fi«ure 1. !ime illtenale between eteJ'S i ll the menutaoture ct 
aheddel' cheese. 

1~56~0 

13 

7 
hrs . 

.... 

:· ··. . -· 
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The motl:lcno culture wee CBft'itld 1D eracie A whole Hk ehich had been 

~ted in n autoclaw to • te . rature ot 240° F. tor 20 miDutea. 

Good activity a maintnillOd by tranllferril'lg tbe culture d ily using 

a one rercant U!oculu.. 'l'bo oulturea .ere incubated t a temperature 

ot 70° F. tor 14 to 1S hours. 

The milk used 1D this experilllEint was grade A llilk f'loc. the re 

SUJ' 17 ot Uteb State Agricultural College oreamecy. Part of tlle milk 

ulfld 8 grade A fftllteut'ieed II lk1 the IN inder waa 

The &~in used was the se oa that described in tbe •-

hct.UI'G ot obeddar ..... 

l.dible h)drogen pei'Orlde known ae •;erone" was used in this 

&XJ'(lriment. •rero1111" contnina 35 rercent h~gen perox14e and ill 

lll!lde by Du Pont E. I . Nelll0\U'a1 lnectro-ChomiC!Ill. Division, ElMnte, 

Ce.l:U'ornill. 

The catalooe uaed was highly }:'UZ'ific-d, dry, no~soopio 

):Owder known as "Catal.Cl e )0• produced by Al'IDOUI' aDd C~, 

· · Chi o, Illinois. 

Sill lots of milk with tive '100 gram ~&IIPle8 per lot were used 

in thia experilnont. the 88111)" lea 11111re Jll'Gp&red &a ebmm in table 4. 

Aureo~in was added to the 5 HII!Jl].os 1n each lot at the rete ot 

1 . 0, 0.5, Oo25, and 0 . 12 porte per million of aureoii;YOin, with the 

fifth lllf'le beina uHd as the control. 

'1'wo additio l lots of •ilk conaiatill€ of sill '100 gt'fll!l se~rplea 

were preJlflrecl to teat the ettects ot 1nci'9Ssed ftlliOU1'ltl ot eydropn 

r.ei'Old.de Oil But'COII,)'Cillo The llblplos were pNp&l'ed 11.8 llbowzl ill table 

J,a. .Aureot:O'Oin wee added to 5 ot the ea lee 1n eeoh lot at tbe rate 

ot 0. 25 parts per million, with the sixth sample uaed ae the control. 



Table 4. Prep~~rotion ~ 111111 lee tor testing the illllct1 tion 
ot llureomyc!n i n mUk . 

Treat• llUk 
ent 1 ullfJCl T1me ot adding aue~!n 

15 

1 P at. Before sterilization at 2AIJ° F. tor 20 111n. 

2 Raw Detore hyclrogen reroxide treatlllellt. 

3 Past. Detore ~n ptroxide treatment. 

4 Raw tore pesteut-1c&t1on (14.3° F. tor 30 min. ) 

5 Past . No trectr.s t artet- eddition. 

6 • 5o tre&tmont alter llddition • 

1 . Euch tl"'otment NJ:l'CIOnta 01111 lot Of- five llfiiiiJ'lOB o 

Table 4a. PrerarGtion ~ e llfloe tor teeti ng the ettecte ot 
h~h concentrations ot hydrogen fei'OXide on 
~ill. 

· lllk used 

Before nateurization at W0 F. tor 30 •in. 

No tl'Oiltront after addition. 
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HydJ'oeen reroxide waa added to S ot the -u•r les 1n e cb lot at the rGte 

ot 1. 0, 0 . 8, 0 .6, 0.41 am 0 . 2 percent ~ J'UQldde1 with the 

alxtb eample used aa the oosrtrol. 

The aureq'Cin was edded to the ealll!"1111!1 by y:-rGparing a 1/10,000 

dilution ot the ceystalline aure~oin ~J'O<lhlor1cle 1n distilled 

weter, mid measuPirlg the dUution lnto the searles l'lith the 1cl ct a 

1 ml. ripatte grGduatec1 1n 0. 10 181. d1vis10I'llh 

the ~rosen Jl6l"'X1cle treetment ueec1 •• the same aa ouWIIIICl 

byllo!Tie (13) ua1ng 0. 2 rercent ot 35 rereent hydl'ogen pal'OXide 

added to m1lk at 1.20" F. end holdintr the eamrlee at tbnt temperetun 

tor )C) lllillutea. 'lbe IIIIIIIJ:'lea ro tbell cooled to 100° P. a!ld the 

oatele" enZ)'I!lG added at the rate of one drop ot a l/100 dUution 

delivered trOll a 2 Jlllo flrette to OOJlWrt the I'OIIIIliJii.n(f h)'drogen 

s;el'Oldde into water a!ld CllQ'If!Do 'S'he 11811111 r rooeduro • followed 

'then 1ncreaeed llJIIOUJrt8 ot hydrogen -perox1de ro used, with the 

exeapt1on ot the roroenta ot b;vdroaen p:~roxide o 

Ten ml. portions ot the lcydrcgen rei'Orlde treated lllilk re tested 

with 5 IIIlo ot a 30 rereent roteasillll iodide solution to deterdne 

hen all of the hydrogen reroxide h.Btl beeD converted into water ,.nd 

oJeygen. A yellow color indicates the r;resence or hydrogen s;erold.de. 

Arter all lots bad been ti'OIIted 1n the nner dee:cl'i abovo, 

each a&mple e adjuated to 70° r. and iliOCUleted with 1 percent ot 

the culture. The eamplee re incubated at 70° P. tor 16 hO\lra, and 

t1tretrd in the sa 100nner ae NYioualJ described . Artf ditferencee 

1Jl the titratehle acidity caused 1:17 the &ureoJQCln were careMly 
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RESULTS Ali) DISCUSSION 

Ihll mmragtJn:t At Slhtua 

The acid develoJEE~nt dul'i the d.aufacturiJ!g roeeee ot cheeae 

ae determilled by the t1tfttable ae1di t7 of the m11Jr at the tiJIIe ot 

addi:ll starter, alld the t1tratable acidity of the whey at cuttlne, 

dipptos, aDd during the obeddaring pJ"OCell is shown in table ' • 

The result• thew th t there we rrectically no diti'erence 1n 

titr&table ee1dit7 due to aureClll;101n untU the tiaa of dippinc. At 

the time ot di:r:p1ng there IIIli et1ll weylittle wriation in 

tio141ty due to the r resence ot aureoJIIYOin, however, in all caeee 

there "as a el1ght:cy lower acidity 1D the '98\8 contain1ne l.lure011J01n 

indioatillg thet eoid dewl~nt hed oes ed o 

'l'he coi'Jtrol vate in ell caeee ahMOd 1101'1!1111 acid cklvelop!lllnt 

troll tho ti ot dipring until the t111111 of 1111111 , with an overage 

i nc ae of 0. 56 rercent acid. cid dewlOpllllnt wee notacl in the 

wte containing aure01ey0in untU tho l.flst trial 1n "hich tr.ere 111111 • 

0. 04 y:crcen increase in titrateble ea1d1t7 f'rcliD the time of diry;irc 

unt11 the tilllll of m.Uli!llo 

Ptgnre 2 sbawe grBy.>hicallJ the acid develoyx:Jei'Jt obtained with 

the different amounte of aureo~ia oompsred with the control IJI!IIII]"lea. 

Durill8 the oheddaring f l'OC811 the curd de f'rolll the milk con

tsilling eure~in ebowed ~rkecl dUferellCea 1n texture ani mattilli 

proy:ertios f1'0II the CU1'd lllllde tree drug tree llilk. 

The curd l!flde trom a1lJt containillg aureoJq,VCin did not aXJ:el 

moiat\11'0 as repidly ea did the 0\ll'd 1'1"011 cJru« tree milk, aocl it did 

not t end prcduce the sa degree of elasticity in the time allowed 
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Table 5o Titrtltable acidity developed durii'IC the cheddar chee e 
!llllnuf'acturing ~s• using •:llk cont&inilli e.ureo¥1n. 

'lhw Controll Atasmssa r.~Ca tilE a~lllaD 
5.6 2. 8 

AddiJIS etarter .16 .16 .18 

Cutt1.Jll . 10 .09 .09 

Diypilll .14 .09 .09 

Cbedc:1.ar1JII 2 .64 . l.O .09 

uuu.., . 72 .10 .09 

1 . Avel'f. or five vata. 

'· Awrtl of detel'llinatione teken at 15 1!11n. 

P•P••• a~ill 
p. p.m. llllt'eOIQCin 

Drua tree ll1lk 

1.4 0.7 

. 16 .16 

.10 .10 

.10 .10 

.10 .10 

.10 .10 

intel"VVlle. 

0. 35 

. 17 

. l.O 

. 10 

.13 

.14 

Pf.pre 2. A cOIIIpllrieon of the titratable ac1d1t7 at 4 stages 
in the manufacture ot cheddar cheese usi eilk 
conta1n1ug aureoJIO'Oln• 
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tor ohoddnrillfl• In tllo millillfl rrocese th curd lw.4 a tendency to 

crumble and bl-eak up. llhen en atteii!T>t a ll!l!ide to re a the eurd 

the T rt olea tailed to adhere to oeoh other end it a 1Jrroas1ble 

to ;:roduee a cheese that could be rreaee4 into au1table oDDiition 

tor esleable pt:.rpOeea. 

The d1ttereneee 1A the a . J:elll'ei!OII ot the curd dur~· tho y:aoking 

and choddaring atagea re rrobablJ due to the veriation 1A acid 

.,reduction betweea dining alld llilliJII. the develop!lllnt ot soo4 

11 tt1og nd pliabll1tJ in chedder chee" 1a deJ:>endent UJ.'Oll tha rete 

alld aiiCIIUlt ot nc14 rroduotioD llhioh ehanaee the ohellioal charecter 

ot the eeeein. 

fhe ettecta ot 1llilk trollt.nte alld OODeelltretions of !ll.U'eOJJyO!Jl 

on titretable acidity dewlO):!e4 1A 111llt al'O shown in to.ble 6. 

The rewlte aholr thnt heat t t nt wve the meet effective 

meane ueed ill thie ellpl!rillent to !Jwoti te aureoGI,l'Oirt. !he moat 

effective heat trea nt wee to heat the llilk to 240° , • ror 20 

minu.tee. Sorarlea coatain1118 aure~in treflted at tbie teaporature 

showed a t1tratable ec141t)' comrarable to that ot tbe control atter 

16 hours. 

Paeteurbillg milk t 143° r. tor :JO ad.nutee h eOJ:IS atteet oa 

the inactivation ot aureomrcin, but tba ncidity developed did DOt 

approach that of the control at 16 hOUl'll o 'the IDOet uotieeeble ettaets 

ot 1Mctivat1on b7 rssteurbatioa were at the lOBJ' concentrations of 

the antibiotic, atd ae the coDCentraticn ot antibiotic •• illCreaeed 

the illeeti'llltiOD etteot cieoreaeeclo ihen the eureo111JC1n wee added to 



Table 6. Effects ot milk tl'e tmente e ooneentretione of 
IIUJ"eOIII;?Cil!l Oil the titratable cSdity developed ill 
aUk. 

'fre;,-nt All,.~~D Ila:f11 ~1: D~llliD 
0.12 1.00 o.so o.2s 

1 .69 .69 .?2 . 72 

2 .21 ·24 . 23 .32 

3 .20 . 22 .2S .n 
4 . 23 .24 . 50 . 49 

5 . 21 . 21 . 22 .~ 

6 .21 .21 . 24 .32 

1. hom table 4. 

'fable 7. Effects ot )'qdrogen peroxide OD aoid dewlofCilllt in 
a1lk conta1n1ag 0. 25 rarte er 111llion aureot:I1Cill• 
Average of 5 triale . 

o.oo 

. ?O 

.39 

. 57 

.77 

.67 

. 63 

IIUkuaed Cout.rol 
Popq•nt.li• bydrpqon gprqxide 

1.0 o.s 0.6 0.4 0.2 

Raw .eo 
.eo 

.39 

. 33 

. 3'7 

.36 

1. A~in added before peateur1tlllt10D. 

. 37 . 25 

.34 . 30 

20 
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the milk attar J'fleteurtzatiOil the antibiotic effect of the AUl'eOJDYOin 

wr a not changed as ~rod te the arf'ect the a l"ee!eyCin hed in rew 

milk . This mW.d 1!¥!1cate thet it Wil l the heat treatment t "et 

destroyed some of the &\l1"El01113CiD 111 the ;:aetell!'iz&tion r l'ClCees. 

Treating m l k with 0 . 2 rorcent b)'drogen peroxide caused e alight 

dec ao in the antibiotic errecte of nure~in. The titrotable 

ccidity developed in milk cont&:lnirte aureo~:ln erd treated with 

0 .2 r ercent h~n re1'0Xide did cot approech toot ot control, 

or that of milk ich w e paetellJ'il:ed fTt' storilieed, but did show • 

t-er 1ncres110 than s obtained 1n raw l:l1lk or milk which hl'.d 

e~in edded after J:!Oeteurbati on. The 11l!lct1vct1on of 

UNOJIYC111 by b)'drogen roxide tlltll!ld 1D this exper1ment woe so 

eliaht tbllt it io concei"fflble the increase 111 tit:ratoble acidity 

lillY ltRve been due to Sl'IOthe:r t ncto:r ouch fl ll ere ter starter 

activity. Furt her trials liOilld haw to bo rn11 before tinlll ccl)

cluaicna should be dra • 

!he ettecta ot ino:rea ed emounte ot h)'drogon erox1de in 

mlllt containing 0. 25 r rte per million aureOIIIYCiD are shown 1n 

table 7. 

The reaulta show that by i ncreasing the rercentage of 

h)'drocen peroxide used to 0.4 f61'Cant tt.ere 1a a slight increase 

i n the titratable ncidity obtained. Inoreae11'l8 the el!IOUnt or 

h~n reroxide above 0.4 r eroent bnd 110 noticeable ertect on 

inecti~tion of aure~111, elld 1n some cases a deoreue 1n 

titrable acidity wee noted • 



COlC:WSIOIIS 

ureCIII,JViD1 when }!resent 1n milk use<l tor tbe ~autaoture ot 

cheddar oheeee, mor be relpOIIIIible tor comrlete cea1111tion ot acid 

production wben tbe coocentret!on ot the entib1otic excoede o.,;s 

}:8rte JlOJ' llill!ono llben tbe CoDCentretion ot the eutibiotio 1188 

bet,..en 0.3S P•F•III• alii. 0. 12 P•P•lll• aoicl ~uotion p:roceeded at a 

redl!ood Nte, and the cheese • roduoed •• ot a lo P quel1t7 thllll 1a 

deailwble. It would 8G probable that llilk troll! eon t.Neted with 

aU1'8CQ101n when shipped to a chee811 factory, could conteirl the 

coDCentret:lons ot a~iD tOWid 1D tbe experilaent to il'lhibit 

acid -production 1D tbe mamtactunl ot o~oe. t'he treetment com

moDl;y ueod, aa !JUi6eated b7 the llllliiUtacture, ia 200 ~~:g. ot 

aure0111y01n ~hloride in ointment injected into each inteoted 

quarter ot tbe cow. It thie aiiOWlt -· rreeent in 1700 rounds ot 

lllllk the CODCOntretiOD would be Oo2S P• olllo1 01" enough to C8UH 

eeriow. d11tioult1ea 1B the choeae liUtflcturing Jr0Ct188o Whore 

oeverel )':J'Oducera 1e a C0181D1t7 an treat1D(l with &UI'eOIII;)'OiD it 1e 

ent1relJ in the reala ot possibility that, Oil OCOllaiOM, sultioient 

a~iD l!llly be present iD tho lllilk to cause dow or comrlete 

cessation of acid production 1D the cheese maautacturiD(l proceae. 

Sterilbat1on ot IB1lk b7 heat1 to 2/JJ0 1. t~ 20 ldmltee 1B 

an autoclave will illllotinto aureo~1n, and acid J'1"C)Cluotioa will be 

110l'1181. Stenlbetion 111 tbb marmer n be uaed to treat llilk tbllt 

1e to be uaed to ~te mothel' cultures, but is DOt fl'8Ct1cal tor 

milk to be used 111 tbe •mtaotll2'8 ot cheddAr cheese. '1'he mecbllnia 
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b:y which ureOD!3CiD 1e inacti'tated b:y sterUbation is not ~mom. 

Pasteurization at 143° 1. tor .30 IW!utee did not completel)' 

1 ethete a~1n, but erreflred. to b8 the best r r ecticel •tbod 

atudied to aid 111 the 1nact1V&tion ot tho antibiotic . It 111111 be th t 

rasteurisetion, a.M. iocreadng the rercentege of starter, 68 eugg eted 

b:y other inwetigfltore, is the best enner to the r roblem of 3ncrees-

1111 the :rete of aeid Ol!uetion in cultured 117 roducte when the 

aUk ie known to cont11111 aureo~a. 

It a II\J€i&eted that hydrogen reroxide might il¥ict1wte 

e.~in. llhen the hydrogen ;:erorlde wee uaed at the rate ot 

0 . 2 y:ercent there wee veey little effect foutld on tbe 1nac :! vo.tion 

ot aureo~1n, end veey little tnoreaee in acid develo nt due to 

the treatment with b~n r-ero:rlde. 1m aiDg the &IIIOUllt of h)'dro

gen psrox!de to 0.4 pareent resulted 1n aome decrease in the 

inhlblt017 effect or o.u:reo~tn, but inoreaaill r the eydrogen reroxlde 

be~ 0.4 reroent did not have o~ benetioiel ettect. 



Aure01111C1D hel'l }:S'tteent 1D .Uk ill coocentretion grenter than 

0. 35 J;A.-te por alil10D will c&uM COII!plete ceeeation ot acid p •oduc

tion whell the milk te to be u•e4 to llltacture cheddar cheese . Wbea 

the ooncentl'lltion ot eureoJ111Clll 1a between 0 . 25 ard 0.12 arts :per 

million acid ri'OiiuctiOD wlll be elow, nrd the milk ie 110t ll!ltietactocy 

tor cheeee l!lllldng J'Ul"P)aee. 

Sterilization ot 11ilk, contain1DS omycin 1D comentrettona 

that will inhibit acid Jl1"0duction, will deetro)" the antibiotic action 

ot au~in ani the tit table cidit)' developed 1D 16 houra will 

be nor 1. 

1'asteurizaticn te~ratures wil l rarti~ inllct wte the 

antibiotic action of ~in, but tho l'&te of acid devllopmeat 

will slow, alld tbe total ecid developed will be below nol'lll!ll at 

any gi n tille 1D the oheeee 1111!1ld.J28 eae • 

B;ydrogen peroxide tre tment ot ailk, eonta illillliJ aU1'80111Y-: ln ill 

amounte that inhibit ecid p-oduction, cannot be de;:enied UJ:OD to 

dastro)' the antibiotic action of aure~o1n. 

The aterilicatlo!l tempereturee used in this experimllnt could 

be u.eed to Jftf£11'9 milk tor mother cultures, but could not be uaod to 

fl'8f41'8 milk tor other cultured deicy j:l'Oduote. 

A eolutioa to the J'1"oblflll ot antibiotica in milk llea in a gocd 

)':TOducer distributor relationabip, wheNin the distributor agrees 

to accept the lll1lk contsiJW!g the antiblotto, 1t the }:!'Oduoer will 

label ell aUk coad.rc f1'Clll\ co with antiblotice tor a ):'Gr1o4 ot 
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-n days &tter the laet t:teat nt. In this way the dietributor 

could uM the l!dlll conta1n1r.g th nt1b1ot1c in chennele that do not 

r«;u1re the srowth ot b!loterla tor 11014 d$VI!Ilor meat. 

to this dete no detrimental effect other then the 1nh1b1torr 

action ot a~in on the growth of lactic eoid produoiqr 

organic can be treced to t e antibiotic . 
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Table 8. Titratable eoidity develOJ:ed in S lots of lll1lk 
contflini!l@ 4 different ooocentratiol'lB of a ~in 
ani etaril ce4 at 21/)0 r. tar 20 11111Utcle. 

Trial u~~~~ ~ ~•=• 
1.00 o.so 0.25 0.12 o.oo •.a.1 

1 . 71 . 72 .74 .72 .73 . 22 

2 . 58 .61 .64 . 62 .60 .19 

3 . 70 .73 .73 .?S .69 . 23 

4 . 72 .66 .71 . 73 . 72 . 21 

s . 72 . 75 .77 .78 . ?6 . 20 

Average .69 .69 .72 .72 . ?O . 21 

1. Titratable acidity at time or a~diDg starter. 

Table Be. T1tratable acidity develo~ 1n 5 lot., ot m1lk 
eontain1ne 4 ciitfcmmt oODCent.rostioiUI of' aureo~in 
added after r etourizat1on. 

Trial Au~~D ~.~.ma 
A.s .1 1.00 0. 50 0.25 0.12 o.oo 

1 .::o . 20 . ?2 .29 . 57 .::o 
2 . 21 . 25 . 2, .30 .60 .18 

3 . 21 .::o . 22 . 31 . 75 . 18 

4 . 21 . 20 . 22 .28 .lfl .19 

5 0 22 .a .21 . 2'7 .73 .19 

Avera . 21 . 21 . 22 . 29 .67 .19 

1 . Titratl.lblo acidity at time of adding starter. 
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T ble 8b. T1trateb1e acidity dew1oped in 5 lota ot :raw rd.lk 
containing 4 d!rterent ooacentrations or aure~in. 

Trial Au~S2&1GI D ti • C• m. 
1.00 0. 50 0 . 25 0.12 o.oo A.s. l 

1 . 23 .21 .23 . 29 ·" . 21 

2 .ro . 20 .~9 . 32 .41 .17 

3 . 22 . 22 . 25 .37 .66 . 19 

4 . 22 . 22 . 22 . 30 . '16 .20 

5 .20 .22 .23 ·" .75 .19 

A-.erage . 21 . 21 .24 . 32 .63 . 19 

1. Titratable eo d:lty at time or dding starter. 

Table 8e. Titratable ao1dity dewlored i ll 5 1ota of ~:~1lk oon-
taiDillg 4 d.Uferent ooacentretions or ure~in 
added artcr raateurizatioa and berore treat nt 
with hJdro n rerox1de. 

Trial Auagmxt.~SD 1:• 11• ID• A.s1 
1. 00 0. 50 0. 25 o.l2 o.oo 

1 .ro . 21 . 23 . 28 .30 . 17 

2 . 20 . 20 .23 .31 .45 .17 

3 . 21 .:1!1 .26 . 29 . ?O . 17 

4 .18 . 24 .25 . 24 .74 .18 

5 . 22 . 23 . 28 o44 . 63 .19 

Awrage . 20 . 22 . 25 .31 . '!?I .18 

1 . Tit table ac1d1ty et tillo or adding atarter . 
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Table ect . Titrotable ac1d1t:y developed 1n 5 lota of llilk 
containing 4 different concentrations ot e~1n 
edded t.o row llilk before treatment with eydrogea 

l'Oldde. 

Trial E.nz:s.u~JiiaJ 11 1:! . xz. m. 
A. s.1 1. 00 o.so 0. 25 0.12 o.oo 

1 . 22 .23 . 2) . 29 . 28 .18 

2 . 20 . 27 .24 • 2 .30 . 1'1 

3 . 21 . 26 . 22 .30 . 25 . 20 

4 . 21 . 20 .22 .36 . 55 .19 

5 .20 .22 .26 .33 . 5'1 .19 

Averap . 21 ·24 . 23 . )2 .39 .19 

1. Titratable acidity at time ot add1q ~tarter. 

fable Se. 'rttratable acidity deftlloped ill 5 lots ot milk 
contai~ 4 dittereDt ooncentrettona ot eura~ill 
edded before p.ateurization. 

Triel Aia~SD D• t A.s.1 1. 00 0. 50 0.25 0.12 o.oo 

1 . 22 . 23 . 2'1 .55 .76 . 20 

2 . 23 . 2'1 . 31 .60 .71 .n 
3 . 22 . 26 . :>9 . 31 . '14 . 20 

4 . 2:3 . 20 . 29 .so . E'O . 20 

5 .23 .25 . 30 .48 .76 . 20 

Awrase .23 . 24 .so o49 .71 . 20 

1. Tttratable acidity at time of adding stllrter. 



Table 9. Titratable sc1t11t:y dnelOJ*S in 5 lots ot raw 
mill contain:!.ll£ 0. 25 f of olllo BUNOIJ1C1n &deled 
before tNatment with 4 ditterent coaeentretiolllt 
ot h31d1"089n r rcldde. 
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'l'rial 
Pemont;ern Hystrormp hrmdde 

1. 00 0.80 0.60 0.40 A.s .1 

1 .39 . 36 .30 .30 .ro . 20 

2 . 72 . 41 . 53 .63 .79 . 21 

3 .41 o40 .36 .32 . 81 . 20 

4 . 20 .47 .46 .43 . 81 . 20 

5 . 22 . 20 . 20 . 33 .78 . 20 

Aft ,., .39 .37 .37 .~ .so . 20 

1. '1'1trateble acidit)' at timll ot add1118 II'Wrt6r. 
2. Sample d1d not contain ~in. 

Table 9a. 1'1tratable aciditrdneloped 1D 5 leta ot ailk 
oonta1ninl 0. 25 r . ·• • eure~1n ad& before 
peateuriwtion ard betoro t.rN.t nt • ith 4 
different conoentrotiona ot h~ n rero:xide . 

Tr1al bES:flllH81 llxdrl2DD l!s2DWd1 o.oo2 .& .s.I 1.00 o.oo 0.60 0.40 

1 .39 . 37 .32 . 34 . 79 . 20 

2 .36 .44 . 39 . 39 . 'Cf7 . 21 

3 . 39 .41 .42 .34 .76 . 20 

4 .33 . 35 ·24 .27 .79 . 20 

5 . 20 .21 . 33 .42 . Pl . 20 

A~roge . 33 .36 .34 .35 .oo . 20 

1 . Titratable ac1dit)' at t1me of addifli atal'ter. 
2 . Semrle did DOt contain ~in. 
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