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INTW Du ,TlO!·, 

b1port.ancc oJ: ,:ro b l en: 

T11,..: 1"1 f1~t• .. t''t: cf' che ~ '1r' ~!-et: ;} ·; s r0at l y det-'..:::i 1en t 

er h-~cte i·~l ;r..,~.::-1.t11 .,..r:r 3 _:iC i .. ,.)2. :;t .'.. !".: {l ... i .. •ty Cr 

T'i pre t,c or: c" c.ci d r'Q.:;1...:tirg "'r cel lul ar wet~bclism . 

If 1 i++-2._ er!"'") 3 Ci'°: ic:: pr<..~teer! tT·e ..-·, ,;.,L.ltir.g ·l-:eese n .. , 

ric r- ho·"lj , f2...-:ivcr, .,1 1 text1..,r.-· ;ln~ ry]ay ev-=n 

ci~s~ +rec eese to be use 

T}·e: m 1 :0r .;dl.'Se i fl·r ..;nhiL i .~;.; 1 ct:.c 1 1"' ... ri il ~rrO', .... th 

'1re ,Jror st1rter h3.r!dlinr I=,r cedl4r,_.", , :...nt.~ JiotJp·~ ir.. mjll-. 

,:o~irw f'rom co ... ·s treated for 1:1 stitis , qu ,terF-.1.r:> 

CC.I" c,unc'.s used in ,.lant s&.r.i 1. ,t i or , .::,d l. .ccrrio ) .fe . 

T it- 0c c ur1r.ce of b.1CtC;r .. c;..,'-'! e;; c r ....... ; n ... +iv i t!JE 

ir.c.,....e c-e1~ use of 1u...lttrr.:-1.ry 1!1.r:,Gr:..L.. •. c~ t--~u.r .,.s '1.r 

· -·,+jcs i--,._ve C".1.t..sed a sericus l=:ror-f.-:!l i 1 c!"cesL r~r1t,fu.~t 1_.ri11~ .... 

Pt. r' 0~' 0" pro i, c t 

1he pu pose of thi• pr oj ~:t l 

c ir .. c f'rorr1 s2 cw 

o~ er - ci~ ~il~ with ~he u~e of i?~cd l ~ctic ~ci <l. 

L3c•ic a ' i c'. will bE , .; 

rt~ fer t, a c l rl tr:a+ 



ff7VI:W OF LITER,TLRE 

Aci ::! pro ·:u c t i 0r. c.p;::,ec1rs t o be the i ry•;xrt ·,nt :"ur.cti ot cf' 

t he cu lt ur" i n chedd 1r ch eese · 2k i c[ c ~cr · i r.r t o Mi ller r j 

El li ke r ( 21 ) , and ' i lste r and Pr i ce ( 34) . - t r .. toc c c ~us 

la c ti s is the first spe c ies t o l:,rir c- aoc ut an i :,,pcrt ,, t char,ge 

wit l tte tr acsfo r iiti on cf la c tose t o la c i c a ci d . T~e ~r o­

fuct i or of d c i d beg i ns after the stHrt r i s aaicd o t .e ~i l 

and c ontir.ue~ as l ong as lac•ose i ~ jVdil~ale for ferm~nt t i on. 

Tt"'e e f fe e t s of ~c ir:! i ri i:f'eE s~ r.iaki --:g 

The f ol l o .,i ng ci.r f: f iv e e;°'\a c ' s thqt J:i c ti c "<'' l r- 'S i 11 

the mc1ruf·i c • ur e ind ri ,.eriir g of c ,.cr' iar c hee,,c;a, c~c,r j i r,g t o 

1·'il ster qnd "'ri c e ( 34) , anl ' . .1stirgs et al . ( i l ; . 

The c osgulit "on ~r r i l l: 

for c hedd ,r cbee5e is a sweet or r ennet C03.[L,l ,tir,11. Th" 

~c t ivit y of r enne t i s i nfluecced oy the re8 c tirn of •he med­

i um. A f"lore r1;:,id coc,,eul ,t i on of mi l. , ,;ith rtollr:t: t i ., tr e, 

obta i ned wit h in incr e~se i n a c il . 'c l j rcgcts i th d i c _l-

ci um phosph:;te t o f orr1"' so ln ,ble c ctl c iw ~ s::l t, rro1,oc :;' ci m 

ph o sph~te , which i s nP c e ss3ry f or the ~0.rul,t i l~ of tbe 

c ~se in by renne t. 

, ci :i f.tvC'r s ex pul si\..,L of .,.,he'1 0 The proper expLlsicn of' 

,,bey is n° c e s s ·,r.y t o re. ~t..ce tr e m,,i 3tc.r(; ccr.tc·.t o f c rieose 

t o the r ~~ui r ,d s t .rct~ r d ,,11,er the; ;:,oi·-t·_r2 cc r·t,e,, i s to o 

hirh the c hee s e may tJ v e off - fla v ors and~ derect i ,e hcdy . 
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Th~ r •pi1 pro ,·ucticn cf acid aid~ . expellir,g v·.d whey by 

I t i,; ne..:e . .1r 

f( r .. t a ! 1opact 

t 1'C· 't. ·..:.JC~-

:-,l. ( 1:-.) c rt 1 _, t J. , r ~.'.·" y 'JC 1: 1, -

ac·,1 t,( f, f>P th 

~u- rl nart~ cl es t o ~tl t • 

~-~~ .. ~_J.._."":,.r. ~ i'~.._..:_,,., ;.1 \Ct- -~iJ.. 

of acii th t i s c r esen~ . 

I r,hj' · ti or ~ .1 .r . ~ 1. ')V - ---
l\r.t i 1-,i ot:. c s may )P rt ·;:_HJr ;i 'J~ c er c~ or ce·;sa+i c;r~ o f 

'-::1..1c l c.r.t.j ~,~c t i c e;. :J.> ~ t r •c,,...,j __, · , f)_r.i:;~ "'111 , .'.:J.-:.i _~t!" pt -

r ·' ry c 1:-t L 

h 0 •;e rcm:iint?d jr. the m.:.L "o r sever. : ~5_-1 ing3 ·1f';e r t:-e t -

:n(rt , c,.c c c r ~fr.g to Do,. ( (.) o 

Hn··i· e r ( 1 :2) r ·pr, t ·j t 1,,,• i,· -0'1'e c .i ,e;s , as -.1 re su" t o f 

: . i e1.t rtil, i otics i , •rE :d xed l 1cr :! ::r,ili to ir,bit_;_ t bc<cte r ~ -

11. P'.r o·,.tr . 

" re il ct · o~ 

The ,.o r ~ o" K1tzr:elsc:1 ,r.J f; o~ ( 1 G, ir d.n ezp;;r i ;;,cr.t 
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wi th va r i ou s antibioti c s found peri c illin to be the most ct -

iv e sub s tan ce s with au r e omyc in and subtilin equal i n thei r 

ab ili t y fo r compl ete inhibition of acid pr odu ction , The re­

su l ts of Katznelson and Hood are given in t able 1 . 

Tab l e L 

Ant i biot i c 

Pen id lli n 
Aur e omyc in 
~tr ept omyci n 
Chlorom yc eti n 
Subt ilin 
Ba ci t r ;ici n 

I n fl uence of six anti ii ot i cs on ac i d production 
i n mil h by a m~xed at ra~n 3t~r t er culture. 

Rec ipro c i l of Jil~tion ne cesaary for : 
Compl et e No 

int i biti on in~ i bition 

3, 300 , 000 
l, OCC, uOO 

500 , 000 
l OJ, 000 

1 , 000 , 000 
WO , C CO 

166 , 000, 000 
2L , OOC, UCO 
20 , 00 0 , 000 

5 , 000 , 000 
100 , 000 , 00 0 

20 , 000 , 00 0 

Doan (6) re por t ed t hat almos t compl ete inhi bi t i cn of 

a ci d pro duct i on was caused by the pr esence of 0 . 1 un it s of 

pen i c ill i n pe r ml . of rui lk . 

I n work done by Kr ienke (17 ) i t was fo und t hat a t i n ­

cub a t ion t empe~atu r es of 70 ° F. and 95 ° F. t he r e was littl e 

a ci d pro du ced at the end of 18 hours and seven hou r s respe ct -

i ve l y when the mil k cont ained 0 . 00 05 mg, of aureomy ci n hydr o­

c l-Jl or i de per ml. of mil k , Th i s milk had been pasteurized at 

143° F. for 30 mi nut es. 

I na ctiv a tion of a nt ib i otic s i n ~ 

Doan (6 ) , Hunt er (12) , and Ka tne l s on and Hood ( 16) r e-

porte d t hat or dina ry pas te uri za t ion has no effe ct on any of 

t he an t i b i otic s studied . Uoan (6) fu rt her st udied the effec t 



o " c,1ute,cl :iv L .g on rr:i l k corta.:.:1ing peni c ill i n fo un d th at t he 

,.,otenc y of rer,i cillin \··-~s only red t.c td to a dete ct ab le de r ee . 

lioan ( 6) and Ri..ce ,<.. ( ~f) r_j)<..!'tc:J the use of the enzyme 

penicillinase a~ a posit ive :ir t idc..te fe,r ~e i c i l lin bu t they 

f cun i t1':· t t\.t. :,t .J 

c opper , a:-:! re::u.c i ng ate11ts ~u ; :t u.3 C/vt. 0i n 1nd a·--corL ic 

•Ci i bad r.o e"'fc c t..:; or 1..!·t ar.11_.1:..,iot i c J studied . 

1.1,,• i.on cf ~rtibi::-'i c i r: ,"ilk 

i r· i1: i:. c :ud i ng pe ni c il 1 in and au r e omyc i n~ Church il l et a l. 

( - : ,r·v.,~·if·';ir· t.r•' 0 1.,J:";ei .-1 ,;:,h.t ,:;c ~,est fo r the de -

tect i 0~. tf JI tirictics ir, r:ii l k fe,ur.d tl .. t tl,i,; test c;;r Lot be 

ie~ended u~ on to i rii c ~t e t ~e ;:,r esence of antibioti c s . Chu rc h­

il ' e t "... (5) fc.1..rC: t h,.l the rr.u:ifieu. Sc',a r e r field t s.st f or 

} < ;1r ·.t..1z,:; ir-r·:. c cjte<l tht3 vari. ti<Jr. of r-:hcsph ":.t-:ise cor ten t of 

1·::,k f rc.:m ii_ ... "er e ... t c ow~ ir·stn~~ r-_. tt-,e p:-e.sen c c of c:1.r.ti:>i-

t t i.c s . 

l o s.irr•) l e nnho<l f or th, dete c t i on c.f antibi o tics i n 

r i : ~as f eund by Ruehe (22 ), but! e su&go3ted t ha t suspec t ed 

mi l k r ru l ~ be c~e ck~J by h,atin~ 10 ml . Sd~p l es i n test tube 

to 175" F. ~n~ ir: c ubatinf wit~ 1 ml . of st3r t c r . A c 3~u l u~ 

wculrl f• r r i r l C hours rr :uss i f ~ o qnti~ict i cs were pr~s ­

~nt . 

Purte r (12) ~cuni th5t i n ch,8ee made fr0m mil k ha v ing 

s u ffi c iert 3rnounts of penici l lin t o r eta r d th e r at e of a c id 

, r edu cti on tre cur cJ was ' ''o rt 1 1nd I c •,i p' y ' , r,i v i r,g the 3ppear -



6 

ance of in5uff i cient ccol·<rg . Cbeese Ur e montr~ o l l made 

from milk containing 0- 10 penicillin units per~: . ~ad a weak 

pasty body . Cheese made from milk cort.air;ing C. 15 units pE:r 

ml. had a weak , pasty , and fermerted body . 

Matti ck et a l. ( 20) repo r ted that there are severa l ~e ­

thod~ fo r the dete c tion of antibiotics i n milk but they re ­

qui r e a great deal of time and do not always detect the low ­

er c oncent r ati ons whi ch ,ould pr ove to inhibit fermentative 

pr oce ss e s . 

Mattick et a l. ( 20) did des c r i be a ~etrcd ~$Ed for the 

quar;tit,ti ve estimatior; of penicillin in mi:k based upon tre 

ability of this antibiotic to inhibit t Le pr oduction of nit ­

rite f r o~ nitrate by an dCtive growing culture of Micro~oc cu2 

pvrop:enes var . ~· The clecr2a~ed projuctio:, of :..:.trit'-' , 

as compared with the control , was ' .. eac;ured colcrmeaeri:;a'ly. 

Thb test , a c corjing to Matti ck ut al . (~Cl is a;cur~t(; for 

conc~ntr,, :'._ons less th:in l. G O.<ror d urit cf p2nicilUn ::,er 

:r:l. , b t. the per,2ision c" t 'H.: test slo11l y d::.::-,inishes .:. . c or.­

cen tr 3t i ons higher than l . C Oxford u~it per ml. 

I t was found by Matti.cl, -ch t 0.5 Oxford ur:it o~ pen ­

icillin resulted in complete iahi~ition of ac id product:on 

and dS little as C.l Oxfo r d unit per ml . c~used p~rtial in ­

hibition . 

Mattick ccncluded that the test i s applicibla for the 

criti c .;;l r ange of penicillir. in milk (0 - C.5 0.xfcrj ur.it per 

ml.). The test can be completed i~ two hours . 

Du Boi s and Di':Jolee (7) conclu:ie:i thclt the pre',ence of 
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quaternary ammonium compounds had no effect on the bacteria l 

counts of raw or pasteurized milk at concentrations from 40 

ppm. to 2 , 200 ppm. He observed that concentrations higher 

than 2, 000 ppm. inhibited growth of gram positive a c id pro ­

ducing organisms but not th·1t of gram negative type. 

Mull and Fouts { 24) reported that quaternary ammonium 

compounds would have to be in low quality milk in concentrat ­

ions of 200 to 250 ppm. to bring about significant decreases 

in bacterial counts . 

Moore (23) found that 25 ppm. of quaterna ry ammonium 

compounds in milk caused-partial inhibition and 50 to 75 ppm. 

caus ed complete inhibition of lactic acid starter organisms . 

Barher et al. (3) rep orted some inhibitior. of Streptococcus 

lactis at 100° F, in reconstituted skim milk containing as 

little as 10 ppm. added quaternary ammonium compounds. 

A study conducted by Miller and Ellik er (21) on the ef ­

fect of three differen t q4aternary ammonium compounds on a c id 

development in Jactic acid starter found that 50 ppm. of 

quaternary ammonium compounds in milk caused almost complete 

inhibition. 

A mixed commercial culture of Streo t ococcus lactis , 

1, lactis , and Streptococcus thermophilis was slightly in ­

hibited by each of the quaternary ammonium compounds. The 

inhibition of a cid development was nearly coMplete in al l 

cultures with 25 to 30 ppm. of quaternary ammonium compounds 

in the milk when the organisms were incubated at their max­

ium gro·t1th temperatures. At normal incubation temperatures , 



50 pprr.. o~ t.h ,i;,t.er dry Hl'.m' r.i<. "c !l-,OUr s ir. r.i lk r r l : 

effe·tej co,fJlete i nhi"itio .• 

I n th aam.: st ... y ( ;:1 ) tripli c -.,t€ lots of cheeJ la" (;' ccse 

,ere ,naie ~-.Lth :nilk c ont:dr.inp; C, 5 , 'ind 10 ppm. ,f Rlky l 'i­

etry l benzy l arr .. Tionium cr l or i .Je. Comme:rci al lactic -.:ult..ires 

were used fer these triale. Table 2 shows that th~ ~illin, 

time was del'tycl 15 :,.irxtes with tre preser,ce 0f fiv_; pp:r .• 

ar:d 45 t o GC m~ r.utc s by 10 pplT. of c:u3terr,ary ,...-,r.,01,i u ~o -

po nds in the ;,anc1f"c':.ure o: c'· ed,iar chsese . 

lhe r,Bult~ of Pi l :er and ~llik&r (~l) sug£ st· e rc­

cessity of employin~ fa:_ ard ~lart ~rtri15, i e prccedi;r_ 

tr·clt would avciJ cc,Vi. ir·,tiu, of d.lk ,dtl: L~:i it ry c or.­

centraticn.s of qu,•e r . .1ry a.1r.i.;r.i1,m cc po,,nds . 

i)p+~ cti on Cr -.11·~t •rr,;.ar¥ 8!1i7'",Ct,j1,m C O ,po ..... r,·_15 in .ni l k 

VariO"ttS tests l"1ave be. .n re c o11.m r rJc: to ~eterr ir.i: 1- • 

c c,r,cenLr·1tion of 'lLater .. "-r) am. c11ium C-'llf'OUr 's i r. 1,,;;.t.cr ~cl ­

utior 3 bu~ few 'ave been ~ccommen cJ fer milk. 

Mi ller ana Lll i ker (21) modifiei the ecisin -i n"i~at~r 

10 thr-J fc.r dctcr~,in i n£ CJU'3ter .. o.ry acnmor.it.r.- c cr.rou .. c c :~ -

t raticr" ar.r\ ·,1u·e able to rictect as li t tle as five pµ • T', 

,~r,c1ifie.:J ,rnsir - i1,di c ~tor metr.orl ( ;22i i.o b sv.J 0:-. t} c,tta c t ­

ion ar. l prec i ritatior, cf i.:.1tcr a.ry a,mru.ic,r, ::o .. .., , 1,, i "' 

+ .t.rJch lo r oe'.)--r1(· - ,, c ct.or.(- o·•ir i:-- 'icc1tcr S· .. l~t::.o. 'Phe 

!:'.et hod has prc v ~r suit,,'1le f or <iete r ;ri r.ir.g ::o certr ,tior.s i •­

mi l of 1uatbrn,;ry 21mmor.i,1_~ compc1,nd prc:;:nr ,L n ~,s c0r.i. c.yly 

used i n dairy sanit~ticn pro c edures. 
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Rs c-:i" c; r-il 
,Udec' t ,r~ Lr 
.~ j l, r r •1et 
c, t ~ t..r..: 

B .. 1 coc i: 1g 
';t,•; ~ orr 
Dr,' er 'Hey 
r~c:· .. s::.; Ct,r:i 
c -' iqr"' l 

9 

E::'f2ct o f a'i i0rl ,;:: :r·L.:;.r:, a-.. -,or.i c cm~ri 
i:, c _toss i l k 11 1ci ~ (;Vel o ;-s•,rl 1 r~. g 
1 ::tf l .:' c tt..r~ 0 .J. · ..... J .... ar c ~ec~~. 

Tie 

Ger 1 ol 
0 pp .. . 

{Lire: "".i n . ) (. .) 

C. 17 - 15 ::,,1 "' - 1~ Col :' 
1 45 C.12 
2 cc c .1 2 
2 JO C . 14 
J 30 O.lC 
J 45 :::.21 
4 00 C.2 7 
4 15 C. ;L, 
4 30 -" ..., 0) / 

I' c ....... * .... ..,.) 
5 SC C. "2 
r 15 

;O 
,.5 

Chl:E i ,..,:::rc st t i1:·, t­
g"Jl r- ~"i 'it· itli _l-._ ' cllo ·­
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w .1 ~ ":,i c r::. ·-:i:-y c at..st:. c,f JJ.r~ 1ci · prv· CT i c, F . ."'') 

.1, ,-, pr o ll,Ct s3-r.; lies frc ~ J2 Or ;c:. air) pl 2,.t' 4G we· .. 

f c 1...rr •·o c o1 t .,ir, bJ c te:.,.,io p1
: LE: a c t ive u. a i r~t OJ.:; or .,e r e of 

l~ ~i ~.p:e 3tr iii '.3UH',.:Or!; , J t.ct (f 2; c a:aes c·f cEcri cn .. S ~r ,rt -· 

r fai -L1..,re'31 ::1 ~'t:re tr~J..C(>.~ 1..,0 b.t C eri0t".r1t.:eo 

r...-~ a si il .r .:tu.:i:p (2 :) 1ilt r :.1.t~.i .:'ror V l.l"'~ ot.. ... c d , 

· l'.-1e mold , -~.d : ot :c.6,.; cr,ec·~ , J.l ~ ot..t t-cr;. i ~~ <..;.1. ,1l.Js , [;5 

c,u• of :.; ·s11 plcs ;,,;f;r v 1ot,r.:d to CC11tdir~ t;c:;1t :..:1;.;ilc ir'i. ·~t-

or y ."'c.'lts . ,~,i th e t al . ( '91 2u, clt -" hdt r..0, of c:iE: ~5 

1 ,np l e ~ c,\1ed the i r ir.hi';l.tory EJJ'''Pct s ,~co ~ ,L:-'lOi)i',i,;•c , 

B::i:,E:l (2) eporteci ti.~t 'ho p!'.'C,k .CC c.,f b ,c ~~ 'o;,,1 c< 

~ 1 11.: c -h:.. st·:.rtcrs c ,.t.·,~d -"'-1 o ,t o. co··~lt:;;t.t CS:'>~.i.· 1 0f ,Jc ~ 

c ·:J:11. ( 15) c1n-J J, rr'l\1 5 : .. p0::-t.' th c t ':>::ic t, c.;: .:.o"" ,; i s 

3. fi ~t,t.;rabl..; ,ji!"'' .. 2 t 1clL c at..}(.,~ tL l~ 3i3 o f tr.c. '\ c ,;,L"'i 1 

c 2 l l r ... :ut..ltirfr i . tf'G st op .ai,: ...... o!: ..\c~ \ :,-i:-c ... c : .. i, ·. c : 

·,(': i c f..-l"OC 5~€:So 

l t -

I r f ,r t J,e;:· ,t :'.i.,._ Jordan ;u:'l Burrcws (l '.i} i t 1~3 5 

,•one r '.ll l y ap-~e'3d t 1,;.,t tr" ,1:1,l tipli c "t i r.n cf 'oactc~rio·Jh°lf<-

r ·,1...·ir1.: s th0 pr ese:.:·c ;. of y ou ng , .3.c :il v f , [:!"Ot..\·i r·g , d.. • r1.c t ~b -

0li 7,i "f' 11c t~ r: 2 i.r, r m ·1t.•ritious s 'cLt.ic,s . 

::>cu:--c e 0f :> ·c t er io -'i ,re 

WJ-it elead and l'ur-ter (3 2) , cohn uJ. K,.t,mrlsor ( 'C) , 

and 111 dersor. st d:'. . ( :) , 11 agreed t hat the rr,a.:;or ~l •ur c o c.," 
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ba ct eri ophage was from the separator . Drop l ets of infected 

whey m;,y eas il y gain a cc ess t o the s t arte r r i lk and a small 

whey i nfection of one day may result i n a starte r fail r e on 

the f ollo wing day . 

Fa cto r s effecting the r ea ctio n of ba cte rio phage on bacteria 

Bact eri opha ge does not react the same on a ll bac t er ia 

but is influen cer by several fa ctcrs which pr oduce diff er en t 

results . 

Nourishment • Gardn>cr (6 ) reported t h· .. t bacter i a l mul t -

ipli ca ti on i s necessary for the regeneration of bacterioph;ige. 

If Str ep toc occus lactis org,m i sms a r e suspended i n water or 

in any other fluid that does not of fer the nourishment ne c­

essary for· iz,rowth , the strongest ba cterio phage has no app r ec­

L1ble effect on the bacterial ce ll. The co ndition i s dif fe r ­

ent if a l ittl e meat broth is added t o the mixt ure ; r eact io n 

of the ba cterio phage upon the or g3n i sms beg i ns immediately . 

Gar~rer (8 ) further reported t hat i f a smal l fully act i ve 

dose of ba ct eriopha~e is i ntr oduce d into t ~o suspensions of 

a ser.siti ve ha cterium in fresr, rcth , one be i ng th i n and the 

other very dense , the f ormer will show the typi ca l regener ­

at i on and lysis by th e phage , while no t hin g at all can be seen 

t o happen in the latter . Gar.ivcr (6) believes t ha t there was 

plenty of no ur ishment for the smal l number of b~cteria i n the 

fi r st, so th ey mul tip l ied freely and were subject to ntta ck 

from the ba ct eriophage ; but in th e se c ond suspension , the 

fir 0 t stages of gr owth of the very numerous cells exausted 

the medjum, and the culture failed to reach the stage of un­

restricted multi cli c ~tior- whi ch was neces s ary for produ ction 



of bacterioph,ge . 

,inglc 't:--·;i~ st 0 rtcrs . In i;r,i,, ZeJ ,r.d , '' itehca l ar 1 
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Hunter ( 32) fc,,nd th:it the use of :i ;inf le str li~ st irtE r L 

~ake c~en~e has been accompanied with the c2crlsicnal failur 0 

of the starter to '1evelop ,cicL The sarne ciiffic1.lty •,n° x­

perienccd ir Zngland (3?) so the policy rf addi~g fo1.r per 

cent :;t.,rter •,ns pra c ticed. The ,dditior of :;be L,r ·o .i.mc\ ··t 

or sta r ter made it difficult to ~1ke chee,e of good ho1y G\ 

text~re ,nd l on~ ~eeping quality . 

P1r~e l ~e and his 333cciates rrcrn the Uri~ed StatF • (~C) 

'"'oriclucio 1 4.r 3t 0inr 1 e strai··· ort 1 :J1";\;:3 ;,,ere dGstroy,:.,l -:: 

plet 0 ly \,'r~en in .... u.1;J.ted i tJhc ;Jr(..SC! c,..; of Oa-:t~r :op} '.:le.. J'rc 

four to f'i.vc 'icur:-; at ;c 0 c. 

·~i~ehead and HuntPr (3~) in 1937 ir~ubated bart rJo­

ph.'lgerl St:·,.ptocoLc cu~ L, c tis cultt,res •.11.·J noticed t•at s~'" 

of the orf,q is,ns :--emained al.Lveo /\ stl~e:tio~- of "'r_ilC".ie) 

P.:r0·r1n frr-~1 t,.1e .... esistr.i:t C!t· ra.,~ l: <c... ~· ,; ·,a.,....i:1r.t~ · ',.ic: 

we.r~ eit.h .r ,,.Jt~a~ er st:-\.-,.·1v acid r-re, v ... E:r ~ .. T~s.· rt i st.3. t 

,tr~i"' , 1c,·ordinf tC' Jcri3.r. ,nri BL.-,o-ws (15) , r· :;. be \,i;al• er ­

ect in its ir~muncJ. o gicr1l ch.1r ictPr 1?1.d 1:.1 eh:vio r to\Jard othP r 

'.,acted c ph 1.-e. 

Mu] t: ple s• __ r·iin st-.1rt~r~ . 

sU.ov.i acid pro,i~ctlor :nulti plc 3..,r:1.ir. st, rters 1.-!ere used. 

During an cuthrea~ c~ b1c•erioph3tE in I ow1 in 1G47 B ~el 

(?) reportei th&t or 15 ~~rfertr t culture~ cf JtreF t occr•J• 

l3cti;3 or.e cL.:. .. .,,re \'lS res:'"t _.;.rt tl, 3.ll cf thi~ bactericph:,., ~ 

t;ype'l i~ol 1ted to '1a':,e . This om, ro,,io,t'i' t :·ulture prod•1c, d 



resuJ.t.,e · ir 1::.r.ios., cur:iµletc· c~._,~ .. :t: en c,f .0ic:d rrodt c .... i · 

F:\ -~· j,m, 

loJt nearly a::.l .'.t~ lytl: ;:H)W,·r, Gar're,· s•c11:s' t '" th 

tures . n2.rlrer (~) furti:..-r s· ,t.,, ( p . ... ( ~ - , ' 
A r ct.:.: oi' (.; 1c t r .l. ~ ti· 4t :. 2 ii .~ _ .. isi t..:.. .,,~ t .... a 

particula r b,cte r ioph'lge ras r,c fixit,f' power : or 
it. Further , if a ph--,ge hd s l-. y : , '..le 1ct io u 
on a ce rt air b-1cte r iu:r. , a ld.rpe nlui.'Jt: ... "' cf c eJ.,::.; 
;i.re neede:1 to fix i 0 , wher,.~~:1"5 3 .r~!"crg ph~1 p:e 
ne£ds far fewer . Thc,re c:i.r Le lit t l<o do1.1bt t•i;t 
this is bee H.;.S~ tf 1e 'we·1t .. -~t;ss r ._.;. a. ~t'.O.:tf-':: .:..r. re ­
spec t t o a p3rticulctr cu~t~rc is ar cxpressicn 
0f the sr.:e.l l proportivJ cf the ;;cl.... 1 r_. wLich lt 
c·rn ,ct , fe r 1, 1,en the fixln 0 ccll-s :.1 · "' fe,: , a 
lar,:e :J.111ou:1t 0·" cu] t-G~t :,._·:_1: it:: • ~l. sJ tc ) ;;.. r:.'!:·ct 
co, pl ete "ixatior. . On tt.e c n.trc1q , •atrer.ft!' 
lea~.j af'fitity for ~ll t1,~ ~Bll-; ~. rsfor·~ ~ 
r·elatively s1 .. ..1:.:. arr1c1n t 0.!' =-lt~J.··e .~ l.l .... fix u 

trc·z ;;~;art Cr P- t 2.y . 
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The use of chemical , 1,l tr,,violet ligb t , ar.,J cicid are 

considered as inhibitors of bac+eriophar,e . 

Aci dity . Prouty (27) conducted a test t o find the effe,t 

of a cid ity and sto r are on bacteriophage . A susceptib le 

culture of b~cte r ioph3Pe was added ~t the r ate of 1 pe r ce~t 

tQ ste ri le non - infected ~hey filtrates in which the nRtur• l 

acidity had been allo~ed to develop to C.1%, C. 5; , ~n1 C.~%r 
Th~ samp:es tere ther. s t ore1 at 3° C. fo r a par~ol of 2~ 

above Oo5%o How!",~, r , ~-f' tl·L tc~·~.ity rl. ri.-e str: .... ,t ."er> t. 

1 1 t ~ :i o l t ~ .! pl-it : 1 : ct "' vat 0 ! 1,-, , ctr r l c ! r, ·3.;_ • t-t.'r 

·' s t l. _ ~ fr 0,t 

T l·.1. lor1z ti"".(: I 1...CE.;~~ r:· t ( -.;, :-tr ~· ,-.+ .c.;_u,.. ,! t"_ 

by .,.,:~rJvic1ln t light t :- .. ,1.~iv1}y ~>c rt :i 3-
t1.ncGs "'re,; t.he J-~-'r n 1 ircrsasE..r~ re,.:.;.,to (; c·r 
'rJ b~ct cri op~~re to ult~~vi : ·t ligh t a~i 

~-o rr-.'·e thi::- ,"r',:> :1,r c!' rict bt rn~ ... ~t;_c r·r t-1£' 
1<~'3t.ruction of ·J:l.c tc;:.:.oi,J:11f·:. ir. cc111n:er·ci.:1l t"'l .. rt s 
ext.:·i:: r ie1 cir.g dl f:' ~ ~l lty w itt"l t ~~t riof.•L :£'::"' 

c 't 

8.,, r,.-1 ( ""; ( r- t l-? f ~ f .· . .:; t ::_ I£'. ti~ ~::: Cf t. l t"' -~ ~ ,: _: • t ] ; '-' t • C 
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fu!._S. 

' (131 l l _I_ i"'C L (.,,..., ..... 

"'~ r t c.. t J :_ o C • t - 7 Cc C o \ t pH "" o C o 

r; : .. , 
~t y,·,._ •• ,1~.'...<.,r (_ f \; Cl. tr· c.,/ 

.: .... ··c l o'"" 1~-} ~ t. :.."' l t ·. 'tf~ l--iC C C' 

T'•n t C ( J. ~ . c t i 1 F' 11 l r· ( f rl 11. 3; t r . .; ct ) t j =-. r ·1,..i . 

0° ,rt i o . T' •~ C ""'j f' ( 'i. t L l"' <,; i j - ;: C ·.~t ";" t ) ('. ~ l ,._ t I 

' 1t. , , 1 'P; G, t o r" l '=l.C t ... :-:' ( .... ~ ' ... c ::.1 l r "1 

co11"'t rt t.:· f",:,,: i0:- o t:" th\ .. urro, ~1 .. r-·~. 

t' o ··e- on ··, ·ct.n· < ·. · r: t 'c t t ' 0 • 

r rr.0unc;-; o:·, rutEo··,. ·-._.tr 

l·'"'· j t 0 1 · o ·-( 1 -) :r·e::c !"i' ' t l, ~ ,, 

C c ' 
- •. <- ~c 1 t ' ;; ~t_ r1 r )1 l,.,;, 

H1 rt r: r ( 1;) ('(, ct 

·t " ~ c' j c l t r :' ' ~<:'i r:i..o-

..- • €, ( r ..... (.)r 

~ . ;.. l ~ r· ro -

"'·r o,"!". r r, l~ 

t 1 ,; JC 1 l (., c'\- -l. . -t -

r -1 '' I i f">'~ ~ ( " ... r t,t h ; Lr:• •f:.' t O ., t' r 

'c~ :' t 1. rl c:· t ic .- .. ~c:..('i·~· t :-.r, 



16 

st1ndard l oo p f u ll of the mixture~ ,s transferred t, the 

s t er ilized milk inocul.;ttd with the St reptoc oc cus _'le'" ic 

or g~n i9rns. The ir oc lated milk ~as incub, t e4 for fi ve ~curs 

at 37° C., t hen o , ernigh t a t 22° C. Surviving ba ct,rioph~re 

was indicated by the presence of c oagul~ted milk af t er the 

incub1tion peri ods. 

The r esul t s obtained 1vit h sevell chemicals a cti ng or. 

1clEricph1ge which cit tr, cked Strq.:tococ::- s lac ti s crr_.<r i:;.o:s 

a r e 11:iver. i r. t,s•le 3, p . 17 . Trc rt--ults :;l,c;. trat act'_ve 

rcrr.-

pcir:'.s on ,.ith all tlK other disir f'fc:ct-1r.ts used . Hyrlrvge:­

percxide and fom:; l .Jhyde hac suff i cj ent disinfectir,r power tc 

r..erit ccncjderation btt they were net quitahle ro:- US( 1-rder 

~airy corrlitiors. 

u ~1P o f ej::bJc 1r::.d :~n r::sk.:_np cur-i ror prrcen: cLet S(~ 

Und'·r U. " . pcitent m.r.,bcr 2 , 325 , 217 Beers (4 ) 18,'ri',es 

the uqP of edible acid in making pro c e~e ~heeJe . The etc se 

m11, ir.i:; :1rocess :'.nvc' ved few char rec -is comp1red w' t r the reg ­

ular proced~re er making cheddar c~eese up to the ti~F of 

d~ppjnr . 

The temperature of the curd and whey mixtu r e up t o dip ­

ping ,ns maint.a'ined at 10~° F. Whsir. the acidity ha:l ri.sc1 ,,o 

0 . 1~5 per ce~t , two th iris of the whey ~as dr~ined f r om th e 

v1t . After the curd rad proper l y firmed dnd ~ad re_che0 the 

pH va l ues of 5.8 to 6 .0 tre recainder cf the wtey w,s raroved 

and a aq1-eous sclution of edible acid nis alderi tr curi . 

Beers (4) recommend" 27 poun:ls ,,f edi'.:ll.i :,.ci::! i, 72C pc·•nc.s 



Tah l e 3 . 
(13, p . 64) 

Disi nfe ct ant 

Power of dis in fe ctants i n dest ro yi ng b , c te r io­
phage . 

Fin a l conc ent r ~tio n i n 
phage - dis i nfe ct an t 

mixtu r e 

% 
Time r equ ir ed f or 

compl ete dest r uc t io n 

Hypoch l ori te 
(ava i la bl e chl or i ne) 

0 .05 Les s t han 1 mi r ut e 

H C H O 

Al coho l 

Phe nol 

0. 25 
C,C5 
0 .025 

J .O 
2. 5 
0,5 

5 .0 
2. 5 
1. 0 

2 . 5 
1. 0 
C. 5 

90 . 0 
115 . 0 
sc.c 
75.0 
70 , G 

2. 5 

La ss t han 1 min~t a 
Bet ween 1 and 5 n_inutes 
r o t i n 2 days 

Bet ween 15 nrl 60 mi r,utes 
Be t ween 1 and ~4 bc urs 
Between 1 ::ind ~4 hours 

Bet ween 5 and 30 minu t es 
Betweer 30 :n:d 6G min u tes 
Bet ween land 24 our s 

Bet ween 1 qnd 24 lours 
Bet 1,e en 2 ,nd 3 days 
Not i n 14 days 

Between 3 ar,d 4 days 
Between 3 and 4 day_, 
Between 2 and ) days 
Bet.ween 3 ,1nd 4 day a 
!lot i r: 6 d:1ys 

fl.c t i n 14 days 
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o.: wrc l.c ~iU c ort :'..: i. g 3 <5 p·,r 

cert " i t, 'I'.e ci .., ,,;_~ ~: -cl, . i t c r r• t 5 ~ C F o T' r· · 

c ' 1 ''tl re, L rti c, 

v·hen tl c cu rd i ' " ll c1·ul to '.l .,in cv urnit't. Tr.: c hc, 'lC 1,.r -

t · cl E1 ~ t o r::2t tc t.1-'t..r i r .1.:1 l r ,....__ c;r; ~ i· i , 

s 

_.:irocc s:, c,__ (: c-sc . 

cc •·iir o t o J, r (l,.) t' 

c ," · r i1·r ( ~ i r !"'c:· c·,,_ ( 1 ·· oc-

i - t, v!f' i , t-. ~, ' , ~ t ( ~ 1. r r ~ 1 _ - r c f' 1:, 0 ° F o 

U} or' ~ ar.: l~ t. j_( 1. c.. ·"' ;i v r pot 1 lea r. G of t'r (. , r oct.. s ~c..' 

c hJesc, , ·1cccr ,l i· 1· to Bc,r~ ( I,) , all i ,-" <•r 0·m.,rt , f fl1•rc r 

CC Cllr0,. 1 llrr i , 1 j" ~t0·--:qp- 1 v:1 (; r e-3.,ro- r (; L h i-1r ".."('tf (.r·~,, t a:~ r' Cf ­

ll,;. rl y or ·I .i.""Tf l ii. QY'ii rJ J r 1 C t..S c 'f"'' c;,? .. 



rn.r'~r.nuRr 

.'3:} cc 

( '. t" .• n.~. :. + i c. ~+1-cr. ·.:i,c.i ..... C ('.., l ·t ;)c- a.~~·le' 3 r:i 1r ~"..,.f'.rf.!-·('. 1 ;'.(' -

t }c. ,;t," i n.:: t 1-.£ ;-::;.1.f, c 1 r-=- <..i."' : ~·· :-e -"'.""·-' .Jl o1
•

1 e r r. ". - ~ c 1 

--~·1· L~c · ~c 1. i ~ w. n ·-~ 1r-1 at ... ~. !.'c 1(·1,,,:i ... r c · -.~t '""'l"·1:-

- c .... ~-s : re ra l f C r'[ t;t t -

-.r 

\',il • ; t" 0 tl ( C 1 
• 

r, c h--• ; to t'e i. 1.1,' c ,·J '· r '.cr · c. ·,illtirc ; c11i Lo tre i ll-

' c t. r d .!'tcr l t h c L ""ri C itl t 

t' pF Cr c.'" ,: h ·S• to ,prr C'd t.l ; · 5.4 . 

Th r '1Jf ·l ;' Cr i l '. f o r t r.' ,l\'),» · -., t · : 0 lit i1r r or 

(l - "ti 1"i .+-·' c trt- tt { er t . th,· Ct r ···~ t c I r ct., .. , r 1 

r ~ . r r .:: - • c, t} r- j '-" c t1...:r e c;' ti18 c h 

;:;Lc..,_ r_, _ _ ._tc..c;;..,c.c_ c ~t r 0 V0'1"' •;r , H--: Lf ..,.C ( , c,t ( C 1 ::?Yt r.:.t1 ic ,.... 0 d i 

f e r 1 5- l t ·~ l" ': ":) "e r , 1d'ic.;~ to• ,ri lk fer \,,, ·cs .. n,11 
:,.. ... ,.. ,.. 

,.; i -Jit\ r f t:"' >l.lk st r-tcr ,fte~ in -

... ,. tic~ a~ ':.J ·er c er t . 

Two n ,c e ~ cf r.h·p ,0 c 0 l c-.· -.,.;. 
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o f rril k. 

T• r ec c1.,n;;es of r er. , t ,.( ··e ,added t o vat A , .. d ·:,~, B ' or 

"Ach l CCC pcu J. J-e qr:01. t o f rer.r et - ' ' CL ... ;._ •.c , at 

C ~as re•uced d1.,e t o the f ct that l~ c t i c 3Cid ~as ad•eJ Lo 

tl-ie mil k •·ih::.c r "'cc eler,1 ed th, rernet, co-'1gulation. 

Ni nR lo ts o f c heese ,iere •nade . it11 tl r.:lu v,ts i n each 

1 c t . Vat A. ·,a ~t.s i gr..1t,;,.l .,s tr,c c ,r·t," 1 va t i. . ....-hie ', nor:~i l 

::'i:"h od is C:escr i' ,J by ->,e Ur itc ' :·L . t s Dep:;., t er t of ~gri ­

ctl t re , c ir c 1,:,r o . :· o (1 9). 

o f antill i cl ic ,1a3 a_.•:'c·' t o the mil k d:: t d' pastu.rizati0r . 

Vat C ~au t .eatL' t es me as if'll S eYct.pt la c t ic ac i d 

of lot or.:: to si. :., cl • i v , was u ci i fie] t o a r-H 5. 4 t o 5,; . 

Lct r at::vc .. , e i gl t, ·;\r., ,...i f' ·~';.r e :1.ci ·1 ifi~::. ~( a pH cf 5o75 t o 

6 . 0. To')le 4 s ho ws t r, cii:',.. c rc t C L •• >; 0.: l ·c '.:.ic a c id ,citied 

t o t~e nire l o ts or .il k ir vat C, 

la c ti c fe r ~enU. n,.- \.. , c ter i a i. " sc l. d under the r ,cJ,·i ·,te r ed tre de 

~, r . of Po lyc t i c. It is c1 t et r ac; c .:.ir. e ECl c ryst i~li r" c orr-

pou n d '.\Ct iV !; ·1gai r1st :_,-th grq· - ,,caiti, , e :.:. .. :! gr.c.r; - r.egati v G 

h~ ct cria , CJo~ t rilia , qn1 Ri : Kett3i& , This a~'.:.ic i cti c is 

v alue i n the t r e·1tment of m,sti t is ir · cow s. 
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;-cc.nt-:- of la c ··: 1·:·.1 ~Jd ... i t o 2..,..1.... pc...: .... , c:.,.f 
mil k i n vat C f or cheese m;,king . 

1,t ?''11iljter of 85% l'lc:i c "cid in lC .:.i1..,r:3 
no . of water 

J 
4 
< 

b 

265 
.no 
2"C 
2PC 
;.-:-c 
280 
175 
125 
l SC 
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TJ,e an l y s i s o f ched da r c'1N se 

The o fri c i1l met~od o f t he As3u c l1t i on of Offici,l Acr i­

cul t ur a l C~e~ ;_sts (18) was the method used in deturminirg the 

moi~tu r ~ co-te~t o f the che~se . 

The Ba~ c cck test f or ~.\ i r chec, • , c cordir.g t o Van 

Jlyse ( J l) was tr e method us_d i r. deter. i :.i.r.g the fat content o 

The Be c "~an gl ,s s electr ode pH rr.et,,0 r wa., u ::kd i '1 c!eter:nin ­

i r,f, the pl-1 o f t.l-·e c hec 0 e . 

\',}1en the chee;;e was cr,e week ol.::i , : t was j u.:t:,ed by tw o 

evper:;.erce·l ~i.:·jg.,.; for "lc..vcr , bocy , text, re , ll,C c olor . Th e 

c .,_, ,•..!512! was C t rt:'j ar:! ~c)r 'ir,c t o tf.c A.1crl c.:1r Dai ry Sc i~ r,c t hss -

c c iativ ' CC " C 'l.l' " as ·le 0 cr:tci by N,l or. ar..i Tro ut ( 25 , 231 ) . 



RESULTS AND DI SCL SSION 

Th e m'l.nu r c t.u r e o f c hed,.ia r c he es e 

The r es u l t s o f the pr e l i r.:i na r y ;;o r l. co r.c ern i ng t he use 

o f ad':led la c t ic a c id i n s l ow or n on- a c i.d mil k , bowed t h;:,t ~.h en 

tJ,,e a c i d was adde d t o t he c ur d af t e r cu tt i n;· , the c ur d fs1il ­

ed t o ~at t ogeth e r . 1he ou ts i de o f the curd p1rti cl es de v ­

el oped a slime laye r whi c h s~ e med t o inh i b it th fus io n of 

tl-ie c u r d . ',,h ,:,n the a c i d was added t o th e cu r d befor e s a lt­

i ng , the cu r d p:i.r t ic les WOl,ld m:,t t o~-eth e:r . Hche:ve r wten th e 

,;.:,.lt was adJaJ thC: c .,r~ br oke d o11u ir ,t o h,: e,r i g L .a l c urd par ­

t i c le , with th de v c l opman t of a slimt l ay er on the outs i de 

o f the c url. Furth e prelim i nary t r l c..ls i ndi Cdted th'lt t he 

chee se had f OOd mat t i ng quality when the &c i d 1ia_, ad~ed t o th e 

mil k pr io r t o thb add i Li c n of renne t . Subseque nt t r i a ls were 

t hus ba s ~d u pon the a ddi t i on of a c id at th i s peri od. 

The add devel op ment cur i ng th e mam .. factt. ri nf process o f 

tJ,,e cheese f r orn v at A, B, an C a r e tl,~r: i L t ~les flvL 1 s i .· , 

and se v er: r spe ctively . 

The rcs u lt 3 o f vat A (;ho ·.1 the itc..r:r.&l de v elopmc .,t 0.: c:c i J 

i n c hee s e.mad e f ro m arit i bioti c f r e0 milk. foe differer ce-- 'r 

ti t r 'ttab l E: 'lcidity and pH values o .::' thL r i ne l ot s o f n or m"11 

c heese at mi l l i ng ~ay be due to the d i f~ ere~ce0 i n s t a r t r 

a c t ivit y , 

The cheese i n vat B f rom c il k c ont ainir;g an ar:tib i oti c 

sh o;,ed n o L c rease i n a c iJ durii;;; the maki':f pr ocedu r e 'u t 

t here was a dr op i n pH of the chec~e bc t ~e En ~i l l i nf and afa r 



Tab l e 5 . 

Lot 
number 

1. 

" '- • 

3 . 

4. 

5. 

6 . 

7. 

8 . 

9 . 

The acid deve l opment rJuri.·.g the manuf,;rtu ri nr; process o f nor:1u. l cLeese 

1·'r·e\' at \fh€·y a t Whey ,It Cl:eesP. 
cu•t_ irr di pplr g mil ling :.. w1-. ol d 

T: t. Tit . Tit. 
acidity pH acidity pH acidity pH pH 

.115 6 .4 .14 \j O ,; . )9 5. 65 5 .6 

.12 6 .45 .13 G.25 . 32 5.8 5.6 

.11 6 .5 .13 6.3 .44 5.7 5.6 

. 11 6 .45 .lJ 6 ,;:5 .40 5.75 5 .;:5 

.11 6 . 5 .1 ]5 c . 2 .58 5 . 5 5,J 

.11 G.45 .14 6 .25 - 5. 55 5 . 2 

.11 E .45 .135 6 . 2 . ,f{) 5 . 5 5. 2 

.11 6 .45 . 135 / - - 5. 5 5. 2 u .,£. 

.105 G. 5 .l J f. " .% 5.1 4.~ 

"' ,., 



Tab l e 6 . 

Lot 
number 

L 

2 . 

J . 

4. 

5, 

6 . 

7 , 

fl . 

9 , 

1he acid deve lo pment during the m,mufacturing pr ecess of cheese m;,de fr om 
mil k co ntaining an antibioti c. 

'r.ne~r at 11,hey at \I.hey ~t Cheese 
cutt ing dipping milli ng 1 wk. ol d 

Tit. •it. Tit. 
ac irlity pH acidity pH aci dity pH pH 

.11 6,45 .11 5 6,45 ol 2 G,4 5 G. 05 

.10 5 6 ,5 ,10,5 6 . 5 0105 6 . 5 6 ,3 

.11 6 . 5 oll 6 ,5 .11 6 .5 6,2 

.10 5 6 , 55 . 105 6 , 5 .1 0 5 (.,, 5 6 . 2 

.10 5 G, 55 .1 05 6 . 5 .1 05 6 , 5 6 . 2 

.1 0 6 , 55 .1 0 6 . 5 .1 0 6 , 5 6 .2 

.1 C'5 6 , 5 .11 6 . 5 .11 6 .5 6 . 25 

.1 05 6 , 55 .1 05 6 . 5 . 105 6 . 5 6 .1 

.1 05 6 ,5 5 .1 05 6 , 5 .1 05 6 , 5 6 .1 

"' °' 



Tab l e 7 , 

Lot 
n umbe r 

1. 

2o 

3 0 

4. 

5 . 

6 . 
..., 
I • 

e. 
a , . 

Tre a c id dev, l oped during the martufactur i ng process cf chec se rn.-,.de from 
mi l k cont'l i ning 8n ~ntihiott c and added a c td . 

Ml. of 85% After ad! i ng 1!.r.c:; at 11'!-.ey at i'.'J-.ey a t Cheese 

l a"ti c a c id acid c1...tting '1i ppir,g mi ll inr 1 wk . old 

in 10 l i te r 
of W'ller 

Tit. '1 it. Tit . Tit. 

ad dity pH 3cidity pH acidity pH 3Cidity ,.,H pH 

285 • ; 5 5 .45 . 29 5 .45 .... '., 5 .4 5 2·• 
0 0 5. 5 5.65 

310 ,38 5.4 . 27 5o45 o2~ - - 5, 5 5.7 

2$0 , 35 5. 5 . 27 5,55 o2g 5. 55 - 5,5 5 5. 75 

2115 . 37 5, 5 . 29 5. 5 o21J 5. 5 .:cs 5. 55 5 .65 

285 , 37 5. 5 . 27 5,5 . 27 5 ,5 - 5. 5 5 .6 

2eo . :;6 5. 5 . :? 5. 5 -.7 
• "-1 

~ c , . ,) - 5. 5 5. 7 

175 . )2 5.75 . 22 5,$ o"-"- 5-~ . 22 5,$ 5.8 

125 "! G.O .19 r .• o . 1? 6 . ( - G.O 5.95 
• '-i 

1eo . JO 5,75 . 21 5,75 .a 5.75 - s .75 5.8 

1\J ..-.., 



t o . 4. 

j n-,uffidenrly co ,.,_·:e:.!. 'l'he c1...r0 -,a~. c rt. ,.:, _rd ' i i o,; ',av~ 

3 clo se r ody er r~~at-; t vtt..r~~ .;1ft r l t"7 c1 d e,f _h, C"!hc...:,~ 1 .... ~ ng 

pr oc e:s . 

T' . 
''-

c r--· co ,t i -

i r.~ :u: .q"tiLic~i c s' c 1..'i r~c iu c r I ... :.r d c i.: u::.1 i.: l', .. ... c~.i c 

r~ -

soft ~-, c lcs -

o :' l0t s se ve, 'll".d Lir.e •.,.• 5 .75, ,,,;c;, ,-,gi.t h-,,, j / 3. ;;H o:' ~. C. 

A 10 p.:?r C";, t , ·iei~. o f' c '·ee:,;. r1. ( ' ,.1i,.,s i 
0 ro• n.t A . 

1r.e yiel i cf c hf>e~c i n v at B was :,lifht l ; higher •h:,., i, v ~t 

v :it B. Lotc er to .si i r ri ... · iT C f r c.. v ,t C .r(•>'e•l 3. s' i prt1" 

l owe r yiE·ld i r, ,;118e,s;, a·; c or.p r ~j to v ·-~ A. Thi5 l u ,e r 1 ic l .: 

and nire fro·n 'I ,t C had 3. s i 11.ilc1r ;i ,;_j t o 'l 1 ,1. 

The an,,. l ysi- o:' ,:1-it:d-!ar ~ 

Table S shows th-it tJ.ie oi &ti..r,_ ~c·r L n~. c f c1ll t~" ..:h,.~ 3e 

made in vat A was below 39 per ce• t. 

The ch eesf> ~ade fr om ~il k treated wi ·l-J antib i otics i n 

v at B wa s un:i form el y high ir, moi &tu re . The l m.e ,t mo ist i..r e 



t est ,, "44,4 iJer cent r'.l the hig!.est -,s 46 ,4 per c en t. The 

r~-u lt s "or eqch l o t ~ill be f ound in t~~ l~ ~ . 

The ... r"t six l ot s o•" the cbe'=se r de in vqt C, · ith ,.ilh 

cort,irir;E an ar,tib i o ic ani a~'.le-J aciu , had rs ,ir i lar hirh 

~oia~ure test of 4 5 ,l to 45.E. Th~ ~ilk i r these :1r~t six 

lot ~ ·.·1erc ,c:'..i"fied t o µH 5 ,4 5 t o 5,5 , ·,,ben the :r.i l k was H C ~d ­

ified to pH 5.75 , as in i. ts ;ever, an::: ir,"' , the moistt.re c or. ­

lcrt a1 rP~u~ef t o 40 . ~ ard 41 . 1 rcepc- iiely. 

T·,'·le 9 sr·o1,s t.rat c>:ccse m3d" frorr .or,.dl nilk i ,, vat 

1,as above the cl· eddar chu' s·· s• .. 11 ·:ar,, cf ~.ot le.:;s tlnn 50 

p ·r c eer• <'3.t on the dry ~-eipr,t o iSi s . 

The chce~c Ade i n va t B ~~def on rri l k con~airin~ ~n 

rtih 'otic ,,;erer"tlly l , d d lo 0er fi>t i,esi:, in com,-,,ri~or wi th 

i • A. Thi~ ·s t o br expa cted i n cheese with a higher moi stu re 

cortent . 

The fat test i n the :ir-s-;t six lot s of :heese 1°,ade i n v at 

C w't,r, mil ~ conte,ining ,n aLtibioti c and 1dded a ci c., sno',;.:d 

ti lo ~ss t fat tests of a ll the cheese ~ude . A whey sam~le 

"rorr, si ~ lo t tested :: oL ;.,er c~- t fa "hrile the whey frcrr, lo ts 

',<o,e,, , eight , ,r, . ..i r.ine tes ed or•ly C,5 per c ert . 

Tbe cheese was acor~J for boly ud :laifcr uae ~eek after 

it was r:1..J.•.:e. T--,:::es 10, 11, o.,..i 1 ;:. /iVe5 the scort..: of the 

ch,rnse . 

Lets oz,e , t i, o, and nine of the chees'-' made frcm norr.-,a l 

mil k i n v ~t A were judged as having no c riti ci sms ex c ept some 

wechari c ql openin~s . LctE three , four , five , six , seven , and 

eil"ht were inferior in ;u~1itJ. Cor:taninition of milk or 

sta r ter caused some sweet ferment,ti on which resulted i n cheese 



Tab l e 8 . 

Lot 
nu rr.l:ler 

1. 

2 . 

3 . 

4. 

5. 

6 . 

7. 

s. 
9 . 

JC 

Moist ur e ana l ys i a of ch cse m"""'e fro,1 n o rmal n.il k , 
mi l k co nta i n i 1.g an ar,tib i oU c , a:,d , •. ilk c ontain ­
i ng an a nti b iot i c and added ac i d . 

Nor,:ial 
c'1eese 

% 

38. 5 

38.6 

J8 .0 

JS.9 

37. 7 

38. 5 

JEl.4 

3~.s 

37.0 

Ar.t i b i ot ic 
cheese 

% 

44. 4 

45.2 

45 .4 

44. 8 

45.4 

46.4 

44. fl 

45.6 

44. 5 

Antib i oti c 
crer,s p l us 

var i ous :n·.oL.n t s 
cf a::! le·, b c t i c 

.;c id 

45 . f., 

45. " 

45. 1 

45. 5 

45.3 

45.2 

40.7 

41.6 

4 1. 1 



Tab l e': 9. 

% 

Lot 
number 

l. 

2o 

3 0 

4. 

5. 

6, 

7. 

P. 

s . 

"lois tt. r e 

Fat analys i s o: cheese m'd<- f ro :~i norma l mil k , 
mil k co nta i ning an antibiotic , and mil k co n­
t ~in ing an Jntibic tic and adied a c id . 

on 

Normal 
chee se 

% 

51.2 

5L3 

51. 5 

5: .5 

52.5 

5 2 . --

52.8 

52.3 

50. ~ 

dry 1 si 

Anti'.:liotic 
cheese 

4') .5 

5c .2 

5c .2 

4<)06 

5L 3 

5c.4 

51. 6 

5c .6 

51.4 

Ant i bio ti c 
cheese plus 

var i ous a~,ounts 
o f added l,cti c 

acid 

% 

47.4 

4 . ' 

41:.,05 

47,7 

45,5 

51. 4 

5JoC 

52 .6 

31 



T'lb l e 10 . Score of cheese made f ro m rorma l mil k 

Lot nuncber Fhvo r Flavor Body & tex -
critici5r.1 score tur;; criticis'!I 

1. None 40 . 0 None 

2. !lone 40 . 0 Open 

3 . Unclean 37 . 5 Pi n hol es 

4. Uncl ean 37 . 5 Pin ho l es 

5 . F0rmented 3$ . 0 Pin ho l es 

6 . Ferriented 38 . 0 Cpen 

7 . Bitter 3$ . 0 Pi n ho l es 

e. Fermented 31L5 Pin ho l es 

9 . None 40.0 Open 

Body & t ex - Col ,,r 
ture score criticism 

29.5 I,one 

29.0 None 

27 .0 None 

27 .0 None 

27 .5 None 

29. 0 Hone 

28. 0 None 

28.0 None 

29 .0 None 

Colo r 
sc ore 

10 

10 

10 

10 

10 

10 

10 

10 

10 

v.) 

"' 



T'3h 1
,· l L Sc0r t o f c : .. '>r' '3E: l-·~e :'r0 "1 -i l k ·-OI"· L :":tir ·i_ b d ,; ,1 t H,.:.. ti c . 

Le t r u rrl-),,~ Fl e r '"'l -V, s,,ri1 & t ,- :::,. .j) ~ t,x t - Cc k r 
c r it l ei. ,·,1 ·ae on. t. t ·1· c ,:-·-~ ti,; ; ...;i.:. 1...1',_; s c or e C'"il i c isr'1 

1. n t ;r .o C r,.y & () '<-7 .o .1.',0 l.1.C· 

2 o Fh t 39 , 0 C, ;"kySc cp ~iL C Fur. e 

3 ' Ft r"' r t erl "'\.1 r ,: r ~~-Y &. c p- -., . ) Ne rn, , • ) " 
4, Ff,r~i1er-t ed "';r'. ,5 Cor t:: ·-h OJen 

... : -,i. r 
< • ) Nr ; · 

5 . Fl it ' ,.., Cnr k:, :, OiJ Pfl 
r> • 5 Nc,r , . _; ··o L " 

Fl 1 '" - ~cr'y oper, 
,,, ,5 No:'? "-

7, FJ t :r.~ Cor;, j oµeri ; ·.'. 5 N Ot'f-~ 

p r' i t 1'' , " Ccr· y ...... cp,· 11 ,_ , 5 !',°( l '."' 

'? , Fl .. 1t :-,--. .... .1tr\y & C j)f:lll. :.2, 5 li ( :i'(: 

Cc l or 
~.,ce r t.: 

10 

10 

10 

l C 

l C 

l C 

10 

1( 

l C 

'-' 
'--' 



Table 1; . 

Lot numbe r 

1 . 

2. 

J. 

'·' 
5 . 

6. 

7, 

e. 
9. 

Score of cheese ma~e f r om mi lk con tain i ng an ant i bioti c ,nd adrted la cti c a c id 

Fla vor } 1, vor Body&. tex - Body & t ex - Color Colo r 
cr i • i c ism score t ure cri t i ci,sm t ure s cor e c r i ti c ism s cor e 

fl at 39 . 5 \\'ea:.C ::.9. 0 None !C .O 

None 40 . 0 :...'eak 29 . 0 None 10 , 0 

None 4c.o Open weak 28 .5 M0t tlcci () .c 

None 4c . c Open weak 2il.5 Mot t l ei 9. 0 

Fl at J9 . 0 Open weak ,:!L5 Mot tled 9.0 

None 40 .0 Open weak 2r . 5 Me;t t l ed 9. 0 

None 40 . 0 Nore 29. 5 !',one 10 . G 

Fla t JS' .o C1.,rky ;:9. 0 NonP 10.0 

None 40 . 0 Open ~9. 0 None 10 .0 

w . +-
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wi th a lo •~ r sco r ~, 

T' ,r, i , c r i :. ic i ,c o f r h . checsu JA'd fr o ,· il ~ i r. v ,t 

? cc 1i i · . ant5 ic • le ·1 -1 -1 .. 1.1 c....r o T . c , ..l!' .l 

t . " ' tr · - cor ' ) ~ c p•· i r ' 11 .i. l ot' T' co :_o ' 0 

t'· ~ c i . ' •,. ~ ( : '. v . t . c O 

T' . c' •e1; :e -r :,1 il ', i ' 
. 0 ., ir.i ng an a :-:t i-

1-1i (' t 1 c i -i: 1 . ., c < t ),: r i(: ,• / Cr CC, rc i cc r.:p-

~i t \e 1.1 :, . ") we r . Le 

r_, ~ix 1.r ~ TCt~l,~,-: . fil l C ..... ._ 3c r.J:-i.jt,.; i 1/,\..- C 

··i 7 L •• 

I 1 Cpl i, •i)T'•. i ct o" c cr , ;:,ye l 

t ', ~u ; t s c ,. t i " . i, , c •<; i i i ''"" 

. ~j o ' 'c to ··.:~, il' 

" L Y. ..: s · r "d fl vo ,· 

.. - t r·-· 

) 0 i, o c 

L i 

<.. <" 

f ' i c i t o 

l r er· ·c o 



CO :r.LtJSI C:,NS 

Tt 0 -=-~·:it j c-,r o.f 1 :.c t. i c 3.c 1 C ~ {.; s l ew o~ ... ir..1ctiv;:..: 1 i l ~ 9 

pr ior t o s-=.~tti. ... t, wit.l--· rt:'1! Et , c -r" ..;:':::-q µu ;si 1 2-.. v,·;iy c-4."' 1r ~~ ­

i "1f goo i -!u ,, ity cr'J(:-,ldqr c ree s ,.-. The 5:.:i <.:; :T.i :_~ r-i:,.rl'2 i.,t o 

chee5s ~ith ou t ~idEd ~s ·d is ~re ~nfcr:or i n qu~lity. How­

eve r , the ;_:;_..-j_i e'.I rE ·u1 .s of th i c; 1;JC1 , ri·•ent ;:::;ir.t m.:t the 

~e•d f o- ~ or r r ~~ear ch ~0r k t o be J o r e on this emerrency meth ­

c'.I o f rr ,hi'1~ c:1erse ..-ivh ad.ied •Jc i'i . 

T'-,_ e,1errer. c y .,1str 0 d o f e.cL:Ji.r.t:, ~c i.· to ;ril :.: . ,,r c hsecse 

ffaki ng r~y ,~irim i ze the ~ffe ct s of ~ dCvu1' i C~~l3£~ , ~1u:,t·~r ~a ry 

.,.rr:n:or i um c ompoun ds , ·:.Ed trt i t:io ti c i.u c ti vat i.or . o f thi.? la c t i c 

~errrsntinc b~ c t c ri ~ . 

The he.::t r,~'='UJ.t,::, \'\re c;L1airi.t!J. , i u thi.: LXt-'1...rL,:eit , w}~en 

tl·a ~i l k ivr ch~es• was ac i Jificd to pH ~ . 75, Th~ cre~ s e ~3de 

f .. om ·iilk .qci <if i 2'-1 t o pH 6 . C .vA.s cvaip:1~· .... le ir !L.c:tlit/ bu.t 

1 eke·' :'l.a\· _r, ':--en tre ·,.i l k w;::.~ :.ci •i:'LJ tc f,H 5 . 45 ~rd 

Wt.:>'3.'. ~c~~Y, t'_ i n ottl E ~ cc lc r . 

I : pr6 l i ·,,i , ,r 1 1.r 1.:il - ',he ·Hl 'i t i c, c.: a":i d t o tile.. c -r l 

,te r c ... ,t. i ,1· c c:used s1:rne:,es" 01. the 01.;ts i dP cf th,· curJ. 

jY,rtiCjL. . Th·-: co r,,.,iti o ,, of tl-:e c i.;rJ ,..e5 t ,l ted i n fai li.:r ce 

Tf'lf; .-n .-l y~ i s o ~ thE.. chc~ 3e , ·1,:1ac ty r.he er.,cr er.cy mt:thod 

o·"' i1.ddi .g .4c·i d , ::-::ho·1H ... J that the c'.:e~s~ r,~RI t..f::i.c tt...r·_.j f ro n, mi l k 

aciri l [icd t o pH 5. 75 reJ l ttd in ~i.:pericr ,~al ty , ut ~as t oe 
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h i e:h i n ,.i ·ti..:r, t o 1ect the cr·e..:..:ar checose st·, ,d~r ds . T'1e 

t en pcrar-\....r'"' o.r cc o;~i ,s ... ;1y possibl/ be ~r c.;."'e'l.3-.;(1 t,o rr.. kc 

c i., ':) ..- ~ __ v . ..; · :;.. , is~ ~ r .c-· i t. L. "'e c c. -::: E.1 .. <.: .,_ ~ ;. per cc· n t or C ,; 101.·1 . 

Tf"e c'"Cl:.QC ,,.:1.J~ frcr"' 1 .. :i 1:fiE:·J :,ilk .et ! ~ .'iriin:urr: 3t1.;..da:-ds 

of not 1 es<; th,m 5C per cert :' t on the moisture - free 1:)'lsi s . 

The prcictica1 use of ad~c~ acid i n ~he2s2 -a; i ~g de pe nd s 

ur o ~he Jetectic- of slow or ~n~ctlv~ grc th cf the }qcti c 

fe r ment in~ bq c ter i i . 



Nine lo ts of milk with t hree vats i n each lo t were made 

i nt o cheddar cheese . Vat A of each contained mormal mi l ; 

an anti~ioti c ~as added t o vat B; ~cd 1c a,.ti~iutic and vdr­

ing amounts o f edible a c id were added to vat C. The ti ~e 

s ch edule method f or ma\.'i n.e; ched ar cheese was fe l lowed in 

each of the t hree vats. 

The cheese was scored for flavor , body , and tPxtt.:re , 1;1,d 

color one week after manufa cture. The rr;oisti..re and fat tests 

of the cheese were also determined 1;t t hi s time. 

The limited results show that it is possible to make 

chee s e of supe rior quality with the emerger, cy method of add ­

in~ la cti c a ci d t o inactive milk. 
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