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mioixrcnos 

Om of tfa* fiROtori x«Q)oiuiibi]j« tor Urn losa of InitlAl quality 

in adoqaatol/ mfzigaratod* paataurlaad «llk and allk prodaota la tlialr 

videapzvad oontaalnatloa with payohrophilio niereorganinui. A ni—m 

^kaaaotarlatio of 'Utea wmbara of thia taxonoaloallj hotaroganaoaa group 

la that thajr grow nxffleiantlj wall, though raraly eptlaally, at ra~ 

frigaration taqparatnraa to danagp aawaraly tha organolaptio quality 

of dairy produota in ralatiroly ediort porloda of tiaa* fhia oraatoa 

a major proULm in nodam dairy praotioa whidi la aaffaiftad aa it 

baooaea aocmoadoally imx>rtant to laagthra tha tiaa Intarral hatwaan 

produotion and oaBaaq>tlai of dairy fooda, 

Tha litaratara on tha rolatlosi of pAyabrephllio nieroorgaaiaBa 

to dairying ia wolxodLnoaa, Tha graatar part of it traata thair di»-

trihution and growth ia aontanlBatad dairy prodneta with raaultiag 

oriano^P^io quality datarioration wbila in rafrigarmtad atoraga* Bow-> 

awor, oonparatiraly llttla infomation daala with iim etengaa in nilk 

oonatLtuanta ia dairy prodneta duo to thair growth. Thia nay ha duo 

to tha faot that aaoh ohaagaa do not ahara tha aifwawraHal aliaifieHuioa 

of orgaaolq^a quality datorioratlon. Althou^ tha orgpnolaptia 

dataotiea of quality datorioratlon ia dairy pradueta alaoat InrarSahly 

praoadaa any riaihla ohangaa in niUc oonatituanta, that aueh 4uuagaa 

ara a part of thia datarioration nay ba ahown by otfaar aaana. 

Fraqoantly tha baetarial datorioratlon of nilk and dairy produota 

ia datootod orgnaoloptioally aa a blttar flamr. atnoo thia blttamaaa 

hM oflm baaa aaaoolatad with protoolyala, a atody waa nada, uaiac 
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Rsmv OF LIZBlUSinB 

FiFOhy^pbilM 

Th« t«m "ptyahr^phils" m uaed ia the dairy induetry hat not 

been etrletly deflaed ia pnetioe, being indiaorlaiaately applied to 

all ttioroorgaaieBa growing in refrigerated dairy produote. Thosae 

(80) listed 35 publioatione dealing with dairy psydbrophilae wherein 

the reported p^rohrt^Mlia colony eounts were detendaed aaiag plate 

inoabaticm tines and tesperatnres reagiag fron 2 to 28 days and 0 

to 25® 0*9 respeotitely, fh» iaoabation tine-tenpwatore relaticm-

•hip aost often reported was serea days at 5® O.y which is that offi 

cially reeoanended ia the United States for the deteetion of aore 

typical psychrophiles (1)« Xt has been saggested that the deflnitien 

of the tem be restricted to iaclode only those orfuiinu ec^bile 

of groidag ia milk at 5® 0* and which are destroyed in ailk by heatiag 

at 62® 0. for thirty aiaates (79)« 

IZBSI sod Pistribrtion 

The tem psydhrophils dees mut describe a particular tascnonio 

grcttp of nieroorgenians though it say bs said that nest dairy psyohrc-

philes are Qran-aegatirB, acneporulatlng rods. 

A list of psychrophllio bacteria giren by EUlker (20) included 

^sBnera imSssmsMf difltiAgeasis Mvm-

liS8l8£» Sbzsaskasssr uA JQsisifflSSsztgit vlth £• flacreaoene. 
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£• •vi«CQ8&. £• Dutrefaelaaa. ffftaloallganea and JdUSfiSHS 

being eocaaplea ot species ocaoaon in dsdLry produets* 

Scholts and Olscm (72) isolated spsoies in the geaex* ffftHilWilil* 

llealigenee. ̂ chfonobaoter and «» ^ 

eoUfom gvonp and a fw Teasts and nolds firoe oonneroLally pa^agsd ellk, 

erean, elioedlate drink and eottagr dMMS after one and tue wadts of 

storage at 4® Q* Haoreseant pasadesMHsads alone aooocnted for appro-

xiMtely one-half the isolates and the relatite distribntiott of eaob 

baoterial type ws fairly unilbm ancng the Tarions prodttots saiq>led 

Att4iig sasner and idnter seasons, foster f|ii. (22) state that 

speeies ef asporoganonsi drwa-negatiri rods snoh as FIlfnilflWffliMMI hare 

been nost ofUm inrolred in outbrsaks of spoilags at ramgeration 

teflg>eratnreSy and oooasionally spe<^s of soil and water fwnas like 

AlaiUaUttl# Aohronobaoter and flaTObaiiterinn are found. Boyd §1^ 
(8) reported that the najority of spoilags organians in sa^pSas of 

nn—erntanjpasteurised end honoganised ailk stored at 33 and 40® f« 
were Omn-negatite rods, nost of which wre killed by pasteurisation 

at U3® f, for 30 ninttkes. Watrousf| (84) rsee0a.aed that the 

psyohrophiles isolated fren pasteurised silk bate been identified 

largely as Qran-negatiro, soMqpprefondng rods with saabers in the 

gsnera Paaudancmas« naeabaeterips and ̂ QhrcBebaoter prsdosinating. 

Sahlberg (13) found that colifora bacteria increased nore rapidly in 

naabers did total Gounts in pasteurised narket ailk held under 

refrigeration^ Indicating that somb oolifbras also nay be psyehrophiUo, 

fi (73) studied both rev sad pasteurlssd nilks and 

roportod that the baoteria reiqponslbls for the iQ>oilage of adlk held 
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Just ftboTB firMSlng appeared to be nainly, If not entirely, OnwHRe^ 

tive, nonsporafonalng reds largely of the genus Pseudononas. and that 

sporefoxners apparently neither grew nor eontributed to spoilage at 

these temperatures. 

Oa^s(H)states that In clean, raw milk held at0 to C. 

for a few days, the psydhro|dillia miorobes gradually pzedomlnate 

the most oonum genera being IffiMSBZH&fi* ,fifampt>gptffylwi 

and MlorooQocus along with the yeast end molds £aalSU=titiB» 

jilfldaiBfiriaiB, iSma ThmniflUlH* Marth and Prasler (15) found that 

the predominant bacteria in raw milks held at fam bulk tank cooling 

ten^raturas were Qram-negatlTS rods In the gmera Achromobaoter. 

iftcabftfi&ttf ilfitiLtotaag, and Sm^SStSSM* Horrleon and 

Hammer (50) reported the Isolation of£. fragl from 16.5 per cent of 

176 lots of milk dellYered by H producers to an Iowa milk plant, and 

while no isolations were made fxm 17 lots delivered to a Kentucky plant 

in June, 16 of 10 lots delivered to the same plant In December yielded 

the organism. 

Roblnton jj^ j|^« (68) studied the microhial content of 523 retail 

samples including both raw and pesteuziaed creams. They found that 21.1 

per cent of the samples had aj^ plate counts exceeding 500,000 per 

miUilitcr vhen the plates were incubated four days at 8^ C. 

Parker sk a2i* (^1) showed that the species J^, mft^ilwiiffinggi 

£• vjaoosa and £. fraai may be respcaisible for defects oomacmly oocuzw 

ring in refrigerated cottage cheese. Collins (11) also studied the 

role of thsse three species in cottags <d>eeas spoilage. 

•v-V 
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Httssoag Jil (28) reported tb* iwlatioii of£• fraal fro* 

taaplos of obaonHJ. allk, oreaa, oottaga ̂ aesa and bulk eondanaad Bilk 

and alao frm hoaafanlaar plungar pa<dclBg. 

PsTOhroiMlie ■ioyoorgBBlaui am amall7 pxaamt in raw allk, tnt 

thair pmaanoa in paataorlsad dairp prodneta la not to ba oondenad 

in alav of tha faot that thap do not anrviaa paatattxiaatioB, tharafoxa^ 

thair pzaaanoa danotaa poat-paataoxiaation omtanination. 

Uatrooa jgji j|^, (&0 liatad uataXf aoil» badding and ntanaila aa 

probabla aoaroaa of paTt^rophilaa found in raw nilka. SUikar (20) 

ballarad aoil and water on tha fam to ba tha original aoaroaa of 

papahropbilaa. In loua, Morriam and ffanaiar (50) raportad tha iaola-

ti(ni of £. jDesA Ac*"* 91*8 par eant of all aa^plaa of dizt and other 

nataziala axaninad that ware likaljr to oom la oontaot with nilk, 

Rowstar^ in Kantneky^ on]^ 4«1 par oant of ainilar aaqplaa taken in 

tha aonnar yielded tha organian e<aqparad to 37.4 par oant in Saoanbar. 

TIm organian waa found in Yl.^ par oant of 35 autplaa of barnyard aoil 

obtainad tren raxleiui atataa, baijig praaant in 90.9 par eant of tha 

aa^[>laa fron aaatam atataa oo^parad to 38.5 par oant fron waatan 

atataa (50) • Saot infomation aa^phaaiaaa tha wida diatrlbation of thla 

fra<{oaBtly aneoontarad paydhr^phila and ita poaaibllitlaa aa a raw nilk 

ooataainant* Zn faotf 01a<m gk gi||. (58) atatad that all idio hara tzlad 

to find payohrophilie baotaria in raw nilk hare aaccaadad, partioularly 

if thair analytioal procwdnra inolndad ineabation of poorad plataa for 

a anffieiMit pariod of tina uithln a tonparatura muga of 5 to 10® C. 
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Kennedy end Ueieer (32) reported thet U of 15 pore ooltmi of 

peyohrophiles, after being inoeolated Into nllk, ■urvired 145® f. for 
30 nlnates in ooBaidereble mnibere. Jeaeeki and Maoy (30) had only six 
of 41 oolteree of pijehrc^piillio faaoterla iaolated from freeh batter to 

oarviYB laboratory paotourisation at 150® F. for 30 niautea, SxdMn 

and Thornton (21) had only four of 722 payehroiMlie ooltorea to anrvire 

laboratory paateuriaation. Sereral other inreatigatora (58, 61, 69, 
S3, 84) hare preaented data vhieh ladLeato qoite oonduairoly that the 
praaently knoin dairy payohrophilea do not sarviro proper paatoariaa* 
tion, 

The likely awreoo of poat»paatearlaati(ai oontaninatiMi of 

dairy prodneta with payohrophilea are eater auppliea, prooeaaing equip* 
■ent and oontainera, Bogiek and Bargwald (69) found the aonrooa 

of narfcet nilk eontaninatioa to be equipaant and bottlea, Parker gi* 
(61) belierad that the priaelpal neana by ehiOh oottaga oheoao spoilage 
organiwa entered the predaet eere in the «ird eaah eater fron 

improperly oleaaed and aanitiaed naaafacturing eqnipneait, Boyd (6) 
alao bLuBOd theae tvo neana but added that the oreaaing nixtorea noed 

in oottaga oheeae nay be a oonnon aooroe. Uatroua gj gj, (84) rooog* 
niaed inproperly oleaaed equipmnt aa a aoaroe of poyaiupoidPillo oositan* 

ination and raoonnanded rigorooa oloaning nethoda. Morriaon and Hafpar 

(50) found dairy plant eqaipnent to be relatively fkoe of £, 
but 9*7 per oent of loea plant eater auppliea exanined yielded the 

Wganian* Lmg and Haanar (4I) iaolated nutrefaoiana fron aaaqilea 
of the eater auppliea in 14 of 29 creaneriea in nine nidwestem atatea* 
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Hanoa (26) found aaqiilaa froa water sup^iea in H babter and 12 oot-> 

tage cdMNiM plaate to be aoatly Aree of colifom bacteria but to con 

tain pcTohrophilee* Corlej (12) la a atudy of aaaplea fron 

batter plant water mppliea found that 5 per cent pielded £• outre-

faoi^iff and 25 per cent contained organlnui that forned flaoree<^t 

eolonlea tm mgi»r platea incubated at 21^ G« 

In a atudy of aaaplea of water and butter obtained trtm batter 

planta baring apoilaga diffloultieai Jeaeaki and Maoy (30) iaolated 

41 pure eoltarea of aticrcNnpganiwM, including both eaaeolytio and! 

lipolytic tTpeCt capable of rigoroua growth at 8^ G. 

Olaon and Vielaen (55) concluded that there ia great rarlation 

in the bacterlologieal qtaality of hone water auppliea uaed by coneoaaxv 

ia reocostbining nilk powdem, fheae watera were found to ccmtribate 

aigpificantly to %tm flora of fireahly raeonbined ailka but the oleaa-

liaeaa of kltdien utenaila need ia the reconbinaticm proceaa waa likely 

the Bore iaportaat factor influ«iciag the anbeequcmt beeping quality 

of the nilk under refrigeration, 

Sieberling and Harper (74) teacrlbed a hi^tMperature ahort-

tiaa heat treatnant for plant water auppliea^ the uae of idiich pernit-

ted one plant having cottage eheeae apoilage froai paydhrqphilea to 

produce a better-keepiag prednct thee prerioualy attained with the uae 

of efaanical aanitlaera, 

thm cclifom teat for poat-paateurisation contaainatioa (1) la 

known to be unreliable ia indicating that paateurlaed daizy producta 

are free fron oontanLnation with paycdirophllie gdcroorgnainui (3, 54» 84)* 



grovtt lad 

Aw d»f«lopMttt of dbfoot* in dairy produota liy pajohrophilaa 

■ay oooiur vlthla parloda of tina invol'vad In praaant aaxtetliig aathoda* 
Proaty (66) raportad that la aoMi aaaploa of rav ailk held 40 

hoora at 37 to 39** F. thara vara payohrophllie aoimta axoaadlag cm 

■lUion par ■Ulilitar and aay hart eontrlhatad to ali^t flarer da» 

faata aotad at thia tioa. 

Mlkolajelk aad Bargwald (47) fomd tha baetariaX counta oa ailk 

aaaplaa atorad aaaan daya at 0 to 1,66* C, and 7.2 to 10^ C, to ha muix 
blljamr tium tha iaitlal oooata} in aoaa inataaeaa aa laaoh aa thirty 

tiaaa hl^r* Rogicdc and Borgvald (69) found pqrtiurophilea in all aaiqplaa 

of Bilk anaiaad aftar ona waak of atoraga at 4 to 7® G. ataa though 

Mra found in 4«1>b1. quantitlaa of ailk takan direotly frot rat 

or hi^tanparatora idiorUtiaa paatanxlaatloai ayataaa* Zn thia atady 

flator ohangaa daralopad only la raw ailk aaaplaa during oaa Mak of 

atoraga, indLcatlng that eartraaaly hl^ eaoata wara naeaaaary to 

notieaahla flavor ohangaa* 

Marth and Fraalor (44) raportad that payohrophilea grew faster, 

aapaolally aftar two daya, in lew ooont ailk having laaa than 50,000 

haeteria per ailliliter. Hora aaaplaa of high oount ailk showed 

appraoiable growth vithin oaa, two, three, or four daya at teaperatures 

of 36, 38, and 45® F, than did low ooont ailk. In an awrliar publi-
eaUon (43) they raportad that in ailk held at 36® F, litUe ineraaaa 
in hacterial nuidiara occurred in three days hut at 38 and 45^ F* 
sigoifloant increases occurred in sons aaoples within ana or two days. 
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fkMM ifoitert bellewd that a 45^ f• atoraga tMq>azataztt for raw allk 

vaa too hlf^ lhajr found no oorrolatioa hatwoa fax* aouroa of tlia 

allk aaaploa and grovth of haetazda but did find that payohrophUaa grav 

battar in munMir nllk than in vintar nilk. Marth and fraslar (45) 

alao atodlad tha grovth diaraatariatica of aavaral pua eultnraa of 

payohrophllle baotarla iaooolatad Into allk and hold four daja at 

38® ?• Maat of tha Paaadononaa apaoiaa grav raj^ldljr and ataadilj 

during tha firat tvo dajra and nora alovly during tha laat two dapa, 

Culturaa of •»d Alealiaanaa apaeiaa grav rapidly during 

tha firat threa daya and nora alowly during tha fourth. !Ria Flaro» 

baotariuM oulturaa taatad failad to naka any appraoiabla growth undar 

thaaa ocmditiona. 

Badfiald (23) atatad that paydurephilie growth in nilk waa anoh 

aora rapid at 45 to 50® F. than at tanparaturea belov 40® F. 

Kaulbann and Andrawa (31) eoneludad that tha growth of payohro-

philaa rariaa oonaidorablyi that tha growth rata of tha contaminating 

orgnnian nay ba nora iaportant in datamining tha Inagth of tha atoraga 

pariod than tha initial lawal of aontafldnationj and that an araraga 

Initial payohrc^dxilio count of laaa than 10 par niUilitar la raadily 

ebtainabla vmSmr good praotioal plant oparatixig eondltiona. 

Watroua (84) raported that tha payidirophilio count m 

75 aanplea of raw nUk aftar 10 and 20 daya of atoraga at 5® C. in 

nany aaaao waa oonaidarably graatar than tha "total eount," but tha 

"total count" on an aaaraga anaaadad tha payohrophilic. 

Shaman (73) found that paateurised nilk bald at 0® C. 

had alewar baotarial growth than did raw nUk of gubftantially tha 
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•aM quality or bacterial oontonty and that pastouila^ ailky if not 

roeontaminated, kept fTon two to three tinee as long as raw nilk of 

the sam quality and baoterial o<mtent« 

lawtcn and Nelson (35) in studying.the growth tiiaracteristies of 

psyohrophilio baoteria^ som of vhiofa were isolated frcw oosneroial 

■ilk aonroes, found that 21 to 25^ C. was the optluas growth range for 
the aajorlty with their logarithBio phase of increase occurring within 

the first 24 hours of growth. Iben the tenqperature vm lowered to 5 

to 10** C. the logarithnio j^se was not entered until either the 

24- to 4B'4iottr or 4B* to 72-hoiur interval. Their data showed that low 

tenperainres only retard %bm growth of soae organisas and that the 

logsrithade phase of increase lengthens as tiie growth tw^oerature is 

lowered trom the optinnn* 

Boyd gjt jg^. (7) found flavor deterioratioQ to be correlated with 

the growth of psyi^rophilic bacteria in conaeroially pasteurised and 

hcnogenlsed nilk stored at 33 and 40^ F. In split duplicate swaples 

stored at these different tsnq»ratures^ the average keeping quality of 

the Bilk at the lower teaperaturs was extended an additional 11 to 14 

days. In a later pubLieation they reported that the deterioration of 

flavor in all consereially processed sanples exaoiaed was closely 

associated with the growth of psychrophllie bacteria (8). 

Burgwald and Josephson (9) reported that the developnmit of 

pnyehrophilic organisns in refrigerated pasteurised nilk followed a 

pattern sinilar to that of Msophiles exempt that after six days ^e 

peyohroiMles were far greater in nunber. They felt that the pzobLM 
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•f fiAfDf dtvulopMMit dttxiag nlVigpnitad ttentift !■ of littlo i»> 

porUim if tho alU; la oraaoMd vllMa aofoa ^tagra Imt ia appavratS/ 

of graat iaporUsum dtoriag atomgi h&fmA mmn daya. Mmmm and 

Saadaraon (85) foand that good quality paataurlaad alUc uadar hoaa 

yafirlgaratlMa rataiaad a good flavor thraa to four daya aftar daliwry, 

iMxt aftar tba Itforth day thofo uaa daaidad fXaaw datarioratioa. Ibay 

abaaraad that tha aaaraga dally par oant of laoraaaa la baotaaial 

aouat oa tha fifth aad alxth diy of ataraga im daoldadly gaaatwr 

thaa that on tha thlfd vtA fourth day, 

Babal (4.) atiidlad ohangaa ia raw aiUc hald at 4,4^ G, Ha found 

that hi# quality raw nilk ahouad a algnlflcaat iaeraaaa ia total 

baetaria altar two to four daya and that thia flora waa nada vcp largaly 

of pay^upophilio typaa, Oanarally^ tha fsraa fat acidity aad aniao-

aitrogaa aontaat of tha nllle inaraaaad aloiily aad any ahmpt laaiaaaaa 

wara aaaoapawiad by ahonqpt Inaraaaaa in nuhhara of haotaria. Alao» 

tha rata of rwinat ooa^Latioa aariad eonaidarahly with axtmdad hold* 

lag at thia taaqMratura and idiowad a diraot valation to tha typa of 

haotaria praaont. 

immtkl aad Maty (30) atata that payciun^Mlio haejinria ia raw 

allk nay produoa repinaaa, dlMolomtion^ protaolyaiB and blttar flaaora, 

farhwp md lUihar (6o) praaaatad axparljMntal aaidanoa that para 

oultoraa of £. riaeoia and £. £cigl» la that ordar of aetlvity^ oanaad 

appraoiatala loaaaa ia tha dlaoatyl ooatant of oottaga obaaaa atorad at 

10^ C, within 48 honra althoa# tha ahaaaa rataiaad Ita aoamal mpfmtgmim, 
A alailar phaawnanon ooourrad la 10 par oaat raaoaatitutad aon-fat-dvyi-alllt 
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solids oontainlng6 p,p.B« addod diaoetylf exoept that lossos in diaoatyl 

ware aoompaaied hgr oorraspoadlng tnereases in acetylBethylearhlnol, 

fhess losses in diaoetyl ware aooewpiBiied hgr the deTalopsent of a flat 

flaror. Their results indicated a diraot relationship between diaoetyl 

ecmtent and the deeirabla aronatie flaror in eottage oheoso, Puxe 

<mltures of £. eisoesa and £, JDdmI Isolated fro® gelatinoos eottage 

obeese were oapable of rapidly reducing almost all the diaoetyl pre* 

sent in eottage dMose or milk idiereas a culture of metaloaliflwaes 

was andh less aotiws in sn^ destruction. With £. riscoea and £• fraal 

a eomplete loss of aroma preoeded the development of any apparent phy 

sical manifestation of spoilage. It was also demonstrated that the 

diaoetyl destroyed was converted to aoetynethyloarblnol and some 

possibly to 2,3-batylene glycol, 

Olson sk (57) pointed out that psychrojdilles have been 

responsible for ooneiderable cottage cheese losses through tapioca or 

slimy curd although fruity or unclean flavors are usually observed to 

precede any apparent physical deeaaqposition of the curd particles, 

Boyd (6) states that the developMnt of fruity and nnelean 

flavors and odors in cottage <dieese results from the growth of psy> 

^ropMlio bacteria. Ibis also nay eause a condition known as tapioca 

eurd in which sa^ curd particle develops a shiny, translucent suxw 

faos, 

Collins (11) bsliaved that fruitnsss in cottaga obsess caused 

by the growth of £, fraai was the defect moat oom««ay limiting the 

storage life of commercial oottage diooso. Be fouiwl this speoiss to 
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be the leaat retarded bgr lev teo^ratore la a 8tad7 of£• vleooaa end 

Ji3£* 

Claydon and Haomisr (10) found that batter vaeh vater inooulated 

with 2* Mflphltlca produced the typioal eknnk odor in experiflaontal 

unsaXted batter in two to three days of atorage at 21° C» 

Atherton (3) atudied bacterial growth in ooaiaerclall/ 

pasteurized silk held at AsA" 0, Ihey found tluit the aToraga initial 

paychrophilie counts were very lev bat increased sharply through 15 

days of storage* Observed changes in^silk samples that aocanpanied 

increasea in bacterial content were losses in protein stability and 

significant increases in vitmin 8^2 ooatent* Xo ohaa«es in phesphataM 

content due to uicrobial action* as had been reported by Haner and 

Olson (25), were observed in this study* these workers oonoloded tvm 

their spoilage olMrarvations that the goal of silk prooessors should 

be to bottle pasteurized milk idiich naintains an acceptable quality 

during 12 days of storage at A*A° 0* 

Olson storage tM^ratuTM of 1* A and 7° C** 

obtained approadLaately 5-* 3- end 2-woak periods* respsetively* of 

satisfactory Ineping quality with silk ooaeentratas prepared under 

ideal sanitary oondltlQns after pasteurization* They found thai 

bacterial growth occurred at an appreciably greater rate In reeosbined 

milk than in the concentrate frosi whicdi It was eade* Both bitter and 

putrid flavors appearing to be associated with bacterial growth were 

encountered in this study* Olsm and Xielsen (55) later reported 

that hone reooidtined nilks nsde from non-fat-dry-Bilh solide gaaerally^ 
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dat«rlorated rapidly during atoraga at 50® F, and bacterial count# of 

several Billiona per nilliliter after 48 to 72 hour# of storage vero 

not naooMioa* 

Powell (65) stored saaqples of fresh raw oroaa at 35® F, for t«a 

days, fie foaad that the add coagulating organisms formed the largest 

initial group* BoUi this groi;^ and the acid ooagulatin^peptonizing 

group increased during storage hut after eij^t days t2ie peptonizers 

predominated* The fresh cream generally had a good flavor but became 

ali^tly bitter by the second day of storage and very bitter by the 

ei^th day* Flaidiii-heating the cream at 155^ F* greatly reduced the 

number of pept<mizing bacteria and they did not increase dturing sub" 

sequent storage* 

Slliker (20) included in a list of undesirable flavors caused 

by psycdirophilic bacteria in dairy products those described as fruity^ 

ranoidf bitter» stale, musty and sour, with rotten and putrid odors 

ths advanced stages of deeonposition* He stated that the abill«> 

ty of these organissui to produce llpase and proteolytio enaymaa made 

tHiewi partioulurly objectionable from the standpoint of off-flavors* 

Olson £& (58) believed that sooner or later all ocmmeroially 

processed milk when held within a few degrees above freezing spoils 

doe to metabolic products resulting tron. bacterial proliferation* To 

this thsy attributed the flavor defects described as putrid, fruity and 

unclean or sow. Changes in body and appearaaoi may occur such as 

thiclc«ming or repines# and a green or yellow surface dLsooloratiom, 
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HusBong fll,(28) Mte tmaalted tetter fro® peeteuriaed ere«i 

Inoculated >dth £, flraal. they found wide variation in the initial 

nnsbera of orgaaians with great inereasee evident after three or fonr 

days of storage at 7® C, Counts of over 50 ailUon per nilliliter were 

rather eoainep wl^ a few over 100 niUlon* they reported that the 

flavor production by fraul vaw inconsistent tet the nest sohbob 

changes was a '•May apple" odor followed by ranelditya fionetlBea with 

certain strains this pattern did not occur and the tetter beeaae 

cheesy, 

Derby and Haimer (16) and Long and Hanaar (41) studied quite 

extonslVBly the organisms Involved in the surfaoe—taint defect of butter. 

The causative orgaaiaa was first tentatively desi^iated |tdiro®oteoter 

ytntrefweiotna (16) but later was classified as a ®a»ter of the genus 

(41) snd renaned jP, outrefadens» They found that idun 

orgaalte was inoctilated into pasteurised erea® and subaeqiuently chamedy 

the resulting batter developed the surfnoe-.talnt defect within two to 

four days at 15.6® C, and within sevm to t«a diors at 5® C, 

Stark and Scheib (77) isolated 406 pure cultures ef teeteria fro® 

batters, of vhioh 96 per cent were oapahle of hydrolyslng tritetjrrin, 

77 per cent split milk fat and 63 per cent were proteolytic in milk, 

niese workers considered these Ihree characteriatios as oriteria for 

the isolation of organlsBS oapable of producing (dionges in the odor or 

flavor of batter, 

Molr and Ibxssell (49) state that proteolytic bacteria Bay bareak 

down the curd in batter and so adversely affsot its flavor* 
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Parker (59) state that ▼arlcua Paeudcawnadeae are rea-

pcmslble for rancid, fruity, flahy and a rariety of other defects in 

hotter* 

fleTOral earlier iavestl^tors (15> 19, 27, 53, 67, 71, 76) re 

ported on the rolatlonehips between proteolytlc bacteria, proteolysia 

of nilk proteins and the resnltlng off-fla'VDre la hatter bearing these 

protein degradation products* 

▼an der 2!ant and Moore (2^1) studied the proteolytlc activities 

£• Zaudi# £• fluoreseens and putrefaeiens in sklHiilk held at 
tawqperaturea of 5, ID, 21 and 25® C, for 16 days. All cultjires were 

proteolytlc to varying degrees as dstemined by the production of 

soluble nitrogen c«d the anino adds tyroeine and tryptophan. All 

cultures showed proteolysls at tha Incubation twaperatures used* There 

wae no evident relationship betwsen level of population and proteolytlc 

activity. There did appear to be sene relatlonehlp between the eoluble 

nitrogen content and the content of tyroslne and tryptophan. Only one 

of these cultures failed to show a shorfe lag phase even at the lower 

holding temperatures, 

Haiomsr and Babel (2A) state that protedysis in milk and oream 

Is often aceoapenied by a bitter flavor due to the presence of "bodieo® 

8U<9h as peptones occurring among the protein decomposition products* 

This bitterness may be evident before tba igipearanoe of visible signs 

of proteolysls* Bnder practical conditions it occurs most frequently 

in products hsld at a relatively low tesiperature* 
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HXwmr aad Bsid (62) ftalM ihaX aderobial proicoljslaf dtprai* 

ing upon %bm orgaaliMi IxiTolvvdy i«sulti In the eeeoMiIetioik of euTLiig 

MKnmte of soluble nitrogenous procSuete Inpsrtlng en slksllne resotion 

end bitter taste to the ellk. £. JGlaSBatt and £. putrefSelens mar 

cause this oonditloa, 

Pwudjigton (63) Inesstlgated saEteaslseljr the bacterial grovlh 

and ̂ UNKloal ehaafes ooourrlng in rav M.lk held at a tesperature of 

•1«67 to 6» for periods of firs and six useks, la OMparlsoas 

of "eleaa" or oertlfled nllk to ordinary sarkat sdlk, the clean sdlk 

■alntained an aooeptable quality throu^out the storage period while 

the narfcet nllk dersloped bitterness by the end of the fourth week asd 

bitterness with an unpleasant odor by the end of the flfUi week under 

these eondltlons, Baeterlal Inoreases, as detemined by three plating 

■ethodSf ooourred throuj^umt the storage period, these enusMratlons 

were aade by Inoubatlng one series of plates ofM day at 37^ 0. followed 

by three days at roon t«Bperature, aaolher series at 20** C. for fire 

days and another at the sample storage teeqierature fbr four to six 

weeks, the analysss for nitrogen distribution diowed that the easeln 

of milk la cold storage was rapidly digested until finally more than 

50 per OMit of it was changed to soluble eoivoands such as easeeseSf 

smlno-eolds and pxebably peptcees. The rig>ldlty of the digestion rerled 

with different samples but was pronounoed at the end of two weeks of 

storage. It was thought likely that protw>lysis at these temperatures 

was eansed by ensymes natlre to the milk rather than by those of 

bacterial origin* and a series of prellalaary experlmants sesmlngly 

mbstantlated this belief. In a later pabUcttlon Penningtom £| 
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(64) pmrastad data aatabllahing tha faot tbat iMMtailml aiuqpiMf vaxa 

q^ta iapoxUnt in tha dtgradailon of tha protaina in rav ailk at O" G. 

Thia voxk proiptad the c<mdlur^aii that tha protadyala of oaaain la 

priaarUj haetorlal vhila that of laetallMala la dna to aati-va Bilk 

aaajnaaa. Bofuaaarf it ma apparant that haetarial flora and aativa 

anayBaaf hijr thair eoBbinad aotion, affaotad aora rapid protaolytio 

ahaafia thaa aara pradaead lagr aithar agant aloaa, Alao» tha total 

pretaol]rtie activity obaorved in thaaa asparlBonta proaaadad in tha 

aaanar of a txyptie digaatioa liwraiB tha troa protaina paaa throoid^ 

aaaaoaa and paptcna foraa in thair degradation to «Bino»aoids« 

Fapar Slaetropharaaia 

imfc ImliTrti 

Tha uaa of pnqair alaotnqdioraaia in tha invaatigation of bio* 

logioal fluida, partionlarly fbr qoalitativa and quantitativa fraetioaa* 

tiona of blood aana protaina, la thoroughly dlaanaaad in at laaat 

thraa taaata (5, 37, 87)• Tha lataat of thaaa (37) only briafly Bontionad 

tha uaa of tha Bothod In raaaarch on Bilk protaina. Tha availabla 

litaratura to data dealing vLth pqpar aleetroj^oratio atudioa of nilk 

protaina ia naafor. 

dwaig and Blodt (88) a|q)aar to bo anfing^flrat to raport tha 

uaa of papar alaa^Hcophoraaia in tha aaparation of nilk protaina* Thair 

BOthod uaa an adaptation of that praviooaly davalopad by Dumoi(18) 

for tha aaparation of blood aartn protaina. Th^ vorkod only ylth 

oaaain and ita oanpcmantt apart fTcnt tha oonplata nilk protein ayatan, 
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tterafbrvy p&p&r •iMtrophorvtio data on liiay pK»taiaa wtra not iaoludad, 

Tha ralatlas aoMlltias of the eaaeln ocnpenenta obtained in this atadjr 

Manured favorab37 vlth thoae obtained bgr the Tiseliua eleetrophoretio 

Mthod. Theae vorlcara baliaaad that tha eoncantratioa of gaaBa>»oaaain 

in ididla caaain van too lav to pandit ita being dataotad unquastionablj 

bgr thia nethod. 

Maaiaa and Baker (42) aneoaaafuUjvaad paper elaatrophioiraBla to 

aaparata qaantitatiaal7 alpha-, beta- and gaawa-oaaain trm Whole 

oaaaia anapandad at 5 par cant canoMityation in raronal buffer at pB 

8,6 with an iooio atrangth of 0.05* ^a analyaia vaa dona on large 

ahaata of ralatiral7 thiok fLltar paper hori8aatall7 plaoad in tha 

opparatua, Tha^ apparently obtained poaitire nigratioa of^alovar* 

Higratiag gaaea-eaaain. fha aaparatad eoaponaata vara riaualiiad by 

ataining vlth djraa Aaoeaxniaa or BaphthalwM Black, fha relative parw 

cantaga of aa<di ocapaaant vaa dataminad both by dLraet pheteaatry and 

IJaldahl nitrogen oontanta, theaa nethoda gave ooi^Mirabla raaalta, 

la aatinating eonponant paromtagaa thaaa voricera iq}plied eorraetioa 

faotora, vhi<^ they derived Mpirloally, to laaaan tha error cauaad 

both by different dya-binding oapacitiaa of tha o<ngxaienta and devia 

tion fkon Bear*a lav, Fron their oorraetad analyala data they aati-

■atad that ^ole caaain containad 60 par cent aj^a-, 32 per cant bata-

and 9 per cant genwe ocnponant, 

Libbey and Aahvorth (38) carried out tha paper eleotrophoratio 

aaparation of caaain uaing a phoaphata buffer at pH 12,3 with an 

ionic atreaith of 0,19, they elaiaed that tha caaain vaa clearly 
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retolTiad lato three ftraotloni la a Splaoo apparatus during 30-hour roas 

vi'tti 20 to 30 alUlanperes of current at a temperature of about ifi G« 

the leeel of ample appUcatim was found to be critical. The best 

results were obtalaed using a 0.01- to 0.02-al. quantity of a 10 per 

cent ooneentratioQ of whole casein auapSBded in the baflhr. the hi|^ 

est decree of resolutioB was obtained by placing the samples on the 

strips as near as possible to "Uie cathode side of the Duzruai type oell. 

the separated proteins wore nede risible by staining with brotuipheaol 

blue* these worters reported the iq)progdLmte relatlre distrlbatltm of 

the oaseln fractions* based on areas beneath soanning carves wlthmt 

eorreotlng for tailing errors* as 90 per cant alpha- and kappa-* 45 

per cent beta- and 5 per cent gaama-easein. 

Lindquist (39)* Lindqulst (40) and Storgards and Lindquist 

(78) used paper eleotrophereais as a mans of studying changes in 

casein eoeundng dazing ihm rlpeiing of different eheeses. they 

stressed the fact that even thou|jh a Unear relationship exLats between 

the i^tical density and the concentration of a q;)eeiflc protein idMn 

dyed, different proteins have different dys-bindiag oapadties and 

there is good reason to believe that this is also true of the deeon-

position products of casein. They cautioned, therefore* against 

drawing too far-reaching conelnsions fron the quantitative data ob 

tained by electropheretio analysis. However, they believed that the 

mthod did afford several new possibilities for research in ̂ leess 

disnistry. 

. 

] 
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Vaigt (86) described a relatirely sinple procedure for the paper 

electrophoretlo anal]rsis of milk serum (idiey) proteine. In this pro>» 

oedare approgdmatelx 0*08 ml of oXe«r» siqierBataBt idMy, obtained after 

the isoeleetrio precipitation of casein in nilk^ uas separated em 

each paper strip. The electrolyte need sas a sodiw serosml-soditai 

acetate buffer of pH 8*6 and ionio strength of 0.1. The electropherstte 

runs were 16 boors long at 18** C. k ooostant eoltage of 150 vas 

af^lied to the strips. The procedure yielded diaraeteristio curfos 

oe^[>arable to those obtained by the TiseUos method. The separation 

of fiss protein fraotitms from nomal milk serums was reported. The 

£raeti<»s were tabulated with the range of the relaties per cent of 

eaflh as foUovst eatpLobulin, 5.7 to 15.7 per oent| pseudoglobulin 

3.1 to 11.8 per cent} alpha-laotalbodni^ 15.0 to 31.8 per oent| betar-

laoto^obulinf M«7 to 67.7 per oenti and, blood Mrum albomln, 1.3 

to 6.2 per cent. These fractions are listed in the order of their 

ineraasing electrophoretie nobility. 

bioos and Legates (36) ased paper electrophoretio analysis in 

studying changes in the idiey protein of milk from cows with aeute 

mastitis. They found the whey protein pattern of milk from mastitic 

quarters to be markedly altered from the normal. The outstanding changes 

in the patterns were the appearance of a fraction migrating at the rate 

of blood-serum albumin and a relative increase in the amount of inmnas 

globulins. For milk obtained from 43 normal quarters grouped into 

three oategories they reported means of the per omut of the warious 
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\i»j protainB ranging from 13 to 20 par oant imauna glotolinB) 27 to 

39 par cent alphap-laotalbomini 47 to 60 par oant bata-laotoglobulin and 

0 to lass than 1 par cant blood-sarom albiaiin,» gLnm in the ordar of 

increasing nobility, Thay also obaarvad that ulMy samples from sons 

q^aartars oontainad a traoa euaount of a fraction migrating faster than 

blood^sarun albumin and another fraction migrating batman beta* 

laetoglobalia and alpha-laetalbumin« 

Modi and Ouen (48) reported the use of paper elsotrojhoresiSf 

along with paper <diraaatography and fluoraacanoe under ultra-violet 

li|^t, in studying the qualitative and quantitative distribution of 

riboflavin and allied oonpMDids among the milks of sevsral nawMlian 

speoias. 
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EXPSRIMSIITAL M&TERIiLS AHD ME1B0D3 

All skiBadlk used In this study vss obtained frat the University 

Greanery and had been eoMssreially Mparated. Oaplieate samples of 

approoEiaately 1500 ml« in quantity were aseptically rMMved from the 

pmsteurising vat within five minutes after the md of tte 30 minute 

hold period^ plaoed in closed sterile 2-1. Srlenmeysr flasks and 

eooled in an iee bath, the pasteurisation teiq>eratures ranged from 

145 to F. idiile the spaoe heater teiqperatttre at times rose to 

165^ F, A total of six pairs of saqjles were used in the study. 

The flask elosiires were laboratory designed for ease of mani-

pmlationy for ti|^taess dwing sample agitation and to redoes the danger 

of the sample adsorbing undesirable flavors from the external atmosphere. 

When the samples had oooled to near ioe bath temperature one 

reoeived a 0.5 to 1.0 per cent inoculation with a pure culture of^e 

bacterial to be studied and the other sample was held untreated as the 

eontrol. The sai^iles were subsequently stored in a refrigerator at 3 

to 5® and sonmiaed at LMay intervals during a AS-day period. The 

samples were hand agitated daily exoepft on Sundays. 

The bacteria studied were three species in the geniui Paeudomonas. 

namlT,£. £. nwrffft9f»l £. £• tJ3SL 

(4973) and £. fl^rescenp (11^1) were obtained from the Assrlcan Type 

Ckilture Collection (ATCC), 2112 M Street^ I. V., Washington 7, D. C. 

Ths £• jontrefaeiens was obtained from the culture collection maintained 

by the Dairy Microbiology Wberatory at the University of Touiessee. 

Stock cultures of these bacteria were maintained at 3 to 5** C. em 
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•Ittiti of Bilkoprotein hydroljsat* (M-fR) agar. fbasa wara activated 

iirathly tgr tranaferring to tr;/pto0e phoaj^te brotli eantalnijag 0*1 par 

oant agar (17) and inoabatad 24 boura at 21^ C, The 24r4iotur broth 

culturoa vara uaad to laooolata fTaA agar alauta ahioh vara iacubatad 

24 houra at 21^ G* before the oulturea ware returned to oold atoraga* 

Working oulturea were saintained la tubea of phoaphata agar broth, 

Theaa were atored with the atook oulturea at 3 to 5^ C» and were traaa-

ferrad weeklyf followed Icgr 24 hotirs inoubatioa at 21^ G, before baiag 

plaoed in oold atorage. 

All akiatailk aanpla Inooula were prepared hy tranaferring a 

loopful of a working culture to freah phoaphata agar broth and iaoubatiag 

it 24 houra at 21® 0, A lo<^ful of the 24-hour brotii culture waa in 

oculated into aaflh of twa aeraw-eap culture tubea containing 10 nl, 

of aklamllk which had been heated 13 ninutaa in an autoclave at 15 

p,a,iii preaaure. The inoculated tubea of akLaodlk were held in a 5® C, 

refrlfarator and cb the aixth day were uaed to inoculate a trial 

aanpla of paateuriaed akinoilk. 

The periodic exanlnationa nada at lA-day Intervala on the dupli-

oata trial aanplaa Indudad aennaratlcm of eoBtained bacterial popu-

lationa, organolaptlo evaluation of the milk and paper electrophoretio 

aaaljaea of the ailk proteina. 

Two genaral bacterial populationa were eBnaare.ted, Theee were 

differentiated on the basic of growth tei^rature and are referred to 

aa total oount and paychrophilio count. The total count included thoaa 

bacteria which produced viaible ooloniea in K-FB agar platcc within 
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A5 to 51 houni laoaWtiai at 32® G. while the peytihrophilio ooimt in-

eluded those heoterie which had premised visible eoloaies in M-ra 

agar plates on the seventh day of Ineubation at 5® C« The anuaeraticMUl 

were ■«"<*» essentially aeoording to officially reoogaised procedures (1}^ 
eaceept that the gelatin—i^osphate diluticM aedimi of Xaylor and &d.th (51) 
was sahstituted for the idao^shate hoffered distilled %iater noraally used 

for SMple dilntlcas* 

nte organoleptie evaluatiocis were aade an seperianeed ailk Judge 

assisted at tlaes by om or two others* The appearance and intensity of 

odor and/or flavor of the saaples were recorded as given the Judge 

with ne attempt aede to assign nuaerical scores* 

The aLlk proteins were obtained for eleetrophoretic analysis 

by precipitating the oasein at pB 4*6 with the dropwise addition of 

42*5 per oent lactic acid to 200 nl. of nilk under vigorous agitation. 
The pxecipitate and *hey were separated by centrifUgation in 250-clL* 

flasks followed ty decantati(m of the supernatant whey* The centric 

fhgations were for thirty ninutes at 2500 r.p.n. ..using a 4fplaoe centri-

fhge head 7 inches la disneter* Th« recovered precipitate ws twice 

washed by resuspension in 50 nl* of distilled water at 4 to 6® C.y as sug 
gested by MasBas and Baker (42), followed by vacuna filtration through 

go* 1 paper* The washed casein was resaspeaded in a ninln— 

quantity of distilled water, then freese-dried to yield a fine, white 

powder containing approoclaately 14 per oent nitrogen* The water re-
suspeasieas of casein ware nade using a laboratory honogeniser* All 
fkeese-drying was done with an sg^ratus usually operated at a 
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pMSSore of 20 to 50 miorone of mercury as measured with a McLaod type 

^oigs* 

Immediately after decantatlon from the oaseim the y/tiej was fil 

tered throu^ a Selts filter to remove bacteria and any remaining parti-

clee of nndlsaolved precipitate, Riis yielded a clear, gromiish-yBllw# 

fluid, A 150-ml, qxiontlty of the idioy vaa then placed in cellophane 

dialyxar tubing of 1 1/8 incfliea In diaoster and dlalyzed A4 hours at 

it to 6® C, against six liters of distilled water, vMdi was refTeidied 

three tines at 12-hour intervals. The pH of "ttie whey was detenained 

both before and after dialysis, A lOO-ml, quantity of the dialyaed 

whey was fteeze-dried to yield a product containing approximately 12 

per cent nitrogen. 

All nitrogen contente were determined by a taioro-Kjeldahl 

method (2), A steaD^tdistillation apparatus required for these deter 

minations was ccmstmeted in the laboratory. Duplicate determina-

ticuis on ea<^ were tunxally within two-tenths of 1 per cent and 

were averaged to arrive at the nitrogem content subaequmatly tmed in 

protein auspenaion atandardisaticn calculations. 

The proteins were prepared for eleotrophoretio analyais by re-

sut^)endlng the dried matorials in suitable buffers at ecncentrations of 

1 per cent protein nitrogen, A barbiturate buffer, ccntaining 3,7 g, 

of barbital (barbituric acid derivative) and 20,5 g, of sodium 

barbital (sodium dlethyDbarbituate) per liter, of pH 8,6 and ionic 

strength of 0,1 was used for both easeln and idiey protein analyaes 

until it was iMumed that a borate buffer, ccntaining A,96 g, of 
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boric acid and g, of aodim hydroxida per liter, of pH 21,5 and 

ionic strength of 0,1 pexaittod improved resolution of the casein 

fraotlims, the borate buffer uas aoBployed for the OMSin analyses 

during 1d» latter tuo-thlrds of the study, inoluding four of the six 

trials, i&xey protein analyses were mads in the barbiturate buffer 

throuj^out the study. 

The eleotroi^oretia analyses were made using a Spinoo Model R 

Paper Slectrophoresis System, This apparatus was equipped with cxie 

elactz^horetie cell v4ii<di analysed ei^^t strips per run. The strips 

were of Scdileicher and Schull 2043A m|^ psper* A 0,02^nl, quantity of 

a buffer suspension of protein from the control and Inoculated saiqple 

was applied to ea(di of four strips daring an e2jectrc^orBtic run. The 

eleotrophoretio separations were allowed to ccuitinue for 16 hours at 

4 to 6® C,, the eell being operated in a room held at this temperature, 

A constant voltage was applied to the strips. The caseins were separated 

at 140 ̂ 4 with a maan Initial current of 5*6 milliaqperes (ma.) idiidi 

Inoz'eased to a mean terminal currant of 7,0 m. The tdiey proteins were 

separated at 200 v* with a sean initial current of 7,0 ma* idiich in 

creased to a mean terminal current of 8*9 ma. 

At the end of the eleotrcphoretic runs the strips wore prepared 

for soanniAg by a modified Spinco prooe^tare for blood senw analysis 

(75)* A stepwise stiisduls of the procedure used follows: 

1* The separated pxvtein the strifis was deoatured and bound 

la place by heating for 30 minutes in an oven at 120 to 130® C* 

2, Bio strips wore given two 15-minate quiescent rinses in 

msthanel. 
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3. They wore then !it.alned during a 1-hour immerolon In a 0,1 

par cent solution of bromfhenol blue in aethanol, 

4^ The stained .strips wore giwn three sucoeealve 5-ralnttte 

rlnaes in fresh pipAooua solutj.ons of 5 per cent acetlo aoid. 

5, The rJ-nsod strips were gently blotted betwen sheets of olean 

blotting paper* 

6, Hhe blotted strips were heated for 15 nintttea in an oven at 

120 to 130® C. 

7* Within 1 hour of scanning the strips were placed In an 

arar»nia-satTJtPfited attwstihero for a 15-Biinute period. 

The scanning of the stripe in the Analytrol yielded dharaoterls-

tle corves ftrcn whicdi the reltitlve quantities of the separated protein 

fractions were derived. The curve peaks representing different pro 

tein fractions were delimited by sketching in their QausBlan distri 

bution CTirves, then carefully drawing vertical lines perpendicular to 

base line and eottending through the points of Intersectioa of •Ujc 

Qnussian curves (75)• The vertical lines were also extended downward 

through the integrator trace line dram at the bottom of the curve 

sheet, Bie quantitative data for each delimited faction were then ob 

tained frwn the Integrator trace lino which recorded the curve area in 

0,1-sq, on, units. 

Ho corrections were attempted for possible differences In the dye-

binding capacities of the various fractions, or for the tailing effect 

of^more rapidly-algrating eoBpenrnts (5)« 
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Th0 variou® protoin fhictioiiB war® not Idantlfiod during tha 

study are thspsfore refarred to liy nwdser In the text* Hovevsr^ 

the nooenolature of Jennsss 4i jal» (29) may be applied, as the eleo-

trophorstio earfos olrtained vare quite slsdXar to those found in ths 

literature (33, 34', 46» 70, 86), 



SK3BLTS AMD DISOTSSIGH 

Ibe mlorobial grovih uhloh ocemrrsd in 1x)ih the eontxxtl and tha 

laoealatad throai^oat "Uia iZ-dajr vtoraga period ie zvpreeented 

Xgr the data la Table I« 

The oontrol eaeplee ahoved little or no peyefarophilio growth. la 

only one trial with £. flaoreacena did a aeasarable iaoreaiw in the 

peyohrophilia eolony oonat oeoar^ and that was on the final day of the 

storaga period. There was no good explanation fbr this. HoweTsr^ in 

every trial the total eoont tended to inerease from about the midpoint 

to the end of the hold period. Pexh^ sosm pasteorlsation-resistaat 

organisms beeaas aoolinated to the low tanperatnre eavlronamt with 

extended holding and eventually began to noltiply. Davis(M) believed 

that this eould happen. However, it did not appear likely in any trial 

that the msophilio growth^ as determined by the total counts, was 

suffioient to alter the oontrol milk constituents to a degree measurable 

by the msthods need in the study. 

Qood growth was obtained in all trials with the three pure cul> 

tures studied. This is indicated by the marked inereases in the averags 

total and psyohrophilio counts on Um inoculated samples. Qanerally, 

these increases occurred throu^out the storage period, not being ccav-

fined to any particular part of it. In the sao^les inoculated with £. 

wad £. putrefaoiens the averags psyohrophilic count always «t-

ce9&0d the eoaottrrent averags total count. Uhereas, the reverse held 

true for all samples inoculated with £. fluoresoMis. One eiq;ilaaetloii 
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for ihit i« thif partloolar ealttir«|» £• fluowcena. aagr h&n had 

a Ian pigrdiroFbillo eultural tandasor. 

QBaatttatira data ohtalnad hgr tha papar alaotrophoratle a&alysla 

of tha protaiaa In hlc^ qtiallty pastaurliad aklHallk ara glTw In Taliila 

2, TTpleal paqpar alaotrophoratle pattama, fron vhidi thaaa data were 

obbained, ara Uluatratad in Figura 1» tha data in Tabla 2 ineluda the 

Means of all datandnations of tha ralatiwa par eant of aaoh protein 

fraetion in all eoatrol sasples of skianilk used in the stodjr* At this 

pointf a MMsidsration of thass rasolts in ralaticn to those of slnilar 

work reported in the literature nay add to the general understanding of 

tha ororall rasults ohtainad fron this stodf* 

Of three reports (3d» <42, 88} en tha pig}ar alsotrophoratio analysis 

of whole oasaln ttom nemal silk, tha qaaatitatiYa rasults ohtainad hare 

(Tahls 1) agreed elosaly only with those reported hgr NatKas and Baker 

(42), Bowerer, one apparmt diffames was observed* these workers 

obtained a definite anodie aigratioBi of gasna-easain, eorrespcmding to 

oasaln fraetion one (tabla 2 and Figaro 1), iddLcii did not oeeor in this 

study* A possible eocplaaation for this lias in tha differanoas in the 

ai^paratuses used, the aleetrophoratie call used by NadBaa and Baker (42) 

held only one 8-> by 16~ln<di diaat of flltar paper in a horlsental posi-

tlea mrroandad by a alniene of aabiant ateosphare to be stabilisad* 

the oell used in this study held 10, 3- by 30~oa* strips suspended over 

a ridgepole with a relatively nueh greater aebiaQt ateosphare to 

stabilisa par sq* on* of paper* It is possible that a sore aooalaratad 

evi^poration-difftuiion {dimoeeaon occurred in tha latter cell, idiidi 
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T4BUB 2 

MEANS OF THE HSLkTlM FER GBNT OF EA(S PHOtBIN FRACTION 
IN SIX CONTROL SAMPLES OF SKIMKILK AS OBTBRMIJilSD 

PAPBR 8LBCTB0FH0RBCIICALLI FOUR TD«S AS 
LL-DAI INmVALS 

ona3S3ESS 
(P-,. 

9.34 29.53 61.13 

Whar Protain Fraotloaa 
S. 51 2 3 4 

18,88 5.86 19.76 9.49 44.28 1,73 
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CATHODES- MIGRATION DIRECTION ^ANODE 

3 

CASEIN 

WHEY PROTEIN 

Figure 1, Typical paper electrophoretic patterns of the pro 
teins from hi^ quality pasteurized skininilk. 
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ooimWfttetad th* nobility of tbo slowHso'viag oaooia fraoti<m to tho 

oxteai that it vas unabJo to undergo defiaito aaodio aigration aad^ 

thoroforo, rNudaed eseentially at the point of saa^le applioation* 

Tho higher pB and ioaio otrongth of the buffer uied la the preeent etudy 

aleo nay bane oontributed to thie reeult. 

The reeulte obtained fron the aualyeie of uiiey proteins (Table 2 

and llgare 1) agreed remeonably veil vith the oerreepoBding reeolte 

reported la the literature* The relative values givm in Table 2 for 

idiey protein fraotions S, tvo^ fonr^ and five oorrespond, rm^etively^ 

to tiM values for inoaae globulias, alpha-laotalboniBf beta-laetogLo-> 

bulia and blood-serun albumin reported by Leooe and Legates 06)« 

Alsoy they oorresprad to fraotions k and 5» ImmiBeglobttliai 3 alphai> 

:laotalbonin} 2, betar<CLaotoglobulinj aad, 1, aerunalbunla as reported 

by Veigt (86)• vbey protein paper eleetrophoretie patterns of the 

eoatrol samples in this study differed Aram those reported by -ttie above 

woxtors naialy in the ataaber of appearing fraotions. Gensisteatlyf six 

protein fraotions vere elearly resolved fron the control sample ̂ ys 

In this study vhile the above workers reported the oonsiatant appearaaee 

of oaly four. Heweverf Leees and Legates (36) oooasicmally observed a 

traoe amount of a Araetion migrating faetor than blood-aaxum albumia 

and amther Araetioa migrating batveen bita^laoto^bulin and al^^hm* 

laotalbomin but reported no pertinmt quantitative data. Idtey pro-

tain fraetioa Ihroo (Tabla 2 and Figure 1) oorrosponde to tho latter 

oooasicmally appearing fraction of Loooo and Imgataa (36). Vhoy pro 

tein fraction one (Table 2 and Figure 1) a^artmtly had no correlative 
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fjrftOtioa 1a tli« p^[>«r eleotrophoretlo pattemt f«ported tgr other 

vmrkere. It is peeeihle that tim appearaaoe of proteiB fraotlons 

am and three (fahle 2 and Flgore X} wee due to degradation and intexw 

aotlon produote that reeolted from the heat treatment of paeteoriEatlon 

vipoa the origiaal^ dieorete proteins in the rav milk (34)• Alsoy the 

idiejr proteins were analysed after being dried and resuspended at rela» 

tiSiX/ hl|^ oonoentratlcm la a foreign fluid* This is Xlkely to hase 

affeeted the paper eleotrophoretlo patterns obtained. 

The paper electroidioretio patterns and relative peroentages of i 

normal nlXk protein fractions obtained in this study were sossWhat 

different from others reported in the literature. Howererf due to 

differenoes in saaple preparation te<Amiques and eleatrophoretlo 

apparatuses used, these differenoes do not aeesssarily dmote fUnda-

BMKitaX dlsagreemat. That no fnndenentaX disagreement cdLats may be 

idioea by the proper oontarsion of "^le relative per cent of eaoh milk 

protein fraotion, as determine paper eleotropboretioally by the varioos 

vorkers, to tto per oent of the total milk protein it represents. By 

sndi omversions it is shoun In Table 3 that the quantitative data on 

normal milk proteins obtnined in t^is study are in line ulth the milk 

protein oo^wsition data of Jenness (29), Larson and RoUeri 

(34) and Moifeekln (4&). 

The paper eleotrophoretlo patterns of easeln and vbey proteins 

obtained In this study appear smoeptible to the application of the 

nomnolature of Jemess gl. (29) and Larson and Roller!(34)> 

althon^ the protein fractions sq^arated were not idmitified. 
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Howttvar, the eleotrophoretio pattern* obtained in this stody oloaelj 

reeeiiibLUi thoao obtained tgr noring bonndxy eleetrophoreais (33, 34-f 4$), 

mierefore, sinoe the notoenolatiure auggearted for use (29, 34) is 

dlxeetlj applioable to ooiriBg boundry eleotrophoretio patterns, its 

applieation to the patterns obtained in this stody sessts tenable* This 

being the ease, casein fractions one, tvo and three (Figure 1) corres 

pond, reapeotively, to alj^a-, beta^ and gaaBBs-oaaein* And, vdiey pro 

tein fractions S, two, four and fire eoxTesptmd, respeoti'vely, to 

^obolins^ alpha-lactalbuain, beta-lacto^obulin asud "blood* 

seruB albadLn ildle one and three are, as yet, tmaned conponant UMibers 

of the "proteose-peptone" fraction* These relationidilps are given in 

Table 3* 

The data in Table 4 show the delations from the controls ob 

tained by the paper eleotrophoretio analyses of total casein In the 

ecaatrol saaiples at the indicated storage intervals* The data in Table 5 

ajre a sinilar treatsent of the resolts of the atoy protein analyses* 

Theoretically, it nay be asstmsd that there was no difference between 

eilhier the total casein or total idiey protein of the conlurol eaaplee 

and oorresponding inoculated samples when analysed on the day of inoco-

lation* The data show that apparsnt differences did exist. These 

differences refleot the volnnetrio difficulties inherent in the 

neeessary handling of the proteins in so asfqr different ways preceding 

the actual p^er eleotrophoretio analysis. Since siadlar swspSe 

preparation difficulties have been reported (34> 40) they do not 

appear to be peculiar to this partioular study. However, the seen 



TAmS A 

aSSLim ¥SR aSMS or DEYIATKHI IKM TBE COIiTROLS rOK TOTAL CASEIM 
IM SKINKHJCS XROCOLATED WITH PORE GOLTORS BACTERIA Affi} 

SOBSSQUEIfTLI STORED AT 3 TO 5® C. 

Days 
of frndmam fwu4g»oaBg Peaudoeonae 

Storage fluoraaeana pgtrefaolanif 

^Per Cent*). 

0 8.76 0.75 2.78 

u •2.40 10.29 1.44 

28 1.76 -0.20 4.82 

42 •0.61 4.53 18,50 

Tvd trial aTsrage* 



 � 

a 

TABU 5 

AtBRAOB PER CSHT 0? DEVUTIOH FfKRI THE OONTROLS FOR TOTAL 1«BT 
PROTEIN U SKINMILKS INOCOLATED WITH PORE COLTORE BACTERIA 

AND SOBSEQDBNTLI STOKED AT 3 TO 5° C, 

Days 
of i^f¥fA9mmn 

Storaga flooreaowiB pgtrafaoienp 

^P«r 

0 2.U 5.67 5.39 

u -3.1S 0.85 -17,71 

as •>i«as 0.08 -36.73 

A2 -5.32 ••9.21 -AO.66 

mm 

*Tuo trial atttraga. 

Vii--''^^-iiidiir'iPyT' ft 

N i 

! -iL-
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of tha diffaraneas in the initial casein anal^rses on the control and 

inoculated saaplee was 3*8 par cent, xihile this valoa for the \iMj pro* 

tain analjrsea uaa 4*4 per cent, Tl^se values indicate that raasfmahljr 

good zeproducibility vas obtained in the paper electrophoretlc analysis 

of proteins fron duplicate samples of akinnilk# Also, it should ha 

stated that the minor differenoes obtained in the analyses of total 

proteins tram duplicate samples are unlikely to be reflected in the 

relative per cmt of oa<^ protein fraction. 

The data in Table A indicate a slight decrease in total oaseitti 

uith the grovto of£. ftragi and apparent increases ulth^growth of 

£. flnoresoens and £. end of the A3-day storage 

period. Those data are misleading. Actually, average decreases in 

total oaaain occurred with the growth of all three cultures but these 

decreaaes ware obsoured in the analytical results due to the faet that 

all protein sospensicns were standardised at a ocnoentration of 1 per 

omt protein nitrogsn before eleotrophoretic analysis. The apparent 

increases in total oaseln nay have been oaosed hy a greater dye* 

binding oi^oity on the part of the remaining protein. 

In contrast to the results for the casein analyses, the \A»y 

protein data in Tttble 5 indicate that definite decreases in total idiey 

protein had occurred by the end of the A2*day storage period, despite 

the fact that tilie idwy protein suspensions wore also standardised at 

a 1 per oent protein nitirogen content before elsot:rojdioretio analysis, 

niis strongly suggests that not all of the nitrogen reeovered in the 

freese*dried whey from the inoculated samples represented protein idth 



 

o 

th« d9«-bindlng capacity ncocMary to paper eleetrophoretic analysis* 

It is noted tbat g. JUSASkt l» ^l-uoreacene and effected 

decreases in total vdiey protein in tbat order of increaaing atiiounts. 

Quantitative data are given in Table 6 on the daanges in casein 

and in Table 7 on the ohanges in liiey proteins with tibe growy^ of g. 

These ohanges are illustrated in the characteristic paper 

electrophoretic curves in Figures 2 and 3. For casein, a aarked de-

crease in fraction two is indicated along with a less sarked decrease 

in f^aetion one* The total decrease in these fractions is balanced bj 

a near corresponding increase in fraction three* This oonpensating 

effect, a result of settle standaidisation, was apparent in all casein 

analyses in this study* 

A oonpensating effeot also occurred in the whey protein 

analyses* Th» date in Table 7 indioats that slMable deertasss were 

effsoted in fractions two and three with the nest uarked decrease being 

in fraction three* The decrease in fraction four, theu^ of nearly the 

SSMS nagjoitude as that in fraction three, is not nearly as narked as 

that in fraction two and three* Fraction four was xednoed only by about 

ooe-fiftewtii its original content while fraction two was reduced by 

oae->fifth and fraction three ty nore than ooe-balf* fraotiau "A" was sa 

atypioal fracti<» of oathodlc nlgratica which aiq;)sared only on the final 

day of analysis* This fraction nay hava been oonposed of peptldes re 

sulting frets protein degradation* Feptides containing a predtwinanoe of 

basic sniao—aCLds would be expected to nigrate towards the cathode* 

Lindqulst sk aIL* Found that siailar fractions appeared in oheeee 

during ripening* 



 

u 

fABtfi6 

AVSRAOB BBVIATIOR FBOM THE (X)NTIU3LS IH THE MBAR RKLATHB PER 
(ZR7 OF EACH GASEIR FRACriOR IR SQMMILKS INOCDLATBD 

WITH P5KDD0MDRAS FRAGI ARD SDBSBQUENTLI 
STORED AT 3 TO 5® C, 

Dftja 

CaaalB Fractlona 
1 2 

.(Par Cwit*). 

0 0.09 -0.57 0.48 

H 0.40 -0.24 -0.16 

2R 1.05 -9.61 8.56 

42 •1.79 -7.84 9.62 

*Tvo trial aYarage, 



T
A
B
U
S
7
 

A
W
R
&
m
 C
G
V
I
A
T
I
O
N
 
F
B
O
M
 S
B
 O
O
H
T
R
O
L
S
 I
H
 T
H
E
 I

fi
Al
I 
B
B
L
A
T
I
^
 m

G
E
N
T
 O
P
 S
A
C
S
 I

ff
lE

I 
P
B
O
T
E
D
f
 F
R
A
C
T
I
O
I
 

I
B
 S
K
I
M
M
I
I
B
S
 n
e
O
f
L
A
T
E
D
 
W
I
T
H
 P
S
E
g
P
O
M
O
B
A
S
 F
R
A
G
I
 
A
H
D
 

S
B
B
a
B
Q
O
B
B
T
L
I
 S
T
C
B
E
D
 A
T
 3

T
O
 5
®
 
C
.
 

S
B
S
a
B
 

»
t
n
 

^
P
e
r
 G
m
t
*
)
.
 

0
 

-
0
»
6
5
 

0
.
1
6
 

-
0
.
5
5
 

0
.
4
8
 

0
.
2
5
 

0
.
3
3
 

u
 

0
.
8
3
 

0
.
1
7
 

0
.
6
2
 

-
0
.
1
9
 

•
^
.
8
8
 

-
0
.
5
5
 

S
B
 

3
.
7
4
 

0
.
4
3
 

-
1
.
9
8
 

-
2
.
1
9
 

-
0
.
2
3
 

0
.
2
4
 

4
2
 

U
.
X
5
 

0
.
7
1
 

-
0
.
4
4
 

-
3
.
4
8
 

-
5
.
6
0
 

-
3
.
0
7
 

0
.
7
3
 

T
h
o
 t
rl

ft
l 
vm

rm
gt

» 



A6 

CATHODE <- migration direction >ANODE 

2 

CONTROL 

INOCULATED 

Figure 2o Representative paper electrophoretic patterns of casein 
from samples of skimmilk at the end of the storage period in trials with 
P. fragi. 



)■' .5V 

A7 

CATHODE ^ MIGRATION DIRECTION > ANODE 

3 
S 

5 

CONTROL 

II. II 
A 

NOCULATED 

Figure 3. Representative p^er electrophoretio patterns of \Aey
proteins fran samples of skimmilk at the end of the storage period in 
trials «lth P. fragi. 
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Tho quantitative data on ebange^ in milk protains with th« 

growth of£, fluorsBoenB are given for oaaeln in Table 8 and for ̂ 7 

proteins in Table 9, flgurea A and 5 Illustrate these ohangas* The 

changes aeoonpanylng the growth of this organism \#ere vary similar to 

those obtahf^d with £« fraai. exoept that no atTploal firaietlan appeared 

in the whey protein. The asme casein and whey protein fractions were 

deeraaeed but to a lesser degree. 

The quantitative data <st the changes in milk proteins with the 

growth of£, wtrefaclens era given for casein in Table 10 and for whey 

proteins In Table 11, Figtores 6 and 7 illustrate these d^ges. These 

data show that more marked ohangsa in nllk proteins were effected 

in a shorter period of time with this organism than viih the other 

two studied. A greater reduction in oaaeln fracticns ooe and two than 

ul^ the other organiams is indicated, A nu(^ greater loss in total 

wlwy protein is tdiown by the data In Table 5* This loss is illustrated 

by the difference in the total area enclosed by the (diaracterlstio 

eurves of the oeaitrol and the inoculated samples (Figure 7). The 

atypical fraction "B" of anodic migration (Table 11 and Figure 7) 

appeared on the fourteenth-day analysis and was present at the end of 

the storage period. Fractions in this gMieral looatlon have been 

observed by other voxicere (33* X« 36}« Since this atypical ftraotlom 

appeared to be of much greater magnitude than those reported In the 

literature, it m^ be that it is composed, at least in part, of 

protein degradation products. In this case the anodic migration teademqy 

of this fraction could have been caused by a predoKlnanee of acidic 

■mlno-acids. 

■ _i 



 

 

i9 

TABLE 8 

ATBRACE DSnATlOR FBDM THE OONTROLS IN IBS MEAN BBLATIVS PER 
GENT OF EACH GA£XXN FRACnON IN SKIMMILKS INOCOLATBD lOtTH 

AMD SOB^mMTLJ 
STORED AT 3 TO 5® C, 

Days 
of 

.(Per Cent*}. 

0 0,40 -l,n 0.71 

U -0,15 •1.73 1.89 

28 2.09 -1.79 -0.35 

42 ^.88 -3.77 4,65 

*Tvo trial aseraf*. 
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CATHODES- MIGRATION DIRECTION >ANODE 

2 

CONTROL 

2 

INOCULATED 

Figure U* Repreaentative paper electrophoretic pattams of 
casein froia ssu&ples of skimm.!Ik at the end of the storage period in 
trials with £• fluorescens. 
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ANODEMIGRATION DIRECTIONCATHODE^ 
A 

2 

3S 

5 

CONTROL 

S 

3 

5 

NOCULATED 

Figure 5. Representative paper electrophoretic patterns of whey 
proteins from samples of skimmilk at the end of the storage period in 
trials with P. fluorescens. 
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TABUS 10 

A^IUOB SmATIOM FBDM THE OONTROLS IN THS MEAN RSUTIVB FER 
GiSHT OF EACH CASEIN FRACTION IN 3K1MM1LES INOCOLATED WITH 

PaBtnXM)NAS POTREFAClENa AND SMBSBQOBNTLY 
STORED AT 3 TO 5® C, 

Days 
of goffTilB friftllffB# 

Storana I 2 2— 

.(Per Ce&t*}. 

0 0,08 1.59 -1.67 

u 1,35 —10.82 9.47 

aB -5.02 -17.20 22.22 

42 -7.43 -14.08 21.51 

°Two trial areraee. 
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CATHODES- MIGRATION DIRECTION- ANODE 

2 

CONTROL 

2 

INOCULATED 

Figure 6, Representative paper electrophoratic patterns of 
casein from samples of skimmilk at the end of the storage period in 
trials with P« putrefaciens. 
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CATHODE^ MIGRATION DIRECTION 'ANODE 

2 

3 

S 

5 

CONTROL 

2 

S 

3 B5 

INOCULATED 

Figure 7, Representative paper electrophoretic patterns of vhey
proteins fronn samples of skimmilk at the end of the storage jieriod in 
trials vdth P. outrefaciens. 
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fk«x« wr* dtmAg»B ia tba ■ilk protolat mv olMNix*ini4i ta 

1m eoBMoa to tho growth of tho tfaroo oolturof stodiod. Porfaf|>i th* 

•Oft otttstaadlnC' of thofo voa tho rodaetioa of ooaein fraction two vhidh 

foggoftod a preferential degradation of that fraotioa on the part of 

theae taaeterla* fhie wan net anticipated, tmt according to MoMeekia 

(46} the different coiqMaentf of oaaela aegr he taieqaally auaeeptihle 

ie wuqnaatie hjdrelTi^a* 

The feooad (diaage eeaaoa to all (mltaree we the nore or leaf 

■arked decreasee in whey protein fraction three* Thie parlicalar 

eleotrophoretie oonpoaent if a part of the »proteofe-peptono" fraotioa 

of the who/ proteina* The "proteoflo-peptcme" fraeticm, being eonpoaed 

prlaariljr aiiq>Ier pretela grotqpinga, ai^t he onpected to he ntillaed 

hgr Idle haoteria wire readiir than the nore coeplea trae protein fractioaa 

of the idui7 protdLna• 

ndrdlx, a aharp peak ma alvaja eridUmt in the electroidioretic 

pattema of eaaeia fron inoculated nilk after oonsiderahle bacterial 

growth had oeeurred, uauallx hx the and of iha aeeand vMk of storage* 

fhla peak appeared at the point of aanple application* Slailar peaks 

hare hem ohaervid la the pattema of proteina froa oheeae during 

ripening (40)* Za both eaaea such peidM l^pp•ared after the proteina 

were aubjected to bacterial action* It wax he that a denatoratlMi 

took place iihidh cauaed acne of the protein to ho ao atronglx adaorhed 

to the paper that it underwent no eleotrophoretio aigration* 

IRie appeareaee of the atpploal fractioaa "A" and "B" alflht be 

explained by the work of Pennington (63) tdie ooncluded that eaeeoeee, 



udacMioida cad probably poptonea ara produood by baotorial aotloa at 

the axpenae of tbo diff»stad eaaeia. It la not nnllkoly that tha proOao-

tioB of 0U(& Baterlala nay revolt la the foraatlon of dlatlnet eleetro-

phoretlo firaetiona or <Matrlbute to exlating eleotrophoretio fTactioaa 

of aiailar oompoaltloa. 

The data in Tablea 12, 13, and LC suamariao too flavors prodaeed 

la the akiaaiUc ̂ to the growth of protoolytie payohrophlles* k Mttar 

flavor WM prodneod in the inoculated aa&ple in all trials, Vlth £, 

potrefaoiena a putrid odor developed during the latter part of the 

atoraga p^xiod, toe frequent deteoticm of a ranoid odor aay be eaicw 

plained by the fact that these Pseudoatm^^ apeoies are also lipolytio 

and the wall aaount of fat reaaining ia oameroially separated ski»> 

nllk, idiea hydrolyaed, is suffioiwt to give rancidity. 

All iaoGolated sashes were olMerved to change in oolor as ocas-

pared to that of oorresponding eontrol saaplea. This vaa aotioeable by 

the end of the fourth %feek of atorags. Also, many of the iaooulated 

sajqples shoved a tendency for oasein floooulatioB upon to row 

tenperatures. This vaa iaeonaiatoat as to ssapls and interval of 

atorags exospt for the two trials vlth £, putrsfaolsna. With this 

organiw the oaaela floeoolated by the end of the fourth veek of storage 

without wxvdng the ailk to rooa teaperaturo. These floooolatlons were 

not due to Isooleotrie preoipitatiw of the oasein aa toe of the 

nllk was never lowered to that point. It is unoertala aa to vhather 

this floceulation reeulted £rom bacterial ooagulaiing ensyaes or frw 

denaturatlon of toe eaaeia torou|^ degradation to the eactent that 
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doifuii 

of hl^ quality pMrtouvlMd ̂ wilk\m iaoonlatod ttith 

pan oultuxoa of ym49ff9llii toA* giffl4ffll9ilit flLuogoaoaaa moA P—a-

twityoikclanf a&d 8ttbMk}iw&tly aUnA at 3 to 5^ C. for a 

poxlod of 42 dayi* Baotorlal growfcliy protoin ehasgaa and flaror 

eliaiisaa ia tha nllk war* studied, raspaotlaaly, ty agar plate ooimts, 

paper eleetroF&oretle analysis and orgmolsptio exaainatioB aade cm 

the sanples at 14-day intervals dwing the storage period. 

Ck>ed growth with these baeterla was ohtained throuf^ont tfesi 

sterags period in all trials. Ihis vas indlsated by both the total 

and piqrdarophilie eousts aads eoneurrently. Lev total oounts were 

■aintaixkod by the eontrol saaplos throuj^unit the storage period and 

a Boasuxable increase in 'tite psydburej^lio cotint o^rarzed in only ons 

eontxtd sample during the entire study. 

Hie ohangss in the nilk proteins with the growth of these 

baoteria involved the total protein content, the relative peroentage 

of the var|.o*ui protein faetions and the appearanoe of elsotrophoretieally 

different fraotlone, A preferential degradation of speelfle protein 

firaotions by Ibeso baoteria appeared likely. This wae partioularly 

true of easein fTaetion two, or bata-oaeoln, and limy protein fTaetltm 

three, a part ot the "proteose^p^ptiMM* eoaqwment in nilk. in atyj^eal 

whey protein fraotion aiqieared with the growth of £. fragi and £* 

putrefaoiens. fheso Craetions exhibited Ofqpoidte eleotrophoretio 

migratory tendencies, idilfdi indlMted tbsy wsrs of different eonpositloa. 
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fliou^i fractions likely were eompoMd ef the degmdntlcm pro-

da<4s of mom omplax proteins, the eataot sites of their origin 

were not knowi, 

Xn nest trials baoterLal grovbh iiaa aooompanied by a flooeala* 

tion of the easeia which was not due to isoeleotriG precipitation* 

This was e-fident only wery near the end of the storags period snoept 

«ith esidsat alMys by the end of 

the fourth week* 

lliMBg with eleotrt^oreatl<ndly detectable changes in the nilk 

proteins, the growth of all organlssui studied was aecoc^penied by the 

dsuelopsMmt of a bitter flavor in the nllk* This flavor varied both 

in intMasity and in tine reqtiired for devslopsMmt hy the different 

oultares. With £. I«trs£lactien was evident by the end 

of the storags period* Also, it was denonstrated by the control saq>les 

of idciasilk that pasteurised silk nay retain an acceptable organoleptic 

quality during relatively loag periods of tine if adequately refrigerated, 

provided there has bsen »» post-pasteurisation eontanination with 

psy^irophilio nlereerganinss. 
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