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TNTNODUCTÏON

Fbom ttre rrielçoint of publi-c healüh, pasteurization of mil.k Ís

oae of the greatest weapons of preventive medlcine, since 1t is only by

pasteurizatíon that a safe nilk supply ear¡ be guaranteed to the coosurr*

ing publlc.

From earlieet ti-nes, nankfrd. has applied heat to food i.n order

to make it palatable, digestibl-e ar,rd safe, but Ít is only in üre past

tr,lo centuries that he lns heated it !d-th the additÍonal objeot of pre-

senring ito

The earlíer rn¡ork was naÍnly concerned i,cith the earucing indus-

tryr The bacteriological prlnciples d:ich were revealed by Fasteurts

researoh led to a sorxrder basis for the applícatlon of heat 1n food pre-

servation.

Pasteuriuation has expanded considerably beyond its orC-ginal

purpose of lnfant feedíng. Such erçansion is, ín part, due to suah

vÍgorous exponents as Kop1iok, Soxtrlet, Jacobi and Straus.

By 1895 the problens of raw lnilk contraetors rltere becomùng

inereasi:ngþ greater. These dealers were faced Ìüith competition from

pasteurized nilk depots wirioh had been started ín New lork, Brooklyn,

Pittsburgh and CÍncinnati" In addltÍon, tlreir sources of zupply were

Þeing pushed farther and farther axray, with consequent deterioration

in keeping quality.

.r:.:.
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under these conditions, pasteurization, with fts freedom

from diseaee germs and the increased keeping quarity of the flníshed

product, appealed. forcefully to the city milk d.ealers.

Pasteuriøati.on bega^n coraing ínto general use Ín the Ulrited

states aror:nd the year 1900, the pri-ne objeot of pasteurfzatíon at

that time being to i-ncreaee the keeping quarity of the nÍrk.

The dealers general-ly adopted the flash process of ¡rasteur-

lzatíon, usi.ng approximate oqlosures of Lóoo - uoo F. for L5 - 30

seoonds¡ This system ¡ras nisused, depend.i-ng as it did. upon nanuaL

operation laith no autornatic safeguards to ensure proper tl-me and tem-

perature exposureô

This systeur, wJ-th its prÍinary enphasis on the prolongation

of keepfng qualíty, was not adequate from the public health standpoint.

Fron the beginning the need of a systen wtrich r,¡ould give a

reasonable as$urance of safety as well as better keepfng quality was

recognized.

This demand. resul-ted 1n the holder nethod of pasteurization

whereby.nilk uas heated at lower temperatures (l-43o F.) for 1onger

perJ-ods of ti:ne (30 ninutes). This system through the past forty years

has proven to be practioal and effective.

It was through a desire for a eontinuous systera r,¡hich oould

operate on regenerative prineiples that a method sinilar to the earlier

flash pasteurization came into vogue. This irigh-teraperature short-tÍme



method of pasieurization nakes use of a heat exposure of 1ó1o F" for

1ó seccnds" It is carefuJ-Iy reguJated by automatic devices to ensure

proper ezæosu.re of the m:ilk to heal treatment and is capable of func*

tioning in a safe, efficient and econonical manner,

Pasieurization, then, refers to varj-ous processes of heating

milk follorved by rapid cooling" The heat exposures involved vary from

1430 F, for 30 ninutes to tóIo F. for 16 seccnd.so A consid.erable m¡n*

ber of pa,süeurizing units designed to accomplish the heating of nilk in
various ways are in use, and in actual practi ce do their v¡ork with vary-

i.ng degrees of efficiency.

To be satisfactory, from the standpoint of baeterial efficiency,

pasteurization must kill a reasonable percentage of the total bacteria

present, including aII the pathogenic organisruso

The destruction of pathogens that may be present in the nillc

i-s the important point to consider l¡ith reference to pasteurization ex-

posures" Since Wcrobacterir:m tPberculosís Ís more resistant to heat

than the other pathogeni-c organisrns that may be present, in milk, Íts re-

sistance is used rrrost often to establish sati-sfactory exposureso

Temperature and tj-me cannot be controlled as accurately under

plant conditíons as they ean be in the laboratory" For this reason,

exposures established j-n public health regulations governing commercial

pasteurization are generally above those that are neeessary for the

destruction of M. tubercqlo-s:þ in laboratory tests.
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Sínee present day methods of laboratory control- make use of

tests v¡liich neasure wi'rether ¡ailk Ìras been pasteurÍzed in a safe nanner,

nuoh public health thinking has been turned towards the latent danger

of after infeoùion or bacterial eonta¡nlnaLion of the nilk zubsequent to

pasteurÍzation.

Concern regarding ¡ssqnteminatÍon has been intensified due to

the lntroduction of new proeesses and equipurent. Is this regard, perhaps

the hornogenizer, diffieult as 1t ls to sanitize, has added. more to the

oonplexlty of the problem than has an¡r other single pieee of equipnent

eoru¡ected with the prccessing and pasteurizatlon of nllk.

While originally the produetíon and distributi-on of pasteur-

iøed and. honogenlzed nilk ¡ras'llmit,ed aLmost entireþ to the large urban

centres, the oonsistentþ increasing demand for this produot has brought

about the introciuction of hornogenization of nilk ín uany sf the snaller

mÍlk plants.

ft is from houogenizatfon after pasteuriøation that the Breat-

est danger of contalnination of pasteurized nilk arises. Rrblic health

regtrlations have attenpted to plaee lim'ltations on the equÍpnent ¡rith

whích the nilk cones ln oontaot after pasteuriøation¡ Unfortunately the

presence of the Llpase enzJrme 1n milk complloates the homogenizatlon pro-

c@s6¡ This enz¡nre nust be in¿ctivated by heat eíther ìnrnediateþ before

or after honogenization to avoid development of rancj-d flavore. Not aIL

ntlk ptants wtrich are honogenizÍng ntlk have the necessarXr preheatÍ-ng

equipnent whieh r,nuld enable then to homogenize before pasteurizati.on.

i-.'.'.::.,rt''':,-:- j !.

' :_jl :.':'



Since uany of these plants are uorklng on Ìrhat is considered. a scant

proflt.argin¡ it has been the deslre of publlc hea-lth offíoials not to

work an eoonoirie hardship on plant nnrÊgement by ínsisting on instal-la-

tioa of equipneit whioh v¡ould enable ntlk to be hornogenized beforê pês-

teurization.

In spite of aII devices, auton¿tie and otherwiser for pasteur-

ization equipment, the posslbillty of, personal- negligence wi.lI ahrays be

reaL. Tn an attæpt to measure the publ:lc health dangers arísing from

possibS-e negllgenee v,ltrloh cou1d. lead to conta.nÍnation of m'ilk subsequent'

to paeterrrizatfon, a study nÊs nad.e of the eoüurorl processd.ng sequenoes in

eotnmereíal useo

this study was mad.e Ín an attenpt to determlne the nethods of

prooessing and handling of mllk and m1lk products rvhioh rroul-d be acceptable

from a pub}lo health sta^ndpoint. The nain objective was as follows¡

L. 1o d.eterroine the effeet of the prooessing sequenoe on the

baateriological quality of niLkc

And ineidentaL to it:

2o To suggest practical treatnents for the honogenizer to nÍni¡nize

contamination from this source"

3. To deternine the applicabillty of dye reductlon qualfty tests

on a predominateþ heat resistant bacterial flora.

4. To develop a nore objectfve keepÍng quality teet for pasteuriued

eilk.

5o To study the increases in bacterial counts Í-n honogeniued nÍlk
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i.n an attempt to deternine wl¡at porüion ís due to brealdag

up of baoterial- clumps.



REVÏEW OF LTTtrTATIA,E

That consÍderable variation exists in regard to corrnercfal

processing uethods in the rnarket milk industry is a wel-L noteci fact"

This situation has developed because of the numerous new pleees of

equipment that have been introduced into the processing sequence within

the past two or three decades,

The extent of these variatíons nåy be real-lzed by reference

to surveys' Hood arid l¡ùhite (1s) found in r93& that, of 38 prants, 12

were homogenizlng before and 26 after pasteurization" These same invest-

igators (19) found. in a later survey ín LgbT thai, of gt plants homogen-

iøing dk, 60 were homogeni-zi.:ng before and. 31 were homogerr-izing after

pasteurlzationo Layson (22) reported that, of 16 plants, ! homogenized

before and LL after pasteurizatlon" rn 1941, based on a sur"vey of zj
plants in Michi-gan, Trout and Schied (37) noted tha-r, Ig plants homogen-

ized after pasteurizationn

Doan and i'¡rinster (lO) stated that there appeared to be no

rrbesttr method. of processing homogenized. nllk which was applicable und.er

all conditions and that only two fundamental rules exísted which the

operator must consj-der when honiogenizing nìIk, These rules 'brereå (r)

The fat must be Ín a liquid state at the ti.ne of homoger:-izing ana (b)

A1l homogeaized milk must be pasteurj-zed either prior to homogenization

or i¡urediately aftenuard, Often a third requisite entered the picture,

this being clarifi-cati-on.
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Trout (36) stated that several systens or seqllences of pro-

cessing ínvolvi-ng homogenlzation of nilk were possible, any of drich,

with proper csntrol, r,ould yield a satisfactory produot. Ánong tbe possi-

bllities that he reported rrüere3

a) Clarify, preheat, honogenize, pasteur)'ze, cooL.

b) 0larífy, preheat, pasteuriøe, honogenize, eooL.

e) Pretreat, clanify, hornogeniøe, pasteuñze, cool.

d) Preheat, homogenize, cLarify, pasteurÍze, cooLr

e) keheat, clarify, pasteurlze, homogenize, eooS-.

Hood and. fùh:ite (1p) added to this list with the fol-Ioruing pro-

cessi.ng nethod.s:

a) PasteurLze, clatiflr* homogeniøe, oo0L.

b) Clarlfy, pasteurlze, homogenize, eool.

e) Honogenize, preheat, clarify, pasteurize, coolo

d) Paster.uize, honogenize, elarífyr oool"

Investigators have J-ong realized that, when ullk ío honogen-

ized. after pasteurÍzatíon, ühe l:[ke]:i.hood of poet'.paster¡rization conta,m-

inatíon is lnoreased.. Trout (l$) arcntioned this possibil:lty btob also

pointed out other faators whieh influence the ehoiee of the point at

v¡hloh to homogenize. These conej.derations íncluded. volume a$d percen-

tage of nilk to be homogenized., the faciLltj-es for preheating to the

temperature suuitable for honogenføatlon and for rapid lnaetivation of

the lipase enu¡@e after honogenizatlon.

!:l- ::

r'a: ..t.._!.:

::.:i..

::'t::',iì::',a'::ì ! :a '

* ClarÍficatlon and filtratlon are interchangeabl-e.
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There was general agreement among au',,horities (Jr32) tnat

esthetically at least the ideal sequence of processi-ng homogenized

nilk v¡ould be one in vùich homogenization preceded pasteuri zatlon*

Hoi,¡ever Parfitt (24) noted some commercial i.nstances where

suel'r. a praetÍce woulo be Í:npractical' ûre such instance would be v¡hen

only part of a vat of nil* was to be homogenized ar¡d the renainder of

the vat v¡as to be bottled as non-homogeniøed m:ilk, fn this case hono-

genization mrrsl be done follorrring pasteurizati-on, He staì:ed further

that objections to such a procedure on the basis of possible post*

pasteurS-zation contam:ination were unreasonable ín rrier,¡ of the sanitary

features of the modern homogenizero He stated that honogenlzation after

pasteurization was the method most generally used by aLL s¡Tal1er d:is*

tributors and. by some of the larger ones thaù were selling homogen-ized

ni]-ku

Tn L935 Tracy (3f) stated thaù the processing sequence should

be to preheat to 1490 Fn, homogenlze, clarify and pasteurizeo La.ter in

L936 (32) he an'ended this to the followings clarify, pasteurize, eool-

in vai; to L35o Fo, honogeniøe at, 20OO to 25OO lbs" per sq,in" pressure@

Brtrecls:rer (l) aduised. that pasteurization should follow horo-

genization in an attempt to n-ini¡nize post-pasteurj-zation conta¡n-ination,

This view was in agreement v¡i.bh others (1r2r9r14). Conversely, Ruehe

(28), Hood and i{hite (18) and others (6r:-.3) stated that, id.eally pas*

teurization should precede houogentzationo T?rey gave as their reasons,

better flavor control and surer destruetion of the llpase enzJrmes
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Aocord.ing to Dearstyne and Elring (8) the sanitarXr signifí*

oance of the eleanllness of ttre equlpnent ¡rlth rtrich pasteurized, nilk

comes ln contaot should never be underesti-matedo Slnce local health

ord:lnances¡ €rgr (21) often prohibit the filtration, stralning or

clarificatåon of nllk after pasteurizaùion, it has been assua.ed (8139)

that, the equipnent nost ÏLkely to be i¡ e¡ntact with pasteuriáred. nllk

is the honogenizer, pipe lines, surface or plate coolers, bottling

nael,úne or the bsttles and. caps themselves¡ That, this equipnent nay

have been responsd-bLe for postAasteur{-zatíon oonta¡¡1nå,tion of nilk ís

a natter of record. whether lt arises fron the pipes (7r25r27), surfaoe

or p3-ate cooLer (15138), bottllng machine (12), bottles and caps

(SrZorz6) or the hono6enizer (LOr22r36).

Ðuring the I93Ots the earlier types of honogeniz€TS lrêrê P8ç

placed by new, eolapletely denountable, sanftj-zable naohlnes. Traey

(33) and others (3¿r¿nO) beüeved that, rrith these ne¡¡ raachi¡es and. if

proper proaedures were used for washing, sar¡itlzlng and proOessi-ng, the

objections to the honogenizer as a source of baoterfal contenjr¡ation of

the n11k m:ight largely be overeome.

Tlhile the use of the homogenizer after pasteurfzatlon aLnost

invariably resulted in en increase ln the bacterÍal plate cor¡nt of the

nÍLk being processed (36), thj.s nay not always have been due solely to

baeterial senlamination from the horrogerrlzer itself. Various proeesses

have l-ong been knor,¡n to þreak up the cli:mps of bacteria. Ha,umer and

Hauser (17) roted tl¡at clarification breaks up the baoterial clumps as

d.oes the iee orea¡a freezer as reported by Hamner and Goss (l-6) and

r'ti:,
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tlllenberger (It)o Blshop aad Murptry (4) were euong the ffrst to note

that the honogenizer also breake up the elnmps of bacteria resultÍng

in a hlgher plate count. Tracy (¡3) stated that this increase ¡ras also

reLated to the types of bacterla present in the n1lk. lühen large nun*

bers of, e}.mplng organi oms were present, honogenizati.on would break up

the clumps produoing an apparent i:rorease in the nr¡mbers of baeteria

present. Ja¡nes (21) coneluded that, even though the nachine uas sterile,
there was 1n j-ncrease in plate oount due to breaking up of olr:mps by

pres$lre and agítatl-on during homogenizatíon. Itre further stateC. that

this increase varied. becauee of the dlfferenù nr¡mbers and types of bac-

terfa resiotlng pasteurÍzation.

It should, however, be emphasized ttrat ttre foregoíng authorí-
i

ties did not overlook tù¡e possibility of the honogen:løer being a sourco 
r

of serioue baoterial oontemination, espeeially when eleansing and sanl-
Itizíng practiaes tend.ed to be neg3-ected. Íhe conclusion to be drawn 
i

night weLL have beæ in agreement r¡1th that of Traey (3e) *ro stated i

I

that, when the modertr t¡rye of sanitary homogenizer Ìras used, 1t was

possible to honogenize nilk r,rithout arly appreciabLe baeterial sonta,m* i,,,,i,,,,,.,,
_:: :ìt::l-:

lnatÍon, prouided. good eanitatlon nethods were usedr .,.,,r:..,,,,
:: .: .: .: ì ..1
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FROCEDUNE

The processing equipnæt that uas used for the oçerimenÈs

on the effect of variations Ln tlle sequence of nil-k prccessiag was thaü

norrually ueed ín the operations of the conmeraial daizy at the Univer-

sity of I{a¡ritoba. Thie equÍpnent aonsisted of a stainless steel dump

tank, a tubular pre-heater, piston t¡4pe honogenlzer, spray tpe vat

pasteurizetr, enoloeed surface cooler ar¡d. a povrer bottle fiJ-ler a¡,rd

eapper. The pipes and f,ittings used throughout this system were of

staìnless steel eonstructiono

Tfre nilk supply uEed in the enperf-mental r.¡crk ¡¡as ttrat noro-

natl-y obtained from the University dairly herd suppleurented from tl-me

ts time duning the length of the proJeet by adùitional suppliee from

an independent milk sttipper.

Tühen a seguence trÍa1 v¡as decided upon, the equipnent was

placed in poeition to carry out the particular variant under sbudy and

the processing seguence was beguno

PrÍor to üre passage of arSr rnilk through the system, ohlorine

steÈlizer of a krypootr-lorite type (150-200 p.p,m.) vta" prrnped through

thesystenforafiveninuteperíod,beingbrushed.overanyRon*e4Posed
' .a,:.'.''.

surfacesr the processing equi-pment had. in every case been rinsed and ¡'¡i:'

dimantled after the previous dayr s processÍng, washed ín wart (1l0 *

12Oo F*) rrater oontaining a balanced general prrrpose cleanser, rlnsed
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ralth hot (fZO - 1850 F. ) water and. allowed. to dry. The equipnent

ï,as reassembled and sterilized Just príor to use in each testn

Samples were taken at various poi-nts in the processing se-

qnenoe êrB.¡ before and after filtering, preheating, homogenizing,

pasteurizlng and cooling and bottllng. ALL sa,mples to be correlated

were taken as closely together as was possible within ttre sequence so

as to represent a so¡mon nÍlk supply. À11 sanples r,trere oollected ln

a nað.ner described by Standard Methods (30) or in the case of the li.ne

sanpling techn:ique as suggested by Berger and Anderson (3) r¿tU the

exeeption that samF,Ies were taken frour pipe lines by loosening pre-

viously d:isinfected fittings and allowing free flor'¡ from conneetion

for 30 seconds before sornple was obtained. Sa,np1e size was in all-

eases at least l¡ ounces, the I ounce size being used wtrere sarrple uas

to be later sub-divided.

Sa,nples were immediateþ placed ln an ioe-rrrater bath and

held under refrigeration rxrtj-L plated. T¡r no inst'ance was th5-s pen-

lod of refrígeration greater than 2 hours* Sanples were plated for

total bacteria count on T.G.E.M. agar according to Standard Methods

(30¡, They were plated in duplicate in at least 2 dtlutions and were

reported as suggested by Standard Methods (30), lncubation being at

95o F. for 48 hourso Sarrples that were analyzed by nethylene blue

and. resäzuri-n tests were camied out aoeording to method outlined. in

Standard Method.s (30). Beadings r+ere taken every 15 nlnutes untll

red.uction prooeeded beyond l"Iwrsell- color standard (p.l/Ð in the

oase of, resqzurin and at least 4/5 deeolorization of vj-sual portion
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of eontents with the nethylene blue testo Hourly inverd.on of tubes

w:ith both teets was canied ouü.

Iaboratory pasteurization was caruied out on the raw ruilk

sa,rnples as rreIl as those taken from the pasteurizíng vat at the end

of the pasteurizing period. Eaboratory pasteurizatLon ras carried out

according to nethods prescribed by lf1lson (39).

To assess keeping quality and influenee of post-pasteurfzatísn

eonta,mlnatÍon it uas d.eeided to re-test the sanples after i.neubation

for 2I+ and 48 hour periods. Consequentþ the sanples from the pas*

teurizing vat j-urnediately after pasteurization, fronr the fÍrsü nilk

into the bottle filler bowl and from the mj.lk ínto the filler bowl

after ten minutes continuous flow; (Sa.mple points ZrJ and,5 respeet-

ively)n were subdivlded inlto sterile bottles and lncubated at 55o F.

They were r,rithd,rar¡¡: from ineubation at, 2h and 48 hour perfods and

anaþzed. for total bacteria count, resqzurin and nethylene blue re-

duetfon aceord.ing to Standard. Methods (30). flris method. of assessi-ng

keeping quality is closeþ related to methods proposed by Berger and

Anderson (3).

For each seguence bacterÍa} cor¡nts are arithmetieally shorua

for each separate trial, they are logarithmfeally averaged for the

sequenoe and antilogarithns are presented for these logarithmie âvêTq

ageso f¡ aLL lnstances baeterÍal oounts as reported represent stand-

ard. plate counts per cubie centimeter. Un1ess otherwíse stated resa*

zurln and nethylene blue reduction ti.:ûes are reported. in ni-nutes.

i .i. .::l--.:. .

':
: ._.: r.



L5

REST'LTS

To illustrate the baeterioLogiaal treffec'btr of sequence

changes f2 separate pasteurizations îÍere carried out using 6 differ-
ent prooessing sequenees, twelve pasteurization trials belng complet-

ed with eaeh sequenceo

As rnay be seen from Table L there were three sequenoes drich

honogenized. before paoteurizati.on and three seqlrences uhieh honogen-

ized after paoteurizatÍon. ALL the six sequenoes varied nainþ in the

position that the varl-ous steps wíthj.n the sequence hold in rel-ation

to eaeh other.

TabLe 1. Variations ln processÍ::g sequences

i r..:

1þe
of Seq. Processlng stepo ¡¡ittri-n seqr¡ence

s€Qo

Homo. A FÍlter, preheat, homogeni-ze, pasteurÍzco eool.
before
past. C Preheat, homogenize, filter, pasteurize, cool.

F Preheat, fíIter, homogenize, pasteurLze, cool.

Êfomo. B Preheat, -filter, pasteurize, honogenÍøe, cool.
after
past. Ð Pasteurize, filter, homogeniue, cool.

E Pasteurize, honogenj-ze, filter, cool.



l-é

To more closeþ sùudy the effect of sequence change sbser-

vation of the results þr1thi.n single oeguences 1s necessary. To iLlus-

trate this, labLe 2 (a to f) shows the bacterial counts for five se-

parate semFJ-lng poÍnts within the sequenees.



Trlal Baw-(1)8 Raw-(l)
No' lab"

past,+

Tabte 2 (a)" Bacterial counts ín nilk
resulting pasteurlzation

l_

2
)
l+

5
6
7I
o

10
11
L2

1/+0r000 150
31,ooo g4o

34,000 38o
40r000 Ie200
2Ir0oo l-r400

2?0,000 360
931000 1l+0
7,000 310

23O,OOQ 100
88,000 96o

1201000 Ie100
65,000 300

Sample Points
Past-(2) Past-(3) Past-(4)

480
400

lrloo
2r2OO
rr9oo
7 

'loOO1r000
l+9O

170
1r200
1r900

hza

Log"Ave, 4*79
Antilog,611000
Ave.%

at various stages in proeessing and
efficiencies - Sequence A.

* S¿mple Pointss
(f ) naw mllk fron dr.rmp tank at beginning of processing runo
(2) fasteurlzed- ¡rilk from vat after 30 ¡uins. at I43o F"
(3) Pasteurj,zed rÍilk - fi-rst flow i¡lto fil-ler bor,¡l"
(4) Past,eurized roilk fronr vat IO mins. after no.(Z)
(f) easteurized nd-lk from filler bowl after 10 mins"flow.

lr8oo
8,200
L,r2OO
3 t7oo
2r7OO
8r200
1,500

570
5Lo

2e7OO

3,3OO
3rooo

2"63
h3_o

510
8ó0

Àróoo
1r000
lr7oo
21000

960
440
200

1r3oo
2ezQO
lr3oo

Past-(5) Past-(5)
Lab

Past 
"

2,97
9-3o

700
77o

3r8Oo
lr3oo
2r000
21800
1rloo

5r0
230

3,300
2|TOQ
11800

3 "39
2r5OO

Standard Adjusted
Past" Past"Eff.
Eff "(a) (b)

dõl
loþ

?30
240
190
97o
76o
200
lL0
r40
7o

7ho
760
360

3,O3
lel0o

99 "50
97 "5t88.82
96,75
90"47
98.96
98.81
94"60
99"90
96,25
97 "75
97 *23

3"ol*
leloo

99 "62
98.5h
89 "l+3
99.06
93.5L
99,62
99,Oh
95"2L
99.83
96"9L
98,h2
98"41

2"1+6

29_O

+ Laboratory
(a) Standard

(b) AdJusted

96"58 97 "30

pasteurløed 1430 F" - 30 rn-i-ns"

Pasteuriaation Efficj-ency 
=L'2 x roo

1
Pasteuriøation efficieney =

where l_

la=
2a=

(1*Þ) - (z-za)loo
1*1a

Raw m:ilk (1)
Past,milk (5)
Raw n1lk (1)
Past"mllk (5)

ts-¡

- Iat, "past,- lab"past"



Table 2 (b).

TriaI
No. aå¡tr-(t)+

L3
14
L5
16
L7
18
19
20
21
22
23
2l+

Baeterial oounts in nilk
resulti-ng pa stetrri zatLon

SSorooo
37r000
34rooo
57,0@
48roo0
58rooo
78,000
22r000
óorooo
32|AOO
97,@0
63rooo

fav,r(l)
Lab,
Past.

Sa,np1e Points

Fast.(2) Past-(3) Past-(4) Past-(5)

2r30o
2r?;OO

670
lr9oo
lr3oo

224
2rL00

220
180
ól_0

LrLoo
700

Log.Ave. 4.84
AntíIog. ó9r000

LveJ6

at r¡arious stages Í.n processing and
effloíencles * Sequenoe C.

4r0@
3,7OA
216A0
2rloo
lr9oo

360
4r800
440

430
?80

2r9oo
rr4oo

* sèe Table 2(a) foot note.

8r600
4rffio
ó,300
4r600
3raoa

560
10r000
lr2oo
lt9'oo
2r800
9ro@
3 r7æ

2.9Q

790

3r&o
3rooo
2r9oo
2r000
tr?oo

320
4rooo

62A
tho
900

3,2AO
1r800

3.L5
1r500

Standard AdJusted.

Past-(5) Fast.Effr PastrEff.
Lab,

Past. f6 I

lrr?oo
3r4oo
3'ño
9r200
21100

480
5 r2oo
Lr3oo

650
lr4oo
4rL00
]-r9oo

3.51+

3,500

2r10O
lr600

950
rr00o
l,Ioo

9L
t-r600

1,10
140
F.Lo

950
l+IO

98.57
90.83
85"88
96',Lh
97.70
99.L6
93.33
99 "l+A
98.91
98.92
95.78
96.98

3.18
lr600

.:¿¡

i,ñ,;

:"qil
$;

I r:,
.:j$
ii.)

ì,Ì:;1j¡i!:

.;1t,
)(il

'rät

i*i
: i:ii
't{f
I ):':
': Ii1

.;L
. ì,:ll. ,i:ùl

I i¡¡i
'j'Ì(:i
, .:[1

'Þli
::Èl
.:f;i

I tiiìi
I rliX
''¡ì

,l-fi

:iL
':.i,i
'.{l:ì.:ir

H .tu\æ i..i"1

ìùj"{
a,r¡¡
I :ìij
. Íì{,';11:

: tri
:ì{j:r
t;tl.ù
..,\ ¡_

' .11
',!¡
:itii
li\\i
,rlJ¡
t.rÀl

I jjri
r::14

i:t'î':r1l
r¿li
\11
r¡.,

'].:i
rrl.

lrJd
1,^\ì

:,:I/\
;+;1

,,ï:j
,çt
I rl¡

l:ÌÌl

'1¡i¡
'¡;i1
';¡l1i

'' j j-\

..ll.x{
::?-Ì
llr:

:ÌXi
.i";,

iìi.ili
: r.J:ì

::l-t

3.39
2r5oo

99.25
95.6L
91.13
97'.&
97."92
99.82
95..6L
99 "63
99.61
9?.24
gó.80
97'.37

2.73
5l+o

95.96 97.3r



Table 2(e) Baoteri.al 0or¡nts fn nflk
resultlng pasteurlzatlon

TriaI
No "Ê

naw-(l)* Rå1,r-(1-) Past-(Z)
Lab'

Past.

25
26
27
28
29
3o
3L
32
33
th
1E

96

35,OAO
g?,000
6ó,ooo
74,000
I-2r000
2¿+r000

230r000
5lrooo
95rooo
92r000
lt-r000
20r000

3r8oo
3ho
39a

2r7oo
1ÐO
2'l+O

48r000
9,2AO

400
lr4Oo

200
5ro

at varÍous stageo J.n proceseing and
efficienoíes * $equenoe F

LogoAve. l+.67

Antllog, 471000

Ave.16

23ro0o
3oo
210

Srloo
9l+o
39a

15r0oo
L?r0oo

460
lr3oo

3\a
990

Sa.np1e Points
Past.(3) Past,(4)

'lc See Table 2(a) Foot, note.

28r0o0
6eo
t&o

l-¿1r000
2,3oo
l-r4oo

26r0oo
25,AAO

580
2rl_00

730
3 r2oo

2.gg

:'u

22r000
3l+o
230

21000
?LO
410

131000
r8rooo

4oo
?60
400
l+10

Standard. AdJusted
Fast.($) Past.(5) Past"Eff. Past.

Lab. rr Eff r
Past. %

3.L5
1:5oo

26rooo
394
27o

2,r?oa
820
600

rTrooo
2l-r000

l+7CI

lr3oo
52a
h90

:;rl

":t,it
't t(

i!;

3.1+8

3rooo

l-61000 25.7L
36 gg,5g
86 gg.t+Q

lr3oo 96.3569 92.L6
170 97.50

5 1600 9&.60
l5rooo 58.82

230 99.50
32O 99,67
aha 95.e7
3go 97.-55

3,og
rr3oo

3,2L
lr7oO

67.92
99.gl
98.70
97 n98
93 "5h
98.62
9l+,3L
85.77
89.9t
98.97
97,.35
99.72

2,72

52'o

Ëó.16 9l+,37

P\o

::--- .:i l -rrl

l :1. ... :'. .. .. .:

:. : :,. .; l.,I:ì



Tria1 naw-(f¡*
No.

Table 2(d). Bacterial counts :i:r milk
resulti-ng pasteurf zatlon

37
38
39
t!0
41
tÊ
l+3

M
l+5

h6
h7
48

L50r000
99rooo

I40r000
6órooo
39rOoo
43r000
47,000
62raoo

l-Lor000
73r0oo
7Ar000
83r000

naw-(l)
Lab.

Past.

S"qple Poi-nte
Past.(2) Past,(3) past,(¿l)

41000
¿¿

310
8r600
lr9oo
1r100

220
Lr2æ
21900
lr2Oo
2r7OO
4rloo

Log.Âveo l+.W

Antilog. 741000

Ave.î{ ...

6rooo
2r100
3 r9oo

lÀrooo
41200
3r70A
2180O
2r6A0
4r600
3rloo
ó'9oo
7 r2oo

at various etages f-n prrcoesslng and
efficiencies - Sequence B.

* See Tabl-e 2(a) Foot note.

59rooo
24r000
6r2OO

27r000
LLrO0o
?'2oo
7r9oo

LLr0o0
l7rooo
l4r00o
LTrooo
1órooo

3.,06

l_r200

7r0@
lr600
2r100

20r000
5,3oo
5r4oO
3,3OO
2rzQA
ór200
l+r2OO
8rl+00

1OrO00

Past.(l) Past.(5)
Lab,
paet.

3.64

4':00

66rooo
17'@o

5 r?ao
47r000

7 r9OO
5,900
9rooo
61800

13rooo
8r700

19rooo
17rO0O

¿+.18

15,:oo

Standard AdJusted
Past. Paet.
Eff. Éff.
16 16

3r000
l+5

L20
7 rgc/.ij.
lr2@

76o
960
6ro

2r100
960

lr9oo
3,2OO

3.69

4,900

56.AA
8?r82
95.92
28r?8
79.fl+
86.27
80.85
89.03
88.1-8
86.08
8L.g[
79.O5

4.LI
13roo0

56,.85
83.O0
96.6a
31.85
8r.85
87.6o
ü1.70
90.13
90.06
89.70
84.0L
82.80

tl'Ì
, iìì
i'i:l
iiä
i riÌ
,.+i
iiÍ"1

i.t$

lf;i
"lt
ifí
,.,F1

,.t""j

ii)õ
rir!

irh,

ír,t!!.ar:

rË$ì
lii:íi
:r1l

i{l
,lQ

:.4*
:,'.ii;

.s.l

: l-'I

';i.i¡
ùi

''tSi;q¡l

$;
i;ti
u.¡;(

itì
¡H{

taÌ:ì

i.i
:jill

:',$

îË
'1i:l

.$l;

tr
r:tÍ,i

lirli]

l:Élî

,it
1;$.1¡

i{r¡

rri
.:*l
iÌ{r

,,il

.il*
:ì*l

;s
'È:¡

':1"*ì

'':'$l

rlil
:t:ì
ìt4
:r,).ú

:iÍ
iiii
i,Jì
irï
ìi.:t]

2.95

:*

.1, , 'r

?8.20 79.67



lrla]. * ,- \ù ,- \ sanple Poinüs'i;:* Aaw-(f¡* naw*(l) past.(2) past.(3) past.(4)
Lab.

Past"

Table 2 (e).

h9
5A
5r
52
53
gb
5t
56
57
58
59
ó0

Baoterial eounts in n1Ik
resultlng pastewf zat:lon

491000 95
43ro@ 3Lo
4o,ooo 36a
38,000 ¿úo
l+2'000 7l+O

35 rAOA 850
97r0oo 640
50rooo 480
561000 l+2

78r000 4r100
25,OOO 33O
?5,@O 27A

Log.Aver h.69

Anti-log. 49r000

Ave.&

2r2OO
2r3OO
2r2AO
4r100
51600
1r400

96a
850
5?a

5rl_00
630
330

at varlous stages Ín processing ard
effieíencies - Sequenoe D.

t( See Table 2(a) f,oot note.

4rLoo
7,6ao
7,300
9 r5oo
8r400
7 r7OO
?réoo
lr9oo

9oo
7 1309
LrSoo
218oo

2"59 3"18

39a rr6oo

Standard
Paet.(5) Past.(50 Past.

Lab. Eff.
Past. 16

2r40CI
Srooo
?r6AA
1r100
3r1oo
lr7Oo
1r100
1r200

s00
4r100

62A
370

3r9OO 21O
81000 uo

LLr000 140
4rto0 1go

L2r000 22o
3,1@ 7?:A
2r4OA ¿}].O

21800 37
11200 4O
71000 3rzoa
Lr500 l_30
L,500 l-90

3.60

4rooo

3.18

11600

92.40
gL.3g
72.75
89.2L
7L.l+2
91,14
97,52
9l+rl+O
9'1r93
9L,A2
94noo
96.00

AdJusted
Pasb.
Eff.

d
lo

:i!,

:]l
.j.s

,iiÏ
:)il

. i.:.i
'rrii
ii:

::ìii
.i:i
ì.\ct

i:,:þ;

if.1
:i¡:l

i'4¡x
!!ii
, lì')
:,rtì

ti.¡
it¡l
lllii

_:*t
..tr{'4i:
;il

:)r,i

:t$J

;_,:;r
ta;5j
ttj!'t

ìtii:ì
:.1.1i

'4r":

'1,t,tu ;fx
H :!ll

t i:j
: ii.Ì
:ì;j
¡+l

'Aå

:li.Í
i¡1ì,
.:.r\:

, tt¡Ì
iìir
':'|,
:íìi
'rl:i!
: lr\l

;;ll
.1*{

:rÌ.
. ,\t
;.1i"1

ill}

i.$

tÌ.ï¡

r:Ëi
:.lf
ii$Jí
:.!:i
.:f,Ì
';S!¡
ìi{:
il:
.:,"! i
:,:!"i

ií1,
t:4¡
:;ìi
, l.ì:
':iti
..lli

1i.\

rl{t

3.5A

3 r7_oo

92.73
83.90
72.5r
89.4ó
7L.23
92o90
98.01+
th.5L
98,L2
95.3CI
th.96
98,62

2.20

r.60

89.26 go.Lg



Tría]-
no.- Raw-(I)*

Tab1e 2 (f). EaeterÍal- corurts in mc.lk
resulting pasteurizati.on

6L
62
63
6l+

65
66
67
68
69
7o
7L
72

23,Offi
8?r000
13r000

5,2OO
1Ir00o
12r000
78r000
9rr0oo
?orooo
11r000
19r000
26rooo

Råhr-(1) past.(2)
Lab,

Past.

220
21r000

tÊo
29o
3ho
410

21000
260

lr00o
510
8ó0
720

1r100
25 rOAO

6oo
480
760
t$o

3,600
2 fiOA
2r100
2r100
lr9oo

9l+O

Sanple Poi¡¡ts
Past.(3) Past.({)

Log.Ave. l+rhã
Antllog. 26rQW

Ãver{.

at various stages i.n prooesslng and
efficiencÍes - Sequenoe E.

* See Table 2 (a) foot note.

5,900
54,000
lr3oO
rrgoo
2r3OO
L17oo
9rl-oo
Trooo
6rooo

14,000
5,2OO
5r000

2.81+

6go

114oo
20r000

580
6oo
sI0

lr0oo
2r5oo
2r000
l-r9oo

67a
rrToo
lrlo0

Past.(5) p¿st.(5)
Lab.
past.

3.18
1':00

4rooo
40r000
lr3oo
lrooo
21100
lr8oo
419oo
4r100
3,7OO
l_r800
4rloo
3r&o

3.7L
5 r2OO

Standard .AdJusted
Past. Past.
Eff. Eff.
7É 7t

7L
19roO0

37o
7l+

TLO
310

Lr9oo
37

120
t470
l+3O

t+6o

,ìfl rìl

3.L5
1r500

82.63
5h.oz
90.00
90.76
80.90
85.00
93.71
95,1+9
94.71
83,63
78.1+2
93,O7

iií
,!L

:lii
- il,
:ft:
ti":i
;1il
.;.1
I È,1

iiti

iÌii

rítq

t4,t

fi
:);r
i¡:
!|ir
'.:ii
i i:i!

:t!,

;:ìi
i.:Ìi
,.,¡J

:Èl

,.'in¡

;1".1ì

:¡¡i

+ii
',t,;1

;lli
.ii)í.î¿
ri.!
i !Ìi
'.t:ta¡

Ì,:f,¡\) :iiÌlv ii:
;iiiq
ìì¡::i
.; l;.ì
lì.1
,1ì

i+i
t.ii,
::tli
.ìlilr.r'l:
,.I'ì'
.t:ê
lÌù
' !:",
It\
r+i
l¡.Ì:{

l:t¡l

i"rji
ti;¡
l+l
jrï,Ì;

'{ii
'ltl
:ül
ìi¡t
,ltì
';\1
. .'î
:ì$
if.f

ir!ì¡
::t
.1tl

: }:!
:1,ri
ll*l

iJlì
ii(i

:!li
t;I

:;1 j;
:iii
-rä

3.51
3,3_oo

82.16
6g.ta
92.37
81.00
80.93
87.36
96,2L
95.71+
th.9L
87.16
80"43
87.t6

2.hg
3LO

8l+.36 86.15
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By reference to Table 2 (a-6) tbe bacterial cor¡nts at various

stages in processi-ng and. the resulti:rg pasteurization efficieneies nay

be noted. Each separate table refers to a complete sequence 1Ísting

the baeterial eounts for the fíve sa,rrple poínts, the bacterial oount

based on laboratory pasteurization of samples from points I and I and

the pasteurizatlon efficiencÍes for each trial based upon this informa-

tiono

Of interest are the antflogarittrnic r¡alues established for

eaeh sequence and for aIL s,omFLe pointsn This figure foll-ows a defin-

ite pattern regardless of the sequence i.eo a high figure for raw nilk -

sample point 1, a decrease for paster:rized nilk - sanple poi-nt 2, an

increase for sa.mple point 3 - first milk into fi]-ler bowlr a further

decrease for sa.mple point /¡ - pasteurized. from vat and an i.ncrease again

for sa.nple point 5 - rLilk into filler bowl after 1O mlnutes operatlon.

A further observation r¡ou].d be that the antilogaritiruic f1-

gures for the laboratory pasteuri-zed satrples t'rere always greater in the

ease of raw urilk laboratory pasteurized than they were for pasteurÍøed

miïk laboratpry ¡s-pasteurized. These ranged from an average flgure of

75A for the former to /+50 for the latter sampleso

It should be noted that ¡rith the paster:rizatlon efflciencies

the adjusted effieieney t¡as in 6l+ of tne 72 instances higher than the

corresponding standard effÍsieney" The overall average increase was

however on]-:y 2.1+31Á.



2h
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Table J sr:nnarizes the naterÍa1 f rom Table 2 (a=J) and

averages the antil-ogarithnic values for the sample points as well as

the pasteurÍzation efficiency percentages for the two basie groups of

sequenses, A.Honogenization before pasteur{.zation and. B. Houogenization
l'.,.,,,.',

after pasteurizatÍon.



:'...'t,,

Table 3.

TJæe
of

Seq.

Baoterlal
resuJ-tlng
Êcpressed

Sa,nPle Points

Seq. aal¡¡-(I)* Past. (2) Past" (3 ) past. (4)

Homo.

Before
Past.

oounts ín ni.lk at various stages in proaessing and
pasteurlzation effiei.enoieso Sr:nnrary of Tab1e 2 (a to f.)
as antilogarithms of average counts.

A

c

F

Ave

E

D

E

Ave

ótr0o0

óg,ooo

l+?'000

llomo.
After
Past.

%a

l-r 5oo

rrSoo

74r000

49r000

26r000

50r000

tt See Tabl-e 2 (a) foot note.

2r5oo

3,504

3r@o

4r4oo

1réoo

11600

2r5AO

Standard Adjusted
Past.(5) Past.Effr Past. Eff.

/" ft

lrlo0

1réoo

1-r3oo

rSrooo

41000

S rzao

8r1oo

-. 
':: i1i-ii

.,;'. ,rtt :

lrLoo

2r5OO

].r7oo

4r9oo

11600

lr5oo

2r7OO

96,58

95.96

û6.16

ii.jtì.: 
i:.

:1ii. :.:::

¿rl,iiri

13r@o

3'700

3'3@

6r7OA

97.t$

97.3L

9l+,37

i.:
it'?
rlii

:í'n:l

:l.i
ll;i
l.H(

iR;

iirl
Li."j"

i5;
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fii
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Íil
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tlri
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It ruay be seen fron Table 3 that witb the seqnenoes that

homogenize before paster.rrization (A.C.F) the antil-ogarithnie values

for the average bacterial counts for eaeh sÞmF1e point follows the

same pattern as noted. previously by referenee to Table 2. However, iü

5-s nalnly with the sequenoes that homogenize af,ter pasteurization

(erDrg) that this pattern is easily noted, the average antílogarithns

for the sampled points being: I - 501000, 2 - 2'5OO' 3 - 8'100'

h-zt7}Oand5*61700.

Ttre avorage antl3-ogarÍthn for sanple point I (Raw nilk) for

sequenceÊ that homogenize before pasteurization is seen to be 59tA@

yrhile the sa.me flgure for those sequenees that honogen:ize after pas*

ter¡rization is 501000" In spite of tiris lesser fígure the average

antiJogarithns for sample point 2 (Past. nj-lk) are greater füth those

Bequences that honogenize after pasteurizatíon e.g. 21540 as eompared,

to 11300.

That tþ¡is apparent trend ¡ras not caused by heat resÍstant or-

ganlsrns ¡rould seem to be proved by reference to both the stand.ard and

adjusted pasteurization effíeieneies for the sequenoes that homogenize

before pasteurization. In both oa6es they are seen to be higher than

the eorreoponding values for thoee seguences that honogenize after pas*

ter¡rfzatioo €cgr Standard pasteurÍzatton efficienay 92.90fr as eompared

to 83"9t+lÁ ad. adJusted pasteurizatÍon efficiency 96.3711as compared to

85''3316.

Tab1e 4 (a*f1) presents the results of insLlbatíon for 2l¡ and,

48 hours at 55o F. upon three samples (sanFte points 2, J and 5) from

eaoh trial.
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Table ¡n (a). BaoterÍal eounts and
55o F. for 24 hours

Past. -(e) *
Trlal Standard flesag- Meth.
No. Plate urfn Blue

Count

I
2
3
h
5
6
7
E

9
L0
1L
L2

2réoo
3r100

23r000
gr600
3, óoo

19rO00
l9rooo
1rl0o

27 rAæ
5,5oo
418oo
T roao

27s 330aLO 33O240 36a
555 $a
3L5 450r50 225
3L5 t&o
fia hza
150 ãt+A

3t+5 h\o
3t+5 450zha }ao

reductlon times
- Sequenoe A.

Past. -(J)
Standard Resaz-
PIeüe urin
0ount

tog.Ave. 3.82

Antilog. 6ró00

Aver

6rooo
450ro0o

91r000
8r600
T rzao
Trooo

37r000
7 rzoa

LLor00o
IAr000
I7r000

I50r000

of nilk fncubated, at

Meth.
Blue

*See TabLe 2 (a) foot note.

L05 180
r50 300L6' 240
555 63o
3L5 t+5o
3ro 285
285 375
3oo 405105 180
33o h35
3L5 Iêa
r50 210

289 38b

Standard
Plate
0ount

Past. -(f)
Resaz- Meth.
r¡r:ln BIue

lþ.31+

22,|OAO

r5ro0o
26rOoo

LLor0oo
61700
l+r@0
6ruoa

a4r000
4rloo

63r0oo
4rroo
912@
9r&o

310 3OO240 37'L65 ãt+O

555 630
3L5 h502r0 27a
300 360ßa hzo120 Lg'
330 t+35

390 t+35
225 300

2l+9 3h2

4.ÏL

L3'0@

276 368

l\)
^¡



Table 4 (af).

Pasto - (a)

Trfal Standard Resaz-
No. Plate urin

Count

Baateríal oor¡nts and reductíon times
55o F. for 48 hours. * Sequenoe A

L
2
3
h
5
6
7I
I

Lo
Lt
L2

65,000
200r000
1401000
42r@0
?2r000

6001000
ILOr0oo

3Lr00o
94r000
é7,000
83,000

1rl-0or00o

Meth.
Blue

ó0
l+5

L65
l+65

3AO
3A

L95
3oo
120
uo
180

h5

Psst.- (3 )

Standard Besaz-
P1ate r¡rin
Count

Log.Ave. 5.08

AntILog.120r000

Ave. .:.

L5CI
200
225
555
390

90
3oo
390
L95
180
2?s
105

of miLk fncubated at

3róoorooo
34r000r000

S9Orooo
SLrooo

L30,000
?20ro0o
480roo0
3tor000
33oroo0
480,ooo
390,000

13r0O0rO00

Meth.
Blue

3o
15
6o

4a9
240
L5

L20
2I0

r+5

l+5

90
L5

L69

Past.

Standard
PIate
0ount,

120
6o

L20
520
3L5
120
2IO
255
?,
90

r50
6o

25h.

* (5)

Resaz- Meth.
urln BIue

2rg0or000
Ir0001000

2?0r000
lÉ,@0
9rrooo

46010oo
2901000
97ro0o

2101000
7ero0o

l.aor000
lr900r0oo

5n86

7301000

::{

. ili.

l+5

60
9o

t+zo
27a

l+5

150
2,ho

9o
60

150
3ø

108

150
L05
L50
555
330
9o

aÀo
3oo
L35
120
2L0
90

L75

5rlß

2701000

å 138 2A6
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TabLe 4 (b)_

Tria1 Standard
No. Plate

0ount

Bactertal corrnts and reduction ùi.nes of ßilk i-ncubated
aI 55o.F. for 2l¿ hours, * Sequenee C.

Past.-(2)

L3
llr-
L'
L6
r7
1,8
1g
a0
2r
22
23
2,h

6r4oo
4r5oO
3r4gO
Srgaa
4r&o
Lr00o
órgoo
3'ffiO
3r6@
1r50o
8r300
?r200

Resaø- Meth"
urin Blue.

t&o 6oo
bla Øa
h50 630
h20 600
450 630
t&o ó00
405 ít.,Ohza éso
t+95 66o
39o h65
375 450t+5CI óoo

paet.-(3 )

Standard Resaø* Meth.
Plate urfn Blue
Count

Log.Ave. 3.52

Anti-Iog.3r300

Ave. È

L0r000
Er50o
8r200

LLr0oo
91600

8901000
l,Trooo

Lrzoa
8r9oO

27r0CI0
21roo0
ELrooo

3?5
405
l+o5

- l+O5

405
1ÊO

39o
ho5
390
300
3oo
t&o

1429

Pagt.-( $ )

Standard Resaa- Meth.
Plate urin Blue.
0oturt

5hþ
5ho
555
57a
540
L95
510
tl60
57a
360
360
57a

584

8r3oo
7 r7OO
6'500
5r9oo
8r000

óoorooo
6'9Qo
3r800
LrL00
7r8oo

Lórooo
7 

'9oo

L,29

t-7r000

390
haa
t&o
4e0
¿'åO

210
l+O5

r&a
t$o
345
330
L5a

360

,.i;i
:'1"1i

.:"-4
' !!:)
,.tI

,i{

',f:l
:lÈ

' '{^¿

' ,iÍi

i;i
*H

.ìí+
'.)l.i

?:'i

iïl
i'ii;
'::i,rl
't{\¡
': "i¡l
',ii¡

.:#

'Jvl

:'iiÌ
îrl

iirl
: :ë¡ì
't:d

i Í.li
;. tìì

';ii
,1.&

.:ir31

r+¡Í
..?:4

l1"l
:il;::{¡¡
:19

,fil
rltìf

'dtï
'iiì.i

'¡i1

''.ii.itì

íiÌ
: ilil
.:iìl
i'iii
.]l.l

i,f"q

iji,.*

i.tR,:"ìill

. l4jìi

,'ö1'
l::$

;l:*il
i\:\

:."{,i
1..!"'.

::;åti

:l,ii

555.
570
570
6so
Sita
255
5l+o
510
585
4a5
390
6oo

483

3.96

9r2oo

987 5L2



Table 4 (bf).

p*. * (2)

Trial Stand.ard. ftesaz* Meth.
No. Plate uri-n Bl-ue.

Count

BaoterÍal counts and reducti-on ti.mes of ¡uilk incubated at
55o F. for 48 hours. * Sequenoe C.

L3
14
15
L6
1?
18
rg
20
2L
22
23
24

130r000
9r0@

2?r000
19r0oo
27,000
4rooo

,+Ir000
36r0@

Srooo
2r00o

37 r@o
39,000

zho
360
3Ø
I'2O
3h5
36o
3L5
210
300
fia
375
fia

Log.Ave¡ hr26

Antllog. ISr000

Aveo

Fast, * (3)

Stardard Resaz-
Plate urin.
Count

3L5
4æ
l+5O

5ho
h35
480
haa
255
36a
h20
h65
t$5

4&orooo
23r000
68rooo
48r000
53,000

SrSoorooo
97r0@

680rooo
1l-r000

550rO0O
1IOr00o
1l-0r0o0

Meth.
BIue

720
39a
L95
300
27o
3o

?,25

75
27a
24o
270
255

329

Fest.
Standard
PIate
Count

180
t$5
3oo
Ltß5

360
75

9L5
L35
330
270
3&
36CI

l+zt

* (5)

Resaz- Meth.
urin BIue

S2Orooo
2Iro0o
,+Ir000
28r0oo
39,@0

2ræ0i000
63,0CI0

460rooo
2r00o

78r000
58,000
48r000

5'II
l-30r000

,: ,

L65
390
2LA
33o
300

60
255
120
300
3oo
390
300

220

2l+O

420
360
l+35

375
L35
3t+5
L95
36a
395
t+zo

375

29h

l+.76

58r0oo

25o 338

\,)o



Trial Past. * (Z)
Noo Stand.ard Resaz- Meth,

Plate urin BIue
Cowtt

Table + (c), Bacterial oounts and reduction tl-nee of mÍlk lncubated.
a,L 55o F. for 24 hours. - Sequence F.

25
26
27
2d
29
3o
3L
32
33
9l+
35
36

4?rooo
7rr00

L2r000
7 r2oo
6r6ao

?00
4801000'25r00o

40o
2r2AA

900
Lr100

L95
3L5
3oo
394
36a
36o
255
3&
375
300
fia
300

Log.Aver 3"76

Antilog. 5r&0

Ave.

past. * (3)
Standard R6eå.zr Meth.
Plate r.¡rLn Blue
Cor.¡nt

375
hza
405
hza
t+35

haa
360
4eo
l+5o
330
h50
l+35

58r0oo
L6rooo

230rooo
8r900

4e0r000
jr?oo

11100r00o
LLoroCIo

1r300
33 rQñ

9 r2OA
5,500

180
Ê40
I80
3oo
240
36o
2l+O

L65
3L5
27A
300
300

3L5

past, * (5)
Stardard Resaø-
Plate urln
0ount

345
3L5
285
390
33o
t&o
330
L95
l+2O

330
375
420

410

5?,@0
l4rOoo
l4rooo

7'l+00
?r500
1'400

9L0r0oo
nr000

9oo
31000
Lr600
L,Loo

h'l+9

3Lr0CI0

i,1, ., I

::ttl'i.,
'ia1.rt a

Meth.
Blue

180
255
240
334
360
36o
240
2l+o

3L5
3oo
na
9oo

258

3t$
na
3L5
tao
h50
t&o
3l+5
300
t&o
330
l+5O

42a

3h6

3,95

9r@o

288 3'.18

\r)
H
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Table 4 (ot).

past. * (e)
lrial Standard Resaz- Meth.
No. Plate urin B].ue

0or:nt

25
26
27
28
29
3a
3L
32
33
3h
35
36

Baoterial eounts and reduction tlmes of milk Lncubated
al 55o F. for 48 hours. * Seçßrence F.

120r000
rr0o0r000

80010o0
4801000
1?r@o
9rooo

660,ooo
35,000
72r000
ó3rOoo
6rooo
2r000

r05
6o

105
150
300
360
L95
]t95
l_80
180
270
300

past. - (3)
$tandard Resaz-
Pl¿te urln
Count

LogrAve. l+,92

Antilog. 84r000

Ave. r

225
90

150
2I0
39o
ho5
255
285
L95
e70
33o
390

590,ooo
3r9oorooo

22r000r0o0
760,ooo

8r400r0@
63oooo

215o0r00o
41200r000

LLO'000
1901000
9ÀOr000
89,o0o

Meth.
BIue

60
3o
L5
60

105
255

75
30

ro5
L35

90
2t_o

200

past. - (5)
Standard Resaz- Meth.
P1ate urln BIue
Count

L95
l+5

45
9o

180
3oo
1.65

60
L35
210
L35
300

?'66

2lor000
Lr4001000
3r600rooo

t}orooo
39r0@
2Ir000

1r3@r000
6?orooo

77,OOO
7Érooo

330,000
5lrooo

5.96

920,000

75
h5
l+5

120
2l+o

3oo
120
105
L35
L65
t-80
2l+O

96

ì:¡:
;i{;
.:-:,

: rf,r
i:;il
,:.lr;

rilj
l :!li

iiiï

'r{4
'ilji+í,i

i'*$
..¡:1
! :ii-1

i',+I
:-¡i
::li{

.'r,,a

i i:.1

iÍili
r.Si

,.:,{¡

'ìrt:
'l'l::'
r,',$j
| :i.:ì

ì,"t4
..+
'il:l

' l';r
'".:i;
,iiï
:i-i

Ìs
:i{Ìt
,.iii
.::iii

LtJ r:ii¡\' ,i¡l
:;,:l

'.rt,ri

: iii
.l{:;

.::t4
1!{

i::1

:Èii
'':i;51

'4it:
:iÇi

,äi
, t.",

$ir
¡t¡

r i'¡
:llj
llú1

t:.ll

:rl::j

'lrf
'li*

:$il'Ìiì:{
f¡.{:ïií

r'.*i
'til
-i.11..iü

ii$
ÌT
.i':l
:ill
;i;i. .'li:i
, lli

L55

2to
75
90

r80
33o
375
L95
180
180
240
255
330

5.38

2401000

Il+7 220



Table 4 (d). Bacterial oounts and reduction times of nilk incubated
a,+, 55o F. for 24 hours. Sequence B.

Fastr
Trial Standard
No, Plate

Count

37
38
39
4o
41
l+2
tß
hh
b5
h6
l+7

48

* (2)
Besaz- Meth.
urin Blue.

2101000
é1r000
31000

16ro0o
Ióro0o
92roao
6rooo

l4rooo
19r000

9,7AO
231000
23 rooo

270
210
375
l+O5

t+35
l+2þ

3oo
h20
l+5o
l+5o
l+5o
l+5O

Past.
Standa¡d
Plate
Count

Log.Ave. l+,32

AntíIog, elr000

Aveo

3óo
300
l+95

480
600
5Lfr
375
6oo
óoo
600
6oo
600

* (3)
Resaz*
urin

290r000
1201000

4,50A
rurooo
47,000
27 |OOO
l_9ro0o
37,OoO
63,ooo
39rooo
72|OQO
9rrooo

Past. - (5)
Meth. Standard Resaz-
Blue Plate urln

0ount

240
L95
na
30o
ho5
h20
270
39a
39o
379
360
360

386

3oo
300
165
3æ
480
5ho
300
5ho
480
t$o
t+35
l+35

5Lz

4.ó8

48r0oo

200r000
73r000
l7rooo
57r000
31r000
1órooo
15r0oo
21r000
48,000
14r000
47rooo
óo,ooo

Meth.
BIue

2ha
aLO
345
3oo
h20
l+2O

?85
l+2A

hao
hzo
l+20

hzo

':j:;iì''ir
':',íl:

336

3oo
300
¿180

360
5ro
540
330
57o
h95
h95
h95
l+95

l+24

4.52

33r000

36o hl+8

\})
bJ



Table ¿u (¿f). Bacterial counts
aL 55o l'" for i+8

Trial
Noo

37
38
39
/+0

i+1
l+2

4)
r+h.

l+5

46
h7
48

Standard
Plate
Count

Past* * (2)

3r000r000
72,OOO
Trooo

350roo0
73,OOO
33,ooo
40rooo
62rooo
67,OAO
27,OOO
g?,000
87,000

Resaz- i'tefh.
urin Blue

60
105
3oo
L95
360
39o
¿LO
360
3l+5
36o
Ta
360

and reduction tìmes of mi-lk incubated
hoursu Sequence B.

Past. - (3)
Stand.ard Resaz-
Plate urin
Count

Log,Ave" h"89

Anti-log" 77,OO0

Ave.

105
t95
420
2l*O
t+35
¿|80

3oo
l+2O

l+2O

420
l+2O

L+O5

59r0oor0oo
lr3oorooo

46rooo
590r 000
2r0roo0
1I0e000
150,000
31or0oo
2loroo0
23orooo
3óo,0oo
4r0ro0o

Past "

lIeth. Standard
Blue P1ate

Count

L5
75

225
l,20
255
3oo
r20
150
zLO
2l+o
180
150

281 355

l+5

L20
300
180
3oo
na
180
t95
285
3L5
2TÐ
2LtO

- (5)
Resaz*
urln

5 '60

4001000

ór600rooo
120e000

22,OOO
500r000
lTorooo

órrooo
73r000

I90rooo
I90r0oo
48,000

210r000
23or0oo

l'[eth 
"

Blue

170

3o
90

255
r50
300
360
150
2I0
2l+o
255
255
255

75
180
330
210
h20
h20
zLO
300
3L5
345
330
300

227

5 "23

1701000

)1 ) 286

\,
+-



Table /+ (e) Bactelial counts
at, 55o F " tor 24

Trial
No*

Past"
Standard
Plate
Count

l+9

5o
5r
t:,2

53
5L+
EE

56
É..1

58
59
60

- (2)

Resau* i'ieth"
urin BIue

21100
órooo
órooo
6 r3OO
5,300
1,600
3,2OO
21000
2r600
7,2OO
2,9OO
Irl0o

and reduction ti-mes
horr s, Sequence D"

l+5o
t+35
l+35

h80
375
375
360
¿l80
l+2O

360
360
360

past" * (3)
Standard Resaz-
P1ate uri-n
Count

Log"ave, 3'52

Antilog" 3r3OO

Aveo

6oo
5Ào
5l+O
ó00
5LÑ
5l+0
l+5O

600
óoo
l+2O

42.0
h20

of m-ilh incubated

4,500
23,OOO
r?rooo
17r000
83,ooo

750rooo
52,OOO

1+r7oo
2r9OO
9,300
órooo
4rloo

Past"

tuleth" Standard
Blue Plate

0ount

405
375
375
ho5
180
105
300
h65
t&o
300
330
330

l+o7 522

k95
480
l+80

5l+o
300
180
l+2O

6oo
óoo
l+o5
l+O5

l+O5

- (5)
Resaz- Meth"
urin Blue

3r?00
l?r0oo
16rooo
13r0oo
?1r0oo
37,000
31r000
3,I00
2r9OO
8'?00
3,LoO
2r7OO

l+'2O

16rooo

tao
390
375
l42O

2L+O

2IO
3L5
480
tao
3L5
3&
360

332

510
510
&80
555
39o
3oo
l+35
600
ó00
l+o5

QO
l+O5

3"97

9,5oo

l+I+2 358 l+67

\Á)
\.Fr



Trl-al
No.

Table 4 (C1) Baoterial- oounts
aI 55o F. for l+8

Fasü. - (2)
Standard Resaz- Meth.
Plate urin Blue.
Count

l+9

5o
5t
52
53
5l+
55
56
5?
,û
59
æ

A?r000
l-9r000
2l-r000
27'ooo
40rooo

Srooo
3¿¡r000
LLr00o
4rooo

2901000
ó5,000
27rooo

3X5
39o
36a
375
360
285
300
375
t&o
274
180
300

and redustion tines of nilk incubated
hours. Sequence D

Past.
Standard
Plate
0ount

Log.Ave. 4.38

AntÍlog. 24rOOO

Ave.

h5o
480
I+65

h65
l+69

36a
r€0
480
600
3æ
27o
390

8or00o
?2rooo
50rooo
92r000

3rL00r000
L?r000,000

3óor@o
l9rooo

1101000
4óorooo
l-60r000

99rooo

- (3)

Besau-
urin

past.

Meth. Standard
Blue P1ate

Count

332

225
255
285
2IO

6o
L5

150
3ó0
A/.'O

2I_0
l_20
240

300
945
375
3L5
r05
3o

410
450
3oo
27o
L80
3oo

t$L

52r0oo
l+Ir000
43r0oo
64rooo

640'ooo
1rlo0r000

I2Or0oO
l4rooo
78r0oo

320r000
64,000
33r000

- (5)

Resaz- Meth.
urin BIue

5.32

210r000

255
285
3oo
300
150

9o
2ha
375
îtÕä
2ha
r50
300

iìj

ìÍ
iill
::il

i,{l
,íll
L|*
iit
iii
ià!
sÍ

iti
r:i¡
l"il

ll;":

In
if!i

i$ì

lit
:ii!
,iilT

äi
|;,
i$i
i;t )

[il
'l{l¡li
;ÌÍi
iiir

ifirü) iliq. i:i
w
i\i
i{i
üL
f;¡
l¡,tì

i(';l

Fii
Itiì

$H

i1r
3:11

$f;
+r

lr
11\

ìiiÌ

Ii
;ft{
){$

ii!Ì
:lli

iiii
ìlii
Iri
i{i
rfii

lii
iiìi
:L\

ìfü

.,t{il

. ."\1
:¡iÍi
.ir{.t.iIÍ
il.lll
.iì']
t/ìli

L97

fia
3h,
39o
39o
3oo
r.50
300
480
57o
3oo
210
375

265

4.89

7?rO@

257 3l+5



Table I+ (f). Bacterial eounte
at 55o F. for 24

Past. - (2)
Trfal Standard. Resaz- Meth.
No. Plate urin BIue

Gount

6r
62
6t
6b
6,
66
67
68
69
7o
7L
72

2r000
39rooo
1r200
Lr2o0
trToo
1r100
9rooo
órooo
9rooo
5rooo
3rloo
lr600

and reduotion ti¡¿ee of, r$lk lncubated
hours. Sequenoe E.

450
300
3&
360
3æ
360
l42;O

420
t+35
t+zo
l+5O

l+2O

Pasto - (3)
Standard Resaz-
Flate urin
Count

Log.Ave. 3.53

Antilog. SrUAa

Ave.

57o
l+2O
têo
tåo
420
hzo
585
600
éoo
6oo
6L5
ó00

5r000
L20r000

3rloo
37 ro00
37rOOO
2'7oo

32,000
24r000
34ro0o

LTor0oo
78r0oo
3l"r00o

Past. * (5)
Meth. Standard Resaz-
Blue P1ate uzd-n

Count

360
270
3oo
3os
300
360
360
99o
36a
300
375
36a

396

u65
360
3&
390
39a
tåo
t85
5l+O

450
36o
l+35
l+35

52?,

4.40

e5r000

3r?00
76rooo

2r2AO
6rzoo

28r000
2r000

31rooo
t-6rooo
19r00o
2érooo
6r7oo

ur00o

.i'j,:;4.
I lfìl lì :,j

Meth.
Blue

haa
300
33a
3óo
360
3@
39o
\a5
39o
t$5
lÉo
394

336

540
?o^
l+o5

ho5
l+2O
L&o
l+5o

57o
480
,'lo
57a
l+5O

LzA

4.04

1l-r0oo

377 l+12

t\¡t\:



Table 4 (ff).

Tr:ia1 Standard
No. Plate

Count,

Bacterial
al 554 F.

6L
62
69
6l+
65
66
67
68
69
70
7L
72

Past. - (2)

Resaz* Meth.
unln Blue

10r000
32OrO00
40rooo
19rooo
19rooo

9rooo
l+1r000
33r000
24r000
32|OOA
16rooo
22LAAO

oounts
for 4S

and reduction times of nilk lncubated
hor.rs. $equenoe E.

3L5
150
27A
330
300
360
3h5
3&
36a
39o
390
36o

Log.Ave. 4rl+3

.åntílog. 27 .OOO

Ave.

Standard
PIate
Cowrt

360
270
330
hza
tPß
t&o
420
t+35
t+35

hia
t+35
l+35

Past. - (3)

Besaz- Meth.
urÍn Blue

1&Or0o0
2rToOrOCo

l_70r0oo
48Or0oo
290r0oo

29rO0o
1l0roo0
LLorooo

63rooo
580,000
390r000
t éorooo

325

l-æ
30

180
180
2L0
270
r50
L65
285
210
274
270

Past. - (5)

Standard Besaz- Meth.
Plate urín Blue
0ount

215
45

240
2I¡,O

27CI

360
255
2l+o

360
255
390
fia

l+Az

5.30

200r000

Loorooo
940,000
1201000
lI0r00o
190r000
22r000
9Lrooo
67rooo
4?rO00

LgOr0Oo
84rOo0
91r0oo

2ho
60

2l+o
270
2ho
285
L80
L95
300
27o
960
3t5

200

3oo
90

3oo
330
330
37'
28'
270
375
33o
l+20

39o

27A

5.04

LLoroo0

2l+6 9L6

\,
€D
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Tab1e ¿ (a - f1) shows the baeterial counts and reduetion

ti-nes for each sequence, twelve triaLs per seql¡ence, on sa,mples from

sa,nple points 2, ) and.5, lncubated for 24 and 48 hour period.s at 55o F.

It uay be noted that trends ilhleh rirere apparent with non-

incubated. samples from these sa.mpllng po5-:rts trnded tæ be magnifled by

lncubatisno This nag¡dfÍcation however did not destroy the pattern of

behar¡:ior as eay be noted from referenoe to TabLe ¿+ (a) and comparing

it to Tabl-e 2 (a). In the case eif sample point 2 the antilogarithn of

non-incubated sa.mples as eompared to 2h hour incubated, sa,nples at 55o F"

,rraE 930 and 61600 respectiveþ. For saarple point 3 ei¡ri]ar figures

reveal counts of 21500 and 22.OOO and for sarçIe point I the restrÞotj-ve

antiJ-ogarithnrs were 113-00 and 13rOO0. SÍnilar comparÍsons In8,y be noted

nith either the Zla or 48 hor¡r lncubated saraples at 55o F., related' to

the sa,me sa,urpS-es of a non-íneubated nature. Thie holde true for indivi-

dual trlal results as wel-l as for average figures based upon an entire

9€QüefIC€r

The redr¡.ctíon ti.nes for both the resaøurin and nethyJ-eûe blue

tests follow a d,nilar pattern as ntght be oçected. For samples that

were fncubated. for 24 hours at, 55o F. the ratio of resazurín reduetion

ti.mes to nethylene blue red.uotion ti-nes qr'Iae noted to be l-¡1.32. For

48 hour ineubation of sa,npJ-es the ratio ¡ras 1:1.35.

An interesting obserr¡ation w'ith regard to the reduetion tiJne

averages n¡ s¡'nFLes from seqr¡Élnces tl,rat honogenize before pasteurization

Table 4 (a - c1) as eompared to sequences that homogenize after pas*

teurizaù:i.on, Table 4 (d - f1) was tte,t Ín relation ts the ant'llogarith¡nie

iiì,:r:¡
i.!r : "::
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flgures the reducti-on tj¡nes in

ínverse relationship that might

some cases failed

be açeoted"

to fol-low the raugh



Table 5 @), Bacterial cor.ints and reduction tlmes of milk incubated at' 
55o F, for 2i¡ hours" Summary of lable 5 (a-f)u Bacterlal-
counts expressed as antilogarithms of average counts"

þpe
of

Sequence Seq"

Ho¡no.

Before
Past,

nast"-(z) x

AntiJ-og" Resaz-
urin

A ó16OO

c 3r3oo
F 5rgOO

Ave" 5,2OO

Homo '
After
Past.

zeg

t&9

3L5

3I+h

B

D

E

iuieth.
Blue

21,000

3,3OO

3 ot+oo

9r2oo

* See Table 2 (a) footnote'

Past. -(3)

Antilog, Resaz- i'leth'
urin BIue

i
a

i
I
I

38¿+

581+

4r0
459

Ave"

386

l+o7

396

397

ï,, ¿ $ 
r.;,.

"t.'tz, 'i-.
r.i-. -.lr

'r,:ì-." '' ."j:
'!'-1-.

22r000

l?rooo
31r000
23,OOQ

5L2

522

522

5L9

2L',9

36o
258

289

Past" -(5)

Anlilog, Resaz- Meth"
urin Blue

48,000

ró,ooo

25,OOO

30r000

!ii

3l'3
l+83

3t+6

3st

13rooo

I,2OO
9,000

10r000

336 l+21+

332 lþl+2

336 t+zo

33t+ t&9

276

387

288

3L7

33rooo

9,5OO

lIro0o

]-8rOoo

368

5L2

378

l4L9

360

358

377

365

U+8

l+6?

472

h62

È
Þ



Table 5 (af). Bacterfal counts and reduetion times of ¡uiLk l-ncr¡^bated at
55o F. for l+8 hours. sunnar5r of Table 5(af - f1) Bacterlal
oou¡rüo erçressed aE antlLogari.ttuns of average oounts.

Type Past. - (a) *
of

Sequence Seg, Antilog. Resaz- Meth.
ur{.n BIue

llomo
Before
Fast.

A

0

F

Avoo

l2oro00

1Sr0o0

84roo0

?l+ro@

Horns
After
Past.

L69

329

â00

233

B

D

E

Ave.

past. - (3)

AntíIog. Reeaz- Meth.
urin Bl-ue

77,OOO

24r0Oo

27r000

tl3r000

254

tÊL

266

3U

* See Tab1e 2 (a) foot noter

?30r000

1301000

92010oo

59o,Ooo

28I

392

325

3L3

355

t+34

404

39h

108 L75

zAO 294

96 L55

131 208

past. - (5)

Antllog. Resaz-
urin

40010oo

210r000

2AS |AOO

2701000

2701000

58r000

24orOoO

190rOoo

: ,l:

r?CI 227

L97 265

200 2?a

L89 25t+

'::,.,
' ¿r:r

¡,1Í
..{rl

;ltg

T¡

It.l
:tìj

,:l:t

,"t¡
iit
''¡)i
.:úi
,,.,Si

,ri,}i

:iti:

;ìiil
:äj

,l$i
rffi
:i*.:
.r¡$l

,lli
' l:r

it$l
,i.Í.Ì

'lr;È

: :iì
':;I

, ?iì
.!i¡,'t;i

'''i,:|

iiÌls.+ilr) .):ri¡
:J!
t':ti¡ì
:il"l'
.,iätiij
,:Ìi(

.,Nl

.:jiì
'L'ì
ìììÌ
.\lrl.ii;ì

.s:,.i

: i:.c

':))l
.ì{ii

r 
ìf:ì
' 1.ìt

::,ï.J

'íiì-i:;\'lit
,íL
jíi!

a
ÌIi
':{

:...$l

,ii¿
: li
. ¿.ti'tÍr
t'i'ìi
.;':,
.,1:i

íir
iili.jll
l';ì¡.1!:

Iü:(
r.-!!l

r.38

258

r4?

181

Meth.
BIue

206

33Ê

2?.0

255

1701000

77,ooo

lo?roog

12Or000

': :.:l

?42

257

2l+6

238

286

3b5

3L6

3L6
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Table 5 (a & a1) presents conÐl-i-dated bacterial oounts ar¡d

reduction ti:ne averages for the slx sequences, the sa¡ûples (sa,nple polnts

2, j and, !) being incubated at 55o F. for 24 hour (tatte 5a) ar¡d l¡8 hour

(tau1e 5al) períods. the sequences (4, C, F) wtrich homogenize before

pasteurization are treated as a sÍng1e entity, being averaged as such; 
"',''

slrni!¿¡ly the sequenees (8, D, E) that honogenize after pasteurizatlon

are al-so averaged.

It nay be noted ttrat the average of the antilogarithms for

seqnences A, 0 and. F at incubation of 55o F. for 2lr hours are respect-

ively 5r2AOr 23,OOO and l0rOOO for sample points 2, ) and 5. At ineu-

bation of 55o F. for 48 hours the average values are seen to bo 7¿11000,

5gOrOOO and. L901000. SimìLar averages for sequenees B, D and E are

gr2OOr 3OrOOO and. 181000 for the 2h hour incubatÍon perfod and 43'0@,

2TO.OOO and 12Or0OO for ttre 48 hor¡r fncubation perlod. From thi-s it

nay be obserrred that after 24 hour ineubation aL 55o F. tt¡e average

antilogarithnic values for sa,mple poi.:rts 2, J and 5 of the sequences

that honogenize before pasteurløatíon are lesser than those seqlrences

that homogenize after paster:rization. However after 48 hour lneubation

aL 55o F. this pictwe Ís reversed Í.e., those sequences that homogenlze

before trnsteurization have hlgher antilogarithnic values tl¡an do the

seguerlces that homogenize after pasteurization.

Of further i¡terest is the fact that the reduetíon ti-me re-

l¿tionship r,uith a¡tilogarithnic value fails to foI-low the expected pat-

tern after 24 hor¡r incubation al 55o F., i.€.¡ inVerse relationship was

not apparent however at 55o T. for 48 hours it wae noted thet thls ex*

pected inverse relationshi.p did devellop.

:,1 I ' .-.::

]..-,::rl;ìì,.: ::.!

i,. :'
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AESULTS

The figures presented in the foregoing tables il_1us-t,rate

the various bacteriological changes undergone by the mírk during pro-

cessilg r,¡hich nright be attributed to variations r,l'ithin the processing

sequences" Hoi¡¡ever since no absolute duplication of any processing trial

co'¿ld be carieo out in the absence of a second pasteurizing vat, compar-

isons of res,:lts shouf-o be rnade if possible by ignoríng or on:-ltting the

variable infl-uence of the rav¡ rni-lk" To this end the d-atauwe reviewed.

on a statistical baeis"

Anal-ysis of variance of T u¡:ithout X

Souree of
Variation

Suns of Squares
S "S"

Þlean Square
'Li"s 

"
D.F 

"

Wi-thin lots

SerÍes

6,351,6h6,2L7

2,O99,o54,577

96,237,A6h

tù9 ,$LO,gL5

66

Tota]. 7L I,l+5O,7OO,791+ F;4'38 F'01* 3'31

T¡,Jhere raw nil-k (sanrple point 1)

pasteurized nilk (sample point J)"

From the foregoing it may be seen there are significant dif-

ferences between the Y values of each sequence r.¡Lren the dÍfferences in

X are not taken into consideration, Si-nce there is a considerable dif-

ference in the K v¿Iues (raw n-ilk) i-t was desirable to study the Y values

after the effect of the X values had been re.movedn This was done by the

method of covariance (29)"

X=



h5

Data on baeterial oount of raw nilk as oompared to
pasteuri.zed lnilk in -

A, Honogenlzation before pasteurlzation
B. Honogenlzatd-on after pasteurization

A

B

Total h,967,6@ t{lz r3}o 5981745,7601000 hO,528,7hó,000 )J"r5l+8'857,6A0

AnåLysis sf oovariance and test of signifÍeance of
adjusted lot means.

cô
Level Sx Sy Sx4 S¡qv SY'

218621600 123r8Oo

2rl-05,0o0 3L8,5oo

hzl+rãl+21760r000

L8l+'5A3 rOO0r000

].j.-rl+37 ,I+l+ór000

29 ro9].r3o0r0oo

L15781067,600

9 r97Or79O'AQO

Source of
Varlati.on D.F.

Sums of
^2ìix

sqr¡ares and products

srqr sf

Total

Series

lüithin lots
(error) 66

2t+6,oog rg57 ,779

2J,1+86,711,LL1

7 rgIQ.1669 râW

461+'556r8;W

IrU5Ar7OOr79lþ

2rO99 ro54r577

7L

5

222152212,1+6 1667 7,478,11-3rOo0 6r35Lr6h6,2L7

Sor¡rce of,
Variation D.F.

hrors of
c¡o¡Ja9a

Esti mate

D.F. M.S.

Tota1

Sêquences

Itlthln lots
(ernor)

TI

5

66 6,LAOJ35,73L

8rLgh1262rg58 7A

65 93r85Lr3L9

2rA931927 1227 5l+18r785r4h5

aitr{,,jiì

':i..1

F= !}!¡&-¡44ã. = 4.1+6.
93r85Lr3L9

D.F. = 5.65
F.01 = 3.3L
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It rnay then be noted that there is a signifi-cant differenee between

seglrences, This difference exlsts even after the effect cf the origi-n-

aI bacterial counts (x) are removed., Tt is then desj-rable to exa^nine

the seq.:.ences to see r,rÈrich is most effeetive from the standpoint of

bacterial destruction. This ls best aceomplished by calculatíon of the

adjusted mean for ó sequencesu

By reference to the d.ata on the ealculation of the adjusted

mean it wilt be noted that the order or rank as calculated on the basis

of bacterial destruction is unchanged. from the mean gain coI:mn to the

adjusted mean gain coluron" F\rrther it niay be seen that the sequences

are ranked j¡ orcier v¡ith the greatest bacterial ciestruction (lowest

eount) being consid.ered. to be the highest in order of rank.

Ca1crúation of ao.justed mean for ó sequences

Lot mean rar{ Deviation
,ãr[ ãã""t from expt"

x mean tx/

Product

bx

mean
gain

Y

Adjusted
mean gain
T-bx Order Seq"

L

2

3

l+

5

6

th,967

76,333

67,25O

82roo0

52'333

l+1r083

-25,973

* 7,339

- LtTl+Lr

13r006

*;-.6,66r

'27 ugl-r

872"69

2l+6"59

-58.60

l+37 
"OO

-559 "8L

-937,8L

1r750"8

21602,5

5 1963 "3

18r083"3

l+u9O8"3

6ro5o.o

878"1

2'355"9

6razl^g

L7 r6t+6,3

5 rl+68"L

61987 "8

1

2

4

6

3

5

A

c

F

B

D

E
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Test of s5-gnifieance betr'¡een regressíon
coefficients of series .A (honogenization
before pasteurization) and series B
(honogenj-zatíon after pasteurization) .

source of Errors of esti-mate

Variation Ð"F. S"S" I,I.S"

Average rnrithin
leve1s 69 7,692r89Lr385

Ðeviation from
indicated re-
gressions óS 5 r9O4,5lOr9IÐ 86'83LrA43

Between regress-
ion coefficients I Lr?88r4801445 1r?88r480r445

F = 20^59? D"Fo = Lr69

F"OI = 7 oO2

From the foregoing it nay be seen that there is a signifi-

cant d.ifference between seri-es A and series B, It is then desirable

to examine the two series to observe v¡hich is best in tertos of bac-

terial destruction.

Adjusted :arean of two nain groups 6

Series lvieari Deviation Product }[ean Adjusted
X from mean bx gain means Onder(*) v

A 79'5L7 LO'521+ h55,7 3u/89 2e983*3 I
B 58,t+72 LO3522 *t+55.6 *9róBI LO'3'36.-6 2
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From the above it nay be obsenred that Seríes A (Honogenizatlon

before pasteuríaation) has a eonsider.abl-y lower adjusted mean and

is rar¡ked higher in terms of bacterial destruetion than is SerC-es

B (Honrogenizati.on after pasterrfzatíon).

DTSCUSSION

An observation of the resr¡.lts of the work embodied in Sec*

tion I could weLL lead to a query counerning the choioe of saurpJ-lng

points upon whieh the ssmFles¡ their bacteriological oharacterlstics

and the rotroLe basis of the researeh rras founded. It is not difficult

to accept the oontentÍon that a ehoice of alternate sampling pof-nts

couJ.d. have a bearlng on the resulte r¡¡hich eould. alter arqr conoS-usions

appreoíabþ.

Semp1e points I and Ê were ohosen as an evaluation of both

raw and. pasteurized. ntlks must be madeo Sa.rnptr-e point i (pasteurized

nilk * fírst flow into fÍLler bowl) was ehoeen as an índ.icator of ef*

feet of residual eonta¡ùlnatisn on equipmeint wÍth whioh nilk came in

contact and it resembl-es the water rinse teehnlque. The results based

on such a sarnple point eould have conmercial appllcation, especially

with any trin-plantrl sanitatlon program. Sanple points le and 5 were

chosen to compare pasteurized and pasteurized honogenized urlIk of as

conunon an origin as 'h¡s,s possible. It was felt that the sqnple poÍnts

chosen v¡ould. enable conclusions to be nade based on the remrlts arising

from baeterfologioal- analysls of the sanples.
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Table J presents a suü¡¡n¡!ry of the effeet on the bacterial

eount of the various phases r¡¡'j-thin the proeessing sequence for the

sfx different sequerroêsr Å. study of the results tabled under semfle

point 3 and a conpar5-son of these results roith those of sa,npJ-e poÍnt

5 would tend to show the value of taking initlal ¡nilk flov¡ sa"npleso

Tkrese results (l) are consistently higher than those fron a supposedly

comparable souroe (!) and would lndlcate that al¡rost invariably there

remaj-ns a residue of bacterlaL conterminatj-on on the surface cooler,

pipes, eto., vrtÉch would. Likely be largeþ uashed away after eome l-0

mlnutes t contùnuous milk fl-ow.

Again the ehoice of semFl-e polnts is reflected by referenoe

to results gained from incubation and subsequent bacteriologicaL analy-

sis of sanples¡ That zuch incubation ter,tds to rrmagnifftt tut"tívely

lnsignif:i-cant differences betr.¡een sa,mples based on i¡mediate analysis

is a netter of record ar¡d TabLe 4 lists the resul-ts of such lncubation,

for each of the f2 trials. Table 5 (ataf) sumarizes these results on a

sequenee leve1 for the 55o îr 2l¡ and 48 horr incubation respeetively.

These latter tables again show nore strfkÍngþ the differenee

between lnitial nilk flow (3) and ftow after 1O ninutes operation (5)t

largeþ because of the incubatlon perÍod ¡Éth its effect sn the geometrfc

lncrease 1n bacterial populatlon.

0f consid.erable interest are the rezuIts of the lncr¡bation for

24 hours al 55o Fo compared. to thoEe for the 48 hour 55o F. incubatlon

perÍ-od. Ttre results from the former are as would. be e,:cpected from the

ind:lvidual trial results, i.e.¡ the antilogarithns of the sa;nples from



5a

sa¡nple polnts 3 and J ate lower r^rÍth sequenees tlrat honogenize before

pasteurizatfon. That this vøs the no¡u¿L trend was apparent earþ in

the work and r,¡as to be exlpected due to the ÍnflueRoe of the honogerrlzer.

However, the results of the 48 hour l¡cubatíon per{-od reveaL

antilogarithns that are higher for the samples from sample points 3 and

5 vrith sequenees that honogenize before pasteurization" The reason for

tir-i-s apparent reversal of for-¿ 3:Lee j¡r the faot that theee are results

based upon averages ard a penrsal of the lndividual results fails to

shovr thÍs oharaeteristic tn nar¡y of the Gêe€s¡

TabLe 3 shows the ra¡¡ and pasteurized anti-Iogarithns of aver*

age eor:nts and the resulti:ng pasteurd.øation effioieneies. It will be

noted. th¿t there are tuo types of pastourization efflolencies¡ a)

standard - uzuaL type of efficienoy ealcilatLon and b) adJusted.

The adJusted pasteuriøation efffciency i¡volves laborato4r

pasteurization of ttro raw and repasteurization of tlre pasteur5.zed niLk

and j-s designed to illustrate the effeatÍveness of the systen agalnst

those bacteria capable of destructisn by normal heat treatnent methods.

It was felt that, by taking into eonsideratfon the possible presenee

of heat-resistant bacterÍa i¡a the raw nilk, r:nattainable pasteurization

effieienoy standard.s could be avoided. Further, in arqr ol-ose compari*

son between different seqr:ences, sueh as t¡'as enbodied. 1n thls report,

any foruul-a whiah eould ellninate uncontrol-Iable discrepaneies bettreen

results of pasteur{.zaùion efficÍency ehoul-d be considered"

Too often it is r¡¡ted that eertain pJ-ants are failing to
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meet the Loeal pasteurÍzed nrilk baeterlal cowtt star¡dard and.r by apply-

ing the formuJ.a for the ad.justed. pasteurization efficienay (taUle aa),

a Erore accurate pictr.:u'e ould be gained of the plants abilfty to effect

ma:cimun bacterial destmction.

CON6T,USIONS

1o !,ltrlle the initi-a1 ra¡¡ uilk baeterial cor¡nt of sequences

A, C and F (ho¡nogenization before pasteurlzatlon) exeeeded

the raw milk bacterial oor:nt of sequences B, D and E (hono-

genízatfon after pasteurfzatÍon) the baaterlal counts for the

pasteurÍ.zed uilk (sanp]-e points 2r 3, l.¡, and 5) t¡¡ith sequenees

B, D and E were higher than those of sequenoes å.r C and F.

2' Higher pasteurization efffci-enoíes were obtained. with se-

quences that honogenf-øe before pasteurization as Gompared to

sequenees that homogenize after pasteurlzation.

3. hH.th aLL sjx sequences the adjusted pasteurizatíon effícíeney

(based oaly on those bactería capable of destructÍon at pas-

teurization temperatures) ruas hi-gher than the standard pas-

teurizatÍon efficfenoy.

4o Ineubation of sanples from sanple points 2, i and' 5 alr 55o î.

for 24 and 48 hour periods exhibited a nagni-fication of bac-

teríological dÍf f erences s carceþ apparent ¡*r en non-incubated.

samples were bacterLologically ar¡alysed.

i!t.: .;,.

'':. 
:. :l :

l.:t:.'-a. !-

,..:.... l

ir.: i.!)
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Stati-stical anaþsis of the results of Section I revealed

the following:

5. Ttrere were slgnificant differences between the baeterial

coi¡nts of the pasteurized sa,nples (sanpre point !) fron each 
:, j,,,

seqlrenee when the bacterl-al- count of the raw saryles (se'npIe '::1.i"""::

point 1) was e]íminated from consid.eraLion,

6. CIonparing sequenoes A, c and F (honogenization before pasteu¡-

ization) wlth sequences B, Ð and E (honogenizatlon after pas-

teurj"zation) there was a differenee between the trm t¡rpes of

seqilenoe whÍch lras signifíaant at the L% LeveL. ThÍs differ*
ence existed after the effeet of the originar raw bacterÍal-

count r¡¡as removed..

7. By oarculatj.on of the adjusted mean for the sÍx sequences the

order was cal-curated on the basls of baeterlal destruction.

The greatest baeterÍar destructlon was ænsidered. to be higþest

in order of ra¡k.

Sequenoe A-1 f-4

C-2 E-5

D-3 8-6

8. calcr:l-Ì¡tion of the adjusted mean for the two naLn groups showed

that sequences A, C and F (honogenizatíon before pasteurization)

ochibited greater baeterial d.estructlon ther¡ díd sequences B,

Ð and E (honogentzation after pasteurÍzation).

::rrj j,:.ìi: ì:
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PROCEDURB

During the period that oata for Section lwe¡:,e being compiled

the qles-r,ion of practical, effi-cient sanitization treatmeats for the

homogenizer v,Ías frequently raised, Tt v¡as decided to apply 4 different

sanitizing rnethods to an olherwise regularly iuashed homogen-izer subse-

q-rent to the dayt" processi¡g and deterrnine, if possible, i¡i'rich method

would be suitable for average plant conditions,

For¡rteen separate sanitization trials vrere run using four dif-

ferent types of sterilization" t) Quaternary amrnon-i-um compound.n2")

Chlorine compound (hypochlorite) " 3") Hot water* l+o) ¡'towing wet stea¡n,

In aIL instances the hornogenízer virich hacj been used to process

about i200 pounds of rnilk was washed as follows: The homogenizer r,vas

rinsed. r¡d-th cold rnrater by allowing it to operate at 2000 lbs"/sq./in.

pressure for a period. of 5 ninutes" It was then disnantled., all parts

were lvashed in l{arm, gene:'al purpose baJ-anced cleanser solution, parts

r,rere then rinsed in water at l5Oo F", a.Ilowed. to dry and. re-asser¿bled-.

The milJr used in the trials Ï¡as autoclaved 1n a three gallon

cre&m can r.¡hieh '",,'as fitted v¡ith a special pipe and coupU-ng attachment

which r^¡ould allorn¡ ii; to be joined i-n an airtight mâ.nner to ttre inlet of

the homogenizer" Bacteriai plate counts, made in duplicate, on this

autocl-aved milÌ i¡rere negative in every trial"
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RE"SULTS

Table ó. Comparative effectiveness of different
methods of sar¡itizíng the homogeni-zer.
Samples from homogenizer outlet and
erqpressed as standard plate eount per nl.

Sanitizing
Agent

l-st milk 1l secs. 30 secs, 45 secs. ó0 secs. Average
thru after after after after all-
homo. start. start start start Samples

80 Ibs.
200 p.p.m.
Quaternary
Anrnonium
cmpd.J,OOoF.

L37
86
77
26

140
79
L2
L7

LzL
7t
¿ú
L7

L27
72
48
zli

140
100
IL6

29

1ór-
111

92
h3

826?6368102 96Ave'

80 lbs.
200 p,p.m,

CL¡].orine
(h¡pochlorite)
Cmpd. lOOo F.

26
10
16
19

l_1
6

7
h

L6
0

L9
L7

3L
L2
I4
L7

æ
L6
sp.
20

t&
1_6

?3
27

18L3L92227Aveo

Hot water
for 5 &1ns.
L8oo F.

r40
L97

84

129
2].4
116

r0ó
L27

I
114
L63
41

102
128
I6

lL8
L66

53

Àve. 1Ào L53 1-06 8t- 82 112

Wet Stea,n
flowing
for 10 ¡rin.

27
1g

I02

L6
I4
67

11
I

56

\.
0

29

t
0

23

7
6

61

25102532h9Ave.
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rt nay be observed from ïable 6 ttrat sa^nples were takea as

the first mÍlk ca¡re from the homogenizer outret and at for¡r 15 second.

intervals thereafter. These sa.nples were platd, ttre rezurts as re-
ported i-n Tab1e ó being indicative of tt¡e effectiveness sf the four

different nethods used to sanitÍze the homogetaizer.

ït nay be noted that the bacterial oount of the previously

sterÍIized ntlk after it had passed tbrough the honogenizer vras, in a1I ;:r,,';:',::,

instanees, fairly lowo The h-ighest baeterial- sount reported uas zL4. ';"'
,,,.:,,,,,.:,,, 

,,

Eaeh group of earnpl-es was cross aueraged, ii.€.¡ an indlviduaL

trfal average uas nacie as well as a group average for eaeh sanple poínt i
i

with eaoh sar¡itlzÍng agent.
i

The final vertical voh¡nr¡ in Tabl-e 6 gives the tnial- averages

for the cosbined sanpre points and ftrnishes com¡rarative infor¡¡atíon.

ft nay be seen Llr,=L, by using r.¡ater at l80o F. as the sani*

tizing agent an average baeterial count (all five trials) of rl2 r^¡as

obtained. !'Iíth the quaternary amronir¡m compor:nd this figure was seen

to be 82o By usj.ng wet steam a further d.ecrease was noted, in thís ease

the figure being 25. FinaILy naxi-nìle destruction effiaienoy was noted.

by use of the ohlorine sanitizíng agent, the bacterial aor¡nt in tk¡is

case bei¡g 18.

DTSCT'SSION

obserrratÍon of the results, showing the conparatÍve effeotíve-

i:.r.,.:..'.!t



56

ness of the for¡r different sanitízjng agents on the hornogenløer produced

results whictr¡ wh:ile relatÍvely inconclusive, mlght v¡elL be e>c¡reetedo ft

should be notieed. tlet, wtth each of the trials, regardless of the sanl-

tizing agent used, the honogenizer r¿as uashed ín a recc¡nmended, eonpl-ete

and oareful n¿nnæo I:t this regard aotually lies any reason for the ap-

parent srrccess of ary santtizing agent. To attenpt to approximate eom-

parable contanínatisn f,rom trC-al to trial woul-d, it was realåøed, have

been dÍfficult. ttrat the results sirowíng the jnitial baoteri¿] seltamì 4¿-

tion (Ist, dk through honogenizer) were

babl-y to eoinoidence and the snâIL number

factor,

eomparable $,Ets due more Pro-

trials than to arqr other

80

of

f!¡e results d.o, however, aphasize ttre oft repeated staterent

that elearri.:ag and sanitizing are so closeþ inter-related that the suoeese

of one ís dependmt upon ttre other. 'i,fith the modern easlþ disnanüled

honogenizer and prcper cLeaning naterÍals and methods the cholee of a

reeognized sanitízing agent depends nainly upon ease of handl-ing arid

eomparative costs.

Since it is recognized that sanitÍzation by any means must be

thorough and eareful to be suceessfirl these resulte do not uarrant any

statenents on the relatj-ve merlts of the agents used.

e0N0r,usloNs

1. Based on 14 se¡rarate trials uslng four different sani*

tlzj.ng agents for the homogenizer, the results ¡puld seen
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to indieate that success with any sar¡itizing agent depends

upon proper cleani.¡ng and lvashing of the homogenizer.

2. Using sterile whole nilk as the rinse medÍr:m, ahlorine

(hypochlorite) sanitization J.ed to sllghtþ lower baterial

counts than did the othen three sanj-tiøing agents"

3. Sa,nples taken initlally from tåe homogenizer outLet a'nd at

L5 seeond intenrals shswed progressÍveJy d.eereasing baeter-

iaL eounts due probably to washing ar^ray of resid.ìla1 bac-

terial cont¿nfnation by the milko

jj-- 1.)-:
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PROCEDURE

Throughout the entire project the pasteurized milk fr"om the

sequence trials was tested for potential keeping quality by means of

bacterial plate counts as well as dye red.uction tests" Generalþ

speaking, dye reduction tests, i"e,e methylene blue arrd. resazurj¡r, are

not used on non-incubated pasteuriøed ¡uilk sampl-es because of their
several limitations. (3 r]r} ")

Horvever in an attenpt to compare the sequences on the basis

of post-pasteurization contaminatÍon, it was decided to make fairly
extensive use of these dye reductj-on tests, partieularly on incubated

sâmp1es@ The rnethod followed r¡as generally similar to that used by

Berger and anderson (3), Early in the project it was realized that

the pasteurized sanples eontalned a bacterj-al flavor of essentially a

heat resistant nature" These samples often v¡ere contaminated by means

of non*sterile equuipment (surfaee cooler, pipe lines, etco) and were

lncubated al 55o F, for varying perÍods of time, thus probably restoring

a more normal bacterial- florao ft was felt however tlet it was desir-

able, particularly in the absenoe of much reported researeh, to ínvesti-

gate b¡' fi.eans of reduction trials some cultures of heat resistant organ*

igrs*

Seven heat reslstant cultures were chosen because they had re-

peatedly surwived tjme and temperature exposures approd.rnating those of

holder pasteurizationn These cultures were prep. red ard. carried by lvir.

A. Ilyhr and were used by hi:r in a study on the Ther¡ral resistance of

ivllcrococci in r¡-il-k,
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RESUTTS

Table 7. Reductlon of sterile nill< inoculated with
pure cultures of heat resistant bacteria and.
incubatd at three tenperatures. Reduotion
times e4pressed Ín hours, 

,

0
1¡.

I
t
u
r
e

fnitial bacter*
ial- count at
start of
reduetion

6g0 F 98.60 F. ]J.3o F.

Res. lil.B. Bes. M.B. M.B.* Reso M.B.

P.L3 rr9oorooo

P.39 6arOOO

P.46 T,ooorooo

P.23 3r0001000

P.lJ 88or0oo

P.6 Toorooo

P.h2 l-r2001000

1

a

I

1

I

I
l_

2

33

1

6

27

r&

40

o.25 I
19
o.25 I
t-5
310
LL7
111

0.5

I
0.5

I
I

LL

IO

o.25 I
L24
o.25 I
I9
lLL
127
LL6 f.i i.

\. ttt

* Metllylene

Ig.

Blue test on nllk enríched ¡rith

dextrose per 100 ml. steríIe milk.
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Iþon Table 7 it nay be noted that, with the exceptÍon of

eulture PLL and P39 aL the 680 Fo incubatíon tenperature, none of the

cul-tures took longer than t hoi:r to reduce resaøurin r¡trile the sa¡ne

onl-tures took from I to h2 honrs to reduce methylene blue. At tt¡e 
,;;;_,,:.,:,,

98.60 F. ineubatíon tenperature the reeazurln reducti.on tlnes ranged "::

from O.25 hours to 3 hours ¡rhile wiüh nethylene blue the divergenoe

was greater, ranging from l- hour to 17 hourso The e¡rrÍohed netþlene 
f,:¡.,,,

blue was sligbtly Íþre susceptible to baeterÍal- reduetion, the resul,ts i1'i,;.

ranging from 0.5 hour to l-lhour. At IL3o F. incubation temperature{ I , ,,., .

::':.:' :r

reduotion tlmes wÍth resazurin ranged from 0.25 hour to I hour a¡rd wiùtl

methylene blue from I hour þo 27 hourso
I

:

Observatlon of the inltial- baeteriaL counts of the seven eul- :

tures at the start of reduotion revealed cor:nts ranging fron ó21000 to

?r@0r0CI0. The antilogarithn of Logarittr¡rieally averaged baeterfaL 
:

1

eounts was 1-r100ro0Oo This ¡ras of ínterest sínse ít was attempted to 
i

have a baeterial count of approxj-mateþ Ir000r0O0 at t'he start of re- ' '

duetion with each cultr¡re'
¡.;l.1,,,.t..:':
..rì,,,,, 

i.

," ì ,1

DTSCUSSICN .. .'.:

The work done rrith dye reducti-on tests on heat resistant flora

in this report lras oonsj.derable slgntfieanee in arry consideration of tÌ¡e

results of tl¡ e incrrbated samplos.

It vras felt that, i.f tLre dye reduetíon tests Ìrere sensitive

with heat resistant cultures, then theùr uEe æuld. be advocated in

ii::' r.:-ii-:ti
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baoterlologÍcal anal-¡rseo of pasteurízed uilks. Sanples taken from the

pasteurizlng vat after pasteurization aould be oonsldered to sontaín

heat resistant baoteria.

. The use of seven different cultures provided a rather rigid

test si¡oe eaoh had repeatedly surr¡'ived tenperature e¡q)osures approxi*

naü1ng that of pastannizaüion. The trar¡sfer proeedure also was desÍgned

in strch a rranner so as to produce a aultrrre r¡tith a bacterial cor¡nt of

approximately lr0OOrOOO foungr fairly aetively growlng bacterial eel-l-s,

The rezults do not support the eonùenti.on of Hanmer (f5) ar¿

others (3Or391 utlo stated that heat resisttng organiws were poor reducers

and that the resazurj.n and nettqrlene blue test Ì¡ere unsuitable for d.e'.

teoting the¡n"

Ttre results ræuld see,m to indieate that, t¡ith resazurÍn at

least and. r,rÍth the oultures under study, the reduction tlmes at 689 F.

and 98.60 F. were of a sufff.clentJ"y sürort d¡ration as to Índlcate fairly

pronpt and defintte powers of red.uction. At IL3o Fo the results were in

even nþre close agreement, no cuJ-ture talclng longer than L hour to re-

duce resazurln. lvÍth netLryJ-ene blue on the other hand. the reeults do

not seem to fo3-low a pattern and, while the 98.óo F. Íneubation tenpera-

ture di.d result in lowered reduction times, the results lack consistency

and range for the three i¡eubatLon tenperatures fron I hour to 42 hor¡rs.

Enrichmæt of the. nethylene blue test at g8.60 F. faiJ.ed. to preduee

significant lowerlng of tire reductj-on times.

Ttre reason for the i.ncreased response to resazurin as compared

ìÀì:ii :1i :i;



6z

to nethylene blue might be e:çlained as fo3-lows:

Ttre theory that the exLraustisn of an r¡ndetelsj-ned part of

the o:qrgen dissolved in milk accompanies reduction of nethylene blue

has received quite vd-despread support. This being assuned, there j-s ::,,:,,:..

every reâson to beli-eve that, with reduetion of resazurin, one is deal*

i-ng raith a sli.ghtly nore elec!¡e-positive dye. Sligþtly less oryþen

need be exhausted in order to brÍng abor¡t complete reductlon and even ;, , ,( ì''l''.'.l.
Less to upset the o4ygen balance so as to induce the eolor changes

¡...r ...-

observed during the eonduct of the teet. The dffference between the .,.''':,.

conduet of resazuri.n and mettgrlene blue could. be then traced. perhaps

to red.uced. activity of heat resistant organims insuffielent in the 
ì

I

case of rctlrylene blue reduetion to reduce to o:ygen ttrreshold but 
I

sufficiently aetíve lrith resazuri.n to brÍng about complete red.uctíonÒ

GON6T,USIONS

1. Wlth the seven heat resistant baoterial cr¡lùures und.er study

at incubatd.on temperatures of 689 F.r 98.óo F. aad ljl3o F.

reduction ti-mes of resazurLn dye Ïrere seen to be consÍderably

shorter tha¡r that of net},rylene blue. A ratio of I:10 erclsted

with the respective reduetion times.

2¡ A noticeable lack of uniformity of reduetion tÍme ¡ras noted 
;,,.,,..,:'::

with the nettgrlene b1-ue dye as comtrEred to the resazurín.

3. hcubation at ll3o F. with resazurin and at 98.60 F. with 
,

meükgrlene blue resu-lted in strorter respectlve redustLon tines.

l':'"::- :':,
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l+. tt¡e resazurin test at IL3o F.

of the metabolic aotitnity of

prcduced resul-ts indÍeative

heat resistant bacteriao

,.;: ;: 1,
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PROCEDß,8

The v:ork of Berger anci Anoerson (3) reported tåat i:rcubation

of linre rr.n samples with subsequent plating aird niethylene blue reduc-

tion cieter¡rinations gave reliable indication of the keeping qüa1ity of

paster:rized. railk" It i.¡as decided that a æmewhat similar method of

assessing post-pasteurization conta¡rination and ke epilg quali-ty uould

be follorrred in an attenpt to develop a rþre objective keeping o¡ality

test r^¡hich night have worthwhile application in the dairy plant labora-

toryn

T¡rlith each of the processing sequences and with every lrial

i^rithin a sequense samples were gathered. at i;hree sa.urple points (Zt 3

and 5). These sanples were anaþsed imned:iately for bacterj-al count

and after incubaüion aL 55o F, for 24 and' dB hour periods v,rere again

analysed for bacterial oount and also for resazurj-n and nethylene blue

reduction"

Tt was felt that comp!-ete disregard of fl-avor evaluation

would be unwise and to this end the sanrples (from sa.mple point 5) tfrat

were i-ncubated. at 55o F" for 24 and 48 hour peri-ods wese scored for

off-fl-avor d.eveloprnent at the sarne time as bacteri-ologica1 anaþsis

were carried out" Due to subjective drav¡backs reported by Berger and

Anderson (3) anO I'lilson (39) the partieular types of off-flavor develop-

ment were not noted but rather the scoring method t'ras designed to list

quantitatively the ascend.ing d.evelopmeni of objectionable flavor.
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Sa,mple poi-nt I was ehosen because it was felt ttrat this would give a

fairer picture bacteriologically than l¡ould. other sample points in

that post-pasteurization v¡ould be largeþ mininized due to the r5-nsÍ-ng

aotion of conti:ruous ni].k fl-ow.

RESUTTS

Table 8. Baeterial counts and resazurln reduction times
of milk incubated aL 55o F. for l¡8 hoursr Aver-
ages for J sanpte points fron ó sequencesc

No.of .Ave.
antilogs. antilog.
of aveo of
counts counts

in in
excesgj elcgess

of of,
501000 50r000

Average resazurin reduction ti-mes
eorresponding to anti.logs. in excess of
50roo0

Over Bet¡¡een Between Between Under
25O 2OO-250 L5O-aOO loo-150 roo
l{ins , }fi-ns . mì ns. min s. mins ,

No. Ø No. % No. % Non % No. /"

L5 180,OOO 3 20 5 33.3 3 20 3 20 t 6.7

As nay be noted fro¡n Tab1e I there were 15 antilogarithns

out of a total- of 18 which exceeded 501000. the average antilogarithn

üras seen to be 18OrOO0. The resazurj.n reduetion tjmes of the sanFles

corresponding to those that exceeded 5Or0O0 were rnainly (73"3%) in

the range fron 100 La 25O minutes'
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Table 9. Baeterial counts and m.ethylene blue reductÍon
ti¡¡es of nÍIk incubated a+. 5f F. for 48 hours,
Averages for 3 sanrFle points fron 6 sequencesr

No. of
antilogs.
of ave.
counts

i-n
excess:

of
50r000

Äve.
Antilog.
of

counts
in

excess
of

50r000

0,ver
350

mins.

Average methylene blue reductíon times
corresponding to anti-Iogs. in e:ccess of 501000

Between Betweén
3oo-35o 25o4jo
uiJts. mins¡

Beti,rteen ÏJndef
2OO-25O 200
mi:rs. mi ns.

Noo 16 No. 7á No, % No. îl No. 7[

1801000 1 6.7 320 20 L3.3

From Table 9 as with Table I 1t may be seen that tÌrere were

15 antilogarithns (average of 1801000) out of a possibte 18 that ex-

ceeded cormts of 501000. The metþrlene blue red.uctj-on timee that eor-

respond to these antilogarithns fa}I largefy (80Ø) in the range from

200 tô 350 ninutes.

Tables I and 9 nade no attøpt to show the oorresponding

flavor scores on such ineubated g¡rnFles as ttris is better sho¡¡r on an

índlvidual trial basis. Table 10 presents sueh datar

L5 À0

i-. .::.
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Table I0" Bacterial countsrreduction tines and. flavor of
nilk incubated at 55o F. for 48 hours. Based
on samples with baeterial counts in e¡,eess of
50r000"

Bacterial Bes. M.B.
count Redi red. Flavor

min. (ins.

Bacteri-al Res. M.B.
cowrt red. red. Flavor

¡ni¡rs. mì ns .

219001000 l+5
110001000 60

2701000 go
9lrooo 2?o

4601000 t+5

9?r000 zho
2101000 g0
7zrOOO 6O

1201000 l_50
l-r90orCIoo 30

320,000 ß5
2rOoor000 60

63,OOO 255
4ó0r0o0 12.o
78,ooo 300

2101000 75
1r4o0ro0o 45
3,600,000 45

5lormo 12o
l13oor0oo 120

óTorooo ro5
78,ooo L65

330,000 180
51r000 zt+o

6,óoorooo 30
1201000 90

150 +
Lo5 +
150 I
33o o
90+

300 o
L35 0
120 +
zLO 0
90 I

2lþO 0
L35 t
3l+5 0
L95 0
395 0
zLO +

75+9oî
180 0
L95 0
L80 0
zho 0
255 0
330 0
75+

18O +

5CI0r000
L?0ro0o

ó1ro0o
73rooo

210r000
230r000

52|OQO
64ro0o

ó40r000
1r100100o

1201000
320r000
84'ooo

l_00r000
94o,ooo
1201000
110r000
r90r0oo

9].rooo
67rooo

190rooo
84rOoo
9lrooo

Average
(antilog. )
250r000

150 210
300 "têo
3& t&o
L50 2r_0
255 330255 300255 330
3oo 39a
LsO 300
90 L50

2l+O 300
Ztno 300150 210
2l+O 3OO
60 "go

zlrO 300
27O 3gO240 330180 285
L95 270
27a no
360 t+zO

3L5 390
Ave. Ave.

L72 âl+L

++
t

*1

+

+++

+

0
0
0
0
0
0
0
0
0
++
0
0
0
0
t
0
0
0
0
0
0
0
0

+t
+

:,-:.:..r:-:...:

tr'Iavor keyl 0
* = no obJeotlonable fLavor

= verf sIlght objeotionable flavor
+ r slight objectionable flavor
i * = pronouneed objeotionable flavor
+ + + = verf, pronounoed objectionabl-e fl-avor.

+
+
+
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lbom Tab1e I0 it nay be seen that after ineubation at 55o F.

for 48 hours the bacterial count of the 49 sa.nples that o<ceeded a cor:nt

of 5or@o ranged from a Isw of 5tro00 to a high of 616001000, with an

average antilogarithn of 25O'0OO. The resaørrrin reduction times ranged

fron a low of .30 minutes to a tr-1gh of 3ó0 ruinutes or an average of L72

mÍnuteso Ítre nethylene blue reduotion tl-nes ranged from a low of ?5

ni-nutes to a high of l+2o ni¡tutes averaging 2/rl rnlnutesr There were 14

sanples that showed some objectionabl-e flavor developmørt, ranglng from

very slight to very prono¡rneed Í-n intensity. ft is of interest to note

that none of the resazurin íeduction tLnes of those sa,mples that sho¡ved

objectionabl-e flavor developnent exceeded 90 minutes, the average being

!! ninutes. Ilre corresponding metlgrlene blue reductlon tl-nes show a

s1-ightly larger range, from 75 to 2l-ó ntnutes a¡ average of 722 minutee.

i .:'

DTSOUSSION

Baeteriological controJ- of pasteurized u1lk is generally carried 
;,1,,t.1ì,.

i::

out on sanples taken the same day the ¡nilk leaves the d.afuy. SÍnoe the 
,,-¡,.,,;1.,

keeping qtality of ttre nilk is largely of oonsumer interest, it uas decided' r:r:::::::

to apply the oonsr¡merts point of viem¡ as far as possible ln an attenptto

estab}lsh a more objectÍve keeping qr:ality test on pasteurized' nilk.

To this end., semples were stored. at 55o F. (average surnmer lse

refrigeratlon tenperature) for 24 and. 48 hour perlods and the bacteriologi*

cal ehanges in the nílk dr:ring tk¡is tjme were obserr¡ed.
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the resrrlts r+ould seern to bear out the contentd-on of others

(f.r3Ð tlrat ttre oorreLatj-on between the first dayrs bacterial- cor.¡nt and.

the keeping quality of the nrilk is slight and that in eonseqtrenoe very

Little oan be prognosticated with safety on the basÍs of the baeterial

cowrt regarding the quality of the n11k at the tfme of oonsrnptÍon.

Since it r,uas f elt that off flavor development rsas th e end re-

sult of bacterial- netabo1is and that the dye reductlon tests reported

such metabo}lc activity and frrrther, that good correlation ould be exrn

pected betweo keeping quallty of paeteurized nllk and dye reduction

tests on ineubated sa,nples (39), a keepiag quallty test nlgfit be evolved

using these tests as a stardardr It is logical to assune that essentíally

a keeplng qualtty test with oonmerci-a1 appli-cations must be relativeþ

simple to operatø It should give infornatj.on as to acceptabll;ity or non*

aceeptability of the product from a keçÍng quality standpoi-nt as wel-l as

pointing out which different part of the processing sequence Ís responsibl-e

for ar¡y nonÈasceptability of the produot"

Aceepting this assumptíoR, it ¡,¡ould be necessary to take ILne

sa.rryles of the pasteurized product and anal¡rse these to fulfil the above

objectives of an adequate keepi-ng quality test.

The resul-ts of sueh analyees carrÍed out throughout this study

have revealed possible appllcati-on touards establishment of a brood stand-

ard which ¡¡cu1d be appl-icable ín assessing keeping quality.

ft was noted fron TabLe I that the bulk (73.3îÐ of the resazurln

reduetion ti-nee fall withln the range fron 100 lo 25a mlnutes' Tt¡e
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methylene blue reduotion tfmes (taUte p) for the same set of sa,mples

faII largely (8Oø) in the range from 200 tß 35O rl:inutes. The aver"age

antilogarithm for the sa¡re samples was 1801000.

Ll 55o F. 24 hor:r incubatÍon períod there were no antllogarithns 
i

ín excess of 501000 and none showed objeetionable flavor developmæt.

The samples from sa,mple point 5 were ehecked for flavor at the

end of 48 hor¡r lnq¡bation at 55o F. Forty-¡¿rre of the ?2 ssnples had.

bacteria counts in erceess of !01000. Of the 14 sanples that showed mme

objectionable flavor developnent the bacterial ær:nts ranged fron f2r000

to ó16001000. the relation of intensity of flavor developraent to baeter*

ial oount strowed no ctefinite pattern. However none of the 1l¡ samples had

a resaøurin reducti-on ti.me in excess of 90 mlnutes and no netlrylere blue

reduction tlme exceeded 210 nlnutes. t'lre rel¿tionship of off-flavor in-

tens!-ty to reductlon ti¡res r^¡as consfderably more definlte than was the

off*flavor-bacterfaL eount r elationshlp.

From these results a broad pattern seerns evldent and tentative

establishnent of keeping quallty standards see¡ns posslble as follows:

Saruples eoul-d be taken fron ttre pasteurizing vat after pasteun-

lzahLon, from the fi.rst nilk flow into bottJ-lng nachÍne (to show eonts¡tr-

ination from pipeJlinesr eto,) anC a similar sample into bottllng naohine

after 1O nri:nutes eo¡itínuous mi-lk flowo Tt¡ese santples should. be seeured Ín

as si-npJ-e a mar¡ner as is possÍble, perhaps by means of petcoeks on the

equipnent, They should be incubated. for l¡8 hours at 55o F. and. subsequent-

ly analysed by the resazurin test. The reflrlte of such ana\rsis could. be

i: ... ..
i-;..
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lnterpreted on the basis of keeplng qrirlity as either aceeptable or none

aeceptable. Nr¡merically thls standard could be arrived at as fol-lowsr

F1avor likely - A) Acceptable - resazurin redr¡etion ti¡ne in excess
not affected

of 4 hours, probable baeterial count not exceed-

ing 2001000.

B) Acceptable * resdzurin red.uction ti-me betwee,n 2

and 4 hours, probable range of baeterial eor:nt

2001000 to 1r000rCI00.

3'Iavor likeþ - A) Non-aeeeptable - resâzurin reduction tfme lese
affected 

than z hours, probable baeteríat count in excess

of 1rOOOr000.

CONCT,USTONS

I, There does not seem to be arqr defi¡:ite relationshÍp between the

intensity of wrdesirable flavor devel-opment and. the baoteríal

count of pasteurized rrllk 5¡rcubated, at 55o F. for {8 hours on

the basis of the results obtained.

2. Truenty four hour incubation at 55o F. revealed no r¡ndesirable

flavor development Ì¡'ith sarçIes taken frsn the filler bowl after

10 n¡lnutes of continuous uilk flow.

3. Of the 14 samples (out of a possible 7?) that showed some un*

d.eslrable flavor development after l+8 hours af 5f Fo¡ ltotrê of

the corresponding resazurín reduction times exceeded 90 uinutes..

r:..: i-
i.:r-n;::':ì



SECTTON V

EFFECT OF BACTERTAÏ. OLT]iV]B BREAI{IIP

ON BACTERTAT COTINTS OF

HOMOGENIZED I'trLK
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TROCEDTIRE

ïn an attenpt to show by vari-ations in the plating procedure

the brealnrp of baeterial olumps by an honogenizer sarnples ïrere taken on

six different trÍal da¡rs usÍng pasteurized milk. Ttre sa,nples were taken

after 10 mi¡utes continuous operation of the honogenizer at approxÍmateþ

1700 lbs. /sq./ín. pressì¡re. the ternperature of the pasterrrized milk being

honogenÍ-zed. r,tras between 1200 - 13Oo F. The sa.rnples ïrere taken ae close

together as r¡las posslbJ-e so as to represent a comparative nilk suppJ..y, the

sa.rnple points being a) intet pípe to hornogenizer and b) outlet pipe from

homogenizer, the sanFles being secured by loosening sanitary pípe conn€c*

tionso

Ttre speeifio vari-ation in platÍng procedure 'was as fol-lows¡

Several 99 r¡1" water dilution bottles (sterile) were prepared. wfth the ad".

dition of gl-ass beads, approxi-mat e$ 25 beads per bottl-eo The samples were

subdivided. and. suj.table d.itrutions ¡nade usÍng both t¡4pes of dilution bottles

,i ir€r Go[têlning beads ar¡d containing no beadso The sampi-es were sh.aken 25

. ti-mes with eaoh bottle and a portion removed and plated. The saurples in
:.

dilutùon bottles eontaining glass beads were then shaken 75 more tÍ.mes,

portlons being rernoved at intervals of 5Or 75 ar¡d 100 tímes, and plated"

Tl¡e standard dilution botttes (no bead.s) were shaken another 75 times, a
:

1'I sanpl-e being removed and plated after shaking a total of 100 timee. Sa^n-

ples were plated in duplicate and in at l-e¿st tlp dilutíons on T.G.E.M.

7z

agar inoubatlon bej¡¡g al g|a F. for 48 hours.



RESUTTS

TabLe llo Influence of ptatÍng prooedure on bacterlal eount of homogenized. milk.

Noo .$ource of Bact.
sanple count
from ohaken

homogeniøer* 25X

fnlet
outlet

inlet
outlet

inlet
outlet

inlet
outlet

lnlet
outlet

fnlet
outlet

Baetr
eounf
ehaken
100x

49,000
?3,000

2Iroo0
54rooo

13rooo
29rooo

4r2oo
8r100

Trooo
13r0oo

l13oo
S rhoo

Baet.
eount
shaken
25x
beads

51roo0
74'@o

29roo0
54rooo

l?rooo
3lrooo

i+r7oo
8r0oo

T raoo
13ro0o

lr5Oo
3 rl+OO

Bact.
eount
shaken
5ox
beads

59rooo
77,000

42rooo
58r000

22,000
34r000

6r3oo
8r400

rlro00
I¿tr000

2r9OA
3 '7w

*( .4,11 sarnFles fr.om hornogeniøer taken after 10 rninutes oontlnuous operation.

Baet.
oount
shaken
75x.
beads

63rooo
?6,ooo

À4r000
5lrooo

2ZTOOO

30r000

6rgoo
6r30o

llrooo
131000

3rl-oo
4rooo

Baet.
oount
shaken
t00x
lìeads

67rooo
72rAOO

50r00o
ó3,000

2Or00o
30r000

?,400
srToo

1l"r00o
14r000

3,300
4rLoo

i'ìrl
i:i
iii

S Íncrease
beads to
no beads
sÌ¡aken
25x

67rooo
79rooo

5?'oOO
58r000

27r000
36r000

7 r50A
8'?oo

12r0CI0
1?r000

3r0oo
3,9oo

2Qrl+
5.4

L00.0
7.1+

ó9.L
L7 o2

50.o
317

57 "L
7.6

L23"o
8.8

{
lüJ
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It nay be seen fron Table 11 that dj-Iutíoa bottle shakÍng with

glass beads tends to inerease the bacterial eount of a sample. Suctr 1n-

crease 1s greater wÍth samples fron the inlet of homogenizer (non honogen-

Ízed). Comparlng sa,mpl-es shaken 25 lullres wÍth and w'íthout beads 1f rnay be ,t,.: ,,,,,,

noted that the inereasee of those samples shaken w'ith beads as eompared to

those shaken raittrout beads ranges from 20.4 to 123%, an average of 69.97t

ruith non homogenized samples (fr+et) whil-e with honogenized samples the ,,,:,.,,
.. :::.: l. :t .

range is fron 3.71[ lo L?,216, an average j-ncrease of 8,316, ': :':

i.'-l'.,r
The resrrlts are more easily noted. by reference to Taþle 12 wh.ich i:i'r:r'-i

presentsantiJ.ogarithnsofaveraged.bacteriacountsforthesixtria1s.

Table 12. Influence of piating procedure on baeterial count of
homogBniøed ¡n:ilk. Surunazy of material from Table LL.
Þcpressed as aritilogarithms of average oounts.

Sowce of Bact. Bacto Bact. Bact. Bact. Bact.
sanple count count count count count count
from shaken shaken shaken shaken shaken shaken
homs. 25X, no 100ï no 25 X 50l' ?5X 100X

beads beads beads beads beads beads

Inlet 9rOO0 L0r000 15rCI0o l-61000 161000 181000

Outlet l-8r000 2lrOOO 2O'O0O 2OTOOO 2OTOOO 2LrOOO

Fron Table 12 comparing the antir-ogarlthms of i'n'et and outlet 
i:1,,;-:;¡.,¡'¡¡

sanFles for the sjx different plating procedures, the follor,ring obsewations i,,ri':,,r¡,

nay be made. Using the standard procedure i.e. shaking 25 ti-nes with no

glass beads the average increase due to the homogenizer was 91000. Pro-

Ionged shakj-ng i,e. IOO times with no beads resulted. in an average increase 
"
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of llrOOO. However using beads the increase between i-nlet and outlet

samples was reduced as follows | 25 times 3 fr000, 50 tlnes = [1000¡

?5 tj-nes = 41000 and 100 times = J¡000.

From the foregoing i-t may be seen that both homogeniøation and

shaking w"ith glass beads tends to increase the apparent baeterial aount

but that the ilcrease betv¡een sa.mples from ínlet and outlet of the hono*

genizer i-s not as great when both sa,roples are shaken with gl-ass bead.s as

¡¡hen standard procedures are used. It is of interest to note that ídentí-

ca1 antllogar!-tlrms resulted from shaking a non homogeniøe¿ (inlet) sanpLe

L00 ti-mes with glass bead.s as r^¡hen an homogenized (outlet) sample was

shaken in the standard nanner. In both eases the antil-ogarithm was

18rooo,

DISCUSSÏON

It is felt that the results from Tab1e IL illustrate quite

effectively the fact that a large pr"oportíon of the ap¡arent bacteríal

count increase d.ue to homogenization 1s 1n actuality caused by di-suuption

and breaking u.p of the bacterial clumps.

Table L2 r¡trich sur¡narlzes the naterial from Table IL shows that,

with inlet or non homogenized sa.nnples of nilk v¡:ith r:ndisrupted bacterial

cLmps, the pereentage íncrease ln bacterial count from shaking 25 tlmes

¡¡.ith no beads to shaking 25 times with beads Ïtas 66,616, ftith the outlet

or homogeniøed sarnples of milk r,'Åth disrupted bacterial clumps the eom-

parative increase was 1l-.1%" The ratio of increase between ín1et and outlet
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saürples l¡as therefore ó¡1 with 25 times straking Tdith beads oompared to
25 tines shaking with no beads.

-úith sampl-es from lnlet shaken 100 ti¡¿es I,r1th beads the pe rcen-

tage increase fn baeterial eor:nt compared. to the sane saJnple shaken IO0

tímes inrithout beads wae 8O%. l[ith outlet oarrples there was no eomparatfve

increase (O7Ð 
"

'While ft is reallzed t'hat the bacterlal flora of nilk is rarely
if ever the sa.me fron one p""t"*iz"üion to the next and that oonsequenüIy

the elunpi-ng characterj.sties r,rouLd tend. to differ, the results do sew to

lndlcate quite d.efiruiteþ one or tr,mc najor premises.

sfnee ft is a r¡atter of record (l+, zL, 33) Ltr,.aL homogenization

breaks up the bacterÍal clumps of nilk resulting in an dpparently higher

bacterial eount and further it has been shorø¡ that, by a variation Ín platiing 
itechnique (shaking of dj-lution bottles with glass bead.s), this apparenù 
i

baeterial cor¡nt increase can be si-nuLated in the laboratory, certair âssürnp* 
i

ltions may be rnade on the basis of this evidence.

The baslc assr:mption ruight well- be that it would be Iog!.cal to

nÍninize the apparent sÍgnificar¡ee of sr¡ch bacterial- oount inereases due

to homogenizafion, particularly when sa.rryles are obtained after a period

(1,0 nínutes) of conti-nuous homogeruizer operatåon when the residual bacterlal

conta¡rination of the homogenizer could be said to be largeþ washed avÊf,r

the reasons for such action bei.ng that present evideneo seens to point to

the fact that baeterial count increases are probabþ largely due to bao-

terial ch:mp breakup.
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c0NcT,usIoNs

L. Shaking with glass beads tends to increase the bacterfal-

oount of nilk, the increase being greater with non-homogenized

than witt¡ honogenized nilk.

2. Ilomoger¡l-zatíon generally Íncreases the baeterÍal- count of

, nrì Ik.

3. The possibilS.ty exlsts that a consÍderable parà of argr bacterial

eount inerease due to homogenization fs eauEed by disruptfon or

breaking up of bacterial clumps rather than by actual baeterial

infectj.on fron the homogeni-zer.

4. Tbe antilogaz{-thn of the average of 6 trials shows that with a

non*homogenized sa.rnple shaken 100 ti¡nes with glass beads, albut

the same effect Ín breaking the baeteri.al clumps is achÍeved. as

raith an honogenized sa,mple shaken i.n a standard ma¡¡ner.

.,'r:..-'
l,' ..':i:.:
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