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ÏNTRODUCTTON

The resazurin grade of raw milk produced ln the lllinnipeg
1

milkshed varies considerably during the year.- This variatlon

is greatest in the suïrmer months. However, at the present time

aL1 milk is subjected to one pasteu-rization treatment regard-

less of its grade. This results in variations in the bacterial

cou-nts of pasteurized milk. 
-

These variations make it diffÍcu-lt to conform with

requ.irements of many Ðepartments of Hea1th that pasteu-rized

milk contaj.n less than SOTOOO bacteria per ml. fn additiont

the presence of excessive numbers of bacteria in pasteu-rlzed

milk ma)r cause off -flavors or other o.efects (48).

Pasteurizi-ng plant operators have eonsidered the practi-

cabillty of modtfying pasteurÍzati-on temperatllres and holding

periods to deal with the seasonal varlations in the o,uallty of

the raw mÍlk. Action i-n this direction has been hampered b¡r

lack of specific i-nformation.

The following stu-dy was undertaken' (1) to determine the

nelationship between the resazurin grade of the raw milkr the

varj-ous paster-r-rization exposures, and the bacterlal count of

1 personal communlcation - Winnipeg Hea1th Department
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the pasteunized milk; and (2) to determine the relati-onship

between the resazurin grade of raw m1lk and the bacterial

cou-nts of the same milk before and aften pasteurization at

L43oF. for õO min.



REVTEU/ OF THE LTTERATURE

The Sounces and SÍgnifj.cance of High
Bacterial Counts in Pasteuri.zed 1\{i1k

Thermoduric bacterla - torash (9) staËed that tLrermo-

durics found in propenl¡r pasteunized milk are non-pathogenic.

Doetsch (12) stated that exeessive numbers of thenmodurÍcs 1n

m1lk were sÍgnificant becau-se they indicated unsanitary condi-

tions somewhere between producer and processor. This víew was

supported by Macy (S+¡ and Levowíbz (ø21

Thomas (49) fou-nd. that sterilization of milking machines

and. utensils eliminated excessive thermoduric corrnts in machlne

drawn milk. Thomas et al. (50) presented. evidence that unclean

utensils were the chief source of thermodu_ric organisms.

Meanwell (re¡ found that the bacterial count of pasteurized
'milk n¡as dependent to a large extent on the cleanllness of the

utensils on the farm.

Thermophilic bacteria - Sommer (48) stated that a number

of organisms grow in mllk at temperatures of J-43 15OoF. He

considened such organisms to be significant because they cause

high counts and affect milk flavor vrhen present in excessive

rtlxnbers.
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After extensive investigations Hansen (22) concluded- that

1t seemed improbable that ordÍ-nary pasteurízed milk containing 
,,:

thernophilic bacteria produ-ces harnful effects when used for

human eonsumption, but that such milk cannot be recognized. as

high grade pasteurized milk.

Cordes (1O) claimed, that thermophiles were largely an in-

plant problem and one of their primary sources was pasteurized

milk returned. from deliver¡r routes for repasteurization.

Charlton (7) traced the presence of large numbers of thermo-

philes in pasteurized milk to the pasteurized cream used for

standardizing the milk.

Meanwefl (õ9) found- that most thermophiles in raw milk

were dormant and did not multiply extensively until the milk

had been heIC at 1¿5o¡'. for 4 hr. or longer. He concluded

thereforen that pasteurizers should not be run eontinuously

iryithout washing for longer than 4 inv. This is ln agreement

with earlier work by Martin (AZ¡ who did not encounter thermo-

phites u¡hile pasteurizi-ng ice cream mix at 15OoF. for peri-ods

rangi.ng from 3O 210 mln.

lValts ( 52) listed the following as additional sources of

thermophlles; 1. milkstone, 2. long use of the same filter 
:

cloth, 3. foam on milk, 4. d.ead ends in sanitary pipi-ng, 5. hot
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milk a]lowed to remaÍn in prelieaters, and 6. condensation from

unsterile surfaces dropping Ínto the pasteurized milk.

The Effect of fnereased Pasteurization
Fxposures on the Bacterial Count of Milk

Ayers and Johnson (g) found that good quality raw milk

contained 13r9OO and 5r500 bacteria per ml. after pasteuriza-

tion at 14O and 1$OoF., respecti-vely. Pasteurization of poor

quality raw milk resulted in counts of L24r0OO and 28'9OO.

Gorini (20) isolated IOO lactic cultures from commercially

pasteurized milk. Ninety-eight of these survir¡ed L45.4oF. for

5O m1n., but only a small nunr.ber vriithstood. a temperature great-

er ùhan 15BoF. for 5O min.

Trout ( bf) reported that the pasteurizabion of homogenized

milk at 15BoF. for 3O min. rêsulted in greater pasteurizing

efficiency and no cooked flavor.

Elliker (Ia) stated that;
trTkre excessive exposures colnmonly employed for cream
and ice cream mix frequently result in greater
baeterial destructlon than occu-r5 Ín the pasteuriza-
tion of market milk.rr

.;.:.::ri,:
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The Effect of fncreased Pasteurization Exposures on
the Physico-Chemj-cal and Nutritive Properties of Milk

Cream-line destruction - The creami-ng abillty of milk is
a physical property which is highly susceptible to injury by

kreat. Marguard and Dahlberg (õ6) prepared a graph which illus-
trated the effects of different time and temperature exposures

on creaming ability. Under praetieal operating conditions

these investigators found. that exposures of 145oF. for 15 min.,

1550¡'. for one min., and 16OoF. f or 16 sec. yield,ed cream-l-ines

comparable to those obtained in rnilk pasteurizeô. at L42oF. for

õO min.

Holland and Dahlberg (26) measured impairment of creaming

abiliùy caused by various pasteurization exposu-res. These

investigators found that an exposure of L43,5oF. for õO min.

caused less than I mI. reduction ln cream volume per 1OO rnl.

milk. An exposure of 15OoF. for ?O min. red.ueed the cream

volume from 21 'to 12 ml. per 1OO .m1. milk. The creaming abil-
i-ty was completely destroyed by 155oF. for 1O m1n. It is
evident from the above work that any pasteurization process

whÍeh requires an exposure greater than I43.5oF. for õO min.

can on1y. be used f'or homogenized milk and other products wtrere

creaming ability is not important.

j ..l.r :i '

'- : .

...: _,:.r:.



Cooked flavon development - The development of a cooked

flavor is another characteristic of milk which prevents the

use of an excessj-ve pasteurlzatJ.on exposure. Gou-ld and. Sommer

(2L) found. that nilk heated at 15S 161.6oF. for 3O min. de-

veloped a eooked flavor.

Josephson and Doan (29) found that cooked flavor became .,.,,,. ,

evident when unliomogenlzecl. mil-k was kept at 155oF. for 5o mÍn. 
'.:;1 '':''':';::::

A cooked flavor did not develop in homogenized mÍ1k.

BernhardSpur(47)carriedouta1argenumberoftria1s
in which milk was kromogenized and pasteurized. at various tem-

peratu-res. Six per cent of 119 trials, in whi.ch mÍ}k was

homogen1zed'at16IoF.beforepasteurizationat155oF.,had.a

cooked.fIavor.Twenty-four1oÈshomogenizedat156oF.aÏ]'d.
pasteurÍ-zed at 15ooF, had no cooked flavor while 3fi or L1o rots
of milk pasteunized at irilîoln âfld. homogenÍ zeð. at 15OoF. had a ,''rt.,.t=1'-;

cooked. f lavon . :,,,.,..,i.,',;.-, 
,,ì

Trout (51) reported that homogenized. milk could be past-

eurized at 15BoF. for õO min. wÍthout danger of a cooked

flavor o

The third Í-mportant facüor to be consid"ered- in the use of
an increased pasteurization exposure is its effect on the
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nutrltional properties of the milk. Accord.ing to l[arie

Harrington (23) milk supplies protein' energyr vi.tamins Ar B'

C, D, and G, and minerals, especially calcium and phosphorus.

Pnoteins - de Freud-enreÍch (11) reported that 15 z}f" of

the albumin present in mÍlk was coagulated by heating at J-54.4-

15Zo¡'. for õO min. Rupp (45) found. that albumin did not

coagulate as a ?esult of holding the milk at 145oF. for 5O min.;

5.7/, was coagulated at 15OoF. for 5O min. and 12.'75/" at 155oF.

for õO min.

Rowland (44\ carrj-ed out extensive i-nvestigations on fhe

heat denaturatj.on of albumin and globu:Iin in milk held at tem-

peratures ranging from L43.4 176oF. for period"s of 2È - 60

min. Ten and four tenths per cent of the total soluble proteln

was denatu-red at !43.4oF. for 3O mln. Thi-s was increased to

28fi at I5BoF. for 30 min. The total protein content remai-ned

unchanged until the milk had. been held at 1?6oF. for õO min.

Shahani and Sommer (46) determj-ned the proteln and non-

protein nitrogen content of raw milk; milk which was labonatory

pasteunized at 14õoF. for 3O min.; and milk whi-ckr was conmer- i,.,i....i' .""' ' 1¡

cia11y homogenized and pasteurlzed at 15So¡'. for 3O min. Tkrey

found no significant differences in the total and casein

nitrogeneontentsbetweentherawand.eith.eroftheprocessed'
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milks. There was a slight j-ncrease in proteose' peptone, and

non-protein nitrogen contents of both types of pasteurized

milk.

' HeDrÍ, Kon, and lñIatson (25l, used, lVlitchellts method to

compare the biological values and true digestibilities of the

proteÍns of raw and past,eu-rized milks from the same bulk. The

milk was pasteurized at L42 156oF. for 28 ' 44 min. These

workers found that pasteurization resu-Ited in a slightr althoughr

not statistically significant, increase in the biological vq'lue

and true digestibility of the protei-ns.

Vitamins - There lri¡as no apparent loss of vltamin A during

the sterilÍzation of evaporated milk at 24OoF. for 15 min. (48I

It is therefore unIlkely th.at a pasteurizatlon exposure of

155oF. for 3O min. would cause any d.estruetion of this vitamin.

Sommer (48) reported tbat thiamine, of the vitamin B com-

p]ex, suffered some destruction at 14õoF. Niacin and the

remaining B complex vitqmins were thermo-stable. Houston, Kon

and, Thompson (28) and Dutcher, Guerrant and McKelvey (1õ)

reported losses of vitamin 81 (thiamine) during commereÍal and

laboratory pasteurize-tion.

A review of the literature has not revealed any neports of

investigatlons carried out on milk to determine the ad.dltional



-10-

amoilnts of thiamine destroyed by a 155oF. pasteurizing temper-

ature. However, it appears to be logical to assume that a

certain amount of additional loss will take place. Sommer (48)

states that:
tlThis destruction of ascorbic acid and thiamine is not

considered important from a nutritional standpoint. Their
content in naw milk is such that it is advisable to
supplement it in any câse. rl

King and Waugh (5O) reported a signifieant loss of vltamln

C as a resu-Lt of pasteurization at L43. 145oF. for 5O min.

Illoessnerr lifeckel, and. Schuette (55) found- that milk past-

eurized at 15OoF. lost 2l-.5/o ol its total vitamin C. The same

milk pasteurized. at 145oF. lost only L2.6%.

I{:rauss and Yrlashburn (õ1) found a 5 L5/" Loss of vitamin C

when determinations inere made shortly after either boiling or

pasteu-rizatÍon. On standing at room temperatu-re after process-

ing thÍs loss increased to 5O/, in 6 krr.

Gjessing and Trout (18) investigated the effects of high

heat treatment and storage periods on the ascorbic acid content

of miIk. The milk was pasteurized at L45.4 and at 16?oF. for

3O min. Ascorbic acid determinations vüere made before and

inmediately after pasteuri-zation and on eaekr of the su-cceeding

four days. The raw milk contained 17.1 mg. ascorbÍc aeid per
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liter. Immediately after pasteurfzal.lron at' 145.4oF. it Òon-

tained 15.9 mg. per titer. Pasteurization at 1OZ?¡'. reduced

this to 14.9 mg. Per Iiter.

After. three days storage at 41oF. the raw milk contained

11.3 mg. per liter, the I45.4oF. m|1k contained 11 .'7 mg- per

liter, and the 16?0¡'. milk contaÍned 13.6 mg. per lÍter. ThuS,

after three days storage at normal refrigeration temperaturest

the milk pasteurized. at 16?oF. contained more than either the

raw or 145.4oF. pasteurÍzed. milk. At the end of four daysl

' storage the 16?oF. pasteuri-zed milk contained almost twice as

much ascorbic acid 'r;ås" raw milk.

Holmes (27) carrierl out 17 trials to determi-ne the reduced

ascorbic acid content of milk at different stages of processing.

The raw milk eontaÍned 18.6 mg. per liter. Iinmediately after

pasteurization at 14õoF. for 5O min. tkre milk in the vat con-

talned 1?.1 mg. per liter. The loss as a direct result of

pasteurization was B.L,lo. The first bottle to pass over the

cooler and through the filler contai.ned only 5.9 mg. per liten.

Holmes attributed the large loss 1n the first bottle to :

L.) Contact with air in ttre equipment, and 2.) contaet of the

first milk wÍth the metal in the equipment.

The work of tkre above investigators Índicates that several
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factors may eause greater .losses of vitamin C than that caused

by an increased pasteu-nization exposlire. Tn addition to these t

Roadhouse and- Henderson (42) and Sommer (48) stated that mil-k is

not eorrsidered an important source of vitamin C. It is usually

supplied in adequate amounts when thre dieù includes fruits and

vegetables. E1vehJem (15) stated that:
tt1b-e seasonal differences are far greater lhan tkrose

resu-lting from pasteurization. 2O/" of tlr,e vitamln C and.
Bi are lost during pasteu-rizat'ion. These losses are com-
pänsated for by fruits, vegetables and fortified loread in
the average diet. fl

The loss of vitamins 81 and C in pasteurized milk is offset

by th.e faet that mílk is not thre best sou-rce for these vitamins.

The Associates of Rogers (2) staüe that:
tr . . o it must be remenbered that it is not usu-ally wiSe
to use milk as the sole article of dietr even for very
young animals. The specialists on inf ant f eeding recormend
that babies have a small amount of orange juice a8 a part
of thelr diet from the first few days of life onwardr even

' when they are nursed by their mothers.rr

Vitamins D and G (niUoftavin) are heat stable and are not

affected by tempera.tu.res of 24OoF. for 15 min . (43) ( 48) .

Calciumr phosphorus and totaljnqrgy value - Rupp (45)

investigated the chemieal changes produced in cowts milk by

pasteurization. He used a filter constru-cted from a clay ce}l

of a galvanic element to remove precipltates formed during the

pasteurization of milk at 155oF. for 5O min. The precipitate
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was analyzed to determine the amount of PZOS' Mg0r and CaO

present. No changes were found in the IVIgOT and P2O5 between

raw and heated milk. There urâ.s a slight reduction in the CaO

content of pasteurized milk. However, the variations between

d.ifferent samples of raw milk were much larger than the loss

cau-sed by pasteuri zaLÍ.on.

Be1l (4) heated milk for 5O min. ât temperatures ranging

from 14Oo lBOoF. i-n loo inerements. Insoluble calcium and.

phosphorus compounds were removed from the milk by a Pasteur-

Chamberland flltering tube and al-so by a continuous supercentri-

fugen Measu.rable amou.nts of these substances ïvere not removed

from solution until the milk had been heated at l?OoF. for 5O

min.

Mattick and Hallett (38) determined the difference in

diffusibility between raw and heated milks by means of standard-

ized parchment diffusion capsu.les. These investigators found no

change in the amount of diffu-sible phosphorus compounds at

temperatures below 175oF. with a õO mÍn. holding per.iod. There

lvere ma-rked chranges in the o.iffusibility of ealcium salts as a

result of heaùing at 125oF. and. above for 30 mi-n. The total

calcium and pkrosphorus contents remained tk¡.e same even after

heating at 2O9oF.
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Tn a serj-es of experiments carried out by l{enry and Kon

(24) no significant differences were found. in the availability

of "*t"i,r* and phosphorus compou-nd.s between raw and pasteurized

milk. On the contrary, rats retained. 3/" more calciu¡r from

pasteuri zed. miJ'k than theÍr littermates retaj-ned froro raw milk.

This supports Sommerrs (48) statement that¡
ItThe more recent evidence i-ndieates that there is a

slight decrease in the soluble calcium and phosphorus of
rnilË on pasteu-r.ization. This is not aetually lostr and
must be expected to redissolve under the acid conditions
ln the stomach.rt

Correlation of tkre Resazurin Grade of the
Raw Milk and the Bacterial Counts of the
Raw and Subsequently Pasteurized Milk

Ramsdall et 41. (41) lnvestigated the use of resazurin dye

as an ind.icaton of the sanitary quality of milk. They add-ed

one part d.ye to 2OOTOOO parts milk and incubated the mixture

in test-tubes at 37oC. After incubation for t hr. the color of

the resazurin tubes was compared. to a color chart and graded

according to tkre blue color remaining.

Frayer (1?) earnied out a number of comparative trials

between the resazur¡rn test and the bacterial plate count" The

resazurin trials were incu-bated at 37oC. for t hr. These were

graded according to permanent standards made from painted test
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tubes. Frayer found that the resazurin test hardly correlated

with the plate count, but that j-t was sensitive to the presence

of ce1ls and to the activity of bacteria.

Collins et al. (8) measured the time required for the nilk-

d.ye mixture to reach a pronounced pink colorr and fou-nd that

milk whieh required three or more hours to reach th,e end point

contained less than 4OOt00O bacteria per mI.

Brannon (6) graded milk according to the tÍme requÍ-red for

the milk-dye mj-xture to reach a def inite end point. The plate

count on grade 1 milk vanied from I'OOO - ISO'OOO per m}.;

grade 2 m:.1k from I,OOO - lrSOOrOOO; grade 5 milk from 2rlOO

T.600'000 and grad-e 4 nilk. froru, 9r4OO - lOr2OOrOO0 per ml. A

considerable amount of overlapping of counts occurred between

the different gr.ades. Brannon considered grade 1 and 2 milk

good milk, and grades 5 and 4 poor milk.

Golding and Gorgenson (19) graded milk by means of the

Lovibond modification of tkre reÅazu-rin test. Samples rvere in-

cubated for" 10, 30, and 60 nln. period-s. Color readings u¡ere

rnade with a LovÍbond comparator. These ïilere compared with the

süandard plate counts of the raw mil-k. The resazurin test

correlated fairly well with the plate count. The 60 min.

incubation perioA gave the best results.
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Okulitchr Ïvtillard and Fleming (40) used a mauve pink colon

standard designaterl as Niunsell P.R.P. 7/B f or tine color end.

point. Readings were made at the end of 1 and 5 hr. incubation.

In poor quality milk 1O!J of t}.e samples were placed. in the same

grade by the methylene blue and resazurin tests. The standard

plate cou.nt and. the microscopic cormt supported the resazurin

grade in more cases than they did the methylene blu-e grade. A

hi.gh pereentage of the milks that survived incubation for 3 hr.

or longer in the resazurÍn test had counts below 2OO'OOO per mI.

Boyd and Hansen (5) used the t hr. method to compare the

resazurin test and plate counts of raw miIk. Out of L44

samples grad.ed A by the resazurin test , 79¡, had plate eounts

1owerthan1oo'oOoperm1.On1y2.7y',haö.countsoVer5oo'ooo"

Of the gracle B samples, 76.4df inad counts below SOOTOOO per m1.

Seventy-five per cent of the grade C samples kracl counts exceed- .,.:.:.:.

ing SOOTOOO and 56/, of Llne gra-de D samples exceeded lrOO0rOOO 
,ì,i,

bacteria per ml. Hourever, afi of thq samples plaeed in grade Ð '"'."""

coniained less than lOOr0OO bacterla per rn1.

, Lewton, Markland and Babel ( Sf¡ obtained an excellent

correlation between the resazurìn and rneth¡rls¡e blue tests when

both Tuere carried to their end points. In a comparison of the

triple-reading resazirrin test using a ft{unse11 P 7/4 color

standarci end point and the bacterial countr these workers found
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tÌlat the resazurln test placed aL/" of the samples in the same

grade as Èhe plate count , 2O/o one grad.e lower , 18% þwo grades

lower, and. L|/o t}¡ree grades lower. Four per cent were graded

hlgher by the resazurin test. Mosü of the samples showing

extreme dlfferences ln classification had plate counts of

SOTOOO or less. Th.e autLrors suggested that tTre reductÍon of

the dye in these samplos may have been due üo pathologlcal

conditions.

.. :: :. : :.i :i -.:1 :

': " _...,-.-'.: :



METHODS OF PROCEDÏ]RE

Laboratory Sca1e Trials

Forty representative one-half pt. sanples of raw milk were

obtained from raw milk storage tanks or balance tanks of com-

r*ercial pasteurÍ-zing plants ln the Greater [üinnlpeg area. The

plants werae selected according to their ability to supply the

grade of milk required to caruy out investigations on each of

the four resazurin grades. fn most cases the milk had been

held over-night in storage tanks. The samples were taken in

the morni-ng immediaùe1y pnior to pasteurization. In this way

a true sample of the type of milk processed was obtained.

The sample, üaken in a stenilized botùle, was immediately

transported to the dairy laboratory of The Un. of Man. Upon

arrival, it was divided into ten sub-samples of appnoximately

11 mI. each and placed in sterile test üubes. An addltional

10 mI. sample riuas taken f or grad.lng by means of the Triple

ReadÍng Resazurin Test (1). One of the ten 11 ml. samples was

designated as the raw control sample and plaeed. in the refrig-

erator. The remaÍning nlne samples were laboratory pasteurized

at L4g, !4g, and 155oF" l lo for 50, 45, and 60 min. period,s.
jt
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Qne tube of milk pasteur"ized aþ each of the three temper-

atures was removed at the end of each holding period and

rapi¿ly cooled to 4oop. Threy were placed in the ¡efrigerator

until plated.

Commercial Scale Trials

A series of 48 commerclal trials, !2 on each of the four

grad.es of milk was carried out to conflrm the laboratory trials.

0n the basis of the laboratory-trial results and after consul-

tation with pasteurizjlng plant operators, it was decided that

it was not commercialty feaslble to increase the holding time

beyond 3o min. Accordingly, only a 3O min. holding per:iod was

used ln these trials. @

Eight-hundred-pound lots of milk were purchased from

d.ifferent pasteu-rizing plants in ilJinniPeE. Ttre plants were

selected aceording to the grade of milk that would l1ke1y be

supplied. Milk produced by The un. of Man. herd. was used for

the first seven trials.

The milk was taken directly from the raw-milk-storage tank

of the pasteurizing plant just previous to pasteurization' The

tank contained milk from at least 10 different shippers before

-- :.: : ':'i. t:
: :. 

jl,jìi:i::.lr::i
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the BOO Ib. lot was removed. The milk rras placed in clean I
gal. cans which were immediately transported to the t'n. of Man.

pasteuri- zi-ng pIant.

TJpon arrival the milk was poured directly into pasteurfzÍ.ng

vat No.1. After suffÍcient agitation three samples were removed.

These were used to determine the resazurin grad.eo bactenial

count, and. thrermoduric count on the raw mi-}k.

Approximately 260 Ib. raw milk was then pumped into vat

No.2, where it was pasteurized at 155oFn Au. 11 mI. sample was

then removed for bacterial eounts. The vat was emptiedr washed

and sterilÍzed with a 2OO p.port. ehlorlne solution.

A second lot of 260 lb. raw milk was pulnpod into the vat

and- pasteurized at LAgoF. At the same time the milk remaining

Ín vat No.l was pasteurized. aþ L43oF" Eleven mI. samples were

taken from each vat at the end of the 3O mj-n. holding peniod.

These were cooled to 4OoF. 1n a water bath and. placed in a

refrigerator until plated.

Analysis of Samples

The analytical work was begun approximately 2 br. after

the milk was pasteurized. Tkre raw milk was graded by means of

the Triple Readlng Resazurin Test (1).

i, 
1
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gne ml. O.OO1fi xesazurin solution was aclded to 10 mI. milk

in a test tube. After incubation in a water bath at 37oC. for

t hr., the tube of milk was compå.red to a Munsell P 7/4 color

stand.ard. Milk which was not reduced beyond the. standard was

inverted once to redistrlbute the cream and the accompanying

bacteria and returned to the water bath. The inspection and

inversion ïIas repeated at the end of a second hour. ff the

mlIk was reduced during the second hou-r it was placed in grade 5.

ïf it was not reduced. it was relurned to the water bath for a

third hour.. If the mil-k was reduced during the thlrd hour it

was placed in grade 2. If it was not reduced at the three-hour

Í-nspection. it was placed in gra<le L

The pasteurized nilk was plated in three serie dupli-

cate plates in at least two dilutions. All plates were poured

with Tryptone-Glucose-Extract-Milk-Agan and incubated for 48 hr.

One series was incubated at 35o, a second at 45o, and a third

at 55oC. The count at 35oC. will be referred. to as the tteountrt;

that at 45oC. as the 45o count, and that at 55oC. as the

thermophilic count. Tkre average bacterlal cou-nt on each grade

was determined logarithmically as su,ggested by Standard

Methods (1).

The thermodunie count

izing an 1I mI. sample of

was obtained by laboratory pasteur-

raw milk in a test-tube at 14õoF.
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for õ0 min. The milk was plated in suitable dilutions with

Tryptone-G1ucose-Extract-Milk-Agar and the plates ineubated at

õ5oC. for 48 Yg..

The coliform counb was determined by plating 1 ml. with

Vlolet Red Bile Agar and incubating at 55oC. for 24 !1!.



RESIILTS

Coliform organisms Tuere not present in any of the trials

carrj-ed out. Signifieant nunbers of tkrermophiles were not

present in most of.the trials. No further reference w111 be

made to these except in the few trials in which they were

present.

Laboratory Scale Trials

Gnade 1 milk - The counts on grade 1 milkr raw and past-

eurized. at I43o t LLgo, and 155oF. for õO min., are given in

Tab1eI.Thecountonthei:awmi1kranged.from12o'ooo44o'ooo
with an average of }gLrSOO per ml. Aften pasteurizatj-on at

1¿5o¡'. two of the five samples had counts higher than 3OIOO0 pen 
:r:j:

ml. At 149oF. only one sample contaj-ned more than SOTOOO per ml¡ -

All five samples had counts below õorOoo after processing at "'l 
''

155oF. The average counts were 36r63Oi Lg,54O; and l3r7go

per ml. o respectively, after pasteurizatÍon at 1430, l-4go, and

1550F.
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TABLE Ï

Bacteria in grade 1 mitk; raw, ald laboratory
pasteurizea at L43, L49, and 155oF. for 3O min.

a

: Pasteur
Trial::^"

No. : Raw Milk : 145-F.-){- i r+goF. , }55oF.

:!::
1z 4Q'OOO:õ1'OOOt?L'OOO:19'OOO
2r27O'OOOi94'OO0:4O'00OrZB'OOO
3 : õ50'OOO : 5O'O0O : 20 'OOO : B'?OO
4:120'OOOz261000:IO'OOO:9'BOO
5 ?, 4?.O rO0O | 29 'OOO t L7 

'OOO. : 11'OOO

aaa'
aaa'

Ave. t 29]-' õOO z 36 
' 
6õ0 : 19 ,54A : 1õ ,79O

aa

tí- The figures Ín this columrt also nepresent
therr"noduric counts.

Table II contains the counts on five lots of grade 1 milk

pasteurizeð. at L43, I49, and 155oF. for 45 and 60 mj-n. After

pasteu.ri zation at 143oF. for 45 min two of the five samples

contained more than SOTOOO baeterj-a. At 149oF. the counts on

all samples were below õOrOOO. The average eounts ïuere cz}r24}i

16r49O; and 9187'1, respectively, after pasteurizatlon at I43'

1-49, and 155oF. for 45 mi.n.

The data for the 60 min" period of heating show that the

increased. time exposure *"arrla"d in a fu.rther reduction in

counts. After pasteurization at 143oF. the coqnts ranged.
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from S'BOO - 43r0OO with an average of 1SrO90 per ml. This

average is eomparable Ùo that obtained after pasteurizatlon at,

155oF. for 5o min. Hovuever, after pasteurization at l4goF. for
60 min. one sample contai-ned 43tOOO bacteria while the'maximum

present at 155oF. for 3O mi-n. vua.s ZBTOOO.

TABLE TT

Bacteria in grade 1 milk laboratory pasteurÍzed
at I43, L49, and l55oF. for 4b and 60 min.

Trial
No.

Forty-five minu-tes Sixty minutes

r4õoF. ; t49oF.
a_ô

14õ0F. : 14goF.t550F. 1550F.

1.
o

A.
tr.

27,OOO
95, OOO
32,OQO
14,0OO
]9,OOO

25rOOO
L.A . "''
l_5, o0o
L"A.
15, OOO

lSrooo
16,0OO

6,BOO
B, lo0
8,2O0

19,OOO
43rOOO
15rOOO
11,00o

5,8OO

15 r 000
28,0OO
12,0OO
23rAOQ
10,OOO

6r5OO
7,OOO
5r9OO
B,3OO
5,5OO

Ave, : 29 r24O 16,49O 9 r87',7 r5, ogo l-6,32.O 6,551

Laboratory accident - no data.

The counts on mi"1k pasteurized aL 14goF. ranged from

rorooo - 29rooo per m1. Tkre average ïuâs 161320. Although this
average cou.nt was slightly higher than that obtained at 14goF.,

there was less vari-ation- between cou-nts on individual samples.
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l55oF. Fedueed the averag,e eount to 6153I ,

5r5OO and maximum of 8rõOO per ml.

Table III contains the 454C. cou-nts on five lots of Grade I
milk pasteurizeð. at L43, :'4g, and l-55oF. for Ð, 45, and.60 min.

The counts on every sample lyere reduced with an increase in
either the temperature or holding tirne. After' 30 min. exposures

the average cou"nts were lOr4OO i 2rO33; and, !32 at L43, L4g,

and 155oF.o respectively. Thre 45 min. exposures reduced the

counts to 5rlBOi 2rO4O; and 85. The 60 mÍn. exposure':resulted

i-n average counts of l-r521- , Lr39L o and 25.

Grade2milk-Tab1e IV contains the counts on grade 2

milk, râw and pasteurizeo at L43, I49, and I55oF. for 5O mj-n.

The cou-nts on the raw milk ranged f rom IBO'OOO B10'OO0 , with

an average of 322r2O0 per ml. This was a slight increase over

the count on grade I mj-lk.

The counts after pasteurlzation at 14õoF. ranged from

'lr7OO - 93r00O , with an average of 261590 per ml. Two of the

seven samples contained more than SOTOOO per ml. At 149oF" the

average count was redu-ced to 21r9OO r with a minj-murn of 15'OOO

and a maximum of  4.OOO per ml. The average cou-nt at 155oF. was

131670 per m1., with only one sample yielding a count hÍgher

than õO'COO per ml.



Trial
No.

1:
t¿:
Vt

L
6,¡

Numbers of 45oC,
milk laboratorY
!49, and 155oF.

14õoF.

5O l,linutes

5,4OO
51,0oo

BrOO0
5,5OO

25 rOOO

TABLE IÏÏ

aa
a.

Ave" : lOr4OO :

bacteria in grade I
pasteurized at I43,
for õ0, 45, and 60 min.

2,OOO
31 , OOO

7 r7OO
460
170

No signif Í-cant cou,nt on any of the plates '

o^
16 , OOO

4rlOO
0

610

2 rO33

45 lvlinutes

1,600
60 , OOO

9,300
2 r2OO
I,9OO

1490F.

l-32

500
58 rOO0

Br600
I, BOO
1 ,2OO

r550F.

SrlBO

o
6r600
r,3oo

o
520

2,O4O

14öoF.

60 lVlinutes

600
52,OOO
5, 5oO

400
2OO

730
25r000

6,2OO
100
500

1,521-

0
1r9OO
br500

n
o

1r591

I
h)
:J
I
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TABLE ÏV

Bacteria in grade 2 mÍlk; raïu, a*d laboratory
pasteurizea át L43, !4gt and- 155oF. for 30 min.

: : Pastgurizalion temPerat
Trial:¡^..::
No. : Raw Milk : 145oF.* : 149oF. : 155oF.

6t260'000:B'5OO:22'OOO:9'9OO
7 : 1BO'OOO z 29 r0OO : 20'000 : 15'OOO
8 : 2BO'OOO z 7'?OO : 16'000 ¡ '7r9OO
9 : B1O'OO0 : 3O'OOO t 2A ,OQO z l-2'0O0

IO I 450'OOO : 25r0OO z 26 ,OOO I B' 3OO

11:I8O'OOO:9õIOOO¿44'OOO:58'OOO
LZz42O,OOOr7I,0OO:15'OOO:20'OO0

Ave. t 322 r2OO z 26 r 59O : 2Ir9OO : 1õ t67O

')t The figures in th,is column also represent
thermodu,þic eounts.

The counts on grade 2 mi-1|r pasteurlzed at I43' I49, and , ,,::,,.,

155oF. for 45 and 6O min. are gi-rren Ín Table V. A noticeable ', ;,.;;,

d.ecrease in count occu,rred when the holding period was in- 
:":: '::'

creased from 5O - 45 min. The average cou-nts were 24rir3}i

2OrlBO; and BrBgO ¡ pêspectively, at L43t !4gt and 155oF.
j.' ' .: I :;ìì

When the holding 'period was lengthened to 60 min. the ,l'

average counts were 20t6LO; 16'5OO; and 6'455 r respectively,

at L43, L4g, and 155oF. At 60 min. four of the seven samples

contained fewer than IO'OOO and all of the samples contained
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fewer than 5O'O0O bacteria Per ml.

TABLE V

Bacteria in grade 2 mi-LlN laboratory pasteurized
a.t L43, L4gt .and 155oF. fon 45 and 6O min.

Trial
No.

tr'orty-five mlnutes Sixty minutes

t+goF. i 149oF. 1550F. 14õoF "
l49oF. 1550F.

a

6:
f.,T¡
a.v

O.¿.
10:
11 :
L2:

a

1B, OOO
25, O0O
1?, OOO

22,OOO
22,OOO
99,OOO
1õrO0O

23rOOo
18,O0O
15, OOO
16,OOO
1g,ooo
58,OOO
20, OOO

B, 5OO
12, OOO

4r2OO
10, OOO

2 r3OO
õ8rOOO
12,OOO

29 rOOO
16,OOO
14,0OO
1õrOOO
32 |OOA
45rOOO
l5ro0o

12,OOO
14,OOO
14r000
1 5, OOO

16,OOO
40,OOO
1?,OOO

14 rO0O
9r5OO
2 ,3OO

12,000
2,4OO

2',7 rOOO
7,4OO

Ave. 2 24r1õO 20, lBO BrB9O 20,6l-0 16,5OO 6 r445

Table VI contains the m:mber of 45oC. bacteria in grade 2

milk pasteurized aL I43, ]-4g, and 155oF. for õO, 45, and 60

mi-n" The 45oC. couïìü decreased from 10'150 at l 43op. to 51738

at 149oF. and 41556 at 155oF. with a 3O min exposure. There

ïvas a slight increase in the count at l-49oF. for 45 min" The

60 min. exposure eaused a further red.uction in the 45oC. count.

At ir4|o1. the average count was 51651. Thj-s was increased to



Trial
No.

.a

: 14õoF" : L490F.
aa

o
7
B
o

10
11
I2

Nurnbers of 45oC.
milk laboratory
J-49, and 155oF.

õO Mlnutes

1r20O
20,OOO

5,7OO
2 rgQO

20,OOO
61, OOO

2 5, OOO

TABLE VÏ

aa

Ave. : 1Or150 :
aa
a.

570
16,000
11,OOO

54C)
14, OOO
l5rOOO
18, OOO

bacteria in grade 2
pasteurized. at I43''
for õOr 45, anó 6O min"

1550F.

3?-{.J

12,o0o
5r2OO

440
6rlOO

õBTOOO
20,OOO

Laboratory accident - no count.

45 Minutes

5 r738

õr1OO
14rOOO
10,OO0

800
17,OO0
76,0OO

Br2OO

4,556

610
16 ,000
12,OOO

500
l5rOOO
42 |OOO
18,OOO

1550F.

8r668

4IO
Br4OO
1,10O

610
?60

õ5r0oo
BrgOO

14õOl-.

6O Minutes

6rõ10

1r5OO
Br40O
7,4OO

500
l5rOOO
L.A."''

4,5OO

14goF.

a

2,46L :

490
ll rOOO

8r9OO
500

11,OOO
55, OOO
22,OOO

1550F.

õr 651

260
5,2OO

580.
õ90
500

I6, OOO
5r20O

5,732

I
Cr.lo
I

r,259
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51732 aþ 149oF.r and lowered to :.-t269 bacterla per ml. ât

1s5oF.

Sample 12 was ühe only sample to contain thermophiles

(incubated at 55oC.). It contained 2t200 and 6'000 thermo-

philes per mI. after pasteurizatÍon aü L43, and 149oF, for 45

min. These increased to 16'000 and 28IOOO at L46t and 149oF.

for 6O mln. The thermophilic eounü was redueed üo ??O and 5O0

per mI. &ù 155oF. for õO and 45 min. A count at 6O min. was

noü recorded because of mold contamination on plates.

Grade õ milk - Table VfI conialns the counts on elght

trlals on gnade 5 milk, raw, and pasteurlzed at t.43, L49, and.

155oF. for õO mln. The count on thls grade of raw milk ranged

from ?lOrOOO - 62TOOOTOOO with an average oî 2rO5lrOOO pen ml.

Thls was more than double the count on grade 2 m1Ik.

All samples pasteurized at 143oF. foÌ. 5O mln. contalned

nore than gOrOO0 bacteria pen m1. The average count was 74r54O.

Thls was reduced to õõrõ10 at 149oF.r and. to 18r59O at 155oF.

Two of Èhe eighù samples pasteurized. ab 155oF. contained more

than õ0rO0O bacteria per ml.
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TABLE VI]

grade õ nilk;
at L43' L49,

rawr and laboratorY
and 155oF. for õO min.

a

a

Pasteurization temPerature
Trlal
l\o. Raw lViilk

a

143tF.-;i' : 149oF.
'¡
.a

: Ibbut''.

I3
l4
15
16
17
1B
19
20

2 rãQO,OOo
71O, OO0

32 rOOO,OOO
L r2OO,OOO
4r7OO,O0O
lr2OOrOOO

89O,OOO
920,OO0

110,OOO
92, O0O
õ2 rOOO

I60,O00
71 rOOO
'77,oo?
37,ooo
91 ,0OO

õ9 rOOO
20, O0O
r4, ooo

1OO , OOO

40,ooo
3?, ooo
23,OOA
õ2,OOO

24\OOQ
15, OOO

11,OOO
41,OOO
12,OOO
26,OOO

6 r4OO
44,OOO

Ave. 2,OSI TOOO '7 4 r54O

a
a

óóe óIU : 18, 59O

':¡ The figures in this column also represent thermodurle
counts.

Table VIII contains t}.e counts on grade 5 nilk pasteur-

ized at !43, r4g, and 1b5oF. for 45 and 60 min. Iïith the 45

min. holding per-i-od the âverage counts u¡ere A|'L1.O1 29t/IO;

and Br1g1 at L43, !4g, ancl 155oF., respectirrely. The 60 mln.

holding period reduced these to 38'93Oi 26rO9O; eind 4'688

per mI. Seven of the eight samples contained less than IO,OOO

bacteria after pasteu.rization at 155oF. for 60 min.
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TABLE VTÏÏ

Bacteria ln grade 3 milk laboratory pasteurized-
at I43, L49t and 155oF. for 45 and 6O min.

!.
Trial : Forty-five minutes : Sixty minutes
No. :

aaaaa'
aaaaaa

: 145oF. : 149oF. : 155oF. : 143oF. : 149oF. : r55oF.
aa
ao

.aÒa

.aaa

13 :29r0O0 z 29'OO0 :11'0OO r,27'0OO i 22r0OO . 7'9OO
14 2 621000 | ?L'OOO : 1õ'OO0 ¡ 16'000 : 1?'000 : 9'200
15 : 1õroOO : 1?'OOO : 51600 : 19'OOO : 15'OOO i 4rlOO
16 :69,O0O : ?1'O0O : ]1'OOO :6I'000 ¿ 77'OOO: õ'3OO
L7 :86,000!õ9'OOO ¡ õ'1OO:68'000 r34'000: 3r5OO
18 t 75'OO0 t 34'OOO : 19'OOO : 75'OOO : 36'0OO : 15'OOO
19 :19'OOO :16'000 ¡ 3'9OO :ZZ'OQQ:16'000 : IrBOO
20 :50'OOO t34'OOO !1O'OO0:94'OOO:29'OOO t 2'9OO

aaa
aaa

oaaa aa

Ave. ¡42r1lO z29r2LO: B'19I: õBr93O ¡261090 i 4'688
aaaaaa
.a.aa.

Table fX contains the 45oC. counts on grade õ milk pasteur- 
, ,,,,,,,,,,

1zed at L43, L g, and 155oF. for õ0, 45 and 60 min. TVith tb.e 
'',' ,,,,.,

3o min. holding period. the cou.nts decreased steadily as the '""''"ti

temperatrrre increased from l-43 - 155oF. The average counts at

149oF. for 45 and 60 min. i-ncreased slightly from that at

143oF. Tt was lowest at 155oF. for all holding perÍ-ods. 0n1y

one of the eight samples contained. more than õOTOOO 45oC. bac-

teria after pasteurizati-on at I55oF. for 30 mi-n.



Numbers of 45oC.
milk laboratory
L4g, and 1s5oF.

15
T4
15
16
L,7
18
19
20

5O Mlnutes

õ9,ooo
L . A .')('
11, OoO

IlO,OOO
57,OOO
26,oOO
19,ooo
34, OOO

TABLE TX

149oF.

a

14,OOO
IrBOO
6r4OO

62,0OO
õB, OOO
25rOO0
14, OOO
13rOOO

Ave.

bactería Í.n grade 3
pasteurized at l43t
for 50, 45, and 60 min.

a

I55oF. : 145oF.
a
a

I

33,294

BO
2,OO0
2,2OO

33, OOO
9r600

1?,OO0
4rõOO

800

No signiflcant count

Laboratory accident

45 Minutes

a

L4 r2BO

9r9OO
2r50O
õ,100

48, OO0
59 ,00o
26,OOO
14, OOO
29,OOO

a

1490F. : 1550F.
a
a

2,g]-3

I õ, OOO
2 r9OO
5r600

65, OOO
29,OOO
?4|OOO
1 3, OO0
25rOOO

on any of the plates.

- no count.

14, o5o

õ,5OO
1,5O0

9OO
BrTOO

500
BrlOO

930
460

a

I4õoF. : I49oF.
a
a

60 Minutes

ir
+i
:r.,;

.::l
:Ìi:
:ii;ìr
i.t
iii
r)ii
;J:i

Ii
iíi

ili.ii
1ü
r):

lii
iì:i
i'i
iì;i
i:r
r,\t.
¡!!
l.::i

T,ìt'!
iil
i'i:
i:i.

iti

iiii
i'.;ï
;tì
iií
;,!,

:,.:t

ii::
iil
i-j.l

Ti

fii
$i
t"J
+t
.i*
:lri
;)L
i$
iii:
tiÌ;:

i;:ii

ü
i:l¡
1¡:
iì'

t;
:l'l
îl
u:.:.lj.

'{.i
,li'
'1..'

Ë::
.{'i

iii
Ì{
it:

,ìil.¡!

:,*,

15,370

9r5OO
gx

4 r9OO
49,OOO
4õrOOO
27 |QOO
l3rOOO
6rlOO

r,692

1õrOOO
0

6r600
6B,OO0
32 |QOQ
20, O0O
10,OOO
24 |OOO

1550F.

a

!

4,627

850
800
220

l, 2oo
lrB0O
2, öOO

o
1,30O

5r546

I
O¡
.N

I

407
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Gnade 4 milk - Table X contains the counts on

of grade 4 mLLk, rawr and pasteurized at L43, 1-49 t

for 50 min. The average count on the raw milk was

per ml. After pasteurization at 143oF. the average

per ml. This was reduced to 27.OOO at 149oF., ancl

at tsso¡'.

20 samples

and 155oF.

11, ?BO TOOO

was '1L,4LO

to 18r71O

TABLE X

Bacterj.a in grad.e 4 mÍlk; raw, ald laboratory
pasteurizea ãt L43, L49 t and 155eF. for 3o min.

Past eur i zation temperatti.re
TriaI

No. Raw Mlilk
.::

14gop.-ll- : 149oF" : l55oF.

2T
22
oz
24
25
26
27'
2A
29
ÕU

3L
32

34
35
aa
LJU

37
za

39
40

87,OOO,OOO
45rOOO,OOO
1 5, OOO ,0oO
32rOOOr0OO
12, OOO , OOO

21,OOO,OoO
19,0OO,OOO
61,OOO TOOO
19,ooo,ooo

2,SOA TOOO
7,4OO,0OO
4rlOOr0OO

l5rOOO,OO0
16TOOOrOOO

lr4OOrOOO
llrOOOrOO0

4,3OO, OOO

9 r2AO,0OO
4 r 3OO,0OO
Sroo0rooo

120,OOO
58, OOO

35,000
lEO rOOO

40 , OOO

56,OOO
43|OOO
6Br0OO

180,O0O
97,Oo0
36 , OOO
78,O0O
96r0OO

140,OOO
120,OOO

?1 , OOO

õo , o00
6õ, ooo
68,o0o
57, O0O

12,OOO
15,OOO
17, OO0
29,OOO
19 rooo
24rOOO
31,OOO
24,OOO
26 , OO0
19,OOo
19,OOO
29,O0O
27 rOOO
19,OOO
22,OOO
16,OOO

Br600
Br600

14, OO0
18,O0O

24,OOO
2B,OOO
22 rOOO
39,OOO
25, OOO
20, OOO

15,OOO
43r0OO
45rooo
25 rOOO
l7,o0o
39 ,0OO
õ5rOOO
55,OOO
29,OOO
32 |AOO
16 ,0OO
20 r 0O0
29,0OO
52,0oo

Ave. 11r?BOTOOO 7L,4LO 27,OOO 18,710

'x' The f igunes in this eolumn also represent thernroduric eounts "
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Table XI contains the, cou-nts on 20 samples of grade 4 mi}lr-

pasteurizeð. at !43, I49, and I55oF. for 45 and 60 min. Pasù-

eurization at l.43oP. for 45 min" resulted in an âverage eount

of 3grO4O per mI. This was red"uceo. to 2I'72O and 1õ1590 at

J  g ar',,d 155oF., respectively.

TABLE XÏ

Bacteria Ín grade 4 ni_LI< Iaborator;r pasteurized
at I43t L49, and 155oF. for 45 and 6O min.

: Forty-five mi-nutes : Sixty }/linutes
::

TrÍal : :
Ñã. i 14õoF. : 149oF. : 155oF. : 145oF. : 149oF. : 155oF. ì

aaaaaa at

2L ?, 49 r0OO : 5r2OO : ?'BOO t 2B'OOO 't :--4'OOO :' 6 
'4OO22 t 26'000 ¡ 19'OOO : IO'OOO t, I?'OO0 | L7IOOO ! 5'1OO

23 | 2B'OOO : 2l'00O : t6,0OO ?, 2O'OOO : 2O'OO0 : 1O'OOO
24 i 54'OOO : 32'000 ! I7'OOO i 34'OOO : 29'OOO : 20rO0O
25 | 32'000 : 25,OOO : 19'0OO 2 2l-'0OO : I7'OOO : 16'00O
26 : lSrooo t 24r00o : 19ro0o : 15rooo . 23,ooo : 1õrooo
27 : 3l'OOO :15'OOO '.24'OOO ? 2'7'OOO : 6'800 :15'OOO
28 : 55'OOO sõOTOOO:16'000 ¡46'0OO:26,O00: 8'1OO
29 : l5O'COO I 58IOOO : 23r0OO : 77 

'OOO 
: 35,OOO : 26'000

30 : l4rOOO ¡1B'OO0:12'OOO t25rOO0 225'OOO ¡ 9'4OO
3I ¡ 25'000 : 19rO0O z LZ'OOO z 2l-'000 : 25'OOO '. L?'OOO
32 : ?5IOOO : 19'OOO : 21'OOO 2 27 

'OOO 
: 29'OOO : I2TOOO

36 ¡, 62'000 t 25rOOO : 16'000 : 5O'OOO ¿' 25,OOO z l4r0O0
34 : 9O'0OO ¡4?,OOO |2O'0OO t52'OOO t22'OOO t22'OOO
35 t 62'000 t 22'0OO : B'2OO : 651000 : 16'000 : õ'1OO
36 : 4OTOOO | 25'OO0 :15'OOO ;25rOOO: }9'OOO : l-1'0OO
37 z 32'0OO : l4rOOO : 7'5OO ¡ 24'OO0 ! 1O'OOO : 2'BO0
38 : 55'OOO : 18'OOO t 3'3OO : 49'COO : 16'OOO : 4'6O0
39 ¡ 5B'OOO t25'O0O IL?TOOO:15'OOO z27'OOO: 5r8OO
40 ¡ 14,OOO : 23,OOO : ln 

'OOO : , 
'OO0 ,, tt,O00 i tt,OOO

aa

Ave. i gg,o4o i zt,zzo: rr,39o : 27ro3o. rg,ogo i g,elz
aa



-3'.1-

The 6O min. holding period further reduced the counts to

27rOgO¡ 19 ,6ffi; and 9t872 at L43, L4g, and 155oF. respec-

tÍ.vely.

Table XfI contains the 45oC. counts on 2O samples of

grade 4 ml1k pasteurlzed at L43, L4g, and 155oF. for g0r 45,

and 60 min. The 45oA. counts were progressively lower at

1490 and. 1550 than at 14õoF.; and also aü 45 and 6O min.

exposures as compared to the 3O m1n. exposure.

Commereial- Scale Trials

Grade I nilk - Table XIII contalns the counts on gnade 1

mllk, raw and pasteurized at L43, LAg, and. 155oF. for 5O min.

The avenage counü on the raw ml}k was 6O1060. Thi.s low

average refleeted the superlor quallty mlIk¡ produced. by the

University dairy herdr used in the first seven trlals. The

avorage thermodunic count was 2t36lr wlth a naxlmum of ?4¡OQO

per m1.

Th.e average count after pasteurlzation at 14õoFo was

3t4A6. Counts on two of the twelve samples ïvere higher than

õO'O0O. The average counts were 2t1z.7 and 693 at 149 and

L55oF. respectlvely. Pasteurlzing at 155oF. rêducod the count

on eÌrery sample to less ttran 5OrO00.



a
a

TrlalÏ
No. !

Nr:¡rbers of 45oC.
teurlzed at l.43,

2l
22
26
24
25
26
27
2A
29
go
ôL
32
36
g4
65
36
67
õ8
39
40

L4g9F.
:
: 7OO
: SrOOO
? 7 r9OO
| 2r600
¡ lOO
: 5'600
: 9r900
: 6'600
tL?O 

'OOO:16rOO0
t Ll'oo0
¿ ]'2'OOO
¿ L4TOOO
: 9OroOO
: 4õrOOO
z 62'000
: 8r600
¡ 5rõO0
t 2r.r0oo
r 8OO

õo

TA3I,E NXI

bacüenia. in srad"e 4 rnilk labonatony pas-
L4g, ana 155õF. for 69r'45, and 6o tttl.no

nutes

a
a
I
a
a
a
a

a

a

a
a

a
a

o
a

a
a

a

a

a

I
a

a

a
a

a
a

a

a

4goF.

180
7,600

'lo
460
590
920
910
690

5r4O0
L6,ooo
23 rOQO

5r lOO
õoo

].lrOOO
?9,OOO

IrOOO
5r2OO

L2,ooo
1?,OOO

L550F.
a
O

a
a

a

a

a

a

a

a
a

a

a

a

a
a
a
a

t
a
a

a
a

2 r.r,OO
5?O

o
ô40

lr5OO
4rlOO

o
110

15r0O9
Ir.A. *
4,2OO
6r5OO

5æ
4,5OO
grooo
2r8OO
4 raOQ

IOrOOO

ox

L460F
a
a
a
a

a

a
a

a
a

a
a
a

a
a

a

a
a

a
a

a

a
a
a

a
a

a

a
a

a
a

a

a
a

600
6r2OO

õo0
700

2,OOO
2r8O0

l?roo0
6r400

56,0OO
6r8OO

400
9r600

800
15,OO0
14rOOO
14rOO0

3,7OO
15rOO0
12,OOO

200

45 Mlnute

Ave

o
a

L4goF.
a
a
a

a
a
a
a
a

a
a

a
a

t

a
a

a
a
a

a
a
a
a

a
a
a
a

a

a
a

o
4rOO()

?60
47{o
560

I,roo
1r4[0o
lr].OO
2rö0o

14,OO0
IOrOOO

6r400
8r?0o

l5rOOO
?r50o
4r600
5r2OO

10,OOO
15,OOO

* No count on any of the Plates'
'F L"boratory Accldent - flo count '

I,069

1550F.

11,OOO

a
a

a
a
a

a

a
a

a
a

a
a

a
a

a
a

!
a
a
a

t
a

a
a

a

a

a

a
a

2.698,

0
IrOOO

o
110
õLo
5?O
95u
680
590

IrOOO
IrOOO
lr5OO
2r8OO
l, Ioo
lr2OO

930
700
610

5r4OO

1469 F.
!
a
a

!
a

a
a
a
?

a
a
!
a

a
a
a

a
!
a
I
a
q
a
!
a

?

a
¡

roo

6,5O0
4rl-o0

620
I,1OO

500
2 r'7ûO
9 r?OO
õrloo

õ0rooo
II rOOO

õoo
5r800

500
1õrO0O
15r0oo

3,600
2,900
9r600

o

6o M'inutes
a
a
o
a
at
a
a
a
a

a
a

a
a

!

!

!

?

t
a
9
a
?
a
a

a

!

a

a

6?I

1490F

18()
õ10
?oo
õ80
2æ

1r2OO
??,0

o
140

l4rOOO
L.A.
5,9OO

12rO0O
11,OO0

7r9OO
5r 600
6 r4OO

tPTOOO
20 TOOO

6
a
a

500 :

1550F.
a
a
a
t
!
a

a
!
at
a
!
a
!
a
?
a
?

9
a:
t
a
I

!

a

?

t
!

?

a9.900

o
690
260

0
l_20
290
5?U
õ80

o
4rroo
t.A.

640
160

lr8OO
440
440
190
440
440

508

8.000
a

590 :

2.u00

2,060

?.BOO

I
O!
æ
I

õ65

7.400

194
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TABLE XITI

g::ade 1 milk; raw, and
at L43, L49, and 155oF.

cournercially
for 3O m1n.

Trial
No. Baw Milk

a

a

i Pasteï::l'lzation temperature

Tlrermoduric 14õoF. 149oF. 1550F.
a
a

1:
O.ua
tz,
Va
A.
R.Va
6:
rr.
f.

8:
o;¿a

10:
11 :
]-2:

a
a

12,OOO
260, OOO

15r0OO
3r9OO

65r0OO
2, lOO

75rO0O
28O, OOO
4õOTOOO
210, OOO
37Or0OO
1õOTOOO

6r?OO
910
570
420

3, æO
4P'0
560

23 |OQO
12,00o
2r, ooo
24|OOQ

180

6r600
go, ooo

2 ,4AO
l-60

3, goo
70

550
58rOO0
23 rOOO
42 |OOO
25r0OO

200

6,?,OO
990

L,2oo
L20

lrgoo
100
650

45r0OO
l5ro00
25rOOO
29, OO0

170

IrO0O
1,OO0

BO
õ5

o"t¡
60

570
28r000
l2rOOO
16,OOO
27,0OO

110

a

a,

a

a

a

a

a

a

Ave. 60r060 2r35L 4,496 2,12',1 69õ

tt No eount on any of the plates.

Grade 2 nilk - Table XfV contains the counts

of grade 2 mi1k, l?aw, and pasteurized. aþ I43t L4g,

for õO mln. The average count on the raw milk was

per m}. The thermoduric average was 11r5BO , rvlth
the twelve samples containing üore than SOTOOO per

on 12 samples

and 155oF.

585,8OO

three of

mI .
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rABtE XIV

Bacteria in grade 2
pasteurized at L4ó,

milk: raw, and
L4g, and 155oF.

cormereially
for õO mln.

TrlaL
No.

a

a
a Raw Milk TTrenmodurlc 14õoF.

Pa s ter.rrlzat ion temPenature

1490F. 1550F.

a
a
a

a

a
a

:
1zLt) .

14:
15:
16:
Ll¡
18:
19:
20 :'
21 3

22:
o4tuv

24:
a

Br90O
g2o rooo
?oo,0oo
õ90,O0O
glo, o0o
640r0OO
8õO,0OO

1,9OO,0OO
1r4OOr00O

5OO,OOO
29O,00O
2?.O |OOO

lr2OO
580
730

65r0OO
õorooo
21,OO0
46,0O0
23 rOOO
14r0oo
25rOOO
95rOOO

8rlOO

lr2OO
lr7OO

120
61,OOO
õ8rOOO
24rOOO
4?,OOO
21,O0O
2lrOOO
57,OO0
58,OOO
19,OOO

1r5OO
924
150

46,OOO
õ0,ooo
IBrOOO
32 |OOO
1õrOO0
7r0oo

25rOO0
19,OOO

9r5OO

1r2OO
õoo

95
28rOOO
I2,OOO
1?,0o0
27,OOO
l4rOOO

4, lOO
?rlOO

11,OOO
5 r?LO

a

a

a

a

a

a

a

a
a

Ave. õ85,8OO 11, 5BO : 12r87O '7,8õg 4,574

The average count after pasteurization at 145oF. üIâS

!Í-r8'7O wiüh flve of ühe twelve samples contalning more than

õOTOOO pçr ml. Two samples contained more than 5Or0OO per

ml. at 149oF. and at 155oF. the counts on all samples were

below SO'OOO. The average oounts at 149 and. 155oF. r respec-

tively t¡iere 7 t839 and 41 574-
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Table l(V contains the 45oe. cotlnts on grades 1 and 2 nilk
pasteurlzeð. at L43, L4g, and I55oF. The grad.e I milk contained

less ttran IO¡OOO bacterla after every exposure. The counts

were steadily reduced as the temperature Íncreased. The aver-

age counts r¡¡ere 190; L22; and 25 at L43, L49, and 155oF.r

respeetively.

One sample of grade 2 mllk contained more than õO¡0OO

bacterie at I45oF. All samples contained less ühan õOr00O aü

L4g and at 155oF. ttre average counts at L43, LAg, and 155oF.

nrere 21806; tO9; and 62' respecti.vely.

Grade õ mllk - The counts on grade õ milk, rawr and pas-

teurlzed at l-.46, L49, and 155oF.. are presented in Table J(VI.

The raw mllk counts ranged from õ2O'O0O 4rõOOTOOO witÏ¡ an

average of LrZggrOOO. Two of 12 lots contaÍned less than

ITOOOTOOO bacteria. The average thermoduric cor.int on this

mlIk was 28'850 wlth six of 12 samples containlng more than

õ0rOO0 per m}.

The average count after proeessing at 143oF. ulas 4OrlOO

per m1. Nine ol LZ samples contained more than õOTOOO bacteria.

At 149oF. five samples contained more than SOTOOO bacterla;

and. at 155oF. two samples exceed.ed thls counü. Avenage counts

at L49o and 155oF. were 12r9OO and 6r996r respectÍvely.

:r':

s-n stfp



TABI,E XV

Nr:mbers of 45oC. bacterla ln grades l and.2 nllk Gotrltrêr'-
ctally pasteurlzed. aü L46, 149t and 155eF. for õ,O mln.

Tnia1
No.

a
a

a
a

a
a
a
a

Grade L mllk

a
a

.1 3

2:
A..a)a
4!
ha

a,6 :
?r.
Ia

8:
lJ.va

10:
11 3

L2:

Pasteurlzation temperature

1450F.

lr5OO
36n

45
o
o
o

.'g'50
õ r 4O-O

2 r2OO
6,8OO
5r7O0

40

14goF.

a
e

a
a
a

a

a
a
a
a
a
a

1
a
a
a
a
a

a

1, õO0
480

olß
o
o
o

6:60
710
õõ0

Lr4oo
6ãO

40

a
a

a

Ave.

r550F.

a
a
a

a

a
a
a
a

a
a

a
a

a
a
a
a
a

I
a

a
a

a

a
a
a
a

lr2OO
6?O

0
o
0

65
790

o
o

lr2OO
B6

o

x No colrnt on any of the Plates.

Tnia1
No.

190

:
:1ö
:T4
!L5
s 16)
317
318
:19
r20
.2L
tDÐ

r2ô
z2+

Grade A mlIk

a
a
¡¡

Pasteuri-zatLon temPeraüure

1450F.

a
a

a
a
a

a

a
a

I
a
a
a
a

a
a

a
a
a
a

o
a

620
60

o
4rlOO
I,8OO
4rlOO
4,500
6r7OO

Ll.rooo
õ6 rOOO
2j8rO()O

6r2OO

I
a
I
a
a
a

a
a
a

aq
a
a

a
a
a
!
a
a
a

a
a
a
?

a
a
?

9
a
a

14goF.

i:; .. 1:
'a :. j

:l;rrr.,-l

260
o
o
0
o

õ80
560
810
750

5r2O0
grSoo
1r?OO

a
a
a
!

a
a

a

a
!
a
9
a
!
a
?
a
a
a
I
a
I
a
a

a
a

a

a

Ave.

1550F.

280
65

o
o
o
0

õ50
280
6?;Ð

1r40O
6,9OO

510

2r806
a
!

lOg 3
a
a

I
È
N
I
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TABIE XVÏ

grade õ mllk; rewr and
at T43, L49, and 155oF.

commerclally
for 30 min.

1Iria1
No.

a

a

a
a

Pasteurization temperature

Raw Milk Ttrermodurlc t4õoF. a
a 14goF. l55oF.

a
a.

a
a
a
a

:
25¡
26¡
27:
28:
29:
30:
õ1 :
3?^:
zz
34:
zÃ

õ6:

I õO,OOO
I,7O0,OOO
1, lOO,OOO
4rgQO,0OO
I,7OO,OOO

52OrO0O
1, OOOTOOO
1,go0,o00
l r9OOrOOO
1, SOOTOOO
rrloorooo
l,1OOrOOO

55rO0O
320,OOO

8,5OO
lTOrOOO

26,OOO
500

66,OOO
50r0OO
18rO0O
24 |OOO
43 rOOO
28rOOO

67,000
5õOrOO0
1õrOO0

22O |OOO
52,0OO

400
70,OOO
6õrOOO
22,OOO
44|OOO
57rOOO
54r0OO

:
õoroo0 :
87r0OO ¡

7 1600 :
l4OrOOO 3

õ4,OOO :
O*:

44IOOO :
51'OOO ¡
l4rOOO :
l7rOOO 3

24 
'OOO 

!
29r0OO !

a

I7,OOO
44rOOO

3r9OO
85rO0O
14r0O0

o
16rOOO
22 rOOO

7,2OO
8r600

15r0OO
I4TOOO

.A.vo. L1299,OOO 2g,85O 40, lOO 12,9OO 6,996

{i' No count on any of the plates.

Grade 4 milk - Table XVII contains the counts on grade.4

for 6O mln.mlIk, rawr and. pasteunized. at L43t !4g' and 155oF.

The count on the raw milk ranged from 1r9O0rOOO - 2STOOOTOOO

with an average ol l-2r89OrO0O per m}. The thermoduric count

was 641850 wlth nlne out of 12 samples contalnlng more than

õOrOO0 bacüerLa.
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Bactenla i.n
pasteurized

TABI,E XVTT

grado 4 milk; rawr apd
at L4:í , L49, and 1554F.

comrnercially
for õO mln.

'a
I
a
a

TriaL:
No. : Ra¡v mllk

a..a

a
a
a
a
a
a

a
a
a

Tbernodurlo
a
a

14goF. :
.a a

a
a
a
a

a
a
a
a

Pas teurizatlon temBerature
a,

14õ9F. !
a
a

1550F.

37;
õ83
39:
403
41 3

42:
43:
44:
45:
46:
41 3

48:

25rO0Or0OO
2STOOOTOOO

8r?OOTOOO
lSrOOOr0OO
26,OOO,OOO
2grooorooo
22,OOO,OO0
22 rOOO,OOO
IOTOOOrOOO
grloorooo
rr90orooo
5,5OO,OOO

75rOOO
58rOOO

lOOrOO0
67,OOO

29OrOOO
7i soo

S9OrOOO
58rOOO
86,rOOO
27 ,OAO
57rOO0
20r000

90rOO0
210rOO0
1?OTOOO

85rOO0
4lOrOOO
45Or0O0
45O,OO0

69 rOOO
lTOrOOO

6õrOOO
64rO0O
ã2r0oo

SOTOOO
21rO0O
70r0OO
õ9,OOO

29O,OOO
õ,5O0

õ60r000
27rOOO
40rooo
gorooo
44rOOO
14r0oo

5õrOOO
l6rOOO
6lrOOO
25rOOO
l5rOOO

650
IOOrOOO
15r000
19 r 0OO
14TOOO
õ5rOOO

8r4OO
a

a
a

Ave. z l2t89Or0OO
.a

64,850 154r300 40,740 19, ãOO

Pasteurlzatlon at 14õoF. nesulted 1n an average cor-mt of

L3ArõOO per m1. Every sample contained more than õOTOOO bacte-

rla. lfhen the temperature was lncreased to 149oF. the average

was reduced to 4Ot'74O. A further increase to 155oF. neduced

the count to 19r5OO per mI. with four of 12 samples eontaining

more than õOTOOO bacterla.

a
a
I
a

l::::jÈ¡ajri..j
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The 45o9e cooots on grades 5 and 4 nilk pasteurlzed. ab

143, L49, and 155oF. are given ln Table lryIII. These eor.¡nts

showed, progressive reducüion as the temperature was incneased.

The average counts on the gnade õ mllk were L4r24O; 216863

and 8OB after pasteurizaülon at L46, L4g, and. 155oF., respec-

tively, The grade 4 counts followed a slmllar trend of reduc-

tion exeept that they were hfglrer 1n every case. The average

counts at 14ó, 149, and 155oF. were 44'OOO; 18r4OO; and 2r22L

per ¡al., respectlvely. At 155oF. only one sample contai.ned

more than õO'O0O bactorla per n-l.

Correlatlon of the Resazurin Grade and th.e
Baeterlal tounts on Raw and Pasteunízed Milk

Grades Ir 2t 5, and 4 refer to the resazurln grades.

Grad.es A, B, and. C refer üo the grad.es based on baeterial

counts ag descnibed in Èhe tnlted Süates Publlc Health Servlce

Stand.ard Milk Ondinance (16). These are:

1. Raw mllk:

Gred,e A - contalns less than 2OOTOOO bacterla per ml .

Grade B contains more than 2OOTOOO and less ttran
ITOOOTOOO bacteria per m1.

Grade t - contains more than ITOOO,OOO bacterj.a per mI.



Nr¡mbers of 45oC. bactenla in grad.es õ and
clally pasteurized at L4g, L49, and, I55oF.

Trla].
No.

I
a
a
a
a
a
a
a

Grade õ mlIk

2,5 ;
?6:
27:
?8:
29:õo:
ã1 :
ö23
ry.ry. .utu .
643
õ5:
ã6:

Pastetrlzat lon t emperature

14õoF.

8r90O
25rOO0

SrOOO
õ9,O0O
19,OOO

1r80O
5r9OO

28rOOO
lor0oo
28rOOO
õ5rOOO
e9,0o0

TABIE XVITÏ

a
a

a
a 14goF.

a

a
a
a
a

a
a
a
a

a
a
a
a
a

a
a
I

a

a

a
a

5r600
õ.r2OO
2rõO0

20TOOO
8,20Q

gx
4rB0O

1õruOO
4 r3OO
4r4OO
5r2OO
3r4QO

Ave.

1550F.

a
a
a
a

a
a

a

a
a

a

t
a
a
a

a
a

a
a

It
a

a
a
a
a

a
a
a
a
a
a

a

1r50O
õrooo
lr7OO
8r8O0
5r900

o
o

14rOOO
2,600
2rlOO
2 r3OO
1,8OO

L4r24O

4 mllk corÍürêF-
for ã) mln.

No counts on anY of the P1ates.

[aboratony accldent - no count.

Trlal
, No.

a

a
a

!:
?97!
268:
¡?(ô.aVVa

:403
:41 :
t42:
2463
r443
:45:
:46¡
.47:
248:

Gr"ad.e 4 nilk

Pasüeurlzatlon temperature

2 168,6

14öoF.

õ6rOOO
õ9rOOO
69,0OO
48r0OO

450,OOO
1?0,ooo
õgor0oo

6rlOO
l-9rooo

8r600
2õrOOO
17rOOO

aI
a
a 1490F.

808

a
a
a
a

a'
I
a
!

!
a
!
a
!

!
a
a

a
I
a
a
a
a

?r9 ¡OOO
17rOOO
õ9,OOO
23 |OOO

õ20 rooo
2 raOQ

22O, OOO
4r80O

llrOOO
4rOOO

26rOOO
4r0oo

Ave.

1550F.

a
i
I
I
?

a
?

I
a

a

a
9

?
a
a
aI
¡
a

';'i.!i

28rOOO
l5rOOO
õ5rOOO
18rOO9
t.A. -
t.A.
5r200
õr800
5r200
9r5OO

2örOOO
2r800

44,QAg 18,4OO

I
È
Ol
I

2 1221
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A. Pasteurlzed. mi,lk:

Grade A - contains less than õ0IOOO bacteria

Gnade B contalns more than õOTOOO and less
50rOO0 bacteria per ml-.

Grade C - contalns nore ühan SOTOOO baeteni.a

per ml.

fhan

per ml.

Tabl-e XÐ( contains a correlatlon of the resazurln and the

bacterlal- grades of raw mllk. The counËs on grade I mllk

ranged from 2rlOO ¿ 44O'OOO, wlth an everage of 95 r57O per ml.

These are ln close agreement wCtb those obtained by Collins (B)

v,tro for¡nd thaü gnade 1m1lk contalned less than 4O09OOO bac-

terla pen ml. However, they are substantially higher than the

counts obüained by Brannon (6). Although the average count of

this gnade met the requfnements for grade A mÍIkr only eight

of 17 samples had a count low enough for grade A. The remain-

den were grade B. Thus grade I milk ls equf.valent to grade. A or B.

Three of Lg samples of grade 2 nllk were equlvalenü to

grade A, 14 to grad.e B, and tkrree to gnade C. The average

count was ã611100, with a mininun of 8r9OO and a tltaxlmum of

lr9O0'OOO bacterla per ml. These results were ln elose âgrêe-

nent ruiüh ttrose of Brannon (0).

The bacterlal counts on the grade õ nllk ranged from

õ2OrO00 - S2'OOO'OOO, wlth an average of 1155õ1000 per mI.

These were eonsiderebly highen than ühe counts neported by



o
I
a
a
a
a

a
a

Resa-:
zurin:
grade:

a
a

Cornelation of resazurln and bacterlaL grad.es of raw nilk

a
a

a
a

a
a

Total :
No. of 3

samples:
a
a

!3
l-!1?:
2:19:
52?,Q3
4¿62:

TABI,E XTI(

Range of counüs

2rLoo
8r9OO

õ2OrOOO
1r400rooo

a
a

a
a

a
a

o
a

a
a

aI

44OrOOO
- lr9OOrOOO
-õ? TOOO TOOO
-87,OOO,OOO

Average
bacterlal

count

a
a
a

a

a
a
a
a
!
a

a
a

a
a
a
a
o
a

a
a

a
a

95,570
õ61rlOO

I,55õrOOO
L2rlSOrOOO

A

Beiow
2OO,OOO

Bacterial grade
::
:B3C
: 2O0.rO0O :
: to 3 Over
:lrOOOrOO0:I¡OourOoo

aaaa
¡Q.a9a
tV..Va

:o!
:0:

:
9:OL4zz
5315
O¿3?.

a
a

I
rtr
@
I
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other investigators (5) (6). Five of 20 samples were grade B

and 15 were grade C. Thls was s. conslderable decrease ln :

grade from that of the grade 2 milk.

AIl of the grade 4 ml1ks vüere equivalent üo grad.e C. The

average count was l2rl8OrOOO , with a minimun of lr4OOrOOO and 
.

a maximum of 8?'OOO'OOO. These were subsüantially higher than
.'

the counts reported by other investigators (5) (6). :'

Table XX contains a correlation of the resazurÍn graðes

of naw milk wlth the bacterial grades of pasüeurÍzed mi1k.

For¡rteen of 1? samples of grade I n1J.k were grad.e A¡ two were

grado B, and one was grade C. The counts ranged from 580

9õ1000 r wlth an average of 5r27L per ml.

Twel-ve of 19 samples of grade 2 m1lk were gnad.e A¡ three

were grad.e B¡ and four were grade C. The counts ranged from 
,,

4€0 - 949OOO , wf.th an average of I5r73O. Pasteurlzatlon con-
t.

verted. a large percentage of grade B raw milk into grad.e A '

pasteurized miIk.

The cor.¡nüs on grade õ pasüeuri.zed milk were consi-derably

higher than the grade 2 counts. They ranged, from 5OO

õ2O'0OO , wi.th an average of 42rL8O. Sfx of 20 samples were

grade A, four grade Br and 1O grade C.



a
I
a
a

Resa-:
zurln:
gnad.e:

a

a
a

Correlation of resazurLn grades of raw m11k
and bacterl.al grades of paster:rlzed. mllk.

Toüal
No. of !
sampleo:

aa
aa

1 ¡ 1t7 .
¿ a ¿, a

O ¡ 'ìO .
þaL¿a

3:20:
4?32:

IABI,E 1ü(

Range of counts

58O - 9õrO0O
4?'O 94'OOO
æo - 6P,0'000

7,3OO 89Or0OO

a
a

a
a
a
a

a

a

a

a

a
a

Average
bactorlal

count

a
a

a

o
a
a
a

I
a
a

a
a

I

a

a

a
a

a

a

A

Beiow'õor00o

5,27L
15r7õO
42 rl-8,0
68r8?0

Bacterlal grade
I
a

a
a
a

I
!
a
o
a
a

a
a

t
a
a
a

a

B
po,ooo

to
50 rooo

j,. l

a
!

143
L2!
6!
tz, ava

a
a

a
a

a

a
a

?
a
a

c

Over
50,OOO

:2s1
324
4i10
72?.2

I
C¡o
I
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The average count on grade 4 pasteurized nllk was 68 t87O

per ml. rndlvidual eor¡nts ranged' ltom 7 '6Qo Bgotooo' Three

of 52 samples were grade Ae Seven grade B, and 22 grade C.

Tþese results indicate general agreementt with a great

deal of overlapping, beüween the resazurln gr"ades of raw mllk

and the bacterial co¡nts of raw and pasteurized milSs.

:i'iii"-é3
:...r: . :'



DÏSCUSSTON

The quality of the raw mlIk pasteurized by two of the

ùhree largest plants in TTlinnipeg during the summer and autumn 
,:ì;.:.

of 1951 was very poor. Twenty samples taken durÍ-ng this period .' ','
were grade 4, and trad an average count of Ilr780rOOO per mI. ,, , ,l

,._ :.'.: t..; .:

The thlrd plant was processing grade õ milk lqhlch. had an aver-

age count of ?tOgLrOOO per m1. Comparatlvely few trials were

canried out on grade 1 and 2 mÍ,Lk during thls period because

of difflculÈy 1n obtalning samples.

The nesults obtained ln thls work Índ.lcate thåt the pas-

teurizatlon requirements of the Manitoba PublLc Health Act (AS¡

(14õoF. for õO min.) are too lenient for the quatity of raw

milk recei-ved for processlng. The results show that a pasteur- 
:.:,.:

izatlon exposure of 155oF. for 6O mi.n. yield.ed the lowest counts '',,',

with every grade of milk. Ilowever¡ several investlgators (2O) ' ,:,,..,
tl

(29) (51) have proven that thls exposure causes a cooked

flavor, whereas t55oF. for õO mÍn. does not eause cooked flavor

in homogenized. miIk. The slight decnease in counts between the 
,:,- ,,r;,

õO and. 6O min. holding periods d.oes not justify the 60 mj.n. r''':":'":"

exposu.re. For practieal purposes an exposure of 1550¡-. for gO

min. glves the best results.
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The destruetlon of cneamlng ability at thls exposure (26)

(56) is not important in the gneaüer Wlnnlpeg area because 
.i,,,1

approxlmately 8O/" of the milk processed. 1s homogenized.

An exposuro more severe than 143oF. for 5O min. câl.l'sêd â

greater bacterial red.uctlon 1n grades õ and 4 milk than it did .,..,,:,' .:.;ììjj

in the grad,es 1 and. 2 railk. Thusr if cream-line pasteurized 
,,,r.,,.,

milk ls required., grade I and 2 raw m1lk could be pasteurized "i ."

at L43oF. for õO min. The average count of this milk would

probably be less than SOTOOO per'ml, Grades 3 and 4 mltk

shou1dbeused.on1yinhomogen1zedpnoductspasteur1zedat

155oF. for õo min.

The addltional bacterial destruction caused by an lncreased

pasteurization temperature ralses a few other controversial

points. These findings are lmportant froro the commercial

aspect because they lndicate that thene is a meth.od of reducing 
,,.=,, :,,t

'I.

the count of poor quality raw m11k to less tlran õOTOOO per mlo ;:,,,',,
. : .:'r¡ji1;.1

in the pasteurized. product. This would permÍ.t pesteurizing :

plants to process poor quallty raw milk and sell i-t as grade A

pastourlzed milk.

From a publÍc health aspectr th.e objection whi-ch may be

ralsed. agalnst the use of the Ïrigher temperature is th^a.t a high

bacterlaL count in pasteurized milk indlcates tt¡e use of r¡n-

sanitary practices somewhere in the ¡lroductioa or processing
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of th.e mllk. Ttre lncreased. pasteurization temperature would

d.estroy ühese bactori-a and thus hlde the unsanltary practiees.

Before the use of an Íncreased pasteurlzation temperature

can be recoffmended by health departments, the advantage of a

lower bacterlal cor:nt pasteurized m1lk negardless of the qual-

ity of the raw ml}k, must be carefully welghed. againsü the

dÍsadvantage of hldlng poor quality nilk and unsanltary

practlces.

Ttre dairy lndustry and health deparünents should carry

out additional research to find ouü lf poon grade raw milk

pasüeurlzed, aþ 155oF. for 5O min. ls equLvalent in nutnftlonal

value and in keeping guallty to grade I mllk pasterrized aE

14õoF. for 9O min.

The results of thls study lndicate ühat there is genenal

agreement with a consldenable amount of overlappi*8r between

the resazurln grades and the baeterial counts of raw and pas:

teurj.zed mllk. The bacÈenla1 counts of grades I and 2 milk

were almost id.entical; while the col¡nts of grades õ and 4 milk

were substanüially higher. Tïrls confirms Bnannonts statement

(8) that grades I and 2 are good quality mllks and grades 3

and 4 are pools quality milks.
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Iü is evident from the variations in the bacterial counts

of th.e dlffenent grad.es of milk that facbors other than the

baotenial count affect the resazurin grade. Tt Ís ur¡fortunaüe

that the scope of this work dld not penmit an investlgation

lnto the causes of this phenomenon.



ST]TI{IWARY AND CONCLUS ÏONS

Eighty-elght trials were carnled out to determine the

effect of various pasteurlzatlon exposures on ttre bacterial

counts of the foun resazurln grades of raw milk. For'üy of

these tnlals were on a laboratory scale, Samples of the dif-
ferent grades of raw milk were obtained just pnior to
pasteurlzation from pasteunfzf-ng plants Ín WinnlPêg. Portions

of these were laboratory pasteurized. at L43, LAg, and 155oF.

fon 3O, 45, and. 6O nin. period.s. The bacterial couni;s, 4loí.
counts, therrnophillc counts and coliform counts on eaeh sample

were then deterrnlned.

The experiment was repeated in forty-elght conmerclal

seale trlals. Twel-ve trlals were carried out on eacb grad.e of

the mllk. On the basls of the laboratory ürlal results and

consultations with pasteur"lzing plant openaüors¡ only a õO min.

exposure was used ln the connerclal trlals.

The laboratory and co¡omercLal trials indicated that a

pasteurization exposure of 14õoF. f or 3O min. r¡vas lnsuf f icient

to yield. acceptable bactenial cor:nts from grades õ and. 4 raw

milk . Acceptable counüs Ìivere obtained when this milk was

processed at 155oF. for @ min. Thls hlgher temperature also
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reduced ühe 45oC. and. thenmoptr5-llc counüs on all samples of

milk below those obtained at l45oF. Ott the basis of tkrese

nesults lt is recorunonded that grades I and 2 raw milks be

processed, aÈ 145oF. for 5O min. only when cream-line milk ls
required. All other mj.lkr regardless of grader should be

processed at 155oF. for õO mln. to ensure acceptable bacterlal

counts.

There was general eorrelatlonr wlth a considenable amount

of overlapping, between ttre resazunin grades of raw ml}k and

ühe bacterial counts of ühe raw and pasteurized milks.
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