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I. IUTRODUCTICHN

The procese of applying heut to hunun foodetuff in
order to make it more palatable, digestible, and otherwice
gufe for humun consunption most probably dates buck to very
eurly primeval timee. It has only been within comparutively
recent yeure, however, thut heat hues been applied to foods
for the purpoce of preservution, The discovery that animal
and vegetuble materisls could be precerved by the applica-
tion of heat began or recsulted properly with the recesrches
and subsesuent discoveriee of Anthony Leeuwenhoek in 1670,
followed und confirmed by Spallanzani in 1765. Theege esarly
investigutore boiled such muterials as meat und vegetable
extructs for varying periods of time in hermetically eeuled
flueks, 3By g0 doing they obeerved that no decomposition of
the material took place thereafter. In 1782, Scheele ad-
vicsed the expoeing of vinegar to the temperature of boiling
water for the purpose of preserving it. In 1804, Appert of
Parie discovered the procegs of canning, and in 1811, pub-
lished a treatiee on "The Art of Preserving Animsal and
Vegetable Substsncee", 1In 1810, Durand in Fngland patented
4 procese for preserving certain kirds of foode in tine and
glasg Jars, In 1819, the pioneer caﬁnere‘of,America,
Daggett, IIensett, Underwood, and !itchell begsan on a emall
gcule whut is now one of the greatest industries in the
world. Up to this time, howevér, the precervation of foode
by heat involved many bscteriological principlee which were

not oleurly und definitely understood, and it wae not until
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the results of the researches of Louls Pasteur carried on
from 1860 to 1870 on the abnormal fermentations of wines
were brought to light that these rrinciples became intelll-
gible. He found that by heating wine to a temperature of
62° C. undesirable fermentations could be prevented. This
process ultimately became kmown as "Peateurization" in honor
of the discoverer. The process of pasteurization then may
be simply defined as a heating process in which practically
all of the disease-producing nonespore-forming dacteria as
well as hoat otiuer vegetative bacterial cells are killed.
"The temperatures used, however, are not suffioclently high
to destroy or otherwise alter the food value of any of the
milk constituents.) By such treatment the substance treated
is not only rendered safe for hupan consumption but bace
teriesl decomposition is ochecked or delayed as well,

The application of the principle of pasteurization to
milk dates back to the time of Soxhlet in 1886, who, according
to Roseneau, was the first to propose the spplication of heat
to milk for the purpose of infant feeding. In 1889, Jacobi,
a well known pediatrician, etrongly recommended the use of
heated a pasteurized milk, The developrment of commercial
pesteurization was rather slow due to the great public pre-
judice which had to be gradually overcome. Progrees in the
art of effioient pasteurization of milk was also slow, but
in spite of the many difficulties encountered, three stan-
dard methods of milk pasteurization have been perfected and



'are in commerciul use at the prescent time. The three
generslly sccepted commercial methode of pusteurization are
&g follows: 1. the flash, instantaneous, or continuous;

2., the holder, holding, or held; 3. in the bottle or final
puckage method, Tesgidese the above named methods, variouse
modificatione of each have from time to time been devised,
patented and adapted,

Flash pasteurization consists essentislly of rapidly
heating the milc to a temperature of about 710 ¢, for the
brief period of a few secondg or more followed by an immedi-
ate cooling to 10° C. or lower. 1In thie process the heating
ie usually effected with live steuam,

Bolding method <« This method consists eseentislly of
heating the milk to 620 C. snd holding at that temperature
for a definite length of time, usually for 30 minutes, then
cooling to 100 ¢. or lower. 1In this process the heat ise
gupplied either by hot water, live steam, or exhauet steuam,

In the bottle pusteurization - This method coneiete,
a€ the name impliee, of heuting the milk after it hae been
bottled by subjecting the bottles to fine eprays of hot
water until the milx reaches the desired pausteurization
temnperuture,

In recent years, however, a fourth method - if it may
properly be called a method - hus been devicsed und is
eteadily being developed und perfected, numelr, the elestro-
pure process of milk "purification", The theory and mechsanics

of the electropure proceeg have been thoroughly described in



the literature and will, therefore, not be discussed in
detail in thie paper. Briefly, the process conciste of
pag€ing & colunn or rather a continuous stream of milk
through & nurrow guge rectangular chamber between two car-
bon electrodes, The resistance offered by the various
electrolytes in solution in the milk immediutely cauces
csufficient heat to uffect a« reduction of approximately 99 7%
in the bacterisl count of the milk without in any way
altering the cuslity of the milk. The apparently valuable
and interesting feuture of thie process is that every
purticle of the milk unaergoing treatment ie pructically
instantaneously heated to the deeired temperature for a
brief period of time and cooled imaediutely thereafter.

The electropure procese ie very often referred to as flach
pasteurization, but the sabove mentioned feuture of the
electrorure procees servege beyond the shadow of a doubt to
differentiute it from the "Tlash" method. The electropure
procese of treating milk, becuuce of the fuct that comparatively
little work has been done to prove its efficiency (economi=-
cally and bacteriologically) thue far, und aleo becuauce of
the fuct thut the proceee fuils to conform to the definitions
of "Pasteurizution™ as cet forth by the various vedersl,
gtute, 4nd municipaul lawe, has not ae yet been geenerally

acoepted.



IT. HISTCRIZC.LL

The literature beuarine on the subject of the electropure
treastizent of milg is surprisingly scurce. & few articles,
mainly of scientific interest, znd directl:; or indirectly
pertaining to the suoject, will be briefly reviewed here,

“tone (1) in 1uC9, studied the influence of electricity
on microorganisme, !is studiee were primurily to determine
the possibility of obtuining pure wuter by meuns of elec-
tricity. His experinents were later applied to the purifi-
cation of milke In brief, his recsults show that currents of
low voltuge had & decided stimuluting effect upon bscterisal
erovith und reproduction, whereus on the other hund strong
currents produced decided decreuses in the numbers of
microorguniesme precent,

Similar results were obtained with milk, and, where
etutic electricity wue used, & positive charge was found to
fuvor the develorment of bucteria to a ver:r considerable
extent, Aguin, where strone électric charees were uced, the
nunber of orguniems decreacsed greatly in nuaberes, but feeble
electric currents 4nd emull stutic charres hud stimuluating
effects upon bucteria in uilk, iner-usirg their numbers
rerceptibly. |

Beattie (2) in hie investigputione on the electric treat-
ment of mil«c gives the folloving interesting report:

"Thue it will be seen thst mile wae only in rure in-
etances ubsolutely eterile, but that it was free from dun-

gerous or diseuse producing baoteris and from the milk



gourirg bacteris and that there was un enormous reduction
in numbers of &11 other forme of bacterisl life, The actual
reduction wus over 99 i, The chemical composition is un-
wltered (g0 fur as chemical ammlye is cun ascertain);
chemiste' reporte usleso give evidence of non-increuse of
ucidity (which of course is aue to the destruction of zcid-
producing bacteriu) wnd increuacsed xeeping cuality of milk,
The lactal oumin which is cosgulated in ordirary eterilized
mil< ie not couguluted in the electricaily trested milc,

In addition the enzymee are not destroyed.”

. Anderson ard Winkelstein (3) conducted a series of ex-
reriments on the electronure procecse of treuting milk with
the following pointe in view:

l. To determine the efficiency of the electropure
proceee in destroying buacteria to:ether with the keeping
quality of the milx so treated.

2, To determine whether the bactericidal sction of the
rrocegs is & result of the current alone, the heat produced
by the current, or by a combinstion of these two factors,

3. To study the chemical chunges, if any, which are
produced by the treutment,

4, To egtudy the effect of the process on some of the
enzymee in milk, the time reruired for coagulation with
rennin, the cream line, acidity, etc,

5. To determine if there ies uny change in nutritive

value, such uas the destruction of the go-called "vitaminen.



These investigatore found that the electropure process
brought ubout a reduction of 98.775 of the total count of
milg which had & count of 161,500 for an average of eixteen
semplege. 4 8all percentuge of luctose-fermentirg orguniems
were found, however, to escupe destruction in the process for
come reaeon or other.

48 regurde the effect of the electric current on
bzoteria, the resultes of these worzere show that the heut
fagtor wus mainly recponsible for tre destruction of buc-
teria., In rezpect to the keeving eualities of the electro
treated milk ae well us the efiecte on the cream line of
the mil«< and the effect on ite food value, tre conclusions
reached by tnem ugree closely with the conclusione resched
by others in this field.

A€ regarde the effect of the electric current on
bugteriu Christian (4) statee that the eleotric current -
both continuous und slternating - ie s2id to have & glight
retardirg effect on bucterial development, but not suffi-
cient to kill bacterisa when tre suxiliary influencee, heat,
electrolyeis, and trLe production of ozore uare disregarded,

3runnon (5) in his studies on the effect of psestenri-
zation on the individual orguniemcs found in milk stateg thsat
only two out of forty-seven non-egpore-forming oreunisms sur-
vived pasteurization, Ayeres and Johneon (6) found that of
twenty-two typical etreptococci, none survived = temperuture

of 620 ¢, for thirty minutes., Tanner and Nuboie (7) found



10

thut, when members of the colon-typhoid group were precgent
in milk in numbers enual to which they would occur naturslly,
they were destroyed by heauting for thirty minqtee at 600 C.
Ce . Carpenter (8) reports complete destruection of tubercle
bacilli in milxk at 62.59 Ce., the heat being obtained by
paseing the milk between electrodes using a 220 volt 60
cycle slternating current. Guinea pige injected with the
milk treated st B5° ¢. developed typical lesions of the
diseucse, <Similar results had previously been reported by
such investigatore ase farpenter, Curren, Tuddleson (17), and
othere, not only in connection with the tubercle bacillus

but various other pathosenic orgunisms us well,

Resietance 22 Certuin Types of liicroorganiems

23 the Pacsteurization Process

Since one phuse of the present work will deul to sone
extent with thermophilic and thermoduric microorgunicesms, a
brief review of some of the work of the leuding investiga-
tore in thie field misht prove of interest. It muet be
eaid, however, that the wor< here reviewed hus been done
muinly on the holding methods of pasteurization. ™racti-
cally no work of thie nuture hae thue far been done in con-
nection with the eleatronure procees.

Robertson, Yule, und Breed (9), 1926, found that of 140
cultures of spore-forming non-thermophilic buoteria icsolated
from either freehly pausteurized milk or pasteurizing ecuip-

ment, the greater majority proved to be such orgunisme us
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Bucillus nmesentericus, Buceillus fubtilis, Bucillue vulgatus,

eto., These workers found the ubove epecies to asbound in the
dried muteriul cooked onto the pusteurizirg ecuipment.
Hucker (10), 1928, in hie work on cocci which resist psas-
teurization tenperatures, found that the holding temperatures
previous to pusteurization did not appeur to effect the
numbere of orgunisms arpearing on nlates incubated at 45° ¢,

made from pusteurized milk., Fe found, however, that Strep-

tococous thermovrhilie avpeared to be more prevalent in

csamples of milk which were held st 300 ¢, or hirher for four
houre or more prejious to pssteuriszution. ™ay (11l), 1927,
cetatee that wiren nilg is judged on 4 busis of its bucterial
count, the improvement in its sunitary ocuulities throweh
pusteurization may not oe recognized, if vurioue thermoduric
orgunisme (pin-point colonies) conetitute a major purt of
the floru. The ounipresence of thermo-recietunt and thermo-
phiilic bucteria in pusteurized milk is ususally considered to
be of little signifiocunce, since they seldom find conditions
fuvoruble for their rupid multiplicution. Pay (11) further
cstutee thut the nost resietant culturee isolated during hie
investigutione were killed by heating in the esteumer for one
minute, or by treating {or an enual time with 8 commerciul
hypochlorite disinfectunt. If the orguniesme are resistant
to pasteurization, then subsenuent destruction in milk,
particulurly by the holding procescses of pasteurizution, is

'hopelees, and the golution of the so=-called pin-point
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colony problem rust be through preventive measures. North

(12) in hie investigutions of the recsistance of 'vcobucterium

tuberculosie etrains found that there is no material 4dif-

ference in the resistunce to heuat between bovine anmd human
getraine of tubercle bucillus and between different etrains
of either speciee, or between the tubercle bucilli of
nuturally infected milk, tiseue, lesions, &na pure cultures,
Fokford (13), 1927, states that thermo-tolerant or-:
gunisme muy cause annoyuance to pusteurizing plante by multi-
plying during the process und giving the pasteurized milk &
high bucteriul count. They may cauee pin-point coloniee ut
370 0. 0Only two groups of thece orgaunisme isolated by this
investiguator ferment lactose, He found thermophiles to sur-~
vive not onlj pasteurization but 100° to 120° ¢, for fifteen
minutee in the Ne Zhotinsky wuter bath. 3reed (14), 1928,
in hie studiee on bacteria resieting pusteurizing teapera-
tures concludes that all the procedures that defglop true
thermophilic bacteria in pusteurizine and milk powder plante
geem to be properly claseed as faulty or undesirable rather
than as unsanitary plunt pructices. The original presence
of thermophilic buacteria in raw milk, on the other hand,
ceeme to be due to the inoculation of the milk with dirt,
dust, etc. Breed (14) further showed that the reul develop-
ment of the tfuly thermonrhilic orgunieme, when they occur in
pueteurized milk, tukes pluce during the proceese of pasteuri-

zation. Such faulty procedurees ag allowing foam to remain
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in the vate, holding of milk for paeteurizsation, dead ende,
rough surfauces, eto., a1l offer places for thermophilic
bucteria to srow and gshould be eliminuted ase far se possible,
Breed and Brickett (15), 1929, conclude that it does
not seem probable that especiully fuvorable conditions for
growth of milk thermorhiles occur normally vefore the milk
reaches the maeteurizing plant., The significunce of the
presence of occasionul large nunbers of theee organisms in
milk ie larrely dependunt uron their origin, upon the con-
ditions under which they grow in the milk, aund upon the
erfect of their activity in the milk. »rolonged holding
ut high tempercture: favors the development and growth of
thermophiles. :lost thermophiles found in pusteurized milk
are non-pathosenic, but many of thece typee are liruefiere

and alkali producers and are objectionable for theee reasons,
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IV. ELPERIUENDAL
A,

To aftempt to demonstrate the efficiency of the electiro-

pure treatment of market milik with special reference to

the occurrence of members of the colon-aerogenes group
in the treated produot,

A geries of preliminary tests were conducted with a
laboratory modgl of the electropure machine on various lots
of good, average, and poor market milk in order to determine
the percentage reduction in bacterial numbers at various
temperatures, and algso to ascertain, if possidble, the o
oocurrence, if any, of Escherichia coli and Aerobacter aero-
genes, in the milk after treatment.

The samples for these tests were obtained from the re-
ceiving vat of the college oresmery, The milk of various
patrons was selected at random, and at least two liters were
colleocted from euch lot in a flask of suitable size, The
gamples wure immediately taken to the laboratory and a stane
dard plate count was made before subjecting them to the
electropure treatment, The samples were run through the
machine at such a rate that a constant temperaturec<of 71° C.
was maintained, cooled immediately to 25° C, (tap water

temperature), and again plated, Dunpam fermentation tubes

ocontaining lasctose broth were inoculated with the milk (0.l cc.,

0.5 0c., &nd 1 co. respectively ) both before and after
treatment, and smears were made on plates containing Salle's

medium from those tubes showing gas.
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All plate counte were made on etandard nutrient agar
adjueted to pH 6.8. Dilutioms of 1-100, 1-1000, 1-10,000,
and 1-100,000 were made on the reaw milk, and 1-10, 1-100,
and 1-1000 were made on the treafed milk. In general the
methode ae get forth by the American Public Health Ageocia-
tion were used for all plate counts., The medium (Salle‘s)
ugsed for demonstrating the presence of and differentiating
the colon-serogenes group was made up as followe:

Peptone = = = = = = = = = -« - - -~ b gme,

KgHPOy = = = = = = = = = = = = = 5 gme.
KEgPO4 = === == ==== === 1l gm,
Powdered agar = = = = - = = - =20 gme,
Dietilled water - = = = - = = 1000 oo,

When made up, the agar was sterilized 'in 100 co. por-
tions, and immedis tely before ueing, the following ingre-
diente were added to each 100 occ.:

Erythroein (2% aqueoug) = - - = = 2 00,
Methylene blue (1% aqueous) = - = 1 @c.
Bromoregol purple (1% acueous) = 2 ce.
Laotoeeé - e mmaaaaa - 1.5 gme

Thie medium gave excellent colon-aerogenes differen-
tiation in all casee tried. The inoculated platee were
incubated at 37° C. for twenty-four houre.

In order to obtain a fair representative sample of
milk, and also in order to gecure proper adjuetment of tem-
rerature and milk flow in the experimental meohine it was
found necesgary to use at least two liters of milk for each

rd
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trisl,

The resulte of the triales at the various temperutures,
the ococurrence of the colon-aerogenes group before and after
treatment, and the percentwge reduction in total numbere are
given in the tabulationes Nots. I and II. The acoompanying
photograph ehowe the complete apparatus used in this work.



The Electropure !lechine with which &1l tests

pregsented herein were conducted

Lahoratory model in operation showing & sample of milk

inoculated with & pure culture being paesed through.

17
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Noe 1l,. "Electro-purification” of 1f1ilk
Raw
. M Lactocse i ’
Sumple : Plate : formen ted : calle's medium
No. ' ocount * Oel v 0.5 ' 1.0 v 5. 4014 ' 4, aserogenes
] ¥ COe ¢ COCe ' GG, M
\ Y N L Y Y
1 v 110,000 v+ + v + v + +4++ ' ++
2 v 185,000 + = v + v 4 ; +4+4 ; -
3 1 125,000 1 + 1 4+ 1 4 1 4+s +
4 1 350,000 1 4+ 1 4+ v 4 1 +ss +
5 v 65,000 1+ + v 4+ v & ++4 ' +
6 ' 60,000 ' + ] - v + [ +4+ 4 ' +
7 v 168,000 1+ = v + v 4+ 1 +4+4+ ' +
8 v 295,000 v+ + v + v &+ 9 +++ ' 4+
9 v 210,000 v+ = v = v &+ ++ ' +
10 v 16,000 ¢+ = 1+ = 1 = - ' -
11 v 145,000 + + v + v 4+ ++4 ' +
12 v 130,000 ¢+ + v 4+ v + 1 +4+ ' +
13 r 135,000 v+ = v + v = ++ ' +
14 v 233,000 + + r o+ v + ++4 ' ++
15 1 175,000 v+ = v + v 4+ v ++4 ' +
+ = Pew cgolonies
++ = ledium growth
+++ = Hesavy growth

o growth
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"Electro-purification™ of 11ilk
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98.0

1,200 ,

72

98.6

?
. 4,000 ,

74

] ]
, 3,360 , 98.4

74

v 97.8
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09.7
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+ = Growth

llo growth
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B.

To test the resistance of a series of the various milk
borne disesse producing bacteria, and to find, if poseible
the safety runcse for these organisme in the electronure
procese of milk "purification”,

The following tests were conducted in order to point
out the efficiency of the electrorure process in destroyine
various mili borne diseuse producing bucteria, and to deter-
mine, if posesible, the extent of the sufety range for each
individuul organiem,

A two liter eumnple of fresh ruaw whole milk was renderéd
sterile by autoclaving for twenty ininutes ut eicht to ten
pounds prescsure. 4 plating wae mude to check its sterility.
4 twenty-four hour agur culture (in the cuse of those or-
ganieme capuble of growing on ugar medium) wae suspended in
& physiolofcical suline €olution and thoroughly chuaken amd
filtered throuzh cotton to remove all bugterial clumps., The
geterile milk wae then heuvily inoculated with this suspension,
from 0.5 to 1 co. of inoculum being used in each cuse, Thie
inoculution ususally cave & preliminary count of from 100,000
to 1,000,000 or more organieme per cc, of milk., ALfter thor-
oughly shakine the inooculated sample in order to insure even
distriobution of the orgunisme, a plute count wuae mude to
determine the extent of the initial inoculution, The milk
was then subjected to the electronure nrocecss at temperatures
ranging from 65° C. to 75° ¢, Smsll samplee (sbout 50 cac.

per eample) were collected ucepticually ut the various tem-
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perastures in emall sterile flaeks snd cooled immediutely to
tap water temperature. The samples were plated ae soon &g

poseibls after the last one was collected, The sbove pro-

cess wug repeated for each organiem useed in thece tests,

The milk wae® admitted to the machine in a specially
improvieed fluek arrangement which rermitted of essy cleaning
and thorough eterilization., The temperatures were easgily
attained &nd held constunt by adjusting the rate of flow of
the milk into the muchine., The media used in these tecsts
varied with the type of orgunism being tested. ™henever
possible "Difco™ dehydruted medis were used. In the cuse of
the huemolytio etreptocoéoi the blood agar used was prepared
by adding 5 cc. of sterile rabbit blood obtained by heart
puncturee to euch 100 cc. of dextrose sgur containing 2.5
vrer cent sgur,.

The presence of the haemolytic etreptococci in the
milk before and after treatment wue demonstrated by muking
emeare on blood agur plates of the sediment obtained by
thoroughly centrifuging 10 to 12 co. lots of the milk,

The organisms used in these teste are listed in table
III, &nd the results of the variouse teste ure shown in

table IV,
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Noe TII. Cultures Used in Experiment

Organiem Sourae

(Rawlinge) State Lab,

- P - s = o

|
?
\ ]
1 ) Eberthella typhi
\
L

2 Salmonellsa paratyphi ' e Se¢ Ce Lab,

3 Tgéalmonella echottmﬁlleri1{80hotmu11er) M.8.Co Lab.
4 : staphlococcus aureuse : Souibb and Son

5 Agtstreptocoooue ecarlatinaelstock # 1171 (state Lab,)
6 : Eecherichia coli ! Yale S. of M.

7 : Aerobacter aerogenes : Yale S. of .

8 AT Eberthella dysenteriae : (Flexner) State Lab.

9 : Eberthells dysenteriae ' (Shiga State Lab.

10 : Aloaligines melitensis : Me So Co Lab,

11 ‘Ti Alcaligenee sbortus ' Bovine (M. §. C. Lab, )
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C.

To etudy to a limited extent the effect of the electro-
pure proceeg upon thermoduric orgunieme, snd to compare
their resistunce to thie process with that of the
holding methode.

The cultures used in this experiment were isolated from
geveral samplee of milk pusteurized by the holding method &t
the (llohigan Stute Collepge creumery. “ractically all of the
cultures avpesred 8¢ pin-point colonies on standard agar
plutee after forty-eight hour incubation period at 370 (.

The holding method vas gimulated by plscing 10 cc.
lote of ckimmed milc in tecst tubes and sutoclavire these at
ten pounde pressure for twenty minutes., Platings were made
to checx the eterility of the milk, <ckimmed milk was used
to avoid any interference from the fat layer in the tecst
tubes, Iach tube waus tnren inoculuted with a 0,1 cce. broth
culture (24 hour oculture) of the purticulur organism to be
tested. Dilutione of 1-100, 1-1000, and 1-10,000 were made,
and 1 cc. from euch of thece was plated on plain nutrient
aguT cleured with epg albumin snd adjusted to pH 6.9. 1In
this munner initisl counts were tuken for euch organism be-
fore pusteurization. The tubes were then placed in an auto-
matically controlled water bath at 62.7° C. and held st that
temperasture for thirty minutes (five minutes beirg allowed
for tre milz to reach the desired tempersture). At the .end
0f thirty minutes the tubes were immediately trsneferred to

an ice water bath and cooled to 10° ¢, Xsch tube waes then
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plated, (dilutions of 1-10, 1-100, 1-1000, &nd 1-10,000
being used), and the percentage reduction before and safter
treatment, if any, wuas determined. The above procése was
repeated in order to check the resulte of the firet trials,
und theee final reculte were found to check with the firet
within reasonable experimentel error,

Yugh culture used in the sbove tests wae individually
gubjected to the electropure progecss sccording to the
following procedure. A two liter sample of skimmed milk
previougly rendered sterile by autoclaving at ten pounds
preseure for twenty minutes wuas heavily inoculsated with s
euline guspension of a pure culture of the orguniesm to be
tested. The suspeneion wus obtained by washing & twenty-
four hour agar glant culture into a tube of gterile e&lt
golution und thorougily ehaking and filtering to remove any
bacterisal olumps. 411l milk seamplee used were curefully
checked for sterility before making inoculaticns, &nd all
resulte for that particulur trial were immediately discarded
when control platege showed sny eigne of growth, The flasks
of milk were inoculuted with such nusntities of suepension
that 1 cc. of the milk gave a plate count of 50,000 or over
in dilutions of 1-1000 to 1-1C0,0C0 before treuatment., Lfter
thoroughly ehaxing to inesure even distriﬁution of orgunieme,
the inoculated milk was plated sccording to e%andard method e
of milk snalycsie in order to obtain accurate initiual counts,

The milk wus then subjected to the electropure treutment at
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a temperature of 71° ¢, A sample was drawn in s sterile
flaek (about 75 to 100 cc.) after the rate of flow and tem-
reruture had been properl; adjueted and wue remaeining con-
stant., Immediztely upon drawing the samrle it was cooled to
the temperature of tap wuter and plated ss sbove. The
orgunisms used in these tescts are listed in table V &nd
partly described in tuble VI. The resulte of the teste are
ghown in tables VII and VIIT.



Ho. V Orgunisme Used in Ixperimerts

culture : cource
1p : Pasteurized milk
2P X " "
3P ' " "
47 X " "
5P ; " "
6P ' " "
7P X " "
8D : " n
9P ' " "
10P ' " "
11p ! " "
12p ! " "
137 X " "
147 ' " "
157 ' " "
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De

To compare the resistunce of gore milk thermopnilioc
organiems to the holding procese of pasteurization
with that of the electropure procese.

The organiems ucsed in these testes were obtained from
the Tanner collection at the University of Illinois. The
methode used were eimilar in most respecte to those usged in
the preceding experiments, Agur slant culturee grown at
459 Cc, were suspended in physiologicsl saline solutione,and
thoroughly shuaken and filtered to remove clumps, Flacsks
containing two liters each of sterile ekimmed milk were
hesvily inoculuted with each culture resvecstively. Tach
fluek of inoculated milk was then subjeoted to the holding
procees of pasteurization at 62,79 ¢. for thirty minutes,
and €imilarly inoculuted flacks were then subjeoted to
electropure procese at 719 ¢, In the case of the holding
operastion, 10 cc. portions of sterile skimmed milk in test
tubee were inoculated with about O.i cc. 0f the suspengions
of the respective orgeniems, thoroughly shaken to insure
even distribution of the orguniesme, expogsed to & temperature
of 62.7° ¢. for thirty minutee in an sutomsatioc water bath,
and cooled immediately thereafter to 25° ¢. In the csase of
the electropure process a 50 to 75 cc. gample was drawn
direotly from the delivery spout of the machine & minute or
g0 afterlthe temperature hed been adjusted to the desired
point. The eample was immediately cooled to 25° ¢, and plated

within a few minutes ufter drawing., The time of exposure of
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the milk to the electric current in the machine was approxi-
mtely 14 cseconde. Stendard vlate counte on "Difco" nutrient
agar were mide of each sample immedi_tely before and after
each treutment usine in each cuce dilﬁtions of 1-100, 1-1000,
1-10,000, &nd 1-100,000. MDuplicute plates were poured of
each dilution, and 811 counts were made with a8 counting plate
when necessuary und a counting lens. All platee were incu-
bated at 45° G. snd counted at twenty-four and forty-eight
hours. In order to insure consistent resulte it was found
very necessary to use cultures of exuctly the same age for
each trial, as the older the culture the more heat resistant
it wase found to be. Therefore, in order to standardize
conditions as much as possible, cultures which were exactly
twenty-four hours old were used throughout., A serieg of
seventy-fwo hour 0ld cultures, however, were sleo used for
comparison, The resulte of these teste (Plate counte and
percent reduction in euch cucse) &re shown in tables X and

XI. The culturee used in theece teste sre listed in table IX.






No. IX Organisms Used in iLxperiments

Culture E Source

27 i U. of I11l. (liilk)
31 ! U. of I1l. (Liilk)
a1 I U. of I1l. (lilk)
49 I U. of I1l. (Lilk)
50 ' U. of Ill. (Irilk)
56 I U. of Ill. (lilk)
66 I U. of Ill., (1iilk)
75 ! U. of I1l. (Iilk)
135 |  U. of I11. (Peces)
142 | U, of Ill. (Feces)
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E.

To determine the effect of the electropure process upon
gsome gpore-forming orgunisme commonly or occationally
found in milk,

The organiems used in thece tesets were 811 obtained from
the etooxk cultures of the !1dichigan State College Bacteriolo-
gicual laborutories., The general technirue armd methods em=-
ployed were eceentially the same as thoce outlined in the
previous experime:te. The cultur~es were grown for four to
gix weeke on sgar elante at room temperature., Before using
each culture was examined microscopically to determine the
approximte extent of eporulation. All cultures ehowed from
80-90 % epores when used, The ocultures which were too dry
to be put in suspension by the ususl method were ground in
a gterile mortar with sterile gand, then wached with salt
golution and filtered through sterile filter paper. Flacske
of sterile skimmed milk were heavily inoculated with these

suspencions. The remainder of the teste were carried as

previouely describped.

The epore-formere used in the shove tects comprise
.culture membere 163, 168, 178, 188, and 198 and sre described
in table XII.

The resulte of these teete, including plate counts
and percent reduction before and after each method of

pasteurization, are ehown in detail in table XIII.



oe XII

Spore-formere Used in Zxperiments

Culture

. m

Source

--4——-—-4

' )

? ]

' 155 | Bacillue anthracis

' 165 ! Bacillus megatherium(lf.S.C.)
+ r

' 175 ! Bucillue subtilis (M.S.C.)
v L M
' 185 | Buoillus myooides (M.5.C.)
+ '

' 195  Bacillue mesenterious (MeSeCa)
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V. SUILIARY AID QIUCLUSICNS

l. 4 series of samplee of raw market milk taken a8t ran-
dom from various patrons of the [lichigan state College creamery
were gubjected to the electropure treatment at temperaturés
ranging from 65° C, to 760 C. The resulte of plate counte
made before und after treatment, and the occurrence of mem-
bers of the colon-serogenes group were tabulsted. The con-
dition of the milk after being subjeocted to the various
temperatures as to flavor and cream line were noted, From
the resulte obtained in these tests i1t would eeem that
temperaturee ranging from 71° - 730 ¢, are the moet efficient.
The percent reduction in totsal count at these temperatures
ranged from 92.3 to 98.2. Though the percent reduction is
greatly increaused at 749 C. and 759 C., a marked effect on
flavor and cream line becomee apparent at temperuturee sbove
73° ¢, Some of the colon-serogenes group, apparently,
ocoueionally escuaped destruction for some reagon or other at
temperatures up to 72° C. The extent of the reduction will
naturally depend upon the kinds of organisme prresent and
very probably upon the age of the orgunisms themselves,
That the age of non-gpore-forming orgunisme in milk affecots
their heust resistance has been clearly demonstrated by
Roberteon (16) and to a limited extent by the author in
some of the work presented in thie thesis,

2. A series of pathogenic organisme commonly or occasion-

8lly found in milk was gsubjected to the eleotropure procees in
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pure culture, .Temperutures ranging from 65° ¢c. to 759 ¢,
were used on each organiem tried., The object was to tect
their individusl recsistance to the prooess; and also to
determine, if possible, the sufety ranpe in teuperature for
these various orguniems. The resulte obtained in thecse
triale tend to indicuate that though the safety range is very
narrow, it is clesar=-cut and arparently very constant, that
ie, most puthogens escuped total destruction at 69° ¢. but
were all destroyed at 710 C.

From this narrow.safety range in tempersture it natu-
rally follows that the succeee of the electropure procees
will depend in the luact anulysis upon an efficient snd &b-
golutely dependable mechsanic«l device which will control
the tempersture to within uat least three degrees,

3. A number of orgunisme which cseemed to persistently
resiet the holding process of pasteurization were isolsted
and studied in nure culture. ~ach of these organisme were
subjeoted to the holding method of pasteurization and also
to the electropure procecss. A4t least two triale (and in
gome inetunces four and five) were mude for each culture,
‘The percent reduction in numbere before and alter treutment
for each method of pasteurization was csrefully noted. Al-
though aug u whole the orguniems etuiied were very resietant

to both the holding and the electropure procescses, the

difference in percent reduction bvetween the two methode is
markedly in favor of the electropure proceee, there being

only two inetances out of the thirty triale recorded where
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the reduction vwae greuter by the holding procese., Thesge
resulte are certainly worthy of note, especially when the
brief period of time at which the milk was exposed to the
desired temperuture (usually less than ten seconde) is
taken into concsiderution, and this wuld undoubtedly lead
one to believe that comne factor or factore other than heat
are moet probubly responsible for the destruction of bag-
terial celle. ‘Vhatever thece fauctore muy be, however,
€t1ll remains to be determined. Various sugpestions have
been offered in explunation for the phenomenon manifested in
the chumber of the electropure muchine., <ome of these, such
as§ the possible production of ozone, electrolysis, production
of ultra-violet or other rays, etc., are merely speculative,
however, and the field €till lies open for experimertation
and further investigation.

4, 4 number of thermophilic organisme were subjected both
to the electropure process and holding method of pscsteuriza-

tion, and their individusl resiestance to esch proceses was

compared, The resulte of these teste do not arpear nearly
a8 favorable with respect to the electropure process as some

of the resulte previously obtained when other typee of or-
ganisme were used. Though the cultures here employed grew
well at 459 ¢. to 509 ¢,, they proved to be not very reesis=-
tant to pacsteurizing temperstures. In this seriee of cul-
tures No. 135, an organiem of fecsl origin, wae the only one
which showed uny greut degree of heat resistence. Thise

orgaenism wae ecually resistant to both processes,
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From the data ocollected in these teete it would seem
reagonable to state that the electropure prpoceee, although
88 fully efficient ae the holding method in reducing the
numbere of microbees present, shows no particular advantage
over the holding method in thie reepest. In view of the
present conseption, however, that the role played by ther-
mophiles in milk is of no great s&ignificance, the electro-
pure procege ocould not very well be geverely oriticized
from thie point of view,

‘Here again we have evidence of an increase in heat
tolerance of an organiem with an inorease in age of the
culture. Table X showe that the ocultures were markedly
more heat resietant at 72 houre than they had been at 24
houre. The percent reduction, however, in the 24 hour and
72 hour ocultures was, in general, proportionately the same
for each method of pasteurization.

b. A series of teste were conducted with some common
gpore-forming organisme in order to compsre their relative
resistance to the electropure and holding methode of pag-
teurization., The onitnrca were from six to eight weeke old
when used, and microecopic examinations ehowed them to con-
tain from 80 to 90 percent spores. The resulte obtained in
thege tests, ae shown in table XI, are markedly in faver of
the eleoctropure procese, Partioular attention is drawn to
thoee resulte obtained with Baocillue amthracie (No. 15S) which

18 known to be an extremely resietant organiem. The percent
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reduction in the cacse of this organism ranged from 0.3 to
2.7 in the holding method, und from 99.5 to 99,7 in the
electropure process, The results of the teste with Bggillus

gubtilis, Bacilluse mveoides, Bacillus megentericus, and

Bacillue megsatherigpure eoually strikine.

From the figuree ghown in table XI, the electropure
process ie undoubtedly effective in tlre destruction of
epores, Indications of this fact were found in the esarly
part of this work when raw milk samples were being subjected
to the treatment. 4t this time the orgunisme escuping
destruction were isoluted and exsmined miorosoopicallj.

No epore~-formere were found ¢ uring the course of these
exumins tione.

The resulte of this experiment iqdioato beyond further
doubt that there ie something elese beeidee the heat fuctor
which causes the destruction of bucterial celle in the
eleotropure procees. There seems to be 8 strong poseibility,
hoﬁever, that, in the case of esporee, the destruction might
be brought about indirectly by the effect of the electric
current. It ig & known fuct that the more concentrated an
electrolytic solution becomes, the less resistance it offers
to an alternating current, and the greater the amount of
heat produced in conseocuence., The cytoplasm in the sporu-
lated celles becomes more concentrated due to loes of w ater,
and consenuently the electrolytic substances in eolution
within the celle offer less resistunce to the electric

current than does the surrounding medium (milk). Le &






44

result, an instuntaneous sm muarked increause in temperature
within the cells themselvee is affected. The heat thus
created 1s probubly sufficiently intense to cauce the de-
gtruction of the epores.

The idea brought out in the above statement has been
demonstrated in the laboratory by immereing an artificial
cell (consisting of & parchment cack filled with a concen-
trated liaCl solution) between two carbon electrodee in a
vesegel contuining & ealt eolution of leeser concentration.

4 8engitive thérmometer was euspended in each golution
respectively, gnd, when the current was applied (110 v.AC),
the rise in temperature in the psrchment sack wag ghown to

be much more rspid than the rise in temperature of the
gsurrounding mediumn. The medium in the parchment gack eon-
tained the greater smount of free ione and, therefore, offered
the least resistance to the current, and as a reegult more
current flowed through the cell, sand consecuently more heat
wag generated.

Since the resulte of this experiment chow so definitely
that the "purification™” of milk by the electropure procecss 1ie
brought about by the s&id of another factor besidee heat, then,
the process, by definition, cannot properly be called a
pasteurization process. ‘“hatever the fauotor or factors
might be, vhether their effect is direot or indirect, the
procese is superior to pasteurization and £hould not be

classed as, regarded as, or confused with "Pasteurization".
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