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TNTROUJCTION

The Breel direct microscopic exawmination of wmwilk (9)
has been wilelv usedl for the enuu-ration »f bucteria in
milk, Numerous effoarts hesve bez>n mule to comnare the re-
sults obtained by tre direct microsconic metho1 and those
ohtained by the agar nlute method (0,0,14,29). most
worgers hsye found trat the tvo methodis are not directly
comparshle (6,7,10,25,20), 4an excellent discussion of
the relationship of trese tvo nrocesdures has been presen-
ted by Hammer (1%). Duplicate sumples of milk counted by
thage two methods bhuve shown, in wost citses, that the mi-
croscornic count is far higher than the plate count,
robartson (29) renorted thut the mode was 4:1 when the
coun*s were comn=red, direct microscopic ex=znination to
agar pletes incubatel at $7°C for 43 hours. Lxceptions
to this relationshin =zre t> be foundl in dats presented
in the litarature vhere the two methnis h:ve been com-
pared (1l,«,0,14,19,17,183,27), In these comnarissns, nu-
merous instances were encountered where the standard
Dl=te count was significantly higher than the count ob-
tained bhv direct microscopic examination,

Baker (1), 1in his investigution of the direct micros-
copic methnd1 for counting bacteria in pasteurized milk,
notes tha varistinn in the ability of different species of

buacteria to stain with methvlene blue., Various stains and



staining orocedures huwve been reconnenied tn enhsnce the
sne.d or accuracy »f the direct microscopic count, Tre
Newman-Lamnert stain (25), eprb's reoid stuin (12), zand
Shutt's ra=iil staining method (24) were designed to de-
crange the time necessuarv for o~reparatisn of the milk
films for exanmin«tion, wzllmann's zcid stain (13), de-
visedl for the examinatisn »f linuid egg mests bus been
used for the evaminztion of milk (8). In the exauination
of dunlicate samnles this procediire deuwonstrated counts
higher then rthose obtained by the Breed technique (17).
Thre search fr better stuaining vrocedures since then has
centered on tne use of Lallununn's method of background de-
cnlorization,

In 1501, Ashitehesd (27) revorted a rhenomenon which is
the raison 4' Btre of tris investigution., Whiteheal grew
various pure cultures on mest-extract nentone " gur for 24
hours, The organisas vwore washed from the agar with sterile
guline solutinon =ni se ded into milk as a cheese starter,
When the milk samnles so gseeded were imnetlately examined
for bactericzl content, it was found that tr-e staphvlococci,
strertococel anl gram-positive bacilli could be easily
counted by the Airect microscopic methol, The gran-negative
coliforim organisms seeded in the milk coull not be detected
by iirect microasconic exawin- tinsn, These orgaunisus could
be shown tn he nregent in large numbers by wmeans »of a4 sub-

culture 1ilnti-n technique ernloving macConkev's broth,



whitehead investigated this phenomenon furcther and found
it to be consistenc, In addition, the tencersature of in-
cubation was shoun to affect the length of incubsation
time required for the orgznisms to become visible upon
direct wicroscopic examination,

In this laborstory, the results odbtained by whitehead
hzve been confirmed (o) and atteupts at explanation assayed.
Two 1ain possibilitisg exist, 'The first, advanced by BRuaker
2nd pPeters (2), concerns the possibility of inadeqguacy of
the staining technique euployed by whitehead and that used
in this laborutory., The seconi, the possibility that a
hitherto undiscoverel 1life cyclc of coliforwm bacteria .ay
exist,

The first hypothcsis is bused on tne kno'n vuariability
of stain retention by souwe bactaria, the difficulty with
which blue-stuined orgunisuis are seen zagainst a blue back-
ground, and the possibility that the surface cnarge carried
by the bacteria affects the absorption of the methylene
blue dve.

The second hypothesis 1is based on the discovery, by
sudpe (2.), of a life cycle of a thermophilic orguanism found
in milk, The organisia studied by uwudse bhad an apparent
5 to 38 minute generation time. Further studies revecled that
the initial count was 1o. b:czuse the spores failed to re-

tain the stain and that the rapid increases in counts in



the early stages of incubation were due to the staining of
tlle gerninsted spores in adliiticn to the noirnal vepetative
renroduction of the orgunism, oince the incubation of milx
samvles seeied with coliforms showed a similar tremendous
increase in nuubers wrhen folloxed microscopically (0,27)
dvring the first hour of incubation, 1t was resasoned that

a simil..r cycle msy be involved in this phenomenon as in
that investi,ated by iudge.

The puroose of this investigation, tnen, is to attempt
to confirm the ohservations of ihitehead, using more rigid
conditions, «nd to inve.*igsate the two hypotheses propounded
above as a means of exnlanation of the failure of the direct
microscoplic method to detect coliform organisms seeded in
milk,

The significanca of this situsation is readily appsarent.
A group of orgunisiis of public health significance appear
not to be detacted by the direct microscopic examination of
raw milk, Certainlv the nresence of numbers of coliform
organisms in raw milk is equally as si nificant as the nun-
bers of other sarrophytic organisuws found in raw wilk., lore-
over, the coliforan orgunisms in raw wils w=y not have the
csame significance as those found in rasteurized milk, but
may he an index of fecual contamination of the raw milk

suprly as well as of utensil contwninsztion,
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Laboratory strains of mscharickhin coli, merobzcter

aaropenes, wun Interuedl te coliforu and wicrscoccus

cssaolyricus were chacged for puricy and grown on nutri-

ent agar sloves. Incuration was at $7°C for stutad
perisds, The culture us~d was washed off the &a.ar slone
with 2 al, stearile sizim wilk, shio<en =nd seeded into a
tube of sterile sx¢in milw, ‘“he dilution so wm=de was iwu-

mezdictely shu.oan annd st les withdrawn for countin otan-

N
[

derd agar plate counts were arde by the wetnod described

in stunilurd siethods for the wpxaanination of p=iry pProducts

(25). Duplicate smnears were m:iie for the dirszct wicruscopic
examinstion by th= iaethod of bBryan, sdallasnn, and Turney
(3) e a8 many slides wera mude a3 were requirad for the
different stzining procedures, The seeded milk sample was
incubatei at o7°C and rewoved at fixed intervals for the
prepar«tion of pl.tes or milk filus as descrited anove,

The sterile skil.i milk was prepared from low count
ra. siilk ontained st thea nichigun otate Collzge Dairy., The
sximed llx was tihed, steried one hour on threes suc-
cessive isvs wnd incuoated at roow teuwperature netween
treatments., after sterilization, the milxk vas checxed for
sterility by incubeting and by platin., The milk prepared
in this nnner was free from viable organiasws and from
netecteble dead organisms retaining the methvlene blue

stain.



The methylene blue stain routinely used in this
laboratory is a modification of fthe clsssical preed
stain, The foraulsae of the methylene blue stuains used
in this invegtigution sre found on page 1 of the appendix.
The pH of the Bre:d and Ceenryn-methylens pblue stains vas
v.0 to 7,0 with no adjustuent,

In counting tne bacterida in the milk filws, 20 fields
and in nany cases 95U flelds ware counted in duplicate pre-
parations. where counts were exceedinygly high, only 5
fiells were exasnined. [The counts reported reuresent the
numbers of individuel c=211ls or clumns of cells retaining
the stsin,

Orgsnisas, grown in nutrient broth and in sterile
skim milk fer diftarent lengths of tiuwe, were also treated
in like manner to detzrumine if the phenomenon under inves-
tigation was also evident with cells grown on media other
then agur, The specific coniitions are detailed with each

experiment under hrouLl's.

RisoULLS
1., Comoarison of plate <nd tirect umwilcroscopic counts of

organicrmg seaded in gterile sxim wuilx,

The data in Tubla I sre the r=sults of counting the
bacteria in willk sfter sa2:dinc as described in the

experimentsl procedure, 7The counts vw.re mwde, in daupli-



cate, on samples withirawn initially and at intervals of
ou, bu, 90, and 12u minut:s incubation at 57°C. Ho 9U

rilnute sample of the milk seeded with si. caseolyticus

was withdrawn,

The data, re.resenting tre arithuetic mean of the
durlicate covnts, confira whnitehead's observations, The
initiel plate counts are egproxims=tely 15 to 4u times as
great ss the dir:ct wicroscoplic counts wherse the coliform
or~anisus h=ve bean se~ded into sterile skim wilk, aftar
90 to 120 minutes incubation, the counts by th2 two .iethods

are & roxim=tely in 1:1 ratio. The szuple seeda2d with u.

ce320lyticus yielded counts in aporoximutely a 1:1 ratio

at all times., Th2 run. = of exveri.iental error between
the fwo tachnicues is illustrated by tne latter set of
data, and is approximataly 2.

In adlition, the Jata for tne coliform orgsanisas
during the first 90 minubta2s in the milk demonstrute that
the bacterie ure not vet in tre logarithmic grovth phase,
when folloved by t-e apsar plate methonl, The counts ob-
tained by tre direct microascopic methol1, however, would
inidic-te that t-e oriunisus are multiplying logarithni-
cally frow tne tiuae of inoc:l-tion,

The duata presented in Table II further illustrate the
above res.lts, These results were ootained in the saue
manner ss the nreceedling data, Wwhen the sawples were

withirawn icuielistely after s=2eding with the coliform



or_xnisusg, th= plute counts were from 15 to luu times as
high s the di}ect saicroscopic counts of exach sauple,
after OU wminutes incubution of ewuch saunle ot oVOC, the
counts sr:= in closer - reenz2nt., Th=z asta for sterile siim

inilk seeded with M. cas2olyticus are included for coupari-

w

gon.
2. Com=rison of direct wicroscopic counts when the
organisms to be s:ed=2d were grown on “guar slop2s, in nutrient
broth, snil in skiin wmilk for differa2nt periods,

The Jata in Table III were gatherel in tne sauwe sunner
as the r=vious datz, b.t no plate counts were obtained,
The results show that shen the orgunisuis were grown in
nutrient broth for o hcurs =t 0700 and trren se2ded in
sterile skim mils, the direct counts obtuinad imnediately
were not si,nificantly lower than those obtuined ufter
the ssmples wers incuuated for ou minutes at 07°%. ‘he
Intermediste coliforin showedl a £,0-fold incresgse in that
pariod, which would indicate thuat no lug was taking place
unier the conditions of trunsfer to the new medium,

ihe direct counts on @milk sauwples inoculated from
24 an'l 43 hour wpar slore cultures iincubuted at o7°C
pres.nt & different picture, =sfter ve minutes incubation
of tre seedad wilk sanples st JVOC, there 1s evident a o
to oU~-fold incre=se in the direct counts. Such increases
denote & generation time of 9 to 14 minutes., Wwhen the

fact is consiidcred thet the cultures skhould still be in
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the 1l:¢ phase, it must be realized that some factor

(™

other thin reproiuction is invelved,

The data presented in Table IV coafirm these ob-
servations and the olute counts on each suuple =re ulso
presented, The u hour troth culture has beuen replaced
bv a 5 hour odroth culture, and Z4 hour cuvltures in nut-
riant broth and on agar slopaes compured as sourcas of
inoculs. The microscopic counts for the saaples seeded
with the Interwediate cdliforum froa the o hour broth
culture agsin show a lurge incresase in tire 1 hour incu-
butinn at &7°C, =nd this increuse is paralleled in the
plate counts, This observation coafiris the previous
postulation thut thils orgunisia has no lig phase when
transferred under the conditions of this experinment.
additional data, not presented in the table, when the counts
were taken over shorter intervals bear out this assuuption,

The bacterial counts of the milk smuples seeded
frowm Z4 hour broth cultur:s and 24 hour agur slope cul-
tur~s r-peat tre Lwtterns sho.n before, Initially, the
wicroscopic counts &r= low and the plste counts high,
after ou winutas incuoation =t ©7°C, the microscogic
counts show consijeraole inc:ewses, bringing them into
clos=ar cosreletion with the plate counts. Tie Interued-
late colifori Inoculatsd from a 24 hour broth culture showed
one get of counts discre;unt from the others, s second

set obtuined in like .w:nner, 4id not show this discrepancy.
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A4 24 hour culture of K. coll grovwn on an agar slope
o} I . .
at 07 °C was sac-ied in sterile skim milk. The direct
microscopic count wzs 42 thousand and the plate count

was louvu thousanua, The saunzle was incubated at o7°

C

and 1 ml samnplas withirawn after YU minute, o hoar and

o hour incubation periods =1d se-ded into tubes of sterile
skim .wilk. The direct couat on the sauple seeded after

Ju minutas vas 172 thousanil and the plate count 170
thousand, after & hours the dir:=ct counts on tie milx
sam;le thus s2:ded were oo thousund and the plate count
was du thousand, The sa.gle se2del with the organisms
incubated for ¢ hours gave a direct count of 540U thou-
sani and a plate count of 44cCyU thousand,

It was ~vident that tre fresnin milg medluwn was not
influencing l=uck of correlation between counting .iethods,
but that tne zge of the Oorgunisms seedad in the sqgim wilk
daterminedl the corr=2lation of the direct counts to the
nl:ta counts,

The rzsults at this point in tne investigsation show
that coliforr organisus seeded into sterile skim wilk frow
24 hour culfbures in brith or on wiar do not app2ar on in-
aediate microscopicul ex2uiinstion ol the seeded sterile
skxiim nilk. &fter incuration for pericds of Ju wminutes
or longer, tha orraniscs war be found by direct microscopic
examrination in the nuwnbers 1ndicated by 2late counts. The

aga of the cultures nsg-d for seadin. =ud not thes uediun



-11-

upon which tha organisug have been grown appecrs to

daciiz wharher the phenomsnon will k2 demonstrated, In
the r-.uainder of this investisation, all psrent cultures
vere grown on nutrient aguar slopes for 24 hours at o7°C.

These ecultur:s are easy to hanille =and maintain and demon-

strate the rh-enomenon best when seeded in tre milk.

Oe wicrmoscouplic apnearance of tre stuined organisws,

Tne follo:ing statements hold for all tre coliform
strains sed in this study.

The organisms, when initially seeded in the skim milk
and examined ~tter st@ining with the preed stain, are
extremely smsll and retsin the stain poorly. 7The length
of individnal cells of n. coli in wilk imnediately after
seeding, from a 24 hour agar slope culture was measured,
using s binocular microscope with a 1,8 mm, objective, a
1CX oculsr for locsting the o-ganisms, and a Leltz wetzlar
measuring vernier, Tha average length of the cells was
1.20 p, with variation between the extremes of 0,J2-2.U6 u,
Careful evaminstion, with 10X oculars in pl:=zc2 of the oxX
oculurs vsad in making tre counts, revealed "ghost" cells
which were no%t stained with methyvlene blue,

On incubzstion, the cells increased considerably in
length, wxsuination at 60U and Ju minutes «fter inocula-
tion reveslzd larger cells in which the stzining could

be ohzerved more readilv, Idhe @most noticeatle charac-
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tericstic of th2 poorly stained org=nisws vwias the bizarre
mgnner in rich the stuin vwas absorbed, The cezlls stained

as 1s common in tre genus Corvnebacterinum in many in-

stancss, that is, z burred appezrance vas noted, In soue
instancas, a bipolzr stuinin: v-3 found, The l-rger cells,
in active reprniuction, retuined the stain unifeoral

! ’ y

throughout their length, Th- irre ular st=ining was ob-

served only in the sumller cells pres=nt at the pe:;inning

Q
=

incubation,

Trhe cells megsurel at Yo minutes had an aversage
length of 2,02 u, betvern the 1limits of 1l.44-c.2¢6 mn., The
cells m2usured at 1:0 minutes h:d an aversge length of
S¢72 1, between the liwmits of 2.¢4-5.28 n, Cells measured
at o<V minutes wmveruged 1,59 m, between the limits of 1.20-
l.92 1, The latter ca2lls were racidly dividing, and al-
though sa=11l, retuinel trne stain very well,

Little or no clum~ing was evident in any of the
sunears evamined, and could not sccount for the low wicros-
coylzs counts, Ho spores wezre =2ncountered at any tiae, nor
any boalv vhich wigrt be construed to be & spore,

Beca.ge of the aviidence oresented to this point,
naiely th.t 211ar cells appeared to be resgonsible for this
rhanomenon, thet treza "ohrsiolosicully 0ld" cells retzined
the stain poorly or not at z2ll, andl th=zt no szpor=s were

found in the ilw fllus, it was decided to dlscard the

hypothesis trat a 1ife cycle of the colifor. organiscs



-lo-

was involved in the phenoamenosn bein. iavestigsated, The
working hyuothesis folloveil frow this point on, was thzat
the oreunisas failed to apsoro the wmethylene blue stain to
any grezt extent, ond thut trs greastest nuwbers feiled to
stuin at &ll when freshly seeded into sterile suin milk
fron a 24 hour agar slope culture, The rewmcuinder of the
investigution therethie Jdecls with auzthods desi.ned to

stain the oryunisus fuiling: to stein with the Br.=d st=in,

4, otulies of verious stains uand stalning procedures,
a3 noted in the introauction, ilallwann's acild stain
vas th. only jprocedure shown to stzain organisms in milk
which the Breed technique failed to disclcsze (lo).
Twelve re~licute sliides vweare prepared from sterile skinm

milk secded with 24 hour agar slope cultures of r. colil

and the Interwedlate coliforu., Four suears of each milxg
sainple were prepared in this msnner. all sl1iles were
dried, fixed in heut, defatte3 1 minute in xylene fol-
lowed by 1 minute in 95 peicent ethinol, One slide was
stain>d with the Br:e¢d stsin and another with salluannt's
acid stain, counted and the resnults cowpared, The dat&,
in tre first row in Teble V labeled "nil", show direct
correalation, The sligrht increase in ecch count with

1
Mmalliwann's stain is insi nificant .

Significance, when used in comp:aring counts in this study,
does not huve the exuct meaning as used in statistical an-
alysis, In low Airect counts, & difference of one bacteriunm
between two counts mav appear as a 2-fold increase, Likewise,
counts of 12,Uuu and v9,0L0U must be consldered as not signi-
ficantly different, 1If the true nuwiber present were 24,000,
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hkec:ntly, Dyar (lv) has dsmonstrated the use of a
cetionic surfuace-active uga2nt =s a morisnt, In adlition
to chan;ing the churge of the cell wxzll, penetration of
the cell weaubrane is deponstrated, snd a fst dye will
no. stain the cytoplasm, wvheress it failed to stain be-
fore treatuwent with tihe surfuce-active &, ent,

To ‘ietermine whet :er increased counts could be ob-
tained when t''e stains wers us=2d in conjunction with
surface-active agents, the following procedure was
verforned, The reucining lu slides, referrs=d to above,
vere usei, 4ap.roxluiate 0,01 molar aqueous solutions of
alkyl dimethryl benzyl zmaoniuwn chloride, Tergitol 4,
Tergitol 7, cetyl pyridinium chloride, and buponsal L-141
war:» praoared, Three drorgs of each agent were alted to
ezch siiear on duplicate slides., One set of sliies was
then flooded with the Breed stuin and the anulopgous set
with wallnannt's acid stain. The exposure to tre oreed
stain was 1 minute and to wallusnn's stain 4 minutes., all
cliies we2re briefly iumersed in a beuaker of distilled
wethar Lo raaove the excess stain and alir dried,

The data in T:ble V prasent the avera es of 4 suears

counted when stzined in this wmanner, The siznificunt

(eont1d)

the Jdifterence represents olus or wminus one pacteriua in
the microscopic counts, In counts below 1lCUu,0UU & b3l dif-
ferance or gre2atar has been taxken to represent significant
diff rences, while in higher counts a 2:1 ratio hus been
considered a4 si-nific:nt differance,
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results are thsat with the Bre>»d stain, the cationic agent
cetyl pyridinium chloride and thz anionic bLugonal L-141
gave &n.roxianste 1lU-fold increases in the count over tre
duulicate sw-ars stauined with the 3reed stain zlone, The
Sui2ars treuted with t e c2tyl pyridinium chloride were
extremely cle2zn =and uniforu and tre background was decolo-
rized, ith the sliltes troest=d with vuponal L-141, there
were likewise inecresxsed councs, brt the films contained a
largse nuaner of crystals zad sows detritus, although there
#ere incress-2s witn other ag=nts, tne increases were l.oss si;-
nificant. when wallmann's acid stain folloved the treataent
with tre svurfuce-active agents, there wus considerable loss
of the milk fila, The filwm im.ediately floated off the
sliie wr=n the stain was added in btre instances where loss
occurred,

The cetyl pyridinium chloriie g=ve tra b.st results
of all the agonts test~d when followed by tne pre.d stain.
It was declaed to concentrate the investigation on the use
of this cationic agent in conjunction with the preed stain,
To insure tre use of unifourw concenirations of stain and
cutionic agent, taie two were combined :nd used in a coplin
jar, rather tran in senarate solutions, ‘W'he composition of
the stain is ;iven in tre appendix under the nazue of

Ceeprvn-methylene blue stain.
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The concentration of the cetyl pyridinium chloride
in the Ceenryn-methylene blue stain wzs varied. <Con-
cantrations of the agent giving final w/5U, l/100, and
I{/2u0 solutions in tne st=in were cowpsred with each
other, with slides stsained by the Breed technique, =nd
with t-e staniard plszte count. . coll and ji. caseolyti-
cus were th2 organisms secded in the milks for these
compurisons, The dsta sumnarizing these comouarisons
are presented in Tabla VI, The hignest counts obtained
by direct microscoric exawmination were in the smears
stain2d with the Ceepryn-methylene blie stain containing
/100 cetyl ;v+~idinium chloride, The counts are nct
com arable to the plute counts, but are significantly
higher than trhe Brea2d count vhen p. c0ll was initially
secded in te sre-ile skim wilk. 7This preparation did

not affect the counts of 4. casoolyticus, although tre

stain containing Jdouvble the concentration of cetyl
pyridiinium chloride resulted in a general lowering of
tha counts,

Tre Ceaprm-methylene blue stain containing /10
cationic agent in oU pezrcent ethanol wus next compzred
with a lisa :rearaticn where 7u percent eth-nol was
used in wm=king ugs to volume, A ou-day old preparation
and a 1-d=y o0ld creruration of the re ular Cecpiyvn-umethy-
lene blie stsin was used, virect counts using the sreed
stain and gt -niard Loer plute counts were included in

the coump=rison, The org=niciis seeded in the ste ile
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skim inilk were the Interusalate coliforu and ne uerogenes,
Tne data are Jresen 21 in Table VII, Botn Ceepryn-
methylene blue :reoarations contauiniag ou gpercent ethanol
ani w/luv cetyl pyridinium chloride guave tne hi test
direct counts. Thirty duys a.ing hald not decreased the

afficiency of the stain., again, it wust be noted thut

%

even these inc.eased direct counts were not as high as the
pl=ta counts on th2 initisl sauples, ‘iney are however,
fromw o to o tiua=s greater thun the direct counts ootained
ears1oving the Breced stain or thne Ceepryn-ucethyl-sne blue
stain cont=ining 70 percent slcohnl,

at this point tne Ceeprin-wetinylene vlue stzin con-
tuining wi/luv cetyl pyveidiniua chloride and ou percent
etn - nol wi4s accewtz1 aus being the best couvlnation

studied, This jprepuratisn was used from this noint on.

Thne tiuwe of Liww-rsion of the auill« filus in the Coc.oiwm

methylene blue stain v.as the next factor consiiered,
saaples of sterile sxin milk were seoo0ded with 211 four
orgunicns studied wund swears duwwe llately w=de for ilrect
microscople exania=tion., otundard agar glates were pre-
pared at the s.ae tiane, The filus were fixed in heat,
defat~ed in xvlena, znd rinsed in vo p2rcent alcohol,
Oone slide was stuined with ireedts stein for 1 minute,

Thres slides wer2 stuained in Ceepryan-umethyvlene pnlue for
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oU seconds, 1 minute and o minutes res ectively., The
slides w=ra drain -3 =ni the reverse sides gently rinsed
with ten water, The coun's obtalned alter these proce-
dures are given in Table VII. Tne hi hest counts were
ontained with the 1 minute imsersion in Ce=pryn-uwethylene
blue. 7The pl-te counts were still considersoly higner thun
these direct counts.

an interesting observation was made on the above
series of swears, The extent of bacxkground decolori-
zation appeared Lo be & function c¢f the tise of i.uauersion
in the Ceeoryn-methylene blue stain, The longer periods
of immersion resultsd in greater decclorization, Iiuner-
sion for 1 minute was euminently satisfuctory as the
back rounl was colorless to pule blue, ivins {ood con-
trast with the stwined organisms. The "crest" of the
film (1lo) rotains the stsin, vercitiing ease in focus-
sing the imicroscore,

The aff:ct of defatting the milk fillus before
staining was assaved by cxawination of a4 parallel series
of sliies, The filus were ;re ared froum & sauwple of
skim milk imuedilately after se2ding with ». coli. One
set of sliies was Jefatred 1 minute in xylene, rinsed
in U5 percent etirancl for 1 minute and stained by the
Breed technique and with the Crc2 ryn-methylene blue

stain for -2riolds of 1 «ni 2 uinutes., Thne duplicate
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set was stained in identical wenner, the defatting and
rinsing procedures bealng omitted, The effect of de-
fatting on the counts aupe-ared to be nil. In one in-
stunce only was the count on non-d=fatted films higher
than on Jdefatted filus (Tuble IX). The observation was
mnsde that the bumcterisg were not concentrated in the fat
drorlets., It had been postul-ted th«t the crganisms
mizght be wresent in bhigh concentration in or on the sur-
face of the fat ;lobules and be lost in the defatting
vrocess, The possibility is not ruled out, as these
bacteria might be inaccessible to staining and so be in-
visible even when »>res=nt in the milk fila.

In Tuble X, there i1s presented a final cumparison
of counts on all tre organisms seeded in sterile skim
milk froam 24 hour sgar slove cultures, Counts were made
initislly and after oU minutes incubution at 57°C. Tihe
agar plate counts and direct microscopic counts where
the swears have been stained by the Breed technique and
the Csepryn-methylene blue stain are compared. The di-
rect coants using the Ceeprvn-uethylene blue stain sre
in 1:1 cr 1:2 ratio to the plate counts initiulily and
at ¢U minutes, a«nd are 5 to U tlmes as great as the
ccunts mx le on s=urles stuined with trne preed stain,

The apnplication of the staining rrocedure developed
in this investigation to trne exawmilnation of raw milk

sunplies was tested. wurlicate filag were prenzred of



40 raw milk samples submitted to this lavorstory for
routine exawination. One set was stained with Breed's
stain and the othsr with the Cecpryn-methylene blue stain,
Fourteen samples of the 4u exzwuined (or vd percent) gave
significantly tigher counts with the new stain proce-
dure traun with the Breed stain., at no tiue did the
Ceepryn-uathvlene tlue stzin result in significantly
lowar counfs thun those obtained with t-e Breed stain,
The sam-ies showlng Incressed counts with the Ceepryn-
methrlene Pblue proc2d re ceontained roi-form organisms
which were not aniarent in the duplicate films stalned
with tha RBreed stuin, The data are presented in Table AI,
In ths course of these investigations, nuuerous
other st.ins and st:iining proceduress were attenpted,
None gav=2 satizsfactory results. uyvar's cell wall stail-

ning vrocedure (1lu) regeztedly dissolved the milk film

v

from the

¢

slide. wanwell's polychroae stain (2u) was

ex’s

[

adin/ly 1ifficult to proe;are, wnil when vsed at phn
7.4 diglnzotel the milk f£ilaa on the slide, atteuwpts

to count=rstuin thhe C:-prvn-methylene blue stain with
dilnte anueous safranin proved futile, Instead of
heis-ta2ning the contraust betweon the stuined organisas
and te buackgrounid, the contrast was diminished and the

organismns were more difficult to locate,
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Besides the interest in t-e problem of coliforn
organisims failing to stain with the Breed stain, an-
other problem of considerable interest to adjzcent
fields arises, This problem is the means by which the
surface-zctive cation cetyl pyridinium chloride helps
the absor:»tion of methylene blue.

In 1956 wmoyer (22) showed that the electrokinetic
potential cf &, coll changed in various phases of the
culture cycle, The electrophoretic mobility of this
organisim vwas shown to drop immedistely and by tae end
of the lag phase to h=2 at its lowest mobility, end, hence,
lowest electrokinetic potential, The mobility rewains
low during thre logarithmic period znd thon increases
to its foruer high l=2vel during tre period of negative
logarithmic accelzration,

The evidence rresenced in this investigation on
the stain absorction bears a close relation to koyer's
observations, The "vhysinlogicslly old" cells seeded
in the wilk fxiled to absorb tne busic methylene blue,
Thes=2 cells are shown by joyer to huve & high negutive
charge, Upon incubation, the char:e dropos und the now
"physiolo,ically voung" cells absorb the stain.

Dyar and Ordal (11) showed tnat cetyl pyridinium

chloride =z2ts on £. coll to decreuse the charge, reverse

the ch=rg2 and finsllyv stabilize the churge at elther
a sositive or zero potential, This was demonstrated

by them with 20 to 2o hour cultures, In effect then,
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if the alectrokinetic potential of thz cell should be
the deterwmining fuctor in s=bsorption und retention of

a dve, we nm=uy have by trestuont with tre citionic agent
produced tre ssua conlitions in "ghvsioloyically olq"
cells =23 are normally found in "physiologiczally vouny"
cells, The "phwsiologically young" cells huave been
demonstrated to retuin the stain in this study.

The rezson 1s not clear just why cells with a low
nagative or positive charce should stain with « dye
like methylene blue, vhich itself is 8 cztion, It would
aprear more likely thut the more nepsntively churged
cells should arcsorb the catlonic dye, although the
converse huas bewn shown, 7The possibility exists that
methylena blue m:y exist in a resonant structure with an
iniuced negative pole, vhich vwould explain its absorption
mder these condltions., wo literzture on this possibility
is knmown to the zuthor,

Trhe size of the cells in the course of reproduc-
tion aprears to heove no bearing on the stuoin absorption.,
woyer h.3 skhown that the larger cells have greater perine-
ability, but this appears to be a function of the reduced
electrokinetic potential and not of the size por sa,

Tr.2 phenomenon under consideration may be explulned
on the basis c¢f the chunge in el=ctrokinetic potentisal

of the cells during their culture cycle, & metlrod for
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staining these recalcitrant organisiis by clianging the
char: e h=s been dev21loped 2nd & possible mechanisu of
action elucidated,

It is interesting to speculate on the results of
an investi.ation of counts on rew mllk samples by direct
microscopic examinution employin: the Breed stain and
the Ceepryn-m2thylene blue stain, the standard agar
plate count and the weansvrenent of the coliform index
by a dilution t-cinig¢ue, Ferhaps the results of such
a sty would lexd tn the sdontion of a rapid micro-
scopic method for determining the nuwabers of colifora
organisms in raw milk sumpl:e by a cowparison of direct
counts obtc<ined usin;: the Brecd stzin and the Cee=pryn-
methylene blue stain, The coliforan organisiis bhave be:n
shovn by vxahlberg (9) to increase wmore r.yidly tran the
rest of the flors in stored rasteurized milk., Because
of tie low storage tesperstures it - ould be expacted
that a preponderance of "ghysiologically old" cells
would be pres~ont, a4 tochnique, such as that soupht
for above, would be of immense vslue in the control of

these store~d milk sun:lies,



24«

SUnianY

l. These stuiles heve shown thuat only a wminor portion
of the coliform orgunisins seeded in wmilk from 24 hour
sgar slope cultures grown at o7°C are det-cted by the
conventional direct microscopic exaanination, Tnese
findings &#re in sgre-ument with the observations of
iwhitehead,

2. The hvrothesis of a life cycle of coliform organ-
isms as an exglanation of the phenomenon 1is rejected,
The hypothasis that coliforum organisis faill to retain
tha stain under these conditions is upheld,

Se A method for staining the milk films to bring the
direct microsconic counts and the &agar plute counts
into closer correlation is developed and described,

4, The Ceeprvn-nethylene blue stain developed was ap-
plied to the routine exuwmlination of ruw wmilk supplies,
Of 40 szmpless stuined in this m.nner, o5 percent were
shorn to yileld significantly higher counts tnan with the
Braed stain,

5, Tre theory of mode of st-ining 1is discussed in
reference to the use of the cztionic surface-active

agent and the basic dye eaploved in the stain,
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STaAIN FOrwldLans

Kodified pre=sd Stzing

10 ml saturated alcoholic sethrlene blue
(certified for bacteriolo_ical use).

50 ml 50 percent etheanol.,

walluennt's acid stalng

Ce2 g methvlene bHlue (certified for bucterinslosical use)

100 ml 95 percent ethunol

1 wl concentruted hyidrochloric acid

Ceepryn-mmethylene nlue stain:

5.4 ml 10U percent aqueous cetyl pyridinium chloride

10 ml satursted #alcoholic methylene blue
(certifiad for bacteriolo_icxl use)

5ce0 ml oL yercznt ethanol

# all staining was done in Coplin stzining jars except

where otherwise indicated,
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i1

RSOk vl STaldlInG rovCabur.s

alr drv sli:es in horizontal rosition,

Fix bv heating in fl:=ue until too hot to hold with
fingers, allow to cool,

Lefat 1 minute in xylene., wur.in slide of xylene,
finse 1 winute in 35,6 etnwnol, wvr:in slide of ethanol,

I.umerse 31iie in Ceepryn-methvlene blue solution,
pyrain excess stain from slide,

wazh reverse siia of tne slide in a gentle stream of
tar water,

Dr=zin and drv,
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TAPLT I

fornarison of plate and direct counts of bacteria

in rilz after nericcés cf incudbaticn at 3797,

nacterial counts®(thousands)

| Incub=ted (rinutes)| O 30 £0 ¢o 120
Crganisry
2. coll
plate 2¢¢ 330 327 410 540
direct q 4 60 1€2 435
A. zerogznes :
plate £53% |1€<0 1310 |12€0 |1750
direct 48 106 120 755 11250
Internecizte . ) -
plate 2r2 €-3 565 11180 |1¢€20
cirect 12 ¢& | 2€1 |10£0 |1¢30
. caceclyticus
plate 7CO 720 20 -- €c0
cdirect 510 £10 420 -- 600

* Average of duplicate counts.
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TARLT TII

Ccrmreriscn 6f plate counts eand direct counts of

hacteris szecded in sterile skxir rilk.

Zacterial counts (thcusanis)

[ Initial After 60 nmins.
Creanism Plate Tirect Flate Cirect
A. zeroremes|  37% 48 e €15
£53 47 1310 120
1350 12 -- --
1000 36 1340 <00
T, coli 4230 102 | £000 €060
2¢a ¢ 327 T
€30 30 -- -
; 1470 24 1540 450
| 370 54 -- -
| 1800 42 -— -
Interrediate| 5450 165 | 7350 7400 |
. 252 18 EE5 261
| 448 37 £10 210 |
g 2250 1¢2 | 2100 C450 |
1870 12 -- --
7000 72 T€50 3000
. caseolyt- 170 1¢2 205 3LE
tcus 1020 500 -- -
| 750 £10 £20 4z0




TARLZ TIII
Corvarison cf direct counts of milxk sargles, iu-
itially 2aad 2fter ~0 ninutes incub=zticn, when seeded

with cultures fro» different scurces .

I .
Racterial counts (thousenas)

"ilk sesced with Initizl After €0 ninutes
& hour broth
T. coli 48 50
A. aerogenses 78 <0
Interrediaste 1°0 356
48 hour a:ar slope
T. coli 6 38
A. asrorenes 15 108
Interrediate 4 132
24 rour zsa2r slowe |
E. coli 3 72
A. 2erovenes ¢ 465
Interrediate 4 172
k3

3]

Aversge of cduplic=stz counts.

J
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TA2LE IV

Corpariscn of cdirect and plats counts of irilk

sarples, inltially and zfter 70 minutes incudatiocn,

when seecded with

cultures

from different scurcss,

* . -
Racterial counts (thousands)

11k szeded with Initial After €0 ninutes
Tlate] Tirect Flate Tlrect
5 hcur »roth )
T. coli 158 14 1:2 24¢€
A. zeroceres ce 30 35 24
Interrediate®® 43 =G 1c 282
) £¢ 1¢8 £10 432
24 hour »roth | »
E. ccli 145 7S 120 15€
A. asrozenee - 110 12 225 216
Inter:r edinste™™ | 77 135 383 312
712 223 1220 1170
24 rour azer slope »
T. coll 27¢ S 327 6]
A. acroreres €53 48 1310 120
Interr-ediste 22 18 EES 2¢1
Averaze of cdurlicot2 counts.

N A
KOy

Cee text.
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TATIE
Corparison of diresct ricroscoplc counts when
replicate slidze e2re stained with Zreed's stain and
Tallraan's acid staln after treatrent with surface-

active a:rents.,

- . 3t -
Tirect vacterial ccunts” (thousards)
Z. colil Interrediate
Surface-active azent || Sreed | I'sllvsnn “reed | lallnann
nil 6 7.5 6 7.5
21kyl cdimethyl benzyl
arroniur chlcride 1é % 15 &
cetyl pyridinium
chloride < * 53 #it
Terzitol &4 24 33 30 ik
Tergitol 7 st 36303t 3 36 3¢ o33
Tuponal L-141 €€ 5 51 4

* Average of quacdruplic-te counts.
.

*%  Patchy steining, abundance of detritus and crystals.

#3% M11lk film washed off slice.
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TARLE VI

Comoarison of direct ricroscownic ccunts wien the
rilk films hesve Deen stained with tke “reed stain anc
the Ceeoryn-rethylene blue stain containing varied
concentraticrs of cetyl pyridinium chlcride. The 27ar

plate counts arc included for corvariscn.

2z2cterial counts (thousands)

Croenisn and stain Initisl After £0 rinutes
erployed* Cirect | Zlate Cirect | Flatle

. coll
2rozd 24 1470 450 15€0
Ceenryn-"",2, /100 132 1140
Ceepryn-"",7, 1/2C0 £0 480
Ceepryn-7".32. /50 12 €CO

. c2seolyticus
Bre:d 510 700 480 620
Ceepryn-1".3. /100 450 20
Ceepryn-"",2., 17/2C0 420 500
Ceepryn-"",2. 1 /20 180 72

*  Ceepryn-1",7. 1is tre Ceepryn-retirylene bdblue stain
In 30 percent ethanol, with the inadlic-ted concentrat-

iecn of cetyl pyricdirnium ctlorice.



Corpariscn cof cne cay ol ar

mA oL

LT VIT

~ S
LN

thirty dey clc

)

~recaratiors of the Ceepryn-rethylene Dlue stailn,

tre Cessryrn-rethylene Hlue ste2in vrepared with 70

vercent etlanol, thrte "resd staln and the standard

rlate count.

Racterial cocunts (thousands
rcanisr 2nd stei Initisl After 60 rins
erp 1 yea® Cirect [Plate | Direct|FPlate

A. geroveres 10C0 1340
~reed 38 ¢00
Ceevnryn-",2, 3C dey 120 220
Ceerryn-".2. 1 day 10 1120
Ceenryn-1",2. 70,. ethanol 43 1050
Intarreciate 7CC0O T6CK
“reed Te 33C0
Ceepryn-'.3. 30 day “40 54C0
Ceepryn-1".2. 1 dey 540 5800
Ceepryn-".2. 70% etranol e 5200

* Ceepryn-1".3. 1s the Ceepryn--ethylerne blue stain
containinz ¥/100 cetyl pyricinium ckloricde in 30 over-

cent etr=~nol except

ethanol.

wvhere

indicatzd 28 70 percent



Zorparison cof counts odbteined »yv direct nicro-

scopic exarinaticn wken the tirme of izrersion in

Teevryn--etrvlene blue stain is veried, whken stained
with Preed's stain and by tre stancard plate count.

Racterial counts*(thougands)
Crranier and rethed |[Z. colil | Intermed-| A. a2erc| ', cose04
of examination®** |7 T | i=te «Shes  Tlyticus
“irect, stained by: |
“reed 30 ! 12 12 500
|
Ceepryn-T".R. 30 sec 42| 2k 30 £C0
Ceepryn-".2. 1 rin 13¢ 100 210 525 i
Cfeenryn-".”. 5 rin o4 €6 170 520
Plate count 730 1870 1350 £15

# Average of duvplicate counts made 1irmeaiately after

inocul=ticn.

[}
%)

*% The Cecpryn-rethylens blue stain 1s the sclution

(=0

containinz 17/100 cetyl pyriciniur crlerice in 30 per-

cernt ethonol.
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TARLT IX
Corpariccn of the standard plate ccunts and the
“irect ricrcsconic ccunts obtained on il fillns cde-
fatted and not cCefatted hefore stalning »y different

7etheds, A1l =1lX saiples hav:s Deen seeced with 3.

Racterizl ccunts¥*(thousands)

Tire 1ncudnated and

rethod exarined Hy: Pilrs cefatted | Fllms not defatted
Initial ccunts
Tirect
reed 4 30 ‘
Ceenryn-"".7. 1 rin 1:C 120
Teepryn-T".2. 2 rin =0 140
|
Plate 370 | 370
After €O minutes . -
Direct |
nreed 27’5 t 500
Ceepryn-"".2. 1 rin 320 i 370
Ceepryn-"".7. 2 rin ’ 31% { 575
! |
Flate ‘ 750 360

%k
(=3
<
O
=
O]

(€3]
o

of duolicate courts.
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«Q

crparison of 2zar plate counts and direct counts

erplovin: the =reed and Ceepryn-rethylene dlue stalns,

“acterial counts* (thoussnds)

. . _Tritlal A?ter‘EO rinutes
1i§tieehed “re;érgggpryn-f? Plate Qregérgggpryn 2 Plate
. coli 102 3130 4230| €OfC £ 00 €000
Interrediate 1¢2 4770 £250| C¢4EC| 11100 214 C0
A. gero-cnes 42 204 275|  €1S £15 5E0
. cegeclyticus | 142 174 1°0 348 270 205

% pAverare of cdupllic-ote counts.

~
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TATLE XTI

Coronariescn of cirect ricrosconic counts cf raw

reed staln and tie Ceepryn-
rethylene »lue stain on cduplicate srears of each

sarple.

Tirect Racterial counts (thousanis)

Counts incressced using Counte 1in aireenent us-
Ceeuryn-"",72. stain - inr either stain
7| Rreed | Ceeoryn-1.7. # | "reed | Ceepryn=-.".
1 1z 24 2 12 2L
5 o10] 750 3 12 42
7 12 EFO 4 120 15¢
11 =0 1=¢ € 12 12
15 ¢l 258 S 12 24
g 215 €00 S 0] e4
21 540 aco 10 £00 =70
23 3€0 c00 12 12 3
24 L00 750 13 2C0 2358
2t €0 240 14 =0 36
a8 300 1200 1€ 700 300
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