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THTEODHCTT O

Coliforn bacteriam have demons rated their value as indlees of poste
pastourization contamination in the quallity control of market milk and
ico crenme Thelr usefulness has beon rcoognized as a check on city and
creonmery wabter supplies and on various foods md food produckts. The
liternture conbains very little information as to whether or not the
“colitorm test cen be used effectively lo predict either the sanitary
eoneltlon or the keeplng quali ty of butters. Conditions in bubtter difier
greatly from those in market milk or ice orcem. The quality of the
raw material used in the manufacturo of butter often is poorer. The
nature oi' the equisment used in its nanufacture makes slerilization
in the true sensc impossibles. Presence of saltT, distribution of moisture
and various other factors alse play important rolese.

It is not the number of orgeni sms in butter that is lmportant but
their types. Buttor of undoubbtedly pood keeping quality mey give high
bacterial and yecast and mold counts, while smumples with very ‘ew bLacteris
may show serious spoilaje. Failing the establishment of quick and
accurate methods for the identification of specific bacterial types which
cause defects or disease cr indicate sanitation, recourse must be had to
Lotal counts end zroup cants for routine enalvsise 1lowever, the limita-
taltions of such procedures must be appreciated.

The present studies were undertakon *%s establish whe ther coliform
or;enisms and/'or grov=nogative bacteria can bLe used as an index of butter

quelity. An attempt was made to separate the microbial flora of comner-



cial buttor into important rowps as coliform, grem-ne;ative, yeast and
mold and total cultlvatable population. The investigations were carried
on to study the sources of orga:iswms conerrned, the eflects of the orpan-
lams on tho score of fresh buttor and on its keeping quality, and alss
tho numerieal relationship of the various tests widch hove been agpliad
to commorcial bubtter. The changes in the populaiion of coliform bacleria
durir, stors e were studied especially to throw more lizht on the use

of these bactoria ns a test for sunitary quality and/%r probatle keeping

quality.



TL T RATURY DRVIEY

A cansiderable literature has accunulated dealing with varl ous
sspeots of the colitomm flora of milk and ice creem, Dut only a Tow
investigations of bie significance of Lhese baeteria in other dairy
produc ts appear i be recorded. Sors abtention has boen devoted to defece-
tive products, but few s;ystcmat’{c investigations of the normal incidence
of' coliform types have appeared in the scicntific. literature.

futter is o comparatively poor mediumn for the nultiplication of
bacterie. The low teompersiure of sba a,e, the pressnce of salt, shorte
age of food material and a finer distribution of moisure arc some of
the important factors thal govern the gorwth of mlero~organiaens in
buttor. An exhaustive review on the subjecel hes beoa made by Hamrner
azd Long (1941) and therefore no etteapt will be made in repeat the
review of literature here, only a few of' the more relevant roports
boin, cited ns noeded,

Jismner and Yale (1932) added ideantified cultures of coliform organ-
isms isolsted from a dairy produet to laLoratory pasteurized creanm,
vihich they churned into vutter md held et 7 and 18°¢, oOnme portion was
seltod, the other unsalted. From 25 samples of ofi'-flavoread lutter they
isolated various species of Aewbacter but did not find eny Tscherichis
specicse. F,echeriohia. orgacisms were present in other series. In
grneral they found that at 7°C. salt hed a definite rostraining action

on tho organi sms of the Fscherichia-perobacter group. In salted butter

the ¥Tscherichia species did not grow in the 10~day period, and conmonly



thero was a deoroase in numbers. ¥ith the Aerobacter speceies thero was
usvally a decrcaso and then an increase in numbers. The incresse in
some instanceos resulted in counts W gher than the oripinel omes. In
the unsalied bubter, sone of the Ischerichie and 211 of the Aerobacter
spoclos sludicd yrew, with the laiter shewing more growth than the
former.

At nbout 18%. salt hed a restreini Yy, Actlon on the organisms of

the Tscherichia-Aerobacter grouy, but growth occurred with all the

cultures studied, in both the salted and ihe unsalted butter. The
Aerobacter speoies grew wore rapidly and resched hi her numbers in
butter than did the Wscherichia spccios.

Yale (1933) studied 25 culiures of coliform orpsrisms isolated
by ilanmer from defeetive btutter and ! ound that 82 percent Lelonged to
various species of Aerobacter group and 12 percent to the intermediate
group. Jeo stated that absence of 4he scherichia group indiestes
that oxnditions in butbter aw not favourable for grovth or survival of
this proup at the teaperatures at which butter ordinarily is held.

The presence of spocies belenpging to the penus Aerobacter in defective
butier indicateos thait they may be respousible for ccrtain defocis. iie
found the nost comaon species in defective buttor was A. merogenes.

Perfitt (1936) studied the f requenoy of occurrence of Tscherichia-

Aerobacter species in comaercial buttor and {ovnd the highest percentas:o

of sanples containing these cryanisms oceurred in July and August and

tho lowest in Januvaery, elthou;h no definite secmsmnal trend could be



established. Tie did not £ind any relatiosilp bebween the keepirn, queli-

Ty of butlier snd the presence or nbseice of Tsoherichii n-Aerobecter ;roup.

There was nc reletionship between veast mad mold cownt and colifiorm count.
Fice (10%3) studied 181 semples of bulier swd found that 41 containe
cd coliform organimse Larper numbers of edliform orge.tisns were
»resevt in sanples thab had hi_her totel counts. “here was no sipnifi-
cent difyerence in score beiween somples bl lily contamirated with coli-
form crianisms and biose with Lewer colifor: Lacleria; tho sane was
lrue with resgect to total counts.
'S;';‘;'L"trc')'m (1242) found thet streins of Ie sorogoenes could prow better

than e coli in water and wvhey media with 2 per cent salt concentration.

Ion,, ledriek and Lemmer (1544) encountersd hert-resistant colif'orm
orpacisms in le9 or Q.1 ml. quantities of butter serum. Thoy found
that all resistmant cultures were of the "scherichia type. 0O the 220
somplos from 77 plants, 145 from 65 plants costained ¥. coli. ¥ost

samples contained Pscherichia or both Pscherichia and Aerobacter hypes.

ferobacter types rarely were sacountered alounes

Crossley (1944) exanined factory plant surfaces Ly awab methods
after trealment of these surfaces by hot water, shteam ard hypochleorite
rinscs or combinmtions of these. (Coliform organisms were found con
some svabs and milk souri:; organlsms on 90 per cant of the aurfaces in
contact with raw milk, 80 per cent of hot millk surfaces and 25 per cent
of post pastewrization equipment. The churn wes the most important
source of butler conteminutions Thils lnvestigator found that crcam with

no coliform bacteria in 1 ce. of materiel whoen placed in the ohurn
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showed coliform bacteria in 0.0l cc. aftor six to eight revolutions. He
also found these organisms in larger numbers in finished worked butter
than in weshed butter granules.

Crossley (1946) analyred line run semples for coliform bacteria
and {ound that the percentage =f positive samples increased ws the pas-
teurizod cream proceeded shead during the process of butter manufacture.
Viashed butter grenules had the highest percentage of positive samples,
end the number of such samples decreased when the bubtter was salted.
He found that 57.0 per cent of 126 samples of Fnglish butter gave a
positive coll test in varying guantities of material and concluded that
coliform organisms were of common general occurrence in butter flora.
The prevention of coliform contamination was rendered difficult by the
very extensive use of wooden equipment which could not be sterilized
by steam and also due to some inevitable menual contsct. On the other
hand this work also showed that it was practicable to maintein essential
freedom from coliform contamination throughout the whole bubter making
processe

grossley (1946) after studying a large number of samples of commer-
cial butter stated thal during prolonged cold storage & slow deoline of
the coliform population occcurs, the extent dependiig on the degree of
saltinge

Robinton and Genung (1945) found that A. serogenses increased to a groater
extent in cream than did'g._ggli at a refrigeration temperature of 8°c.

The literature contains very few references regarding the effect of

gran=negative organisms as a group on the fresh score or keeping quality



of butter. Nelson (1932) studied the kee in quelity of 303 samples of
commereial butter by Lolding them at 21°%C. for 7 dayse. lie made microscopic
exaninetions bolh before and aftor holding to determine the types end
nunbers of organisms mid {ried to predict the keeping quality on the besis
of' his originel slides. large numbers of gran-negative rods conmonly
were associaled with poor keeping uyualitye HKeeping quality could be
predicted in $6.4 por ocent ol comnercial salted butter, 7%.6 per cent
of unsalted and 8449 per cont of exhibitdon sexples.

A pood many sram-nesative orpgeniswms have veen shiovm to be responsible
for various butter defects. Hemmer (1948) has listed the Fscherichia-

herobacter ;roup, Flavobacterium maloloris, Protcus ichthyosmius,

P'seudomonas frapl, Pseudomonas pephitica, Pseudomonas nigr.rlfacions,

Pseudomonas putrofaciens, Serratis marcescons as among the graz-negative

bacteria which have been associmied with various kinds of butter defccts.
There is a great deal in the litcrature on the relationship of

yeasts end molds to the quality of butter. Only s few of the more per-

tinentl pepers will be cited. Rouska and Brown (1921) found that number

£

of yveasts and oidia wans not a reliable index of the leeping quality of
storaie putter., However, other eanditions beiug favourable, buttor
with fewer youst and oidia would keep loager ir storaje than would
butter with higher numbers of these wmicroorganisms.

Parfitt (1925) analyzed 434 samples of butter for yeast and mold
countse He found no relatiouship between the number of molds per gram

and the score of the butter.

Macy and kichio (1929) examired 537 sanples of buttor for yeasts



end molds end lteoni

; quality. Mo consistont relabionship wine apperent
betvween the mold or vesst connts ard the guality of the frosh bubler.

Weither meld, yeast or total ecownt of Indivicdusl se-ples corved es o
reliable ivdex of the keapiy,) gueli *y of the buiter. Co:sidored ac o

grous, She sanmles of bulter witih the lover neld, weest and toitsl counts
stoved a tendeney fovard sliphtly bother Yeesi»; quality than thosc wilih
hirher counte.

Orimes (18531) stvdied the total count snd voest ond mold count of
o large nunber of sam:les and fowndd rold eownts the best index of the
flavor score of frosh bubtters Jie drew up standards for the iteotal micro-

bioloyical counts Tor butlor menufactured frowm sweet croem viich are as

follows:

1

Txeellent taod

‘o ir Tad

Tobal ecount por ml. << 50,000 50,100~ 501,000~ =1,000,000
500,000 1,000,000

yeasts " " - < 50 51-500 = 500

molds " ® - < 10 1l= B0 > 50

However, the saxples in any one grade group sceiually showed a wide vorige
tion in the nunbers of organisms of the various iTypes, md no correlation
could be found between the restulis of microbiological anelysis end the
flavor score of butter two weelks old. It was reoo;rized that these
organisms were of sipm ficance as o :ide % the sanitery conditions
prevailing durirg menufacture.

The rolationship betweon the totnl count, the soore of butter end

its keeping quality has beem studied by meny v kers. Factors affecting



the total count of bLutter end those that pgovern the keeping wality are
' not always the same and hence lack of a defini te relationship is not
surprieing. However, there is a preater prabability of having a larger
number of spoileso organisms in utbter vhen the total count is high.

T4 is natural therefore tw expect a tendenecy in samples of bultoer with
hizh total count towards deterioration, althou h low cowmt samples will
anot insure high keeping quality.

Demeter and Maier (1931) noted that the total count on lactose
agar demonsireted in 2 gmerml way that the higher the total bacterial
contont the lower the grade. lowever, thesec general trends did not
hold for individual sanples. Vorking with yeast, mold, acidifying,
non-acidifying, caseolytic and total counts, they coneluded that the
most useful determination for predicting the keeping quality of butter
was tho totnl count on the casein g;ar of Frazier and Fupp.

Welson (1932) did mot find any apparent corrolation between the
plate counts of the butier end the keeping quality. Some of his
samples with high plate cowmts xept well and some with low counts
debtsriorated a great deal.

The :;bility of any given lot of butter ta retain its desirable
flavor and odor characteristics through regular trade chennels snd
in the hends of the consumer is one of the most important requircmentse.
Vari ous workers have used holdir; tests to predict this quality. Bouska
and prown (1921) found that holdig buttor at 15.5 to 21°C. was very
satisfactory in predicting the keeping quality. They reported that

butter with poor keaping quality developed e bad flavor within 3 days,
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while thal with jood 'moplng quality kept woll Tor 2 wedss.

Jacobsen (1937) used the 7- Lo l0=-dayv holdizng test at room tompora-
ture as an indication of heeping quality of bubier in storage. He found
that Clavor detorioration in wnssalted butber vithin 7 or 10 days at
room temperabure {reguently indicated flavor deterioration in the corres-
pording, bubtor held et lower tomperatures, bub a failure to show flavor
ceterioration at room temporature did not insure ;ood keeping quality in
the butter at lower temperature.

Jacobsen (1939) tried to determine the cause for lck of asreement
between the 7-day holding twst at 21°C. end the keeping quality of
bubter at 4.4%. FKe found that salt contemt affeeted tre ectivity of
the orgasisms and salt above 1 per cent levol allowed very little
microbiel deteriorations %The proportion of lipelytie or proteolyiic
organlsms was higher at lower temperetures. He coueluded that lack
of agreoment botween the holdiu; test at room temperature and -eeping
quality at lowor temperaurces was due to the differences in the active
bacterial flora at these temperatures. This vas partioularly true with
butter contalning less then 1 per et salt. Similar conclusions were
reachcd in a later article (Jacobsen,1941).

Persons (1932) found e ld-day holdin; test at 60°F. or a 7-day
holding, test at 709%. uscful in dotection of butler of certain handling
quality.

Vaylor and Guthrie (1940) incubated salted and umsalted semples at
32 and 60°F. for 10 and 14 days. They found that the test at 60°v. was

not perfeot for predioting the keeping quallty of high~grade butter,
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tut 1t did [ive n feirly _sod indication of what will heppen. They did
not find sny differonce in the leepin; gquelity of unsalted and mildly
salicd buiiter made in the labwatory from highly pasteurized eroam;
but in commerciel butter they found Lthat unselted samples deteri ornted
badly in all ecases curing the incubation test, while salied Wabtor
ghowed much batter keeping quali fy.

Sorenson (1940) helé 22,060 parchmert-wrapped semples of butter
nt 68 to 70°", for 7 days for koeping quality tests. Yle states, "a
surprisingly close correlation betweon ke in; quality tesis and subse-
quont difficultywith the churnings tested vms rolteds" Ie indicated
the value of' the test in locating contaminated water supplies or insani-
tuyy plent conditions.

Locently & number of laboratorics hawe lLeen using a 1 to 2 day's
test at 98%P. for thc cvaluetion of ihe keeping gquali ty of buttar.
Tho resul s of proporly cortrclled experizents with this nrocedure ure
no% available in the literatuvre.

Tamaer (1948) sug. ested that temporature has a definilte efifcet on
tho yrowth of organisms in bubtter and close correletion betvicen deboriora-
tion at variocus temperanbures cmnot be oxpectod. Howcver, he stetes
that keeplni quality tests aro helpful in detlecting faulty methods of
production, and their usc is ndvisable wntil more adequate mecthods
arc devised.

nly pasteurized oream ordinarily is used in the ranufaciure of

conmercial bubber and butter with a very low miorcbial count can be

produced. Various workers have shova that pasteurization as is practiced
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in tho wanufacture of commereial butter destroys the coliform orgmnisms,
yeast and mold mrd & marced portion of' the fo’tul microflome. Iovwever,
it is wcll lvown that fi-dshed butter often econtains these microorgsnisms.
A nunbor of vorkers have tricd to locete the sources of these orgeanlsms,
vhere Lhe cream or the bubtter picks up the contamine Won during the
process of manufnctures Stiritz (1922) end yscd raw oream, pasteurized
creas, vubttermilk and butter from the same churaings for yeast and mold.
fie fixed 2 standard of I0 colonies per ml. of finished butteor and cone-
sldered this test ss an index of sanitvary eificiency for the entire

but ter-meking processe Ji@ sug,ested that the churn may be one of the
bigpest sources of cartemination of the cream aftor pastourizatione.

The various sources of butter contamingtion aie the wvat, pumps,
pipelines, ohura, vash water, salt, liner paper, suong others. ifscy
nd Combs (1927) found churns to be the source of molds in G5 per cent,
salt in 33 per cent, starter in 40 por cemt, waler in 44 per cent and
pipes axt punps in nearly 75 per cent of the creameries stuwdied. MNold
spores viere carried by 50 por cent of the dry parciume.t end cloth ciroles
examnined.

Meey et al (1931) found that & gprest majority of the churns carried
yeasts and nolds eand ewven new chwns were not always free of woldsa
iood ,oven up to the depth of 1 inch, may carry molds of one kind or
other. They suggested that the molds ere dislodged durlng the vorking
process whon the churns are subjected to & great strain and tley thm
are incorporated in butber.

Nlson eand Hommer (193%) showed thati i hly contamineted chums
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lowered the konping guality of bubtter vhen the tutier vas wmsaltsd and
N ] - 20 r'o.—\
wae held at 32 or 45 7.
Sorcosen (1040) trooed a fow irstences of mneid flavor dovelop-
menb Lo bresks in vetl linings, cosers nnd in vat eoilse FPe found that
pumps and pipe lines seoldom gave troulle unless more than one wat or

A 3

churn had to be filled through the pipe ot the same timo. Le found

whe shurns Yo bo the most consietent sovree of contamination in samples

of bubter tiat developed bLutyric or hyvirolytie rencidity,
2 Y ; y ¥
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MATERIAL, AUD METHODS

Procedurcs for acquisition and treatment of samples. Of the 234

sauples studled 93 were sent in by various lova cremmeries in the repular
monthly scorliy; ocontests at Jowe State Colle,e and the other 2.1 samples
wore chfai-ed tirouvgh a large assembler of buttere. The nonthly coutest
samples were obtained in 20~ to 60~pound tubs which were held at 23-35"F.
Tho scoring was usuaelly done by three judpges 1 Lo 3 days af ter receipte
A 4=ovnce sanple wes obtained {from each tub for keepiry quality test

and e 2-ounce samplo 'ov microblel melysise. Tricrs werc used to tuke
ount the samples from the tubs. Contaminetion of' samples through the
triors was evoidod by wiplig the triers thorou hly with tissue paper,
dipping thev triers in aleohol and flaming them before each use. Use

of more then one trier allowed time to i etv the triers cooled bLofore

they were ready to be used apgaine Sterile, cylindricel, glass jars

with metal screw tops were used to hold the samples end sterile woodon
spatulas were used to help press the butter firmly into the jars.

Yor the other set of samples, sterile 4-ocunce jars of butter were
shipped in an insulated boxe Tho samples were put in the jars asepti~
cally, refrigerated end shippeds They always arrived in jood condition.
On arrival the vutter was divided into three parts with the .elp of
sterile wooden spatulase Ono part was used for kesping quality test,

8 second t'or scoring while frosh and tho third for microbial analysis.

All samples were stored al a refrigerstion Leapernture of 3:°F,

They wore held at asout 50°F. for several hours before Judginge. Crading



wes done according Lo tie Se numerical commercicl prades for tflavor by
two or more experienced jud.es.

The samples for keoplag quality test were incubated for 7 days at
21%. in a thermostatically=-controlled incubatores At the end of tiis
period they were tempered and judged by two or three judges for flavor
and odor. Lo points wore deducted from any sasple for oxidized flaver,
a8 1t was supposed that this method of handling is bound to yive chances
for oxidation, even if the samples would not show the defect otherwlsc.

The samples were refrigoerated until they were plated. They were
analysed for coliform organisms, gram-ne;ative orgmisns, yeast and mold
count and total cownt by the procedures described subsequentlye.

The samplos for line run series wore obbeined from crecanmerics cper-
ating wnder normal comnorcial conditd onc for thet particular plant. During
the process of manuf'acture, aseptic samples wero talen in sterile jars
at various points and stagess Samples of creanm from the vat mnd the
churn vere takon from all parts of the vat or the churn vdth the help
of' sterile metal tubes, W get a representative sample. Other sanples
of liquid materisl were taeken directly in the sample jar held under the
stream of the producte Sanples were teaken at the followlng points and
stages in so0 far as possible: (1) kaw cream from the vat (2) Pasteurized
cream. (In case of vatl pesteurized eream, smples wore taken af taer
cooling, right from the vat, wiile in tho case of vecrsated cream, this
sample was taken bot at the top of the cooler, ard a third swrple vas
had at the bottom of the cooler)e (%) In creemery A a temperature of

165°F. wes used for 30 minutes in vat pastourization, while in the
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vecreator a “emperature of 195°%. was employed for 1 scconde (4) Crenn
from the holdin, vai just before pusplng the creem to the churn. (5)

o sannle of the first creen entering the churn (cresm thraugh the vmp
and the pines). (6) Cream from the chum after sbout 18 rovo lutione or
shurnin, for ten minutes in Seme cases. (7) Putbtermilk from the bubter-
milk outlet, after emough hed bLeen discharged to minirize chences of
local contaminatione (8) “eshed buttor granules. {9) Salted finished
butter.

Rutter samples were teken in 4-ounce starile concaivers by halp
of sterile wooden spatulas snd an effort was made to ;et the semvles
from all parts of the churn. All somples were taken direectly from the
churn before sy butter was removed.

In all, samples for 18 line run series woro obtained, of which
three were from churnings to which but ter culture was addeds Semples
from all points end stayes mentioned in the lire run could not be obtained
in all casecs, with the result that some series are not compiete.

In the study of the chmpes in the population of coliform organisms
in butter stored at %8 emd 438°F, and with varying conoemtrations of
salt and degrees of working, but ter was menufectwed under controlled
conditions. Trom the regular cream supplics of the college laboratory,
samples of sweet orcam were selocted on the basis of taste and smell
and put in two thoroughly cleaned, ten-gallon regular milk cens, 50 to
60 pounds in eache The orcem tested Letween 30 and 32 per cent fat.

For pasteurization the ceng were immersed in a waler bath deep

enough %o have the water around tho cens well abova the level of the
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oresam insides A third cen with atout €0 pounds of water in it was placed
side by side in the bath and formed the centrol for checking tomperatures.
Live steam was injected into the water ba*h wntil the temperature of the
water in the control can resched 180°F. Cream vas held at thet tompera=
ture for 30 minutes.s At btle end of tids period thc stomm valve was
clesed completely and cold water was run in the Lath until the control
can showed & tomporaturc of atout 56°F. The cwms were sheken occasionally
2ll through the heating and the cooling periods. They then were removed
to the refrigorator room at 3577, and left there overnight,

Pure cultures of three strains of E. coli and two. of A. aerogenes
rocently isolated in the Hacw’;eri'olog‘lcal Taboratorie s of the Lepartmnt
of Dairy Industry formed the flora for inoculation of the creem. The
cultures were transferred in storile litmus nilk, every 24 hours for
2 or % transi'ors prior to their uss in order %o insure'maximmn activity
when they were inooculated in the creams The final transfer wms made
in sterile skim mill dispensed in 100 ml. quantities in €E-oumce mpdi-
cinal ovals which wns inoculated with Q.1 ml. of 24=hour culture.

The churn used was a soml-commerciel Vane chum manufactured by
the General Dalry Tquipment Company, Iinneapolis, Minnesotan. The
maxinun capacity of the churn is supposed to be 650 pounds of crcam,
but it eould very easily hendle es lit tle as 100 pounds of 30 per cent
oream, the quentity which was usecd in making each of' the present
churningse The churn was handled in such a way as to minimize contamina-
tion from that source. The coliform culture was sprinkled evenly over

the cream in the churn at tho rate of 0.5 ml. of culiure for every pound of



orewts The creem thon was churned, taking about 30 mimites before the
bubiter was in grasules ol proper size. After draining the bubtermill:,
the granules wore washed vith flltered tap vater mnd thes cooled and
hardescd for U minutes with cold vater al about 42%. The Lubter
Luea was vorked partly to renove aost of the free molistures. Four pounds
of.thls vutler wers taien Lo the labormntory in eech of the three stain-
less steel shot puan cans vilich were well steamod for 15 minutes in the
Arnold steamer and tuen cooled in the refripgerators Ir the laboratlory
the contents of each cen vas divided cqually in two purts and cech part
was worked separately uvnder aseplic conditlons in a sterile ennmeled
metel bowle One Liell of esch portion of butbter was well worked to de-
sirable degrec of dryness, while the second portion was vorked somewhat
less tuen desirsble. 7The first two sarmpl-r wero kept unsalted. The
next four samples were vorked as Lefore but tvo wore seltod with 1.75
per cenbt o1 sterile salt and the other two wiih Z.5 per cent salt.
Thus six dii'flerent classes of bubter were obteined as follows:

(1) Unsalied eud well workede

(2) Unsalted and poorly worked.

(3) 1e75 per cent sall and well woriked.

(4) 1.75 per ceat salt and poorly vorked.

(9) 245 per cent salt aud well worked.

(6) 245 per cent salt and poorly workeds

the butter Lrom each of the six lots was pub in sixtecn 2-ounce

and two 4-ounce cylindrical scorew capped, sterile glass jars. [alf
of ine small jers wore put et 48°r. erd the rest ot SBOF. The 4~ounce

jars wore used for salt and moisture analysis. Samples from each lot



vere plated for colifor: orgonises at thae following intrrvals: (1) * ithin

. . 1M N e ! 3 . ceew (24 L R " : .
srey (B 05 dens, (2) T Cays, (4) 14 duvs, (8) 21 dews, {(0) 50 davs

24 ki
A - -
e {7 30 durs.

LR e . IR S " 1 Lot I L . PN Ao ~ . -
own Basglos from cachy of tho sis lots were arelyzed Jor per cont

2l s oml oolsiuve Ly the melhod dven Dy ordensen et el (1037).

Genernl procedures for the microbisl analyses. In as far as pos-

sible the bacterisl populatiocs wore estims ted by the agar plete method
08 described in Standarc liethods lor the Txamination of Dairy Products,
eighth edition (194l). Colifom orgssisms were determined by plativg

on violet red bile agare One sat of plates was incubated for 12 to

24 hours at 37°C. and another set for %0 to %6 hours at 30°C. Yeasts
and molds vere determined on acidified potato dextrose spar (pH 3.5) and
the plates were incubated for § days et 21°%c. "rotal count" was doter-
mined on Tryptone= lucose~extract-nilk agar, plates belng incubated for

3 days at 30%. or 5 days at 21°%c. vor gram-ne; ative organi sas nutrient
apar was used, with added orystal violet dye to check the growth of most
of the gram-positive bacteriae Two sets of plates were prepared and one
inouvbated at 21°%. ftor & deys md the other at 300(:. for 3 dayse A stock
solution oif 0.1 per cent crystel violet was made in alcohol. This was
edded to the melted nuirient agar media just before dispensiig in bottles
and was thoroughly mixeds, Tho medium then was sterilized as usual.

¥or meliminary trials two strengths of orystal violet were used, tho
{final dilutions being 11385,000 and 1:150,000. The k tter concentration
only was used in interpreting the results except in the case of some of

the first sanples for which only the dye concentration of 1:35,000 had
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boen ustds VLo al, o comeny trallon ves showm e inhiblih comn of the pran-

nogalive bacboria, oven thougt the lover cuicenbration pamitted occowsional
coionins of gac-i s davalop. A Junboe colony eowumber and a binoseular
mleroseope ware weed in mawing the 2lewe counls.

Tae obscrvations on b use of dilferont teusoralures aud porlods
of inecubuuion of sleter alon, wi il the effect of the strength of ervstal
violet ou We pram-negabivo cound are glven in Luble 1. In reportiiy the
resulls of these trials in subsaquent tables tho colifom wunts al 370(2.,
fran=csegoibive counts sl 30% . with 1 pars of eryotal violet in 152,000
parts of agsr (ezcepl e Lew early suples vhore only data on the 1:3%,000
dye coucentraiilon were nvailable) and the votel slate counts at 2100. were
amployeds The seleotion of the dbove eaumeration proeedures was based
on the assuwaption thet the procedure jiviiy the higher count was the
more suitable, provided 1t did not eaumsrate too meny organisms not fall=
ing in the desired ecatepgorye In order Lo decide whother or not a count
was slonificanbly licher than the corresponding one, o few arbitrary
standards had %o Le fixed wnhioh famed bthe basis for compsrissrs. All
osounte balow 10 per williliter were discarded for the purposes of compari-
sorn, for in thnse cases the vumbers of cclonies on plates would be so
small that the differinces prdably wiuld not be significant, For those
svove 10 e mathematical mean of e Lwo counts under compsrison was taken
and if the di.fforonce bebweeon the two counts was preater than 20 per cent
of' the meun, the two counts were presumed to be sulficicrbly different
Lo warront thelr use in caleuletlon of differences.

The counts of Lhe coliform organisus et 30 end 37°C., with respective



Table 1

Comparisons of counts of several organism types in commercial butter,
using various indicated modifications of the enumeration procedures

Colifcrm count per ml. Cram negative count per ml, aiter Totel plate count per ml,
Sample ~ 30°C, for 870 for 5 days at 219C. & days at 300C. after: [
number 30 to 36 18 to 24 with crystal with erystal 5 days &t 3 days at ;
hours hours violet concen~ violet concen- 21%%. 30°C. '
tration ofs tration of: -

1 1 1 1
85,000 150,000 35,000 150,000

et

Samples losing nc points during keeping quality test.
<

1 < 2 < 2 < 2 - 2 - 38,000 21,500
2 <2 <2 <2 - 4 - 5,500 ,000 '
3 <2 <2 6 - 6 - 7,800 9,700 N
4 <2 <32 6 - 2 - 154,000 175,000 '
5 2 < 2 14 - 26 - 7,300 11,300
6 <2 <2 70 - 54 - 16,200 13,500
7 2 <2 110 - 106 - 6,800 6,200
8 <2 <2 40 - 48 - 19,100 23,100
9 <2 <2 74 - 80 - 9,400 92,000
10 < 2 <2 < 2 - 2 - 8,300 7,300
11 <2 <2 < 2 - <2 - 3,400 2,900
12 < 2 < 2 10 - 12 - 12,700 13,700
13 <2 < 2 < 2 - < 2 - 3,400 8,200
14 <2 <2 2 - 4 - 7,100 7,200
15 <2 < 2 2 - 6 - 12,000 11,700
16 <2 <2 4 - 10 - 23,000 28,500
17 <2 < 2 < 2 - <2 @ - 20,700 17,100 \
13 -2 <2 4 - 8 - 6,200 8,800
19 <2 < 2 < 2 - 4 - 3,200 9, 300
20 <2z < 2 12 - 13 - 5,500 5,800
.21 - 2 < 2 4 - 4 - 23,100 13.600
22 2 2 2 - T2 - 6,200 5,100
23 < 2 <2 <2 - <2 - >300,000 = 300,000
24 <2 <2 <2 - <2 - _ 5,300 5,300
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<2 < 2 -2 z “z [ -—p - -

<2 < 2 2 2 2 2 ~ 300,000 300,000
56 <2 < 2 <2 2 < 2 <2 > 300,000 = 300,000
57 <2 < 2 400 600 19 15 116,000 60,000
55 <2 < 2 < 2 2 < 2 <2 6,100 330
59 < 2 < 2 < 2 2 < 2 <2 54,000 53,000
60 <2 < 2 2 12 <2 2 13,000 19,000
61 <2 <2 <2 <2 <2 <2 43,000 8,300
62 <2 <2 <2 <2 <2 <2 10,000 6,200
83 < 2 < 2 <2 <2 <2 <2 35,000 33,000
64 <2 <2 <2 <2 <2 <2 83,000 56,000
65 <2 <2 < 2 <2 2 <2 17,000 14,000
86 <2 <2 <2 <2 <2 14 135,000 150,000
87 <2 <2 10 4 12 26 23,009 22,000
63 <2 < 2 2 <2 2 <2 8,000 6,400
69 <2 < 2 <2 <2 <2 <2 180,000 200,009
70 <2 <2 <2 2 <z 8 11,000 1,100
71 < 2 < 2 <2 <2 <2 2 9,600 4,800
72 < 2 =2 <2z <2 <2 <2 13,000 21,000
73 <2 <2 <2 <2 <2 <2 43,000 38,000
74 < 2 <2 <2 <2 < g <2 14,000 14,000
75 < 2 <2 <2 <2 <2 <2 8,500 11,000
76 < 2 <2 <2 <2 <2 <2 8,400 8,000
77 < 2 < 2 2 <2 < 2 2 15,000 20,000
78 < 2 <2 2 <2 =2 12 41,000 40,000
79 << 2 < 2. 2 <2 2 2 2,800 3,000
80 2 10 22 22 10 20 35,000 82,000
81 123 120 320 1330 430 550 > 300,000 > 300,000
82 < 2 <2 <2 <2 <z <2 15,000 13,000
83 < 2 < 2 <2 <2z <2 <2 4,700 4,000
34 < 2 < 2 <2z <eg <2 <2 10,000 15,000
85 = 2 < 2 <z -2 <2 - 2 35,000 34,000
8§ < 2 < 2 <2 <z <2 ~1 2 16,000 12,000
3 < 2 < 2 <2 <2 < 2 oz 2 10,000 9,400
83 < 2 <2 <2 <2 <2 2 290,000 250,000
3 < 2 <2 <2 <2 2 < 2 13,000 13,000
30 3 20 10 22 10 22 13,000 14,000
91 < 2 <2 <2 <2 < 2 < 2 5,500 ,800
32 <= 2 < 2 8 2 70 190,000 110,000
93 < 2 < 2 <2 <2 < 2 170,000 140,000
94 < 2 <2 33 54 43 64 31,000 35,000
95 < 2 <2 4 8 10 6 34,000 30,000
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124 2 8 .73 71
126 4 < 2 62 210
127 <2 <2 2 <2
123 =< 2 < 2 2 <2
129 < 2 < 2 2 <2
130 2 2 14 20
133 < 2 < 2 <2 <2
134 <2 < 2 4 <2
135 4 4 120 110
136 <2 < 2 < 2 < 2
137 < 2 < 2 < 2 <39
138 <2 < 2 < 2 <2
139 <2 <2 = <2
140 <2 < 2 <2 <2
141 2 < 2 2 <2
142 2 4 2 2
143 < 2 <2 <2 2
144 <2 < 2 <2 <2
145 <2 <2 <2 <2
145 < 2 2 < 2 < 2
147 <2 2 3 B
143 <2 < 2 <2 < 2
149 - 600 > 600, > 600 =600
150 <2 = 2 < <2
151 2 < 2 <2 < 2
152 <2 <2 < 2 < 2
153 13 26 <2 < 2
154 < 2 <2 < 2 <2
155 <2 <2 5 4

£3 2 =< 2 5] 6
157 < 2 < 2 <2 < 2
153 <2 < 2 2 < 2
159 <2 <2 2 <2
150 <2 <2 <2 <2
1351 < 2 <2 < 2 <3
162 <2 <2 5 10
183 <2 <2 < 2 <2
154 18 22 <2 8
185 150 120 120 1290

43
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125,000
16C,000

> 300,000
18,000
12,000

5,000
75,000

140,000
120,000
= 300,000,
>300,000

87,000

27,000
27,000
14,000

3,000
9,600

130,000
39,000
74,000

120,000
30,000

31,000
120,000
> 300,000
120,060
14,000

45,000
850
14,000
120,000
26,990

60,000
1,100
7,300

93,000

13,000

54,000
70,000
160
100,000
25,000

UVU’UUU

120,000
160,000

> 300,000
13,000
21,000
17,000
52,000

150,000
110,000

> 200,000
90,000

20,000
23,000
9,000
10,000
7,800

140,000
40,000
53,000
96,000
29,000

26,000
120,000
=300, 000
110,000
5,000

37,000
$50
19,000
140,000
18,000

770

4,400
70,000
11,000

33,000
24,000

20
93,000
19,000
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7,800
95,000
13,000

54,000
70,000
180
160,000
25,000

> 300,000
51,000
210,000
20,000
46,000

© 8,000
50,000
- 1,300

37,000
1,300

5,600
1,900
23,000
62,000
41,000

7,200
30,000
14,000

120,000
14,000

18,000
22,000
12,000
23,000
22,000

45,000
26,000
18,000
25,000

7,000

300,000
27,000
25,000

™ NN

4,400
70,000
11,000

38,000
24,000

20
93,000
12,000

=>300,000
40,000
130,000
11,000
35,000

8,400
30,000
620
25,000
300

3,000
1,900
11,000
50,000
47,900

41,000
14,000
120,000
15,000

13,000
30,000
14,000
21,000
30,000

56,000
23,000
24,000
35,000
13,000

500,000
24,000
20,000
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193 e T2 <2 <=2 2 2 18,000 24,000
194 < 2 < 2 <~ 2 <9 2 <2 25,000 35’000
195 =2 =2 =2 2 2 <2 7,000 13,000
196 12 8 18 12 20 24 300,000 300,000
197 10 12 46 52 74 110 27,000 24,000
198 <2 <2 <2 2 <2 4 25,000 20,000
199 < 2 <2 <2 2 < 2 <2 9,500 12,000
200 < <2 22 18 14 24 % 59,000 -
Samples losing 1 point dwing keeping qunlity test
201 =< 2 2 46 - 42 - 13,800 11,800
22 =2 z 80 - 70 - 1,870 1,350
203 <2 2 <2 - <9 - 25,200 13,300
204 <2 2 82 - 148 - 13,000 17,100
205 e 2 <2 - <2 - 18,700 18,150
208 2 2 175 - 132 - >300,000  =3500,000
207 24 42 683 - 730 - 22,000 35,000
203 <2 z 288 . - 232 - 51,000 76,000
209 =2 2 <2 - <z - 50,000 55,000
210 <2 < 32 - 43 - 177, 00U exoy
- - >390,000  =300,000
gi; : Z <§ j&é - zsi ) - __>3()(),OOO =>3C0,000
213 < 2 <2 2% - 30 - = 330,000 >3%00,000
212 <2 <2 150 - 220 - 820 900
215 <2 <2 76 - 116 - 370 420
6 < < 2. <2 <2 <2 2 55,000 20,000
:Ji; 12 , 13 5 14 70 76 35,000 31,000
218 <2 <2 <2 <2 <2 12 40,000 50,000
219 <2 <2 <2 <2 <2 2 250,000 240,000
220 =2 <2 4 2 2 2 120,000 87,000
221 2 6 20 480 25 330 > 300,000 >300,000
222 <2 2 20 22 30 70 239,000 230,000
223 <2 <2 <=2 <2 <2 <z 21,000 14,000
224 <2 2 3 8 2 2 12,000 13,000
225 <2 <2 <2 <2 <2 <2 32,000 40,000
226 <2 <z <2 <2 <2 <2 13,000 19,033
227 <2 <2 <2 <z <2 <2 8,600 9,7 :
223 <2 <z 4 <2 <2 2 33,000 oo,ogo
229 <2 <2 <z =2 <2 <2 51,000 62,0
230 <2 <2 <2 32 <2 <2 4,200 1,500
< <2 <z <2 <2 <2 77,000 £0,000
iii 9,(2; 18 18 233 22 240 100,000 110,000
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227
223
228
230

231
232
233
234
235

235
237
235
233
240

241
242
243
244

26

247
243
245
250
251

252
253
284
255
255

257
258
259
260
261

262
283
264
265
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<2
=2
<2

-

=2
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238
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36
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4
<2
1
210
34
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L
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< 2
240
18
>.600
16

18,000
9,600
33,000
531,000
4,200

77,000
100,000
35,000
> 350,000
300,000

100,000
42,000
210,000
15,000
25,000

53,000
13,000
> 390,000
> 300,000
>300,000
39,000

200,000
20,000
> 270,000

35,000

3,200
53,000
11,000
36,000

95,000
8,000
3,600

92,000

19,000
9,700
30,000
62,000
1,500

0,000
110,000
250,000

300,000
300,000

42,000
170,000
18,000
31,000

26,000
13,000
300,000
250,000
300,000
33,000

34,000
9,300
7,100
1,810

= 300,000

26,400
> 309,000
220,000
17,000
> 300,000

15,000

4,200
32,000
11,000
33,000

110,000
8, 300
8,100







<ol
261

262
263
264
265
266

267
253
259
270
271

272
273
274
275
276

252
233
284

235
Zs

287
238
239

250

251
2392
293
294

Semples losing 4 points during keepiug quality test

T & = Z
=2 =< 2
<2 <2
14 15

2 < 2

2 8

> 600 > 800
<2 <2
65 84
52 A3

- BT _ 600
120 120
20 12
€0 20
>358O > 600D
0 2

13 20

g 15
<2 < 2
< 2 <2
<2 <2
2 2

< Z <z
z <z

2 = 2
475 440
< 2 <2
P < 2

4 4

4 <= 2

< 2 =2
< 2 < 2
< 2 = g
4 =2

“ €00 = G605

< Z
=2

2
<2
<z

2

= 600

<2
52
=600
>600
72

2

g0

> 800
170

2

100

10
110
=600
150

2

-l
<

NN

1

BN

14
> §00

< 2
49
=600
= 800
150

20
130
>820
120
34

34
140
=600
150
40

300,000
120,000

120,000
13,000
39,000
.33,000
219,000

Samples losing 3 points durin; keeping quality test

274 ;.

< 2
4

&

> 800

2

20
150
<2
> 600
200

<2
90
<2

44

[

8
10
> 600

38

<z

= 2
<2
=l 2
> €00
180

2
22
2

£

A

O

2
2
10

> 600

<2
180
<2
= 600
210

200
22

L=

6

2
1z
= 600

34,000
9,300

132,000 -

64,000
= 300,000

110,000
34,000
33,000

226,000
34,000

14,000
110,000
300,000

47,000

21,100
47,000
26,000
> 300,000

’

33,000

110,900
8,300
5,100

100,000

210,000

240,000
150,000
150,000
200,000
100,000

160,000
19,000
1,000
25,000

13,000
74700 -
139,000

65,000 -

> 300,000

160,000
38,000
43,090

200,000
28,000

9,000
150,000
360,000

32,000

19,300
51,000
24,000
> 300,000
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ircubation perlods of 30 to 3% hours and 20 to 24 hours did not vary to
eny appreciable extent. Oa the basis of the calculalione jusi deseribed
40 sanples showed usablo levels of counts; of these, 14 samples s wed
a higher eount in favor of 37°%. incubetion tomperature and 2 in favor of
30°%. fThe rost did not aiffer by more than 20 per cent of the mean of the
tvio counts. largely bocause this temperature is used most widely, 3790.
incwbation was adopted for enumeration of coliform becterie in the final
compari§ons of results,

In comparisons of total counts, out of thel83 samples studied at
21 and SOOC., 176 pairs did not dif fer by more then 20 per gent of the
meen; 74 samples favored an incubation temperature of 21°C. as against
38  which shoved & higher sount at SOOC. Trierocf'ore, the former was taken
Tor the final counts

For the grame-negative counts two factors had to be compared. First
the temperature of inocubation, 30 snd 21°C. werc comparod usin ¢ orystal
violet streagth of 1:85,000. Out of a total of usable counte on 97
samples, 39 were hisher at 50°%. and 17 at 21°C. Using 1:150,000 dye
concentration, out of a totel of 82 usable counte, counts on 42 sawples
wers found higher at SOOC. end on 10 senples at 2100. Counts on the rest
of the samples at both temporelures did not dif fer by more than 20 por
cont of the mean of the counts on the two variasbles. TFor reporting the
results, the gounts et 30°C. were uscd.

The two sbtrengths of orystal violet were then eoompared. With SOOC.
as incubation temperature, out of a total of 59 usable counts, 20 wore

higher with 1:150,000 dye concentration and only 3 with 1:35,000. At



-2 B~

21°C. out oi a total or Y9 comparable cownts, 50 favored 1:150,000 dyo

concentration and ¥ siowed hipher counts with 1:85,000., The remaining

samples in the two yrows did not very by mare then 20 per ecent of the

mean of the *wo counbs. 1Ir reporting these results counts with lower

dye concontration of 1:150,000 were usecd.
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WSULTS

Tero hundred end niuety~four sawmples from various oremmeries of Jowa
were examined for their colifom eount, ¢ ram-negzatiwe cdunt, yenst end
mold count and totsl count. Their keeping quality at 21%. for 7 days
also was detormined. A summary of the results obiained is presonted in
table 2, with the samples graped accordizg 1o loss in score in the lecp-
ing quality test. The date from this tablo have been svanarized in a
number of tables wihich show the interrelationships botween the various

values obtained in tiis study.

kelatlonghip Petween Various Croups of Orpani sms
and fnitiasl Score of Butter

thelationship bobtweon coliform count and initial score of commercial

butber. Table 3 skows the relationship bLetween the coliform count and

the original scors of the butters The scores ranged {'rom 87 to 93, with
90.2 per ceont of all the sauples scoring 90 or above. There is some
tondenoy toward a relationship between the coliform count of the butter
and its score upon receipt. ilowover, there are samples with very low
colif'orm counts which still have poor initial score. Althoush the opposite
is not just es true, soveral samples with large nunbers of coliform
organisms scored as high as 91. A detailed exeminetion of the throo
samples scoring 87 and giving a coliform cunt of o ss than 10 por ml.
(table 2) shows that number 79 has a very low total ccunt of 2,600 per

mle and that it has lost no points in the keeping quali ty tost and showed



Results of e

Table 2

comiercial butter

microbiological analysis and keeping quelity test on

Sample Total plate Yeast and mold Gram-ne_ative Coliform  Initial score Scora after
runber count per ml,. count per nl. count per ml. cowmt per of butter holding
(5 days at 21°C.) (5 days a% 21°.) (dye concextretion ml. 7 days at
1:150,000 (13 tc 24 21%.
3 days at 30 C.) hrs. at
37°9C.)
Semples lesing no points during the keeping gquality test

1 38,000 24 <2 <2 90 g0
2 5,500 4 4 <2 20 50

3 7,800 258 & <2 91 g1
4 184,000 16 2 < 2 28 892

S 7,300 & 25 <2 91 91

8 15,200 14 54 <2 91 91

7 6,600 152 108 < 2 40 80

8 19,100 102 40 <2 91 91

g 9,400 182 50 <2 22 92
10 3,300 8 2 < 2 91 91
11 2,400 78 < 2 <2 00 20
12 12,700 24 12 <2 82 92
13 3,400 4 < 2 <2 20 50
1z 7,100 176 4 <2 52 92
15 12,000 4 6 <2 g2 g2
16 23,000 4 10 < 2 @0 50
17 20,700 4 <2 <2 91 81
18 5,200 150 3 <2 91 91
18 3,300 23 4 < 2 92 92
20 5,500 4 14 <2 92 g2
o mmy———- g 4 B~ s - ag o2
22 f;,ZO\O 26 2 2 92 a2

3 > 300,000 4 < 2 <2 91 91
24 5,300 64 <2 <2 33 93
28 11,500 404 74 =2 52 g2
o8 T2Y AARN PR _

—gz—







‘20 5, 500 - g BT e se v— -

- e SR 3 R = ; 334 B T
2z €,200 23 2 2 32 22
23 > 300,000 4 <2 <2 91 21
24 5,300 64 <2 <2 3 23
25 11,500 404 74 <2 82 52
26 151,000 120 2 < 91 91
27 14,700 72 4 <2 g2 g2
28 5,200 16 2 <2 92 92
29 27,400 14 4 <2 90 50
30 2,300 6 < 2 <2 92 92
51 15,600 36 <2 <2 20 90
32 43,000 44 3 <2 51 21
33 269,000 g0 30 < 2 83 e8
34 52,000 118 <2 <2 90 90
35 7,200 12 8 <2 90 90
36 5,500 1€ 4 <2 30 39
57 5,900 43 40 <2 91 91
33 17,600 278 26 <2 92 a2
39 122,000 95 2 -~ 2 80 50
40 45,000 3é <2 <2 a0 20
41 330 <z 76 <2 90 90
42 45,000 210 €3 8 g2 92
43 20,000 318 133 <2 90 20
44 32,000 980 14 <2 81 91
45 31,000 182 3,000 54 g0 20
45 87,000 6o 4 < 2 50 50
47 4,300 32 4 < 2 90 30
43 2,110 46 3 <2 a2 92
45 51,000 6 20 < 2 93 93
50 >300,000 138 6 < 2 3 89
51 161,000 178 4 <2 50 50
52 3,000 20 z < 2 71 21
53 19,000 2: 2 < 2 32 22
54 50,000 - 106 2 <?2 51 g1
55 > 300,000 233 2 <2 73 83 -
53 > 300,000 26 <2 <z 50 90
) 57 116,000 #3,000 13 <2 o1 91
53 6,100 < 2 <2 <2 93 93
59 54,000 54 <2 =) 51 81
80 13,000 250 2 <2 92 92
ra 27 AAN ADN < 2 <2 a2 92

T Diaea T






sep0 .o =900, 000

5 > 300,000
57 116,000
53 6,100
59 54,000
80 13,000
81 43,000
82 10,000
63 36,000
84 85,000
53 17,000
66 135,000
87 23,000
683 8,000
69 160,000
70 11,000
71 &,600
72 13,000
7% 45,000
74 14,090
75 g,300
76 8,400
77 12,000
78 41,000
79 2,600
50 25,000
81 = 300,000
7] 15,660
83 4,700
34 15,000
5 36,000 .
86 16,000
87 10,000
55 230,000
5 8 RSN 13’000
g0 18,000
3 5,500
a2 100,000
93 170,900
94 31,000
55 34,000
fa¥ed N NN

e

28
#'3,000
< 2
54

250

420
230
20
o8

20

14

6
12
22
10
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<2
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14
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3
110
75
24
98

2
128
= 2
272
134
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490
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o /4990 YA AN AN [4%4 JA v s
g1 5,500 3 2 <2 sl 81
82 100,000 110 70 <2 51 g1
93 170,000 52 2 <P 52 92
92 31,000 850 64 <3z 56 90
95 34,000 130 6 <2 91 g1
65 25,000 72 4 <2 82 52
o7 12,000 224 <2 < 2 50 g0 .
g3 = 300,000 < < 2 <2 51 51
9g 11,000 120 <2 <2 52 52
100 7,800 42 <2 <2 50 80
101 5,400 12 <2 <2 20 20
102 14,000 10 <2 <2 ag )
103 5,800 10 12 =2 92 92
104 19,000 500 4 < 2 93 3%
105 51,000 > 800 <2 <2 82 g2
108 31,000 T8 2 2 ety 90
107 54,000 230 200 < 2 51 91
108 7,100 20 <2 <2 91 91
198 430 2 2 < 2 Bz §O*
110 3,100 16 2 2 §3 93
i 2,500 © 70 2 <2 91 91
112 69,000 210 10 < 2 g2 92
113 34,000 24 24 <2 31 91
114 5,800 20 24 <2 01 91
115 > 300,000 _ 40 <2 <2 20 0
118 42,000 %0 <2 < 2 51 21
117 =300,000 170 <2 <z 91 91
113 210,000 > €00 250 g 1% 29
119 14,000 2 <2 <2 g1 21
120 156,000 12 <2 2 s0 30
121 85,000 14 < 2 <2 on g0
122 139,70 26 <2 <2 21 o1
123 280,000 - > 800 <2 <2 38 23
124 -125,000 , 170 76 6. g0 .80 ..
125 160,000 . 160 8 6 o2 S ) S
126 = 332,000 34 300 <z &3 30
127 13,000 74 4 < 2 91 21
125 12,000 23 14 -2 a1 ;1
129 15,000 as 43 <3 o o
130 78,000 3 © 02 02
, 001 32 2 91 91
121 140 NNAN 14 22 — D o0 oy
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196
187
19z
192
200

201
202
202
204

205

205
207
208
206
210
211

212
213
214
215

216
217
218
219
220

221
222
223
224
225

22¢€
227
223
225
230
231
232
233
254
S%A

CIesu

— 300,000
27,000
25,000

3,800
59,000

13,800

1,870
25,200
15,000
16,700

. > 300,000

23,000
51,000
50,000
177,000
> 300,000

>300,000
=300, 000
620
370

69,000
36, 000
40,000
230,000
130,000

>300,000
230,000
21,000
12,000
32,000

1:,000
9, 600
35,000
51,000.
4,200

77,400
100,000
36,000

> 300,000
— 0N 0NN

7,000

16
40
<z
28
210
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S eges §5,000
229 61,000."
230 4,200
231 77,500
252 100,000

253 36,000
234  =>300,000
235 > §00,000
236 109,000
237 42,000
233 210,000
239 16,000
240 25,000
241 33,000
242 13,000
243 = 300,000
244 > 300,000
245 > 300,000
246 89,000
247 53,000
248 9,700
249 7,700
250 2,420
251  =300,000
252 87,000
255  >300,000
254 200,000
255 20,000
256  =300,000
257 35,000
258 3,200
259 59,000
230 11,000
261 36,000
262 93,000
263 8,000
264 3,600
265 $2,000
265 210,000
267 240,000 .
268 180,000
269 120,000
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Table 3

The relation of colifom count to initial score

of comuereial butter

Coliform Kumber of samples in eaoch group based upon coliform

count count with an initial score of': Totals
per mls 93 92 91 50 8Y ER) 87
< 2 13 60 7" 54 14 4 2 224
2=10 3 c 11 10 1 - 1 34
11«30 - 1 6 8 1 - - 16
31-100 - 3 1 3 2 - - 9
101-300 - - 2 2 - - - 4
> 300 - - 1 2 2 1 1 7
Totels 16 72 98 79 20 5 4 294
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no evidesce of barterial doterioration either fresh or after holdinge The
low score was due to a pronounced cooked flevor. 4is will be dscussed
later, extramely low tolal count in commerecial bubtter of ten results at
the cost of the flavor of the sa-ples Hunber 221 had very nigh total,
gran~ne;ativo and yeast and mold counts, which may be related ‘o the low
scoroe Il also lost one point in the keeping qualibty teste Ko explana-
tion for the low score of numoer 162 cnn be given on the basis of its
microbial cowmts, for, although the totnl count is above the avera.e
(47,000 per ml.), counts of other groups are reasonsbly low. The

fourth sample with a score of 87 (number 149) hed a colifomm cowmt of
more than 300 por ml. and other cowts also are high, probably indicatin
previous microbial deterioration.

Five sanples (nunmbers 33, 123, 157, 24€ and 294, %:ble 2) scorcd 29.
Humber 284 had a very hish coliform count, vhile others had less than 2
per ml. Sample numbers 33 end 123 had very ¥igh total caints and yeast
and mold counts which may be rolated to the cause of their low scoro.
Sample number 137 had a very low total mwt of 1,100 per mls But for
e hizh yeast and mold count of 140 per ml., for sample 245, no explanation
can be edvanced for its low score.

Of the 20 samples which scored 89, 14 had a coliform count of less
than 2 per ml. At least four of these sampleé with low coliform counts
(nwmbers 4, 50, 69, 220) hed abnormally high totel eounts ranging from
160,000 to more then 300,000 per ml. Three of them (numbers 109, 152,
163) hed a very low total cowunt remping from 190 +» 650 bacteria per

ml,, and their low score was due to improper or excessive heating of

[ VL Y
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the creame OF the remaiving seven, one hod a hph yeast and mold count
(number 86) while total counts for +he other six (numbers 36, 102, 151,
153, 109, 194) ronged from as low &s 5,500 to 46,000 per ml. and no
explanation on the basis of nmicerobial populotion con be given for their
low scornss It might be poiuted out that vone of these five lost any
points on holding, ard the low scors could be due to the quel ity of raw
ereams Of the twenty samples that scored 99, only five lost points on
holdivj;; those that lost most in score had the highest coliform counts.

Of the total butter sanples, 79 or 26.8 per cent scored 90, OF
these, 68 por cent hed a colifora count of less than 2 per ml., while
the remsaiuing 352 per cont showed counts all the way from 2 to rmore than
300 per mle llowover maany of them had coliform cownt of less than 30
prr mle Only sbout 3eJ per cent of the semples in this group had a
coliform count higher than 30 per ml. Only four semples from this group
(numbers 1, 165, 266, 270) had coliform counts of more than 100 per ml.
The two sanples of this group which had a coliform cownt of more than
300 por ml. (numbers 266 and 270) lost two points euch on holding.

Of all the sanrples, 98 or 33 per ceombt scored 91. Of these, 77 had
coliform counts of less than 2 per mle Only 4 of the whole lot hal -
count of more than 30 coliform orgarisms per mles Still there were 3
scmples (numbers 182, 271, 285) that hel counts of more than 100, one
having a count of nore then 300 per ml. Of the four semples which had
coliform counts above 30 per ml., the one with a count above 300 per ml.
(number 285) lost 3 points on holding and oac of the othors (number 271)
with a count of bLeotween 100 and 300 colifomm orgenisms per ml. lost 2

point se
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The fact that seples of bubisr with Hirh coliform counts have
less chaneo to score hi h is more gpparent s one proceads from a lower
Lo o hijher gzrade, bub it vecomes very clear whien the 4o :-grade semples
soorin;, U2 or gbove are conslidereds All semples that scored 92 or above
had less then 100 coliform oryavisms per ml. and those that scored 93
had less than 10 per ml. (strictly swaedcing less than ¢).

The groater ihe number of ocoliform orgerisms, the less are the
chienegs of a sanple of bubter haviag e high initial scares The percenw
tape of samples with a coliform count hizher then 100 por ml. in sach
seoro group is in a decressirg corder as onc passes from lower ;rade to
8 higher grades 7The dabe also siow thet a low coliform count does not
insure hijh sooring butter, for at least 20 samples oub of 224 with coll-

term counts of less then 2 per mle. heve gcored less thenm 90.

Rela'l onghip betweoon gram=neoraetive count sad initial score of

comnercial butter. Table ¢ presents data vhich shav little reletlionship

briweoa the grame-nepative count of butber and its initial score. Samples
having both low and hiph counts are distributed over the score scale
from 87 to 93 or, conversely, samplos in any score class show gram-
negative counts rangic; from less than 2 to over 300 per ml., except in
the case of samples socoring 93. It is true that a large part of the
samples havin: more than 300 gram-negative orgavi sms per ml. dhow poor
score snd none of these has scored 93, but the total nunmber of samples
in this group is so small and the distribution so rendom that it would

not bo ressmnable to draw specific coro lusionse It can only be pointed

out that with the incrcase in grame-nes;ative count of butter the chances

- r——
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Taule 4

The relation of gram-nepgative count to initial score
of commercial butter

Ciram-  Mumber of samples in each group bascd upon grom-

negative negative count with sn initial score of: Totals
count per
ml. 93 92 91 90 89 88 87
<2 6 22 35 29 8 2 - 102
2-10 5 26 24 17 6 1 1 80
11-30 1 5 15 11 2 1 1 36
31-100 1 10 16 11 - - - 38
101-300 3 7 7 6 1 - - 24
= 300 - 2 1 5 3 1 2 14

Totals 16 72 g8 79 20 5 4 294
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Tor getting a low scorc also increasce scmewhat, 2ut only in a generel way.
Prediction of the score of & but ter sampls {rom ite gram-negative cownt
vould be impocsible.

polatlonsnip betwecn yeast and mold count ana 'nitial score of

comaercial butter. Table 5 pives the relation of yeast and mold cownt

to initial score of comiercial Wubtter. ilere szain no relskionship between
the tw eritoria is appareni, as in any of the growps bascd on yeast and
mold count, samples are {fowd in all score groups end without any
definite trend.

nelatiouship betwewr totml count and initial score of comercial

butter. The relationship bebwcen the toiel count ard the initial score
of tutter is indicated ix tabhle 8¢ Counts avove 100,000 or below

5,000 tend Yo be sssociated in a depgros grrater then average with butter
widch has a low score. Of Hic 14 sawplee with counts below 3,000, 6
(numbers 79, 100, 152, 157 and 163) scored bslow $0, while tho rest scored
betweonn 00 and 9%, Purnt-protein or scorchod-fat flavor was tho cause

Q)

of tiie low scoriag samples 1ln most izstancese Similerly, of the 73
samples with & total count shove 100,000 per ml., 12 scored below S0,
Lwo of' them poing as low az 87, Thero is only one semple in tiis giroup
thet scored 3. Anong the 207 samples with counts bstween the above two
extremes of 3,010 aand 100,000, 12, or less than 6 ger cent of the total
number, scored below ¢0 and 16 or 3 per cent scored ms highas 23, Of
the 16 semples scoring 93, 15 bLolong to this groupe It appears that
semplos of normel commercinsl butters huvin, total counts between 3,000

avd 100,000 have the best chunces to scare highe



The relation of yeast and mold count to initial

Tab le

5

score of conmercisl butter

Yeaslt Kumber of sanples ia each proup based upon yeast and
and uold count with an initial scoro of: Totals
mold
count 93 92 91 g0 89 88 87
per mle
<2 3 - 5 3 1 1 - 13
2-10 2 14 16 14 5 - - 51
11-350 4 16 21 19 4 - 3 B
31-100 3 15 17 1 4 1 - 58
101~-300 1 13 23 12 3 1 1 59
= 300 3 9 16 13 3 2 - 46
Totals 15 72 98 79 20 5 4 294




Table 6

The relation of total plate count to initial
gecoro of cormercial wutter

Touel plate thumber of sarples in each ;roup based upon
count poer ml. tobal nlate couwnb with an initial score of: Totals

93 92 ul ) 89 83 87
< 1,000 - 1 1 1 3 - - 6
1,010 -« 3,000 - 3 1 2 - 1 1 8
3,010 «10,000 6 15 19 11 2 - - 53
10,100 ~30,000 4 28 27 15 ¢ - - 77
30, 160-100,000 5 22 25 21 2 1 1 77
101,000-300, 000 - 8 14 14 4 2 1 43
- 00,000 1 1 11 12 3 1 1 30

Totals 16 72 98 79 20 5 4 294
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Kkolationship Betwoen Verious fOroups of Orgenisms and Loss in
Seore of Commoerolel Dubtter furing ithe XKeeping Muality Test

liolationship between coliforn count snd loss in scors. latle 7

represonts the data on the relationship bebwoon the coliforn orjanisns
and loSs in score on holdinge The scorc lossos renped from nothiling to
4 pointse fTho percentage of sanples losing two or more pointe on holding
inerevsed as their colif'orn count ircreascds 0 the 224 sanples which
had loss thian 2 coliform bacterie per mle, 75 per cemt shored no loss

in the 7 day kerping queliiy test, 13.5 per cent lost aze poiant, B8 per
cent lost two points, 4.4 por cm® lost throe points md 1.3 por cent
lost four pointss Of the samples giving a coliferm count of 2 to 10 per
mle, 206 per cent lost two or more points in score during thes keeping
quality teste A similar loss was found in 31 per cent of the semnlos
with counts between 11 and 30, vwith 33 per cent when Lhe count was
between 31 and 100, with 25 per ecent vhen the caint was between 101 and
300 and 86 per cent when the counts were in excoss of %0 per mle The
total number of samplss in ench of the last three jroups was sonevhat

too small to permit much comnfiderce to be placed in the absolute values
of’ the aversages.

Obviously bubter samples scoring less than 90 wher frash, usvally
will not be storeds If in addition to rejectin; ell samples scoring
below 80, those which score 90 or sbowe but show & colifom cant of
over 300 por ml. wero also rejected, threo samwles wut of a total of
265 would have teen disocsrdeds All of these show a loss of %wo or more

points on holdiu; (number.s 266, 270, 285)s 1If @ coliform count of over



-35=

Tavle 7

The relstion of coliform count to loss in score of comnrercial
butter durivg the keeping quality test

dunbor of sasples in each sroup based upon coliform
Coliform count wiich dhowed a loss-durin; the ceepiny quali- Totals

Y

count per ty test oi
ml, 0 point 1 point & points & points 4 polints
< 2 167 31 13 10 & 224
2-10 17 10 6 2 - _ 24
11-30 7 4 4 1 - 15 |
51-100 5 1 3 - - 9
101-300 3 - 1 - - 4
> 300 1 - 4 1 1 7

‘Totals 200 46 30 14 4 294
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100 per ml. had bors set as the basis for rejection another four sanples
(munbers 1, 185, 132, 271) would have boen discarded. 0Of these one lost
two points, while thoe cthers did not loze eny diring the keeping quelity
tests 1If a coliform count of 30 per ml. ag mazimu count hed veen the
basis for accentence of sanples for store;e, 86\"62'.‘1 rore samsles wou ld
have been rejecteds OFf this total of 14 seaples that would have been
rejooted on this basis, six lost two points in stora:e and one lost
threo, while the rost did uvot lese anye.

The relationship of coliform count to the keepinp auality of wtter is
only e genernl one and it is not possible to predict the keeping quali ty
of' an individual samnle of' butter on the besis of its coliform ounte

Folationship between pramencgative count and loszs in scare. Data

on the relationship of the gram=negelive count of tutber o keeping

quality are presented in table 8. The keening quality of an individual
sample conrot bo predieted from the caint of pram-negetive orpanisms in

the bubter, but the chances of the samples %eedin.. well are reduced as the
number of these organisws inoreases. 0O the 102 samples which hed e/ pram-
negative count of' less than 2 per ml., 82.6 por cemt did not drop in score
durin;: holding, 14.3 pa cent lost onc point, while 7.1 per ocont lost two or
more pointss. The wparcontage of swmaples losin; two ¢r more points or holding
ineressed as the gram~nepetive counts increeseds Vhen the ;ram-negative
count was between 2 and 10 per ml., 13 por cent of samples les™ two or

more points, and vhen it was between 11 sand 30, this loss occurred with

14 per cent of theo senples. VYhen the count increased to between 31 and
100, the samples losing points inereased sherply to 23.6 per cent. This

sharp rise continuod with the increase in count, and 3%3 per cent of
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Table B

The relotion of gram-nezative cownt to loss in score of
comaoreirl tubter diriy tie keging quality
test

Yumbor of sasples in ench sroup based upon ram=
(rem-negetive  ncjotive count which ghowed 2 loss during the Totals
count per ml. keeping queality test of's

U point L point 2 points & points 4 points

<2 81 14 ' 4 2 1 102
2-10 62 7 7 3 1 80
11-30 24 7 5 1 1 36
51~100 22 7 8 3 - 38
101-300 8 8 4 4 - 24
= 300 3 3 6 1 1 14

Total 200 46 30 14 4 204
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samples with counts between 100 and 300 por mle. lost two or more poirnts,
wiile 57 per cent of the seawles which had a prame-nezetive count of over
300 per nl. showed a simllar loss in score. Of the tobal samples in eech
group showing loss of zero, one, two, three and four points, the percentage
of those that hnd hi her pramene;ative counts tznded o inecronse wi th
greater reduction in score during the keesing quality test. Dospite theo
tondencies f'or some relationship betweon loss of score during the keeping
quality test eand the initlial co ut of ;ramenegative bacteria, predictions
of one value from the other would not be possible for individual sauples,

fielationship between yeast and mold cownt and loss in score. 7Table

§ sanows the data on the relotionship of vesst end mold count to loss in
score of bubter during the keeving quality test. It is evident the® the
loss in score in generel increeses as the yoast and mold count of butter
inorenses. lowsver the discrepsncies siro many andl it is not possible

to predict the keeping quality of an irdividuel semple of utter on the

tasis of 1ts yeanst and mold count.

Relationship between total count md loss in score. Teble 10 shows

the data on the relationship of totel count to loss in score of bwutter
viten the latter is held at 21°C. for 7 deys in the keoping gualitby test.
The general rolationship i1s ovident {rom the table, althouph nc definite
predictions can be made about an ind ividual sample on the basis of its
total count, because the types and not the numbers of the organisms
present are the important factor. Talle 10 shows that sar:les having
totrl counts of below 1,000 have not lost any points during holding,

but such sewples often score low initially because of excausive heating
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Tabvle &

The reletion of yveast and mold count to loss in score
of coumereianl bubtter durlu; the koeenivg quality
N
Lest

Nwitber of saanles in eacn (roun Lessd upon
Yeast ond mold yeast and mold count vhich showed a loss cduring fTotels
count per 1l the keeping gqualily test of:
0 point 1 noint 2 points 3 points 4 points

< 2 10 2 0 1 - 13
e~10 35 10 6 - - 51
11-30 54 6 4 3 - 67
31-120 40 8 8 2 2 58
101=300 41 10 4 3 1 59
> 300 20 12 8 5 1 46

Totals 200 46 30 14 4 294
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Table 10

The relation of total plate count to loss in score of comercial
buttor during the keeping quality test

Humber of sam:les in each group vased upon
Total plate count total plate count which showed & loss during  Totals
per ml. the keeping q uality tost of:
0 point 1 point 2 points 3 points 4 points

1,000 4 2 - - - 6
1,010-3,000 6 1 1 - - 8
3,010-19,000 45 2 5 1 - 53
10,100-30,000 60 11 3 1 2 77
30,100-100,000 46 15 9 8 1 77
101, 000-300,000 26 5 3 4 - 43

> 300,000 13 10 4 2 1 30

Totals 200 46 30 14 4 204
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of the cream durin:, pasteurization. fThe lowest vercentape of ramples to
lose 2 or more points in storase (7.2 por cent) was in the group hevir: a
count between 10,000 and 20,0003 above or below this the percentapgc of
samples showing losses inorenscds Of the samples with counts bLotween
1,000 end 3,000, 12.33 per cent lost two or wore points in holdinp and

11 por cont of those that had counts hebween 3,000 and 10,000 showod n
similar loss. Among the samples that had cownbs ranging between 30,100
and 100,000, 20.C per esnt of them lost two or more points. ‘the seme
loss in sc.oro socurrad in 27.% per cent of the seuples with eounts betveon
100,000 and 300,000 per ml. and wWwth 23.2 per cont of thosc with counts

groater than 300,000 per mnl.

Helati onship letween Wumbers of Varlous Orgsaisms
Present in Commercial Dutter

kelationship between coliform and gram-ne;ative counts. Teble 11

shows the relaiionship between counts of coliform and gramene;ntive bactor-
ias There is & direct relationship between the tvo groups in the sense
that higher the coliform count, the hizher is the count of the grim-
negative organisms. llowever, muany a sanple with high pram-negetive count
has e low coliform count. The table shows that, althouzh there wore 224
samples thet had counis of less than 2 ecoliform pe nl., there were only
101 samples with counts of ;ram-negative oryanisms in the seme rengoe.

With the remaining 123 samples of this ;roup, the gram-negetive cowmt
varied from 2 to more than 300 pear ml. In all cases, as expocted, the

gram=negative count was higher then the coliform count,



Table 11

The relation of eoliform count to pram-ne;ative count of
comnerclal bubter

Humoer of senples in each (roup bascd upon coli-

Coliform count form count with a gram-negative count per ml, Totals
poer mle of'y
< 2 2=10 11-30  31-100  101-300 = 300
< 2 101 87 22 A 12 | -1 224
2=10 1 13 7 8 4 1 34
11=30 - - 7 5 K] 1 16
31=100 - - - 4 2 3 9
101-300 - - - - 3 1 4
=500 - - - - - 7 7
Totals 102 20 36 33 24 14 294
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Relationship betvwron coliform and yeast and mold ecounts. 7Table 12

preseats date on the relationship betwem the coliform counts and the
yeast and mold counts of butter. Apparently oily a goneral relationship
exists between the two groups of organimse lovever, the veast and mold
count vaunlly wes igher then the coliform couwnt, &lthough there were n
fow sanples that showed the reverse o be frve. All sauples with veast
and nold count of less than 2 per mle had colifoam munts in the same
range, while the other #11 sarmples with ocoliform counts of less then 2
por ml. hod yeast anc mold counts ranging from 2 to more than 300 per

mles 8Y of these had yeact and mold coants in excess of 100 per nl.

elatiouship bolween coliform and totrl counts. Datan on the relation-

y,

zhiip detw-on counts of thess two grops aro prasented in table 1%, The
higher the colif'ora count the higher was the total count, althouwsh the
changes did not observe any mathanetical nroportion. Hony sanples had low
eoliform cownts end iiih totol countse Of the 224 samples that had less
then 2 coliform organisms per mls, 100 had totnl cownts above 30,000 per
mle

Althou l1 an increase in totsl count was ir no way an index of the
ineresse in coliform count, an increase in coliform count tended to

be associated wlth en inoreass In the total counta

Lelationship between yeast and mwold count and gram-negative counte

Table 14 showes that no releionship betworn the counts of these two sroups

v

ol oryenisms is apparent.
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Table 12

The relation of colifo rm count to yeast and mold count of
comnercial tutter

Number of sanvles in each ([ roup based upon coli=
Coliform count form count with a yeast and mold count per ml.

Totals
per ml. of s
L2 2=10 11-3G 31-100 101=500 > 300
<2 13 41 60 41 <5 24 224
2-10 - 8 5 7 7 7 34
11-30 - - - 6 4 6 16
31-100 - - - 2 2 5 9
101-300 - 2 1 - - 1 4
=300 v - 1 2 1 3 7
Totals 1z 51 87 50 59 45 294




Table 13

The rclation of coliform count to tolal nlate count of coivaer 'ial
buttaer

Coliform Humber of semples in sach ;roup besed upon coliform

count  count with a total plate count per mls ofs Totals
per ml. 1,010 3,010 10,100 30,100 101,000
to to to to to > 300,000
< 1,000 5,000 10,000 30,000 100,000 300,000
< 2 6 8 43 64 56 23 16 224
2=10 - 2 4 k. 11 5 9 34
11-30 - - 1 6 5 3 1 18
31-100 - - - 2 4 3 - 9
101~300 - - - 2 - 1 1 4
= 800 - - - - 1 3 3 7
Totals G 3 53 77 77 45 30 294




Table 14

The rolation of prumene;ative cownt to yeast and mold count
of comrercisl bubier

Cram- Junb~r ci' samples based upon gram-nejotive count with

noyative o yeast and nold count per ml. of's Totals
count per .
Tale -2 2-10 11=3 31100 O1=300 > 300
22 7 25 27 19 16 8 102
210 2 12 23 17 21 5 80
11-30 - 5 9 o] 6 10 36
31-100 2 3 5 tH 10 10 38
101-300 2 5 2 5 3 7 24
= 300 - 1 X 3 3 6 14
Totals 13 51 67 58 59 46 294
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Results on Line Pun Sumples

The results of the line run tests on smaples are jivea in table 15.
All sanples ol unpasteourized cream oxsmined during thoe tuvestigetion had
o hignh count of all of the twypes of orpenisme vhich were enumerated,

The counts of colifam orpenisms, gramene;ative corganians end yeasts
and molds in pasteurized crcmm wore much below those for raw eream in most
casey where comparative figwes were availaiblc. Iowever in meny ¢ases
the counts an pastenrized creen were much ldgher then desirsdble. ‘Tho reducw
tion in the totel cowit also was very merked. In cases vhere the pastouriz-
ed crew: showed counts hijher than expected, it is hard to determine
wWhetheor these were due ito Inefficient or inconplete pasteurization or to
post-pastourization contaenination, as no plosphatase Gests were run on
these samplese

Samples of the firsl oream entering thc churn neerly always shoved
& higher count in all {ypes of orgasisms them they hed in the vate the
increases in the counis of the various types oi organisms differ from
oréﬂmm'y to creamery and even {rom churning to churaing in the sane
Creamnerys .

After a short agitation of the eream in tho churn, there elvays was
a considersble ineroase in counts of all types. PFhysical pickup [rom the
ciurn wgll and brealidng up of the existing clumps in the cream undecubbedly
are responaible for such increases. liere epein the perceatapge change in
the microbial counis of various %types, from that of the oream ss it ertered
~t110 churn, diffored from one churning to ancther. However, the porcen=

inge inecrease in yeast ana mold count ofben was higher than the incresse



Table 15

Microbiologicel results on live-rw semples from creameries

Coliform count  Gram-nezative

Yeast anc ncld

Total count per

Croeom- per ml. count per ml. comt per ml. ml.
ery Sample 13=24 hours at dye concentra- 5 days at 21°C. 5 days at 21°.
and 37°%. tion 1:150,000
date 3 days at 30°C,
A Pasteurized cream from vat < 2 1,940 33 46,000
First cream entering the
Auvg. churn 98 4,200 83 91,000
12 Cream aftsr 15 revolutions
1946 of the churn 1,710 5,400 S0 113,000
Buttermilk 2,100 6,800 360 225,000
viashed butter granules 100 230 80 23,400
Finished salted butter 24 140 230 39,000
A  Faw cream 7,800,000 10,300,000 81,000 1,010,000,000
Vecreated hot cream at Top
Auge. of the cooler < 2 12 2 111,000
17 Crecem et the bottom of the
1946 cooler < 2 4 < 2 105,000
First cream cutering the
churn 1,090 1,800 iz 142,000
Crean afier 15 revolutions
of the churn 2,120 2,330 50 164,000
Busiermilk 3,700 3,380 78 234,000
Veshed butter granules 172 246 10 1,110
Finished salted butter < 2 32 14 670

{Continued rnext pe;e)
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Table 15 (con'd)

Coliform count  Gram-nezative  Yeast and mold  Total count per

Croan=- per ml, count per ml. ecount per =nl, ml,.
ary Sample 18«24 hours at dys concentre~ 5 days at 21%. 5 deys at 21°.
end 37°%. tion 1:150,000
date 3 days at 30°C.
A PRaw coreanm 15,300,000 19,800,000 115,000 378,000,000
Vacreated hot cream at top
Auge of the cooler 2 223 24 9,700
24 (Cream al the bottom of the
1946 cooler 8 22 4 8,100
Cream {rom the vat 1,170 2,790 84 8,500
First cream entering the
churn 1,240 2,800 124 9,900
Creem after 15 revolutians
of the churn 1,480 4,800 148 11,100
Buttermilxk 1,650 7,100 166 27,000
Washked butter granules 73 86 56 2,100
Finished salted bubier < 2 50 68 650
A  Pasteurized crcam from vat <2 < 2 ‘ <2 45,000
First cream entering the churmn < 2 10 =2 53,000
Qots Cream after 15 revolutions
12 of the churn 80 110 g2 99,000
1946 Buttermilk 590 790 440 200,000
Tashed butter granules 30 40 68 25,000
Finished salted butter 172 156 220 34,000

{continued next page)
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Table 15 (con?d)

Coliform count ren-negati ve Yeast and mold Totel count per
Crean= per mle count per ml. cownt cer nl, ml.
ery Sample 15«24 nours at dye concentrae 3 davs at 21°C. 5 days at 21°¢.
and 579¢, tion 1:150,000
date 3 days at 3C°C.
A  Faw creem 11,700,000 15,300,000 35,000 710,000,000
Vat pasteurized and cool-
Octe ed cream < 2 < 2 < 2 105,000
12 PFirst cream entering the
1948 churn <2 13 =< 2 111,000
Cream after 15 revolutions
of the churn 68 100 94 171,000
Butternilic 103 201 194 226,000
viashed butter granules 84 98 138 13,900
TFinished salted butter 40 26 406 298,800
A Raw crean 16,600,000 18,800,000 3,900 720,000,000
Vacreated hot crsem at top
Hove of the cooler < 2 < 2 = 2 125,0C0
2 Cream at ths bottom of
1546  the cooler < 2 <2 < 2 127,900
Cream after sddition of B
culture = 2 <2 2 200,000
First cream ertering the
churn § 12 30 230,000
Cream alter 15 reveolutions
of the chumn 146 202 870 500,000
Buttermilk 1,370 2,130 6,100 1,700,000
Vieshed butter granules 155 180 940 46,000
Finished soltsd butter 134 283 4,380 353,000
A Kaw crean 10,900,000 81,000,000 71,000 1,080,000,000
Vacreated hot cream at
top of the cooler 40 150 < 2 217,000

(continued next page)




Tacle 15 {contd)

Coliform count Oram-negative Yeast and mold  Total count per

Crean- per ml. count per nl, count per mly mle.
ery Sample 18«24 hours at dye coscentra~- 5 days at 21 C. © days at 21 C.
ard - 37%, tion 1:150,000
date 3 days at 30°C.
Nove Cream ectering vat after
18 being cooled 70 320 <2 290,000
1246 Cream after addition of
culture 120 578 8 350,000
First crean entering the
churn 214 11,000 91 380,000
Cresm after 15 revolutions
of the chumn 410 27,000 112 430,000
Buttermilk 830 82,000 182 540,000
vashed buttor granules 114 36 20 23,000
Finished salted butter 6 58 38 39,000
4 EKew cream §,700,000 11,300,000 53,000 810,000,000
vacreated hot oream at top
Yove of the woler <2 < 2 <2 198,000
25 Cream entering vet after
1946 being cooled <2 <2 <2 208,000
Cream after addition of
culture 72 173 10 235,000
First cream enterirz the
churn 109 383 17 380,000
Creanm aiter 15 revolutions
of the churn 300 3,900 13 460,000
Ruttermilk 410 4,300 70 %00,000
Tashed butter granules 96 470 58 27,500
winished saltcd butter 4 84 106 £3,000

{continued next page)
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Table 15 (con'd)

Coliform count

Gramenegative

Yeast and mold
oount per ml.

Total count per
ml,

Cream= per nl, count per ml,
ery Semple 12-2¢ hours at dye concentra- 5 days at 21°C. 5 days at 21%.
and 37°¢C, Hor 1:150,000
dote 3 devs at 30°C,
2 Cold weter en®ering chum 0 {in 5 =l.) 280 2 830
Rinse water from churn & 3,100 2 2,500
¥arch Pasteurized crean from vat 520 > 600 4 550,000
20 First creem entering the chiurm =600 > 3,000 4 470,003
1248 Creawm after 10 minubes churn-
ing 21,000 270,200 84 1,370,000
Buttermilk >30,000 350,000 150 2,050,000
vashed butter granules 490 1,440 8 11,330
rinished selied buther < 2 < 2 32 23,000 1
an
oo
€ Pasteurized cream from vat 100 2,080 20 63,000 !
First cresm entering the churn 510 8,700 18 102,000
April Cresam after 10 =minutes of
28 chuming 530 8,100 28 194,000
1948 Buttermilk 1,780 23,600 80 340,000
Viagsheod butter granulss <2 <2 14 1,920
Finished salted butter <2 20 8 3,400
D Pastewized cream vet noe 2 > 30,000 = 30,000 400 >~ 3,000,000
Tirst cresn entering churn
April no. 1 (first run) > 30,000 > 30,000 £20 > 3,000,000
30 Creom after 10 minutes of
1943 churnirg > 30,000 >30,000 448 > 3,000,000
Buttermilic > 30,000 = 300,000 600 > 3,000,000
Vlashed vutter greanules 6,500 > 30,000 94 293,000
Finished salted butter 376 410 74 61,000

(continued next pago)




Taple 15 (con'd)

Qoliiorm count

Grem-ne;stive

Ycast and

mold Totel court per

(continued next page)

Cregme per ml. count pmer =zl. count per ml. ml.
ery semple 1524 hours at dye concentra- 5 days at 21°C. & days a% 21%.
end 37°¢, tion 1:150,000

dete 3 deys at 50

D Pasteurized cream from vat
nes 3 >30,000 > 32,000 149 > 3,000,000

April First cream entering churn
30 no. 1 (sccond run) > 30,000 > 30,000 186 > 3,000,000

1843 Crecam after 10 minutes of
churning > 30,000 > 30,000 230 >3,000,000
Bubtermilk >30,000 > 300,000 570 = 3,000,000
%ashed butter granuvles 25,500 > 30,0600 55 > 300,000
Finished salted wutnter 100 184 22 187,000

D Pasteurized creem from vat

no, 1 - - - -

April Buttemili, churn no. 2 (first
30 run) 10,500 53,000 200 1,000,000
1946 ¥ashed butier granules 218 1,500 22 44,000

Finished salted vutter 2 12 12 23,000

D Pesteurized cream from vat
nos 3 > 30,000 > 30,000 140 > 3,000,000

April Creem entering churn no. 2
30 (secend run) = 30,000 ~ 30,000 146 > 3,000,005

1943 Creem after 10 minutes of
churning > 30,000 = 30,000 270 ~ 3,000,000
Buttermilic > 30, 000 = 300,000 300 ~ 3,000,000
Yashed butter grenules 12,0 > 33,000 438 >~ 320,000
Finished salted butter 4 14 24 195,000




Coliform count  fram-negative Yeast end mold  Total cownt per
Creem= per ml. couwnt per ml. cownt per nl ml,
ery Samnle 13«24 hours at dye concentra= 5 days at 21 ¢, 5§ days a2t 21%.
and 379C. tion 1:130,000
date 5 days et SOOC.
D Pesteurizod cream fron vat
noe. 3 > 30,000 > 30,000 140 > 3,000,000
April First eresm centering churn
30  no. 3 > 30,000 = 30,000 156 > 3,000,000
1947 Cream after 10 minutes of
churning > 30,000 > 30,000 230 > 3,000,000
Buttermilic >30,000 > 300,000 360 > 3,000,000
¥aghed butber granules 7,100 > 30,000 52 > 300,000
Finiched salted butter 28 36 35 18,000
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in other zroups, olthou,h this was not true in all eases.s The counts

of 81l the four sroups of orgrnises in b btermilk wsually were second only
to these of raw creame The counts per milliliter of buttermilk were ocone
siderably !d her in all cesos than those of the cream put in the churn,.
The tubtermilk carried away n large portion of the cream organisms and
censequently the washed bubtor praenules showed e comperatively lower

count than did the oremm. Howevor, there was wo precise reletisuship
bolween the counte of washed granules snd tiiose of buttermilk or cream.

An dwportunt chorn, ¢ as far es tihe counws and the yatio of the various
miorobial typee are covceraned took place dwring the working of the bubier.
Tie coliform and pzrame-nczative counts as & rule decreased, in many cases
very considerably. O the 15 samples only one showed o increase in
coliform count al this point. This was the only sewle showing en in-
croase in all the four types of organisms (teble 18, cresmory A - Oot. 12).
The gram-nepgative count ineressed in only throe samples at this stae.

The yeast and mold counts inersased dwring workin; in all cases except

the {ive ssmples Iirom cremmnery U, all of which were teken on the seme

day, and the ono sunple {rom creamery C. Iun the cmse of creemery D the
yeast end mold count was very low compared o the counts of other groups.
The total count increcased durin . workine of some sauple s end decreased
with otherse In ell of the semples from croamery ii and two from other
sources, the total counts decreaseds The sauples investigoted were salted
and therolore, they show nol mly the effect of working, bubt also that

of salte. Tho picture certeinly wuld be dif'ferent if' the butter had leen

wsalted,
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The only samnles that showed a decrease in the counts of all the
four types studied were from creamery » The snlt content of these saaples

varied botween 2 and 2.5 per cent.

Renavior of Coliform 2rgsnisms in Mutber During Storas
et 38 and 48%. with Varyisg Salt Concentrations
end Dogress of 7o

rking

The data on this portion of the s:udy are prescntod in table 18.
Viith the gmall scale of manufacture the toxture of bubier in this series
was Inferior to that of comwercianlly made butter. Some difficul ty was
also experienced in controlling selt and moisture conconbtrations, aund the
various sanples studied do siiow considerable voarietion. Five churning.s
were made. Of the cultures used {ar inoculation; two were {rom the

Aerobacter ;roup and throe from the ¥scherichia group.
et S |

7Ff{eot ol salt. Tho generel efiect of salt on both orgaenism groups

was the snmes The greatest decreeses in count were imedistoly after the
addition of salt. It rey be reocalled thet in the line run smnples, the
colifoim cownt nud the gramn-neget ve cainbt {requently showmwd a sharp
drop {rom vmshed butter gmnulos to finished selted bubter, a darop which
was ebtributed to the incorporvation of sslt. The irestest reducstion in
number, as estimated by plate count within 24 hours after the butter was

{inished, wns about 39 per ceals This was with o typical strain of ¥. coli

in & well=vorked sample conbaining 2445 per comi salt, The least deorease
(9347 per cont) wae with a culture of he moropenes in & poorly worked
sample having 1«05 per cent salt. At both the mperatures shudied salt

meintsins its inhibitory eifeet throughout the storege periode This



Table 15

Chanies in the population of coliform orgenisms in tutter made and
held under comtrolled conditions

Counts per ml. after holding periods oi:

{Corntinted next pa.o

liold=~
De;res of ing Salt IHoisture less 3 days 7 aoys 14 days 21 days 30 days 50 days
workir,, temp- 4 % than
erature 24 hrs.
°r.
Pscherichia coli {Strain 1)

" Viell worked 33 0- 17.31 180,000 125,000 103,000 76,000 31,000 5,500 o0
%ell worked 3 0 17.51 - 136,000 110,000 105,000 44,000 14,500 40
Poorly worked 33 0 16,85 134,000 353,000 55,000 27,000 4,320 4,000 <100
Poorly worked 48 0 15,95 - 123,000 385,000 87,000 30,000 30,000 <100
Well worked 35 1.32  1lE.58 1,000 470 180 140 130 2 < 2
Well worked 4z 1.39 16.56 - 30 200 130 109 42 <2
Poorly worked 33 1.23  17.07 4,900 8950 34¢ 140 46 2 = 2
Poorly worked 8 1.29  17.07 - 1,439 630 620 144 20 < 2
7ell work 32 2.43  15.82 400 g0 72 10 8 2 < 2
Well worked 43 2.4% 135.92 - 244 40 22 4 2 < 2
Poorly worked 35 2.29 17.13 720 260 130 32 14 10 2
Poorly worked 42 2,29 17.13 - 370 130 40 8 2 <2

Bscher ichia coli (Strain 2)
well worked 33 0 16.85 190,000 129,000 100,030 72,000 41,009 10,100 108
7:ell worked 45 0 16.85 - 141,000 121,000 33,000 50,000 16,5C0 52
Poorly worked 33 0 15.42 141,000 89,000 57,000 31,000 8,000 8,300 94
Foorly worked 3 0 18.42 - 132,000 93,000 71,000 335,000 13,000 83
#ell worked- 33 1.11 15.90 3,500 1,200 350 230 186 10 < 2
Wiell worked 45 1.11 15.90 - 3,100 270 810 34¢ €2 2
Poorly worked 38 1.1 17,01 3,300 3,200 1,350 510 276 15 < 2
Poorly worked 43 l.14 17.01 - 4,200 2,500 1,300 310 82 4
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Table 18 (con'd)

Hold=- Counts per mles after holding periods of:
Degree of ing Salt Hoisture less 3 days 7 days 14 days 21 days 3D days 20 days
working temp- % than
ereture 24 hrs,
#ell worked 38 2.52 14,32 1,100 350 g2 60 12 < 2 < 2
vwell woriked 43 2.52 14.32 - 350 80 22 4 < 2 <2
Poorly worked 33 2.46 15.92 2,900 290 340 29 10 <2 <2
Pzorly workxed 45 2.48 15,92 - 320 205 g2 210 10 2
Escherichia coli (Strair 3)
well worked 3 0 15.80 108,000 72,000 41,000 33,000 25,000 15,400 300
vell worked 43 0 15.20 - 77,000 1,800,00C 8,000,000 2,000,000 1,180,000 1,170
Poorly worked 33 0 15.12 81,000 €6,000 55,000 35,000 25,000 5,800 1,200
Poorly worked 43 0 15,12 - 83,000 1,400,000 1,800,000 1,440,000 610,000 7,100
7iell worked 32 1.01 14.70 3,500 2,100 1,530 1,030 430 410 78
well worksd 458 1.01 14.70 - 4,100 2,500 12,400 >30,00C 14,0060 850
focrly worked 33 1.01 15.56 5,100 7,000 2,000 1,350 910 330 2
Poorly worked 43 1,01 15,56 - 5,200 4,100 23,000 31,000 18,1090 530
well worked 3 2.12 13.95 3,100 2,800 1,750 820 £10 300 10
Tiell worked 47 2,12 13.95 - 3,000 2,100 11,200 16,300 6,100 170
Poorly worked 30 2.1 15,14 3,700 z,000 2,100 1,500 T3 215 2
Poorly worked 43 2,10 15.14 TLo- 3,300 2,800 15,100 15,300 10,000 2,E00
pAerobacter aerocenes (Strain 1)

viell worked 32 0 14.5 115,000 83,300 82,000 43,000 26,000 21,000
¥ell worked 33 0 1l4.6 115,000 160,000 = 30G0,000 14,800,000 137,000,000 30,C0G,000
Poorly worked 3T 0 14.23 95,000 63,000 55,000 34,000 14,400 18,200
Poorly worked 43 0 14.23 - 127,900 >300,000 1,250,000 6,500,000 5,300,000
well worked 33 1.02 13,18 4,000 4,200 1,860 1,730 1,000 520
T.ell worked 3 1,02 13.18 - 113,000 = 30,000 156,000 340,000 395,000

{continued next poge)




Table 1§ (con'd)

FolG- Counts per ml. after:holding periods of:
~Degree cf ing Selt Moisture less 3 days 7 deys 1< days 21 duys 30 days €0 cays
working temp- 7 3 than
cratur 24 hrse
ﬂ,.4 .
fsoorly worked 33 1.03 14.32 7,300 4,900 35,200 1,300 205 430
Poorly worked 43 1.03 14432 - 15,000 45,000 180,000 140,000 £00,000
“ell worked 35 le92 12,30 54,400 3,000 2,100 1,800 500 500
Well work-d 42 1,82 12,35 - g,000 20,000 45,000 472,000 65,000
Poorly vorked 32 1.87 13.16 4,500 5,100 2,200 1,650 1,090 700
Poorly worked 40 1.67 13.16 - 13,390 >30,000 200,000 205,000 212,000
Aercbacter acrogsnes {Strain 2) )
(2 days) (% dars) (7 davs} (14 deys) (21 days) (30 days)
vell worked 55 0 15.10 126,000 04,000 21,000 53,000, 41,000 3,000,000 4,400,000
Ywell woried 45 O 15.13 - 171,000 § 600,000 30,000,000 137,000, Gf"‘ 212,000,000 £5,000,900
Poorly worked 3@ 0 14.73 90,000 32,000 79,000 52,000 23,500 125,000 470,000
Poorly worked 42 0 14.73 2 151,000 000,000 10,200,000 96,600,000 300,000,000 158,000,000
Vell worked 35 1.77 13.16 3,600 4,400 3,600 2,900 1,559 1,700 7200
%ell worked 40 1.77 13,16 - 6,900 4,100 30,000 15,800 18, 900 12, 300
Poorly worked 3¢ 1.57 14.20 4,900 6,000 2,920 3,100 2,300 2,020 920
Poorly worked 48 1.57 14.20 - 11,200 6,500 30,000 20, 300 20,100 8,200
¥ell worked 33 2,25 12,92 3,000 3,100 1,220 470 1,80 1,300 320
%iell worked 45 2.25 12.82 - 3,100 4,300 25,0600 17,000 22,400 9,100
Poorly worked 33 2.62 12.5% 5,000 3,600 900 250 590 1,850 240
Poorly worked 48 2.62 12.59 - 3,000 1,830 5,100 3,100 16,000 2,500
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effeot increaged with inorease in the concentration of salt, elthough not

in proportion to the quanti ty of salt added. The rete of destruction of
bacterin by salt is greater at the time of addition than it is in the latter
part of the stora;e periode Tho effect o salt as stora;e advencos will be
discussed later with theo eiiect of time on the bacteria in butters It
should sut'tice to montion herec that counts in saltod samples always were
lower than in the unsalted seap les end, barring a few exoceptions vhere

the differences were within exporimentsl error, all samples with higher

salt concentrations showed lower counts than those whiech had lower salt
concentrations.

Pifeot of workinre ‘'The yaieral effeoct of working was demongtrated
—— - Ll b

by the lover counts in the well-worked as compared to the poorly-vorked
salted samples. “Thorough working brings aboul a better distribubion of
salt and moisturo throughout the bubtter mass and usually is expeeted to
rosult in lower counts in the salted samples.

Tho results with the unsalted smples in these series were a little
different than expected. Counts in sll cases of poorly-worked samples
were lower then for the well worked ones. The poorly-warked samples had a
?mde.ncy to show a little irregularity in counts in some serioese

kffect of temperetures. Tempersture exerts considerable icfluence on

the ;rowth of miercorganisme in butters This ef fecl was marked even in
a short period of 48~72 hours and was maintained throughout the storas;e
lif'e of butter. As e rule lower tenpersturo was associated vwith lower
cowmtse. liolding at 5801". was less favorsble then 48°F, for all of the
fivo cultures used In these studies., Vithin any pair of samples, other

things being the same, the count at 48°F. was higher than at 3801«‘.
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Effect of time of storage. As indicated before, the general trend

with two of the F. coli organisms (Table 16 - strainsl and 2) was that
thelr numbor gradually decreased throughout the storage period. This was
true in all omses whether the butter was salted or unsalted, well-worked

or poorly-worked, held at 38 or 48°F. and with low or high concentrations
of salt. The rate of redvetion in number, howsver, was greater with salted
samples at 38°F. than at 48°F. At the end of 1 month the samples containing
strain 1 with both low and high salt concentratiors had less than 2 or

only very few orgenisms while with strain 2 this was true only at the
higher salt concentration. At the end of 60 days both strein& practically
died out in salted samples and their numbers in unsalted samples also were
very low. The third samuple with.f& 2233 in 1t showed a different behavior
as the time in storage advanced. At 38°F. it showed a reduction all the
way, whether salted or unsalted. At 48°F. in the unsalted samples a
decrease in count was observed duriny; the first 72 hours, and then the
count increased for 2 weeks, after which a drop followed during the remaine
der of the storage period.s However, in the presence of salt, the counts
showed a tendency to remain somswhat stationary for 7 days, and then to
increase for 3 weeks and finally to be followed by a conspicuous drop.

The two strains of A. aerogenes behaved a little differently from each
other. Strain 1 (table 16) almost always showed a decrease in count all
through the storage at 38°F. and this was true of both salted and unsalted
samples. The only exception was the unsalted poorly-worked sample which
showed & slight increase at the end of 60 days. ILven at the end of the .

60-day period the organisms in thesc samples had not died out completely.
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At 4801-‘. the unsalted sarples shiowed a coretont Inerecase in count for 30
dpys, alter which the eownbs decreoased, Ilowevor, thoe deoresase was not
very dofizite in the poorly-worked sampless The vell-worked, mildly-salted
sample showed uw coanstanlt itzcrease in count for 30 days, alter vhich there
wias & slight deorease in counts Theo poorly-worked sample in this group
showed the inerease only for 4 weeks, and thon a slight drop was followed
Ly an inorease at the ond of the 60 day period. Wwith the increase in
the conceatration of calt, in the case of woll=workcd samples, the growth
continued all throuyh the storags and a high point was reached in 60 days.
Hith poor working this point was reeched earlier and wes followed by a
drop alter w.ich the counts were more or less stationerye

Stora.e studies with le morogencs strain 2 were obtalned for a period
of 30 days only. This stralu showed & continued drop for 2 weeks at 3801,
in the unsaltod sample, after vhich even at that low a temperature an
incroase occurreds. With about 1.0 per cent of salt added to it, this
trend did no% charge very much, except that at the end of 2 weeks, instesd
of shoving an inerease in the count siniler to the unsalted semples, the
count tended to remain stalionary for some time and then %o decreass.
Perhaps this was due to the lizht inhibitory effect of salt present im the
gamples When the concentration of selt wes inoreased the drop in count was
a little sm;rper but only for a weelr and then the counts increased for the
next two weeks, to be followed by & deorease. Tnis probably wes due to
the fact that the higher cuneentration of selt destroyed more orga:isms
but those remaining at the end of a 2 week period were the seleoted ones
thal possessed or hed developed the atility to resist }dsll concentrations

of' salts These organisms then mi_ht be responsible for the subsequent
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increase in coutb.

‘At 48°F. the wnsalted well=woriod samples siiowed an inorsaso ail throuzh
the sbtorage. 1he poorly worked samples reached the peal at the end of 3
wadcs end then showed a decrease. 'The sal ted samples showed a very irrepu-
lar cheng e in population at tlis temperebure, but the maximum counis reached
weore preater in the ligntly salted samples then in those containi g, more

salte.
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PISCUSSION

A general lack of close rolabionéi p Lotween the counts and initial
butter quality was observed. Dutter flavor and aroma, and consequently
the secore, deopepd on such a subtle coaplex of physicel, biolo.iecal,
blochemical end chenloal reactions thet it is wmt swprising at all that
mioroidel commts fall to shiow a derinite rdotionship t the tubtter score
or fail to provide a bnels for the prediction of' the keepin; quality of the
samples. The individual taste and likin; of various judges also may be
a factor in the relationship under sane circumston ces, beocause of the
differing degroos to wid dh even trained judges may be impressed by differ-
ert levels of various defects,.

Therefore seleotion of one miecrobial type fromtho soveral vhieh may
Influence butter guality is diffionlt. To say thet the one type chiosen
is the key to the prading situaiion is not possibles The results of ine
vesti ations such as the present one should be interpreted in the light of
these limitations. However, a new test or a new application of an old
test may vield results which may be of valwe in the grading of butter,
particularly from the standuoint of commercinl keeping auality.

The majority of tho semnles studied geve counts of less than two
coliform organisms per ml. Therefore it cen be conel uded that produwotion
of commeraial bubtter having low colifom counts is p.ssible without undue
dif'ficulty, particularly when the butter is salted. Thisegrees with
the observation of Crossley (1946) who studied 126 samples of butter and

found that 435 per cent geve negmntive tests for coliform orgem isms, although
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quantitative date wero 1ot presamibed.

Colilorm organisms are comparatl vely saltesemsitivo and therefore
their number in comnercial butter 1s eifectively reduced, epporently
withoul cawsing, e proportional guaniitative decrcase in ot lenst soms
obhor proupse Ihis explolrs vhy a low colivorn count does nob nesessarily
mean a low count of other ovganism types or frecdom from micwbial detere
ioration during keeping quality tests., However, a high colif'orm cownt
doos indiceie the possibllily of cuwatemiuatilon vwith other groups of micro-
orgeni sms, making the lut ler more wuluerable to microbiel detorioration.
The relationship of' colilorm bacteria to the initial score therefore is
expected to be only a gemvral one in which the low count samplos may have
scores runging all the way {rom the lowost to the nighests Coliform
organisms ar¢ ouly ane type and may or may not bs associated with defect-
producing bactoriae. This has been demonstrated for creumery water supplies.
In tho presest investigalions lhere is a tendenoy for the samples with high
colitform counts to scarc low, but the discrepancics are many. kice (1939)
did not find eny significunt diiference in score of samples Mighly contamin-
sled with colifom bacteria or with fewsr bacteria of this group. However,
it is reasonable to bslieve that a high cdliform count is cften only due
tc carslossness or {silbty equipment and Lhere is a ton. vacy for the opera-
tor who 1s lax enough to have high coliflorm counts tote lax ecaough to
fall somowhat below desirable levols of obher plant operationse

llo one of these couubs employed served as an index of the keeping
quality of an individual sample of butter. It is only in e general way

that the plate count of the various types of orgsnisms show a relationship



to keeping quelitye. leny sauples with high counts feil to develop dofocts
sud def'ects appear in sane samp les wth low caints.

In holdin, tes’s the various orpi s in Luttor yet a chance to oo ry
on their activities at a greuber spoed, so that the chunjes they might
produce in a lou ~time slorsie mey e obscrved in a wesk or 10 days and the
samples be accopted or rejocted [or storaje. ilere apsin the ro lationship
of' c¢oliformi count and loss in scoro on holdin, wo'ld e expecied Lo be
only a jpeneral ane. Sanples vith a low colifom coint mey wnéerso no
loss or may lose several scoro points for the reasous _iven before, i.ca.,
the salt may have destroyed all the coliform organisms without bringing
e proportlonal reduction in the nuber of other orgaid smas which mey be
respousible for bubter detericration. Desides there is no nceessery associa-
tion Dbetween colifomn bacteria and those praiucing defecis, as one can be
present without the othere Howwver, it will be expected that the chances
of detcrioration will be lossened vith & low coliform count. The present
investigations indicate this and thus arec at varionce with the results of
Parfitt (1936) wiho fownd no relationship between the kecping quality of

butter and the presence a absence of tha Mseherichia-~jercbacter group.

Tt will also Le expeoted that when colifowa counts ers higher the total
count also will be hihor, bub whether or not the additional organisms
are spoilape orgmisms dopends on the btype of contamination. The rate
of multiplication also may be an important faector. Coliform orgenisms
may multlply Laster and somewhere during the holdin: of buttor they

wey have increased in number without a corresponding inerease in other

groupse The two factors may Le responsivle for some samples shovi ng a



-7

high coliform ecount acd suill ot shaiing any loss Qurdn, starajr. fowever,
as a gmoral rule, the majority of the swmples with hizh eliform cownts
will bo expected to slow a greater tendenecy Lo lose poln's durin; stora.e.
This azalysis is corfirmed in the presant investipatl ous.

A Lairly larygo portion of the samles have cants off less than tym
sramene acive or avisis per ale, 8s estimbed L the methods uvsed in these
investiyations. The  rame-nc;ntive group includaes the coliform orgnisns,
along with others. It tmds to iafluence iniviel Lubter scores in the
way coliforn organisns do, but the rolebionship is less definite. Th
cffeet on tho initial scors of bubter will depend, to sone degree, not on
the degree oi icitial contauinatiod Lut on the apportunity provided to
these or_anisms wo nultiply. In ihe case of a very high zrem-nepative
covnt wnder avernge conditions, at least somo multiplication may occur and
an efiect on butler doterioration may be expected. The dele +md *o point
toward that. |

the obscrvations as Lo the eilect o the numbor of this sroup on the
loss in score in holding should bo ewpeoted %o Lo similer to thme with
coliform organisms. The results réported tend ip confirm this relationship.

Looking thrai h the llitcrnture one comes across more worl ¢n the
influvence of yoasts and molds on initiel score and keeping quality of
butter then in the cese of my aie other yroup. Somo workers d4id not
observe any relatiouship, viile others found yeest and mold counts o be
an index of keeping quelity ond of {resh score of bLutters In the present
work, no relationsiip at all codd be established betwean the yeast and

mold ecount and the seore of fresh tutter, This is quite logleal beosuso
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veasts and wolde usually do not ceuse much deber loration of butler and
becauso most ol the bubter samples pick up yeasts and molds {rom the
churn during the working bub they do not get a chance ©o develop and osuse
detorioration because ol tho prosonce of salb in bubber avd the usual low
tenporoture ol wirich commeorceiel butter is stored. HLiowever, in the prosent
work thoy have shovn e it tle tendency to bear g general relad onship with
loss on holding ab 21%. Thus, twe cheaces for bubber semples Lo lose
poirnts on oldin;, ineresse as the nwiver of yeasts sand wolds inorease,
1ot beeruse they alone are a significeni factor in detsrioration but be-
cause they are associated with posi-pasteurization cantamice: ion which
may introduce exbrerneous orgenisms capable of cavwsing pronounced defects.
The date reveal thal swnples with very low total counts have no bebter
chaices Lo szcore high than ao those that have very high counts. 'fhe total
covnt of butter sarsles is the most variavle ol counts studiede Thic is
bocause of verious f'actors, such as coidition of the raw cresm, the time
and temperaturc of pasteuri zabtion, the degree of slerilization of the
various picces of equipmeat, the use of a bulter culture, with or without
ripening, tho quantity of selt if wsed snd the storage couditious. Vhen
butter ocultures are used the total count cun have little significeance
because the mmbers ot other bacteria ordinarily will e so smell propor-
tionately that thoy vwould nob be reflected in the count. However, very
{ew ol the sanples studied s.owed any evideice o' the use of butiter oulture.
There is no treatuent piven to but ter or crema after pasteurization,
oxcept the washirg, of the jrunules, that may destroy or rcduce the

miorcbial florm of the erewun, wntil the butter is saltede salt certeinly
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reduces the awaboy, but there *s now g tmdency to use o sualle quentity of
salt than vas vsed sune vears apo.  “herefore, a Lijh grede but or with a
ra‘her hi;ht Lolal count mey noi be rerecd M the other hand, sll semples
of ereaem nave a rather hizh totel cowmt vwhen they are broy, ht to the oream-

6ry. Iven with o very nigh of ficiency of pasteurization, e considersble
punber of bacberia mer Le 100t in eream. Arn oxtra exposure of aresm to a
Li her btoarperature or iime ives the cresam e ccoked or burnteprotein

flavor or scorchcd=fat flevor, cither of +hlch results in pecr ubtter.

thus ordinerily it docs uot seem to e possitle to reduce e nuber of
orgauisns Lelow a certein level wi hout injuring e flavor of bubter,

The best chvnees of scorirng high, accorsla; to these data, seca to
ve in the renge with counts from 3,000 to ¥,000 .er ml.e As tho counts
¢0 siove or below thesc levels, the avers;e score of sanples 1a the sroup
tends vo 0 downe T is is in accordance with the findings of Loftus-rills
et al (1932 who found Shek Lhieir choicest sarnles had 12,000 bacteria
per mle, thelr next best lets whiech they celled first had 26,000 bacteris
and the next to bthat which they called seconds had 5,200,

As fer as total counts are concerned, they offer e possible means for
cliceiciqp the pastourization, storilization of eguiosment and genernl
sanitotion within the creamery. It is evident lhowever that the rel ation-
ship {o quality need not be quantibative.s There are many examples in micro-
biolo y whore the allerstions in an orgsnic maberiel are not a matter of
numoer s of microorganisas but rether of thelr types and specific capabili-
ties. This iz so true of butter. Russel and Tastings (1920) statead tlzaf
all mieroorganiome in butber tond to Wnf luence its reeping quality un-

f'avorably to a greater or lesser degree, and tho laotic adld bacteria are
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the least injurious of alle Tlherefore it would be expected to {ind at
loast a general relationship botween the total count of fresh butter and
the loss in holding test. Ihe date shav someo teadency that waye.

Ligh coliform oounts are associated with bigh gram-negative counts and
high totul countse ©This is w be erpecled for colifoms are themselves
prac=nepatives A high grem=negative count on the other hand will not
necessarily Le accoumpenied by high colifom counte The same is irue for
total cownbts Coliform orgenisms ocecur in pastourized croem as pogte
pasteuri gation contamirnation, and there is mason to believe that when
colif'orm bacteria find their way into bubtor, others, too, way have gained
nocess. At the samo time the samplo may show a high total count with a
low coli count or oven in its complete absence. 'The possivility of the
use ol butter culture has boon already disoussed which apports this
phase of butter miorof'lorsa.

Commercial butter of'tem has a higher yeest and meld caint then a
coliform couwnbte This sugpests that el thor there is a greator contamisation
of yeasts exnd molds in the finished butter as compared to that of coliform
organlsms or the conditions in butter are more favorable for the survival
of yeasts end molds then of coliform orgenisms. Undoubtedly both these
factors sre operative.

During the manufacture or butter, the creoam and butter have opportuni-
ties to pick up nicroorgenlsms at various points during the processing
operations from the picees ol equipment and the mate rials they contacte.

The typve of orgenisms and their number will depend on type snd condition

N b3

of equipment snd the general sanitation of the plant.
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I{ poasteurd zabion is carriecd oub properly and proper smitazion proc-
bices lolluwed, hie oream as ready to e pumped Lo the churns should be
free of coliform and apparently all other nai=-sporulating grem-negative
vacvoriun, just ss it diould bLe tree of yeasis md moldse Since coliform and
othier non-~soorulatin; grai-negabive bacteria nre destroyed by the pasteurise-
wlion times end temporeturos commonly uscd in c¢reamerios, presence of these
orgenisns in the produvet at any tiwme during e wmenufacturing operation
may be considered indicalive of contamination. Althowh ell microbial
groups in tlhe present study showed e tendency to inerease during process-
ing, operations, in most cases bhe coliform end also yran-negative bactoria
were a velter iudex of the steriligation efficiency o the vatb, pwap,
pipes and the {ilter, w.ile yessts and molds were 8 pood index ol churn
sonitatione. The general distribution on poorly cleancd equipment, the
ease with which small aumbors may be enumerated snd the comparatively
siort tiae ne edoed Yor enunerstion by the plate count techmics mate the
coliform bacteria particularly suited as an index of cartaminetion. The
data indi cate that colifoma and |;ramenegntive couubts on line run sauples
are geod indices of plant sauitation.

The lino rum tests indicate very clearly that one reason [or the
lack of relationship bebween coliform cownts, md aleo gram-negative
counts to a cortuin extent, and eithor initial score or keeping quality
is the inabllity of most of these bacteria to tolerate the salt concentra=
tions comionly employed in ocommercial butter. Vhen counts of coiiform
bacteria cau be in the thousands per nilliliter in the buttermilk and be as

low as less than & per milliliter on the finished saltied buttoer, a count



ono such bubbter hardly ocasn be considered a jood ind ex of sanitabion during
manufpeturing. Yessis ana molds generully siow a sipgnifiesntly greater
tolerance than do coliform or gram-nc;ative bacteria and thus secm better
sulted as a sanitary index, despite Limir tondenoy to miss or wminimize
certaln conbamination preceding tho ciuming operation,

The resilts on line run sanplss indicate definitely that contamine-
“ion in the plants swudied was at a lovel much higher than desirmble.

In many runs the loss scusiulve index employing total count was adequate
to deleet coubtaninatbion bocause of the very poor sanitary conditians which
provailed.

Under vorael condt ions Lubter is subjeobted durin, wost of its commer-
cial life to teuperavures wiich may pomit some bacterial growh. Storape
in the frozen condition will prevent mlerobial deovelopment bub most butter
is zot subjeet to such conditions all the tiwes A number of fuetors
effect the microbial population of bubtber durici the time it 16 merchandi sad.

Toe debta on the el'f'eot of strain ol coliform orgmi sms, amount of
sult added, degroe of working and teuperature of holdirn: indicate delinitely
that the coliform population of & sample of butter is not statice The
manner in which the populati on changes varies with each of the factors
studied, end prediction oi the trends of coliform population in a givon
sample of butter would be extremely difiicult, even if the history of the
sauple were krovn with e considereble dejree of dotail.

Some strains of colifomn bacterinm will mulbiply at a storajge tempera-
ture of 38%. widle others will not. io say that a gpiven number of coliform

bacteria in a sawple of bubier ropresented so wueh initial contamination
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viould be extre.cly hazerdous. I iIs true that the coliform populasion ir

gonersl decrecsed as the Lubier wos held, particulerly at & tomperaturo

PR e , . .
ol 887 Fe, bubt al L her benperatures A. verolenes mulbiplded in butter

contalldiag ey meh s B oper cent salte  damer and Yele (1938) also have
ghown thel Lerobucter species showed sore rowbh in butter ot 7%, than
did the ¥schorichis jroup. The present studies zere vnde with populations
eppreclacly [roater than Wese wiich would be cneountercd in normal commer-
elel seaples, in order to hwe sullicicnt nusbers of bacieris for accurate
onunaration by the platec count procedure. Uowever, tho poyule tiong were
not so great but thet the behavior of the usual mudier of coliform Lectere
ia in butter may be presumed Lo follow much the smue palern of changa.

It hes Loen demoustrated in nuwnrraus instmices thet =alt inhilits
the growth of microorganigas. Jowever, bobh salied and unsalted swapnles
of butter have shown deberiorublons, develop. | sometimes within a few
days after churniy,. ‘iore oftcz these lossss hinve beon asseeinted with
high counis or the presence of certain specific orgerisms. 'The effeet of
sult on vacterinl chanjes in butter has boen exhaustively revieved by
Lammer and Long (1941).

The smount of sall that wlll prove eifective apniunst the orgenisms
in bubter depends on the strains presont in it. The forogeles group in
Laeral siowed greaber resisbmee than the Tscherichia jroups. The effect
ol sali, however, will also depend on the dogree of initial contamization
and tne ebility of the particular orgenian to adapt itself to salt.
"inslowﬁ al (1932) reported that in broth lerie numbers of orpanisns

tend to neutralize the inhibitory effect of salt and stated that there



elweys is o mess ef'fech enuscd by lerge nuwilter s of living or dead cells which

terds to reubtrall ze any inhibitory action. Jlemons (1925) inoculatoed

verious concentrazioms of %o coll, ierococous albus aid Frneillus mesenteri-

Dye

cuz in boulllons corialvin: fram 1 to 12 per cent salie.  The lerger
inoenlaetions of the orpanisms showed greotar ell “olerance then the

srnller inceulations.e vith 35 albus an nceulasidon of 30

v
’
——

calls falled Lo

grow in 4 per cent sellt Douillon, wherens an inoculation o 53,000 colls
srew in 11 per cent salt houdllon,.

N

hat the salt tolorance of certoin or;enisms can be inereased Ly cone
tinued cultivebion on salt ape> was noted by Giltner ena Brown (1915),
Garrerd ead Tochhend (193), while warkir. with plekle Lrine, reached a
similer conclusion.

The observations in these Zovestigabtiens diov thet Hihe Daectericidel
effeet of gal®t is well merked with all strains and is abtout the semc,
towaver, the abilities of wvarious strains to adapt themselves o salt st
the tenprratures employed dlfrer widely.

The etleet of the de;res of workiyg ead the distribubion of selt in
butber is an importornt factor in the control of becteriel charges in
butter. The literature o the sudjeet Lus been reviewed by Lon: and
Hemmer (1930) and leamer and Long (1911).

Thorough workin: nhelps liner éi stribubtiion »f moisture droplets. As
the mamber of bacterima in bubter is limited, the higher the nwdher of
moisture droplets, the larpger is the proporiion of sterile ones snd the
less faod mmbtorial is availoble to beoteris. In other words, more and

batter working deprives microorgenisms in butter of most of the beeterial

food and thus retards thoir grouthe YTherefore it would be expected that -
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the well-woried butter will show lower coants than the underworked, and the
data on salted butter in those investigations support this interpretation.
On tho other hend, the unsalted poorly-worked sanples show & lowsr count
than the well-worked samples. The explanation for this phenomenon is not
apparent from the dota available.

These data indicate thet finding few or no coliforn bacteria in
butter, as frequently was tho case in the suirvey of ecommercial sanples,
may only mean thet the bacteria originally prosent in the butter as a
result of contamiration have died a$ the result of salting the lutter
and possibly because of low holding temporatures. This correlates with
the results obtained on the line rum semples, where butter with low coli-
form cowt f'requeontly was ocbteined from cream vhich had been contaminated
prossly during the operations followin; pasteurizatione

The finding of considerasble numbers of coliform bacteria in a sanple
of butber probebly would indicate g ross contamimtion in most instances,
but there are circumstences when considerable proliferation of these
organi sms may occur, even in salted tutter.

In unsalted butter, considerable mroliferation of coliform bacterie
might coour at temperatures in the range of 48°F., if strains correspond=
ing to several of those tested were present, and mizht evon occur at SBOF.
if some strains of A. acrogenes were presents At 38°F. the oount of
E. coll dropped ratner consistently durin; fhe store;e period employed,
indleating that the type of ocvliform organism vould be very important in
determining the population chenges which would vcour, even in unsalted

butter.

The 4 ram-nezative orzani sms were not studied in the detail used with
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the coliforms, particulerly ass t behavior in controlled laboratory samples,
but the data on line run samples are such as to indicate that the bLehovior
of most strains of ;ram-negastive bacteria may be expoeted to fall vithin
the renge established for the coliform ;roups None of the data indicate
the wrobability that the grame-negative count waild be any more suitable
and rellable index oi contamination or keeping quality than would the
coliform counte

The pri.ary field of usefulness « the colifom count sesms to be
in the; detection of sources of processiug contamination when used on line-
run samples. For this purpose the proocedure apparently is capoble of
detecting contamination pgeining access to the produot before ths oroeanm
enters the churn more satisfactorily than does the veast and mold counte
The comparatively short time required for resmlts ad the sensitivity of
the test for small nuwbers of coliform bacterie among large nwbers of
other bacteris are edditional advanteies of the procedure. The inability
of the colifonn test to detect contemination with spoilsge orpeniasms from
vash water also is shared by the yeast aud mold count. AS a test to be
used or commerciml butter samples of miscellaneous histories, as an indax
of contamination or keeping quali ty, the coliform tost sems to have
little epplicabllity because of the many opportunities for erroneous
interpretetion due to tho unpredicteble multiplicetion and death behavior

of this group of organi sms in but ters
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SUIMMARY

Two hundred end ninety-four samples of comwercial butter wore analyzed
for coliform orgenisms, gramensgative orpar sms, yeasts and molds and total
counte Initial butter scores snd scores after 7 deys at 21°c. were
obtained.

Tho coliform counts were about the same whether the plates were
incubated at 37°C. for 18 to 24 hours or at 30°C. for 30 to %6 hourse
fn incubation temporsture of 30°C. for 3 doys showed a tendeney to gilve
hi sher gramenegative counts than did 21°%c. for & degyse. A crystal violet
conceastration of 13150,000 gave hi her gran-nerative cowmts than one of
1:85,000. The total counts were hijher with a greater number of samples
when plates woere inocubated at 21%. for 5 deys ns comparcd to 30°¢. for
3 dayse

A low coliform cownt did not inswre hiph scorin; butter, but sawplecs
with a high count showed a tendency to score low upon receoipte The same
tendency, but to a lesser degree, was shown 1n the case of the greme
negative count. The yeast and mold counts did not boar any relationship
to the score of butter on receipt. Both very low and very high total counts
tended to be associated with low scoring butter. The best chenees for high
scoring buttor were with & total count between 3,000 and 100,000 per mle

Low coliform cowmts did not insure guod keoping qual tWies, althoush
high counts, particularly counts over 300 per ml., diminished the chances
of the seore being maintained during the koeplng quall ty test. Gram=~

negative counts showod the same tendency, although the trend was lass
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defluites Soaples viith hiyh veast end mold counts showed greater deteriora-
tion in keoping quality than those wl th lower cownts. The total plate
counts feiled to show any definite reletionship to the loss in score during
the keeping quality tests

The gram-negative cownts incressed with en increase in coliform count,
but many sanples showed a high gram-negative count and a low colifornm
counts lic definite relationship existed betwean the eoliformn count and
the yeesst and mold counte High coliform counts were accompanied by high
total cownts, although certein lots of butter with hiph totel counts
sihovwed low coliform countss Digher gramnegative counts showed s tendency
to bo associated with hipher yeast and mold counts, althiough there vere meay
discroepancies.

Samples {rom 15 line run series were snalyzed for sll the four types
of orgenisms. Pasteurization efficiency apparently was high in most oases,
but thore were ovidences of postepasteurieation contamicetion of some of
the semplos. The punp and the pipe line in most oases were sterllized
inadequately, ard they added to the counts of all typese Cromm af'ter a
short churning always hed e higher count of all types than it had beiore
the churning startede DBubtermilk carried away s large portion of the
mieroor;anisms sand siared a very high count of all types. Washed granules
nad comparatively lower countleg, although the amount oi deecrcsse varied
from churning to churning. During the process of working, yeast and mold
counts frequently inoremsed due to the plck-up of large numbers of orygenisms
fron the churn wall end probable breaking of clumps; but usually the

bacterial counts showed a decrease over that of washed unworked granules,
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apparently becnuse of the action of salt. 'fhe yeust and mold count showed
sn increase due mostly to the physical pickup of the organisms mé also
probally duwe to bresking up of the mold mycelia into numbers of frazments.
Apparently salt was not as ei‘f‘oci:ive esei nst the yeasts and molds and the
bacteria which make up the total caint as it was against the coliform end
the grame-negative bacterie.

Plve sami-commorcial diurnings were made with highly pasteurized
oroosm inoculated with pure cult ures of thres strains of e co0li and two
strizs of L. aerogenes. Bubter granules fmm the churn vere vorked into
the leboratory md two degrees of working amd thres cencentrations of
salt -« including no salt -~ were employed. Salt exorted o very rarked
germicidal ei'feet on all five culiures of colifora organisms, but as
stora,e procecded the effsct of salt was more marked on itwo sirsins of
Fo coli (Strain 1 and 2) then on the third strain of this group and the
two strains of A. aerogenes.

#11d salbing was more effective in reducinyg tho court than ne salt
and high salting wos more effective than mild salting. In the case of
the first two strains of Y. coli, all salted sawples beceme more or less
sterile in 60 days.

Low temperature was more effective aprinst the ¥. coli than ggaiast
A. aerogenes, ne sirain of tho former (strein 3) withstood low temperatures
bebter than éid the other two. During sta ege the counts of two strains
of the E. coli (strain 1 end 2) deoressed both at 33°F. and 48°F. end in

elther the presence or the sbsence of salts The third sirein of T, coli

¢
—.

and the first of A. mcrogen es showed a constant decresse in count at 38°r.
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while at 4801?. there vwes a decreese Loth in the boginninyg wd at the end
with a snort growih period in between. The second strain ol A. acrogenes
showed tiis behavior both at 33 end 48°F.

Poorly wrked salted samples show d higher counis then we 1l worked

ones; with unsalted samgles the trend was opposite.



-]

CORCLUSINS

Coliform count cansot be used as an index of initial score of butter
or of keeping nuallity of an individurl sanplos Thero is, howsver, a
goeneral teadency for samples with high canbs to score low and show a poorer
keeping quality. Simller stetenents apuly to counts of jramenecgative
bacteria.

Both counts on line run samples snd controlled laboretory tests
show that salt mey destroy & lerge percentage of me.colii'oz-m and grame
negzative bacteria originally present in o sample of butters Temperctiure
and ’timcboi' holding ond degres of workis; also influence growth and
survival of coliform baci;eria in bubter.

The field of satisfactory appliocability of the voliform count in-butter
tosting seems to be confized to detarmining sources of postepasteuri zation

aontamination in line-run sauplos.
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