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INTRODUCTION

In studying changes in dairy products, bacteriologists
have glven the mierococcel relatively litile attontion since
it is generally thought that these organisms produce changes
slowly and therefore are of little importance., The usual
classifications of the nlecrococel are bused on such character-
istics as gelatine liguelfaction, nitrute reduction and the
fermmentation of various carbohydrates. These characteristics
are of libttle practical valuc to the dairy bucteriologlst,
The action of the organisms on the constituents of nilk, how-
ever, nay be of considerable importance.

Various nicrococel found in nilk and nilk derivoatives
are capable of attacking the proteing of milk., The extent to
which the nilk is proteolyzed vuries greatly with the narticu~
lar organism,. In sone instances proteolysis cin be detected
by tlie appearance of the milk whlle in other instances
chenical analyses are necessary Lo detect changes.

The ability of certain niicrococei to bresk down protelns
is importent since many dairy products contaln enough pro-
teins to malie such changes undesiravie from the standpoint
of quality; however, such changes may be of inportance in
chieese ripening., The nicrococel, thercfore, should be

seriously considered by the dailry bacteriologist.
y y y
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The objects of the worl herein reported are:

1., To isolate proteolytic nicrococel fron various dsiry

products and o study thelr general churucierictics,

2., To deternine the effcet of various types of proteolytic

nierocoecci on nilk and butter.

3. To cluszify the proteolytic micrococcei in dairy products

and to identify then.



UTIFPORICAL

The name Lilcrococcus was first applied by Halliier (18)

to indicate the growth form of a mold and, later, by Cohn
(8) to all spherical bacteria, In 1872, Cohn (8) publiched
liis conception of the systematic relationships of bacteria
and for the first t1ne the coccus types were placed in o
separate tribe on an egual basis with other tribes of buce-

teria., The genus nane [flerococcug was uged for thizs group

vhich included all spherical bacteric; a definibe descrip-
tion of the genus was given. In 1875, Cohm (10) proposed

& nore conplete classiriceation of bacteria than anyone else
had attempted up to thise time, His claggificctilion was bused
on the assunption that the various types ﬁere degenerstes of
the blue~green clgae, Iaving in nind the close relationship
between the algae and the bacteria, he arrornged those species
of bacteria which he supposcd were closely related to species
of blue-green algae in tieo sane genus with the clgae so that
many genéru contuined both bucteria and alpoe. The strep-
tococel and sareina were distinguished by thelr respective
chain and puckot fornmutlons.

The genus illerococcus of HMigula (81) and of Chester (7)

was a kind of residual genus including all cocel which do not
occur in well rurked cheins or packets. One of the oubtstund-

Ing characteristics of the group is the ability to produce
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pipnents, ond nany invegstigators haye used this character as
a starting point for clogzilication,

In 1908, Dudgeon (12) studied the reletlonshing of a
group of sbaphylococel with particulor cuphaslis on the use
of chrounogensis for separating the individual species.
Working with 40 straing of the orange tyne und 71 strains of
the white type, he obscrved their liguefying power, thelir
reducing powver and thelr scld producing power ian 11 curbo-
hydrate medla, Ills conclusion was tiwt ell the sbaphylococcedl
studied were ncnwers of one specles, although only a few of

o

the gbraings were identical in «ll charscters sbudle

g

The Winslows (Z5), in 1903, made & conprehensive study
f the coccus group. & large muber of culibures was studied
and divisions were nade on the bagsis of habitat, chironogenesis

and cell dlvision., They divided the family Coccaceas into two

2
o
c

!
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lies, the Xeracoceaceae whiich included the parasitic

types and the Lietacoccaceae vwiilch included the non-parapitic

or free living formes. The Jurccoccaccae were further divided

into five gencra on the basis of cell division and »igment

production. The old ¢ Staphylococeus wes divided inbo

two new genera, namely, Aurocoeccus which included the oruange
- ’ b I ortcinrmadenttisdisibo el

1

rigment producers, und 1bococcu which included the porcelain

X

wiilite or non-pisment producers, The lletacoceacoac vere

&

divided into three genera, principally on tlhie basis of cell
Tormation and pignent productior

Orla-Jenson (Z2), in 1809, proposed a clussification of
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bacteria based prinarily on shysiological chureccters, the

rost loportont of which wap weldd vroduction in vorious
curbohydrate nedlu. althourh the convenbionzl morphologrical

grouping of the cocel wao rocognizod, only the physiologicul

A

churacteriatics woere used in iils clussification. IMleo clongi-

.

Ticution of the coccus groun ig as follove:

Fanidly scidobucteriacenc
Gonus  Streplbococcus
,J'-

Genus Hilcrococgus
Genus Larcins

In 1917, Duchanan {3) clucsid
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gengis, The tribe lllerococccne was divided into thres genceru:

Genus illerococeus
Cenus Hbhodocoeccus
Genus Sarecing

Using the cultures of the swmericuan lifusewn of Iiatural
ilistory Collection, Kligler (26), in 1913, confirmed the work

o

of the Winslows (35) and concluded that the wirite and orunge
nlerococel were usuully parsesitle strains vhile the yellow
and red nlcrococel were nore often suprophytic,

In 1980, insglow and his ascoclates (36), after further
study of ithe nicrococcel, werc doubiful of the volidity oy the
genus surococcus and genus slibococcus, described in 1908,
Jince the organisne in the two generu were sinilur, thesc
investigabtors conbined the groups into the single genus

Stavhylococcus.




lueker (£4) reported an exhuustive study of the nicro-
cocel and wuo convinced thot chivomopenesic of the nenbers of

this group is « very Inportant chueracter for use in classifi-

—
.
']

cation bub thet grouass should not be dlvided into gencra on

Nel

T dlemoostic Peaturc,

v

tlic basis of chironogoncois us the chig

[¢

’

A gstudy of tao constancy of varicus charzebers of thils group
showved that chromogenesis, nitrute reduction, ability to
utilize amnoniwa salts as the only source of nitrogen, gelo-
tine liguefuctlon, and acbion on iilk ure tests whereby the
nobural species of the group cun be separsbed.

In 1920, the committee on Clagsificution of Huetericl

Y

. "

Types, appointed by the Socicty of Snmorican Bacteriolo

A et
LS00,

C

(37), arraged the tiicrococecae into thiree genera:

Genue Lilerococcus
Cenus Larecini
Gonus Luodococeus

This is sinilar to Buchanan's clagssificution (5).
Bergey (5), in his Xanual of Deterainative Dacteriology,

divided the lilerococccae into five penera:

Gemus Sbunhylococcus

Genus Gaffiya
Genus Laicrococeus
Genus Sarcina

Gonus Tiodococcus

For over D0 yoars regeurch worlters in the field of dalry

Industry have known that nicroceocei were plentiiul in dairy
products. Gorini (17), in 1901, reported mlcrococei as the
nogt common type of orgenism in fresh nilk, Ilc thought the

proteolytic nicrococel in the nmwmarian glands were advan-



toageous in the digesting of nilk wnd in the ripening of
chiceses, In hard checonses the orgunisie reduce cucein to

more digegtible forms during ripening end ot the scme tine
proaote thie develomaent of luctic acld orgonisne which
conbribute to fluvoer devolopnent. Licuslying, chronoronic
mleroeneol were foundlby von Freudenreich (18) Lo vredonincte

in milk, Orla~danser (C2) roported muny mderococel wnd gor-

cing irn mllk ond temwed thein boebracocei. The sowrces of the
tetracocel vero cow nanure, soil, dust, the cost of the

mmimal and the gkin of the nilisr., iecordin: Lo Orla-Jencen,
the orgaonigns play an Immorbent part in $he risenins of
chiceses,

In an extensive gvudy on the nierofliore of milk, Harding

and Jilson {21) found that 75 per cent of the orgunisns pre-

sent in freshly drawn @ilk verc mlcrococel, In o sinilor
gtudy, avang (14) noted that the predoninant Tlor: in frech
cowg? milk consisted of Cron positive micrococel. Copeland

and Olson (11) found nmostly Gran positive nlcrocsecl in
aseptically dravm alllk, cone of vhich licuefied pelusine.
Breed (4) reported that the precdoninent flora in nilk cone
gisted of Cram positive nicrococei, viiile mowles {26) found
that 48 of €3 cultures isolated fron freshly
vere :ud.crococcl,

Hucker (23), in exenining nderoscopic coctlions of old

cheddar cheese, fowmd that nicmococcl predomincited., The
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charactoeriat:

" S

¢ clunping of this grour of orgunisns showod

that in their growbl onl reproducition theyv nrobubly broke
T Wk o

&

down tihe surrounding medium for o source of cnorgy. Fraszier

and Dupp (15) revorted the milcrococei in mili o

proteolytic.

s nostly acldo-
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HETHODS

e

Detection of Proteolybic lilcrococci

111k agar nlates

Protecolytic riicrococel were detected on apur plates by
the addition of 5 nml, of sterile skimmilk to 100 nl. of beef

infusion agar at the tine of plating.

Gelatineg licuelactlon

Tubes of standard nutrient gelatine were irocculzted wand
incubated abt 379C. for & duys. The culbures vere tum pirced
in a refrigerator at 109C, for 4 lLours. after the holding
period, the tubcs were examined for liguefuction. Tegsts vere

also nade by lncubatlng the tubes at 15° to 189C. for 15 duys.

Gencral Characteristics

Action on nmilk

The action of proteolytic niciococel on nilk wapk deterniined
by inoculating tubces of litrws nilk with the organisns. The

tubes were cxamined after 48 hours at 37°C,.

piL and tlbtratable acidity

The »I values were obtained electronetrically with the

gquinhydrone electrode. The titratuble acidity of nilk cul-
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Lipolysis
Lipolysis was Investigoted by the modified nile blue
sulfate und natural fut techniques as supgeosted by Long (£9).

Diagtatic action

Diastatic action wus doternined by the nethod supcested

by sillen {(1).

Carbolhiydrate Lfernentatlon

The femenbation of carbolydrates wus studied by prowing
organisng in brothes contauining various jwberilds and wlco

bromeresol surple as an indicator.

Therurl death point

The thernal deuth point of orgenliams ves determiined by
heating cotton stonpered tubes contalning broth cultures for

15 minutes ab various tomperatwes in o water bath,

Acotyluetiwylearbinol plus diccebyl

acetylnetiylcarbinol plus diccetyl wag deternined
qualitutively by the Voges-Proskouer reuction (55) and
quantitatively by the procedure employed by lilchaclian and

liazper (30).

Volatile celdity

Volatile acidity was deternined by the rethod used by

v



Hichaellan and Homer (30).

Hydrogen sulfide

Hydregen sulfide was debermined with the method used

by Bailey and Lacy (2).

Indol
The production of indol was detormined by the Ehrliche
Bohme method adopted by the committee on bacteriological

tochnigque of the Society of American lacterlclogists (33),.

Pathogenlcity

Pathogenicity was tested Ly Inoculating puinoa pigs.

[C T )

Protein Breskdown in Skimmilk

The total soluble nitrogen produced by cultures of
proteolytic micrococcl was obtalned by precipitation of milk
cultures of the organisms with écetic acld and then filtering
through paper. The nitrogen in both the filtrates and the
precipitates were determined by the Kjeldahl method, Amino
nitrosen was obtained with the Van Slyke gasometric mothod
{34). WNitrogen soluble and insoluble in trichloracetic
acld, phosphotungstic acld and ethyl alcohol was fractioned

according to the procedure used by Lanc and Hammer (28),
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Generul etion of Yroteolsytic Micrococel on Dubter
£*

Chumings were made fron sterile creon inoculuted with
milk culbures of the proteolytic nlcrococcl. The butter was
oxaninod orgonolentieclly at various periods during the

holding.



w10

UL YT e T
s a3 Ll TG

Isolition of Troteolytlc :iicroeoccl
fron .;):11.1‘:; VYroducts

cel wore isclutod from adil,

greaan, Mo sowrees oFf bthoe o

0"

of thusc wberluls und the nuobers Proql eaeh aro

94

waber of

gyl ol -
[FIRAVRVISX S 3

iwlso

collove:

Buster

Varket il ;)c,m rbannt
Tovig ».)ua_\'LO J.ln:(,)e
Lueo, Iowua

Da I‘j Deparbtnent

iississipni u‘L\AL“ Collerec

:\ tO C(Jllv ,~ y .1;.);)«“ Si ) i
Darn Yol 1

7 T (Al
;3&.{'1’1 iaOo ‘o

b

bairy of i, Ii. Ihrncd
stute College, Iligsi ol
S8 1D Coonerative Creunery 4
dtate Gollege, lilssissinol

Grocery Stores

utqr,\.vn_llo, ilsscissinni

S #8 82 6% U 42 90 4o 03 ne O AG SE Be NE A6 B2 o3 SV 3o As

B 2% gs a8 RS pr U3 B2 O8 S8 65 BB S 93 £ B0 e e il
Sh 44 BE 4D S4 *9 &P I % SE & As sm % Sh wV O Ne SO faP

el
40

ALYl samnles of nill were todien from frosih nworning pillng

cachi serpmle (about 10 nl.) vwiag collected in o otorile
tube. The sumnlss of bubtboer were cub Lron one-nound
with storile spatulas and held in petrl diches. The

-

of chieese vere obluined with sterile triers wnd held

dishes. The sunples of ice erean were obbtuained ith
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spoatulas, and clloved Lo felt in wetri diches ot ™o tonper-
abure,

The gammles of the four dulry nroducts were pl.ted with
beel infuclion nill soer in the follosing -vinner: The milk

and lce crceun were dillubted with wator as wewsl., Tue buttor
vas clelbod at 4590, and dilutions were rwde with vurmi water.
fhe chlicese were grownd in o mortur with 10 2l. of 2 »ner cent
agusous sodiwn ciltrate until o honogenenus liguid was obiuin-

ed; bthie necessary dilubtions verc auade with woter. 11 slutes

vere incubated ot B379C. for 48 to 72 hours. Thogs colonics

and for identification as nicrococel, Special carc wus
exercised Lo avoid dwplicating orpanlsne £fron o swile.

In order to deternine the morshological churacters, shears

=

were e cnd gbained, SObor an organisn had been ideontified

as a uilerococcug by mleroscopic exandinadion, it was troanse

ferrcd o an agur slant as 2 stoelr culture for detuiled study.
From 704 sxupmles of deiry »roducts, 4320 protecoelytic nlcro-
cacel viere igoloted, e soncral sources of thre orsunisms

L)

are shovm in the following swrary:

_odll ¢ Dubter @ Cheesce @ Iee Creun
Thumber of swnmles exundned: D30 3 [ : o6 : 4G
Iuiber of suuples ylelding: : : :
nroteolytic nicrococel s 540 ¢ 306 : 2 : 30

The sources of the individual culturee thwt were studicd

in detail ars gdven in Table 1.
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Table 1,

Lhe proteolytic micrococel

+

oo vyt o e
o ——-

Source

cultures

s oo ve ws
% wo o» s

Culture nunboars

L1l nwibers not listed under butter,

checse snd ice creant.

0T ey r,.,; r'v)(‘)

385, S86, 58 SL8, 841,

> -
- -
- L]
” *
. -
- .
» .
: L
sutter : a2l 56, 44, 40, 63, 158, 155, 158,
: 2 178, 179, 180, lgl, 210, yfﬁ, f’“,
: s 214, 215, 250, 251, Jus, 233, Jbo,
: TN 857, USG, Dwl, Sol, 3533, S50,
: : 306, 307,
: :
L) L]
* L]
Checse ¢ 6, 96, 97, 98, 99, lOO, 01, 126, 127,
: + 174, 175, 1v0, 197, 245, wud, SED, D46,
: s 247, 248, 8&9.
: :
Ice : ¢ 27, 54, 53, 56, 07, 114, 115, 116, 117,
Creann ¢ 118, 119, 120, 131, 13Z, )mu, %&i, %@?,
: M lb(_}’ 7(), 1'71, lr?| lt}()’ L);(J:J, LS TN N tji‘l’.,
L] .
. >
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Chronopenesio

The nignents sroducsd by the »robeolytic niicrocoeccl
enecountered were red, orunge, yollow or vihite (non-nignoentod).
In thio inveoticubion thce red nicrococel werc onitited sines
ounly a few werc igoluted wnd theoe grew very slovly b both
roon torworature and 97°C,  The slow develomasnt of the red
orsunisns ooy account for the Lfeet thut oo Tew were icolited
as 203% of the colonics were oilcked from plates that vwere
incubutoed not nore then 7% hours. Yac culturcs studied in-
cluded 55 orange :idlerococci, 115 yellow and £05 whiite. On
beef Infuslion agar, the culburcs were vory consistent in

their pigaent production,

Influvence of Various Fuctors on Chronogencsis

Carbon dloxide

Orcnge cultures &, 7, 12, 13, 15, 19, 20, 22, 50, o1,

56, 37, 39, 49, 55, and yollow cultures 59, 61, o4, 69, 72,

infusion ecsr nlutes. The plates were nleced 1n o Tovy jar
and carbon dioxide wag alloved to flow ints the jor wbil
;he alr wvae lorcely disnloaced, Cfter & ond 10 doys incue

batlion poriods at won btonmps rubure Lo enlbures vers conl-

o

nored with dunlicoate platos strecked ot the sune tire dbut
incubated under aserobic conditlong, With culturcs 7, 19,

15, 31, 6, and 49 held under carbon diomide, the ommnge
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Digrent  saghtdy lighter in colox thon in the cont1ols, but

nost of Uie culturce wnpeurad Lo produce oo cwel piiteant

-y

wider curbon dlomide we in wir, Ilo chunge in the ipmwnt

nroduction was nobted witih the yellow culbures,

Growth om notuto

< oo

Orange cultures 4, 7, 12, 16, 15, 19, 20, 22, 50, 81,
86, 97, 9u, 49, and 53 and ycellow culturcs 59, 6L, <4, 63,
Y2, 74, B, 88, 91, @I, ¢4, 05, und 97 were strociied on
notato to compure the growth with @t on beelf infunion cpur
slonts., The culbures were held ob roon bomme rabure. Culbures
7, 15, 80, wnd 49 showed nmore pignendtuablon on nmotato than on
heef ilufusion agar, vwhile culburss 31, 39, und 47 uppoured

-

to have o deencr color on beef infusion agar than on nobuto,
The yellow culturces showed ahout the sares oiggentation on

the two mwedia.

oIl of the mediun

The »II of the nediun wpoared to alfect the ciount of
nlegment nroduced. The tost orpanlsns enployed were thwse
used in studying the growili on notato, hen aparshaving
values of G.6, 7.0 and 7.6, respeetlvely, voere enploysd

and the cultures held ot won tamwmerature, nigmentation

was nost pronounced on the agar having a »nil of 7.0 with

all cultures studied but was definite in «1l1 cuwlbtures,
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Ineubation in water

Orange cultures 12, 18, 15, 19, 20, 22, 30, 51, 36 and
£9, wd ycllow culturecs oS¢, 61, 64, 89, 72, 74, 81, 232, gV
and 105 were cuch nluced in w tubs of steorile wober for 6
days ab roon tenperature and then streaked on apnr slintco.
Phe cultures wers incubgted at both 209 cnd 379C. for 48
hours and then corpared with culturss not »liced in water,

Tio diffaorence in sigwenbtoblion wuae nobted bhetreen the two

types of cultures.

Houtln at 5590,

Oriagpe cultures 12, 19, 15, 19, 0, 22, 35, U1, 29 and
49, and yellow cultures 59, 1, 6%, 69, 72, 74, 01, 22, oV
and 103 vwere diluted in btubec of wuater and »laced in o
water bath at 55°C. for 10 ninutes. The cultures were

sbreaked on beef infusion ager and held at 37°9C, for 48

hours. With orange cultures 39 wnd 49 there apnouared to

T4

-

be o deeper color produccd Dy the heated cultures thun Ly

—

unhicated control cultures, but in the majority »f compori-
song tlhere wao no noticeable chunge due bto houtings., o
changs in pigmentation vas noted with the yellor enliurcs

that were heated,

Tacubation tenperature

A i~ - .. . oy -, g - N oo, - o ~ €Y 4 o &
Agar plates sbredked vith oringe cultures 4, 7, 15,

P - ¢ o . ’ ? SR MO B
1%, 18, 1ie, R0, 22, 80, o1, 36, &7, 39, 49 wnd 05 ad with



yellow eultures 59, 61, ¢4, 6%, 72, 74, Gl, 83, 91, 93, 94,
95, and 97 were incuboted at 21°9C. and also at 87°C, The

orange cultures suoved a deepor pigrment »roduction ot 21°C,
than at 579C., whercas the yollow culturec showed no varia-

tion with thoe incubation teperatures,

pariness
The orange and yaellow cultures used In studying the

effecet of incubution toumpmercture were streaked on dupnli-
A%

|—5
[ad
o

cate bubes of agar. Cne sct o bes wos placed in
closed malilling tubes, while the otiicr set wees eldd in 2
roo:t having sunlislit nost of the day. After 10 duys the
orance culbures Ilncudbated in durknese were ywuch lighter
in e¢olor than those incubated in the lirht roonm. Vith
the yellow culbturcs little difference in »igmentation

was noted, regardless of tho anount of 1isht present.

Chironogenesis ac a lleans of Sedarating Concra

any woricers have mmdce ugce of chronogenesis s a4 diag-
nostic feubture in sepurating genera., Usually 1t is wn eusy
characber to dctermaine and the colors are reletively conzbtunt,
Ilovever, oronge culture 52 chanped from orange to vhiite on
asar but laber the orange color reappcared; this color change
occurred twice ovor o S-ycar period. In 1itmus nilk cultures

an orange rTing rogularly fomed ab the surfece while agur



gereak culburcs were white with an orunge periphery.
Since the chironwgenie nroporties of she proteolytic
nierococel werc relatively constunt, chromogenesis io
rently o satislactory neuns of dividing relztively
lurge nwibers of organisms into grouns. In thic stwly the
chronogoenle properties were crployed to divlde the orgmn-

lans into the orume, yellow and white grouns.

General Crowti and Vial 5§ity of Proteolytic
iilerococel

41 of the 426 culturcs of nroteolytic nicrococel
studied grew well on beelf infuslon nilk wpur, although €
anount of pgrowth varied considerably anmong individwl cul-
tures,

In general, the cultures werc viable for relatively
long periods, Litrmus nilk cultures held 3 to 4 nonths
and afer slant cultures hield 10 to 12 months at room
tenperature rencined viable. agar slant cultures held
for long periods were easily revived by adding o snall
griount of beef broth to the cultwes, helding over night

and then strealing on agar.

Ceneral Characteristics of Proteoclytic
iicrococel

The peneral charucteristies, grouping and ildentifi-

cation of the orgulsms sbudied are given in Wable 2. The



eneral characteristics grouping and
H : $ : s $ : . : : s
Cult-: Form ¢ Slze : Gram :Action :Titrat~:Crowth:Growth: : :
ure : -3 : on : able : on : in Pt g
: smicrons: staeins milk :acidity: asar : beefl : 8¢ .3
no, @ : e s 379C, :in milk:glants:broth : g: £ :=b
: : : 148 hrs.: 37°C, : : - togi a2 o8
H : H : ‘ 148 hrse: : 3 242, s i
.. w - ‘l
: ool b T b ERieRlEE
: : P : i i igpiRgi=s

1 :8ingly :0.6 to : tacid :0e00 TO2 : 3 s :
to :pairs : 1.0 : + :coagsz :0.36  :abun- :turbids -+ ¢ = 3 -
48 :clusters:ave. 0.8: :dipg, taveDeddsdant : : :
49 ¢ 0.8 to : 0.4 tO: : s : :
and :clusters: le.4 : + 3lnert :0.20 sabun~ sturbid: = : - : +
50 : :8Ve lol: : :ave.(.26:dant H : :
: : .8 , sacld : s : B : s
51 :singly : 0.9 : vare.-:coag. :0.39 :abun~ :turbid: = : « : -
sclusters: : :dige : seant 2 : : :
oz 3§ 0.6 to : 10.22 to: . : : : :
and s:singly : 1.0 : + tacld 20426 sabun= sturblds + 3 » : +
53 :fours 1ave 0a8: : :8v.0.24:dant : : : :
o4 8ingly :1.0 to ¢ sacid 0el TO ¢ i : B : s
to :peirs t le6 : var, :coage :0,20- tabun- sburbid: - : + : +
956 sclusterssiave le3: :dige :8ve0.18:dant : : 3 :
96 :aingly :1.0 to : : :0.14 to: : B : : ¢
to :peirs ¢ le4 : vare. :inert :0.16 sabun~ sturbild: - 3 - ¢ + 3
113 :clusters:ave 1.2: H :ave0s1bsdant 3 s : 3
114 isingly 0.8 to @ sacld t0.1I4 Loy s : : s
to :peirs 1 1.2 ¢ vare. :coage :0.18 = abun- sturbld: + § « : = 3
137 :clusters:nve 1.0z - :dige taveOsl6sdant: 3 : : H
138 . :0.9 to ¢ B 10,12 to: : : : : :
to isingly : 1.3 3.var. sinert :0.14 sebun~ sturbid: + 3§ « 3§ = 3
168 o :8vVe0el3:dant : -3 : : :

:clusters:av}{lwai“'

l.= variasble

‘2z coagulation 3 = digestion






‘Pable 2.

rouping and identiflcation of proteolytic micrococcl isolated from dairy products
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Table 2. (continued)
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data show the following relationships:

agtlon on litrmus nillk

Changes in litnus nill inoculuoted with proteslytie
nieroeocel were of five generul Lypes:

1. @io noticecble ehange other tiwn un scewwlution of
cells at the botton of tubes. This condition waog
205t copion with orgunisns of the yollow growup.

o Producing acld recuction without couculution. This
chunge wag produced by orgunisns in 11 groups,

9. Producling alkaline reuction with digestion of proteln.
The change was produced ouly by orgunisng of e
yellow and wiilbe growns.,

4, Producing acld with courulation md slicht protein
digestion. The duange was noted with all groups of
orsunisns .

5. Producing acid with coarulation wnd considerable
protein digestion. This condition wus 0ot conyponly
»roduced by nenbers of the orange group.

Although all the culbures were definltely protcolytic

on uilk agar, the clunge produced in the appewrance of

litimg nilk by certain of then did not suggest proteolysis.

Titratable acidity produced in skhimmilk

-

Jith 20 reoresentetive culbures titreotable ceidlities

varied froim 0.12 o 0.066 per cent, caleculuted ws lactic

3

acid., In general, relatively high acildities were produe cd
by nembers of the oranpe and irite groups while compura-
tively low acidlties were obtained with unerbers of the

yellow group. With a few white culturcs, however, the



Y

aciditiez were vary low,.

Growbh on ager slunts

All of the cultures studied grew well on beel in-
Tugion acar slants, In peneral, the yollow orgnnisns
grov nore luxurisliLly than those of the oringe or walte

LToONS,.

Groth in beef broth

(.J.
\,4
o]
t—:‘s
c’
]
¢}
a3

The orguwnigns regularly »roduced turbidit

broth with: the Tomution of sedirent.

Iitrute reduction

A majority of cultures studied reduced nitrates, Vith
tie orungse group, 50 of 63 culbures were pogitive; with the

yellow groupn 55 of 115 were positive; and with the vwhite

group, 168 of 258 were

Litrogen assimilotion and a:ponia production

The assinilation of amino nibtrogon was nepative with

2

all but a few organisns of the yellow group. Junionia
nitrogen wus assinilated by nony organisms of the orange
and yellow groupe; with the vhite groun, the resulte were
nogabive in all trialc.

A1l of the orgunisns produced arronis from pepbone,

whereas none were capuble of producing armonis frorm nitrates



3]

Goletine licucfaction

Adl of the culturcs liqueficd gelatine with the

“exeeption of ¢ fow in tho white group, In general,

liguefaction wus more rapld snd oxtensive with nenbers

of the orunge grouns than vith members of the yellow or

Carbon dioxide production

lLicmbors of the yellow grouwy gonerddly prmduced lorcer
anounte of carbon dioxide than nenboers of cither the arange

white grouns.

Henolysis was showm by 49 cuwltures of the ormee groun
ané 17 culbures of the yellow group; in the white group,

none vere henolytic.

Lipolysi
Lipolytic cetion by the orgonisas was ilimited to the

orange grour in vhiich all of the cultures gove nositive
resultoe. Apparently nonc of the yellow or whiite orpanisms

studied were lipolytic according to tie methods enployed.

The production of dliastuege ves exhiblited by 1 culture

in the orange group and 96 cultures in the yellow group.



.

Hone of the orgunisne in the white groun guve positive

C&

ol
regults,.

Coarboliydrate fermertation

-

In pgenercl, nogst of the culbures shudicd fermwented
dextrose, galactose, luctose, levulose ond mmltoce. The
fermentation of dextrine und Xylosc was confined drincivally
to nembers of the white groun, while glycerol, nmmnitol
gsalicin, sorbitol and sucrose were fermented by mows cule-
tures of the orunge and viiite growns. arubinose wand ruale

finose wers not formwentbed.

Themial deuth poiat

In deternining the themmal death polnte of the owman-
igns, cotton gtopnored tubes contulning broth cultures were
suspended in a water bath at 559, 609, 659, =nd 70°C, for
15 nminutes. A1l of the orpmnisus were killed at termeras-

tures rancing fron 58° to 65°C,

acetylmethiylcarbinel nlus dlacetyl, volutile acidity,
hydrogen sulfide wnd indol nroduction

Seebyluethylearbinol plus diccetyl viae not produced
Trou 1ilk, with or without cdded citrie ceid, by any of the
cultbures,

apnrecicble amounts of volatile weid were not pro-

duced by the orgenisns, Tests for hydrogen sulfide wund



indol 1o negotive in 11 instoncen
. .

To determine the patbopgenicity of 30 representuti
culturcs of »roteolytic nlerococel, the orpunicns were
grovm in luctoge broth and £ nl. of ¢ culburs was inoculat-

Y

el inbroperitoneally into o guinez pip. At the sane tize
¥ 5

pulnes pigs wers Inoculated with cultwroes classificd os

Stapigbeoceus by the Bucteriology Devartrent of the Ohio

state University. The aninales inoculated with proteolytilc
rilerococel vere not affceted, whercas several of the cul-
tures fron Ohlo procducsd dewth in 12 to 24 hours,

Tlong of the znroteol:rytic nicmococel nroduced oOres

and all of the organione verc apoarently non-notils.

Protein Breakdogp in Ski@milk by Proveclytic
Ilicrocoecel

Four represcntative culturcs of proteoclytbic nicrococel
vare selected for the stuwly of nrobein breckdown in skin-
nilk., Thesc werc culbtures 39 (orunge), 98 und 110 (yollow)
and 170 (vhite).

Siheirmilk, in approxamately 20U ni, vortions, vias
sterilized in pint bobttles after the welsit of cueh bhottle
and its contents had been recorded. Seversl bolbttlee were
then inoculated with each culture to be studied and incu-

bated at 37°C, or 21°9C. After 8, 4 and 7 doy incubution
]
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periods, the gorun from cuch eulbture wus wnzlysed. The
seru fron a culiure wao obbulned by =dding distilled wite
to ke up to tho oxisinul wolipht, wdding & . of glucill
acetic acid wnd haetbing in o bath of bolling weter wiith
froguont acitition., fter coolinrs, ithe culture «w.s filter—
ed bhirow it peper. Phe Iollovsing deterainutions wwere :ude
on 5 al, nertions 2 Lhe serun: Tot.l uitroagon, wiino
nitrosen, and bthe nitrossn sdlubls and insolubls In 4ri-
ciloracetic acid,; 2thyl dceolel nnd phosnhobunroblic wcld,
The values wore copressed as nilliliters of 11/10 wcid
sculvalent to the aitrosen in O :l. of ccrwt.

Py e oy -j~w-x-5q1(‘ yies ey et ol oyl vk -"]ﬂr\ Poym T e Y me e
LATCC LILOLD VIO CuT Lo Ouu VG uhio Lonr »»).u‘ SUATTLS o

wse given in Teble o,

A1l culturces of the test organisms produced proteln
broukdown in skimnillk =1lhthoush the extent of oroteniysls
varied congiderably with the individusl eulburcs., a6 3%°C.,
the total nitrogen in the serun of skhlmmill inoculuted with
the orgonisng increased with continued hoelding., ftter 7
duye, the vulues with sone culturce were relitively hish,
egpeclully with culbture 170. At £1°C,., the valwes for
total nltrogen also incre:ged vilih conbinued holdine ond in

some instaonces the incercesss wore grechter thon b 370C,

Althourh there were irrveculardties with the different ine-

e

cubotion periods, in general, cultures 170 and 88 produced
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nore brealkdowm ot

the higher tonw

erature, wiile cultures

39 and 110 produced nore brecidown at the lover one,

The distribution of nitrogen in the various fruections
vags mueh the sane with the differont orrunisas ond with the
two inecubation toermoraturcs. The Crections soludble in bri-

chloracetic aeld werc relutively

153! i

Vi

combinued incubablior

b4

ngoluble In trichl

aft

eveon

H

recuiarly low er 7 Cavrs

nitrosen coluble md ingoluble in

and

cubabion Vhen

-

nitant, moot of

Tractionsy the

sate during incubastion

fractions generally incrcased.

ile the valuce for

cuach of the

laree ond Increwced with

¥
L

the fruction

would be ernected, wers

incubotion. The wounbs of

ebivyl uleohol were nore

auount s gonerally incercusaed

e N3

sp Y0 v
261 W

Y e

SHlwogrhiobuncetie
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nitrosen wen contolined

’—1r

U..L\- (

asoluble fract remined

s Whereas the ingoluble

The amounts of «wino nitrogen inercased with o ntinued
incububion at both temweratures. There was 2 very general
relat )71‘:\11.;» bebween the valucs obbiined for LHotul nitrogen
and those obtained Tor anino nitropens; when the valuwes Lor
totul nitroroen were high, thosc for wuno nibrogen were also

hirh,

L
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General .etion of Proteolybic flicrococel
on Unsalled Bulbter
The genceral action of 38 culbures of proteolybic
mlerococel on butter was studicd by churning_a‘ 111 portions
of sterile crcam inoeculuted with test orgunisns; this wus
done by arlteting in o motor driven chaking nachine. The
creanl wus preparcd by placing 56O ml, nortions in l-cuard
Glacs to frultd jars ond heating in wn cutoclove ot 18
nounds pressurc for S0 minutes on 2 consceutive daye.
culture of each test orgunism wwg vrepared by inoculuting
100 ml, of sterdlle skimmillk wnd incubating at 379C. for
40 hours. AV the time of churning <1 of @ :iilk culture
wag added to o jer of cream. The relutively lurge inocula-
tion was uged to insure nany tceot ovgpunisng in the butter
since washing of the bubter would renove :uny off thern,
Fron four to six jars of crews constituted o series, one

-,

of the jars being left uninoculated <o & control,

The bubtter was wasghed bthwee times with sterile water
and worled after cachh washing; the working alfter the lsst
washing was intended to give a ¢good distribution of the
nolsture droplets. ALl the eculipment used in huandling the
butter was sterile. The butter was lelt unsalted go that
the conditions for growth would bs more saticfuctory than

if salt were added. sSach churning wag then divided and

held in sterile petri didhes ab about 4°C. and 209C. At
geveral irntervals during the holding neriods of from 1 o



- 30 =

8 weeks the butter was scored and criticlzed.s

The control butter in each series was trecated in the
same manner as the butter containing the test organismse.
In general, the control butter kept reasonably well, al-
though occasionally 1t developed mold growth or an off
flavor, presumably as a result of & contamination. Yhen
this occurred the entire sceries of churnings wes discarded.
The uniformity of scores on the control buttor and the
fresh butter made from crcam inoculated with the test orpan-
isms can Le explalned by the fact that the crecem used in all
the churnings came from the sane source end that the cream
wes sterilized rather than pasteurized., The heat treatment
of the crcam caused an oily flavor in the vutter, out this
was cohsidered preferacle to the use of pasteurlzed crzam
wi:ieh might conteln considerable numbers of organisms in

addition to the test organism.

Action of orange nicrococcl

Pourteen cultures of the orange micrococci were studied
from the stendpolnt of thelr action on butter. The data on
one of these cultures, which was considered representative,
are given in Table 4. Oulture No. 49 brought about relatively
rapid changes in the flavor of butter. After 4 to 7 wecks at

49¢, or after 1 to 2 weeks at 200C. definite flavor defects

% Scores and criticlams were given by Prof. F. H. Herzer of
the Dalry Department, Miaslssippl State College.
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parent. A rancid flavor generully develoned in thc

sarmmles althourh in churning fo. 5 a dichinet cheesy fluvor
was evident ot 209C. The scores on the butior decrensed
fromi 2 to & points between the tiuo of churnine wmd the end

-

of the holdins peri
Y

-

2

Se
Table O swrmrizes the duts on the culbures of orange
micrococei. The results chow that reluatively rapid changes
were browht sbout in the fluvor of butlter by the gtrains of
orange rlerococel erployed. lwen the saanlos were held ot
4°C,, rancid, cheesy or pungent Lluvors oommonly developed
afber 4 to 7 weeks, vhile vith sanplos held ot 20°9C. the
samo general defeets wero conepicucus «fber 1 to § weelm,
A few of the cultures Talled to »roduce & roncid or pabrid
defect ot 49C., which presuncdbly was duve to a slow growth
at relatively low temperabure, Deercases in the scores of
sanples during the holding varicd front 1.5 to 5 nointa. The
¢eereases in score were frequently grecter vilth the relative~
1y short holding at 20°C. than with the loncer holdins at 40C,
A8 a group the orunge vrobteolybic micrococel are lLipo-~
lytic go thut action on both the protelin wmd fat of bubbe
vould ho expected if the holding tenpersture und other con-

ditiong nernitted growth. Various orponisns vhrich atback

“

I

protein ond fat give both cheesy and mmeld flavors in bubter,

t

althourh coimenly o d flavor tendc to predoninute.
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action of vellow micrococcl

The action of the ycllow :dcrococcel on hutter was studied
with 11 cultures. The data on one representotive culture wre
given in Table 6. Culture lio. 63 produced ¢ varicty of c¢unges

in the flavor of butter., After 4 to 8 weeks ub 4°9C. or 2 to

[44]

woeks at 209C., flavor defocts werc consvicuous and included
msty, bltter, checesy, tullowy and roaneld fluvors. Tho score
on the butter decrcased from 0.5 to 3.0 pointe boetvecen the
tine of churning wnd thie ond of the holding.

Table 7V swrarizes the results obtuined with the 11

yellow culturcas. The dabua shar thet changes were produced

e

I

in the Llavor of butter by et of e yellow strains studiled
glthouch the changes occurred relotively slowly. Vhoen samples
were held at 49C., the most cormon defects were cheosy, rusty
or bitter fluvors vhich developed alter 4 to O weoke. Ulth
thie samples held at 209C., sinilaer defects were detectod in
fromr 2 to D weeks. Decrcases in the gcores of the smanles
held ot both temperaturce varied from 0,5 to 3,5 points; in
gome cases the decresses in score were conslderably greaber

at £200C. than at 4°C. In genernl, nerbers of the yellow

oroup were relatively slow in producing definite flavor
defects in butter compured to nembers of the orunice group
(fable 5). Although in three chumings & slicht rancid

flavor wag debected in the utter, tle group gs & whole is
nonlipnolytic. fthe chlef defecect in ubtter cuused by wwribers

of this group was a cheegy fluvor which was probubly due to

the protein breudovn.
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Table 7.
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Action of white micrococcl

Fourteen cultures of the white rniicrococcl were studied
from the standpolnt of thelr actlon on butter, The data on
one of these cultures, which was conaldered reprosentetive,
are riven in Table 8, Dubtter contalinins culture Ho. 175
cormonly devoloped a cheesy flavor after 4 to 7 wecks at
4°C, or after 1 to 3 weeks at 20°C. The scorings were rather
unlform and the decroases in score during holdlng ranged from
1 to 3 points,

Table O swmmarizes the date obtained with the 14 white
cultures. The results indicate that the organisms Lrought
about comparatively slow changes in the flavor of butter at
4°C,, while relatively rapid changes were noted at 20°C,

At 4°C., oily or bitter flavors developed after 4 to 6 wecks,
whereas at 20°C. most of the samples developed a cheesy
ilavor in 1 to 4 weeks, Decreasgses in the scores of samples
during holding varled from 0.5 to 4 poinis. In general, the
defects caused by this group were not asg pronounced as those
brought about by the orange cultures (Table 5.), and were
more conparable with those caused by the yellow cultures
(Table 7.).

The principal defect 1In butter caused by the whilte
proteolytic mlcrococcl was a cheesy or bitter flaver which
presumably was due to protein decomposition in the butter,

No lipolytic cultures were studled in this group and in only
a few cases was the butter found to have a s8lighitly rancid

flavor,
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Table 9.
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Specles of Proteolytic Micrococci

An attompt was made to identify, on a specles basis,
the 426 cultures of proteolytic micrococci isolated from
various dairy products. All the organisms were pubt in the

genug licrococcus, although some of them are includsd in

the genus Staphylococcus by Bergey (3). This arrangement

ls in agreoment with Hucker (25) who hag considered the
advisabllity of placing the organisms that have been variously
described as mlerococci, sbaphylococci and rhodococei in the

single genus NMicrococcus. It moets the problem of classify-

ing tho orgenisma of this general group that are so widely
dlstributed in dairy products better than a division into
two or more genora. The characters glven f or the various

species By Bergey (3) were used in the identification.

Orange Group

rorty~eight of the 535 cultures of orange micrococci

were ldentifled as jicrococcus aureus; of those cultures,

39 were lsolated from milk, 6 from butter, 1 from cheese
and 2 from ice cream.

I"ive of the orange cultures could not be identifled
on the basls of the species described by Dergey (3). Some
investigatérs would probably consider them }. aurcus, but
they differ from }. aureus In 3o many respects that a dis-

tinction seems advisable. Thoe 5 cultures appear to repre-



sent threo specles which are designated Micrococcus v,

icrococcus w and jilcrococcus x in Table 2.

iticrococcus v

Tvo strains of this organism were isolated from milk.
They differ from M. aurous in their action on litmus milk,
nitrate roduction and carbohydrate fermentation and from

liicrococcus w and pilerococcus % in action on litmus milk,

smmonia nitrogen assimlilation and carbohydrate fermentation.

Microcogccus w

Ono strain of this culture was lsolated from milk, It
differs from M. aureus In nitrate reduction, diastatic action
and its ability to ferment dextrine, maltose, salicin and

sorblitol, and from iMicrococcus x in action on litmus milk,

nitrate reduction, ammonla nltrogen assimilation and carbo-

hydrate fermentation.

Mierococecus x

Two strains of this culture were lsolasbted from milk,
They differ from M. aureus in action on litmus milk, ammonls
nitrogen assimilation, hemolysis and ability to ferment

maltose, salicin and sorbitol.

Yellow Group

Forty-one cultures of the 115 yellow mlcrococci were



identilied as llerococcus flavua; of those, 35 were lso-

lated from milk, 2 from %Wutter and 4 {rom ice cream.
F)

Slghteen cultures were ldentificd as lilcrococcus flavescens;

12 of these were lsolated from milk and 6 from chesse.

Twenty-Lour culiures wore ldentified as lilcrococcus citreus;

of theae, 6 were obtained from milk, ¢ from butter, 2 from
cheese and 12 from ice cream. Thirty-two cultures were

identiried as Kicrococcus conglomeratus; all of these viere

isolated Lrom milk.

White Group

wifty~six of the 258 white milcrococci were identified

as liicrococcus albus; 37 of these were isolated from milk,

10 from butter, 4 from checsse and 5 from ilce cream. Sevon-

teen cultures were identifled as liicrococcus cremoris-viscosi;

21l of these were isolated from milk. Elghty-eight cultures

were identifled as Micrococcus freudenreichii; ol these 73

were isolated Trom milk, 8 from butter and 7 from cheese.

Bighty~four cultures were ldentified as HMicrococcus casgo-

lyticus; 68 of these were obtalned from milk, 8 from butter
and O from lce cream. ©IZloven culbtures were identified as

Kicrococcus epidermidis; all of these were isolated from

milk.
Bight of the white cultures could not be identified on
the basla of the specles described by Bergey (3). These

cultures appear to represeont two speciles which are designated
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mlerococecus ¥ and Mlcrocogcus o in Table 2.

Mlerococcus y

Six cultures were obbtalned from milk. They differ

from the ldentilied speciles of micrococel in their action
on litmus milk and the Termentation of certain carhochydrates

.

and from ijllcrococcus Z in their ability to forment certain

carbohydrates.

licrococeus z

mro cultures were isolated from milk., They dlffer
Trom the ldentifled specles of micrococcl In their action:

on millt and the fewmontation of certain carbohydrates.

ey to the Identiflication of Proteolytilc
Mlerococel

A. Orange plgment produced
l. HNitratoa rcduced
a. Acld in litmus milk without coagulation
lerococous x

aa, Acld and coagulation in litmus milk
licrococcus aurous :

2. Nitrates not reduced

a. Acid and coagulation in litmus milk
Micrococcus w
aa. No change iIn Iltmus milk
Micrococcus v

Bs Yellow pigment produced

l. Nitrates reduced



a8 «

2. Nitrates
.

aa.

~56=

Acid vreaction in litmus milk
Micrococcus cltreus

¥o change in IItmus mili
Micrococcus conglomeratus

not roeduced

Acid reaction in litmus milik
. Hicrococcus flavus
No change In lItmus milk
Hlicrocoocus flavescens

White pigment produced

l. Nitrates
a.
D
Ce
GC.
bbe

a8 .

2. Nltrates

[z 3
De

bbe.

aa.

reduced

Acld reactlon in litmus milk
Ferment sucrose
FPerment glycerol
Milcrococcus caseolyticua
Do not ferment glycerol
KMlorococcus albusg
Do not ferment sucrose

Micrococcus cremoris-viscosi

No change iIn l1Itmus milk
Mlcrococcus epldermidis

not reduced

Alkaline reaction in litmus milk
Perment dextrose
Micrococcus y
Do not fermént dextrose
Micrococcus 2
Acid reaction In Iitmus milk
Mlcrococcus freudenrelchii




DISCUEETION OF RLSULTS

The rclaetlvely large numbers of proteolytic micrococcl
encountered in detailed studles on the distributlion of these
organismg in various deiry products la in agreement wlth the
observations of investigators who had repeatedly obtalined
proteolytic micrococel In attempts to isolate other types of
organisms that attack protein of milk. They also suggest that
the organisms may be of importance from the standpoint of
variocus changes In dairy products. Although many Investigators
have conaidered the micrococecl a more or less inert group, pro=-
ducing chques rather slowly, various cultures were obhained
which brou%ht about comparatively rapld changes In milk and
unsgalted butter., Ixtenslive proteolysis was produced in milk
by certain of the organisms in relatively shorit periods and
butter made from cresam inoculated with the organlsms showed
definite flavor defects rather early.

The defects produced in bubtter indlcated both prote~
olysis and‘lipolysis by the organisms. The fact that some of
the organisms studied were isolated from cheese sugpests they
may be Important in.the cheese ripening process, since prote-
olysls and lipolysls appear to be of slignificance in the
Tlavor development of variocus checses.

In detecting proteolysis by micrococcl, it appears that

culturing on milk agar plates 1s of greater velue than cultur-



S

ing In litmus mllk, since certain cultures which gave very
evident proteolysis on milk agar did not produce changes in
the appearance of litmus milk justifying tho conclusion

that the orgenisms were proteolytic. VWith some culbures
other tyres of changes in milk, such as qcid development,
tonded to obscure proteolysis and possibly to retard it. Some
of the proteolytic micrococcl did not liquely gelatine. This
deviation from a roelationshlp that might be expected 1s in
agreoment with observations reported for organisms belonging
to various genera.

The relatively minor offect of various factors on the
color production of the culbures on agar omphasizes the value

£ chromogenesis in the classification of the organisms.

The viability of fthe cultures on agar and in milk
parallols the general resistance of the micrococcl to various
unfavorable condltlons that has been noted in investigations
on these organiéms. It indicates that contamination of dairy
products with material contalning these organisms may be
greatly delayed wilthout the organisms belng destroyed. The
general viabllity greatly simplifies the carrying of cultures.

Tho cultures studied were all placed in the genus

Miecrococcus since, in general, the differences among them dld

not appsear to Justify division into two or more genera. An
important point in this connocction was the fallure of repre-
sentative cultures to kill guinea pigs with which they were

inoculated, since the genus Staphylococcus is charachterized
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by Dergey (3) as "usually parssitic". There is precedent for

including all the culbures in the genus llcrococcus 1n IHucker's

treatment (25) of thls general group.
While most of the characters that have been used by
various Investigators in clasglfying the orgenisms of the gonus

Mlecrococcus are of importance, 1t appears that more attention

should be gilven to the changes produced in litmus milk and that
hydrolysis of fat should be Included sz a differentiating
character. The changes produced in litmus milk permit cone
siderable differentiation of the organisms. The detection of
fat hydrolysis 1s now relatively simple begause of the develop~
ment of methods that are saslily applied.

The cultures that could not be identified by the des-
lcriptiona,of organisms listed by lergey (3) were not given
species names for several reasons, There has becn a definite
attampt, especially by Hucker (24), to reduce the number of
recognized specles of micrococci because the large mumboer of
specles described has resulted In nmuch confusion, It appears
that new specles should only be suggested when the ovidence
is complete and when a considerable number of cultures is
avallable for study, particularly from the standpoint of the
variations %o be expected within the genus, If additional
isolations of the cultures are made, specles names must evenw-

tually be proposed.
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SUMMARY AND COKCLUSIONS

Py plating on milk agar and Incubating at 37°C. for
48 to 72 hours, proteoclytic mlcrococecl were readily isolated
frow many samplos of mllk, butter, cheese and ice cream, They
were obtained from 340 of 500 samples of milk, from 36 of 42
sample of butter, from 20 of 3¢ samples of cheose (cheddar) and
from 30 of 46 somples of lce cream,

On the hasis of chromogenesis, the protoolvtle micrococci
were roadily divided into four groupa~-red, orange, yellow and
white (non-plgmented). The red micrococcl were not studied in
detalil becaunse of the small nunmbers encountered,

Etudles on the iInrfluence of various frctors on chromo-
genesia indicated:

(a) That when grown in an atmospherc of carbon dioxide, the
goneral pigment production on apar was not significantly
different than when grown in ailr, although wlth a few of
the orange cultures the plgment was liphter in color,

(p) That when grown on potato, some of the orange orgaenlsrs
produced a deeper color than when grown on agar.

(c) That the pH value of the medium had an effect on the
pigment production, & wvalue of 7,0 being more favorable
than values of 6.6 or 7.8, although pigment production

wag definite at all three wvalues.

(@) That holding organisms in sterile water for 6 days before
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inoculating on agar did not influence plgment pro-

duction,

(e) That subjecting cultures to 55°C, for 10 minutes
before inoculsting on apar had little or no effoect
on pigment production.

(£) Thot more highly colored plgment was produced at 21°C,
than at 37°C. with the orange culbturcs but not with
the wellow cultures.

() That acar cultures held in darkness for 10 davs were
not as ceeply pigmented as when held in a sun lighted
Toon,

Millt cultures of the proteolytic micrococcl were viable
for 3 fo 4 months and agar slant cultures for 10 to 12 months
at room temperature,

When litmus mllk was inoculated with the varlous organe
ioms, four general types of changes werc produced while a fow
cultures produced no noticeable change.

The titratable acldity produced in milk by 20 repre-
sentative cultures varied from 0,12 to 0.66 ner cent, cale
culated as lactliec meid, Qrganisms of the orange and white
groups generally gave higher values than those of the yellow
groupe.

All of the cultures studied grew well on beef Infusion
agar slants and in beefl broth.

A majority of the cultbures studled reduced nitrates.

In general, the organisms did not assimilate amino



nltrogen, although armonia nitrogen was assimilated by many
cultures of the orange and yollow groups but by none of the
white pgroup. All culbtures wers capable of producing ammonisa
from peptons, whereaé none produced ammonia from nitrates,

A1l cultures except a feow of the white group liquefied
gelatine,

Culties of the yellow group generslly producod larcer
amounts of carbon dloxide than cultures of the orance or whilte
ZroUDns .,

Hemolyals was shown hy some cultures of the orange and
vellow groups but by none of the white group.

Lipolysis was limited to organisms of Lthe orange group.
None of the yellow or white organlisms studled were lipolytic,
according to the methods used,

Disstatic action was exhibited by 1 culture of the
orenge croup and by 96 of the yellow group. None of the white
cultures produced dlastase.

In peneral, most of the cultures.studied fermented
dextrose, galactose, lactcra, ievulose and maltoég. Dextrine,
glycerol; mhmnitol, salicin, 'sorbitel, sucrose and xyloss wore
fermented by some cultures.

Arabinose and raffinose were not fermented;

In broth cultures all of the organisms were destroyed
at tomperatures ranging from 55° to 65°C. for 15 minutes,

Appreciable amounts of acotylmethylcarbinol plus

diacetyl or volatile acid were not produced by the orzanisms,.



Tests for hydrogen sulphlde and indol were regularly negativo.

Thirty representative cultures were found to be none
pathogenic when Inoculated into guinea pigs intraperitoneally,

Hone of the orgenisms studled produced aspores, and all
were apparently non-motile.

Protein breaskdown In skimmilk by fcur representative
cultures of proteolytic mlcrococel was studled in detall. ‘hen
grown in milk at 37° or 21°C. for 2 to 7 days, the organisns
increased the amount of nitrogen in the serum, although the
extent of proteolysis varied conslderably wlth the cultures,

In general, the fractions of nitrogen solublo In trichloracetilc
acld, soluble and insoluble in ethyl alcohol or insoluble in
phosphotungstic acid increcased during the Incubatlion, whereas
the fractions insoluble in trichloracetlc acld or soluble in
phosphobungstic acid remained about the sgme. The amounts pf
amino nitrogen Ilncreased in the serum during the holding.

The general action of 38 cultures of proteolytic
micrococcl on unsalted butter was studied by churning smell
portions of sterlle crcam inoculated with relatively large
numbera of the organlsms, and then examining the butter after
various periods at 4° and 20°C. Deflnite defects were produced
in many samples of butter after 4 to 8 weeks at 4°C, or 1 to
5 weeks at 20°C. Certain cultures of the orange zroup produced
rancid, cheesy and pungent flavors, certain of the yellow
group produced cheesy, sty or bitter flavors, while certaln

of the white group brought about olly or bltter flavors, In
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goneral, members of the orange group changed the {lavor of
butter more rapidly and more extenslvely than members of the
yellow or white groups,.

An attempt was made to identify, on a specles basis,
the 426 cultures of proteolytic micrococcl., The organisms

wore separated into 15 species of the genus Micrococcus on

the basis of chromogenesis, action on nitrates, action on
milk and the fermentation of various carbohydrates, Ten
specles were ldentlifled from descriptions given by other
investigators, while 5 species were unldentified. A key to
the identification of the 135 snecles of proteolytic micrococecl

is glvon,
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