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ware found 4o combaliwr the organism. Often the nmusbers of Pasudomonsa
fragi per gram were vexy high. Cottage cheess and bulk condenssd milk
with defecks suggesting the action of Paoudomenas feasl were found o
contain this orgamims $a ssveral cases, The iselation of J

fragt was also reported from sush sources as homogenizer paciking, water
from a 1ske on the Iows State Jollege campus and sheep fat that had baex
hold in the laberatory for several weeks.



Collecsion of Bamples

s, Hilk seaples were taken by mesns of sterile milk thief pipsites
directly froi cans of milk being deliversd te milk plants by producers.
They were plased in aterile, cotton stoppered test tubes.

b, Bubter gamples wers cbtained by removing emall pleces of bdutter
from a print or lot of butter with a sterile wire loop or msll knife,

¢. Dairy plant samples included water and swads frox variocas
pisces of plant equipmens., Waber samples were collected in sterile,
sorew cap glass bottles. Samples from squipment wers obizined by wwad-
bing portions of the surface of squipment with molstened stervile cotien

4. ZTarm spaples included water, soil, bedding, feed and hay amd
swabs from such things as milk utensils, milk stools, Bara floors, dusty
ledges, stanchions and flanks of cows. The former wers collseted in
sterile, sorew cep glass jJars. Moistened sterile cotton swabs wers used
in collecting material from the squipment and cews,

Isolation of Cultures
a. An enrichment process was regularly used becsuse of the high
bacterial sontent of many of the samples. As suggested by Husseng, Long
and Bsmmer {12), milk end cream saxples were kept at 5% to 109C. for a
poriod of T to 10 days bafore plating. Smll porticns frem samples of
water, woil, hay, bedding and like materials wers added te tubes ef
1itams milk which, ir tarm, were subjected o the enrichment progess.



In ths case of swabs; the entire swab was placed in a tube of litmus
nmilk for enrichment.

b, The enriched samples wers plated on nile blue sulfate medius
with fat emulsion added after the method of Hemmer and Collinme (E) and
of leng and Hammer {13). Either beef infusion or beef extract agar was
ased. Butterfat was @lmd regularly for the emmlsions, Plates were
incubated at room temperature for 2 to 3 days.

¢c. OGolonles of 1lipolytic organisms which were suggestive of
Ps. fragl were picked into tubes of litmus milk. Characteristic colonies
do not take up much dye from the medium and appear almest white when
exanined from the bottom of the plate with 2 hand lens, The litmus milk
cultures were incubated at room temperature. Ususlly after 2 er 3 days,
cultures of Ps. fragl developed a May apple eder. Quite commonly they
developed a pink or acid ring at the surfage of the milk mext to the wall
of the tube. On extended incubation this acid ares deepened somewhat.
Cultures exhibiting charscteristios of Ps. fragl were preserved for mere
detziled identification studiss,

Identification of Quiturss

Caltures were finally identified on the basis of shape, size, grem
stalin, motility, lack of spores, lipolysis, gelatin liguefaction, produo-
tion of a Moy apple odor in milk snd production of scid from arabinose,

dextrose, zalactose, glycerel, lactoss and lewvalose.
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EXPERTMERTAL
Beneral considerations of isolation precednre

While the isolation procesdure used im dstecting Ps. fragh iw rela-
tively simple and, judging from the resulis, reasonmably effective,
wadoubiedly in some instances it falls to detest the organiss. Of
seceseiby, the amsunts of material exsmined are small. In milk sawples
which contain very few Ps. fregl, the organiss may be missed entirely.
Sampling of butter and cheesse presenis difficuliies becauss of the
prodeble unevan distridution of organiems throughous thess products.
Soil and similar materials preaent difficulties becanse of the large
mombers of other orgrniams present. Nany other species of bacteria,
especially those present in soil, are capable of growing at the tem-
peratures used in the enriciment pm,njs for Pg. fxazl. After holding
pilk inooulated with ether material at 5% %e xo‘c for T to 10 days,
platings asually mast be made at dllutions of 1-1,000,000 or higher in
ordsr o obtain plates sultabls for ploking colonies. Tims the propor-
$ien of the total origlnal flora represented by Ps. fopsl is imporiant.
On the other hand, ths distinot, pleasant areme prodused Wy this
argenismm is a mevked ald mk p.etemining %0 mm. both in milk and
on agar plates., The pﬂnnf;e of nile blue sulfate in the msdium is also
advantageous beantse it tends to inhibit the growth of sema othar
erganisms while apparently it does not greally inkibis Ps. {ragl. | In
mﬁ&aﬁu the remulis reporded in this stuly, it should bo recognised
that failure to ieolate the organism from a sample does not preclude the
possibility of ity presence in that semple.
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Table 2. Pi. fraxl in defective dalyy produsts.
¥o. of Sauples ylelding

Dafry product Defect Samples ke, {ramd
sxanined k". Pur cent

M‘n : Bamlti 15

9 80.0

' Putrid 6 3 50.0

" Tallowy 1 1 100.0

* May apple 1l 1 100,0

. : No specifioc ocriticism § 2 . 50,0
Butter serum Rancid 1 i 108.0
Cream {past.) Rancid 2 2 100.0
Skim milk (raw) May apple i 1 100.0

Summary 32 20 62.5
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Zable 3. Es. fragl in dairy plant equipment.

No. of dajry plants Ne. of  Samples ylelding
Bauipment examined from which samples pleces of . Trapd
wors tbtained squipasnt He. Far cant

3.3

Charns b1 0 2

Printing tables 2 3 3 100.0
Printer balt 1 1 i 100.0
Friday printing eguipment 1 3 ] 0.0
Weappers 1 2 0 0.0
Vats 2 12 ¢ 0.0
Pumps 1 2 e 0.0
Miseellonsous equipment 2 2 0 0.0
Summary 40 104 6 5.8
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Table 4. Pg. Lrasd in water supplies of dairy planmis.

¥o. of dairy plants e, Semples ylelding
Saxplen from which samples Samples Ps. Draxt
wore obiained exanined ¥o. Per aent

Regulsy water supply » o 15.2

33
¥ach watey 5 5 : 3 20.0
¥ater for soaking parchment 1 3 L1 0.0
Brine for soaking parchment 1 2 3 50.0
Swmnary 37 33 7 17.1

*3 of these sasples Seme frem ONe CTOARSYY.



Ps. f{raxi in ssmples from farms whose nilk supplies had frequently ylelded the organism,

Table 5. )
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#tools and ledges. In addition, on the former ferm, it was found in
the grein mixture aad soil saurface water from the barnyard, snd on the
latter farm, it was isolated from wabter from a stook watering tsnk, dirk
from the barayard, hay and swabs from cosie of cows, a stenchion and &
Tloor serspey handle.

The later visit to each of the farms resulted in the isolstion of
¥s. fyagl from 9 of 13 samples cbtained at the ferm of Prodneer 6 asd
from 6 of 12 samples obtained st the farm of Producer 8. The ssmples
which yielded the organism on both forms at the second vislt were
bedding snd swobs from the barn floor, a stanchion and dusdy. ledges.
On the famm of Preducey 6, sexples of water from a stock watering tank,
barnyard dirt, hay, the ocat of a cow and & milk stoel alsc yieldsd
Ps. fragl, while en the farw of Producer B, siller saglles yislding it
were grain and s sorspar handle,

Pe. £ragl wee isclated from 36 (54,8 w# ceni) of 66 samples ob-
tained on the two farms. All the six swabs from fleors and ledges

yielded it, as 414 51l the four samples of bedding, and it was alao
isolated from 61.5 per csnt of the smples from miscellsnecus bars equip-
ment, 57.1 per cent of the samples of dir¥, 50 per cent of the samples of
fesd, 2.9 per cant of the samples of water, UL.7 per cent of the samples
from the animals themselves and 22.2 per vent of the samples from milking
ubensils,

Five visits were made to farms from whoss milk supplies Pg. frapgl
had ot béea isolated. Results of the examinstion of samples obtained
an these visite is given in Tabld 6. Two visite were made to the farms
af Producer 1. On the first visit 24 semples wers obiained, 12 of which
yislded the organimm. On a second vieit 5 of 12 ssmples were found %o
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Table 7. ag?gta samples from six Iows farms. Summary of Tadles §
and b,

¥o. Sapples yisld- ¥o. Samples yield-
2ype of sample Saxples ing Ps. fregl Samples ing Ps. fragl
exsmined No. Por cent oexzamined ¥Ne. Per csnt

Water from
tap b ) 0 0.0
barn floor 1 1 00.0 19 11 57.9
eocling tank 1 0 0.0
soil surface 3 2 66.7
Dirt from '
barayard 12 6 5.0
barn floor 2 2 100.0 13 g 57.1
Food
hay 8 5 62.% |
grain g 3 31.5 17 8 47.1
silege 1 0 0.0
Bedding 9 8 283.9 9 g 88.9
Animals
coat 9 3 33.3 .
milk 6 2 33.3 15 5 33.3
Milking utensils
»ilking machine L 0 0.0
pails y 2 5.0
strainers 2 0 0.0 18 2 14,3
gooler 3 0 0.0
cane 3 (4] 0.0
Mise. bam equipment
stanchions 15 8 53.2
milk stools .9 % 55. 29 16 55.2
m‘“g M’. 'tﬂd ~5 3 wuo
Floors 10 6 60,0 ‘
Ledges 9 6 65.7 19 12 63.2
Manure 1 1 100.0 1l 1 100.0

Sumuesry ' 137 n 51.8



Distribution of Pa. fregl in Kentucky

péribution in nomesl dalry produghs. Shree sets of samples from
milk dslivered by patrons to a Lexington, Kentusky, milk plant were
exanined for the presence of Ps, fyazl, Ons set was obtained in June
snd the other two sste in Decenber. The sesples represented the nilk
sapplies of 26 farms in three Xentucky counties. ‘ﬁ:‘: farms supplied one
sample each, nins farms two samples each and sleven farms three samples
sach. In all, 57 samples wore examined,

Rone of the seventeen sasmples obtained im June ylelded the organimm,
s shown in Pable 8. It wee found, however, im 16 of the Y0 sanples ob-
tained in December. Including wummer snd winter smples, Ps. frazl wes
isolated from 16 or 28.1 per cent of the 57 sesples sxaminsd,

Of the 17 farms represented by the June samples, only 12 were
represented by the maxples obtained in December. Samples from nine of
these 12 dairies ylelded Pg. freszi, while semples from only thres d1d
not. The orgenism was isolated from samples representing milk supplies
from 13 of the 26 farms.

bakion in defective Jairy produgks. Omly e fev samples of
dsfective dairy products were aveilable for examination at Lexington.

Bach of two samples of skim milk, which developed a May apple odor in
the University of Xentucky Deiry Dspartment refrigerator, yielded the
organism. It was mot isclated from soven samples of butter following
keaping quality m &% & lexington oreamery; none of these samples
wore oriticised as Deling rancid or having & May apple odor.

mbion in dedry nlapt ecaivment. A swod from a churm in a
Lexington dairy plant did not yield Pg. frmgl. %Two swnbs obtained in




Tahle 8, Ps. fragh in milk deliversd to a Lexingten, Kentucky,
milk plant,
Date of delivery Ko, Sazmples
Produser  6-27-33 12-6-39 12-22-39 Semples  yielding
N ) SXSNIRe0 X e

S ERE

Boy.
238 - - + 3 )
259 ) A b 3
Qg‘ - : + 3 1
A2 - ‘ 1 o
gha - - 2 4
Ezg - - - - 3 0
ggg’ - - 2 0
.y - 2 i
o - Y 1 o
32 - : o1}
g - L 2 2
6 P : 3 1
2¢ v -
% - * 1 0
26 - & + 3 2
269 - - * 3 1
™ SRR
o - * ' 3 0
2719 - 1 o
e PO 2 1
3 3 -
333 - - 3 °
Swamary
Samplss, ¥Weo. 17 20 20 5T
Sesp. yinld~
¥o. g s 16
Peor gent 2.0 %0.9 4.0 28.1

*Samples mot ylelding Ps. fraxi dssignated -,
sexples yielding Pu. fragt dssignated «,
*sSamples were also obinined at farm of these produsers.
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Table 9. Ps. fxagl in samples frem ten Kentucky farms during the
NUASOY SORBON ,
o, ¥o. Samples ne. Bamples yielding

Type of sumple Samples yielding Samples Ps. Sresd
exemined Pa. fragl oexemined ¥Ne, Por cank

13 0 0.0

0.0

19 2 10.2

OO 00 HH 00 COOO0OO
@

Summary 49 2 B3



i

Takle 10, Psg. Iragi in samples from nine Eantucky farme dnring the
winter sossen,

o, ¥o, Samples ¥e, Saxples
Type of sample Samples yleldiang Sanples :umn;a,
exsmined Pg. fragli oxomined
¥Ne. Perosnt

‘1u¢uauugu&

aﬂma

cooling tank

barn floor
rinse from utensils
Birt from

12 9 75.0

barn fleor b1 3 n 78.8

makter
Pood

15 3 16.7
silege
0.0
Utensils

nilk palls
strainer
mﬁa

Tottler
botilo
ﬁu;hma@@mﬂ

milk sieols
sarapers

mAngers
wash tank {dry)
Salling

- S 13.¢

19 T 36.8

mgmw FHREND MMM N MO R MR MM KRR
OWEO OOMNM QOOQO0 W ORNKW ORPW POOKMMY
o
Sk

Cobwehs
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somar, The presence of this organism was demonstrated in three of the
six samplen of bedding obtained during Desmcher; samples of bedding were
‘not obtained during the wumner season, Iikewlse, samples wers mot
obtatined in sumemer from ultensils for handling milk, but of n&m sanples
obtained from ubensils in Desember mose yislded the organiss, It was
isolated from four of 21 samples obtained from mlscsllanseus dairy barm
sguipment, such a» wsanchions, milk stools, sorgper and broom handles,
sto., in Decewber, but mot from any of thres obtained fron such eguipment
in the summer. Two samples oblained from floors and ledges in summer did
not yield Ps. Iragd while it was found in seven of ninetesn sush samples
obiained in December.

Samples were obtalned from only ons of the farme in both sammer amd
winteY, Ameng fourtesn samples obtained from this fafm in June, only one
{grain} yielded Ps. fresl while it was found in meven of eleven samples
obtalned in Decembar, !Ehe winter samples from which it was isolated were
water (2 samples), dirt (2 samples), Dedding and swabs from the floor and
from 2 dusty ledge. Approximately the same materisls and equipment were
sampled on esch visit, _

Sasmples were obtained in December at the farme of two producers
listed in Table 8, Six of ten samples from the farm of Prodnser 233
yielded Ps. fragl, These incluled semples of baruyard dirt, hay, water
from stock tank, and swabs from & duety ledge, barn floor and milk stools.
The ssmples in whigh it wos not found inscluded feed, silage and swads
from a stanchion and 2 soreper handle. The single sample of zilk obiained
on dslivery to the milk plant yielded the organism.
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Three of fifteen ssmples obtained st the farm of Produser 247
yielded Ps. fragi. These three samples included dirt from the barayard
and frem the barm fleoor and water from a clstern, Semples in whish it
was not found included grainm, dirt from a manger, hay (growad), water
from a ocoling tank and swabs from stanchiom, cobwebs, dusty window
ledge, milk stool, milk peil, straimer, milk can and dry wash tank. A
nilk sample from this farm obtained on delivery at the milk plant in
Jane 4id not yleld the organism, while 1% vraé isclated from a second
sample obtained at the milk plant in December.

A sumnary of the resulis of examination of all samples obtained en
Kentuoky farms is given in Tabie 11. Ps. frazl was found im 39 or 26.K
per cent of the 148 samples exsmined. Bedding, dirt, water, floors and
ledges, miszgellansous darn equipment and feed were found to harbder the
orgenism in the order given. Ome half to one third of the samples in
the first four groups yielded Ps. fragl, but it was not found in any
sample from milk handling utenmsils,

These results are very similar to those already reportsd for Iowa
although the percentagee of Kentuoky samples yielding Ps. fragi are some-
what lower. A partizl explamation for this may be beceuss spproximately
one third of the Kentucky samples were obtained in the summer season when
Ps. fragl was found enly very infrequently while all the Iown farm szmples
ware obtalned during the winter and spring.
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Table 13, P Lrazl in samples from 18 Xentucky farms during bdoth
summer and winter, Summary of Tadles 9 and 10.
Be, ¥eo, Semples Ho, Samples yielding

Type of sample Samples lelding  Samplse Pa. frast
examined Pz, {ragl oexenined ¥e, Per cent

Water from
stook vatering tanks
drinking sups
ereek

cistern

tap

cooling tank

vash tank

barn floor

rinse from utensils
Pirt Irvom

barnysrd

barn floar

manger

guliter
Yoed

egrain

hay

silage

L od
P

2% 9 76.0

s
D 10 N i e e

a8 wmw

37 5 13.5

Bedding ‘ 50.0
Milking utensils
uilk pails
strainer
canler
ean
botilar
battle
Hisa. Barn equipment
stenchion
milie stool
soraper, broom amé
shovel handles
Benger
driniting cup
wash tank (&ry)

€ W S

v |

24 1} 16.7

Geiling

Floor 21 7 33.3

)

N pedod 2 ek P4 1 £ "

WM EFO QOO Ll i QODOCO W O O OO OO R e
4
ol

Ledge
Codwebs
Suamery 148 39 26.%
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Table 12, Psu. frext in bdarnyerd soll from warious states in the
Tnited States.

Origin of samples
not yielding Pg. fxepi

Origin of samples
yielding Ps. fragl

!

¢

$

H
Alabemn H California
Aviansas : Coloradn
Delaware : Neorida
Georgia : Idaho
Indisne : Esnsas
Iowa ! ¥assachuasettis
Kentucky ¢ Nebraska
Louisians H New Mexico
Marylend H outh Dakots
Minnesota H fyoning
Hissourl H
Montsna $
¥eor Jersey t
¥orth Cerolina t
Horth Daltata H
Ohioe :
Oklshoma :
Penngylvanis 3
South Carolins H
Toxne H
¥irginia :
Washington ¢

:

Yest Virginia
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they appearsd practically chalk white, while colonies of memy uther
kerganlm had token up enough dye to moke them appesr bluish. With
some tx;;sriumc, the golonies of 2&3 £ragl oould be distinguished quite
accurately. '

Waen Ps. fragd was picked into liteus milk and imoubated 2 o 3
days at room Ytemperature, a May spple odor became mnotigeable, If & drep
e: ethyl aloohol wae added to the tubed milk before inocoulating, the
aroma was produced after only 1 to 2 days. Usually, after 3 to B days,
s slightly pink {acid) ring sppeared st the surfsss of the milk next to
the wall of the %tube. In most cultures, this was followed in a few days
by coaglation of the milk with some reduction of the litmms. However,
in some cases, the milk 4id not cozgulate, even after incudating 2 to 3
woeks.

After replating for purification on beef infusion or besef exiract
agar containing nile blue sulfate and fat emulsion, itypical colonies
were transferrsd to agar slepes for use ia ineoculating various media.

Hotility was deternined by removing %o a microscops slide a loopful
of & 1 day o0ld culture from a tube of neultral mugar medium and examining
the organisms under the high dry lens of the microsaspe. All of the
cultures identified as Ps. fragl were motile. Bmears for Gram staining
wore also mede from 1 day old cultures in a 1igudd medium. 411 of the
ealtures of this organiem wers Oram negative. They were sll rod shaped,
although ususlly short and medium length rods were found in each culture.
Most of the organisms were single a’r in pairs, slthough irn some culiures
chains of several ¢ells occurred. No spores were obssrved in any of the

culiares,
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The ebility of differemt cultures of Ps. fragl te liquefy gelatin
varied. Mosi of them 414 se with consideradle rapidity, soms slowly and a
fow sesnsd unadls to do we. When liquefaction ocourred, it commonly was
of stratiform or orateriform typs,

Action of oultures designated as Pg. Lozl on the indicetor media used
was uniform exoept in the case of arabinose. They «ll produced acid repidly
in dextrose, tut somevhat slower in gslactess, 2 or more dsys g
slapsing befors the galeotose beceme aoid. The majority of the cultures
produced sacid in arabinese although with mesy cultures mearly 7 days
elapsed before the srabdinose became definitaly acid. Nome of the sultures
produced ascid in lactoss, levalomze or glyperel.

Seversl Investigators have considered arcua productien by besteria and
have pttempted to 1dentify the cospounds responsible for waricus arvomes.

In studying & fruilt ester producing organism, Rasillns pracoellens
which he had isclated, Masszen (14) analysed the decomposition prcdusts

formed by i%. Among these he found g valerio acid ester which smelled
1like the amyl ester ef waleric acid. He attributed the aroma te the
presence of thie compound. Ian 1902, Grimm (5) reported the isolation of
Rasillus arometious lgetis which produced s strong fruity aroma in milk,
He thought the aroma was due to ethyl lactate formed in the milk. 3Beck
(1) studied the aromatie substance formed ty Nisorogooous ssterificans and
found 1% to be insoluble im alcohol bBut soluble in ether, chloreform and
gcarbon disulfide. Omelfanski {15) reported that the additionm of leucine
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to meat peptone agar stimlated sroma produetion by Bacterium sstero-
aromaticum, especially in the presence of o 1ittle ethyl alcchol. He
noted no #S-imlaum from the addition ﬁf propyl or amyl alcobols., In his
opinion leucine was aplit out of protein and further dscomposed to form
figo~-valeric acid and iso-amyl slcohol, vhich united to form igo-valerio-
iso~-amy) ester. He thought the presence of ethyl alcohol merely intensi-
fled the aroma, ss it had beéa found to do in artificial "apple esters®.
With most of the aromm producing orgonisme described im the literature,
the plessant aroma disappesred and was replaced by an ammoniacal or cheesay
ofor, Omelianski attributed the former to deaminiszatlon in the leucine
breskdown and the latier to the presence of isv-valerie ssid which had
beenr reported to be one of the causes of the odor of old cheese.

In the studies on Pa. fregl several méddia were investigated from the
standpoint of thely effect on producition of the ey apple odor. Nubrient
broth (0.3 per cent Deef extract ~ 0.5 psr cent peptone), Uschinsiy's
medium, 0.5 per cent beef extract sclutiom and 1 per cent solutions of
peptone, gelatin, dextrose and lzctose were Ainbealated and amineﬂ‘; 'for
growth ami aroma production after ¥ days. Good growth "GW m'v.tha
nutrient Jroth, besf extract and peptone solutions and there was slight

-growth in gzelatin, A sirong May spple aroma wes produced in veptone
solution, a falr aroms in mutrient broth snd gelatin and a slight aroma
in beef extract. %¥o growth or arome production cceurred in Uschinsky's
modium, dextross or lactose solutions. When 1 ml. of the pepione
solution was added to 50 ml. of the lactese solutleon coneidersble aroma

*as produgsd.
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“wawhes. “Tes most abundant growth and arome production ocourred in the
sories with added glycerel and the least in the series with ihe peptone
alone,

Another series of plates was prepared to study tﬁa sffangt on aroma
production of glycerel esters of several fatty asids, The esters used wers
tri-proplonin, $ré-Watyrin, tri-n-valerin, tri-isc-valerim, tri-esprotim,
§r&-§ap$y1&a; tri-caprylin end {ri-csprin, One tenth per cent gqueocus
solubions or suspensions were ursl, One per cent athyl slcohol was added
to sach golubion or gsaspension in the hope thot the esters containing the
longer chain acids would dissolve botter; hovever, =ll exocept the tri-
proplonin and {¢ri-butyrin mirfures remained oloudy to milky. One ml. of
a solution or suspsnsion was added to different plotes hefére adding beef
infuaion agar. 4 drop of s suspension of gg;. fragl was then spread on
the surfzes of the solidified agor. After 2 days a falr amount af aroma
Bad been produced on each of the plates comtaining the esters, the
greatest amount being produced on tri-heptylin. The check plate without
any ester had a faint aroma. The most typical arcms was produced on
plates containing tri-propionin, tri-n-wvalerin, tri-beptylin and tri-
caprin, The pinte containirng tri-butyrin gave a alight bultyric acid odor,
that with triecaprylin an odor resembling thet of pime and those with
tri-fgowvalerin and tri-caproin were not typleal.

Arome produetion was aleo tested on Omelimsnskis ager without alcohol
end with methyl, ethyl, yropyl, butyl =nd emyl alcchole., After 2 days
growth on plates, the moet consplcucus snd most typical arome hed besm -
produced on agnr containing ethyl alcchol. A faint arome hed been proe-
daced on the gontrol with no aloohol but none on ager with methyl alechel.
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The aroma prodused on agar with propyl alcohel was not typical and rather
faint, while the odors of the butyl and amyl glecohols were so strong they
gcoversd up eny aroms that may have been produced by Ps. fragl. These
resulie confirm those of Omelianski who found that sloohols other than
ethyl alcohol had little effect in increasing aroms productiion; The same
results were obtained whea 1, 2, 3 or 4 drops of the sbove alcohols were
added to cultures of Ps. fragl in tubes of litmus milk, More aroma was pro-
dused and it was produced more gquickly when 1 te B drops of ethyl alcohol
was added per tube than in the check tubs with no aloohol added or when
other zlcchols were used,

¥hen 0.05 per cent of methyl, ethyl, propyl, butyl and amyl slcohols
were added to 0.1 per cent peptone solutlons inoculated with Ps. fragi, a
typical aroms was produced anly in the solution containing ethyl aleohol.
When a 0.1 per cest solution of lactoss was used with a similar series of
solutions, the results were the same,

Various combinations of peptone, ethyl alcochol, glyocerel and lactose
gave the greatest aroma production in solutions containing the alecohol, and
there ssemed to be no advantage in including glycerol or lactoss or both
over peptone and ethyl alechol zlone.

The addition of 0.2 per cent of either leucine or sthyl alcohol te
0.5 per cent peptone solution increased the aroms produced by Ps. fraszl.
and when both were sdded it was increased still more. 4 slight atypical
aroma was produced hy Pg. fragl vhen grown im 0.2 per cent leucine alene
or in 0.2 per cent leucine plus 0.2 per cent ethyl slcohol. The addition
of 0.2 per cent leucine to skim milk resulted inm the production of slightly

more aroma than did the addition of 0.2 per cent ethyl alcohel. When both
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the changes taking place in the other three flasks and tnbn, wvhich ware
each incoulated with 1 drop of a suspension of Ps. fragi.

After 1 day the reaction of the milk in the inoculated tubes remained
unchanged while milk in sll of the inoculated flasks had become alkaline
(Table 15). No aroma could be detected im any of the tubes butthere was a
distinet avoma in the flasks contalning alcohol, the arome being most
conspicuous in the flask conisining 2 drops. After 2 days the inoomlatid
flask containing no alcohol ws still alkalize, the flask with 1 drop was
#lightly alkaline and that with 2 drops of aloohol was about the come as
the @inomlataé control. In sll the inocumlated tubes an asid ring had
begun to form st the surface, bDut the milk was unchanged below it. The
aroma had lessened apprecisbly in the flasks but had beoome apperent in the
tubes, the moet srome being present in the tube containing 2 drops of
skeohol. On the third day the inoculated flask comtaining no alcohol was
about the ssme color as the control, but the flask with 1 drep of alcohol
was slightly scid and that with 2 drope was distinctly actd., WNo further
change wse noted in the appearance of any of the tubes. In the flasks the
aroma was faintly perceptible only in that containing 2 drops of aloahol,
vhile the aroms in the tubes appeared to remain the same as the previous
dsy. On the fourth day, milk in each of the inoculated flaske had become
more acid than the wninoculated control and eventually all became pink (acid)
and cosgnlated with ne reduction of the litmus. The milk in the tubes never
turned as plnk as 444 thet in the flaske, The mm hed disappeared come-
rletely from all flssks by the fourth dsy but persisted in the tubes for a
mach longer time. Apparently, the alcohel and abundant oxygen supply cop-
bined to epeed uwp the metaboliem of Ps. fragl 20 that it carried its resotiens
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and indol which are used e great desl in perfumes. In order to obtein an
idea of the odor of the aroma materiel of Ps. fregl in more concentrated
form, the following experiment wes performed. Two b liter batches of 0.2
per cent peptone solution were prepared and sterilized in 12 liter flasks.
Following sterilization, 12 ml. (0.2 per cent) of ethyl slcchol was added to
each flask as well as 1 ml. of a suspension of Ps. fragl. The inoculated
flaske wers incubated 6 days at room tempersture during which time a stirong
Msy apple aroma was produced. About 1600 gn. of sodimm chloride wers added
to one of the flasks and its contents were then 4ietilled wntil about 500
nl. of distillate had been collected. The aromatic material came over in
the early distillste and mﬁe oould be detected in the distilled culture.
The contents of the other flaek were distilled without adding sodium chloride
and sbout the same amount of distillate ceollected. About 100 ml. of ether
was added to sach 4distillate to tske up the ammtié msterisl, The ather
wae left in the flasks with the distillates for 2 days, being thoroughly
distributed at intervals during this time. It was recoversd with a
separatory fumnel, . dried with anhydrous sodium sulfate and them placed in
small fiask: vhich wers not tightly stoppered snd, accordingly, allowed the
ether to evaporate slowly. When the ether had entirely ewvaporated, there
remained in eaéh flask only a very emall emount of nmaterial. In a relatively
bigh concentration the odor of this suggested plum bloseoms, but in rsl#-
tively low concentration the odor resembled the Mazy spple oder which is so
characteristic of Ps. fragi.

Tae results indicste that the aroma msterisl of Ps. fragl is soluble
in‘ ether. This is also indicated by the fallure to detesct the May apple
odor in the distillates after extracting with ether and ellowing the ether

odor %o disappear.
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DISCUSSION OF RESULZR

The existence of Pz. fragl in the United States was eoverlooked wntil
i$ was isolsted and identified at the Iows Agriesultural Experiment Station
some years age, The fregquensy with which it was noted im dalry preducts
thereafisr suggested that it is widely distributed in Iows. Iis lsoclation
from a few samples of deiry products frem other sestions of ths country
wes evidence that 1% is not confined to that state.

The examination of milk supplies delivered to plante in Jowa and
Kentucky showed thet Ps. f{ragi wes present in the milk in a considerable
. mumber of instonces. In the milk supplies ia which it was found, the
method of examination used 41d not detect it in 2l)l the sssples studied.

It was not detected at all in milk supplies Lrom some farms, even when as
many as 15 samples, representing a periocd of sbout 2 months, wsre examined,
Perhaps, if larger ssemples, possibly a piat er more, could have been
stmli-oi, an sppreciably larger pemtm of the samples would have yielded
1t. A i is emsily killed by heat, i% should mot be prasent on well
cared for nilking utensils. Therefore, its presencs in milk may be some
indisation of the care ussd in production. However, bacsuse of ite
psychrovhillc nature, Ps. frszl is more prevalent in the winter when the
cows must be kept in the barn for longer pariods, snd it may be morve &if-
fienlt for the dairymen to prevent contsmination of milk by it during

this season.

The wa jority of the species of the gemus Pseudogonms appear %o be soil
and water forms. Evidently Ps. frael is mo exception. The isolstion of

this organiem from g majority of barnyard dirt ssmples obtained on Iowa
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Data are presented on the distribution of Ps. fragl in normal end
defective dairy products, dsiry plant equipment and water supplies and om
forme., Samples examined for the presence of this organism were obtained
principally in Iowa and Kentucky, slthough data on samples of soil from
barnyards in 31 other states are included.

2o Irex) was found frequently in samples of normel milk and cream
delivered by producers to an Iowa milk plant, It wmas not detectsd in milk
delivered in June to a Kentucky milk plamt, tut was found in 4O.0 per cent
of semples delivered to the same plant in December.

Beveral samples of defective dairy produsis, especially thess oriit-
cigsed as rancid or as having a Hsy apple odor, ylelded the orgsniem,

In genersl, the dsiry plant equipment examined was relatively free of
it. |

An spprecisble percentage (10.0 per cent) of the Iowa dairy plant water
supplies exemined ylelded the organism,

A large preportien (51.8 per cent) of dirt semples obtained on Iowa
farms and samples of other materials or equipment likely to come in contact
with or be comtaminated by dirt was found to harbor Ps. fragi. BRelatively
few (4.1 per cent) similar samples obtained on Kentucky farme daring the
sunmer season ylelded it, bubt it wes found in & largsr proportion (37.4 per
cent) of those obtained im December.

Ps. fregi was found in 23 of 33 semples (63.7 per cent) of barmyard soil
ohtained from state agricultural experiment ststions throughout the United

States. It was found in samples from s larger proportion of states {90.0 per



_.%“

cent) in the eastern half of the country tham from those in the western
half (38.5 per cent)

The wids distributien of Ps. fragl on farms emphasizes the importance
of ferms as a2 source of the organiem.

Aroma production by Ps. fragi in milk, peptone broth and on agar media
containing peptone was stimalated by the presence of sthyl aslcohol but not
by other glcohols tried.

The arometie material produced by Ps. frazl was ether socluble. Vhen

gongentrated, it had an odor resembling that of plum blossoms.
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