IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1931

Bacteriological studies on butter showing surface
taint

Herbert Andrew Derby
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
b Part of the Agriculture Commons, Food Microbiology Commons, and the Microbiology

Commons

Recommended Citation

Derby, Herbert Andrew, "Bacteriological studies on butter showing surface taint " (1931). Retrospective Theses and Dissertations. 13420.
https://lib.dr.iastate.edu/rtd/13420

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com


http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1076?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/86?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/48?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/48?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13420?utm_source=lib.dr.iastate.edu%2Frtd%2F13420&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

24

BACTERIOLOGICAL STUDIES ON BUTTER
SHOWING SURFACE TAINT

A Thesis Submitted to the Graduate Paculty
for the Degree

DOCTOR OF PHILOSOPHY
Ma jor Subject Deiry Bacteriology

Approved:

Signature was redacted for privacy.

Signature was redacted for privacy.

Iowa State College
831



UMI Number: DP12671

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alighment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP12671
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



QRAZN -2- N
Dard 106

TABLE OF CORTENTS

IKTRGB&GT‘O“ L E XS AR R AN RENEREEEE AN EREE RS ENE RS LRSS AR

Characters of Surfasce Taint Bublier ,,.acecevssss
Oocurrence of Snurface Taint Bubltteor ..cesasscesss

mSTGE\IsALCQQ“'ﬁ‘.t#-"‘-’*"l!QQ“Q!ti.ﬁﬂ&“l’t‘@t‘lit&bi
STA‘FEmT ﬁF THE PROBIEH [EE X E A SRR ENFEEE RS RS E NSRS )

gETHDBS I I R R RN YR LR RS RN R R R NN R R SRS AR SR N A RS S RN E RS

Sourees of the samples of swrface taint butter

BLUdLed cqsevrevtcvcasrsrssvncsensnsasessssavene
Hiorobiological mOLBROGS cesscssssvescosenassnsea
Chemiocal MELhOAS sesveeesoversnassosarvesesnonva

PART 1. STUDIES QR SURPACE TAINT BUTTER THAT
APPEARED IN REGULAR COMMERCUIAL CHANNELS saes

HICROBIOLOGICAL
Hunbers of bacterif ssesvrsersesssocsrsrocsesssse
Numbers of ymt& and molds .sevvenveesvoranrsone
Types of Daotorie seseesevvessecrnssossvvrceeens

CHEMICAL ,
Acidity in surfase talnt Dubter sevececcesscnanre
Proteolysis in surface faint butter cesvececesse
Lactoas in surface tilnt BUubte? sesevcrsccrnrnsns
Steam distillations of surface taint and normsl

DULLBIE secessvsvttsassvssosncosssnsssssverrosnnss

PART 2. THE PRODUCTYION OP THE SURFACE TAINT CONDI~
TIC'ﬁ IH va I EEEE R ELENE RS SR EEEASAREERE SR 2R

By the use of commnercial surface taint butter
AB inaaulating meberial GABEEP AR LN RIETBRBEITE NP EN
By holding high grade butter with little or no
salt at room m&m‘ B Y X I
Meroscopie examinations of experimentally proe
duced surface LHAINE DULLEr Jiccccccsnssacssrrens
Significance of the experimental proedustion of
surface Ealnt .sscevvsvecrssnrcssesessnensnsnnse
The production of surface taint with purse
%“Gﬁltﬂr’aﬂ of arganisnﬂ T I I I I I

)

—\ 381%

‘7;!

& i

13

13
14
16

19

19
22
24

31

37

37

S B B 8



28

Page
DESCRIPTIONS OF ISOLATED ORGANISMS ,seessseovecesensense D¢
DESCRIPTION OF TYPE A secseersascosssssscvasnscannvee O%
DESCRIPTION OF TYPE B sevessosercossecsvscenssnvasace OF
DESCRIPTIOR OF TIPE © sevvesevessvsvenssensrvernsenny 63
DESCRIPTION OF TXPE D sencsssscssvncscsornasnenssnse Of
Characters of the causative organlams that are
important from the standpoint of the butter ine.

AUBLTY covssssvcssscncssssersnsssnsonsvacsssanrnenes OF
DISCUSSION OF RESULTS sesecasscssessasnevessnsncssveses 71
SUGGESTED METHODS FOR THE CONTROL OF SURPACE TAIBT eees 75
CONCLUSIONS svusevesssssssccsesnsscasnsnnsnecsnsasivene TB
ACKNOWLEDGNIENTS ssssecsercsencocoasssnssssssnsansesssne S1
SELECTED BIBLIOGRAPHY o..c.cevnesenssscsnensocsscnvosss B2



~5-

BACTERIOLOGICAL STUDIES OF BUPTER
SHOWING SURFPACE TAINT

INTRODUCTION

Surfage taint is a butter defect that has been en-
countered so freguently it has been charscterized as
definite sbnormality and differentiated from other types
of deterioration. Undoubtedly different persons do not
have exactly the same idea of thia doroét and there are

border«line lots of butter whieh one jJudge may consider
show surfacse taint while another does not, 7The condition
may be especislly diffiecult to recognize when the buttep
alsc has some other flavor defsct, However, the typiecal
defect i3 easily rescognized by butter Judgea experienced
with i¢.

thrantaristiea of Surfsce Taint Butter

Surfaee‘taint ip essentially a defect that develops
after the butter is made, It makes ita first appesrance
at the surfase of the butter and then graduslly penetrates
to the centre, The odor end flsavor of swface talnt butter
definitely suggest putrefaction, Rewly cut surfaces of the
butter sequire the taint very rapidly, especlally when ex-



posed to room temperatwure, It ordinarily appears in butter
in about ten days after manufacture when stored at a tempera-
ture of approximstsly $°C, (41°F.). It often appears rather
quickly and 12 sometimes evident in butter only a few days
0ld, especlally when the product is exposed to rather high
holding temperatures, In other instanecesz »eports indicate
that butter may be stored for considerable periods and them
develep the taint when it warms up during the hendling in
retall ochannels, Very often the holding of a small piece

of butter at room temperature owver night intensifies the
odor and flavy so greatly that samples which are gquestionable
before the holding become definite examples,

Surface taint iz responsible for considerable esonomie
loas, Butiter showing this defect 18 often wmmsaleable, In
some instanoes 1t has bsen found that working the butter
with a small amount of lactic acid improved 1t aso that 1t

was accepted on certaln marketa,

Oscurrence of Surface Taint Bubter
Surface taint was firat rought to the attention of
the trade in Western Canada in the summer of 1919, Since
its appearance in Western Canada, it has been found in other
parts of the Dominion, What is essentially the same defect
haes been discussed in othsr countrlies under various namesg

examples of these are the Limburger chesse flavor of btutter
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in the United States, the putrid flavor of butter in Demmark
snd the foetid odor in New Zealand butter, Rather recent re-
ports of btutter having a "disagreeable aroma” have come from
Australia,

Often shurnings of butter that are expected to be of a
high gquality develop surface taint very rapidly without any
reason being evident in the quality of the raw material used
or the methods of manufacture employed. It has oecurred in
one churning then disappesred for several subsegquent churne
inga, only to re-ogour,

Moat lots of surface %aint butter are made from pasteur-
ized cresm, In the gase of dbubtter made in Canada, the common
pasteurizing exposura for the cream is 76,7°C, {170%F.) for
ten minutes, As a rule surface taint is found in butter with
a 1§w salt eontent, In very few inatances does the salt con-
tent of the butter exceed two per genst,
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HISTORICAL

Various investigators have reported data suggesating
the cause of surface talnt and the related defects in butter.
Gilruth (4) of New Zesland in 1890 developed a foetid
odor in butter by inoculating Bacterium fluorescens ligue-

faclens, which was lgolated from water, The odor developed
in the butter in thirty-six hours when incubated at 18,3°C,
(65°F.). The same odor developed in inoculated bmtter in
one menth when it was incubated at s temperature belew 0°C,
{32°F.), The water supplies of the several factories having
this butter defect were considered to be responsidble in
every case, The practice of liming the wash-water was carried
out at one particular factory and, as a result, there was an
improvement in the gquality of the butter, .

In 1900 Ecklea (3) studied an outbresk of putrid butter,
The butter poasessed a strong disasgreeable tasts with a pute-
rid smell and waa consldered not saleable at any price for
table use, The taste slthough atrong was not as bad as the
odor., The investigatcr found upon exemination of this de-
fective butter that when a small portion of it was added to
a flask of sterile milk the putrid odor became s8¢ bad in a
few days time that the flask had to be removed from the labore
atory. A bacteriological examination of the putrid butter
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had an unusually high bacterial count. These investigators
found that s sporee~forming, milk-digesting micro=organism
gave a condition resembling surface taint, particularly when
used in low acidity eream {,.,20%) in combination with a coll
type, tut falled to give the typical condition, When the
same combination of miero-organisms was used in eresm of &
higher acidity (epprox. .30¥) there was no evidence of any
particular detericoration, A survey of creameries having
troutle with surface taint butter showed contamination sub-
sequent to pasteurization to be an important factor, The
water supplies used for washing the butter contalned many
spore~forming, milkedigeating bacteria, and the brine used
for the treatment of liners was grossly contaminated with
micro~organiams of the coll type, In the case of one c¢ream=-
ory, after the necessary precautions had been taken to pre-
vent contamination of the eream and butter aubsegquent to
pasteurization, the trouble ceased,

In a study of surface taint butter, Cordes (2) found
it to sontain m excessive number of yeasts, molds and bacteria,

The work reported by Hacy (8) on surface taint butter
showed high counts of yeasts, molds and bacteria. He sug-
gested that the defect was due to a large coocus form in
associative action with certain types of yeasts,

Hood snd White {(6) reported that all gamples of surface
taint butter examined by them contained large numbers of
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PREVALENCE OF SURFACE TAINT BUTTER IN THE
PROVINCES OF ALBERTA, SASEATOHEWAN AND MANITOBA IN
THE YEARS 1928 AND 1929,
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During the yeara 1828 and 1925 a total of spproximately
140,000 pounds of surface taint butter wers deteavted by dairy
produce gradera in the provinces of Alberta, Saskatchewsn
and Manlitoba,
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STATEMENT OF THE PROBLEM

Beoause of the serious losses that have resulted from
gsurfagce talnt in mtter, the work herein reported was underw
talean,

The Investigation was divided into two parts, Part 1
deals with the study of swrface talnt butter that appesred
in regular commerclsl channels, The study involved the
micro«organiams present and the chemical composition and
was earried out for the purpose of determining whether or
not any unususl basterial flora could be noted or any mm-
usual change detected in the composition,

Part 2 deals with the produation of surface taint in
butter by the inooulation into pasteurized cream of surface
taint butter or organisms isclated from it, It also deals
with the technigues used in the isgolation of mlero-organisms
from the original samples of defective butter. Deseriptions
of miero~organisms that are capsble of preducing the defect
are included,

METHODS

Sourees of the samples of surface taint tutter studled

The surface taint butter used for investigational work
was secured from Alberta, Saskatchewan and Eanitoba, Canada
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and from different sections of the mid-western part of the
United States, The ages of the butters exsmined waried from
about ten days to several months, All ssmples of butter
were suppossdly made from pasteurized eresm and contained
salt, Many of the gamples examined were msnufactured from
eream in vhich butter eulture was not used., In a number of
instances both the surface and the interior of the butter
were axamined,

| A few samples of normal butter from shurnings immediate~-
1y susoeeding and preceding churnings of surfece taint butter
were obtained from creameries in Cansda, This wes dene in

order to make observations on the nuisbers and typea of miero-
organisma in normal butter produced under the same practical
conditions,

The misroblological work was gotten under way as soon
as possible after receiving the butter samplea, In the pre-
paration of the butter for plating, a representative sample
was taken from the butter by means of a aterile butter trier
or spatuls, placed in a sterile container, and melted at a
temperature of about 37.5%°C.(99,5°F,). After thoroughly
mixing the melted butter, the various plates were poured as
rapidly as possible., The water blanks were heated to a
temperature of about 37,8%C,(99.5%F.).
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For the yssst and mold sounts, whey agar, adjuated o
a reaction of plus 1,0 Pullerts acale, was used, The medium
was acidified by adding ons oublic centimeter of a sterlle
ons per gent tartarie acid solution to each plate just be~
fore pouring in the medium,

For the bacterial countz beef infusion ager, adjusted
te & reaction of plus 1,0 Fuller's scals, was used, This
medium was ohoasen because it was desired to use ones which
would bs most favarable for the growth to basteria found in
butter, A milk powder agar was slso used to facllitate the
deteation of proteolytic types., Duplicate plates ware pre-
pared for all sounts. The plates wers incubated at room
temperaturs {sppreximately 21.1°C, (70°F.))for five days,

Direet microscople gounts of bacterisa were made assord-
ing to the method of Hammer and Nelson (5),

The sream used for experimental oshurnings was freshly
skimned from milk of a low bacterlal count received st the
Dairy Industry Department, Iows 3tate Gollege, It was
pasteurized at 78,7°C. (170%°P.) for ten minutes, The abwrne
ings were carried out in guart glass Jars, in sach of which
one pint of eream sould be churned, The churning was pere
formed by the use of a mechanical shaker, The butter was
worked with wooden paddles in small enamsl containers, All
the sguipment employed was of asuch a nature that it counld
be sterilized in an autoclave, The salt and wash whter were
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also sterilized, The butter was stored in either sterile
parchment paper @ Petri dishes at temperatures of 15,5°C,
(60°F.) and 5.59C. {429F.). The butters were exsmined dally

for eny change in flavor snd cdor,

Shexigel methods

Acldity determinations were made by weighing 10 grams
of butter and melting it over a flame, To the welted utter
35 o.e. of neutral snhydrous ether were added to disaclve
the fat, After thoroughly mixing, 10 e.c. of neutral ethyl
alcohol were added and the mixing repeated, Thlas mixture
was then titeated with tenth normal XaOH, using phenole
phthalein as an indicator., The results are reported as the
number of 6,8, of tenth normal NaOH required for neutrali-
zation,

In studying proteolysis in the surface and in the in-
terior portions of surfacse taint bubter, total, soluble and
amino nitrogen were dstermined, A 180 gram pertion of butter
was melted in a beaker by heating in a water bath, the tempera-
ture of whish was approximately 55%. (1351°F,), After the
melted fat was satiasfactorlly separated, as much as possible
of it was deganted, sare being taken to vetain all the non-
fatty material. The contents of the beaker were then trans~
ferred to a aepiumtory furmel, snd, by repeated washing with
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werm water tha non~fatty material was separated from the
remaining fat and collected in a 390 ¢.,6, volumetris flask,
Additional water was then added to bring the contents of |
the flasak up to the 300 c.0. g?adantion.

Por total nitrogen determinations, 50 e.s, of the non-
fatty material were transferred to a 500 c.0. Kjeldahl
flask and dlgested with 25 e.¢. of concentratad H2304, ap-
proximate 1y 5 grams of Ka2304 and a small pleas of copper,
The distillates were collected in fifth normal H2304 and
back titrations made with tenth normal Nad¥, using moneow
sodium alizarine-sulphonate as an indloatow,

The remaining 200 ¢.c. of the non-fatty materisl {two
50 ¢, ¢, portions having been used} were employed for soluble
and smina nitrogen determinationa, These were divided into
100 ©.s. portions and slightly heated, The insoluble oone
stituents wers floculated by the sddition of approximately
3 6.9, of a tenth molar solution of Al013, added in one cubls
oentimeter partions, with vigorous shaking aftsr sach sddie
tion, The portions were allowed to atand for a few mimutes,
then eooled and filtered through paper, The soluble nitro=
gen was determined by the Kjeldahl procedurs as slready oule
lined, exsept that 25 ¢.¢. portions were used, and the amine
nitrogen was determined by the Van Slyke method, using 10 e.0.
of the filtrate,
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The lactose was determined by the gravimetris method
as cutlined in the Officlal and Tentative Methods of Analye
als of the Association of Official Agricultural Chemists,
using the serum from 25 grams of tutter,

In determining the reaction of the material distilled
from butter a 250 gram portion of the butter was distilled
with steam, after the addition of 50 e¢.,e., of boiled dis-
tilled water, Distilled water was used in the steam can and
was allowed to boll for some time before connecting and stert-
ing the distillation in order to 4rive off the CO2 present,
The dia%iliing was continued wntil ten eonsecutive portions
of 50 c.¢. each were sscured. In determining the relative
acidity of the different portionas by titration, 25 c.e., of
each of the portions of distillate were titrated with twene
tieth normal NeON, or twentieth normal H2304 depending upon
the reastion of the distillate, using mono-scdlvmealizarine-
sulphonate as an indicator, The rnsﬁlta obtained were ex-
pressed as the number of cubiec centimeters of twentlieth nor-
mal NaOE or twentieth normal H2S04 reguired for the neutral-
ization of the 25 ¢.c. Colorimetric determinations were made
by takiag 5 ¢.0. of each portion of a distillate and after
adjusting the temperature between 309C. (86%F.) and 40°C,
{104%P,) sdding ten drops of brom thymol blue indicator to
each portion. The ssmples were then shaken and the color

noted,
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PART 1

STUDIES ON SURPACE TAINT BUTTER THAT APPEARED IN
REGULAR COMMERCIAL CHANNELS,

MICROBIOLOGICAL

Numbers of bacteria

Semples of surface taint butter were examined by the
plate method for the total number of bacteria contained.
With some of the ssmples both swrface and interior portions
were astudied, while with others the amount aveilsble was s0
small that this sould not be dones. Table I shows the mumbers
of bacteria at the surfase and in the interior of 20 samples
of butter, while table II shows the mumbers of brmeteria in
15 aamples where & diviaion into surfage and interior pore
tions was not possible,

The dats givem show that the surface taint butter com-
monly contsined large numbers of organisms, The surface of
the butter usually showed & count muach higher than the in~
terior, The high counts are in agreement with the findings
af various investigators, Xt should be noted, however, that
this condition is not pecullar to swrface taint butter but
also ocgcurs with butter showing wvarious flavor and aroms de-
fects,

Also, normel butter may often show bacterial counts

that are extremely high., This is particularly true in the
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TABLE I, Total bacteria in surface taint butter
by the plate method.

PO e W R L
1 303,000,000 14,000,000
2 56,000,000 22,400,000
5 137,500,000 18,000,000
4 20,500,000 8,500,000
8 20,000,000 18,200,000
8 65,200,000 29,800,000
v 5,860,000 1,650,000
8 72,000,000 950,000
9 18,900,000 11,960,000
10 030,000 565,000
28,500,000 2,450,000

12 129,000,000 28,000,000
13 16,000,000 6,000,000
14 19,000,000 7,350,000
15 69,500,000 20,000,000
16 1,940,000 148,000
L g 8,600,000 3,200,000
18 9,800,000 2,000,000
19 1,840,000 2,400,000
20 2,100,000 50,000
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Bascteria in surface talnt butter by
the Plate method.

:
Ssmple:

Bacteria per c.c, of
But ter

S B ERBE3EIBBRERE E?

9,260,000
13,000,000
177,500,000
11,000
39,000,000
448,000
2,500,000
37,000,000
5,200,000
1,500,000
30,000,000
18,000,000
20,000,000
14,000,000
600,000
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case of butter manufactured from ocream to which butter oulture
has been added. An examination of several samples of normal
butter produced by oreameries from which surface taint sampleas
were secured gave the following bacterial counts: 28,000,000;
17,800,000; 20,000; 54,000,000; 4,900,000, The above counts
are typieal of many samples of high scoring butter and demon-
strate the fact that the kinds rather than the numbers of
bacteria a&re often of the greater importance, |

From the results it is evident that high hacterial counts
are usually secwred on surface taint butter, The surfaces of
the butter commonly contain greater numbers of bacteria than
the interiocr, The data further suggest that the numbers of
bacteria are greatly in excess of what the bacterial count
should be in dutter mamufactured under careful conditions,

Numbers of yessts and molds

| Samples of surface taint butter were examined by the
plate method for ths numbers of yeasts and molds, Table IXI
presents the rssults obialned,

An anslysis of the data shows that ths numbers of yeasta
were regularly high while the nuibers of molds were genarally
high, In most instances the surfaces of the defective butters
showed higher yeaat and mold counts than the interiar, In
several instarces molds were absent In both the surface and
fnterior of the butter. The common milk mold, 0idium lsotis,




TABLE III. Yeasts and molds 4in awrface taint

butter by the platemethed,
T YOaSTDE per G.6, 0T : NOLAS por 6.0, of

520,000

Sample: " buktex : _
i o t _interier 1 28
1 108,500 770 0 e
2 3,000,000 965 45 20
5 2,000 940 70 o
4 24,000 62,000 36 20
5 16,000 4,400 20 10
& 2,780 2,400 76 10
7 70,600 54,800 50 0
8 43,200 180 10 5
9 97,500 47,000 1,000 )
10 80 210 10 o
1 170 50 0 0
12 70,000 9,000 1,000 13,000
13 464,000 200,000 28,000 0
14 200,000 153,000 100 o
15 2,000 450 5 o
16 35,000 21,000 0 °
17 1,400 1,100 10 20
18 4,400 2,600 10 o
19 104,000 80 10 o
20 23,000 10 10




was the one most frequently found, Occasionally species
of the genus Penicillium were present in faoirly large nume
beras,

The resalts indicate that the numbers of yeasts and

molds in swfsace taint butter are exeessive in most instances,

Types of bacteria

A study of the types of baeteris present at the surface
and in the interior of surface taint butter was made, bew
eanse the nature of the defect suggested that the sausative
nisro~organism or mlero-organisma would be present in greater
numbers at the surface of the butter, This study was carried
out by picking into litmus milk 25 contiguons oolonies from
representetive areas on the plates, Thess milk cultures were
incubated at rom temperaturs for 14 days snd then clsassified,
according to the change produced, into the following groups:
acld coagulators, aclid non-gosgulators, proteclyzers; alkali
formers and inart. The results are reported on a percentage
basis in table IV,

The data show that in general the types of bacteria
present in the butter were the same at the surface as in
the interlor. A large percentage of the bacterias were classie
fled as soid non-coagulating or inert and theass 4id not pro-
duoe an objeotionable odor in millk, A small percentage of
acid cosgulating bacteria 1s to bs expeected since the butters



TABLE IV. Types of bacteria preaant in surface
taint buttew.
) Peroentage -
H AGW aﬁ 'S
Sample 10%agu= tRoN=00ag »-Protsn-:nkan H
;lators: wators ;lyzers :Formers: Inert
1 Surface B0 64,0 28,0
Int GP:.QP 84,0 i;@ 32 :Q
2 Surface 4.0 56.0 4.0 36,0
 Interior 4.0 B2.0 44,0
5 Surfsee 80,0 B 20,0
Tnterioy 88,0 12,0
4 Surfsce 44.0 24,0 32,0
Interiw 88,0 4,0 8.0 20.0
5 Surface 88,0 28,0 4.0 16.0
Interior 64 .0 20 .ﬁ 16,0
6 Surface 40,0 4.0 4.0 52,0
ht‘riﬁr “.@ 8.0 ‘ce 24 :9
7 Surfase  e8.0 ) 52,0
Interior 76,0 24,0
8 Surface o '&..G 12.0
Interior 95,0 5,0
9 Surfase 24,0 18.0 60.0
Interiae 24.0 4.0 8.0 64.0
10 Surface ED 40 64,0
11 Surfase 28,0  24.0 12,0 20,0 16,0
12 Surface 8.0 56.0 16,0 12,0 8.0
Iﬁt@?&@ ‘0 og 49 QG 20 .0
21 56,0 4.0 16,0 24,0
28 48,0 20,0 4.0 28,0
0 8.0 36,0 4.0

83 40,0

12,0
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sxamined were mede from eream in whish tutter culture waa
not uwsed, The eomparatively small percentages of bacteria
capable of proteclysing milk are surprising singe the nature
of surface taint sugpeats protein decomposition,

On the basis of morphology, miorpococl were eapecially
conapleuous, although reds, both spore~forming and non-
spore-forming, and streptecosci were frsguently sncountered
in large numbers., The predomimmting type was not always
the same, The results suggest that if a micro-organism
eapable of growth on beef infusion sgsar is responsible for
surface taint 1t smust be present in mueh smaller numbers
then other less objectionable types. The proportion of rods
present in surface taint butter, as revealed by direst microe
secopio observations, was greater than the proportion on the
plates poured with beef infusion agar. This suggests that
sertain types of rods in the butter were not growing on the
medium used,

In general, the types of bacteria found in surface
taint butter are not umisuasl, The basterial flora of normal
butters show a distribution of types not unlike that of suld=
face taint butter, The large percentage of acid none-coagu-
lating or inert types of bacteria iz the common findings in
most lets of surface taint butter. The results, on the
whols, indigate that types of basteria espable of bringing
sbout proteclysis are either preasesnt in very amell numbers,
or are not growing on the artificial medium used,
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CHEMICAL

Aaldity determinations were made on surfsce and ine
terior porticns of swfece taint butter, The results are
given in table ¥V,

In general, the data show that thare is no regular dif-
Terenase between the awface snd interlor of the butter, How-
evar, the figures are significant in that they show the very
low scldity that existed in the defective butter, This lew
acidity is, in general, faverable for the growth of a very
large perventage of the bacteris that are commonly found in
butter., The sensitivensss of most organisms to acidity is
strikingly evident when bub ter manufactured from eream to
which butter eultuwre has been adied 13 sxamined for types of
basteris,

From tha dats it is evident that there is no general
difference in the acldity, between the surface and intericr
of the butter, that could be attributed tc the development
of swrfase talint,

Proteolysis in surface taint butter

Proteolysis was dntérmzmd in auwrface taint butter be-
sause the nature of the defect suggeats protein decomposi-
tion, Cascin 1s a constituent of butter whose desomposition



TABLE V., Acidity determinations on surface
taint bhutter,

1 1.50 1.50
2 1.70 1,70
3 1.07 1.36
4 1,08 1,17
5 1.00 1.07
8 1.10 1.10
7 1.46 1,40
8 1.47 1.45
° 2,15 1.40




would be expested to result in objecticmable conditions, It
is present in amounts sufficient fo support extensive de-
velopment of mlaro-organisms, In order to secure information
on the extent of proteolysis in surface talnt butier, surface
and interior portiona of aeveral samples were examined for
the total, socluble and amine nitrogen, Table VI presents

the results seoured, -

As would be axpested, the totel nitrogen at the surface
and in the interior of the butter dld not vary appreciasbly,
There is a general difference in acluble nitrogen between
the surfaoe and interior of the bueter,f with the surface
showing & larger amount., The same relationship held with
the aminc nitrogen. These evidenses of more active protecly~
sis at the surface of the butter fuwrther substantiate the
- poRsibllity of proteln decomposition being responsible for
the surface taint defect, One must dear in mind that even
the alightest change in the natwre of the nitrogenous come
pounds might be sufficient to bring sbout a very msrked change
in the odor or flaver of the butter. A hydrolysis of the
protein, in which the protein 1s aplit uwp into amino scids,
and the further dsecomposition of these acids with the forw
mation of apmonia snd verilous foulw-smelling substances, éoum
easily bring about such a condition as surface taint without
& very marked change being noted in the composition of the
butter,
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TABLE VI. Proteolysis in surface tairt butier,
e |
Sample ¢ otal
RO, 3 '
1 Surfase 5,574 2,858 0,795
Interior 3.348 1.664 0,740
2 Surfase 3.682 128 0,658
Interior 2.688 1 .449 575
3 Surface s.3%4 1.736 0.575
Intericr  3.352 1.400 603
4 Surfase  2.154 0.924 0,461
Xn'%gr.tar | 2+134 0.684 0,420
5 Suwfase  2.772 1,204 0.588
Interior .?8& 9.%4 6.439
& Surface 2,926 0,940 0.661
Intar‘im‘ 2'8” 6“790 0,441
7 Swefase s.612 0.684 0,466
Interfar  3.444 0.560 0.455
8 Surfase 3,402 1,820 a.su
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It 18 evident that the differences in the soluble and
amino values between the surface and interior of the butter
indicate proteolysis, Apparently micro-organisms with the
ability to proteolyze are, or have been, present in surface
taint butter and are influsntial in bringing about this de~
fect,

Lacgtoge in snrraca taint butter

A study of the lactose present at the surface and in
the interior of surface taint butter was undertaken to de-
termine whether any appreciable change sould be detsected,
Lactose 1s one of the constituents of dalry produects that is
usually the firast to underge change, as thers sre many organ-
isms found in dalry products that readily attack it, Only
a small amount of lactose is found in butter since the wash-
ing of the butter during manufacture necessitates its re~
movel, The results of the lactose determinations are glven
in table VII.

An exsmination of the data shows that in most cases
there 18 a slightly lower persentage of lactose st the sur-
face than at the interlor of the defective butter. As the
differences are very small it i1s problematlieal as to whether
any significance can be attached to them.

The results, on the whole, indieate that the slight 4if-
ferences in smounts of lactose at the surface and in the ine
terior of the butter are insufficient to attach any signifi-
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PABLE VIX, Lactose determinations on awtaoe
taint butter,

Sample . Percent Lactose
No, Swrlace 3 Interior.
1 0.2940 0.53528
0.1556 0.1780
3 0.4080 0.4126
4 0.0928 0.1274
5 0.,0700 0.,1278
8 0.1080 00,1820
7 00,3848 0.3808
8 00,3460 0.4058
9

0.3072 0.5674
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‘cance to them, since the acidities, already discussed, do
not alow any apprecisble change,

Steam distillstions of surfase taint and normal butters

A number of samples of surfase taint and normal butter,
secured from Canada, were steam distilled in order to sompare
the reaction of the material dlstilled from defective bubtter
with that from normal butter, The samples of normal bubtter
were obtained from churnings immediately preceding or succesd-
ing the churnings of swrface taint butter. The dlistillates
collsoted from aurface talnt butters showed a very pronounced
surfaoe taint odar. Even after storing the distillates for
several days the oddr could be readily detected, The intens-
ity of the odor was very noticesbls when somparisons wers
made between the different portions collected during the pro-
osss of distillstion, the first few portions sollected show~
ing a pronounced odor, while the latter poritions showed but
very little or no odor, Titrations were made on 25 ¢,0,
aliquots of the ten consecutive pertions of euch distillate)
using twentieth normal acid o0r slkall as required and monce
sodiuwn~alizarine-sulphonate &8s an indicator, The results ob-
tained me shown im table VIII., The reacition eof the distillates
were also determined colorimetrically, using brom thymel blue
to indicete whether the material was acld or alkaline, Pore
tiens of the dlatillates that were below pH 7 were conaldered




TABLE VIII, Titration values on distillates from
surface taint and normal butter,

-

:c;a. of n/zo a.limli or acid per 35 sc.e of distillate

Aliquot; Butter

1 - 0.7
Tz -ome -
s - 0.20
T8 = 0.80 - 0,18 - 0,88 = 0.18 + 0.28
5 - 0.17 = 0,15 - 0.20 = 032 + 0.228
€ -015 - 0,10 = 0,17 = 0,11 + 0.20
r - 0.13 < 0Jf = 0,17 - 0,11 +0.20
T8 -0z -0.10 -0a7  -010 +0.20
$ - 0.1 - 0,10 - 0,15 20,07 + 0,20
1 S 0.1 = 0410 = 0,18 = 0,07 + 0.20
- = alkaline

+ = qpid
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PABLE IX., Colorimetric test on distillates from
surfsace taint and normal butter,

x 3 Ml : % ':«:l.' ; rest ¥
But ter :Tadut :Buttex
Aliquot:BubteriButter :{High GradeiButter ;{(Low Grade)

1 - - - - *
72 - [ R - +*
4 » - * - »
. v — R W S
B * > » - *
& » « * » 4
- - " L v - - e
7 * + * - *
8 * * - * ¥
il R . S " - -
9 - » - . »
] » - n -
10 * * * * *
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BART 2

THE PRODUCTION OF THE SURPACE TAINT CONDITION IN
BUTTER

By the use of commercial surfage taint butter as inocculating
material ' ' |

The initial attempts to produse surface tairt involved
the inoculation of surface taint butter into normal butter,
This procedure was carried out by taking a small smount of
the defective material and thoroughly working it into the
normal produst by the use of a& butter spade, Both salted
and mnsalted butter were inoculsted in this msnner and ine
cubated at 15,59, (80%F.) and 5,5%C, (42°F,), The samples
of butter held at the different temperatures were exasmined
periodically for changes in flavor and odor, The resulls
obtained with this method wereregularly mmsuscessful,

The addition of surface taint butter to the eream
shortly before churning was tried in sn endeavor to produce
the tatnt, Cream pasteurized at a temperature of 76,7°C,
(170%F,) for ten minutes was inoculated with a small amount
of melted surface taint Mutter, Care was exercised in the
melting of the defesctive bLutter so that the temperature
wonld not exceed 40°C, (104°F,.), This precaution was taken
in order to prevent any possibility of organisms belng killlsd
by the heat, and also to prevent a complete asparsation of the
butter fat and serum, The melted hutter was carefully dis-
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tributed over the surface of the eream and then the cream

" thoroughly shaken, If the melted Mutter is merely dumped
into the cold eream carsleasly it will solidify immediately
and there will not be a satiafactory diatribution of the
nicro-organiams added, The eream was churned either im-
mediately or after holding over-night at about 15.8%,. (60°F,).
The resulting butter was washed twiee with sterile water,
The smount of water used in the first washing was juat sufw-
ficient to rinse the butter granules while the second washw-
ing conaisted of sufficient water to £i11 the churn half
full with thorough egitation, After draining off the washe
water the butter granules were transferred to a sterile ¢on-
tainer for working, Both selted and unsalted butter were
prepared and held at 15.8°C, (60°F.) end 5,59C, {429F.),

In the esss of salted butter, sufficlent sterile salt was
added so as to have approximately one to one and one~half
per cent in the finished butter,

The experimental butter resulting from many of these
trials gquickly developed a condition considered to bs surface
taint, A prenounsed taint in the butter required from one to
three days at 15.8%, (60°P.) end from seven to ten days as
5.6% . {42°F,) for its development, The aforementioned pro-
cedure of reprodusing sarface talnt was suscessful 4n a con~
siderable number of eases with samples of commeratial surface
taint butter secwred from different parts of Caneda and the
United States,
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Experimentally produced swrface taint butter alsec
gulte regularly caused the defeet in butter made from pas-
teurized oresm, As already dessribed, a small portion of
the melted butter was carefully added te the eream, the
sream chwrned and the resuliing butter atored and examined
periodieally., In this way the defect was sometimes pre«
dueed down through a serles of several shurnings, Event«
ually, however, some other flaver or oder would over-shadow
the surfase taint and become the predeminating defect in
the subsequent lots, One of ths most common defects that
over=shadowed the surface taint wes ranaidity. On holding
surface taint butter that tended to be rancid it asquired
a strong odeor and flavar and becsme extremely rancid,

Oecasionally samplea of butter were received that were
disgnesed by the parties sending them as surface taint, Up~
on examining these butters the odors and flavers suggested
poor raw material, rather than odors and flavors that were
developed after the butters wers manufsctured, Inatead of
the charscteristis swface taint odor and flavor, a stale,
yeaaty, cheesy oder snd flavor suggestive of stale fermented
sream could be readily detscted, Attempts to reproduse swr~
Tace taint with these supposedly surface taint butters wers
wnsuscessful, These fallures to produee surface taint, o
any other oconsapicuouna odor or flavor, substantiate the fact
that the defeet in the butter was originally due to the poor
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quality of the raw material used, A bacterioclogical examingae
tion of these butiters very often showed only a few thousand
bacteria per cuble centimeter, indicating that deterloration
dus to growth after the butter was msnufastured was not s
factor in the poor quality of the finished prodwt,

0lding high grade butter with little or no szalt at room
OB IEA m i g

In studying the keeping quallity of a large number of
samples of high grade butter, secwred from d1iffersnt sources
and stored at room tempersture for seven days, it was found
that guits a number of them developed a defect that wes cone
sidered to be surface taint, The charssteristic putrid edor
and flavor developed was very conspieuous and was without i
doubt the same as the so-called swrface taint, In moat cases
these lots of butter were of a low salt sontent or wnsalted,
Butter prodwsed by churning pasteurized aream that had been
incoulated with a small portion of one of the defective samples,
regularly develeped surfece taint in a few days when stored
at the temperatures that were employed in the trials made
with commercial surface taint butter, As in the former in-
stances, the defect could be prodused down through a serles
of churnings,
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Miorcaeoplc examinastions of experimentally produssd sur~
fape taint bubter regularly showed large numbers of orgeanisma,
In many instances the numbers were half a billion end over,
These excessive numbers of organisme in sxpsrimentally proe
dused surface taint bubter are in agreement with what was
found in mieroseopic examinations of commerciel surfase taint
butter, The enormous numbers of organisms in the butter
strikingly suggest the relationship of orgeniams to the sur-
face taint condition, Xt must be admitted, however, that
often samples of high grade butter may show & very high
bacterial count, This 1s due to many of the bacteris that
have been killed by the prosess of pasteurizing the gream ape
pearing in ths counts, and to the growth of certaln types that
do not seriously affest the flaver and eder,

Misroscoplic exsminations of sxperimentally prodused sure
face taint butter, at the time the defect was first detepbsd,
showed & large proportlom of long, slender roda. The agsocla~
tion of rodwshaped bactsria with asurface taint butter appsurs
to be quite constant, The samples of gommercial surface tsint
butter snd the high quality butter that developed surface
taint when held wnder conditiomns favorables for the growth of
organisms slso showed a predominance of rod-shaped bacteria
when examined mieroscopically.



B

Significance of the experimental produetion of surfage taint

The ability of azuwrface taint butter to reprodues the
defect down through & seriss of churningas, and the develope
ment of surface taint by holding at room temperature samples
of high grade butter having a low salt content sugzeat the
biologic nature of the defect, Apparently organisms eapable
of producing surfsce taint may be in butter snd yet not
bring about the defest because of unsatiafactory conditions,
It 1a omly after the introduction of the proper kinds of
organisms to the eream and the handling of the butter so¢ as
to allow these organismas s chance to develop that suwrface
taint oecurs, The results obtained also indicsats that come
paratively unobjectionable types of organiame may be present
in learger numbera than those reaponaible for surfase taint,.

The produtior of surface taint with pure cultures of organ-
ot » ,

¥eny of the bacteria found in the commereial samples of
surfagse taint butter were classified a3 aold neneo

or inert, Although the odors, flavers and genersl changes
prodwed in milk by these common types were not suggestive
of the surface taint condition, & conalderable number of the
organisms were studied in an endeavor to reproduvas the taint

in butter, They were used aingly end in various combinations,



The first trials were made by incculating normsl butter
with little or not salt and were regularly unsuscessful,
Sinoce the method of inocculating the oream had been so satise
fastory in produsing the condition when defestive butter

was used as the Incculating material, this prosedure was eme-
ployed in the later trials with the pure ¢ultures, MNany of
the ®asily lsclated types of bmoeteria from samplea of sure
face taint bubtter were incoulated ine pasteurized cream,
aingly and in warious ocombinationsa, and butter made in an
adsavor to produwee sweface taint, The butters wers stored
at 15.8%. (60%.) and 5.5%C, (42°.) and exsmined period-
fsally for surfese taint development. A large persentage

of the ssmples of butter kept remsrkedly well and 4¥inot de-
velop any particalar off flaver or odor, These butters that
did develop off flsvors snd odors did not show a condition
even remotely resembliag surface taint, ,

Since the types of basteries which sre numerous in sure
fage taint butter and easily isolated from It falled te
produce the defest, an endeavor wasmeds to isolate types
present in much ameller mumbers and to study thelir influence
on butter, In selecting culitures to be studied in detall 1%
seemed advisable to take the odor prodinced in milk ss &
basis., A large number of sampleszs of commercial surface teint
butier were sxamined in this endsavor, The common prosedure
was to plok coloniss from beef infusion sgar platea in%o
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litmus milk, lnoubate the milk oultwes for 14 days at room
temperatures and then make observations on the changes taken
place,

Eventuslly an organism tentatively oalled A, capable
of causing surface talnt was isolated from & sample of com-
mercial surfacs talnt butter, PThias was ascomplished inm the
usual way by pleating the defective butter on beef infusion
sgar smd pleking colonies into litwms milk af'ter several
days incubation at rocom temperatiwre. VWhen s culture of this
crganism was inoculated into pasteurized eream and the sream
churned the reaulting tutter developed surface taint in a
few doys when stored at 15.5%. (60°P,) and in from seven to
ten days at 5.89%. (42%F,) The edor developed in butter by
this micro-orgsnism is very typical of surface taint, The
organism was apparently pressnt in comparatively small numbers
as Judged by beef infusion agar plates,

The results obtalned with organism A led te the examina-
tion of other lots of surface taint butter for its presense,
Approximately 50 ssmples of ecommercisl surface taint bubter
were axamined; many of these were from Canada while a Tew
were from the United States, Ths usual progedure of plating
tha swrfags taint tutter on beel infusion sgmr and plicking
eolonies into litmas milk after aeveral days incubation at
room temperature, falled to yleld arganiam A from these samples,
The high dilutions necsssary in order te obtain agar plates
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that would not be too srewdsd for pileking colonies neturally
leasaned the chances of isolating the organiam,

The faflure of the direst plating procedure to yleld
orzanism A from a1l except the one sample of surface talint
butter asuggested the poasibility of other methods of 1solae
tion, The outatsnding ability of this erganiam to repidly
reduse litmus milk was useful in detesting its presense,
After meny triala an enrishment scheme proved sugeessful in
vielding organizm A from five additlional samples of somnerw
o4al surface taint butter. This was sseomplished by inocculate
ing the defective butter inte litmus milk and incubating at
B.5%, {42%F,) watil the 1itmus wes redused, them plating om
beef infusion agar and pisking colonies into litsus milk
after geveral days incubation at room temperature, The ine-
cubation of the litmums milk at B5,.8%. {42%F.) d1d not always
prevent the development of acid predusing types and, as a
result, a redusiion of ths litmus milk waa often shown when
organism A was not present,

The six samples of swfase taint bubter from which orgsn-
ism A was isolated were from six creameries, four in Cansdm
and two in the United States,

Although organism A was present in the six samples of
butter in comparatively small numbers it could always be
found when later attempts were made to 1solate 1t, Its oute



standiing abiliity to reduse litmma milk in & few hours makes
it rather sssy to recognize, It does not seem probable that
thlis organism dled ocut completely from some samples of aur-
face taint buttsr since surface taint butter proedusscd HX-
perimentally ylelded the orgsniam aftasr several months atore
age at 5,5°C, (42°7,). The comparatively small nwsbers in
which organism A was found in surface taint butter made its
relationahip to the defesct open to question even if 1t was
aapable of produweing a $yplcal surface taint condition,
Ascordingly, experimental chumings were msde by inoceulating
the organism into pasteurlzed oreanm and dstermining the nume
bers of orgenisms in the butier as soon as the defent de-
veloped; the counts were made by the method of plating om
beef infusion agar snd incubating for five days at rooms
temperature, Repressntative data are presented in table X,
TABLE X. Numbers of bacteris st the time of surface

taint development in experimental butters
mufle with & pure oculbture of organiam 4.

35‘ a Ky ‘

in Days i T F % A sodae
0 3,000 10,000 10,000  Normal
2 42,000 180,000 200,000 Surface Taint
8

440,000 900,000 290,000  Surface Taint




s Lt

The results show that swrface taint may be present in
butter when the bacterial count is only a fow h’mﬁm thousand
per eubis centimeter or evan less than one hundred thousand,
An exsminatlion of the colenles preaent on the agar plates
showed practically a pure culture of orgenism A, These Iasts
strikingly dsmonstrate that comparatively few erganisms of
type A are required im order to bring about the swrfaos taing
eondition,

The failure to find organism A in all samples of surface
taint butter, even when examined hy & number of procedures,
led to the ssareh for other types capsble of saualng the conw~
dition. The method of direst plating, using beef infusion
agar and @l fferential medlas, such as milk powder agar, wes
used, After incubating the plates for & few dsys at room
temperature representative coloniles were plcked into litmua
milk, In anothsr method plates wers poured with beef infusion
agar srd, after they had been allewed to solidify, the surface
of ome was smearsed with a small portion of the defective butter
by the asd of a sterile bent glass rod. The bubtter adhering
to the glass mod was then transferred t¢ ths next plate ard
aé on through at leaat three plates, After ingubating for a
fow dsys al room tempwratwre representative colonies wers
plaked inte lims milk, By this method 1t was hoped to re-
duse the danger of dlluting out the sausative organism,

A methed of inoculating the surfase talint butter inte
milk and meking s series of dilutions with the objeat of &1~
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TABLE XY, A comparison of the plate sount and
dirset count of samples of dbutter
showing surface taint,

s6 143,000,000 £30,000,000%
7 20,000,000 500,000,000
38 18,000,000 270,000,000
59 50,000,000 213,000,000
40 800,000 630,000,000
aQ 30,000,000 106,000,000
42 13,000,000 800,000,000
43 126,000,000 320,000,000
44 144,000,000 430,000,000
45 14,000,000 530,000,000
46 9,000,000 270,000,000
a7 | 6,800,000 320,000,000

48 51,000,000 430,000,000

#Count estimated on samples with 500,000,000 bacteris
QI' cm' .
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Prom a number of assmples of surfase tailnt butter, organ-
isms, other then A, were found which would produse the sondi-
tion, These were not all of the same type and were claasie
fied into three groups, making e total of four groups inolud-
ing A,

In sll, cultures of orgasnisms which would produse sure
face taint ware isolated from 17 samples of commerclal swr-
face taint butter, Six of the ssmples were from Canade and
11 from the United States, Table XIX contains a summary of
the diffarent types of organisms isolated and their sourees.
All the cultures isolated grew well on beef infusion agar
80 that their presense in small numbers is the only excuss why
they should be missed when surface taint butter is plated,
Host of the arganiams were gotten by the usual method of die
rest plating of surfase talnt butter on beef infusion agar
and piloking colonies after inecubation for five days at room
temperaturs, or by smearing the surface taint butter on beef
infusion agar plates that had been previously and allowed
to 80lidify and then ploking colomies after incubation fer &
few days st room temperature, A few of the sulturea were iso-
lated by the emrishmeni scheme of inoculating the surface
teint but ter inte litmus milk, incubating st 5,5%. (42°F,)
for soveral dayw, then plating the milk on beef infusion agar
and pieking colonies af ter incubating s ?aw days at room
temperatwrs .
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TABLE XII., Types of organisms sapsble of pro-
ducing surface taint snd their sources,

..

£ 3

: G . :  United States

1 zﬁ- . OF ~1 NG, OF
Total No,: iCreameriss iCreameries

of 1Ro, of :from whish :No, of ;:from which

BE S8 S8 26 4¢ B¢ SH S 8

Type:Cultures :Culturesithe type was;Culturessthe type
- 1found t twas found
A ] 4 3 2 2
B L l 1 8 4
4] 1 4] 0 3 1
o} 4 k3 1l 3 2

In genersal, the methods of dlrect plating or smearing
ths butter on 8011d4Tied sgar proved the most useful, The
ability of orgenism A to grow fairly rapidly at low tempera-
tures is made use of in the method of incubating litmms milk
inoculated with surfses taint butter at 5.5°C. {429F.) and
then plating the milk on beef 1&2&1& agar, When an orgen~
ism ospadle of produsing surface teint was secured from a
semple of butter 1t ecould be again readily secwrsd by the
sane method and sametimes by other methoda.



DE3CRIPTIONS OF ISOLATED ORGANISMS

The four types of organiasms which were found sapable
of produsing surfaece taint in butter when inocculated inte
pasteuwrized sream and ths cream chwrned were stundled more
phologically, eulburally and blochemieally. The descripw

tions of these types are as follows:

DESCRIPTION OF TYPE A
MORPHOLOGY
Form: The crganisms wers rod ahaped,
Sige: Organisms in young milk sultures varied from
about 0.8 to 1,8 mierons in length with a most commen
length belng sbout 1,75 mierens, The evarage width
was about 0.5 mioron. On young beesf Mfusion agar
slopes the orgenisms varisd from about 0,75 to 2,28
miorons with the most common length being about 1.76
miorons, The average width wes about 0.65 mieron,
Aprsngement: The organisms appeared singly and in
padrs in prepsrations from milk and sgar,

Motility: The organisms in hanging drop preparations
mads from young boulllen cultures were motile, Stains
indicated that the flagella were peritrichous.
Staining Reaction: The arganisms stained readily with
the usuzl stains snd were gram w.omwa»g.
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Spore Pormation: Nothing resembling spores was seen
in mieroscopic preparations, In trials in which the
organisms were heated in milk, they were destroyed by
50%., (112°F.) for five minutes,

CULTURAL CHARACTERISTICS
\ger Slope: Beef infusion sger slope oultures showed
sn echinulate to beaded, dull brown, viscous grewth,

At roocm temperature growth was guite evident after 24
hours, while at 37,59%. (99.5%.) growth was not present.
Cultures grew well at 5,6°C. (42°P.) but not as rapldly

as at room temperatwre, 0ld eultures &t reom tempersw

ture were a dark btrown coler,

Agar Stab: Agar stab onlitures showed s heavy brown

viscous surfaece growth, with echinate growth along the

line of inoceulation, Growth was abundant st room temperaw
ture, Orowth was evident but mueh slower at 5.5°C. (429.).
The older golonies were darker than the younger colonies
and were csommonly thisker at the centra,

' _Flate Colm Surface colonies were 4ull htmm,
vham and myceloid Wl th a slighily umbonate aurfaes,
Growth was svident at room Lemperaturs in & couple of
days and the mature colonies were 3«8 mm, in diameter,

o+

The subsurface colonies were mors or less asval and smaller
than the aurface solonles,
Gelatine Stab: Growth on gelatine was evident in 48

hours at room temperature, After four days liguefacs
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of the tube, After complete reduotion, proteolysis
begiming at the mypface of the milh was evident in
24 hours, Proteolysis continued until all the milk
had been digested. Cwrd was not formed at any astage.
Plain Milk: Aside from the 1litmus redustion esaen-~
tially the asame changes ocecuwrred in plain milk ss in
1itmus milk,

ICAL CHARACGTERISTICS

Gas Produstion: No gas formation was observed in
milk or bowillons.

Indol Produstion: No indcl production was detected,
Agetyl-Nethyl-Carbinol: No acetyl-methyl-carbinol

was éetutﬁ&c

Reduction of Nitrates to Ritrites: The test showed

a strongly positive reduction of nitrates to nitrites,
Reaction Change: In milk snd those bomlllons in which
growth ogscurred the reaction was frem neutral te
alightly alksline,

DESCRIPTION OF TYPE B
MORPHOLOGY
Porm: The orgamisms were rod shaped.
Sise: Organiams in young milk ecultures varied from
2 to 3,7 microns in length with the most am length
being about 3,15 micronsa., The average width was about
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0.8 moron, On young beef infusion agar slopes the
organisms varied from 1,7 to 3.8 migrons with the
most gommon length bedng about 3,12 mierons, The
aversge width wes about 0,75 miaron,

ancemmnt: The organisms appearsd singly and in
psirs in preparations from milk anéd sgar. Gecuslonally
thresd-like chains were observed in prepsrationas from
agar.
Notility: The organisms in hanging drop preparations
mads from young boulllamn oultursa were motile, Stains
indieated that the flagella wers monotrishous,
Staining resction: The organism stained readily with
the usunl stains, It wss gram negative,

Spore formation: Nothing resembling sporez was seen

in microscopic preparations., In trials in whish the
organisms were heated in milk, they wers destroyed by
62.,8% . {145%F,) for five minutes,

Agsr Slope: Beef infusion agar slope cultures showed
a fi1liform to eshinulate, yellowlsh-browm, glistening
growth, At room temperature growth was quite evident
after 24 hours,

Stab: Ager stab sultwures showed a heavy yellowishe
brown surface growth, with filiform growth aleng the
line of incculation, Growth was abundent »t room tempera-
ture.



wBOe

Agar Plate Coleny: Surface colonies were a dirty
yellowlish~brown and entire with a convex to slightly
pulvinate surface, Growth was evident at room tempera-
ture in & couple of days and the mature colonies were
1~5 um, in diamster, The subsurfacse colonies were

more or less oval and samaller than the surface colonies,
many wers Just visible macressopically,

Gelatine Stab: Orowth in gelatine was evident in 48

hours at room temperature, After seven days the lique-
faction observed was stratiform with a slightly white
preaipitate,

Boullions: Orowth in boulllons waas evident as a tur-
bidity and slightly dirty white precipitate, A greyish,
flaky pellicle with a tendency to eling to the wall of
the tube was observed., Upon shaking the tube the pellicle
would slowly settle to the bottom., Growth cecwrred in
plain Wuillon and boulllons containing raffinose,
galactose, glusese, maltose, suerose, msnnitol, lactose,
salicin, inulin, levulose and glyserol,

Rotato: At room temperature the growth was fairly
abundant, being a 1light brown color snd molist, With
sge the potato was dlscolered a diriy brown, not unlike
that of the eolony,

Dunham's Solution: No growth was obasrved at room

temperature,



, y's Solution: No growth was observed at
room tamperstas,

pas Hilks The firat charge noted in litmus milk
was alkalinity begiming at the surface of the milk,
This change was evident in about twe days time at
room tempsrature and was followed by a digestion
which was of a watery nature, The digastion grad@ly
desspsned until 1t resched the bottom of the tubs, In
about one week the digeasted material was of & purplizh
coler which gradually changed to a reddish-brown cocler
with sge, Ourd wes not formed at any stage. 7Thes di=-
gested culture had a very objectionadble ocdor., Orowth
was evident at 5.5%C, (42°P,) after one week, Thers
was slight growth at 37.59C. {99.5°P.).
Plain Milk: Aside from the color change noted in the
13tmas milk the szme changes oscwrred im plain milk
as in litmus milk,

or boulllons.,

Indel Produstion: Ko Iindol produwtion was detected,
tylsdlethyl-Carbtinol: No acetyle-msthylecarbinol was

Redustion of Ritrates to Fitrites: The tests showed
a strongly positive redustion of nitrates to nitritea,
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execepting two osultures whigh showed only s slight
redustion,

s In milk and bouillons the reaction

DESCRIPTION OF TYPE €
HORPHOLOGY
Form: The organism wae rod shaped.
Size: Organisms in young milk culiurcs varied from
1.3 to 2,8 mierona in length with the average length
belng abaut 2.5 microns, Ths average width was about
0.5 micron, On young beef infusion agar slepes the
organisms varied from 1,3 to 3,56 mierons in length with
the aversge length being about 2,5 mierona, The average
width was about 0.56 mierom,
emont: The organisms eppeared singly and in
pairs in preparations from milk and agar,
¥otility: The organisms in hanging drop preparations
mede from young bouillen cultures were motile, Stains
indicated thet the flasella were monotrichous,
ng Reaction: Ths organism atained readily with
the usual staina, Xt was gram positive with n,oﬁn. gram

negative,
Spore Formetion: Nothing resembling spores was seen
in wmieroseopic preparations, In trials in which the
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prganisms were heated in milk, they were destroyed
by 62,8%¢. (145°F,) for three minutesa,

CULTORAL CHARACTERISTICS
Agar Slope: Beef infusion agar slope cultures showed

a filiferm, greyish-white growth, At room temperature
growth was evident after 24 hours,

Agar Stabs Ager stabas showed a greylsheyellow growth,
filiform to beaded growth along the line of inosula=-
tion, Growth wes abundant at room tempersature,

Agar Plate Colony: Surface colonles were a dirty
greyish~yellow glistening color, They were slightly
raised and some what ameboid, Growth was evident in

about two dsys at room temperature snd ths matwre coloniea
were from very small €0 3 mm, in diameter, Subsurface
colonies were very small ,

Gelatine Stab: Growth in gelatine was evident in fronm
one to two days at room temperature, After seven days
the liguefaction observed was filiform,

Boulllons: @rowth in boulllons was slight, It was
svident a3 a twrbidlity, Orowth cscurred in plain
bouillon and boulllons eontaining raffinose, galactoae,
gluecose, maltose, susross, mennitol, lactose, saliocin,
inmalin, levulose md glyocerol,

Potato: At room temperature growth was scant, being

a light grey colox.
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nham?s Solution: No growth wss observed at room

temperature,

Uschinsky ‘-'# Solution: No growth was observed at
room temparatune,

Litous Mille; The first change cbserved in litmus
milk was an alkalinity begimming ai the surfage of
the milk, vhich waes followed by ropiness, These

changes were svident after 24 hours at room tomperas
ture. Growth coeurred at 5.59C. {42°F,) but net at
57.8%, (99.5°P,). Aftsr one week at room tempera-
ture the tube of milk was a bluish-Black color wdth
the bottom being redused to a whitish solor, AfLer
several weeks at room temperature the tube of milk
showed & bluish watery digestion st the surface.

Curd was not formed at any stage,

Plain Milk: Easentially the asame changes ogewrred in
plain milk as in litems milk,

BLOCHEMIGAL CHARACTERISTICS

gag Produstion: No gas formstion was observed in
milk or boulllions, |

Indol Production: No indol produstion was detected,
Agetyl-Nethyl-Carbinol: No scetyl-methyl-carbinol was
detected,

Reduction of Ritrates to Hitrites: The test showed
no reduction of nitrates to nitrites,
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Reaction Change: In milk and bouillons the resction
was &lkalim.

DESCRIPTIOR OF TYPE D

MORPHOLOGY
Form: The arganism was rod shaped,
Size: Organiams in young milk cultures varled from
1.8 to 3,5 microns in length wiith the average length
being & mlerons. <+he average width wes about 0,77
micron, On young beef Infusion agar slopes the
organiams varied from 1,8 to 3,5 microns with the
average length being about 3 microns, The average
width was sabout 0,75 mieron,
Arrangement: The organisms appeared singly snd In
pairs in preparations from milk snd agar, Occasionally
thread-like chains were observed in preparations from
agar,
Motility: The organisms in hanging drop preparations
made from young bouillon cultures were motile, Stains
indicated that the flsgella were peritrichous,
Staining Reaction: The organism stained readily with
the usunal stalns, It was gram negative,
Spore Formation: Nothing resembling apores was seen

in mieroacople preparations, In trials in which the
erganlsms were heated in mily they were destroyed by
62.89c, (145°F,) fcr three minutesa,
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CULTURAL CHARACTERISTICS
Agar Slops: Beef infusion agar slops cultures showed
an echinulate to filiform, light brown growth, At
room temperatwrs growth was evident after 24 hours,
Agar Stab: Agar stab cultures showed a light brom
surface growth, with filiform to beaded growth along
the line of inoculation, Growth was abundant at room

temperatwe .

Agsr Plate Colony: Swrface coloniss were a watery
greyish-brown coler, They were flat to raised and
slightly smebold. Orowth was evident in about twe

days and the mature colonies were from very small teo

4 mn, In diamster, Subsurface solonies were very small
and just visible magroscopieslly,

Gelatine Stab: Growth in gelatine was evident in 48
hours at room tempsratwre, After seven days the lique-

faction observed was stratiform with a slight precipi-

tate,

Growth in boulllons was evident as «

3
k]
4
<
"

turbidity end a flaky white precipitate, A heavy grey-
ish pellicle with a tendeney to oling to the wall of
the tube was observed, A whitishepink precipitate was
cbserved at the bottom of the tube, Growth cgowrred
in plain boulllon and boulllons containing raffinose,



=G

galactoss, glusose, meltose, sucreose, mannitol,
lagtose, salicin, inulin, levulese and glycerol,
Potata: At room temperature the growth was abundant,
being yelilowlsh-brown and moid,

Dmhaa'é Sclution: Growth was cbserved st room

temperature as a twrbidity,
Usshinslkyts Solution: No growth wes observed st room

temperature,
Iitomas Milk: The first change in litzms milk was ree
duction of the litmms which was evident in sbout 18

to 18 hours at room temperatwe. Proteolysis beginning
et the surfece of the milk was evident in slout three
days. Proteolysis continued wniil all the milk had
been digested to a reddish-brown eolor with a diss-
greesble odor, Growth cscured et 5.5%. {42°F.) but
not at 37.590. (99,5%.).

Plain Milk: Aside from the litmus redustion essen~
tially the same shanges oscurred in plain milk as in
11tmus milk,

BIOQCHEMIOAL GHARACTERISTICS

Gaa Predustion: Yo gas formation was observed in milk
or bouillens,

Indol Production: ¥o indol production was detected,
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The desoriptiona of the organisms do not agree with
any of the deseriptions given in Bergey's Nanual of Determiw
native Bacteriology. The study mads indicates that type A
and type D belong to the genus Achromobacter, while type B
and type C may pessibly belong to the genus Pseudomonas,

Begause of the small numbers of eultures atudied it was
felt that a definite idea of ths variations that oscur with
these different types was not obtained., Therefore, it
ssemed advisable to postpone the naming of these types until
the desoriptions mre published, The organisms belong to a
general typs of rod forms that digest milk; undoubtedly msny
species belong to this general type and a sstisfactory acheme
for their clasaifieation has not yet been worked out,

Gharanbera_at the etmsatiw org aaﬁ.m that are important
m the standpolnt C . ster industry

The outstanding characters of the organisms from the
standpoint of their importance in the butter industry is
their ability teo produses swrface taint, When any one of the
arganisms was inoculated into pastewrized oream, and the eream
shurned, the resulting butier developed swface taint in from
one to three days at 16.8°C. (60°F.) and from seven to ten
days at 5.5, (42%¢.). Each of the orgsnisms when inosulated
into sterile m!.lk and allowed to remain at room tempasrature
for & week or twm days produced & very a&ugreaabio odor not
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unlike that of surface talnt utter, This suggests the use-
fulness of the type of change produsced in milk in sttempting
to culture causative orgenisms from surface tailnt butter,
Tests were made on the two predominating types, namely
type A and type B, to determine the effect of salt in retarde
ing their growth in butter, Yarying amowunts of salt were
added at the time of working the butter, and the butter stored
at 15,89C, {80°F,) or 5.5°C. (42°F,). The results indicated
thet in butter sontaining 1.5 per cent of salt and 13.2 per
cent meoistwre surface taint would not develop, Compsrable
samples of butter, msalted or contalning 0,75 per sent of
salt, stored under the same conditions developed the taint,
The mold tolerance of type A and type B was determined
in low selted and unsalted butter by the addition of 10 per
cent of butter sulture te the incsulated er¢am just befere
ghurning, The resulting butter, when stored unnder the condie
tions already described, kept remarkedly well and at no time
showed any indication of swrface taint, while samples not son~-
taining butter oultwre readlly developed the condition., Type
A was alsc tested for acid toleranes bLry the addition of lactle
seid te milk, PFirty cublie gentimeter portions of sterile milk
in flasks were scidified to Alfferent degrees by the addition
of sterile lactic aold snd inoculated with a 48 howr old
culturs of the organism, After five days ineubation at room
temperature cultures were msde on beef Infusion agar slopes.
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DISCUSSION OF RESULTS

The sbllity te reproduce surfase taint down through
s series of churnings by inoculating the defective butter
into pasteuriged eream, and the iscolation of organisms from
a nmumber of samples ¢f somnercilal surfase taint bubtter indie
eate that orcanisms are pesponsible, While organisms capable
of produsing swrface taint were not found in all samples of
surface taint butter examined, 1t appeared that the presensce
of large numbers of orgeniams that were apparently unimport-
ant complicated the whole problem, The ratic of the differ~
ent types of organiasms present in the defective bulter at
the time of its manufacture would naturally be altered through
growth, Sinece many types of organisms do not ring about
objeationable flavors or odors, thelr development could eagily
result in other ‘typss, e.g. those ospable of eawsing surface
taint, being very imconspicuous ss far as nwmbers are ton-
cerned and still be the important types from the standpoint
of gausing defects,

The reason the prosedurs of Inosulating the pasteurized
greanm to be churned proved susgessful in the produstion of
surface taint, while direct inoculation into normal butter
did not, san be explained on thw baals of the diastribution
and intimate relationship of the bhacterla to the constituents
of the butter, The pressnas of ths bacteria in ths ¢rsam
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during the process of shwning affords a thoreugh diastribus
tion that would not be scoomplished by merely working the
organisms into the butter, Also, ths molaturs and alr ine
corporated inte the butter during the working may nake condi-
tiona more ldeal for basterial development,

The extremely high total bacterial sounts generally
found in commercial surfate taint butter show that conditionas
for growth must have been satisfactory. The growth condie
tions involve tamperature, salt, asidity, reatraining sotion
of other types of organisms, eic, When the growth conditions
sro favorabla and organisms oapable of produsing aurfsos
taint are present, the dafect may develop rapidly, Thia re~
laticnship holds for the development of any bastericlagical

defsct, While the fleora of butter is an important considera-

tion the factara influsnaing the growth of organisms are alse
of aignificangs, Among these, temperatwre must be given apo-
¢ial oonaideration as flavor and arcma defects appear in cer=
tain lots of butter because of the very unsatisfactory hold-
ing temperatures. The lmportanse of the different factors
affecting growth varies under 4ifferent agircumstances, For
instancs, temperature may be very important when butter s
mnsalted or semtalns & low aalt content, while on the other
hand 1f the salt content is high the tempersture zmuy be of
iess importance, The factors influencing growth ¢annot be
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portance than their emomnts, Fat and casein me the cone
stituents of butter whose decompesition would be expsoted

to result in cbjentionsble conditions, Both sre present in
smounts sufficient to mipport extensive development of microe
organisms and the produsts formed by such setlicn sare often
undesirable from the standpoint of flavor and odop, at least
as far as bubter 1z concernsd. The {laver and odor of aurw-
face talnt butter are suggestive of protein decomposition
and are presumably due te ihe breaking dowm of casein o
some caseln derivative, It would bes sxpected that if ocer=
tain types of organisws develop in butter the sonapicuous
change produced would invelve the produsts of protein de~
aompositlion, while wlth others, produsts formed by the bresk-
ing down of the fat would be more prominent, The evidenos
of proteolysis in surfage taint buiter, as determined by

the soluble and amino nitrogen, is significant from the
standpeint of the neture of the defest,
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1y sanitsry conditions, Generally, the grestest contributor
of undesivable orgenisms to butter made from properly pase
teurized oresam is the churn. Every precanticn should be taken
to keep the churn, as well as other qquipment with which the
butter comes in eontast, properly cleaned and sterilizead,

Various investigators have painted out the danger of
polluted water as a sourge of surfase taint in butter, Only
water of known mierobielegia purity should be allowed to come
in conteast with butter, Alsc, squipment may become contami-
nated from polluted water and serve aa a secondary souree of
infeotion,

The percentsge of salt in butter is important in the
control of surface taint, The whole problem of sanitstion in
buttermaking requires a great deal of attention, especially
in the manufsctwre of wmaalted snd low salt butter since salt
is Imown to influence the growth of many types of bactarias,
During recent yemrs there has developed a demsmd for mildly
salted tter and this cen only be suscessfully met Ly carew

 ful mamfacturing proosdures. Mothods that were satisfastory

in preventing deterioration in what is nowadays sonsidered
highly salted butter msy prove very wmsatisfasctory in low
salt butter becsuse of the more favorable condition for base
terial development, .

.m? wlue of butter sulture in the control of surface
~taint should be recognised. ¥hen sweh a cultwrs is employed,



-

sither with or a».ngn. sctual ripening of the oream, the
nusbera of btutter culture organisms in the butter made from
1t will greatly outnumber the numbers from other undesir-
able typea that may be present as a result of contamination,
ao of the butter sulture
organisms, their growth in butter, espeeially wmsalted end
low salt eontent butter, may have a restralning sction onm
other types and, in some instances, may sctually cause thair
destrustion by bringing sbout wnsuitable conditions through
the dsvelopment of acid,

Temperatwre is & big factor in the sontrol of basterial
growth in butter as well as other materisls and highly cone
taminated butter may keep well at low temperatures, BHowever,
1t iz to be expsobted that butter in trensit to market, in
retsil chamnsels, in the home, atc, will be subjectsd to se-
vers canditions end thia emphasises the importsnce of prevent-
ing the entrance of undesirable types of organisms, The ob-
jeat should be to manufacture butter as free as possidble from
organisms and then hold it under careful conditions, The
nugbers of organiams that get into butter should be so small
that if the butter 13 subjeoted to unfavorsble temperatures
for a while there will not be ths danger of serious bacterial
deterioration,

Becauss of the great
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ing it, The resulting butter developed a pronounced awrfacs
taint in e to three days when stored st 15.8%., (60%.)
and in seven to ten days at 5.5%,. (42%.).

10, Surface taint emld be reproduwwed dowm through &
geries of chwrnings,

11, often samples of high grede, low salt eontent,
butter developed swface taint vhen held at room temperature
for seven daya, , |

12, Microscopic exasminations of surfase taint butter
showed many more organisms than were revealed by the plate
count,

13, In general, the organisms that were proﬁ;naut on
plates poured with besf infusion agar falled to produce sure
fecs taint.

14, Organisms present in small numbers in surfsse taint
butter were sesursd that would produss the condition when
inocoulated into eream and the ¢rsam churned, but not when
inoculated into normal butter,

15, Ssventeen oultures of organisms, cepable of produgsw
ing swface taint in butter whem incounlated inte pssteurized
erean and the cream churned, were isolated from seventeen
samples of defective butter., The eaxperimental butter ds-
veloped surfaee taint in one to three days when stored at
15,6%, (60%F.) and in seven to ten days at 5.5°C. (42°.).
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