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'Introduotion;k

” Y

’ A problem of great 1mportance to the Dairy Industry
is the control of a flavour defect in butter, commonly known to
e kthe trade as,Surface Taint, This,partlcular type of deterior- |

etion has been,reGOgnizedkln Canadaisinee,it was first
‘deSofibed'by Marker(Zl)fin 1919. It’firsf‘demonsfrated
; 1tself on the Vancouver Merket in a consignment of First Grade
pasteurized butter shipped from a reputable Alberts Creamery.

: ; Although the defeot under thls name was flrst
described in 1919 there is no doubt but that a condition
5 identioal w1theor,81milar to eprfaceetalnt had been previously
observedkand desoribed under other names. As far back aS'1899,
~butter having a peoullar foetld odour" was described by
;’~Gilruth(17) of New Zealand - Eekles (12) in 1900 publlshed a.
”ireportfonvbutter produoediln Towa pfssessing "a;disagreeable

taste With~d,pu£rid smell", In 1910, Orla-Jemsen recorded the
~Joccurreneefin Denmark of a‘butter With g, peculiar putrid
'-éaour"- The term Trabbiton used to define a defeot reported
in Australla is prob gbly synonymous with the term surface
tailnt as employed in Canada. Obher terms have been used to
Ndesoribe the defects and 1nelude "eheeSy"; “1lmburger" and
"eurfece flevour" The various appelations that have been
employed to deseribe the defeet would appear to depend on the
"stagewofklts development in;butter; ‘The odour and flavour
are'eharaoteriStioally of;a~pﬁtrefaotive'nature, although
‘,eranoidify quite-often develops sﬁbSequent to the apoearance;%k
dof,the,defect. The,term Tsweaty fegth most nearly'deflnes M

the~odoﬁr70f surface taint.
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Since the defect was flrst recognized in Canada

the frequent reports of 1ts occurrence partlcularly in butter

':,mannfaotured in +the Pralrle Provinces ‘has made the iaentifiea—

’ tion of the eausatlve agents and control of the defect an
urgent problem. kWork on surface taint has been deligently
purSued by membérs‘df tbe DiviSibn of Dairy Reseafch of the
Dominign'bepartmenf of Agriculture in co-operation with
wofkeré frqm the Provincial”Universitiésfand Départments of
’Agriéulture. ’ S
g | As a large 1mporter of butter from the Pralrie
’ Provinces Brltish Columbla has been much concerned with the
: questlon of the control of the defect. ,The oceurrence of
ksurface taint in buttgr manufaotured in British Columbia was
,'firStrreported in 1938;kand hasfserﬁed to stimulate work 6n
thejproblem of the cauée and'contrg} of ﬁhe;defect within

the Province.



PART I = The Bacteriologv of Surface Taint.
m
' Historical ‘ PR

Throughout the‘literature on the putrefactiveodeteriorm

\ oation of butter it is generally recognized that bacteria play

‘an important role in the development of the defects ‘

; In 1899, Gilruuh of. New Zealand (17) described the de=
k:velopment in_butter of a‘peculiar foetid odour when held at 65"
i'Fo for‘SG hours. He attributedfthe defect to the presence of
»ﬁaferlbacterieg particularly Baclllus fluorescens liQuefaoiene;l

| Eckles (12), in 1900, studied an outbresk ‘of putrid butter

in Towae Several specles of organismsg capable of’produoing a

"!puurid condition ‘in butter when inoculated into cream prior to

ehurning, were isolatedo One of the ‘species is_desoribed as
Bacte fluorescens 1iquefaoiense i o
OrlanJensen (28), in 1919, observed butter: possessing a e
\ peculiar foetid odour that ruined it for table use a' Baoteria
ewere shown o be responsible for this defect. ; | “

' - In work done by Sadler and Vollum (31) mention is madek
that ln 1919, C. P, Marker, Dairy Commissioner for the Province
'ﬁof Alberta, had found deterioration of butter during storage.

oThey state that- "When boxes of the butter were opened, flavour
"and odour of a most undesirable nature Were evinoed, the flavour
| 7being defined perhaps most closely as "putrid“ - The butter was
kturned out of the boxes, and portions of the outside layer of
'1the respective blocks of butter were removedo Neither flavour :
',nor odour could be detected when the newly cub surfaces were
jeexaminedoy In due course, however, the putrid flavour and une

desifable odour,developed in the butter which had been newly



kexposed"
’ Sadler and Vollum isolated a number of microorganisms
frdm;butter showing~this deterioration, and from water andﬁcream
at varieus.stages in the manufécture of butter at the creamery ;
‘ tfoubled:with'this;prOblem. | | | | |
,‘Aﬂhumberjof thelir culﬁures Were‘claSSified as Varieﬁies
'ofethe speeiesQ‘ngcoli,,B; nébpolitanﬁs, B;‘eengenes,eand B;,Z"
»feeemmunief,randfother cultures@kwﬂich,they.did not attempt tok

,identify Were'descfibed‘as Gram negative;,metile rods, digesting'

' U*milk,produeing a putrid cdour, and failing to liquefy gelatin°

; :”hree spore~forming strains studied ceased to exhibit the
eeebility they possessed'offproducing gas from glucose, after
’k having been held in artif101al media for some time. Two of theéef
. cultures were erratic in their Gram staining characteristicso

A neutral c]ot, digestion, ahd development of a putrid

: edour were eharacteristic of these three culturesg Theyywere
"iEOlated~from deﬁeriOreted Buﬁter;*cream~and watér supplies.
Spitzer and Parfitt (34), in & study of the ‘action of
"proteolytic erganisms in butter, found that oream inoculated
‘with Be iehthyesmius produced an off flavour and oduur when 4
ripened; UnSalted~butter made from cream ineculated‘With~Béy
ichthyosmius produced an unclean, stale, cheesy odour and flave
f\ 0ur afteralBO,daysxetorageo ‘When the butter was salted a stale, e-
talleWy and bitter’flaﬁdur developed. Cheesiness failed to de-
i #eiepfin'the‘cese of'salted butter., These werkers.alse reportm
ed the presence of undesirable odours and flavours in butter
‘ made from cream inoeulated with B. proteus vulgariSe

It was feund that of ‘the various types studied, the
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proteolytickgroup of'organismsfwere inhibbted least by an in=
ereased percentage of salt in the butters - | |

~ Smutt (33), in 1929, while examining water supplies of
kcreameries produeing surfsoe flavour, found large numbers of
‘putmfactive bacteria, chief of which was Pseudomonas fluorescense
When this microorganism was inoculated into sterile butter and ‘
’eincubated at 25 ¢. for 28 days, surfaee flavour developede
v’ Herreid, Macy and Gombs (21) reported that a mixed culo’”‘
ture which produced cheesiness in butter was found to contain VF
ldistinet species of Achromobaoter, Proteus, Streptooocus, and
Escherichia, and some resembling Salmonellas |

Hammer ‘and Yale (18) in work on the influence of members

uof the Escherichia o an Aerobacter group of microorganisms on

"Nflavour development in butter, found that butter made from cream

~inoculeted with either Aerobacter oxytocum or Aerobacter cloaeae
'developed off flavours when kept at either 7° or 18 Co  No off .
‘ flavours were encountered in the case of Escheriohia eoli. The

sldefect oceurred in both sal%ed and unsalted butter~, The char=

" acter of these off flavours and odours was unelean, resembling

somewhat the condition produced in milk by these - organismso
Brown (2) in 1928, studied the spasmodic occurrence of a

E defect in New South Wales butter,‘ The deseription of the de«(

" feot agrees closely with that of surface taint., Bacterial

‘faetion was shown to be at least partly responsible for the de=
f.velopment of the defecte“ | : :

| " Hood end White (22), in 1928, in their investigation of
ilsurface taint butter reported that a. large number of liquefyu

,ning bacteria Which deeompose the curd of butter Were found in



iﬁaiﬁted butter. Suffaoe tainpfwasIprodoced,eXperimentallykby 
kiﬁooulation of,oreamkwithkorgahiems'isolated?ffom'creamery’Water
- supplieso . |
; Derby end Hammer (10), in 1931, isolated from surface
;gtaint butter an organism which was. capable of producing ths dem
“fect experimentallyo This organism was tentatively designated
,"és~thromobacter putrefacienso The fifth'edition of Bergey”s |
Manual of Determinative Bacteriology (1957) does not admit ther
,organism to this Genus, but includes it in an appendix under a:k'
~heterogeneousvgroup,of organisms, Which? aooording tokBergey,
k"probéhly shouldtbeiplaoedfingéome~oﬁé of'theygenera includedﬁin"
‘the familyePseudOmonadéceae;' Long and Hemmer (27) have recente
;3ly designated this organism as Pseudomonas putrefaciens. %

Organisms other than Achromobacter puvrefaoiens, Which

}on inoculation-into cream produced ‘surface taint in the butter '

'”*jrmade therefrom, were also isolated by Derby and Hammer. o

~;iolassifioation of these organisms was glvén, Attemﬂ:s‘were‘made
’;to~produce Surface'taint with\EB,;fluorescensé An oojeotionable
ooondition which ‘may have resembled surface taint. appeared for two
or three days but rancidity soon developedo These workers weroi\
:  not able,to produoe»the~defect by inoculating salted 05 unsalted‘
°,Ibutter of high quality with surface taint buttere' | ;
Hussong, Long and Hammer (23), in 1937, reported that an
~organism identified as Pso fragi is occasionally responsible for ‘

:‘cheesiness in unsalted butterm‘

;:% Throughout the historical sections, the original genus name is

employed to- conform with the name . in the various publioations.



T, Campbell (3), in 1939, isolated a number of organisms
: from’surfaee taint butter, cream and Water supplies of creamerw
k(ies encountering difficulties with surface taint. He Was\able
'i-to reproduce the defect experimentally with a number of these
lbaoteria, especially With two organisms later classified by e 5N
Campbell, as & strain of Proteus ichthyosmius, and a species of
. Pseudomonas respectivelyo Other species 1solated were classi-
fied as Aerobacter aerogenes, and gpecles of Achromobactere
o Cullity and Griffin (8), in 1938, cited the early work -
~%of‘LoftuSéHills,~Scharpgand Searle, of Australia,~in which
1~£abbitc in butter was produced by organisms. isolated from fact=
‘tory water supplies, churns, and raw and pasteurized creame Out«
'ibreaks of rabbito investigated by Gullity and Griffin Were traced
Jto factory water supplies from which they isolated many types of
'“proteolyuic microorganismse An organism.closely resembling
kAchromobacter putrefaciens was cbtained from tmmwater supplieSQF
| _ In 1939, Wolochow and Thornton (39), postulated that
% surface taint in butter is the result, not of bacterial growth
in or on the butter,kbut cf the presence in the cream at the

Ttime of manufacture "of a product of bacterial grcwth, which is

~ the precursor of the odoriferous substance recognized as sure

face taint“ They presumed thet 2 chemical change took placel

~in butter on storage, but stated that the factors influencing f
‘gpthis change are unknowno | | | '

k” Wolochcw~was~forced to adopt. thisspostulatefbecause he
"fwas unable to accept the. hypothesis thet surface taint arises from
: the growth of bacteria in or on the butter, for the reason that

growth of the causative organism,isuinhibited by a concentration,



ef 4% salt.: He - argues that those moisture droplets. containing
‘fhigher salt concentrations would not support bacterial grcwth,f
:whilst those of 1ower concentraticn would permit ‘development of‘
'f;the organisms with consequent patchy occurrence cf the surface
Ltaint defect, which, however, is alwaye uniformly distribnted
ithroughout a box or churning of buttbers Lhe fact that diffl—

;,culty was exnerienced in producing the defect by direct inoculwk

 atlon of the butter lent support to his theeis°

In studies on the inflLence of Working oh commercial
!churnings, Wolcchow and Thornton (39) found that ‘the defect Wae
confined tc unworked samples and . offered as an explanaticn of
,this finding that surface taint in the unworked butters was pro» '
'f,duced by bacterial growth in the unincorporated moisture of these
?butters, and that the finished butters were protected from such
k,growth because of the fine moisture dlspersion obtained as a re-
K!sult of Working. The basis for this reasoning depends not only
t‘upon the salt ccncentration of the dispersed Water droplets ine
‘hibiting growth, but as Well_on,the size,cf_the droplets fail-
‘, ’ing:to permitkbacteriai muitiplicaticn;'kFurthef;;they were
Led to conclude‘thatcthe agent responsible for surfecevtaiqt was
“widespread. | | | e
‘Ina later study, Wolochcw and Thornton (40) repcrted
; identical flndings, but placed dlfferent interpretation on the 

[eresults. Failure to isolate Achremobacter putrefaciens, the
kkcausative agent, from many of the allegcd surface taint butteﬂ
: ,samples, led them to questicn the authenticity of their findmfk,
"ings.k They state that "Putrefactive bacteria of many types i

probably grow in the free moisture of the unworked butters v
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: and‘that;"theoOdours‘arising’from~these butterskcould easily*k
'kbe mistaken for the S. T odour", and that "the results had
4questionable bearing on the surface taint problem

/-,While Derby and Hammer (10) reported that several,types,
‘of'nicroorganisms were capable of experimentally producing sur=

4face taint, ‘their Work indicates that the principle microorgan-

N,

k :isms responsible for the defect is Achromobacter putrefacienso

They showed clearly that special procedures are- required for
isolation of this species and suggested that failure to isolate ;
kaAchromobacter putrefaciens from surface taint butter Was in a B
large measure due to difficulties associated with the technique of ;
:isolation, The procedure recommended by Derby and Hammer is en=

richment in~1itmnsfmilk, holding at‘5 C. until reduction occurred,
followed by plating on beef~infusion agares ks |

'_ Claydon and Hammer (6) suggett other procedures for the
isolation. of Achromobacter putrefaciense Pasteurized cream is
iinoculated with the original defective ‘butter and incubated
overnight atthth It is then churned,~ and the resulting un=
ksalted'butter is divided and held at 21" C. and 5 C,until the de=
fect is reproduceds When the butter haS‘become'putrid,~it ig
~plated and the colonies picked into litmus milk. ~Another isola =
ation method suggested by these workers is a modification of the
,Burri Smear Culture Technique,i Instead of Agar slants, plates
‘sof beef infnsion agar plus skim milk fat emulsion are poured and
~allowed to solidifyo‘ The plates are. marked into six sectors,
and each sector smeared with a tiny portion of: buttero These
. plates are incubated at room temperatures for five dayss .Colé‘ -

.fonies are thus easily recognized and picked°
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In 1941, Long and Hammer (27) evolved a medium more spen

e vciflc for the isolatien of Pseudomonas putrefacienso This med=

olam is a special Ferric ammonium citrate gelatin agar. On this

EAmedium Ps. putrefaciens appears as & brown tc brownish red or

~ pink'colony,{ Theyfemployed thecdirect sinear technique ae Well

" as envichment in litmus milk prior to plating. Using this pro-
‘pfcedure,'Long\and,Hamﬁer'showed'that Ps. putrefeciens is widely
l»dietfibuted, nocfonly in'dairy-products (miik,‘cream; and butter)"
»but as well in water, soll and creamery equipmeht. i -

In 1940, Wolochow and Thornton (40) described an inter»

esting test for the detection of Achrcmobacter putrefaciens When .
‘grown in sterile skimfmilk@ " This organism was found to produce
,ia characteristic odour with properties which have ‘not been dup=
k_licated by any other organism studied by them. The odour is des=

ecribed as that of Msweaty feet" and has been shown to possess the
~~kproperty of becoming‘intensiflediwhen~the;milk culture is spread -
,  befween the fihgers andnallowed to dry. Raw milk inoculated |
‘witceAcha putrefacieneefails to;yieldfthe”Characterist;c sWeety ‘

feet'odour;' | '
: ExperimentaI‘

The work reported upon in Part I of this thesis’ describes
" in detail, the cultural characteristics of the microorganismsk
‘iemployed throughout the study, and includes a descriptlon of a
csuggested procedure for thelr detection and isolatlon. |

' Four of the cu]tures were origlnally isclated by Campbell
1(3) in studles on surface taint in butterp and were "later class~
;ified by the suthor (5) as species of Pseudomonas, Achromcbacter,
‘fProteus, and Aerobacter. Three microorganisms were isolated

,.during the course of this study and tentatively classified
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‘withinfthe~Genus:Pseudoﬁcheeo Two cultﬁres, Pseuacmcnas p’u.tfe“m
cle ens. and Proteus ichthyosmias, originally lsolated by

‘~Hammer were obbained through the courtesy cf Prefesaor Hammer.‘

A detalled description of the culturalkand biochemical charectere

*ieticscef these'microorgahisme iSagiven'below: ==

Pseudomonas Putrefacienso

Morpholcgz

-Rods ;- 0555 X 2ok u, singly, in pairs, and short ohain5°‘
c'Gram negative' Motile by means of a polar flagellum, (confirmed -
:efby suthor). | | | |
vCultural Characteristics

Besf Infusion Agar e== (ONVEER, glietening, smocthg tranen’
S | lucent, colorless to grayish colony\
becoming brown to reddish brown on
agingo ) -
Special-Geiatin Agar - Colcny characterisfice‘similar with‘
T | eiception oficoleurze.ﬁreﬁn'to red=
dish brOWﬁ'or pink' putfidjodcuf;
'Gelatin Stab ~~%~?é~~- Grateriform liquéfactiono
‘Beef Extract Broth =-= Turbidity, ‘sediment, and thin pell=
= . feles et |
‘Lifmns Miik ;;acngune-ﬂRapidly reduced;’usually 648 hours;
o V by active culturee; proteoiysie;

Biechemicai Charactéristic3¢

fIhdclewn4e4~=m»mese~n-:th prcduced‘
 Nitrates memmmemimenme Reduced to nitfites'
eﬁgs,~-4~—ee;;—;-;;——;; Positive

"M; Re\”“““““94”~-f;“” Negative
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’;V’APsf; ~~~~~~ 4-———nf§—~Néga£ive
: Nﬂs";---a;”an;g;;-;-;e Positive
| Fermehting:fower\éé»»—,SOme~strainé produceinodchahgekih
k ’ any of the ﬁarious boiullons, while

Hdthérs‘prdduce acid but no gas from

. maltose, sucrose, arabindse, dextrose;
, galactose, lactose, end levuloses
;gLipolysisk-u---uad;;~a Negative ;) |

Phosphotase uquuao-uau‘Rapidly produced in milk (not con=
: e firmed)

Growth Conditions

Facultative' grows at 3 -‘SOQG.; grows in 4% NaCl;tsome

strains in 6 = 8% NaCls,

PrOueus ichthyosmius (Hammer)

‘ Morphologz
Rods, O 6 to 0.8 u X l O to 2 1 u; singly, Gram negative°
:‘motile by mean of peritrichous flagella. (Confirmed by author)

1Cu1tural Gharacteristics._

.Agar = s s o em s e Small, White colonies, darkening w1th ageo;‘
Broth i Turbid with gray Sediment. | i
Gelatin Stabe Liquefaction.;”
Litmus Milk = Acid~(reducedo Culturés have fishy odour.

. Biochemical Gharacteristics.M

Indole Y e Produced (Confirmed by author)
Nitrates 2 05 b e Reduced to nitrites@‘
M. R. s o 5 i Positive |

V; P.df—w—»u? Negativeo ‘
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Fenmenting Ability - Produces “acid and gas from dextrose,
~levulosse, galactose9 maltose, sucrose,
glycerol, selicin, and mannitola

'Growth Gonditions

Facultative 0pto temperaﬁureoSO“Caf

~ Proteus_ ichthvosmrus (Gampbell)

\1Morphologx R SET

| , Rods, 98 x 16 u,,square ends; singly and in pair3° Gram
_ : negative, Motile by means of pcritrichous flagellao
cfcultural Characteristics ' ‘

Standard Agar (Tryptone Glucose Extract Agar)

- %

I

Prcteolytic, small white, circular colonn
, | 'ieSo |
Davis Broth/sawc81imy pelliéle; dénSevgrowch with slimy
‘” kscdimento k
Gelatin Stab =~ Complete 1iquifaction.z; g*
 Li£mu$ Milk,-mkairm, acid clot; reduction in 2 days with
o maried proteolysiso

cBiochemical Characteristics

:Indole é—eéw-—w Not produced

wNitrates~«-~%—f Reduced to nitrites.
HoS éf—~;¥f~--~ Positive

k'Nﬂsia-eég-—ééaa Positive
M.R;[an-»~a~»¥~ Négat1Ve
V.Po??*;—"é‘wh” Positlve

_cFermenting Poweﬂ - Acid and gas 1n sorbite, mannite,

glucose,_sucrosc, and salicin; gas
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but only slight acld in glucose and

f maltoseo
,LipolySis’n-é—--w‘PoSitive-
Phesphotaée et Negative;

Growth Gonditions

Facultative, grows at 23 - 47°C; opt,e30°dgfgrows in 6%
NaCle . - -

Aerobacter aerogenes

Morphology

Rods, o8 X o7 13 square*ends; singiy and in pairs; Gram
negative; Motile by means of ome or two polar flagella.

k‘Cultural Gharacteristics

‘ Standard Agar et Proteolytic;,smooth, white coloniess

Davis Broth —mmmmn—e GOS8 Droduced' dense growth heavy
| , ”, o sedimento,'  |
| Gelatin'stab sanides No liquefaction e
B thmus Milk ====----="Reduced, hard,gassy'clot; surface
| ' proteolysise | |

Biochemical Characteristics.

- Indole ~~§4—~~~~~-é» Not produced

iNitrates o o o i Reduced to nitrites
.H28a~e=F~~—¢w~~=é-~- Positive
k'NHg'm—-#—é—;?m—-—f-m Positive

My Ro =eenmecse--e=a= Negative

V. P.7-6—~——-~#—##~é Positive .

‘Fermenting Ability - Produces acid and . gas from sorblte,

mannite, glucose, sucrose and 1actoseo
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Lipolysis mf—-;-;;;m Negatives

‘iﬁGrowth ConditionSe«' , -
Facultative, ‘grows from 23°C. = B7 C., grows in 6% NaCl.

Achromobactero(Species name not given - unlike any specles
R described in Bergey (1) )

“iMorﬁhologz - B |
; Rods, .8 x .9 u; rounded ends; ,singly and in pairs, Gram‘
ii negative, motile by means of a single polar flagellum.
'Oultural Characteristics | |

B Standard Agar - Proteolytic, yellowish colonies.

_Daviszroth et om Dense growth' gummy sediment
Gelatin~stab S Complete liquifaction
Litmus Milk ------ Proteolysis

'Biochemical Characteristics

(’

Indole -~f—-~ééé ————— =< Not Produced ,
Nitrates —--—~;—e—-5--4 Reduced to nitritesk;'
HQS ------------------- Positlve

NHS =~--—--—~—»-—am-~m='?ositive
M. R.,~-~—~5---~--—«4~e Negative
'x v.iP.'--—;f?~-;—~-+--;» Negative L
rFermentinngbility ;-4— Produces acid in glucosenw
Lipolysis éé-n-?e~§-9-§ Positive |
Growth Conditions.,- | | ’

~ Falcultatlve; opt temperature 23 3 grOWS'in 4%eNaGln

'_Pseudomonas(Species name not given - unlike any species
' described in Bergey) , e

: Morphology e

Rods' .6 X .8 w3 singly, and in pairs, and . short chains,
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Gram negatlve, Motile by means of a single polar flagellume

.Cultural Characteristics . jf e : ‘ ‘ S

‘vStandard Agar‘ ----- Proteolytio, smooth flat colonies Wlth

a greenlsh fluorescence. .

DaVis‘Broth —————— Dense growth' gummy sediment fluor=
B | k‘k escence at 5= 30°C. | N

Gelatin Stab =-==== Complete Liquefaction

'LitmuskMilkku-s——;4 Alkaline, reduced' complete proteolysis~
' o fluorescence. R

Biochemical Characteristics

~ Indole cecmmcmmmenn Not producedt
Nitrates’mn—eéér——ne Not reduced
G H28 ""“""""‘«‘k"/""‘,‘-“",‘k“""‘"','""" Negative |
. NHg =m-=----=------= Pogitive
o LR, «—;-4#-fe;¢ ----- Negatiye
VePy sommmmmm—aa Negetivev’

'Fermentihg Ability =;Produce$~some acidwlniglucosee
| Lipolysis ==-=m-= —-= Positive

 Growth Conditions

TFacultative, grows at 5 - 47 C., opt. temperature 23 C¢,~
kgrows in 67 NaCl. | k

;Cultures B 9 and B 13 == to be classifled as strains of
: \ : ~ Ps. putrefacliens on the basis
~of identification procedure: -
 proposediby Hammer (27). ‘

o“Morphologv |

Rods; gram negativeo

' Trmﬁnc Casein Digest Agar
: (Ferric Arm. citrate and Gelatin added)
© em-e Pink, mucoid, glistening, convex oolonyo

. Litmus Mllk PR Rapidly reduced.,
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Nitrate5~~éf-—-n Reduced to nitrites.
Fermenting Ability - Do not ferment glucose or lactose.

Odour produced in Butter - Surface Taintc

' IsQlation'Technique>f0r Surface Taint producing;Bacterias'

The difficulty w1th which surface taint producing bactw

eria initiate growth -on- laboratory media, has been resnonsible‘t

fsin,large~measure,for the_slow progressoin¢determining the facte

.ors esSential to the develbpmenttof surface taint in buttero

1From time to time. various changes in procedure for the isolation

of: the causative microorganisms have been proposed involving

'alterations in the type of medium~and the method of platingo,

In studies on the nature of the medium required for the

k*growth of surface taint producing organisms, the majority of the

work reported herein was carried out employing Ps. putrefa01ens,

,u‘the most fastidious of the: organisms in S50 far as initiation

~of growth isfconcerneda Repetition of Hammer’s work (25) con-

”, firmed ‘his finding that ‘the modified Burri Smear Culture Teche

i

nique was superior to the dllution method of platinge

In preparing the. special Iron Gelatin Agar described by

‘kHammer, considerable difficulty was encountered in obtaining a
‘satisfactorily clear»medium. It was later found that the source
iof this difficulty was. the peptone employed as- the nitrogen -

: source. As the work progressed, various types of nitrogen
'source were employed, including Peptic Casein DioeSt Broth after'
~~OrlaeJensen (29), and'Tryptic Casein/Digest‘Broth'after~Cole«(7),

. For purposes .of isolation and detection of Ps. putrefaciens, the

,agar containing Tryptic Casein Digest Broth Was found superior

-as a medium;to the original agar described by Hammer, in1whicn



BT
' proteose peptone served asg the gource of nmtrogeno >

S On ﬁﬁis medium initiation of growth of cultures of Ps.
putfefacieas, employing;either the‘directyplatingkor the modi-
fiéd Burrifsmeér'techniques, was much fasﬁer and the_growth was
imarkedly more luxuriante This medium'has'béen amployed through~
iout the greater part of the Work reported upon in thig thesis as
a medlum,for the 1solation;of surface taxnt.prpducing bacteria -
from'butter;'creémery wabter énpplies,,and'other SOoUrces., |

';The]DetéCtionlof Surface Taint'Producing‘Bacteria‘in Milka

The worlk renorted upon by Wolochow and Thornﬁon (40) in
which an interesting test for ﬁhe detection of Ps° putrefaciens
involving the recognition of a charactcristic odour pwo&uced by
'~the culture in pasteurized skim milk, suggested that a study of ’
the odour producing abilities of the various types of micro» |
lorganisms used in this 1nvest1gation and capable of produclng
'surface taint in butter, should be undertaken.

For the purpose of this series of experiments; raw milk
k’ofkhigh quality was obtained. It was divided into four equal
portions. One'pOftion'was dispensed in teSt tubes in 10cco
lquantities, and autoclaved at 245 Fo for 10 minutes, anotherp
; portien tubed in the same manner and autoclaved at this tem=
/perature for 25 minutes; a third portionlwaS'plaoed in sterile?
'test tubes and pasteurized at 145 F. for 50 minutes, and the
‘~remaining portion was tubed 31mllarly and received no heat
'treatmentg These four milks were then inoculated with the
f@llbwiﬁgﬁorganism5°‘~— PS¢ putrefaciens (Hammer), Proto}ichn
~thyosmius (Campbell), Aerobacter aerogenes,kand species of
1Pseudomonas and Achromobacter, and incubated for 9 days at 23’0.

At the end>of th;S'tlme, the tubes were shaken, three or four
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:drops takeh betﬁeen thumbeand'fiﬁger, and‘fubﬁed unﬁil the
kmoisture had evaporated, observing the resulting odour mean=
kwhileo‘ The findings are detailed in Table 1.

Consideration of the results shows that Wlth the me jor=
1ty of the microorganisms, the most undesirable odours occur in
the case of those cultures inoculated 1nto pasteurized milke
Some odours did develop in certain of the raw .and autoclaved
gﬁsamples, but they were much 1ess~intense, PS¢ putrefaciens pro%

‘duced the characteristic "sweaty feet" odour, Prot. iohthyesmius
| (Hmmner) a definite fishy smell, and Prot. ichthyosmius (Campbell)
4.a~combination of the sweaty feet and fishy odoursm The other
erganisms produced less pdwerful'odeurs, sweaty feet ih’the case
of the Pséudomonas ‘specles and fishy and putrid in the case of Q

the Achromobacter speciesc



Pasteurized at

;Rawr

OrganiSm

,  Autoclaved at v
245 Fo for 10 mind

Autoclaved at
245 F. for 25 mln‘

;Sweaﬁy'feeﬁf

143 F. for 30 min.,
;slighﬁlyvaCid l

Psg‘pufrefaciensk:

' Putrid

“Putrid

Fishy!

Fishy!

Slightly Fishy

- =0g=

Prot, ichtyhosmius Slightly Fishy
(Hammer) ‘ o
Prot. ichthyosmius : - == Sweaty feet and Slightly Fishy
(Campbell) O Fishyﬁ - SRR SRR
Aerobaéter aeros = = ;Slightly‘acid, S
' . genes, o
?seudomonas : ——— g Trace -0f fishi== SWeaty feet Suggestion of
: ’ ' ness., ~' : Sweaty feet
kAchromobacter o == =en e “Fishy‘and putrid e
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PART II - Experimental Butters,

- Introduction

The sporadic occurrence of surface taint in the manu=

;“facture of butter commercially has made difficult the exact de—

o fining of the conditions governing its development. Although

. it is generally agreed that the occurrence of surface taint in

high grade butter made from pasteurized cream is due to the
kactivity of microorganisms, the microbiological detericration
fof butter is influenced by other factors entering into the |
manufacturing process‘, The acidity of the cream, the extent
and method of neutralization, the degree of working and inwk
i"corporation of moisture, and‘the concentration of salt are
‘factors which have been shown to be of importance in the pro~,
duction of the defect experimentallyo |

. | Historicale l

Derby and Hammer (10) showed that surface taint
ikwae more readily produced in butter made from cream of low
“ acidity than from.cream of high aciditye A high percentage
‘of salt in butter usually prevented the development of the de=

: fect., They state that "the prominence of surface taint in re=
~cent years is probably due the great changes that have been

'introduced in the methods of the manufacture of butter .i They

k~e,refer specifically to the improvement in the quality of cream |

f‘used for butter manufacturing, and to the public demand for
ibutter-of low salt concentraticn,

| Hood and White (22), in 1928, found that many sampleSs
fof surface taint ‘butter come Within.the same acidity range as

: that of normal butter. In studies on the effect of neutral~
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’ization on ‘the development of “the defect ‘these workers found
E

"that overneutralization or careless methods of neutralizaticn

- were not responsible for its occurrence. lhey concluded from

their work on the inhibitory effect of salt that “the question
e of controlling the undesirable organisms by high salting is im- -
'kkpracticable in view of the fact that the market for western
1butter demands a butter of salt ‘content 1ower than 2 67%" |
Sproule and Hamilton (35), in 1937, in studies on
;surface taint in Ontario butter suggest that possible reasonsv
for the increased incidence of the defect are:; ’
;‘(l) an increase in the percentage of butter made from high qual-
,1ity cream of low aciditya
:l,5(2) the increasing tendency towards the manufacture of butter of
low salt contento' | |
Wolochow and Thorntcn (40) found that the 1imiting
acidity for. the grewth of Ach. putrefaciens in ecresm was apprOXm
’iimately pH 5 6, roughly corresponding to a titratable acidity
Cof @ 0.5&. They also found that Ach. putrefaciens produced Sube
face taint 4in pasteurized cream with a salt content up to 2,57
Campoell (3), in 1959, found that overneutralization
, of the cream appeared to have no effect, either stimulatory or
) inhibitory, on the development of surface taint. A low temperm
.ature of neutralization inhibited the development of the defect.
In later work Campbell (4) reported that the optimum titratable
acidity of cream for _the productien of surface taint in butter
was L1l - ,18% titratable acidity. | W
| - Derby and Hammer (lO) were able to reproduce surface

'taint when experimental butters made from cream inoculated with
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'~the specific organisms were incubated at 15 6° ¢, (60 F ) for
n2 to 4 davs, and at 5°C (41 Fe ) for v to lO dayso Hood and

“White (22) gtate ‘that surface taint begins to appear in butter
‘eight to ten days after manufacture' the degree of development,df
‘the defect depends somewhat on the temperature of previous

‘fstorage, and more rapid development takes place around 40° to

:45 Fo Wolochow and Thornton (39) reported the development of
:surfaoe taint in butter. stored as lew ag = 5°C, |

| Derby and Hammer (10) in making experimentel butter,
:ninfected the butter bv inoculating the specific organism into ‘
pthe eream prior to churning. They were unable to obtain the |
afdefect by inoculating normal buttere Campbell (3) was able to

reproduee‘surface taint experimentally by'smearing cultures of

organisms responsible for the defect on the surface of normal

butter' ®

’ Sadler and Vollum (31) in ‘their studies on deterior—
eﬁ-ation of butter, inferred from.their results that in order to
i:securekafhigh grade butter, every effort~should'be made to se-
' “cure initialbcreem,of thekhighest quality; cream‘infwhicn the/’n
’bacterial flora'present hes*had but'little opportunity to~pro-e
iduce aeidity or other flavours. Campbell (4) showed that ‘the
":incidence of surface taint in butter made from cream in Whloh
'fthe growth of a certain organism had occurred prior to pasteur«
fization and subsequent infection with a surface taint pro&ucing
T-organism than in butter made from pasteurized”cream to which this‘”
"associated“ microorganism had not\been added, He found that
:h. neopelitana, Aero cloacae, Aere,aerogenes, and E. coll were .

1particularly effective in bringing about this precondition for
c the development of the defecto h



Long and Hammer (24) in studies on the influence of
‘r working on the dispersion of moisture and its effect on defects
rpin butter showed that bacteria in butter are largely contained
1'in the water droplets, and that their growth is restricted in
“l large measure to these ix@eﬂeﬂdropletsg In underworked butter
 dthe droplets are relatively large,’ In thoroughly worked butter
they are- small and Well separated by fatg A decrease in: size of.
‘the" Water droplets results in a lessened supply of nutrients
available for bacterial growth. These workers were led to con=
clude that "the distribution of moisture in butter is = fector .
-itendirg to influence the growth of bacteria, and changes due to
- bacterial action should take place more slowly in thoroughly |
1worked than in under worked butter , Beeause organisms are more‘
active in underworked than in well worked butter, they suggest
‘adequate working as & means of protecting butter against certain
: defects, including surface taint. |
| | Long and Hammer (26) in further studies on defects in
butter found that reworking of unsalted butter made from pasteurs
ized cream inoculated with various organisms, and held at 10°C.,
7‘usually resulted 1n ‘an increased bacterial growth, and a decrease
- in the time required for the development of defects, k
They also feund that the printing of butter in a tvpe |
of equipment which subjected it to a reworking process tended to
| kaggregate ‘the moisture droplets. The contamination of previous=
;kly.uninfected water droplets and the;prOVision'of a greater food
‘~supply;by eggregationlof~thefmoisturerdroplete Were'sh0wn to be
’important factors in the acceleration of various microbiological~

'changes that take plaee in butter on reworkingg Long and Hammer~
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further found that reworking of butter after several days storm

k age commonly resulted in a more rapid and extensive increase in

the number of bacteria, than . in butter reworked shortly after

‘manufactureo Defescts were also found to develop fester in but- .

- %ter that had. been held longer prior to reworkinga‘ Achromobacter,*“

iputrefaciens was used as one of. the organisms in these studies@

Claydon and Hammer (6) were able to develop surface -

taint experimentally with ACho putrefaciens in one day at 21°C., ff‘

and in seven days or less at 5°C, They found that salg'while

'tending to inhibit this defect was not completely effective un=

”Vless the butter had been thoroughly worked.

Experimentala N

The studies reported upon herein were undertaken with

'the object of determining the conditions governing the develep-

' ment of surface talnt in ‘butter., Consideration Was given to the

o following:factors: |
| 1, Type}of'microorgahisme' |
‘2. Associative bacterial sction.
k3.l ModewOf‘ihfectionA,
,4;, Acidity of cfeamé’
5. Neutralizetion.
R 6o Degfee‘of WOPkiﬁg@
e Sgit percentage.
8. iReWorking.t

'ge'istorage conditions, inoluding temperature and
‘ :aerationo (
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PART IT A Experimental Ghurgin23¢ :

Procedurefand Methods,

For the experimental churnings, Bs'7 pounds of raw

'sweet cream . were standarized to 307 butterfat,pasteurized at

“175 Fg (79 C. ) for ten minutes, cooled immediately and held

‘overnight at 4° Co“ Just,prior to churning, acidity determin-
ations were madeo- T i -

The cream was churned in a Ne. 5 Buttercup stainless:
i jsteel hand churn, sterilized by autoolaving° A churning temm
i o perature of approximately 44 - 46° F\’N:wemployed° A.control
”'sample was taken directly from the churn after the buttermilk

lhad been drained off prior to washing. The butter was then

”washedtwice with sterile wash water, which had been inoeulated,
‘Hwith approximately 00557 of a young Davis (9) Broth culture ofp
'the microorganism understudy‘ Saltﬁwas added at the rate\of
,%;- 0Z s per;ound of buttero Thekbutter was:worked;on,e Small.p
Av"Wooden hand worker sterilized by‘chemical treatﬁente
| ‘Butter samples were taken aseptically in sterile 5"
glass bottles equipped with airmtight aluminum SCrew caps.
| The organisms employed in this mw rt of the work were
prepreeentative cultures.isolated from surface taint. butter,k
cream, or creamery water supplies by Gampbell (5)0‘ They in-

cluded a strain of Proteus ichthyosmius, Aerobacter aerogenes9

a specieskof Pseudomonas, and & speoies of thromobaetera

k Pseﬁdomonas putrefaoiens;fobtained from Professor Hammer‘was
klalSO‘employeda S ‘ |

| The bacteriological examination of the butters was

- -made by the. plate method, using Standard Agar (Tryptone Glucose"
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Extract Agar)e Samples were plated the day of manufacture, and
kafter one week's storageo : 'v ;

The pH of the finished butter serum, obtained by melt-
ling the butter, was determined with a quinhydrone potentiometer¢\
| The butter samples Were graded at suitable intervals
',by Mre Ha A, Mason, Dominion Dairy Produce~ Gradep for the Prove
ince of British Columbia. |

Effeet of Degree of Workinp and Temperature of Storage :

on Development of the Dﬁfecte

Leng and Hammer maintain that the incorporation end
'fdlspersion of. moisture are important laCtOPS influenclng the
‘bacterial deterioration of butter, and have a direect bearing
on the development of defects°; - | | B
‘ In order to determlne the direct influence of this :
factor on the development of surface taint, samples were uheren
v:LOPG taken at the following stages of Working.
- Io Very slightly Workede . ‘ y;T B
II. Worked slightly more. |
'Ipr Slightly underworked.
\‘IvglsSuffieiently worked,
Ve Extremely everworked.e |
'iIn order to study the effect of temperature on. the'
,activ1ty of the mioroorganism in butter worked to varying de=
: grees, duplicate samples of each stage of working were taken. -
One sample was stered under conditions very‘favourable for the
- growth of the microorganism - ?5 Co (75.4 Fo ),'While the other
J.sample was held at approxnmately 5°Ce (41 F ) for one week and

l,then transferred to 25 Co prior to examination,,
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«

The findings are recorded graphically in Figuree 1 to
21 in which the logariuhms of bacterial counts are plotted s~
gainst degrees ‘of workingo | \

‘ “Although ‘the peculiar odour and flavour characters

istic of surface taint ‘was rarely encounteredy other equally
: undesirable odours and flaveurs were consistently obtainede
These were variously described as "Nearly S. 7.1, “putrid",
"dirty“, cheesy "amine", and "synthetic" The word "syntheticﬁ
Was used to describe the particular odour Which suggested the
“smell produced by various combinations of synthetic amines in
'butter, as reported by Campbell (3). | |

There 1s no sharp div1ding line between these closely
’related types of odours, since, like other bacteriel defects,
each undergoee a sequence of changes dependent upon microbiQIOgn
ical activity° One defect may predominate end be replaced by
d\another, or a blending may result in a defect suggestive of more
than one. typee |

~These undesirable defectS‘occurred more frequently in
underworked butter than in well worked butter. When the defect
appeared In all or in the magority of the butters at the various
stages of working, there was usually a decrease in potency of the
odour with an increase in the degree of Worklngo Figse 3,5,6 9,
:  11 12,14,15., | , |
| - Because the incidence of characteristic surfece taint
,is low in this series. of experiments, nothing definite can be;
:said with regard to the influence of temperature of storage on 3

| 1ts development. However, - the,produotion of closely related une



,'desirable odours oceurred more often in the butter samples\
that were stored one week at 4 C,, end then held at 25 CG for
a short perlod of time,- than in those that were kept at 25 Ce
throughout the holding period, Figo 1, 2, 11, 12 13, 14, 150
Undesirable odours were more often encountered in
‘experimental butters 1noculated with cultures of Prot 1chthyos—
mius (Campbell) and Pseudomonas (Campbell) than when cultures
of Aerobacter aerogenes and Aehromobacter (Campbell) were em=
~ployed. Fige 1 = 4, \ |
Figso l = 21 show clearly the influence of the degree
of Working and the temperature of storage on the growth of
‘microorganisms in butter. In the case of the becteriologicel
examlnatlons made on the aay of manufacture,'a'tendency~towards
ne definite decrease in bacterial count as the extent of working
increases is to be seen, Figo 1 - 21° The bacterial counts on-
:the samples held at 5°C. for one Week show that for the lesser
5kdegrees of Working, there has been considerable microbial
;multiplieation in the case of certain of “the experimental ’
k‘churnings; ‘The magority of the samples showed little evidence
’7_of change, Whilst in others the bacterial count was sctually
1ower after one week's storage than on the day of manufactureo
Many of these samples were conspicuously taintede As the éle-==s
‘_gree of working increased the bacterial counts of +the samples
: stored at 5°¢, showed in general a marked decline approx1mating
;the count obtained on the - original "extremely overworked" butter,~
 Figs. 1, 3, 4,60200~ | | |
eWhen the butters were stored at 23 C., 8 marked in-

‘creesefin count is to be seen‘in the case of;practically ell
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samples, Figse'l -9, 10 = 185'20;‘ In the samples submitted +o
"slivht Working“; the relative increase in numbers is higher than
in the samples worked to a greater extent. In most cases, even
when held at 25 C., the extremely overworked" samples showed but |

a slight increase in bacterial count,e

',Associative Action of Microorganisma,. |

In work on’ the influence of the associattve action

"of other organisms on the. subsequent activity of surface taint
dbacteria, the buttermaking procedure was altered to the extent :

‘that the raw sweet cream was inoculated with the "associated"
‘:bacterium, incubated overnight, and neutralized prior to page

{l teurization.yo.0257 inoculum of a young Davis Broth culture of
 the ! associated" organism was employedo Sodium oarbonate or

| fbicarbonate~was used as the neutralizing agente_ The butterVWas

- made after the manney described above, employing the wash water

(o as the channel of infection for the surface taint organism. As.

'dthe work progressed, a further change in technlque was adoptedo
At the fourteenth churning, the amount of salt used was: reduced ,
) ~to one third of the: amount previously employed, This deparbture
"from the previous procedure was adopted as o result of the failm
ure to consistently reproduce the. charaoteristic surface taint
defect, and in the light of results reported by other workers
e(lo), (22), (85) .«

Diseussiono

In churnings 5 - 20, the influenoe of the growth of
‘eassociated microorganisms With the resultant changes in the "
'~facidity of the cream. and the neutralization problem thus created
r,along with other pettinent factors to which reference has already

*been made, have been studied.
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Although the characteristic surface taint defect was
j';not encountered in the experimental churnings, a hlgher incid-
‘lence of undesirableodours and flavours was found in the case
1  of these butters ‘than in the series Ain which only surface taintk
;produoing organisms were employed. \ ‘

Subsequent to the reductionin the salt content of the
:experimental butters,defeots closely akin to surface taint weree

Qmore commonly encountered.
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This plate 10 x 7 inches.
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PART II B - Surfece Taint in Commercial Butters.

It has been reported by marketing organizations that in
'bcertain instances, butter in prints has developed surface tainu,
~ while butter from the same ehurning, but marketed in boxes has

‘failed to evidence the defect. The faect that there seems to be

a relationship between ~the type of’ butter printer used and the
‘development of surface taint strongly suggests that this type of
' “printer may be more difficult to maintain in good sanitary con=
”' dition, or that a charge of moisture distributlon brought about
‘-,iby the action of this form of equipment is the factor mainly
’resoonsible for the development of the defect. 'The degree of',
,aeration to which the butter is subjected by this process me.y
also contribute to its production.A |
k These changes induced in the physical nature of the
'butter by the reworking process may be responsible for an in-
'creased bacterial growth resulting in the development of sur-
" Pace taint. The question of the. temperature of the butter in
kits relation to these alterations in physical structure, and
their inflvence on bacterial activity is undoubtedly of para«"f
“mount importance.‘g “

‘ In order to'determine the dpecific effectAOf -each of
 these factors and their relationship one to the other on theix
development of surface taint in butter, the following series

of experiments were performedov

Experiment Iod i

‘ For the purpose of this experiment several pounds of
First Grade Creamery butter taken from a 56 pound box were obe k

tained.~;Using aseptic precautions,’the block of tutter was



,°55=f

divided»intOitwo equalfsized,parts, confiningfthe entire ox=
'pOSed surfaces to one portiono These portions are deSignated
J"Surface and "Interior“o Bach of these portions was then
divided into two parts. One of each of the Surface and Inter-
,ior portions was then put through 2 sterlle meat grinder, simw
ulating the conditions encountered at times in the commercial
: Jprinting of butter, Samples of the reworked butter, designated
as Surface Grinder and. Interior Grinder were then. taken,_ The
ykremaining half of each portion was sampled directlyq In all,
;fnine samples of each of the four portions - Surface, Surface
Grinder, Interior and Interior Grinder - Were taken, employing
‘ksterile trierse One sample of each portion was plated immed-
;iately on standard and Malt Agar. |
The method adopted for the storage of the remaining '

7 samples was designed with the obJect of prov1ding varying de=

grees of oxygen supply at’ different temperatures¢ A variation
"in the oxygen supply wes obtained by preparing ‘samples in the~ |
;following manner~ |

1o ,Containers filled With packed buttere

2 Containers halfsfilled with packed buttera

5.ikContainers halfefilled with unpacked butter.

;4§n Containers half~filled with packed butter and
deprived of oxygen by placing in an oxygen free atmosphere°
Pyrogallic acid was employed for this PUrpOSe s

Duplicate samples of each variation were prepared,

one sample being held at 5° G. and the other at 23° C.for a period‘_

of seven days,' They were then plated on Standard Agar and on

- Malt Agar., The counts obtained are recorded in Table 2,



'Experimentylg'

1

=06~
'5?ébler2;  :

i

Conditioné
of

Stdrage

 Examined Immedistely

Examined after 7 days at 5°C,

Examined after 7 days at 25 C.

Yeast &
Mould -

Gount on 5. AL

Total |

Prot,

Total

Count on S, A
wProt,

=1

Defect

Yeast &

 Mould

e

Count on'S.A;

-~ Total

- Prot,.

'fSﬁffa¢é§?
Packed Full
‘Packed % Full
Unpacked

: Unpacked 02‘free’ 

10

 41000“

‘Unclean

S.

135

e

1o N

 »0i

'59090
o

‘Unclean

;Siale

65970

505

650

760,000 |

540,000
1,580,000ff
- 280,000

230,000
40,000

10,000

Surface Grinder
| Packed ®ull
,Packed Full

,.Umpacked~

Unpacked Oy free

275

34,500

‘85509

S‘~TQ :

- |1,880

690

|35100

2,920

20,000

110,000

| 104000

- 20,000°

85,000 |

30,000

5,000 |

Unclesn

S. T

27,800 |
41,500

57 5000

41,000 |

2,880,000 |
8,700,000

5,000,000

;;440,000\

480,000|
5005000
265,000
180,000

3Inter1ér'
Packed Full ;
‘Packed Full

‘Unpacked )

Unpacked Og free |

“éo :

25,500

1,600

UnClean

8Ty

80
flgseof
| ,45 
130

10,000
10,000
40,000
90,000 | -

5,000
15,000
50,000

:Uﬁclean ‘

8, T,

65680

2,280

960
810

2,900,000
| 1,540,000
1,870,000,:‘

490,000 |

260,000
© 165,000
45,000
100,000

Interior Grinder
Packed Full

Packed %+ Full
Unpaéked

‘UnpackedAOZ ffee~

890

- 25,000

6,500

|stele
Stale
“S,T@

§.

’Kf.950‘
490

'230 ]”
370

20,000
154,000

I+ 15,000
10075000

5,000
20,000

Unclean

ST,

(115,200
{ 45'000

39,000

25,8300

2,070,000

630,000

2,770,000
4,110,ooof

, 0
15,000
205,000
400,000

* The counts recdrded'represent the’aVeragefof'plates made from two dilutions,



, Experimental Procedurs

| SurfaCe ) lnferioi\\\

Surface Interior Intérior

Grinder . Grinder
: Packed full : '
| 'Packed % fall Duplicate samples == one
Unpaoked 5 full | placed at 5 C¢., the other

’Unpadked full oxygen free | at 23 C.

, Discussion
x; The results recorded in Table 2 for the butters plate
ed immeiiately after sampling show clearly that the butter em=
ployed was of low~bacterial content, The figures for the total
counts on the Surface and Interior samples indicate that the
i distribution ef bacteria in butter is not uniform and confirm
the findings reported by Hammer (lO). The total counts obe\

'etained on the "Surface , and "Surface Grinder“ samples show

that the methods used in the sampling and handling of butter for

' ',total bacterial count determinations may- be of paramount imw

lportance, The only difference between the two samples is that
| prior to plating, the Surface Grinder sample had been subJeeta
’ed to a grinding process,' lhe exnlanation of the phenomenon ;
kmay be simply that this process results in a wide distribution ,
‘of organisms throughout the butter, resulting in an increased
‘count on the aliquot taken for baCUeriological analysis in thek
case of the Surface Grinder sample. The inerease in count,
however, may only be an apparent one, the lower count obtained
on. the butter not exposed to grinding being due to the peculm’

iarities in the growth requirements of the bacteria present in
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‘the butter, With resultant failure to develop colonies on plates,

*?The failure to initiate growth on media in the case of the une~

*ground butter may be dependent upon the extent‘of‘aeration to

'which the butter is subgected during the grinding processo
The grinding process appears to be without influence

on buuter taken ‘from the interworcﬁ the block so far as the

» number of bacteria, as revealed by the Plate Method, are conm

';cerned, Table 2. However, the distributlon of bacteria With

~;respect to species would appear to be altered by the processsf

' AProteolytic types constituted a much 1arger proportion of the

‘total numbers of bacteria appearing on Standard Agar plates,
‘Thﬁs finding is also to be seen ‘when the results of the Surface
kand Surface Grinder samples are observedo Although the Surface '
f.sample showed no proteolytic types, these made up. one quarter of’
~,the total count of the Surface Grinder buttero

The 1nfluence of the simple process of grinding on

. the micro~biolog1ca1 analysis of butter is strikingly revealed

When the yeast and mould counts on the four butter samples are
"considered, Taole 2. The grindlng of buttery Whether from the

| surface or the interior of a block, results in a marked increase
"in~yeast‘and mould count,; Whatever‘the explanation of thiS'phen#
okmenon may prove to be, the finding is of significance in so far as
the determination of the yeaSt'and‘moald;ccunt'in butter'is con=
cerned; 1This'methoafis anﬁaccepted standard for the evaluation

of butter quality. The findings reported herein indicate that
further study should be made of the ‘methods used for the taking “
©and preparing of samples for yeast and mould’countkdeterminationsg

 Although errors inherent in the Plate count ofkbutter;



*‘make difficult the 1nterpretation of results, the findings rem"

; corded in Table I show clearly the 1nfluence of the grinding
process on the bacterial population of ‘butters stored a2t & C
and 23°C, |

A% 25 C. “the total count is in every case many times

thdt found at 5 Co and is conspicuously evident in the case of

- the- samples obtained from the 1nterior of the block of butter@
‘ Whilst the count-obtained'on these butters held at 25 C. 1ls as

:khigh if not higher than the. corresponding sufface samples, the"

icounts on. the samples stored at 5°C, ang consistently low in
:t'the case of the Interﬂor S mpleso Gpinding would appear to
jhave exertedino influence on the bacteriel development in
'1Interior butter0 It will. be recalled that grinding was w1thout
yinfluence on the bacterial -count of this butter when plated
immedietely after procecsingo On the other hend ~however,; the
igrinding process is seen to exert a marked effect on bacterial
edmultiplication in butter taken from the surface and held at
25 Ces a diffefenoe recorded in. the case  of these samples when ;
iplated immediately after sampling@; The influence of the grind-
ing process and temperatures of storage on the growth of yeasts
and moulds is elearly shown in Table 2, |
; No specific relationship between bacterial count and

the incidence of surfaee taint as dependent upor the grinding
‘orocess, is found to exist Table 2 . Although the butter was
of high quality,cit‘is_torbe seen,that;surface taint developed
in Sevenfof the eiperimental samplesa The‘majority of the ré— :

maining samples retained their original quality. Certain of the

'*jsamples evidenced other defecte Which are recorded in Table 26

It 1s to be: especially noted that surface taint occurred only



in the unpacked samples, and developed after storage at both
k5 Ga and 25 C. Other defects were confined praoticelly to con-
tainers halfmfilled with packed butter° In the case of the
‘particular butter used in the experiment the development of
surface tairt appeared not to be conditioned by the grinding
process, but to depend in great measure on the procedure adeptw
ed for the storage of the samples.
| = It Would appear that aerstion is a determining factor
‘for the occurrence of’ surface tqinto Apparently‘bacterial growth
of 1tself does not necessarily account for the development of
‘the defecte ‘The eccurrence of surface taint appears to depend
on a: nnmber of closely inuegrated biologioal, cbemical, and
'Tphysical factors@‘ Fpom these experiments it Would appear that
:'aeration acts as 8 trigger, setting in motien the chain of
’levents Which ultimately results in the development of surface
taint, providdd the stage for its development has been set0 -

/Experiments 2 and 3o

: The - experiment repcrted upon above was repeated on
“two subsequent occasions With slight changes in experimental
procedure,: In the light of the results obtained in EXperiment
1, the method adopted for the storage of samples was restricted
to unpacked butter 1n half«filled containers at. 5 and 23°@,
In addition to the medis emploved in Experiment 1, all samples
were plated on Eurple Lactose Agar in an attempt to dlfferentate
further the types of»microorgenisms present under the different
experimental cenditions. i | |

~In aneriment 2, the butter employed wa.s obtalned from

a churning cf butter Whlch although placed in Pirst Grade on




the wholesale market,~developed’surface taint when held in prints
‘under'retadl COnditions; The butter for experimental purposes
was taken from a 56 pound box of this churning held in whole=
,sale cold storagee_" |

| - The butter employed in Experiment 3 was also of First
’Grade, no . report of surface taint development in prints on the
 retail market was reportedo

Disoussione‘

; | The results recorded in Table 3 show clearly that from
."a bacteriological point of view these experimental butters were
of 1ower quality than the butter employed in Exper*ment 1. The
, butter employed in Experiment 2 was much higher in total count
than that employed in Experiment 59 Butter 3 as judged by Yeast
land Mould Ceunt would be considered the least de31rable of the
three samples from the view point of keeplng quality, although
its bacterial content was not as high as that of Butter 29»

The influence of grinding on butter as recorded by
the counts obtained immediately after sampllng difter from that
reported 1n the case of Experiment l.; In the second experiment
grinding reaults in a decreased total count partlcularly on the
samples from the Interior of the blOCke The count obtained on.
| Pvrple Lactose Agar parallel those obtained on . Standard Agar,
althoagh at a,lowerkfigure. In this experiment, grindingoappears
'to'berwithout influence on‘bacterial connt,'using’either type
~ of mediume - In this inatance‘thekcounts~obtained,on the .respects
.ive medig are practically identicalo | ’

The findlngs ‘recorded after 1ncubaticn for a period of
seven days at & ‘and425 “Ce reSpectively»are difficult to inter-
pret. Although,Butteer_Waekcdnsidered higher in initial total
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bacterial counts “than Butter l, the samples taken after stoprs

.age at both 5° and 25 C showed marked diminution in count, a

finding at variance With that obtalned in Experiment 1.

Gonsiderable bacterial growth is to be seen in the

‘case of Butter 3y Table B, particularly in the samples taken

from the Interior of the butter and held at 5 C. The data ob«

tained for the changes in bacterial types on storage as. revealn

' ed by plating on Purple Lactose Agar are of considerable inter=-

GSto‘

In Experiment 2 it is to be noted that no alkali

kproducing colonies were indicated by tbis medium in the case
‘of the butters examined immediately after sampling. After

'l'estorage, alkali producing organisms are seen to constitute a

considerable proportion of the bacterial types appearing in
this medium, particularly in the sample held at 235 G, Their

absence from the initial plating of the butter may be due to

‘their presence in insufficient numbers in the,butter at that
’time, to be detected in the dilutions employed. The possibilw
ity that some condition of the butter prevented initiation of

,ktheir growth when plated cannot be excluded from- consideration

as a factor responsible for their apparent absence. It will be

recalled that in the case of Experiment 1, aeration was advqnced
as a possible explanation for the - initiation of growth and de~
velopment of colonies, Although}theyaeratien of grinding was

,apparently without influence'in Butter 2, the appearance of

these types on Purple Lactose Agar after storage of the butter

‘ may Well be explained by the aeration to which the butters are

subgected during the holding period. “Other factors of course



Putter Pxamined Imedistely ~ Sxamined after 7 daye ab 80, luveminea areer 7 asye av e, -

Exps 2 |Yeest|Count on  [Count on PuL.A.| = |Yeast Oount on S, A, Count on PIuA, | | Yeast [count on s, 4. | Gount on P.L.a,
& o Be Ag : . &: L - : b P & 1. G S

Mould [Total — [Prot. |Total —[EiE. — [Defect Mould [Fotal ~ [Pots  [fotal AT Defecp Mould - |Total  [Prot, | Total —— Alks

' Surface f all

__30]578,000 | 2,000240,000 |acta fs.7. | 45| 152,000 29,500 168,000 122,000 | ~=| 410 | 69,000,500 | 48,000 | 44,000

?’Surfaée,f N SO P -t v A s TP R R ‘ : STl I e SO TR N
[6rinder | - 6018165000 |  500/265,000 lacid |S.T, | 50| 155,250| 5,500 | 82,000 | 51,000 == 118,000 (160,750 |5,000 | 159,000 {160,000

[Interiof  40|504,000 ‘2,900;575,090,Ziia ST | 2§,i 3?8'759~ },ooofj77,spo,; 12?000  - | 570,~.101,5oo72,909 95,500 ;9@,990,

éﬁfﬁﬁéﬁ‘ 20 270,000 | 2,000(213,000|3554  [SeTe | 56| 77,000 3,500| 61,000 |10,000 | ~=| 8,360 |124,5001,500 | 121,000 [1154000.

o
¥ H

6,750| 153,500 [10,000] 165,000 /110,000 8. T, | 12,850 73,500 | 4,000 356,000 267,000 | ~~ | 62,500 ~|720,000{2,000: | 605,000 KB0,000

£

‘kSurféce

‘ 2§§§322‘ 8,150 155,500;17,000 143,000 140,ooo§S,T5, 11,724;544,2005~ 90,000 | 510,000 260,000 | == 208,000 154,000 (25,000| 1,100,000 (7503000 .

| nterioy 8,100(145,200| 1,850 139,000| 94,0000 8.T. | 12,475 2,708000| 20,0001,800,000 (600,000 | == 26,500 |620,000|2,500 | 617,000 |25%,000

| éﬁ?ﬁéﬁgT 9,500] 141,500 1,600 137,000 100,000] . T, 110;oelﬁ1,00%000‘14050007705'000 650,000 | - | 21,000 |657,500|2,000 | * 545,000 260,000

L

s



nay"he'at WQrk, TheSe‘organisms.areipeculiarly faStidious uith‘
respect7to;initiation of growth~on'artificial media. No ade=
fquate explanation has s0 far heen advanced for this phenomenone
Unlike the results obtained in Butter 2, the initial
' platings of Butter 3 on Purple Lactose Agar revealed a high pro=
,portion of alkali producing types which are seen to constitute
: :in large measure the magority of the colonies developing on
k;this medium from the samples stored’ for seven dsys at elther
‘;Sf or 23 Co S
| A finding of interest, ye¥b difficult to explain, is
‘the occurrence of a: hlgh count made up chiefly of acideforming
:colonies in the case of the Unground Butter taken frou the in=
terior of ‘the block and stored at 5°C. |
The growth of yeasts end moulds was guite pronounced
in the csse of Butter 3 at both tqmperatures of storageo In
the case of Butter 2, Which showed & much lower initial yeast
and mould count, multiplication was only apparent in the case
Lof samples held at 25 Co, and is partioularly to be seen in the'
fcase of samples submitted to the Grinding Processs‘ , |
: ‘The incidence of surface taint is. especislly significant |
'particularly with respect to the question of the temperature to.
be employed for the storage of butter and with respect to the
procedure to be- adopted in the storage of samples used to dea
tect the occurrence of the defect. In both Experiment 2 and
S all butter samples held at 5° C.developed surface tainte No
defects were observed in samples held at 23 Co This finding serves
to confirm the conclusion drawn from Experiment 1 that "the
occurrence,of surface taint:appears tondepend on a number of

closely integrated biological, chemical and physical’factors"
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The fact that surfece taint developed in all samples

held at: 5 C. confirms the finding reported in Experiment 1,
L that, under the specific experimental conditions adoptsd in
 this part of the Work, the. development of surface taint appeared
| not to depend on the grinding processc One cannot conclude
from these experiments that aeration due to grinding is without
| influence in the development of surface taint in the printing :
,fof butter using certain types of commercial equipment. Work
v~done for a commercial firm experiencing difficulty in the
printing of their butter shewed that this factor was of deeiSw
',ive importance under the- condltions employed by the creamery
. in question. In this instance 25°C. did not inhibit the de-'
’velopment of surface tainu, ' | L

A The failure to demonstrate the critical influence of
the grinding process’ ‘on the development of surface taint expera
. imentally may . have depended on an unfortunate or’ unwise-seleetion k

"of butter for experimental- pu.rposeso Any error-infthisidirectm
ion Was of course unintentionalo It is evident that in these
- butters the stage had been previously set for the production :
kof the defecto Apparently the only factor required was “the
setting of the trigger, the keeping of the butter at the temp=
erature suitable for its development.
: The temperature-employed by the Grading Service for
ithe,development andidetection of'flavour defects, end,partm
iicularly for surface taint,ris approximetely‘23°0;‘,Thekresults
freportedﬂin this study show clearly that this~temperatureiisfunék
suitable for the development of surfacektaint in certain tYpes
of butter~and~thet both 5 ¢ and 23°C. should be emploYed in

order to ensure the detection of surface taint in butter cap=



able of exhibiting the defect.

Experiment 4.

The question of the direct contamination of butter -
with surface taint producing bacteria as ‘& significant faetor

in the. development of surface taint in butter printed from cerm‘

v,ftain»types of equipment merits consideration, for in this type

.of printer, maintenance of broper sanitary conditions is diffi-
cultok in attempts to produce surface taint experimentally by
rdirect inoculation of surface taint butter into a normal products
Hammer and Derby (10) were. regularly unsuccessful, Shutt (33),

on the other hand, succeeded in reproducing ‘surface flavour

- in sterile butter inoculated with Pseudomonas fluorescensa

Reference to the exact method of contamination used by him is
not givena - |
| In order to determine whether direct contamination ‘of

high quality butter w1th surface taint producing microorganisms

'”7results in the development of the defect, the following expeprs=

: iments involving the direct. smearing of butter with an actively
grOWing culture of the specific microorganism.were carried out.,
- The influence of changes in the physical nature of butter -
particularly the influence of reworking == on the development
eof the defect under these conditions of contamination were also
studiedc k | |

‘For the purpose’of this experiment, several pounds
of butter of exceptionally high quality taken from a 56 pound
box were obtained. Only butter from the interior of the block
WaS'employed;’-Using aseptic precautions, the block of butter
was divided into threee@ual‘portionsoi One portion = Portion 1 =
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served as the controle, Portion 2‘Wss‘inoculated with Proteus =
"ichthyosmins (Campbell). Portion 3 was inOcnlated with a
species of PseudomOnas (Cempbell).‘ Each portionkwas then dive
- ided into two parts, one of which was sampled directly and the
jkother put through a sterile meat grinder, 51mulating the cone=
ditlions encountered at tﬁnes in the commercial printing of
ibutter, prior to samplingo« Triplicate samples‘of each of the
‘Vresulting six parts Were then taken, one of the three for
'p[immediate plating, and the others for storage at 5 C.and 25 C.
’respectively, prior to plating on Standard Agarg Malt Agar, and,
Purple Lactose Agar were employed for the microbiolegioal

:anslysis‘of,the samples° The results of the determinations

‘,are given in Table 4.

“

; Discussion. ‘

The high quality of the butter employed in this exX=
',periment as based on Grading Standards is confirmed by the
iresults of microbiological analysis as shown in Table 40

| The effect of grinding on the bacterial count of the
Gontrol Butter is similar to that obtained in the case of
: Experiment 1,

The increased bacterial count obtained in the case
of the. Gontrol Butter when subjected to grinding confirms the
results reported in Experimentrle Whilst a similar effect is,
to be seen in the case of the portion inoculated with Prote
“ichthyosmius, the increased count due simply to the grinding
’process is not to be seen inkthe csse of the butter contame= |
inated with Pseudomonas putrefaciens, This finding is similar

‘to~thatfrecorded,in the case of the butters used in Experiments
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2 and 3, which failed to show an. increased count on grinding°
It may well be that the specific type of microorganism prem
’ dominating in a butter may determine whether or not an increased -
count in butter results from the physical changes induced by
grindingo
: The apparent absence of alkali~forming microorganisms
on plates made from the Control Uhground Butters and their pre-
kdominance on plates made from the same butter sub jected to
5 grinding is a finding of considerable importanoeo Whatever the
explanation, grinding ‘results in the appearance on plates of
microorganisms which hed prev1ously failed to developo “The
'suggestion made in explanatlon of the findings recorded on :
Experiment 1, that aeration may be an important factor in this
'connection, is thus rendered more plausible. -
| Neither of the Gontrol Butters held at 5 or. 23" C.
’ showed a marked increase in bacterial count when compared with
the results obtained in the case of the infected butters.
Microbial growth in the samples. inoculated with Proteus ichthme
“osmius was indeed markedo - |
Both Control Butters maintainedktheir original quality
in so far as fla;our is concerned, when Stored aﬁyeither 5° o
23°C. ‘Ail the contaminated samples developed defecteo Surface
1taint was found in all the samples held at 5° C. and occurred in
the case of the butier inoculated with Protevs ichthyosmius. |
and submitted to the grinding process at 25 C. The other same
’ ples held at this temperature were graded rancid or unclean.
Rancidity often Qevelops a8 an aftermath of snrface tainta

- The results of this,experiﬁent show clearly that
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direct contamination of butter by smearing with surface taint
producing bacteria results in the development of the defect,
Multiplication of these organisms in butter has alse been deme=

onstrated. The inadvisability of storing butter at 5C. as a

preventive of surface taint development is again confirmed,
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PART IX C. - Experimental Churnings(lgél)

Experimental.

Because of the difficulty encountered in Part II 4 in V‘
sueceesfully and consistently produ01ng surface taint expern
“imentally, attempts were made t0 discover the conditlons unwit-
~Jting1y set up in previous Work, whlch had exerted an inhibitory‘~;
: effect on the development of the defect,' Expermments designed‘
: lto determine +the influence of the nature of the medium employed
‘i;for growth of “the organisms used to inoculate the butter, the
source of the cream supply, and the method of infecuienlwere
: undertaken.with this object in view9 The influence of acidity
and’ neutralization on the development of surfaoe taint was re- i
[lnvestigated. | , ,
| In this series of experimental churnings the procedurek
adopted in the Work reported under Part II A was in large meas~
ure followed, Samples, however, were - taken at three stages of
: yworking only, as follows~~ ; |
| I, Slightly worked.
| I,IU. Underworked., |
oIIE@ uThoreughly WOrked;"  :
,Baoteriological examlnations of the butter samples were not -
carried oute | |
| The microorganlsme used in this part of the work were
‘Ps; put efaciens (Hammer), Prot, ichthyosmius (Harmer), Protal
ichthyOSmius (Campbell),'a species of Pseudomonas (Campbell),
and W gtrdifis of Ps, putrefaciens recently isolated from

sufface talnt butter produced in Britlsh Oolumbiao



inflﬁenceiof;Medium'for Growth of‘InOculum;on Develoﬁmenﬁ of

Surface Talnto

In the light of work done on the influence of the
nature of the medium - partieularly with respect to nitrogen
’and carbon supply~- on the metabolism of the surface taint
B baeteria, and reported upon in Part III of this thesis, investa

1igation of the effect of the nature of the medium used for the.
. growtbfof the organlsm.employed in experiments on SurfaCe taint
},production in exoerlmental churnings was undertakens The’mediai
employed Were'e | |
: Tryptic Casein (Commercial) Digest Broth (Cole) (7)
',Davis Broth (Davis) (9) ‘ SR Sk o
| e'Lryptlc Casein (purified) Digest Broth

;'Tryptlo Casein (Purifled) Dlgest Brothxko 57 Glucose¢

7Mdde of Infection. |

| In conjunction with the investiaations on the lnflun
ence of the type of medium on surface taint development, experm‘
~imental churnlngs wers carried out in order to determine whether_
or not the nmde of infection of the butter with the surface |
taint organlsm was an important faotor govepning the develop=-
ment of the defect, ‘ ’

~ Prior to pasteurization, the cream weas divided into

two equal portions. ‘The usual method of inoculation via the
Wad1water as praetised under Part II A was employed in the case
of one pobtion. Contamination of the seoond portion was effeot»id

ed by‘inoculation‘of the cream one half hour prior to churningq

~ Discussi0n.

As may berseen in the results of Experiments 1 = 75
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surface talnt was produced 1n the magority of cases irrespect-

ive of the medium employed for growth of the inoculum, Tables

B = 8- It appears that both Davis and Tryptic Broths favour

‘the development of surface taint in butter. Therefore it is
~*to be concluded that the nature of the nitrogen gource as prese
ent in the two different media, has no influence on the products
;ion of the defecte -~ k | k | . "
‘ The results of Experiments 6 and 7 show clearly that :
‘~4the presence of glucose in the medium used for growth of the
;organism does not inhibit the development of surfaoe taint in
'buttere G o 7 o
| The method- of 1noculation as studied in Experiments
| 1, 2, and 3 also appeared to have 1ittle effect on the production
of the taint;‘ Exeept in Bxperiment 1, there was no marked diff-d
»erence in the development of surface taint When either of the
two methods of infectlon were employed., In Experiment l, 1nm
k'oculation of the cream appeared to favour the development of
- surface tainte k k e \
RM’_ A In this series of experiments, the degree of working
khad little 1nfluence on the development of surfacé taint, Tables o
58 S Lo | |
. In preriment 4, using Prot, ichthyosmius (Campbell)
the butters held at 5 Co for a week, and then raised to 23 C.,
[fprior to grading, gave -8 very strong odour of ammonia when the
sample Jars were. first opened. Fifheen minutes later, however,
.they were regarded as characteristic surface taint butters.
~This phenomenon may be explained by the supposition that the

ksurface taint was masked by the strong ammoniacal odour but was

later revealed ~after the more volatile ammonia had escaped,



~'following the opening of the samples. However, the influence
‘of aeration on the development of ‘the defect is not to be overe
lookeda It may well be that the admission of oxygen even at
this stege, acus as a trigger, setting off the chain of events
cgleading to the. development of the defectg The importance of
'1 aeration at all stages in the manufacture»and storage of butter in
its. relation to the development of defects is a problem requir== '
~ing further 1nvestigation. I | .
/ The results recorded in Tables 5 - 8, offer conclusive
revidence that microorganisms other than Ps. putrefaciens are
fcapable of producing the characteristic surface taint defect in
butter when inoculated either via the cream or wash waters

The fact that in this series of churnings, no diffim
culty wes encountered in the development of surface taint experw
4 mentally shoWs clearly that failure to obtain surface taint
con31stently in Paprt II A was not dependent ‘upon the nature of
the medium employed for the growth of the ceusutive organism nor
upon the mode of infection.

Source of Cream Supplv.

The cream used for Experiments 1 =%, Cream Source 25
was of different origin than that employed in Part II A, Cream
Source 1o Whether or not the source of cream supply was a facte
or influencing the incidence of surface taint in the experimentm
al churnings was determined by making butter under ddentical
conditions, employing cream from both sources, Experiments 8 and
9, Table 90’ Tryptic Casein (Commercial) Digest Broth was used

as the medium for growth of the- inoculated organism in these and

subsequent experimental churnings@



_ Results;f
| ; From the ‘results obtained in Expermments 8 and s 1t
“can readily be seen that the source of cream supply had some
'influence, although slight, on the specific nature of the
. putrid defect developing in butter, With Ps. putrefaciens,
tthere was no apparent effect, but with Prot, ichthyosmius
\(Campbell) the characteristic surface taint defect occurred
'ikonly under certain conditions of working and holding in butter
’5made from Cream 1, Whereas in the case of butter made from
Cream 2 the defect occurred under all experimencal conditions.
i These findings suggest that the difference in the ,'k’
"creem”supply may have been responsible'in e measure for the
failure to produce the characteristic defect in butters made
‘under Part I A. ' k
Aciditv and Neutralizatione

In order to reinvestigate the specific influence of
acidity and neutralization on the production of surface taint;
the follow1ng experiments were carried oute
 Acidity, |

N Raw sweet cream was divided into three equal parts,
paeteurized and cooledavrsterile lactic acid in sufficient
| ”quantity to increase the original titratable\acidity by OQI%i
/ehd'6.27, reSpectiVely;'Were added to two of the fractionso
After being held overnight in the icebox, the creams were
churned employing the procedure previously described me BXDOPe

iments~10 and 11, Tables 10 and 1.

‘ Neutralization.

In this series of churnings the procedure followed
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Wae7similar‘te that employed in the "Acidity Series", except
that the laetic acld was added prior o0 pasteurization, and the

f\varying degrees of neutralization emnloyed were obtained by the

'(addition of Wyandobte CAS, added at 8 temperature of 90 F.,

"eExperiments 12 end 18, Tables 12 and 13,

; Further studies on - the influence of acidity and ney=
tralization were undertaken in Experiments 14 and 15, Tables
14 and 15, RaW sweetkcream.was.divided into three portions.
“!One-portionfserved asfthefcontrol == Cream 1 The other two
}portions were acidified to 0.32%, aoidity, following in one

ﬁcase the procedure outlined under the “Aoidity Series" e Cream

tg 25 and in the other, the procedure used in the “Neutralizatien

Series - Cream 3¢ Cream 3 Was neutralized ‘employing Wyandotte

‘CAS.

: Discussion.‘;

Although acldity has ‘been claimed to exert an 1nhibn

| itory influeace on the development of surface taint the results
| of Experiments 10 and 11 show clearly that experimental butters
" made from cream at an aeidity as high as 0.,3% regularly developn‘
"ed the charecteristic defect when the water used for washing the
~butter was infected with oertain surface taint producing bacteru
'ia, eContamination with Pso-putrefaciens, Protayiehthyosmius
V(Gampbell)rregularly resulted in'itsfdevelopment; At thie acid=
yity, Prot. iehthyosmiusk(Hammer),khowever, failed to,produce'the
defect, | ; o ; |
k‘k ; Neutralizetion of the Lactic Acid of the cream did not
'appear'to havekany influence, nelther inhibiting nor stimulatingv'
the.development of the defect when Prot, ichthyosmius (Gampbell)
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PSe putrefaciens (Hmmmer), and Pseudomonas (Campbell) were used
as the contaminating organisms, Tables 12 and 13,

~In the case of Prot. ichthyosmius (Hammer), neutral-

‘izetionvof the cream did not lead to the development of'surface
,; taint, but instead resulted in the development of other equally
/undesirable defectse Over neutralization of the cream resulted

in a neutralizer odour in the case of Prot . ichthyosmius
'?(Campbell)o With Ps. Putrefaciens, however, the characteristic

‘dsurfaoe taint odour was producedo

5 From this series of experiments it is difficult to |
‘_draw speciflc conclusions as to the influence of holding temperu
ature on the development of surface tainb, Critical examination
fkof the tablee show, however, that there is a greacer tendency
’towards the production of the characteristic surface taint
odour in butter held at 5 Co’ than at 23° Coey conflrming the
’findings recorded for commercial butters in Part II Be.'
The results obtained on. experimental butters made
,from creams inoculated with different species of the Genus
',Proteus and the Genus Pseudomonas are. given in Table 16,
The data presented in able 16 lend support to the
,evidehce prev1ously given that several species of microorgan-

isms;are capable of produclng surface'taint in buttero
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apparent 15 min.  S.T,
la’bere . o

o Slight 8.7 . g.m.
slight s.T. s,
 Slight S.T. S.T.

Norﬁal4

Experiment 5

Prot.

(Hammer -

'Ps.
~putrefaciens

(Hammer)

Control

ichthyosmluS'

 Davis ,
Broth - -

"Davils

Broth

,WaSh Watér

Wash Water ,

I
IT
IIT

IT
- III

stale, .cheesy

ST,

. ""' : . ’ g : S‘oTo

rancild

| SoTo . ‘ . i SB'T;,

S.T. : |  butyric

n

S, : ‘ o u

* Normal -

=08 =




Tsble 8

Experiment 6,

jOrgénismv/

'Mediumk

: Degree of
- Working

S Mode.qf ’?"
_'Infection -

., Defect
ap 5TC. '

o
At 23 C.

|Prot.e

ichthyosmius

(Campbell)

M, G De .B. Wash Water

“(pure)

S

T sa.
I Wob sa.
T  Slight s.T.

SIT 0 8.,
Ili a ;"fv’

S.T,

8T
-S.T, chessines

Slight S.T.

SOT‘

‘Slight S.T,

‘Experiment'Ve :

Ps. ,
putrefaciens
(Hammer)

" T, G. D. B. Wash Water

(pure)

Tw 'Cfo Hﬂ Bo;

E A glucose

I S 8.T.

11 s.T,

IIT 5.7,

I ' rancid, S.T.,
~ previously -

iT - rancid, S8.T.

Previously .
III rancid, slight

84T, - rancidit

5.7, N

ST

ST, . Onoe,

S.T.

slight S.T,

ST,




J.OrganiSm : Medium Mode of -Sourée of - Degree of o Defect - o
S ' Infection Creem Supply Working ~At 5° C. . : At 23 C,

Prot. ?.C.D.B. Wash Water 2, I ,s.T.,,; n'ot 8.7
ichthyosmius Co : : B : . quite typleal -
(Campbell) ROt , ; R I 8.T., trace 8.7,
T.C.D.B. Wash Weter 1. I not s, Putrid

Iz f; ranéid, - . Suggestion of

= ~ cheesy. = 8.7, "
;III SeTe - not S.T,
(The incubation of these samples at 5 ¢ for 5 days brought up Se Te in

1
S o
the C.F. butter, and more strongly in the T F buttere) R o :
_ L - R '

Experiment 9.' 
[ .Ll .

Ps.  T[0/D.B. Wash Water 2, I  smo. g7,
putrefaciens : , ' , LA : , g
(Hamer) ’ e Co y S II L S oj‘T‘o ) o S o’T«o

T IG/D.B. Wash Water 1, - I s,o, s
I osa. s

IIT SJS. ST,

Control o n | e o - Normal.,




Table 10

> Expefimen%«i0§j,

Orgenism Medlum Mode of

Infection

Acidity
prior to

: Degreefof \'
Worklng -

Ly Defect
At 5 C.

At 25 C.

ichthyosmius
(Campbell)

Prot, T.0.D.B. Wash Water

Chnvﬁigg;
0125%

e2R5%

o314

CIT
III -

Iz

III

I
Iz

'IIi"

' 8.T.

S.T.; very stwnng

~Suggestlon

Of SoTo

Py

| Sligh't SQT'O :

Hint of S.T. -

;“

First Stages

of S.T.

sllght S T.:

S.Ts

5.7,
‘slight S.7.
FROE

- Putrid
S.T.

L . : Stale
#The SoTo which developed in sample I held at 5 C. and then raised to
23 ¢, was much stronger than that Which was produced in the ?3 C. sampleso

. - cg =




‘Table 11

Experiment 11y

Orgenism

Medivm

iMode'ofl; Acidity,    Eegreé of
~Infection  prior to - Working

. Churning

. Defect .

A 250,

: PS« ‘ T
{putrefaciens

(Hammer)

washywatér‘:" A1 7 o |
SN e | 11. 

: S ’III
S B2 A
| | R o
| ,_III}
o324 1
o T

III

- Se T
‘Sa ‘T4ol‘

‘ Svo Te"

8. T

8. T,
 s° T;‘
‘s, o,
Se Ts

"‘S@~TeZ ‘?
yse T‘ g

»Rancidk

Sﬁgge st’ibn#

of ST,
SQT‘ RO

Rancid
;Rancid';

Slight S.%|

. Stfong S8

Rl -




- Table 12

N Experimént 12@

Organism Medium Mods of
i , : Infectlon

:‘Acidity
‘prior to-

Néute

after
Neuto

'{<Acidity Degree

of

 Working

At 5 G

Defect

At 23 c.

Prote - TG, DmBs

ichthyosmius
(Campbell)

Control

Wésh;Water

1059

| #305%

10305%

ﬁw, ;l05%‘ 
9135%

+09%

T
IT

IT
IIT

: ey
IIT

IIT

'8.T.; rancid,

Ranecid

S.T.

‘Ranoid

S.T,

55 s

‘Trace of S.T.

‘Synthetic. - .

Stale

Slight SJfévr
Cosa.,

© slight s.7.
- Nout, 8.T.
|  81ight S.T.
:ggT}‘ |

Neu t o

SoTé

. Neutei




 Téb1e'l5w - b R N ', Experimeht_lﬁ»

! - lOrganism = Medium Mode of Acidity Acidity Degree  ~  Defect 3
R , : Infection priofr to after  of At 5 C., At 23 C.
. Neut. ~ WNeut.  Working el R

Ps. . 7,0,D.B, Wash Water ,125% = .25 I  s.1. 8.m.
putrefaciens. AT e _ e - . R S N
( Hommer) s o : : IT - 8.Ts . © .81 ight ST
| RN . IIT S.I, . Trace of
. } . : E : SqTe

3254  L,125% I gs.m, 8.,
| T S.T., strong S.T, - slight|

= 88 =

IIT S.T. - 8.T,
o325% L075% . I S.T., strong S.T.
| II Lo SfTo : ;  | S¢TQ”Slight
o IIT S0, S.T.-putrid
Those butters held at 5 C. for one week and then raised to 23 C., on
being judged after 5 days at 23 C. gave a curdy, unclean, or putrid ,
odour when the samples were first opened. FPifteen minutes later, however,
all of them evidenced typical Surface Taint. o : ‘

Control | S L AL ~ Cheesy ” S |




CTable 14 '"Expefiment 1¢

{Opganism Medium Mode of Acidity . Acidity' Degree ~ 1~' o Deféotiv
o Infeotion prior to after,V, _of At 5 G o At 23 C.

r ; ' R . Neut.; | Neut’s: - Worklng

fprot. i R R L -
ichthyosmius T (e D.B Wash Water e12% . G124 . I Suggestion of = Trace of S.T,
: (Hammer) : ; : S L : ST ; L ‘

III’ ‘ /‘ 'kn o ‘ 4
32%  .32% I =~ TNot 8.T.

IT e Unclean

= L8 =

| IIT fedd Clean.

.32% ?216% I Synthetic Rancid
| R I °  Unclean A
IIT  Not' s, W

Control ; i k o ‘  Normal




. Table 15 © Experiment 15
lorganism Medium Mods of  Acidity = Acidity Degree . Defect
‘ , Infection  prior‘to;‘after of At 5 C, At 23 C.
Neut, Neute - Working ‘ : 3 : '
Pseudomonas T c,r,B Wash Water ,155%' cooo1msd T AR STe S.F.
(Campbell) - ; : : i , ' AN ;
: e : later 3.7, :
o e e ~IIT 8.Te = not as | 8.T.
23354 o335% T Acid- 'f: o s.,
S V o later S T, , SRR
CIT Strong S.T. ‘ S.T.=trace
ITI = -  Strong S.T. S.7.-suggestiol o
 +335% w1754 I 8.1, S 8T
N T Suggestion . 8.T.
e of S,.T. ~
SIIT Strong S.T. ST,

# Tn the case of the butoers incubated at 23 C. the defect was not as stoong
in those of the third degree of working as the samples of the second°




Table 16 ; RIS SO ~vExpérimentfl6fA-» _ 

Organism  Medium Mode of  Degres of L _Defect
T _Infection '~ Working = T oo At 230 0.

Prot.  T.0.D.B. Wash Waber I s, g.m.
ichthyosmius ~ L T, s m e
(Hammer) 1T | S ST - SeTe

Prot, T.C.D.B. Wash Water I A O L L
ichthyosmius - T SR e SeTe

“Control ' el e D Normal

- 68 -

Experiment 17

B9, T.C.D.B. Wash Water I ~ 8.T. : 8.7, very str§ng |
‘ SR II o S.T. O - veryistrong
o ST el
| B 13, T.CeDeB. Wash Water = I | L 8eTe 5.7, very strong
| ‘ | B Iz S.T. S S.T. véry’strong
IIT ks SeTe ‘ . S.T. very stroﬁg

. Gontrol
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PART III = The Ghemistrz,of Surface Talnt.
Little definite information as to the nature of the
- subStancewproduced in butter'by bacterial sction and responsible,
for the undesireblecdour characteristic of Surfaoe talnt, is as
_yet availableo ‘Derby and Hammer (10) state that "Protein dem'
composition of a fairly definite character is involved in the
ndevelopment of surface tainto", but make no reference as to the
~specific nature of the degradationo Dunkley (11), in work on.:
g the chemistry of surface taint, shows that the "sweaty feet“ |
todour produced in milk by Ps. putrefaciens is volatile With
ksteam from an acidic soluuion, suggesting that the compound pro=
jducing this odour is of an acidic naturee He_claims that it'is_
e nonunitrogenous compound@ B : |
1 From time to time, as the work reported upon prOw
kgressed, several hypotheses postulating the possible nature of
d‘the odoriferous substances and the mechanism of their formation
‘<by the bacterial breakdqwn of the prctein material in butter

were advanced. Experiments designed to substantiate or diSm

'prove the validity of these hypotheses were perfommedo,

c’Indole Hypothesmso ’
| ) HiStOricale : |

In Work carried out by Campbell (3) on the hypothes~‘
is that “the odour characteristic of‘surface taint was due to the
:presence of;amineS‘produced from- amino ‘acids by the causative
kmicroorganisms,hmelted butter’to which indole and ethylamine
hydrochloride had been added was considered by competent graduy
ers to be strongly suggestive of the odour of surface tainte

In further work employing different combinations of possible
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‘odoriferous substances, butters containing'indole‘as one of the

added compounds always were Judged as closely resembling sure

face tainto~ L k ‘

. ~In compilation of work on the production of indole by
ibacterla, Stephenson (36) states that its formation is Inhibit-
ted by the presence of carbohydrate, glycerol, and calcium laca'k
ktateef Campbell (4) Iound that butter made from, neutralized

'fcream in Which acid had been formed by the Lactic Acid Bacteria"
'failed to develop surface taint, a finding which he interpreted 5
‘as substantiation of hisk“Indole Theory" for Surface Taint pro«‘

| ;duction in buttero' He attributed the inhibitien of Surface

Taint development as due to. the lack of Indole formation Which

d’he claimed wag due to ‘the presence in the cream of the carbo=

hydrate, 1actose, and the calcium lactate; formed on neutrali-
fzation,kacting as inhibitors in the manner described by

'Stephensona;_ | p £ : ,

Woods (38) reported that the degree of aeration 1nflu=/f

;‘enced the rate and completeness of the reaction of the quantm‘

;fitative production of indole from typtophan‘by thick washed

ksuspensions of Bacte coli, - Aeration was found to increase

’indole formation. ﬂ : k

* Fildes (14) in studies on the production of indole frcm |
€§ptophan by Bacte coli ‘using the washed cell technique, found

: that the suspensions hhen grown in the presence of t&ptophan |

were about twentwaive times more active than when grown in

the absence of typtophano k o k

| EVans, Handley, and Happold (13), in working on the
_ production of ”typtophanase (the coupled oxidative desmin-

atiOn‘and decarboxylation in an enzymic system which is



“specific for the typtophanulndole raction) by Eschecold found
that the presence of tryptophan in a medium is essential for

nthe production of the tryptophanase system¢ It was found also

“_ that tbe presence of glucose in the growth ‘medium has an ine

'hibitory effect on the formation of the tryptophanase system,

kthus preventing the production of indole by the cell suspensiono

;Howeverg onoe the tryptophanase syetem has been set up by growth‘:

‘in a sugar free tryptophan medium, glucose has no 1nhibitory
Mj'effect on the production of indole by the cell suspensiono

e Exgerimentale |
Prior to the setting up of experiments designed to
iprove or. dlsprove the Indole Theory for the development of Sure
‘face Taint in butter,'a study of the sensitivity of variousj
tests employed for the detection of indole and the determination
kof the indolemproducing abilities of the microorganism under k
;ideal conditions for its elaboration in bacterlological media
'awere undertakenoﬂ“‘ | ‘ | B
- The- sensitivity of Nencki's reagentg the WeylaLegal
 \reagent, Ehrlioh’s para»dimethyl»aminOwbenzaldehyde test, the
n~procedure of Woods (38) and the xylene extraction method of
Happold and Hoyle (19) for the detection of indole was deteru
mined. The method of Happold and Hoyle gave by far the most
'sensitive and delicate reection@ v
: Employing this test, the indole producing abilities of

the microorganisms used in this study were determined after
grcwth for varying periods of tlme in Tryptic Gasein Digest
fBroth - a medium Iound suitable for indole production. Teste

- were performed on cultures inoculated at 23° » 50 s 31°Cs, rese




|

pectively, The results are shown in Table 17,

Proteus iohthyosmlus (Hammer) is seen to give 2 distinctm ,

iy positive test at all temperatureso 30 and 37° Go, however,

,appeared more suitable for indole development than 25 Ce Pse

putrefaciens and Proteus ieht hyosmius (Oampbell) both failed to

i givepositive tests, Table .

Studies on the inhibitory effeot of glucose and Cawe

lactate on Indole productlon were of‘neoessity 1imited to

‘fPreteus ichthyesmius, the only culture giv1ng a pos?tive Indole
'Test in ideal artificlal media. '

In order - to determine the effect of gluoose on the pro=
éuotion ofeindole,kexperiments werevset upowhereby,Proba:ioh- |
‘thyosmius,Was inoculated into both T,0.D.B. and Tryptone Broth

containing’inoreasing'perEentages of gluoose;' Tryptone Broth

a nitrogen source commonly employed for the Indole Test, served]
~as a control for the T.GQD Be' The effecu of the presence of
‘f,glucose in the medium used for the growth of the culture prior

7';‘to inoeulation into the test broths, ‘on. Indole productlonyywas

determined by,growlng the organism in,T.C.D.B., contalning varyé

:'ing'percentages of gluoOSegy The~results»of these determinatiene

‘,are given in Table"l8.

Indole production was observed in TeCosDeBo containing
1;.57 glucose, but not with 00577 glucose» In tryptone broth,
however, no oulture contalning more than 0.1 % glucose gave a

definitely positive test. Glucose is thus shown to exert an

*inhibitoryfinfluencefon indole,formationrfrOm Tryptophan by

Prot. ichthyosmius; oonfifming the findings of Stephenson on

" B. coli, The presence of glucose in the medium from which the

oulture~is inoculated for the detection of indole isfseen to be
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~

without influence on its production.

The) effecu of Ca lactate on. indole produotlon was dew"
termined by inoealating Prot. ichthyosmlus into typtone broth
cOntaining varying amounts of Ca lectate,,,It was found that
Ca lactate~partially inhiblted the production of‘indole at
O 5% concentratlon, a positive test, however, being obtalned ‘
n the presence of as high as 2,0% Ca lactate.
= ; Taken as a whole, the studies on Indole production 1ead 
"byixference to the conclu31ons that 1ndole is not an essential
7‘constituent of the characuerlstic Surface Taint odour, Although'
only one of ‘the surface taint pro&ucﬂng bacteria could be in-
“Vduced to elaborate 1ndole on artifiolal media, ‘the possibility
that indole formation plays a;wrt in the devélopment of surfacek
taint in butter cannot be entirely dismlssed from consideratlone‘
The inhibiting effect of both oarbohydraue and Ca lactate dew '
monstrated in this experlment not only oonfirms work done by |
gStephenson on other microorganisms, but makes impossible the'
- complete dismissal of the Indolo Hypothesis as an explanation ‘
of surface taint development in buttere ‘ ‘ ’

If 1ndole fonmation is a requisite of surfaee taint
;development its preeence should be capable of" detection in
butter showing the defeote ,Employing the sensitive reactione
' of Happoldxand Hoyle, the sera=obtained‘from thOSe butters'
‘described in Part IIC., Experiments 1, 2, 3, & 6, Tables 5, 6,
& 8, and exhlbiting the defeot were tested for the presence
of indole. Further, in the case” of Experiments 3 and 6, sera
from aliquots of the butters taken at the time of manufacture,

prior toethefdevelopment of the defect, were taken, placed in
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Tgble 17.

" Prganism

Medium

Temperature Time

- Reaction,

: ?rOﬁ.'ichthyosmius

[Ps. putrefaciens
(Hammer)

Prot. ichthyosmius
: (Campbell)

T.C.DuBo

T eC oD o"BQ . b

P.C.D.Bs

. 23°Ce

©23°C.,

5&0,‘

30° Qe

37°¢,

37°C.

‘25005

. ZSOG.

;50{0;

50°C.

37°C.

37°¢.

23°G,
25°C.

30°C.

30°Ce
37,

37°6 .

24
48

24

48

23
48

24

48

24
48

24
48

24

48

24
48

24
48

Hrs, .

‘Hrs o

HI‘So
Hrs.e

Hrso

Hrso

Hrs.

Hrse

‘HI'S o

Hrs,

Hrse

Hrs e

‘Hr'Sok

HI'SA
H]_"S o

Hrs,

+F
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- Table 18.

o ETER o RO ; ]
Jorganism~ Medium Time - Reaction
Prot, :Lchthyosmius Tryptone Be.+0.1% giuc'ose" 52 Hpse ‘+
(Hammer) o : B o
_ A +0,24 52 M #+)7?
" 403 M 52 oM -
’,“ s +Oe4:7 ﬂ ‘ : 52 W “m‘
" | +o,57 o 52 M o
'T‘ryptone Bro‘bh (Com‘:rol) +-(-"
/~Prot ichthyosmius L ' ‘ , S
(Hammer) ' T;G.D;B»+Oe5%‘glu005e 72 Hrs, +
nouonon +0, 5.7% n ' o ‘Hrs., -
®owowmwgg, 85% 72 Hrs, -
T;C;DyB. (Control) | 4
iProto ichthyosmius\ e s
(Hammer) : T GoDo B.+O 3% glucose 52 Hrse s
£ oo 4 577 W B2 W +F+
neonon ll‘ +0°85% ﬂ 52 1 + + +
‘f‘ProtQViChthyosmiué o L R - ;
’ (Hemmer) ~ Tryptone B.+0.5% Ca lactate 52 Hrse + +
' o Bo+1.07 " n 52 ®
W B;?i,QS% TN 52 W +
v B.+,2; % " L 5o M o
Tryptone Bej(Controll ‘ P
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's‘terile tubes and incubated at 5°, 25°, and. 50°C\ for’*? Days and
'then tes»ed for indole° In none of these sera was the presence
of 1ndole even suspected, thus rendering the Indole Hypothesis Prace

,tically untenableo

".Decarboxylation Hypothesie;~ A | |

e 'fBecause experimenﬁal evidence~did'not sﬁbstantiaﬁe‘the‘
ehypothesls that indole was an essential constituent of ﬁhe
’characteristic surface talnt odourcj consideration was given to/k
the-possibility that. a specific amine or combination of aminesyv~
1produced by decarboxylation of the amino acids by the causative

microorganism, Was,responsible for the_development of the defecto

Historicalgyy

| Camﬁaell (5) in studies on the. hypothe31s thet indole

Aeformation was the necessary reaction for development of surface

;taint, reported that different amines in combination with indole,
approximated the dexecte ’ ' .

i Gale (15), in recent work on decarboxylation using the

i‘Washedkcell tdchnique, a and thus demonstrating the.enzymic nature
’ ofntheireaction, Wes'aoleyto form agmatine@cedaverine, histamine,‘

andifaminefbntﬁric,acid from‘fheir respectire amino acids nsing‘

{'enSpensione-of Bec%;ﬁcoli. He found that the decarboxylases for

: the various amino acids varied in ‘their optlmum pH activity

‘ values. The lower the pH of . the medium Withln limits the highe

i‘er‘the activity of the washed suspensiono He found also,’ that

the enzymes are not produced 1f the organisms are grown in an

' amino acid free mediumof' ’

Gale (16) ‘also found that not only gram negative but

also gram positive organisms are capable of decarboxylationa
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He showed that‘e strain of Sc.rfeealis? had ﬁhe‘ability'te deé
’carboxylate only one amino acid, forming tyramine from tyrosineo
However, it was also capable of Droducing the emino acid orni-
’thine ‘from arginine° Further he showed that putrescine results
from the associative action of Se, fecalis and B. coli on arg-
k’inine. The action of these organisms on arginine results in:
k(l)‘Decarboxylation of arginine~to egmatine’by~Bact; COlie
_(2) Breakdown of arginlne to ornithine by Sce fecalis.

j(S) Decerboxylation of ornithlne to putrescine by BaCbo
; , o colie

Experimentalo

The fact that the evidence obtained by Gale ‘had shown'
,that’an‘ac;d~reaetion‘wap essential for decarboxylation with
reeultantkamine’fOrmatiOn, lent support to this hypothesise
| The,demonéﬁration of the associated action of microorganisms
in the'fOrmetien Of‘eertain of the?aminee tended to substanﬁiate'
“this concept, especlally when the conditlons favoureble to the
production of surface talnt in butter are consideredo
’ 'Employing the technique described bV'Galeg decarboxye
‘1ation experiments were performed, employing both Ps, putrefac~‘
iens and Prot ichthyosmius on the amlno acids arginine and
histldinee In no case was any agmatine or histidine isolated.
,Unless the conditlons requisite for amine production from amino
aclids by speciee of the Genera Pseudomonas and Proteus differ
‘ from‘those eesential for,amlne‘productlon by stralns of Be coli,,
it-ﬁay be coneiﬁded that these organisms de‘not‘elaborate a
decarboxylatioﬁ eﬁzyme eyStemiforothese amino acids, The re=-

1~liability‘of\these findings in the light of the difficulties
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“'eccompanying this rrocedure was confirmed when agmatine was
readily isolated from arglnlne employing B. noli communior.,

_Although decarboxylatlon of the emino acids histidine and ar=-

ginine,kreadlly observed in the case of members of the coliform

ggoup‘and for this reason selected for study of the decarboxylase

{.

activ1ty of the gram negative surface taint producing bacteria,
dia not ocecur, the possioility remaing that these organisms may

be capable of decarboxylating other amino acids.

eDeamination Hypothesig,

| - Owing to the fallure to obtain expefimental ovidence:
ﬁsubstantieting‘either thekIndole or Decerboxyléﬁion Hypotheses
gorethe production of enrface taint, and hypothesis postulating
'the‘formation.of nydrony*and unsatunated acideﬁfrom'émino acids
‘.by,deaminaﬁionkwas‘oonsidered,as’a"possible explanation of the-
nature of the mechaniem determining the‘elaboretionjof the sur=
’face~teint odoursf The’evidence ﬁu%'forth’by Dunkiey (ll) that
.~ the odorlferous substance is acidlc in nature lends some support
to this hypothesiso The work of Sasaki (32) on the conversion
of tyrosine into parahydroxy phenyl lactic acid by strains of
Prot.iVulg&ris, and;thatnof,Raisfrick (30) on the formation of
Uéooenic‘acidyfrom?histidine by;SPeciee of ﬁhe coliform gronp'
of baoteria“stfongly’suggests that the gfam_negetive micro= |
organisms assooiated with surface taint development may be cap»
able oﬁfdeaminating amino acide, end that one of these acids,
‘formed on deamination, or combinatidns thereof, may be res=

: pOneible?for the charactéristic,surfece taint odoun in butters
| Preliminary experlments designed to determine the val=

1dity of this hypothesis has shown that the undertaking of a
thorough 1nvestigation of this aspect of the problem merits

oonsiderationa:
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Summarv and Oonclusions.

The 1iterature on. the putrefactlve deterioration of
butter has been reviewedo | |

Detailed descriptions of the microorganisms employed
throughout the study are givenu

A new medium.for the isolation of surface taint proe

“'ducing bacoeria is describedo

hxperiments on the detection of these organisms by theilr

‘°action in milk are outlined¢

A technique for experimental butter making on s laborwl
atory scale was developedﬁ | |
k In &etermining the influence of the degree of Working

in experimental butter making, it was observed that surface

‘ taint or closely related odours and flavours occurred more often

in underworked butbter than in Well Worked buttero‘ There was

:usually a decrease in potency of the odour With an increase in

o Lthe degree of working@, Tt wsas also found thet there was a

vitendency towards a definite decrease in bacterial count as the

K extent of working inoreasede

: It was found that the assoolative action of surface taint

~and 301d producing microorganisms resulted in a higher incidence

- of undesirable odours snd flavours than when the surface taint

‘producing organism alone was employed,

Defects'closely akin to surface taint were. encountered
more,often in butter of‘low’than in butter~0f'high salt contént.
In experlments on the influence of grinding on commers=

01al bntters it was found that the methods used in the sampling '

‘and handling of butter for total bacterial count determinations
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may be ofkparamOunt‘importancee of equal if not greater sigul
niflcance was the finding that the yeast and mould count was
'influeneed greatly by the method of handlingo
‘ i The results obtalned on different butters suggest that
'an 1norease in mierobial population resulting from physical
Echanges induced in butter by grinding may be determined by
- the specific types of mlcroorganlsms predominatlng in the
‘,buttev° k | | |
| No=epecific relationehip between bacteniel count énd the
,in01dence of surface taint as dependent upon the grinding pro« |
cess was found to exista | | "
| Dlrect contamination of a normal commercial butter re-=
sulted in the - development of surface taint.
. The nature of the nitrogen source of the medium employed
"for growth of the inoculum as studied in this work was shown to
have no influence on the production of surface taint. It was
’!found that the presence of glucose in the medium failed to in«
il,hibit development of the defecte ‘ ;
~The method of inoculation was found to be without inw
,fluence on ‘the production of the telntgk
‘The source of the cream supply may influenoe to a slight
dextent, the development of surface taint» ‘
0. 37 titratable aciditv of the cream did not inhibit
. the productlon of surface taint in the subsequent butters made
e therefrcm employlng a surface taint producing bacterium as cone
’taminante Neutralization of the cream had neither an inhlbitory
nor stimulatory effect on the development of the defect,

Organisms other than Ps. putrefsciens have been shown



‘k-; 102 -
capable of producinv surface taint in but ;
| : The significance of the temperature selected for the
holding of butter prior to grading is emphasizedgu Reasons fof
bhe inadvisability of storing butter at 5° C, as e pwevent1Ve for
fsurface teint development are presentede,V-*~ | ‘

The occurrence of surface taint has been shown to de=
pend on a number of close]y integrated biologicel, chemieal and
physicaT factors and the significance of aeration as a defermin«
»ina factor for 1ts occurrence has been demonstrated@
Sk Results of work carried out in an attempt to substantiate:
the Indole Hypothesis ‘showed that it 1s practically untenable
as an explanation of surface taint in butter,

Evidence is presented suggesting that decarboxylation
of amino a01ds w1th resultant amine formation is not responsible
pfor the development of surface tainto |

“ Pfeliminary experiments to determine the validity of the

gDeaminatlon Hypothesis postulating the formation of hydroxy and
funsaturated acids from amipo acids by deamination showed that
the umdertaking of a thorough investigation of this aspect of

the problem merits consideratione
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