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What is Surface Flavor? It is a defect that sometimes appears in
butter as a result of the action of certain bacteria. It is called Surface
Flavor because it first appears upon the surface of the butter affected,
but it may later work its way throughout the entire body of the butter.
Surface Flaver or Surface Taint is the outward manifestation of a putrid con-
dition in the butter. Butter that is affected by Surface Flavor is abso-
lutely unsalable. It is exceedingly unpleasant to the smell and the taste.

Cheesiness is closely assosiated with Surface Flavor. It is a protein
decomposition defect, but is usually not quite so disagreeable to the consumer
as is Surface Flavor. Frequently cheesiness in the butter is the forerunner
of Surface Flavor,

Prevalence of Surface and Cheesy Flavors

For a number of years, the Butter Industry has been punotuated by interw
mittent and sporadic outbreaks of a flavor defect in butter, to which defeot
various names have been applieds. Comparison of the descriptions of the
variously nsmed defects indiecate that they are one and the same thing or
are very closely related. A defeot of spasmodic occurrence in New South
Walos, Australia, called disagreeable aroma, has been studied and reported
by Brown and is referred to by Derby end Hammer. (2) A similar defect found
in New Zealand is referred to there as foetid odors In Demmark it is reforred
to as putride In the Unitdd States, it is referred to by some as Limburger
checse, by others as putrid, and by still others as Surface Taint; the latter
neme being the common one attached to it in Canada. Some writers, according
to Maey (1), refer to it simply as cheesy. Prom this it can be seen that the
ocourrence of surface taint in butter is by no means a localized defect,
from the geographical point of views Nor should it be considered as a minor
defect of only passing importance, for though it breaks out only now and then
and is more or less scattered it is perhaps to be feared with a view of doing
everything possible to prevent its occurences It is a defect which ordinarily
mekes the product absolutely unmarketable if the defect has progressed to any
merked degree. Several outbreaks have occurred in Oregon during the rast few
yearse
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Cececurrence

Aecording to Derby and Hammer (2), most of the lots of surface taint
butter with which they have had any experience have been made from cream that
has been pastaurized. The pasteurizing exposure has usually been fairly
high, according to them. They indicate an average of 10 minutes exposure
at 76.7° C. (1700 F,) partioularly in several Canadian plants. It has also
boeen their experignce that much of surface taint butter has had a rather
low salt content and has been made without the use of starters

In several cases of putrid butter mentioned by Eckles (6), one of which
was reported in detail, the oreem from which the butter was made was not
pastourizod.

Darby and Hémmer (2) showed by oxperiment that "Achromobactor putrefacions
failed to grow in skimmilk acidified with lactic acid to 0430 or 0.31
percent but did develop when the milk was acidified to 027, 028 or 0.29
pereent,"

Causative Organismg

Derby and Hammer (2) refer to work by Gilruth, in Now Zealand, in whioh
he found Bacillus fluorescens liquefaciens to be the organism causing what
he called foetid odor.

Eckles (6) in 1900 found two bacterial organisms to be responsible alone
or jointly for a putrid butter outbreak in Iowa. One of these he identified
as Bactorium fluorcscens liquefacicns and the other ho did not identify.
Virtonen (7) includes Bacterium punctatum among the causative organisms.

Dorby and Hammer (2) refer to findings of both Cordes and Macy in whioch
they invariably found surface taint butter to contain large numbers of bacteria
and yeasts and assumed these to be responsible for the defect. Aoccording
to this reference, Macy believed that tho defoct was due to the assoosiative
action of a large cocous form of bacteria and various yeasts, but the refere
encc fails to name my of them,

Hood and White (10), also referred to by Derby end Hammer, found large
numbers of bactoria, ysasts, and molds to be present in samples of surface
taint buttor. A considerable number of the bacteria were of the liquoefying
or ocurd dsoompoeing typo.

Shutt (8), in Canade found largc numbers of putrefactive bacteria to
bo present in putrid butter. Tho chief of theso was Psoudomonas fluorescons,
which was found by experiment to produce surface taint when inceulated into
ercam and the cream churned.

Horrsid, Maoy, snd Combs (4) in their study of the Miorobiology of
Cheosc=Like Flavors in Unselted Butter found that a culture of m orgenism
belonging to the genus Achromobaster produced offensive flavors and aromas,
involving lipolysis and proteolysis, when the oculture was inoculated into
crcam end churneds. The flavors developed in the butter both at 41° F. md
500 Fo

In contradiction of Shutt, Derby and Hammer (2) maintain that Psoudomonas
fluorescens has in no case beon found to be the cause of surface taint in
their oxperiments. Accarding to them, rancidity was the resultant dofeect
where Psoudomonas f£lucrsscons was prosent.
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Naturo of Surface Taint and Cheesy Flavor

Tho obsorvations and conclusions of all the investigators of the subjoot
of Surfacc Taint and Choosy Flavor in buttor arc quito strikingly in agrco=
mont that tho dofoct is the rosult of protoolytic docomposition in the buttor
brought about by tho action oithor diroctly or indirectly of cortain organisms
on tho protoin in tho butter at loast some of which havo boon proviously
montioncd e

Herreid, Maoy, and Combs (4) report some studies concerning the constitu-
onts of cream involved in the production of cheesy flavors the results of
which seem to furnish rather conclusive evidence that surface taint or flavor
and cheesiness in general are the result of proteolytic decompositione.

They found that the inoculation of pure cultures of bacteria, obtained
from specimens of cheesy butter, into cream that was later churned, did not
always reproduce a cheesy or surface taint defect. Thoy state that, "the
flors of the infectod butters were not observod to undergo any morphological
or dissociative thango," end on this ground expross the more or loss theoroti-
cal possibility "that the manifestation of choesy flavors and aromas is an
oxprossion of the physiological functions and properties of bactoria," and
that tho inconsistoncies in results might bo explained on such a basis of
physiological variations of one sort or anothor. Thay go on to submit the
possibility that "tho protoplasm was of such a nature that the metabolic
processos of the cells wore changed to the e xtont that by-products of a non-
chacsy naturo woro formode"

Tho samo invostigators found that a considerable number of organisms—=
bactoria, yeasts, and molds--could usually be isolated from samplos of cheusy
flavored butter. 450 cultures were igolated from such samples of butter and
from suspected spscimens of wotere 68 of these cultures produced flavors
suggesting some type of cheeses Some of the 68 cultures were divided into
8 groups on the basis of their physiological reactions and morphologys All
three of the ocultures falling in group 8 (the only one of the sight groups
which consistently produced Cheddar flavor in butter} were yeasts, which were
Grem positive, gelatin 1liquifying, produced proteolysis in litmus milk, end
poidified glucose, lactoso, and suorose brothe.

Virtanen (7) divides butter dofects into two main groups in accordance
with whother they are caused (1) by non-enzymatic reactions, or (2) by enzym~
atic rcactions. Under the non-enzymatic group he places defeets such as
oily and fishy, and under the enzymatic group such defocts as he calls fermented,
boiled, cheese-sour, putrefied, and rank.

Herroid, Macy, and Combs (4) also express the possibility that the mani-
festation of the objectionable cheesy and like or related flavors and aromas
moy be due to the action of mixed oultures of organisms, and base this con=
olusion on the fact that purs cultures of orgenisms seldom, if ever, occur
in raw milk or oroam. “There are, howevor, conditions under which a pufo
culture might be distinetly looalized in some portion or unit of thc creamery
oquipment, water or other contral point in the plant." There is also the
possibility that a singlo specios of bactoria might resist pastourization
or be introducod after pasteurization and thus give a purse culture which
may produce an undesirable flavor in the butters



4,

Experiments reported by Herreid, Macy, and Combs (4), that were made to
study the effects of the enzyme galaotase and of the udder bacteria on the
keeping quality of butter indicated that there was no connection between the
action of the enzyme and the udder flora and the manifestation of cheesy or
related flavors and aromas in the product, butter. They refer to work by
Hoiduschka and Komm, in which they showed experimentally that aseptic milk
did not contain an inherent protease enzyme. Other experiments reported
by Herreid, Macy md Combs (4) showed that when certain animal proteases
(Pepsin, trypsin, and rennin) were added individually or in different combinas
tions, to sterile butter, choesiness was not produced.

From these reported researches, it would seem to be conclusive that the
choesy and related flavors found in butter are caused only by micro=orgnaisms,
or enzymes produced by them, and that certain types of the bacteria and their
enzymes are primarily responsibles a number of different bacteria having been
isolated and found to quite consistently produce the defect under study, either
in pure oculture or in mixed culturo.

Herreid, Macy, and Combs (4) attempted to reproduce the defect in

rather concentrated mixtures of the major components of butters It was found
that whore the flavors appeared no single substrate, but in every case more
then ono substance was used. Theroforo, the eoxperimenbers were unable to lay
the source of the defect to any one of the substences alone. Because the
qualitative mixtures of substances did not imitate the natural conditions

the experimenters décided to try to reproduce the defect using washed cream
as a base and adding the remaining substances in more or less purifiod forme
The washing of the cream with pure water removed the plasma colloids and when
this cream was inoculated with bacteria and churned, the cheesy defect could
not be produced. This dafinitely showod that it is the protein compounds
removed by the washing that are actéd upon by the organisms or their enzymese

When different constituents werc added in various combinations to the
washod creams, inoculated with a mixed culture of bacteria, and churned,
the results showed that "no single constituent of cream can be indictdd as
being the source of cheesy flavors in buttor. The simplest combination showing
any degree of cheesiness was that containing casein and lactoses" Casein
was always one of the constituents of butters exhibiting any manifestations
of choesy flavors. Throse samplos that showed distinet putrid or limburger
flavors and aromas contained lactalbumin and one of them contained lactose in
pdditions The lactalbumin in two of tho samples was froed of lactose by
dialyzing ite In one of these the lactosc=free lactalbunin was added alones
In the other lactose was added as wells In the third, undialyzed lactalbumin
was usede The undialyzed lactalbumin contained 35¢37% protein, 0.195% ash, md
64.44% lactose. The addition of caloium caseinate alone to the washed cream,
did not result in either a cheesy or surface taint memifestatione

The above appears to have been the only work done on the substrates
affected in the development of cheesiness and surface taint in buttere
Though nothing definitely conclusive was found as to just what substance
or substances in butter were affected in the dovelopment of these defects
other than that it is the plasma (milk serum) colloids, the work does bear
out tho previous conclusions that the defects of cheesiness and surface
taint aro the results of protein decomposition.



ba

Experimental work done by Hammer snd Patil (9) on the effeot of proteoly=
sis by Streptococous lactis in butter indicates that the making of butter
with a proteolytic strain of Streptococcus lactis results in no different
flavors in the butter than those obtained from tho use of a non=proteolytio
strain of S. lactis. "It 1s quite apparent,” acoording to them, "that S,
lactis strains causing proteolysis in milk afo of no significance from the
standpoint of the keeping quality of butter.”

Dorby and Hammer (2) found that “Surfase taint could not be produced
in butter by inooulating & normal product, either saltod er unsalted, with
surfaco taint butter, but could be developed by inoculating the defective
buttor into pastourized oream and churning the oream; from 2 to 4 days wero
requirod for tho surfaco taint to develop ab 15.60 C. (60 F,) and from 7
to 10 days at 50 C. (41° F.)."

All investigators have found that surface taint may develop in oommeroial
buttor hold at tomperatures favorablo for baoterial growth, and that in the
largo majority of oases the butter that develops surface taint is either
unsalted or has a low salt contente

Sources of Causative Organisms

Olson end Hammer (3) in studying the influence of organisms isolated
from churns on the keeping qualities of butter found four cultures of organ~
isms of the genus Baoillus which produced choosiness or surface taint, one
micrococoi which produced cheesiness, end one mixed oulture which produced
surface taint.

The comtemination of churns and other equipment from the air was found
by Olson and Hemmer to be a possible source of some of the organisms causing
cheeginess or surfeace taint.

A large proportion of the writers mention the wash water used in the
oresmories as an exceedingly important source of the organisms causing sur~
feco tainte Hood md White, according to Derby and Hemmeor (2), reported
the sourcos of organisms causing surface taint to be shallow or s oeping
wolls in meny cases. Shutt (8) noted that all semples of surface taint
buttor enoountered commeroially by him had nad thoir origin at crcameries
whore the water supplies were anything but puro. He also noted that prac=
tically all the outbreaks of surface taint about which he knew had followad
periods of heavy rainfall, and that the wators involved woroe contaminatod
with large numbers of pubrefactivo bacteria.

Virtanon (7) statos that, " = tho enzymes causing the defects (in
flavor and aroma) are as a rule prodused by golatin liquifying water baocteria.”
Ho also statos that molds and yoasts may bo the causc of thesc dofocts.

Methods of Provention and Comtrol
of Surface Taint and Cheesy Flavor in Butter

Shutt (8) rocommonds (a) " = tho substitubing of pure water for oon=
tominated," (b) " - subjeoting contaminated water to 87.8 degroes Cs
(190 dogrees F.) for 10 minutes" end (o) " - moutralizing the cream to not
loss than 0435% acid."
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Derby and Hammer (2) found that, “"The organisms which would produce sur=
face taint were greatly restrained by the use of medium salt percentages or
butter oulture in the making of butter.”

Virtanon (7) states that the baoteria causing butter defects are unable
to withstand very acid media and that they are susceptible to the influence
ef salte.

Shutt (8) statess

"1. No samples of surface flavor butter have ever been received frem
oroameries where the water supplies were lmown to be puros

"2, All samples of surface flavor butter have had their origin at rural
cresmeries, or at city creameriss where the water supplies have not
been pure.

"3, Very few samples of surface flavor buttor have been reseived during
the winter months. The great majerity has always come during the
spring and summer.

"4, Several samples of surface flavor butter appeared to be over=neutralized.

"5, Surface flaver has never been found in sour oream butter; but always
in sweet oream or neutralized cream butters"

After making certain of the purity of the water supply, observing of ficlency
in noutralization and pasteurization followed possibly by the use of butter
culture and the addition of a moderate percentage of salt should, with proper
sterilization ef the oquipment, assure freedom from the development of surface,
putrid, or cheesy flavor.

It should not, of course, be forgotten that cereful grading of the cream
recsived, is necessary, and that all oroam showing a decided eheesy or putrid
flavor or aroma should be graded out and under no circumstances used in the
making of first grade butter. This grading in itself should assurs freedom
from cheesy flavor in the butter if there is no contamination at a later stage
in the manufacturéng process.

Hunziker, at the amual Buttermekers Short Course and Convention held
at Corvallis, Oregon, In February, 1935, stated that, “An epidemic of surface
teint is liable to spell financial disaster to o oreamery unless it is
brought under control jmmediately. Any creamery can afford to go the limit
in its efforts to prevent the outbreak of surface taint. The source of the
contemination is often hidden and difficult to find. Surface flavor may
result from one or more of the following: too low a salt content in the
butter, favoring the development of undesirable bacteria; too low an acidity
of the cream at the time of churning, which favors development of protein
digosting bacteria; inefficient pasteurization; the introduction of raw croam
into the pasteurized cream between pasteurizing and churning-npossibly
because of a leak in the cream lines; the use of contaminated wash water;
inefficient sterilization of the equipments leaks in the linings of vatsi
improper treatment of wraps; storing the butter at too high a temperature,
thus favoring the dévelepment of any bacteria present,”
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