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DISTHIBUTION OF SALT IN BUTTER AND ITS EFFECT ON
BACTERIAIL ACTION i

The dlstribution of salt in butter is of importance from
the standpoints of composition, color, distribution of mois-
ture and deterioration due to the action of micro-orgenisms,
Previous investigators studied the distribution of salt 4in
butter from the chemical angle, while the studies reported.
herein were undertaken chiefly to obtain information on the
effect of salt distribution on bacterial action in butter,

. The retarding effect of salt on the activity of many
micro-organisms is generally recognized, and various in-
vestigators have presented evidence to show that the addition
of salt to butter improves the keeping qualities, However,
salted butter sometlmes shows spollage due to bacterial action.

Butter is not a homogeneous mass but consists of an
erulsion of water in fat, the molature being present in drop-
lets which vary from 3 microns to more than 100 microns in
dismeter (5, 30)e The nutrients important for bacterial

‘growth in butter, as well as the salt and bacterial cells,

are largely included in the serum, whereas the fat 1s rela-

tively resistant to bacterisl action. Growth of bacteria in

butter depends to a large extent on the chemical composition %
of each infected water droplet so that the effectiveness of %
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salt 1n preventing bacterial action depends on the extent of
the distribution of salt to all infected water droplets.
Since the averagé concentration of salt iIn the serum of
a churning of butter often is sufficlent to inhibit growth
of most bacteria producing spoilege in the product, the
ability of micro-organisms to grow and produce defects in
salted bubtter suggests that possibly not all of the serum in
& churning contalns the same concentration of salts Thié
would permit groﬁth of bacteria in ﬁicro pgnbinns of butter
containing little or no éalt, while in“oqharuportions;
containing higher concentrations, growth would be inhibited.
Because of the spoilage of salted butter dus tolbacterial
action, studies on the distribution of §a1t,in~buttervand lts
effect on bacteripl‘gctibn_wéxe made, using a micfo technique
for the salt deterﬁination},»‘The investigétidn involved: the
deveiOpmdnt"Qf a'micro msthbd'for,deterﬁ;pation“of salt in
butter, studies on séié.diétriﬁgtjﬁh in butter and studies
on-the effect of salt dtstribution on bacterial actions
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EXPERIMENTAL

DEVELOPMERT QOF &_MICRO METHOD FOR DETERMINATION

OF SALT IN BUTTER

The macro methods for the determination of salt in butter
are adeguate for obtaining the averége salt content of an
entlre churning, but from the bacteriological standpoint such
genersal 1nformation is inadequate. Since butter is not a homow
goneous magss and organisms are not uniforﬁly dlstributed. through
it, the bacteriologlcal changes in a lot of butter are the
combined results of the changes in numsruus anell portions.
Accordingly, in studying thefeffect of salt distribution in

butter on bacterial actibn,fsalt contents of as small portions

- as possible are deslred, and, for this reason a micro pro-

 cedure for the determination of salt in butier was developed,

General Method

The micro method is carried out as follows¥: an approxie

#The method of tltrating small smounts of socdium chloride
with & very dllute silver nitrate solution was developed by
Mr. Clyde L. Ogzg who used the method on s number of sasmples of

butter., The prodedure followed by Mr. Ogg has been modified

by reducing the sizs of the ssmple analyzed, by picking the

sample under a low power microscope and in other minor
respectse.
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mately 0.2 mge portion of butter is picked under a low power

microscope and weighed on a microbalance.,  The butter is then
ashed, and the ash and salt are taﬁen up in & water-alcohol
solution and transferred to a spot plate. A known amount of
standard sodlum chloride is added, and the mixture 1s titrated
with é standard silvef nitrgte solution under a fluorescent

type lamp, using dlchlorofluorsscein as the indicator,

Generél Considerations

The butter‘tc be studied was tempered and held at
apéroximatoly 13°¢, for‘éampling. This temperature was low
enough so that the orgginal body and texture of the butter .
were not changsd and yeb high enough to akoid‘any great ten=-
dency for moisture from the air to condense on the sample.

A 0,15 mg. sample was considered to be the smallest sample that

-could be analyzed withnut danger of the percentage srror for

the anealysis being excessives To minimize the changes of
wolghing condensate from the air, & freshly éxposed surface
was used for each micro sample, and the butter was. broken' ine
stead of cut so that the original texture at the freshly

oxposed surface was not chenged, The welght of a sample was

: determtned to within plus or minus 0,002 mg.

Each.day during the weighing of the first few samples

'of butter the zero Point on the balance fluctuated considerably.

Upon investigating the cause of this, the observation was made
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that when the balance was allowed to stand without use for a
long perlod, possibly over night, and then -the zero point was
checked at frequent intervals, it remained constant as long
as the balance case door was not opened, However, opening
and closing the door of the balance case ceused the zero
point to change considerably. The shifting of the zero point
apparently was caused by the differences in temperatﬁre and
humidity between the air inside and outside the balance case,
The difficulty was eliminaﬁed by leaving thn door open for
30 minutes before attempting tb weigh; this allowed the air
inside and outside the bslance case to esquslize and the balance
to come to equilibrium under the new airlccnditians. |

' In mscro anelyses of butter, salt iy separated from the
fet by washing the butter with successive portions of warm
distilled waterAand recovering the washings contalning the

salt, This procedure is not adapted to micro analyses since

it is impossible to transfer quantitatively such small amounts
of liquid a8 are necsssary to avoid greatly reducing the
chloride concentration in the titrating solution; therefore,

8 procedure was used in which the butter wes ashed and the
ash and salt transferred to a spot plate depression. Blank
determinations showed that the salt was transferred quantita-
tively by the rinsing process employed. Apparently the small
amount bf salt prosent was readily dissolved in the propor-

tionally large volume of water used for the rinsing.
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Potassium chromate, the indicator commonly used for the
argentometric titration of sodium chloride in macro samples
of butter, is unsatisfactory for the analysis of véry small
quantities of chlorides since the color .change af the end
point can not_readily be detected. However, various ade
sorption indlcators have been suggestead for the determination
of halides. |

In 1923, Fajans and Hassel (9) published a method for
the argentometpic titration of halideg, using sodlum fluorescein
and sodium eosin as adsorptlon indicators. Other investiga-
tors.(10,4;20,2141) confirmed the work of Fajens and Hassel
by obtaining accurate results with sodium fluorescein; how-
e&er, the titration must be carried out in a meutral or slightly E
alkaline solubion, and the thorida concéntratién must be greater |
than 0,005 N |

Later, Kolthoff, Lauer and Sunde (22) published a meshol
for the srgentometric titration of chlorides using dichloroe
fluorescein as the indicator. They stated that "dichlorofluor-

| escein 1s a very suitable Indicator for the argentometric titra-

tion of chlorides in . very dilute as well as in weakly acid
solutions.” 'In & semi-micro method for the dotermination of

chlorides, Hblscher (14) obtained good results with dichloroe-

fluorescein as the indicator. Bamback and Rider (2), using
this indlcator, found that the analytical results on chlorides
were withiﬁ the experlimental error of the theoretical values

on pure chemicala, Feldman and Powell (11) also reported
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favorable results when dichlorofluorescein was used in the
determinations of halides in organic compounds,

Bryant (3), in 1937, used dichlorofluorescein for the
determination of salt in macro samples of butter, Skelton
end Brysnt (33) and Weckel (35) compared dichlerofluorescein
end potagsium chromate as indlcators in determining the aalt
content of butter, Dichloroflucrescein was preferred as it
has the advantage of producing a distinct and sudden change
in color at the end-polnt,

Since various investigations show that dichlorofluorescein
1s a sultable indicator for the argentometric titration of
chlorides, especiaily In very dilute as well as in slightly
acid solutions, this indicator was used fof the micro deter=
mination of salt in butter. It proved to be very satisfactory.

The color change at the equivalence point is due to the

adsorption of the indicator on the surface of the precipitate,

 Accordingly, increasing the surface of the precipitate also

Increases the'intensity of the color (23)s The surface of
the silver chloride precipitate was increased in the detere
mination by sdding & known amount of sodlum chloride to the
solution before titrating with silver nitrate. The amount &

silvér nitrate in excess of the amount necessary to react with

- the added sodium chloride was equivalent to the silver nitrate

which reacted with the sodium chloride from the butters
With proper precautions; the color change of dichloro-
fluorescein at the equivélence point was distinet. The color
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change 1s from & yellowish«brown or white to a pinke. The
addition of too large a quantity of indicator gave the solue

' tion & rather pronounced brown color which persisted during

the entlre titration, making the end=point difficult to de-
tecte However, with the propsr smount of indicator cnly a
very slight yellow color was present, and thls disappeared as
the cloudy to white silver chloride precipltate formed during
the tltration. At this point a localized pink color could be

- developed at the tip of the burebte by disconmtinuing the

stirring, At the eguivalence point the sclution turned a
light shade of plnk throughout, and this remsined for a short
times If the volume of the solution was allowed to become
too large, the plnk color was very light and difficult to
detecte '

¥hen the solution being bitrated was allowed to stand
for a sho:t time after reaching the eund-point, a dark purple
color developed, due to the decouwposition of silver chloride
by light. Tuls reaction is ceatalyzed by the indicator. The
purple color also was observed 1f an excezsively long period
elapsed during the titration, Tibtrating too slowly with
ingufficlent stirring caused the silver chloride precipitate
to floculate and sebttle oub, end since the color is pro=-
duced byAthe adsorption of the irndicator tc the precipitats,
2 poor end-point was obtained. For satlsfactory results
the solution should be stlrred contlnuously and the titraw-

tion completed in a reasonable time,
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Titrationa were made at first with daylicht as the only
source of light, but this was not satisfactory since the
intensity varled considerably from time to time, In an
effort to control tha intonasity of light, titrations were
made In a dark room using various sources of artificial lipht,
iHost of the lirhts wore not satinfgctory gince they ccntailned
tooc rmch yellow which partially masked the pink color at the
ond-point. However, the fluoraescent light was very satis-
factory since the 1light was vory neorly colcrless and the

end-point in thoe titrations was easily detected.

Anparatus and Reagents

Microscope: A Spencer, wide-field, low~-power, binocular
microscqpe,'having a €X magniflcation; was used in plcking
the portions of butter,

Hicrobalances: An Ainsworth microbalance (type FDJ) was
employeds

HMicro spoons: The micro spoons in which the butter
samples were welghed and ashed were made by fusing pieces
of platinum foll about 7 mm. in diameter to 24 gauge pla-
tinum wires 2.5 cm. in.length. The centers of the spoons
vwore made slightly concave, and@ the wires were bent 8o that
the spoons wers level when hanginge.

Spot plate: The titrations were made in a white por-
colein spot plate with depressions 20 mm, in diameter and

5 mm, deep.
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Caplllary burettes: Capillary burettes were constrﬁcted
and caelibrated as described by Johns (1%). The volumes con~
tained in the burettes over a length of 1 cm. corresponded to
approximately 0,004 ml,, and the flow of the burettes was
controlled to within 1 mm. To eliminate difficulties en-
countered in transferring ligulds quantitatively due to the
surface temnslon, the tips of the caplllary burettes were
1mmeraed in the 1liquid being titrated, The titrations were
made under a 15 watt fluorescent Cenco Lablite, |

Sodium chloride solution: A 0,01 N, sodium chloride
solution was prepared from reagent guality sodium chloride,

Sllver nitrate solution: An approximately 0.01 N,
silver nitrate solution was prepared and standardized against
the standard sodium chloride solution, using the micro titra-
tion that was later employed for the analyses, The silver
nitrate solutlion wés kept in a dark bottle covered with
aluminum foll and the concentration checked at frequent

Antervels.

'Dichlorofluqrescemn solution: One-tenth gram of die

- chlorofluorescéin was dissolved in 60 ml, of ethyl alcohol
- {95 per cent) and the volume made up to 100 ml. with dis-

tilled water. One ml. of this solution was then diluted
with 9 ml. of éthyl alcchol,

Procedure

From a freshly broken surface an approximately 0.2 mg.
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(£ 0,05 mge) portion of butter was picked under the microscope
with & dlssecting needle and placed In a welghed micro spoon,
The aspoon containing the butter was hung on the pen of the
microbalance and the welight determined to within 0,002 nge

Wo difficulty was ezperienced in weighing the micro samples
except on warm, hpmid deys; on such days moisture condensed

on the cool sample, and then when the sample was placed on a
relatively warm platinum spoon the temperaturse rather gqulcekly
inereased and the moisture slowly evaporated,

The mlero spoon containing the sample of butter was
hung on a nichrome wire drawn across the top of s 15 ml,
porcelain crucib%e. As the crucible was heated slowly with
a micro burner, the butter melted and spread in a thin £ilm
over the entire surface of the sppon; no spatteriﬁg of the
fat could be observed, After the butter had charred, the
heat was increased, the crucible being heated just to redness
until all the carbon had oxidigzed and only the ash and salt
remeined. With proper spécing of the spoon in the cruclble,.
the heating could be completed in ? minutes without loss of
sodium chloride. ' ‘

The ash and salt were transferred to the spot plate in
which fhe titration was to be made by placing the spoon in &
drop of water in a depression and tovering the spoon with
another drop of water. After several minutes the salt Solue
tion was washed from the spoon with 3 or 4 drops of wéter !

followed by & or 4 drops of 95 per cent ethyl alcohol, The
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addition of alcohol sharpened the end-point end facilitated
removal of the salt solutlione The volume of the solution
was approximately 0.5 ml. and was not allowed to become much
greater than thls since thg color change in the titration was
more dlstinct in a reletively concentratéd solution,

A volume of 0.01 N. sodium chloride solution equivalent
to 10 to 12 cm. on the burette scale was added from a capillary
burette. 2 small drop of dichloroflgoregoein was sdded with
a csplillary pipette, and the solution was titrated with the
silver nitrate solut;on. The solutlon was stirred continuously
‘during the titration, and the first permanent color change was
teken as the end-pointe The titrations were made in a dark
room under a fluorescent light,

From the results of the titration and ths weight of the
sample, the percentage of salt in the sample was calculated,

-

Accuracy of Titration

The accuracy of the titration could not be determined
by analyses on duplicate samples since butter is not a
homogeneous mass and duplicate micro samples could not be
obtained, However, the accuracy of the titrations was
chocked by titrating a 0.0l N. sodlum chloride solution,
using the micro procedure,.and expressing the volumes of
the solutions as cenfimeter divisions on the burette scale,

Table 1 gives the results of elght titrations on the
0.01 Ni sodium chloride solution. The titration values
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Teble 1. MICRO TITRATIONS ON 0.0l N.

SODTUM CHLORIDE SOLUTION
¢t Cm, divisions on burette scsle

Trisl: corresponding to vol. of solu.

no. : NaCl solu. : AgNO3 solu.
1 14.0 1.1

2 14.0 14.2

3 14.0 1h.1

I 14.0 14.1

5 14.0 1h.1

6 14.0 14.2

7 13.0 13.1

8 13.0 13.1
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checked to within 1 nm. on the buretté scalej thls represents
a volume of 0,0004355 mle. of an approximately 0.0l H. silver
nitrate solution. Since the water-alcohol solution of the
ash and salt was cleer, it is probable that the titrations
made on the butter gamples were as accurate as those made on

the salt solution.

ST DISTRIBUTION IX BUTTER

Different investigators have studied the distribution
of salt in butter, using macro analytical methods, in
connection with controlliing the composition of butter and
preventing certaln color defects. While the informatioh'
obtained with the macro methods is very useful from a mumber
of angles, it 1s not adequate from the bacteriological stand-
point. In considering the effect of salt distribution on
bacterial changes in butter, the salt contents of assmall

portlons as possible are desired.

Historical

Guthrie and Ross (13) and Guthrie (12) found thet the
composition of butter from some churnings varied considerably
with respect to molsture, salt and fat snd concluded that
butter which is thoroughly worked has a2 more uniform composi-
tion than butter which ls moderately workeds In connection
with studies on the varlability in composition of butter
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from the same churning, Manhart (28) stated, "of the three
non~fatty constituents consldered in this investigation, thé
curd was the most, variable, the salt next, and the water
least."” A more even distributlion of these constituents was
obtained as the working process was prolonged. McDowall
end MecDonald (26) noted that the extent of salt variation
largely depends on the method of salting, the temperature
and time of working and the type of churn used., As 2 mesns
of helpling control the composition of butter in a churning,
Mortensen et 8l. (29) recommended weighing the salt in two
or three lots and distributing each lot over one-helf or
éne-third, respectiveiy, of the vutter in the .chwn. Hood
end White (15) found that the salt contents of Canadian
butter from the same churning waried as much as 0.90 per
cent. The factors responsible for the lack of uniformity
in composition Werev(a) type, slope and mechanical con-
dition of the churn, (b) lack of uniform and standard
methods of manufacture and (¢) lack of attention to details,
Early investlgators reported that mottles, & color
defsct, occurred only in salted bubtter. As a means of pre-
venting mottlea in butter, Doane (8) :ecommended working the
butter'sufficiently to thoroughly distribute the salk. McKay
and Larsen (27) found that salt could be present in 6utter in
an undissolved condition without causing mottles, provided
the water in the butter was saturated with salt and the selt

was evenly distributed in the butter.
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Van Slyke and Hart (34) noted that buttor, free of
buttermilk adhering to the outer surfaces of the granules,
cdoes not produce mottles whon salted, irrespective of the
salt distributlion. They stated, "Mottles in butter are due,
primarily, to the presence and uneven distribution of butter=
mllk adhering to the outer surface of the smsll granules;
and, secondarily, to the hardening and localizing effect of
salt brine upon the proteld of ths buttermilk thus retained
1n butters The light portions of mottled butter owe their
llghter color to the presence of localized proteid (ususlly
caselin lactate)." Working with butterfat free of casein,
Sammis and Lee (31) produced mottles when the salt was
unevenly distributed in an emulsion obtained by churning the
butterfat and watser. They emphasized the importance of
thoroughly working butter,

Hunziker and Hosmen (16) found that mottles appeaved in
salted butter in which the working was incomplete and that
the opaque or light portions contained large numbers of very
minute water droplets, while the deeper yellow or clearer
portions contained fewer and larger water droplets. The
addition of salt to butter tended to reduce the numher and
increase thé size of water droplets; this was due to the
tondency of small molsture droplets to migrate .to moisture
droplets which conbtained relatively high concentrations of
salte



- each droplet was'removed vwith a very smell, weighed cspillary

Procedure

The distribution of s=alt in butter was studiled by
analyzing ten samples of approximately 0.20 mg. each from
8 15.g. portion of butter, using the wmicro procedure.

The Incorporation of the moisture in bubbter was observed
by cutting the cold butter with a fine nichrome wire and,
after several minutes, examining the freshly cut surfaces for
the formatlon of molsture droplets., Dutter classed as very
good showed no visible moisture on the freshly cut surfaces;
butter classed as good showed only a few small water drcp-
lets; butter classed as falr and poor showed & conslderable
number of large water droplets: wh;;e butter classed a3 very
poor showed numerous large water droplets which appeared' i
qulckly. ,

The molsture contents of approximately 0.3 t0 0.5 nge
porﬁicna of hutter were determined by picking and weighing
the samples in the usuasl manner, drying them in a 100°G,
oven and e&llowing the drled samples tc coocl under réom cone
ditions for 30 minutes before weighing; the losses in weight
during drying represent the moisture contenés.

The salt éontents of moisture droplets on freshly cub : :

surfaces of butter were determined as follows: A portion of

tube; the ends of ths tube wers then sealed with a small flame,

and the tube was weighed., The msterial was removed from the ;
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caplllary tube by crushing 1t w;th e small stirring rod in
a spbt plate depression containing five drops of water, The
salt concentration of the solutlon was high enough so that no
additional sodlum chloride was necessarye. The solution was
titrated with an approximately 0,025 N, silver nitrate solu-
tion, using dichloroflucrescein as the indicator,

The sodium chloride contents of macro samples of butter
wore determined by welghing 5 to 10 ge. of butter in a 50 ml,
beaker; 20 ml, of hot distilled water was added, and after
the butter had melted the mixture was transferred to a separa-
tory funnel, The mixture was shaken for several minutes and
allowed to stand until the fat and water had separated; the
water was then drained into an evaporating dish, The extraction
was repeated six times, using 20 ml. of hot water esch time. -
The salt solutlon was titrated with an spproximastely 0.1 Ne
standard solutlon of silver nitrate, using dichlorofluorescein

as the indicator,

Results

Normal Commercial Butter

The samples used in studying the salt distribution in
normal commercial butter were obtalned from the usual run
of production of ﬁhe Iowa 3tate College butter lsboratory
and from commercial creameries. They were kept cool so that

the'original body and texture were not changed,

AT Frath b s b ek
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The results on thirteen churnings of butter are presented
in Table 2, The distribution of salt varied considerably in
the different samples. Churnings 1 and 2, obtained from the
same creamery, showed the best incorporation of molsture of
any of those analyzed, No free molsture was observed on the
freshly cut surfaces, and the salt distribuﬁion was very
uniforme, With churning 1 the salt contents of the micro
samples varied from 2.21 to'2.68 per cent and with churning-

2 from 2,30 to 2,68 per cént whlle the varlances of the salt
contents were 0,0255 and 0.,0176, respectively. Churnings

3 and 4 showed only a few small moisture droplets on the

cut surfaces, and with one exception the salt contents of

the micro samples were uniforms With churning 5 the salb
contents ranged from 1,77 to 2450 per cent and with churning
4, except for one value of 4,11l per cent, they ranged from 1,77
to 2,22 per cemnt; the variances of the salt contents were
0,0461 and 00,4875, respectivelys. Churnings 5, 6 and 7 showed
numarbus small water droplets, but the salt distribution was
fairly uniform, fhe salt contents varying from 1l.87 to 2,39
per cent, from 2,05 to 3,26 per c&nt.and from 1447 to 2.47 per
cent, respectlvely, The variances of the salt conteqts were
0.0346, 0,1206 end 041410, respectively, Churning 8 was
mottled and cantainéd numerous small water dropletss The

salt contents of the micro samples ranged from 1.56 to 84,52

per cent and the variance of the salt contents was 348594

Churnings 9, 10 and 11 showed large moisture &rOplets and
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 Teble 2. sALT stmmunon IN NORMAL COMMEFOTAL BUTTER

Ghurningzﬂconisd%t!::gn of butter maoro : | % NaCl in miocro semple I

DO, _ st2ibution: Color :method 1 T : 2: 3: L : ?f'?"EE_?'

1 very good ' 2.53 2,40 2.21 2.27 2.48 2.53 2.26 2

2 very good 2.55 2,48 2,63 2.36 2,30 2,42 2,40

3 good 2.35 2,50 1,77 2.18 1.83 2.14 2.17 ?

L . good 2:20 1,77 1.9k 1.96 2,22 L8l L77 |

. 5%  fair 1.93 209 2,27 2,27 2.06 2.39 1.89 :
6 falr . sl.*mottled 2,21 2.46 2.26 2.36 2.3 2,17 2.19

C7* tear 243 2047 L73 159 L7 244 L.51 %

8 fair mottled ?5_; 'g.'zﬁ_ 1297 1,56 2,93 8,52 3.50

9  poor - 2,04 0,90 1.40 1.17 1.21 1.90 0.80 I

10 poor : é.ls‘ 2.5& 2,62 l.7% 2.37 2,02 2.19 ¢
1 poor 2.35 2.20 2.16 2.48 2.19 2.79 3.26

12 vemypoor . 1.7% 3.2k 148 2,16 1,69 ko2 L.86
13 very poor 2.0 3.49 .2.07 4.05 1.87 2,77 2.32

* = Printed butter. ** sl. = slight,






DIS’I'RIBUTION IN NORMAL GOMMERGIAL BUTTER

?':i G % NaCl in micro. sample no;-. :Varianoe
od 1 T t 3¢ Lt B3 B3 7: 8 97 10
;§;~;2;Aé 2.21 2,27 2.48 2:53 2.26 2.48 2.46 2.65 2.68 0.0255
i$ 2, as 2.63 2.36 2.30 2.42 240 2,55 2.67 2.53 2,68 0.0176
5 2,5o,v1.77 2.18 1.83 2.14 2.17 2.09 1.90 1,92 1.98 0.046l
10 ;,77' b 1,96 3 1 1,98 2,11 1.81 0.4975
3 2, 09 2,27 2,27 2,06 2.39 1.89 2,30 2,01 2.3l 1.87 0.06
1 :z ae 2.26 2.36 2.36 2,17 2.19 3.26 2.05 2,06 2.28 0.1206
3 2047 1.73 1059 147 2444 1,51 2.13 1.80 2.16 2.19 0.1410
%, 'Lf ﬁv'“ ) 56 | 8.52¢;.50 ‘2,48 2,62 2,51 2.4k 3.8§9y1_.
% 0,90 1.40 117 1.20 1.90 ;o;edvfl.SB,.l.sa 0,70 1,22 0.1458
B 2.5, 2.62 1.7 2.37 2,02 2.19 2,58 3.42 3.17 2.97 0.2690
5 2. 20. 2. 16 2.48 2.19 2,79 3.26 3.01 2.97 2.13 1.68 0.2503
jL__l;Q&__l;ﬁB__ZLlﬁ__l;_&__&gjg__ﬁo86 2.82 1.99 1.82 2.16 0,7628 -
0 3.49 2.07 4.05 1.87 2,77 2.32 3.80 2Z.6L 346 2.4 0.5751

e
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the salt distribution was not as uniform as in the more
thoroughly worked butter, The percentage of salt in the
micro samples varisd from 0,70 to 1,90, from 1,74 to 3,42 and
from 1,68 to 3,26, respectively; the variances of the salt
contents were 0.1458, 0,2690 and 02503, respectively. |
Churnings 12 and 13 were very leaky and numerous large water
droplets quickly appeared immediately on the cut surfaces;
the salt contents of the micro samples ranged from l.24 to
4432 per cent and from 1,87 to 4,05 per cent respectively,
The variances of the salt contents were 0,7628 and 0,5751, re~
spectively.

Normal Commercial Butter Before and After Printing

Studies on the salt di.stribution in butter both befare
printing and after printing with & printer which tended to
réwoi?k the butter were made on normal commercial butter
obta;ued froz;x creameries in Iowé.-. The moisture regularly was
more thoroughly incorporated in the butter before printing than
after printing,. |

Data on nine churnings of butter are given in Table 3.

In churnings 3, 5, 8 and ¢ there were practically no differences
in the distribution of salt in the butter before printing am
after printing; before printing the percentage of salt in

the micro samples varied from 2.04 to0.3.09, from 2.00 $o.
3.52, from 1,87 to 2.88 and from 1.92 to 3.69, respectively,
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Table 3. _SALT DISTRIBUTION IN NORMAL COMMERCIAL BUTTER BEFORE ANI

: tMoisture = :% N&Cl,: -
Churning:Sample :distribution:macro :__ % NeCl in micro semple no;
noe ¢ :in butter :method ¢ 1 : 2 ¢ T L t 5 : 6 :
B* . very goog 1.84  1.71 2.02 1.90 2,15 2.03 1.88 2,
1 . A* fairr” 1077 'l§96 2¢l5 1671 2050. 1071 1061 24
B good - 2464  2ubh 2,10 2,05 2,15 2.52 2,20 2,
2 A feir 2,40 2,03 2.29 2.41 1.52 2.32 1.50 2.
- B good 2,76 . 2.62 2.04 2.41 2.17. 2.18 2.21 3,
3 A Very poor 2.58 2eb3 2.53 2,98 2.49 2.68 3.35 2.
' B falr - 2,09 1.90 2.02 2.35 1.99 1.80 1.90 1.
. h A p09r. 2.28 A}bég' 2.60 360“ 2032 '2655 2.05 e
' B fair 2.55 2,61 2,06 2.22 2.29 2.61 2.9, 2,
5 - A ___poor 2,56 - 2,77 2.52 2.52 1.9% 2.28 1.93 3,
© B feir 2.65  3.27 2.50 2.57 3.86 2.20 2.25 2,
6 A poor 2.58 2,49 2.39 2,89 2,63 2.50 2.80 2.
. B fair . 2058 2,40 2462 2,64 2,72 2.56 1.53 L
7 A pOQ{ 2.36 2066 2oh# Zdbl 2.00- 1089 2055‘ 2!
| B poor 2.41 1,87 2.08 2.30 1.88 2.88 1.91 2,
8 A poor 2,21 . 1063_ 20h6 lo?b 1065 1089 1057 lg
B  poor 2.53  2.48 1.92 2.48 2,58 2.52 2.64 2,
9 A very poor 2.39 . 2,37 1.98 3,

‘ 2640 2053 -2.38 2,20
' *B = Before printing; *A = After printing. | -

T e






TION IN NORMAL COMMERCIAL BUTTER BEFORE AND AFTER PRINTING

CcI1,: :

o i % NeCl in micro sample no. tVerience
od ¢~ T 2 : L : T 6 g : 9 : 10 :

A 1.71 2.02 1.90 2.15 2.03 1,88 2,08 1.88 1.82 1.88 0.0175
"7 1,96 2.15 1,71 2.50.»1.71 1l.61 2.26 1.88 1,96 2.8l 0.1449
g 2ehly 2,10 2,05 2,15 2.52 2,20 2,66 2,32 2.25 2.36 0.0377
0 2,03 2,29 2fhl le52 2432 1l.50 2,29 2,02 1l.79 2.07 0.1071
6 . 2,62 2,04 2.41 2.17 2.18 2.21 3,09 2.44 2.26 2.37 0.0899
8 2&&3’ 2.53 2.98 2.49 2b6§ 3.35 2.89 2.21 2.83 2.87 0.1069
9 1;90.'2.02 2.35 1.99 1l.80 1.90 1.98 2.0§ 2.02 2,27 0,0283
15. . 2,61 2,06 2.22 2.29 2.61 2.94 245 3.52 2.39 2,00 0.2042
5 3.27 2,50 2.57 3.86 2.20 2.25 2.82 2.47 2.63 3.58 0.3516
8 2.49 2.39 2.89 2,63 2.50 2.80 2.03 2.08 -2.25 2.35 0.0799
36 2,66 Relily 2441 2.00 1.89 2.55 2406 2,46 2.25 1.95 0.0755
11 1.87 2.08 2,30 1.88 2.88 1.91 2,05 2.58 2.18 2.64 0.1255
)l 1,63 2.46 1.7k 1.65 1,89 1.57 1,85 2.42 2,55 1.90 0.1373
i3 2.48 1,92 2.48 2.58 2.52 2.64 2,05 3.06 3.69 2.90 0.2535
’9'» 201}0 2.!53 . 2.38 2.20 2o 37 1098 : 30 76 2.11 2e 26

printing.

2,32

P

0.2427

s ww e s =
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while after printing the pércentagea‘varied from 2421 to 3435,
from 1.93 £0 3.76, from l.57 to 2.55 and from 1,98 to 3.76,
respectively. The variances'of the salt contents of the butter
before printing were 0,0898, 0.2042, 0.1255 and 0,2535,
respectively, while afterAprinting the vaﬁiances were 0,1069,
0,3081; 00,1373 and 0.2427, respectively.

In churnings 1, 2 and 4 the salt distribution was slightly
more uniform in the butter before printing than after printing;
before printing the percentages of salt in the micro samples
reanged from 1471 to 2.15, from 2,05 to 2,66 and from 1,80 to
2.35, respectively, whlle after printing the percentages ranged
from 1.61 to 2,81, from 1,50 to 2,41 and from 2,05 to 3.80,
respectively. The variances of the salt contents before print-
ing were 0,0175, 0.0377 and 00,0283, respectively, and after
printing they were 0.,1449, 0,1071 and 0,3280, respectively.

In churnings 6 end 7 the distribution of salt was less
uniform in the butter before printing than after printing; before
printing the salt conbents of the micro samples ranged from
2,20 to 3486 per cent and from 1,53 to 4436 per cent, respect-
ively, while after printing the selt contenis ranged from 2.03
£0 2489 per cent and from 1.89 to 2.66 per cent, respectively.
The veriances of the salt contents before printing were 0.3516
and 0.4889, respectively, and after printing the variances |
were 0,0759 and 0,0758, respectivelye.

In all churnings except 4 and 5 the salt cdntént; as

determined by the macro method, was.highar'in the butter
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before printing than after printing.

Butter Worked Various Amounts in & Commercial Churn

P~

The relationship between the amount of working and the
salt distribution in butter was studlied by rembving samples
at intervals during the working of commercial-size churnings.
.Three samples were taken from each of churnings 1, 2 and 3;
sample 1 was removed early in the working process when the
moisture was very poorly incorporated; sample 2 was removed
when the butter was moderately worked and still contained
numerous large water droplets; while sample 3 was taken after
the working was completed, With churning 3, the working
of the sample removed when butter was finished commercially
was continued by hend until the butter was dry and stickye
1}1 the finished butter from churning 1 the moisture was
peorly incorporated, large moisture» droplets being present,
while in the finished butter from churning 2 the moisture
was féirly well incorporated. Two samples were removed
from each ‘of churnings 4, 5 and 6, With churnings 4 end 5,
sample 1 was .rembved éarly in the working process when the
moisture was very poorly incorporated, while with churning
6 the first sample was not remofefd until the moisture was
fairly well incorporated. Sample 2 from each churning was tsken
after the working was completed. In the finished butter _
from churnings 4 and 6 the moisture was well distributed,
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while the finlished butter from churning 5 was moitled and
contained large molsture droplets. All the samples were
held at 4°C. for 2 to 6 days before analysis.
Data on the six churnings are presented in Table 4.
In sample 1 from each of churnings 1, 2 and 3, the salt
was very poorly diatributed and the percentage of salt in
the micro samples vafied from O to 2,53, from 1.65 to 4.61
and from 0,31 to 1,97, respectively. The variances of the
salt contents were 0.,8625, 1.,1661 and 0.3518, respectively,
In sample 2 from each of churnings 1, 2 and 3, the salt
contents of the micro samples still varied considerably;
the percentages of salt ranged from O to 1,65, from 1.49
to 5.83 and from 0.54 to 3.55, respectively. The variances
of the salt contents were 0,3150, 1,6218 and 0.6876, re=-
spectively. In sample 3 from each of churnings 1 and 2 ghe
salt distribution was not very uniform, while in sample 3
from churning 3 the salt was very uniformly distributed;
for the three churnings the percentages of salt in the micro
samples of butter ranged from 1.97 to 3.81, from 1,39 to
312 and from 1,79 to 2,22, respectively. The variances of
the salt contents were 00,3126, 0,2979 and 0.0180, respectively.
In sample 1 from each of churnings 4 and 5, conspicuous
differences occurred in the salt contents of the micro sampls s,
the percentages of salt ﬁarying from 1,91 to 5.50 and from O
to 5,25, respectively. The variances of the salt contents

viere 143757 and 3.5885, respectively., Sample 1 from churning
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Table [ SALT DISTRIBUTION IN BUTTER WORKED VARIQUS AMOUNTS IN
g :Oonditlon of bu: tter°% Na 0L ¢ o

Churninngample.Degree of :Hz0 dis- :ColorT. :maere 1rj
no. % no. .wprking . :tribution : 5 smethod : = 1+ 2

1 poor = . very poor streaked O.41 2.02  0.00 0.00

1 2 © .moderate:. poor . wavy - 0.86 1.47 1.65 -1.26

3 vﬂ_finished* fair - 2.30 - 3.25 2,11 3.8l

1 " poor 'very poor stresked 1.60 2.04 3:61 3.7L

2 2 ~moderate. poor - 2,15 "1l.49 3.18 1l.69

3 »finished fair — 2.41  1.79 2,88 2.06

1 poor very poor streaked 1.2 1.97 0.3, 0.98

3 2 f£inished falir . 2.25 1.98 0.54 1.10

3 thorough** very dry . stlocky 2,22 1,97 2.06 .2.12

1  poor very poor stresked 2.11 2.36 5.50 2.48

I 2 finished dry ‘ 2.30 2.42 1l.46 2.90

W1+ poor . very poor stresked 1l.56 0.00 0.00 3.11

5 2 _finlshed poar mottled 2.22 2.15 1.31 2.81.

. "l moderate falr 2,40 2.80 2.76 3.23

6 2 finished ary 2.40 2.68 2.23 2.09

*ok

* = The working wes considered complete from a commercial standpolnt;
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0 % NaCl in micro sample no., 4 ___:Verience
od l*f"ﬁ.L’””T"T“P"?,--A- B YOI JN A L [

I 2.02 0.00 0.00 0.17 0.2 0.00 1.41 0.35 2.53 0.4l 0.8625
5 1.47 1.65 1.26 1.47 0.59 0.67 1.12 0.00 0.31 0.53. 0.3150
D 3,25 .2.11 3.81 - 2.73 2.79 2.76 2.89 1.97 2.3, 2.23.0.3126
D 2.0k 361 3.7h 3.39 Le6l L4.33 1.97 2.49 2.00 1.65 1.1661
5 "1.49 3.18 1.69 2.73 4.01 3.17 5.83 2.31 2.37 2.18 1.6218
L 1.79 2.88 2.06 3.12 1.71 1.93 2.38 1.39 2.62 2.12 0.2979
s 1.97 0.3, 0.98 0.31 1.26 1.2h 0.47 0.36 1.6, 1.30 0.3518
5 1.98 0.54 1.10 2.22 2.1, 1.22 1.70 3.56 1.46 2.28 0.6876
2. 1.97 2.06 2.2 1.95 2.11 2.06 2.22 1.79 2.17 1.88.0.0180
L 2.36 5.50 2.48 4.78 3.70 3.37 2.06 1.91 2.9 3.07 1L.3757
Y 2.4.2 1.46 2.90 2.91 2.53 2.35 2.5, 1,59 1.77 2.46 . 0.2639
5 0.00 0.00 3.11: 5.25 4.02 0,49 2.6k 0,45 1.18 ‘0.16 3.5885
2 _2.15 1.31 2.81 1.60 4.26 1.80 3.22 3,05 2.56 2.57 0.7612
) 2.80 2.76 3.23 2.33 2.83 2.43 2.69 2.63 2.38 2.38 0.0780
) 2.6 '2.23 2.09 2.2i, 2.30 2.36 2.41 2,79 2.k2 2.23 0.0462

lal stendpolnt;

** = working wes continued by hand.
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6 was removed very late in the working proéess and the
salt was fairly uniformly distributed; the salt contents
of the micro samples ranged from 2,38 to 2.83 per cent and
the variance of the salt contentavwasﬁo;OVSO. In sample

2 from each of churnings 4, 5 and 6, the salt was more
uniformlj distributed than in sample 1 from each of the
churnings; the percentages of sealt in the micro samples

of butter ranged from 1.46 to 2.91, from le31 t0 4,26 and
from 2,09 to 2,79, respectively, and the variances of the

salt contents were 0,2639, and 0,7612 and 0,0462, respectively.

Abnormal Commerclial Bubtter

The dlstribution of salt in butter that had developed
abnormal flavora in commercial channels was investigated
with defective butter from different'soﬁrces, In many of
the churnings the varlations in salt dlstribution were
sreator than the usual variations encountered in normal’
commercial butter, while in other churnings the salt dis-
tribution was falrly uniform. ..

Table 5 ppasents data on fourteeg churnings of putrid
butter and on one churning of canned butter which hed
devaloped a gassy condiﬁion. Chnrﬁings 1l and 2 showed the
greatest varlations in salt distribution; the salt contents
of theé micro semples ranging from 0435-50 5.33 per cent and
from 0,52 to 3.82 per,éent, respectively; the variences of

the salt contenbts were 1.9990and 1.1150, respectively,
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Table 5. SALT DISTRIBUTION IN ABNORMAL, COMMFROIAT, BUT
: 1% NaCl, !

Chgg?ing; Defects in butter 2:g§gd i — : Ngc% 1nhm%cro éf?plg ?

1 putrid 1,18 0,35 1.08 1.30 1.32 2.31 5.33

2 putrid 1.40 0.86 0.8, 0.52 1.25 2.02 3.18

3 putrid 1.27  1.52 0.45 1.25 0.85 0.96 0.36

I putrid, mottled 2,41  1.82 1.45 1.11 0.50. 0.00 2,30
5 puﬁr;d, mottled 1.76 o.éa 1.16 1.35 0.47 1.58 1.12

6 putrid 1.61  0.30 0.87 1.14 O.4k 3.10 1.29
7 putria C1.96 1,36 1.84 1.87 1.94 4.28

8 putrid.. 1.95_ 0.89 1.50 2.55 1.60 1.38
9 putrid 2,12 1.14 1.49 1.27 1.85 1.23
10 .putrid 1.73 1.19 3.17 1.15 2.39 1,69 I
11 ‘putrid 3.25 2,04 1.69 2.45 1.97 1.73
12 putrid 2.28 2,28 1.75 1,82 2,17 1.60 :
13 putrid 1.89  1.84 1.84 1.65 1.3k 2.59 1.57 1
14 putrid, derk ereas 0.65 Q.46 o.az 053 0.57 1.06 0.4 C
15*  unclesn, gassy 1.59° 206 -1.65 1.49 1.41 1.49 1.47 1

¥ = Canpned butter.






3TRIBUTION IN ABNORMAIL COMMFRCIAL BUTTER

% NeCl in mioro aqﬁple No.

i ¢

2 S

: K 0 :

7 2

8 s

9 :

;Varianoe

0.35
0.86
.52
1.82

1.08
0.84
0.45
1.45

1.30
0.52
1.25
1.11

1.32
1.25
0.85

0,50

2.31
2,02
0.96
0.00

5.33
3.18

0.36

2. 30

2.2,
1.62
1.93
1.21

1.00
3.82
3.22
0. 3

0.70
1.27
0.75
0.30

2.16
1.57
0.78
1.97

1.9990
1.1150
0.7272
0.6264

0.34
0.50
1.96
1.95

1.16
0.87
1.36
0.89

1.35
114
1.8,
1.50

0.47
0.kl
1.87
2.55

1.58
3.10
1.94
1.60

1.12
1.29
L.28
1.38

0.23
1.82
2.31
3.26

0.38
0.90
l1.44
1.79

1.42
1.08
1.55
2,68

0.15
0.65
2.00
1.43

0.3075
0.6547 -
0.6931
0.517k

2.12
1.73
3.25
2,28

1.1,
1.19
2.0,
2.28

1.49
3.17
1.69

1.75

1.27
1.15

2.45
1.82

1.85

2.39
1.97
2.17

1.23

1.69

1.73
1.60

1.51
1.57
2.19
2.05

1.99
1.95
1.39
1.96

1.75
1.97
1.87
1.80

1.92
1.86
1.89

2,15

0.1200
0. bkl
0.2613
0.0561

1.84

0.46
2.06

1.8,
O.AZ
1.65

1.65

0.53
1.49

-le 34

0.57
l.41

2+59
1.06
1.49

1.57
Oolily
1.47

1.93
0.51
1.34

1.60

0.37
1.43

1.76
0.76
1.46

l1.31
0.66
1.73

0.1312
0.0423
0.0447
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Churnings 3, 4, 5, 6 and 8 showed relatively large variations
in salt distribution, and with each churning one or more micro
samples haé salt contents of less than 1 per cent. The pere
centages of salt In the micro samples varied from 0.36 to 3.22,
from 0 to 2.30, from 0.23 to 1.58, from 0,30 to 3,10, and from
0.89 t0 3428, respectively, while the variances of the salt
contents were 0,7272, 0,6264, 00,3075, 046547 and Qe 5174,
respectively., With churning 7 the salt contents of the micro
semples were falrly uniform with the exception of one high
value of 4,28 per cente. The salt contents of the remaining
nine semples ranged from 1.36 to 2,00 per cent, and the
veriance of the salt contents, as determined on the ten
micro samples, was 00,6931,

In ehurnings 9, 10, 11 and 13 the salt distribution
was falrly uniform; the percentages of salt in the micro
samples varied from‘l.ié to 2.12, from 1.19 to 3.17, from

1438 to 325 and from 1,31 to 2,58, respectively, while the

variances of the salt contents were 0.1200, 0.3444, 0.2613

and 0,1312, respectively..
Churnings 12, 14 and 15 showed the smellest variations

in selt distribution. The percentages of salt in the micro

samples ranged from 1,60 to 2,28, from 0.37 to 1,06 and

from 1434 to 2,06, respectively, while the variapces of

thg salt contents were 00,0061, 0.0423 and 0.0447, respectively.
Churning 14 contained very little salt; as determined

with the macro method, the content was 0,65 psr cent. Besides
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the putrid defect, ths butter contained dark areas close %o
the surface due to the growth of a black pigment producing

organism which Yhite (36) namod Psoudomonas nisrifacisns,

Churning 15 was packaged in & pound tins; gas produced in the
butter caused the cans to swell, and the flavor was very une

clean,

Hottled Commwrerciael Buttar

Light end dark portions of mottled butter, obtained
from various commerciai sources, were analyzed for salt,

Data on four churnings are presented in Table 6,
The light portions generally contained less salt than the -
dapk portionse Churnings 1 and 2 showed very pronocunced
mottlinge. The percéntages of salt in micro samples picked
from the light porﬁions ranged from O to 0.48 and from 0,38
to 2.92, respectively, and the average salt contents were
0.22 and 1 50 per cent, respectively; for the dark portions
the percentages of salt ranged from 1,18 t0 5.25 and from 2,36
to 4.05, respectively, ﬁnd the average salt contents were
3x24 and 3,22 per cent, respectively.

,In‘chnrninga 3 énd 4 the color defect was much less 5
pronounced than in chﬁrnings 1 and 2, the butter being ;
only slightl$'ﬁot§léd, The percentages of salt in micro
sample; picked from the light pcrtions‘varied from O to
2434 and from l.21 to 2.16, respectively, the average salt
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ALT DISTRIBUTION IN MOTTLED COMMERCIAL BUTIER

Table 60 3
tDegree % NaGl,: Light portions of butter :
Churning:of :maero ¢ NaCl in mioro semple no. :Average: NaC.
no. :mottling  :method : ' 3 : $
1 propounced 1.56 0.00 0.00 0.49 0.45 0.16 0.22 3,11 5
2 pronounced  3.12 0.38 ' 2.21 1.66 2.92 1.35 1.50 2.36 3
3 slight 2.75 0.93 0.95 0.00 1.82 2.34 1.21 1.09 .2
4 slight 3.03 2,16 l1.92 1.91 1.2l | l.44 2.27 .2







ISTRIBUTION IN MOTTLED COMMERCIAL BUTTER

LIght portions of butter : ~__DaTk portions of butter

BCL in mioro semple No. :Average: NaCl in micro sSample No. :AvVerage
: 5 ¢ s 1. 2 3 E.S: |

0.00 0.49 0.45 0.16 0.22 3.1l 5.25 4.02 2.6, 1.18 3.24
2,21 1.66 2.92 1.35 1.50 2.36 3.46 .3.60 4.05 2.64 3,22

-0.95 0,00 1.82 2.3% 1.21 1.09 .2.92 .2.82 .2.06 2.47 2.27
1.92 1.91 1.21  L.kh  2.27 .2.93 2,71 2.96 2.72
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contents being 1.21 and l.44 per cent, respectively; for the
dark portions the percentages of salt ranged from 1.09 to_2.92
and from 2,27 to 2,96, respectively, and the average salt con-
tents were 2,27 and 2.72 per cent, respectivelye. In churning
3 the micro sample conteining no salt was picked from a white
spot in the butter and presumably was a particle of curd,

A sample of commercial butter that had a color defect
somewhat suggestive of mottles was studled for the salt distri-
bution in it, The butter showeq“dark-colored portions that
appeared as streaks or spots throughout the mass of butter;
they suggested that at some time the butter had become soft
enough 30 that there was some fat separation. The dark-colar ed
portions of the butter made up only 8 relatively small part
of the entire volume of butter,

The light-colored portions generally contained more
salt than the dark-colored portioms which is in direct con-
trast with the resulta on the typlcally mottled butter. The
salt contents of the micro samples plcked from the light-
colored portions ranged from 2,31 to 3,75 per cent, the
average belng 3,10 per cent, while fo; the dark-colored por;
tions the salt contents ranged from 0,92 to 2,48 per cent,

the average being 1,70 per cent.

Distribution of Salt and Moisture in Butter

The distribution of salt and moisture was studied on a mi=-



cro basls in four churnings of commercial butter and three
churnings of experimental butter churned in a dazey chwurn,
Moisture determinations were made on 0,3 to 0.5 mg. samples
of butter and then the salt contents were determined on the
dried samples. The percentage of salt in the serum was cal-
culated from the determined weight of molsture and salt in
the micro sample. Large moisture droplets that appeared on
freshly cut surfaces of samples in which the wabter was poorly
incorporated were analyzed for salt. With each of the ex-
perimental churnings two samples were prepsred; both thesé
samples racelved the seme eamount of working, but in sample-‘

1 the salt was sdded at the beginning of the working process,
while in sample 2 the salt was added when the working was half
completsed.

Such larger variations occurred in the moisture Qontents
then in the salt contents of the micro samples. Also, there
were much largexr variations in the percentages of salt in
the serum of the micro samples of bu{:’cer than in the pere
centages of salt in the large moisture droplets. The salt
contents of the serum calculated from the micro analyses
usually were slightly lower than those of the serum calculasted
from the macro anslyses, while the salt contents of the large
moisture drople‘ts‘ commonly wéire higher than those of the serum
calculated either from the micro or macro anslyses.

Table 7 gives the data on the four churnings of commercial
butters Churnings 1 snd £ were samples of normal bubter.

The salt distribution was very uniform, especially in churning
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Teble 7. . : SALT AND MOISTURE DISTR’EBUTION IN COMMERCIAL BUTTER.
Churning:Description: Compounds :Heoro:: A Mic
no. t1of butter @ determip.ed :sample: Ll ¢ 2 3 Lo
v NeCl in butter, % 2.53 .2.65 2.64 2.96 2.70
1 normal - Hg0 in butter, % 16.25 16.5 29.8 16.8 - 14.5
a - NsCl in serum; % 15.55 16.1 8.7 17.5 18.0
| NeCl in butter, % 2.82 2.85 2.83 2.8, 2.95
-2  _normal ‘H,0 in butter, % 16.40 18.4 16.6 24L.4 19.7
NBC1 in serum, % 17.20 15.5 17.0 11.6  1i.9
3 putrid H0 in butter, % 16.49 19.4 23.8 23.1 19.6
NaCl in serum, % 3,95 2.3 1.7 2.2 2,9
~  NeCl in butter, % 1.59 2.06 1.65 1.49 1.4l
& canned, Ho0 in butter, % 14.53 25.4, 15.4 24.2 17.8
£88sy NeCl in serum, %. 10.93 8.1 10.7 6.2 7.9
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2+ The salt contents of the mlero samples ranged from 2.26
to 2.96 per cent for churning 1 and from 2.83 Lo 3.28 per
cent for churning 2, and the veriances of the salt contents
were 0,0569 and 0.0230, respectively. With churning 1 larger
variations occurred in the percentages of moisture in the butter
and in fhe percantages of salt in the serum than with churne
ing 2. The molsture contents of the micro samples ranged
from 14.5 to 29.8 per cent for chnrning 1l and from 16.1 to
24,4 per cent for churning 2, the variances of the molsture
contents being 21,1979 and 641582, respectively, The salt
contents of the serum renged from 8,7 to 18.0 per cent for
churning 1 end from 11.6 to 19,5 per cent for churning 23
the varlances of the salt contents were 11,8043 and 3.8845;
respsctively.

churniﬁgs 3 and 4 were samples of commercial bubter that
developed abnormal flavors; part of the data on these churn-

Ings also are included In Teble 5. The salt distribution in

the buttér was falrly uniform; the salt contents of the micro

samples varied from 0.37 t0 1,068 per cent and from l.34 to
2406 per cent, respectively, and the variances of the salt
contents were 00,0423 and 0,0447, respectively, The variations
in the moisture contents of the churnings were wlthin the
range of ths vériaticns occurring in the normasl commercial
butters The moisture contents of the micro samples of

butter ranged from 15.0 to 23.8 per cent with churning 3 and
from 128 to 25.4 per cent with churning 4; the varlances of
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the moisture contents were 9,3765 and 20,3845, respectively.
Tho salt contents of tho serum in the micro samples wore
relatively uniform for both churnings; the values ranged
from 1,7 to 6,2 per cent with churning 3 and from 6.2 to
10.9 per cent with churning 4 and the varlances of the salt
contents were 1,995€ and 2,9943, respectively.

Table 8 contains the data on the three churnings of
experimental butter, The salt distribution was fairly uni-
form in sample 1 from each of churnings 1, 2 and 3; the pere
centages of salt in the micro samples ranged from l.54 to
2,25, from 1,21 to 2,34 and from 1l.48 to 2,19, respectively,
the variances of the salt contenta being 00,0443, 0,1075 and
0,0422, respectively. In sample 2 from each of churnings 1,
2 and 3 the salt was poorly distributed; the percentages
of salt in the micro samples of butter varied from 0.62 to 2.12,
from 065 to 3.89 and from 0,70 to 3.18, respectively, and
the variances of the salt contents were 0.,2385, 0,7547 and
06999, resvectively,

The moisture contents of the micro samples from churning
1 varied more whenr the salt was well distributed (Sample 1)
than when it was poorly distributed (Sample 2), With
churning 2 the largest variations in the moisture contents
of the micro samples occurred when the salt was poorly dis-
tributed (Semple 2), the moisture content of one sample being
only 2.5 per cent. With ch\n'ixing 3 no appreciable difference
was noted between the moisture distributlon in samples 1 and



oALm AND MOISTURE DISTRIBUTION IN EXPERIMENTAL BUTTER

. Teble 8.
Churning: Sample distributionz Compounds :Macro I
no. : no. : in butter : determined :sample ¢ 1 2 3 .
, Vo /NaCl in bdbutter, % 1.70 1,86 1.54 1.7,
1 gooa "H20 in butter, %  13.58 9.4 18.6 26,2
NeCl in serum, % 12,52 19.7 8.3 66 . .
1 . | ‘NaOl ‘in bubter, %  1l.47 1.69 1.12 0:65
. 2 poor H0 in butter, % 10,82 16.4 143 168
S NeCl in serum, % 13.58 10,3 7.9 3.8
NeCl in H0 d@ts% 20.9.  21.2  15.4 . |
' ' Nacl in butter, % l.k3 Y54 2.3k 1.64
1 good H20 in butter, %  13.75 15.7 26.2: 19.0
o NaCl ‘in serum 10.40 10.0 8.9 8.6 .
2 - , aCl -in butter, l.33  3.89 1,80 1.21
: -2  poor Hy0 in butter, % 11.48 22.5 18,8 22.3 .
NaCl in serum, % 11.59 17.6.° 9.9 5.5 '
NaCl in Hz‘b droplsts % .. 20,3 19,7 17:6
| A'NaCl in butter, % . 1.66 2,19 1.8, '1.48
1l good H20 in butter, % 14.82 14.1. 20.0 22,1 .
. L NaCl in serum, 11.20 lg,5 9.3 . 6.7
3 - aCl In butter, %  1.79 2.94 3.18 1.23
2 poor Hz0 in butter, % . 13.45 18.2 11.8 18.0 .
l NeCl in serum, %  13.31 16.1 .26.8 6.7
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| contents being 18.0538, 441143 and 7.7396, respective ly; in
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2. In semple 1 from each of churnings 1, 2 and 3, the per=-
centages of moistﬁre in the micro samples varied from 9.4 to
333, from 13+3 to 26.2 and from 13.6 to 22,1, respectively,
the varlances of the molsture contents beilng 66,3823, 22,3646
and- 8,0188: , respebtivély; in sample 2 from each of the
churnings the percentages ranged from 9.8 to 20,5, from 2.5
to 24,5 and from 11,8 to 18,2, raspectively, and the varlances
of the moisture contents were 12,0204, 45.8284 and 5.3699,
respectively. _

The sslt contents of the serum in churnings 1, 2 and 3,
varied less when the salt was well distributed (Sample 1)
than when the salt was poorly distributed (Sample 2)s The
percentages of salt in the serum in sample 1 from each of
thevchnrniﬁgs rangéd'frbm'6¢3‘to 127, from 5.9 to 12,9 and
from 6,7 to 15.5, :espectively, the variances of the moisture

sample 2 from each of the churnings, the percentages renged
fromv3.8 to 1940, from 4.9 to 71.4.and from 4.4 to 26.8,
respectively, &nd the variances were 22,2218, 378,5268 snd

43.6401, respect;vely. The excessively high selt content of

71.4 per cent in sample 2 of ehurning 2 was probebly due to
an undissoivadvsalt c;ystal in the micro samples

| The sals contents of the large water droplets in churn=- !
ings 1 end 2 whsn.the salt“ﬁésfpo5riy distributed were |
relatively.uniform; the salt contents rénged from 18,8 to



21,7 per cent with churningl and from 15.0 to 203 per cent
with churning 2, and the variances of +the salt contents were

0.9966 end 2,9010, respectively.

EFFECT OF SALT DISTRIBUTION ON BACTERIAL ACTION !

Selt is kmown to have an inhibitorj effeat 6n the growth
of bacteria In butter and to improve the keeping qualities of
the producte However, bacterioldgical defects develop in ﬁ
salted buttaf in which the average salt content presumably
1s high enough to inhibit the growsth of bacteris. This sug-
gests that possibly thé salt may not be uniformly distributed
in butter showing defects due to bacterial actiun; aﬁd that
sufficient growth of organiams to produce a defect may cceur

at points having relatively low salt contents.

Historical

Scharp (32) and Long and Hammer (24) investigated the
growth of bacterla in unsalted butter worked various smounts
and concluded that the growth wes influenced by the extent o
the working. They attributed the comparatively low bacterial :
activity in the thoroughly worked butter to the: finer dis- %
persion of the molisture. Other investigators (18, 19) found |
that butter containing meny small water droplets did not
detériorate as rapidly as butter containing lasrge weter drop-
lets and suggested tﬁatrthe addition of salt may be respone
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sible for the formetion of larger water droplets and thus, in
some instances, may impair the keeping qualities of the butter.
Hunziker and Hosman (16) and Boysen (5) presented evie
dence showing that the addition of salt tends to free the
moisture in butter. The ¥rine solution must be ircorporated
during the working of the butter, The extent to which the brine
1s distributed throughout the butter may greetly influence the
activity of micro-organisms, _
 Cullity snd Griffin (7) studled samples of Australian
salted butter in which rabbito, or surface taint, had
developeds They noted that in some defective samples the
texture of the butter was poor and later found by investiga~
ting the manufacturing records that butter from 70 per cent
of the churnings developing rabbitn was poorly worked,
They tentatively concluded that a high salt content and
thoroughly working of the butter retard the dsvelopment of
the defects
Working with experimental butter churned from cream

inoculated with Pg. putrefaciens, Claydon and Hammer (6)

showed that, although salt tended to inhibit the defect,

it was not completely effective unless combined with thorough
working. They suggested that with an irregular distribu~

tlon of salt the organism can grow sufficlently at the points
having relatively low salt contents to produce the defecte

PECEE
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Procedure

The effect of salt distribution on bacterial action
in butter was studled with small laboratory churnings.
Pasteurized, sweet.cream was obtained from the butter
leboratory, held over night at 5%. and churned in s
dazey churn that had been chemically sterilized, A cule
ture of an organism capable of producing a change in butter
wag added either to the cream immediately before churning,
to the wash water or to the butter, The cream was churned
cold enough so that the butter granules were firm, The
butter was washed with cold, sterile water and worked in
sterile equipment; it was worked in one lot until the
free moisture was drained, after which the butter was
dlvided and treated as described.

Since various investigations show that the disperslon
of molsture is an important factor in the growth of organ=-
isms in butter, an effort was made to control the molsture
distribution by working all samples in a churning the same
length of time, except the sample of poorly worked unsalted
butter, The extent of the distribution of salt was deter-
mined by the time at which the salt was added to the butter
during the working process, In butter hguing the salt well
dlstributed the salt was added at the beginning of the
working process and the working continued until the butter
was dry, whilé in butter having the salt poorly distridbuted
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the salt was added when the working process mas half completed
and the butter then worked to drynsess. In all salted sampiés

1.5 per cent salt was added.

Results

Changes 1n Nuwbers of Organisms in Butter

The effect of salt and molsture distributlon on the
changes in numbers of organisms in butter was studied by
making plate counts, using beef infusion agar and an Iin-
cubetion of ¢ days at 21°C. Counts were made on six
churnings of butter, Pastourized cream was inoculated

immedlately bsfore chnrning with 0+3 per cent of various

milk cultures as follows: With churning 1, Pseudomonas
‘ fragl; with churning 2, an unidentified Nicrococcus; with
_ churning 3, Achromobacter ligolzficum; with churning 4,

Mycotorule lipolytice; and with churnings 5 and 6, Pseu~
domonas putrefaciens. Churnings l, 2, 3, 5 and 6 each
conteined two salted and two unselted samples of butter,
while churning 4 contalned three salted‘and one unsalted sam-
ple; The sémples of butter were held at 15.5°C. and plate
countsﬂwere'made at'inﬁervals of 4 days over a perlod of
16 dayse |

The results on four of the churnings are presented in
Tablé‘Q. In general, salt'retarded the growth of organismé

in the butter, the counts beihg consistently higher in the



- L6 -

Table 9. | - EFFECT OF SALT AND MOISTURE DISTRIBUTION ON CHANGES I

— 1 Creeam : : Description of butter : : :
Churning: inoculeted :Ssmple: Salt tDegree o§ ¢ Numbers of orgsnisa
no. : ., with ¢ no, :distributioniworking 10 deys: L days  :
o : T " good thorough 8,000 - 9,000

1 Ps. fragi 2 poor thorough =  §,000 60,000

' . 3 no salt thorough 8,000 9,000,000

' n no selt ~ poor . 8,000 32,000,000

o 1 good thorough 87,000 84,000

2 unidentified 2 poor - thorough 87,000 18,000,000

. Micrococcus 3  no salt thorough 87,000 55,000,000
L no salt pOOT 87,000 109,000,000

1 good thorough 37,000 4,000

3 Ach, , 2 poor thorough 37,000 . - 670,000
IIpolyticum 3  no salt thorough 37,000 89,000,000

i . I no sslt . poor 37,000 250,000,000

1 good © thorough  7,000. 5,000

k- Myo. - 2 - poor thorough 7,000 65,000
I¥ olytice 3 " poor, . poor 7,000 82,000

4 ._E_Jlﬁgm 4

no salt: . poor 7,000 590,000






STURE DISTRIBUTION ON CHANGES IN NUMBERS OF ORGANISMS IN BUTTER

of butte :
Degree o§ : Numhera of or anisms er ml, in butter held -at 1€.§°c. for
working 30 qus. 1, qup 8 deys : l2 desys ¢ ays

thorough 8,000 9,000 2,000 800 less than 100
thorough = 8,000 60 000 32,000 8,000 . 1,000
thorough 8,000 9,000,000 8,700,000 - 8,900,000 . 10,300,000
poor 8,000 32,000.000 68,000,000 149,900,000 136,000,000
thorough 87,000 - 84,000 85,000 120,000 " 150,000
thorough 87,000 18,000,000 26 000,000 21,000,000 21,000,000
thorough 87,000 55,000,000 73,000,000 65,000,000 61 000,000
poor 87,000 109,000,000 116, 000 000 . 79, 000,000 84,009.000
thorough 37,000 -4y, 000 12,000 14,000 11,000
thorough 37,000 670,000 1,700,000 1,700,000 1,700,000

thorough 37,000 89,000,000 118,000,000 . ,6 92,000,000 103,000 000

poor ZZLOOO 250,000,000 1252000,000 l&0.000.000 131,000,000

thorough 7,000 . 5,000 - 3,000 4,000 7,000
thorough 7,000 65,000 54,000 132,000 88,000
poor 7,000 82,000 86,000 - 144,000 250,000

poor 7,000 590,000 1,600,000 3,400,000 1, 300,000
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samples of unsalted butter than in the samples of salted
butter.

With churning 1 the butter having the salt well distribe
uted showed a decrease in numbers of organisms during holding,
while the butter having the galt poorly distributed showed 2
small increase in numbers of organlsms at 4 days followed by
a decrease during the remeinder of the holding. In the same-
ples of unaalted butter there were large increases in numbers
of organisms at 4 days followed by smell increases during
the remainder of the holding; the largest increases occurred
In the poorly worked butter, The data on churning 1 are
also presented in Graph l,.

With churninhg 2 the butter having the salt well dise
tributed increased in numbers of organisms at 12 and 16 days,
while the butter having the selt poorly distributed showed
a lerge Increase in numbers of organlsms at 4 days with little
change during the reméinder of the holding, The samples of
unselted butter showed large increases in numbers of organisms
at 4 days, a smaller incréése at 8 days and 1little change
during the remeinder of the holding, the largest increases
océurring In the poorly worked buttere

With thearning 5 the bubter in which the salt was well
dlstributed decressed in numbers of organisms during holding,
while the butter in which the salt was poorly distributed in-
creased in numbers of organis?s at 4 and 8 days with no fur-

ther change duvring the remainder of the holding. In the
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vell worlked, unsalted butter increases in numbers of organisms
occurred at 4 and 8§ days, followed by little or no change dur-
ing the remainder of the holding perlod; in the poorly worked,
unsalted butter a large increase in numbers of organlisms
oécurred followed by a decrease, the maximum count being
obtained at 4 days.

With churning 4 throe samples of éalﬁed butter and one
sample of unsalted butter_were prepared.s In semple 1 the
salt was well distributed, in'sample 2 the salt was added as
usual when the working process was half completed end the
buttgr then worked to dryness, while in sample 3 the salt was
added at thc.beginning of the worklng process and the
working discontinued when the molsture was still poorly in=-
corporated, With butter having the sa}t well distributed ;
no significant:phange 1§;numbers of_oﬁgénisms occurred durirg :
holding, wmle'wiyn both samples of butter having the selt
poorly distributeé, iﬁcneases in numbers of organisms
occurred, the 1ar§est increass occurfing in sample 3. In
sample 2 lncreases 1@ numbers of organlsms were noted at
4, 8 and 12 days folibwed by & decrease at 16 days, vhile
in sample 3 increases in numbers of organisms occurred dur=
ing the entire holding period. In the poorly worked, un-
salted butter large}increases in the numbers of organlsms were
noted at 4, 8 and'lz-days, followed by a decrease at 16 dayse

Dete on churnings 5 and 6, in which the cream was

inoculated with cultures of Ps. putrefaciens are not in-

cluded in Table 9, Most investigators that have worked with
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this organism appreciate the 4difficulties encountered in

determining the numbers of organlsms by the plate method or
any other procedurs, and since the counts that were obtained .
may be misleading the date are not given. However, the

data indicate that in the salted botter only a very few
organisms were present while the unsalted butter contained
very large numbers of organisms.s The maximum counts on
unsalted butter were obtalned et 4 or 8 days, afber which

there was & rapid decrease in numbers.

Digtribution of Organlsms in Salted Butter

The eoffect of the ﬁi.stribution of salt on the numbers
and distribution of organisms in butter was studied with an
sdaption of the Burri smear culture technique (25) in which
20 portions of butter from each sample were smea&ed on dry,
beef infusion agar slopes. 4&lso, the numbers of organisms were
studied in large moisture droplets .éppearing on the freshly
cut surfaces of butter in which the moisture was poorly in-
corporated, one portion from each of ten moisture droplets
from a sample of butter being smearsd on an agar slope.

The slopes were incubated at 21%. for 4 days.

The distribution of orgenisms was studied in six exe
perimental churnings and in one commerclal churning of butter.
From. each of the experimental churnings two samples of. salted
butter were prepared; sample 1 had the salt well distributed
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~and sample 2 had the salt poorly dilstributed. In churnings

1, 2, 4, 5 and & the slopea were prepared after the flauor
defects had'déveloped in one of the samples from each churne
Ing, and in churning 3 the slopes were prepared aftor the

butter hed been held for 5§ days at 15.5°C, 1In churnings

1 and 2 milk cultures of Ache. iipolybicum and Ps. putre-
faciens, respectively, were ﬁdded to the pasteurized cream
immediately before churmning; in churning 3 a milk culture of

Ps. putrefaclens was added to the'water used to wash the

butter; while in churnings 4, 5 and 6 milk cultures of Ps,.
putrefaciens wero added to the dbutter during the warking

process. Sample 1 from each experimentasl churning and sam-
ple 2 from churning 3 @14 not develop abnormal flavors,
Sample 2 from churnings 1 and 2 developed off flavors, while
sample 2 from each of churnings 4, 5 and 6 developed a
putrid flavor, Churning 7 was commerclal butter, containing
0+65 per cent salt, which developed a putrid flavor.

| - Data on the aevéﬂgchurnings are presented in Table 10,
In general, the slopes.prepared from butter with the salt
well distributed contained fewer colonies than the slopes
prepared from butter with the salt poorly distributed. #ith
churnings 1, 2 and 3, both the butter having the salt well
distributed and that having the salt poorly distributed yielded

very few colonies on the slopes prepared with portions of

the bubter and & large percentage of the slopes showing no

colonles; only one slope contained more than four colonies,
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t 1. Gcream jnoguleted with. z. crcii"fgdouIif“E“iygﬁ ‘*ﬁ“ﬁ?‘?ﬁﬁm

: Ach. lipolytioum

Selt we s Sa pooriy P
.zdistributcd: dlstributed :ﬁistributed: distributod istribut

Slope: Portions :rortions : Hp0 : rortions  :Portioms 12 Por tions
no.: of butter :of buttor:droplets- of butter :of buttar droplets of butte

§§a1t55i1

1 0 2 0 0 o 0 ‘0
.2 0 0 0 0 0 0 0
3 0 0 0 0 o 0 0
4 0 0 o 0 0 0 0
5 0 3 0 0 ) 0 0
6 0 0 0 1 0 o 0
7 0 0 0 0 0 0 1
8 0 0 0 0 0 0 0
9 0 1 o 0 ) 0 0
10 0 0 0 0 0 0 0
11 1 0 ‘ 0 1 0
12 0 1 0 1 0
13 0 1 0. 0 0
1l 1 0 0 0 0
15 . 1 3 0 33 - 0
16 2 0 1 0 0
17 - 0 1 0 b 0
18 0 0 0 0 o
19 0 3 0 1 1
20 0 0 0 ) 0

* 0.8« = over grown.
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The slopes prepared from the moisture droplets showed no
growth of organlsms,

With churnings 4, 5 and 6, slopes prepared from butter
with the sslt well dlstributed showed very few colonles, and
a large percentage of the slopes showing no colonles; only
ong slope showed more then seven colonies., Slopes prepared
from butter with the salt poorly distrlibuted showed much
larger numbers of organisms and the distribution of the
organisms was irregular; a few slopes contained no colonies
while two sglopes contained so many ocolonles that the num~-
bers dould not be estimated, The slopes prepared from the
moisture droplets showed a very irregular dlatribution of
organismé; some slopes containsd no colonies while on other
siopes the numberé of colonies were too large to estimate.

In churning 7, the slopes prepared from the butter and
molsture droplets indicated that exbensive growth of or-
genisms had océurred in the butter, Growth developod on
all the slbpes prepared from both the bubtter and the mois-
ture droplets, with a lérge percentage of the slopes con-

taining numbers of colonies that were too large to estimate.

Changes in pH of Bubter Serum

The effect of salt and moisture distrtbution on changes
in pH of butter serum was studied with bubter made from
pasteurized cream inoculated with lactic écid-producing

streptococcl just before churning. 1In chnrnihgs 1, 2, 3 and‘
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4 the cream was inoculated with & butter culture, while in

churning 5 the cream was inoculated with a milk culture

of Streptosoccus 2incetilactis. Churnings 1, 3, 4 and 6
each contalnod two salted and two unsalted samples of.butter,
vhile churning 2 contained three salted samples and one
unsalted semple. The samples of butter were held at 15.5%C.
pH determinations wers made on the butter serum at intervals
of 4 days, the serum being recovered by centrifuging the
melted butter and drawing off the fat; the pH was determined
electroﬁetrically, using a quinhydrone electrode,

Data on the five churmings are given in Table 11, The
addition of salt to butter tended to lower the pH of the
serums With churning 1 there were no significant differences

in pH of the serum between butter with good and with poor

salt distribution; a slight inerease in pH occurred in dboth
saﬁples; the pHE values Increasing from 6,00 to 6.19 and
from 6,00 to 6,14, rospectively, In the unsalted butter
large decreases in pE of the serum cccurred, the largest
decrease being in the poorly worked butter. Tho pH of the
serum decreased from 6.31 to 5,70 in the thoroughly worked
butter agd from 6.31 to 5,18 in the poorly worked dbutter,

With churning 2 small decreases occurred in the pH of the

- serum from salted butter, the largest decrease occurring in.'

the sample with the selt poorly distributed. In the samples
of dbutter having & good, fair and poor distribution of salt
the pH of the serum decreased from 8.36 to 6.25, from 6,36 to
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Table 11, EFFECT OF SALT AND MOISTURE DISTRIBUTION ON CHANGES IN pH OF
¢ Creem : :  Description of butter :
Churning: inoculeted :Semple: Salt ¢! Degree of: pH of serum of

no. : with : no. : distribution: working : O days : L deys

5% 1 good thorough 6.00 6.05
1 biutter 2 poor thorough 6.00 6.06
' culture 3 no selt . thorough = 6.31 6.15
Hal e L no salt ___poor 6.31 5.88
% 1 good thorough  6.36 6.35

2 but ter 2 fair , thorough 6.36 6.33
culture 3 . poor thorough 6.35 6.30
— 15/1 4L no salt thorough  6.90  6.80
5% 1 good  thorough 6.16 6.12
3 ' but ter 2 poor _thorough -6.08 = 5.9%L
culture 3 no -salt ‘thorough 6.57 - 6.0l

H-1 L __no salt .. poor 6,55\  B.45

5% 1 good " thorough 5.66 . 5.65

4 but ter . 2 .poor ~ thorough  5.59 5.56°
culture 3 no salt thorough 5.57  5.45°

H=-2 b no salt poor 5.88 5.70 .

5% | | S |

nilk: onlture 1l - good ~ thorough 5.98 5.96
: 8. dizontilactis "3 no salt ~ thorough 6.25 5.82
- - L no salt " poOT 6,19 5.09
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“Description of butter : ' - _
~ salt | : Degree of:  pH of serum of butter held et 1l5.5°C. for
distribution: working : O days : I deys : 8 days : 12 deys : 16 days

3004 thorough  6.00

00T thorough  6.00 6.06 6.05 6.10 61k
10 salt , . thorough = 6.31 6:15 5.95 5073 5.70
10 salt poor - 6,31 - 5.88 5.63 5.26 5.18
zo0d " thorough 6.36 © 6.35 6.25 6.26

*alr  thorough  6.36 6.33  6.30 6.23

»oor thorough 6.35 @ 6.30 6.25  6.09

10 8alt .~ thoroush 6.90 = 6.80 6.75 6,563

rood " thorough = 6.16 6.12 6.16 6,10

yoor _ thorough 6.08 . 5.91 - 5.89 5.82

10 sal¥ ‘thorough  6.57 6.01 5.63 5.71

6. salt . poor 6:55\ 5.45 . 4i99 4.83

tood " thorough 5.66 . 5.65 ‘5,65 5,65

yoor ~ thorough  5.59 5.56 5.58 . 5.55

10 salt thorough  5.57 = 5.45 S5.41 5.43

10 salt poor _ 5.88 5.70 _ 5.71 5.73

;Oﬂd thoroug@ 5 ° 98 50 96 . 5 . 86 5 . 86 5 . 85
yoor ' thorough 5.88 5.75 5.67 5,61 5.53
0 salt, thorough 6.25 5.82 5.12 5.70 - 5.70
10 8alt © " poor 6,19 5.09 L.91 5,20 5.16
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6.25 and from 6.35 to 6.09, respectively, In the unsalted
butter only a small decrease In pH cccurred, the values
decreasing from 6.90 to 6.63,

With churning 3, no significant change occurred in the
pH of serum of butter with the salt well distriduted. Howw
ever, with the salt poorly distridbuted there was a small
decrease 1n pH, the values decreasing from 6,08 to 5.82.

In both the thoroughly worked and poorly ﬁorked gsamples of
unsalted butter, large decreases occurred in‘the pH of the
serum, the largest decrease occurring ln the poorly worked
butter; the pH values decreased from 6.57 to0 5,71 snd from
6455 to 4483, respectively. The data on churning 3 are also
presented in Graph 2.

With churning 4, there were no significant changés in
the pE of the serum from the salted samples of butter, while
small decreases occurred in the serum. from the unselted
samples, The pH values decreased from 5.57 to 5,43 in the
thoroughly worked unsalted butter and from 5.88 to 5.75
in the poorly worked unsalted butter,

With churning 5, in which the cream was inoculated with

a milk culture of S. diacetilactls, a small deécrease occurred

in the pH of the serum,ﬁfom'the butter with the selt well
distributed, the pH value décreasing from 5.98 to 5.85;

" in butter with the salt poorly distributed larger decreases

oceurred in pH, the pH values decressing from 5.88 to 5.53.
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In sawples of unsalted butter large decreases, followed

by increases, occurred in the pll of the serum. In the
thoroughly worked unsclted bubter the pi values decreascd
from 6.25 to 5,12 2t 8 days and then increased to 5,70 at
12 days with no further chenge at 16 days, while for the
noorly worked unselted bubter the pH values decreased from
6,19 to 4,91 at 8 days and tnen Increased to 5,20 at 12 days
with no significant change abt 16 days.

Microscopic examinations were made on the serum of
butter from & number of the churnings, In butter having the
salt well distributed very few bacterial cells were observed,
and the cells appeared singly or in psirs, whlle in butter
having the saslt poorly distributed somewhat larger numbers
of cells and a few short chainé were observed; In the seane
ples of unsalted butter large numbers of bacterial cells
were pressnt and they often appeared in very long chains,
the largest numbers of éells and longest chains occurring

in the poorly worked butter,

Development of Defects in Butter

The effect of salt and moisture Gistribution on the develw
opment. of defects in butter wes studied by holding samples
oEIexperimental.butter at 15.5%.; the semples were examined
at frequent intervals for the defect expected on the baéia g
the organism& inoculated into the pasteurized cream, the

wash water or the butisre
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Orgenisms Afdded to Cream.

rleven churnlngs of'butter were mude Irom pastourized
crean lnoculated immedlately before churning with s milk
cultwre of an crganlsm capable of producling o defect in
butter; except In churning 7 with which orly 0.06 per
cont inceulum was uscd, 0.3 por cent of the culture was

added. The organlsms inoculcted were: In churning 1, Ps.

fregl; in churnings 2, 3 end 7, Hyc. llpolytica; in churning

6, Ach, lipeclyticum; in churnings 4, &, 8 and 9, Ps. putre-

faciens; in churning 10, Pa. putrefacicnsg and Lerobacter

acrogenes; and in churning 11, Ps. putrefaciens and Escher-

ichlie ccli. From each churning two salted and two unsalted

samples of butter were prepared.

Results on the eleven churnings are presented in Table
12, In butter with the salt well distributed flavor defects
developed in only two churnings, while in bubtter with the
salt poorly distributed defects developed in eight churne
ingss In the unsalted butter all except one churning
doveloped defects in flavor, the defects develcping sooner
in the poorly worked butter than in the thoroughly worked
butter, Usually the flabor defects were more pronounced
in the unsalted butter than in the selted butter,

In churnings 2 and 3 all the samples of butter were
very rancid 1 day efter churning. Ir churnings 4 and 11
about the same time was required for the development of

the flaver defects in the gsslted butter with the salt poorly
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Table 12. EFFECT OF SALT AND MOISTURE DISTRIBUTION ON DEVELOPMENT OF DEFECTS IN BUTTER

Causstive Organisms Added to Cream
1 Days required for producti“n of defect in butter
: . __held at 15.5°C.
T Salted butter -t _Unsalted butter

se @5 we 5 P

Churning Salt well 't Salt poorly ; Thoroughly : Poorly
no. Cream inogulated with: distributed : distributed : worked : worked
1 Ps, fregl - - 6 3
2 Myc. lipolytics 1 1 1 1l
3 Mye. lipolytica 1 1 1 1
h, Ps. putrefaciens - ,3-} 3 2 .
5 Ps. putrefeciens - L 2 1 -2
6  ach. lipolyticum - L 3 ) t
7 Myc. lipolytica - 10 8 5
8 Ps. putrefaciens - - L 2.
9 Ps. putrefaciens - 3 - 1
10 Ps. putrefaciens and :
4. aerogenes - - 5 2
11l Ps. putreraoiens and ‘
' E, coll - 3 3 2

*¥. = Indicates no defect developed in the butter during holding period.
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distributed than in unsalted butter that was thoroughly worked.
In churning 9 salted butter with the salt poorly distributed

" and tne unsalted butter that was poorly worked developed

ebnormal flavors whlle the salted butter with the salt well
distributed and the unsalted butter that was thoroughly

worked did not develop abnormal flavors.

Organisms Added to Cream and Vash Water.

In twelve churnings of butter comparisons were made on
the effect of salt and moisture distribution on development

of defects in flavor between butter in whilch cultures of

Pse. pntréfacieng were added to the cream and butter in which

the cultures of Ps. putrefaciens were added to the wash water.

" The lots of cream were divided in two parts; to one part

0.3 per cent of a milk culture of Ps, putrefaciens was added

to the cream immediately before churning and to the other
pert 10 mle of the mllk culture was added to 1 liter of wash
water, Two salted and two unsalted samples of butter were
prepared from each churning,

Table 13 presents data on the twelve churnings, In

‘butter with the salt well distributed no defects developed

during holding in either the butter mede from the inoculated
cream or the butter weshed with the inoculated water. In
butter with the salt poorly diatributed defects developed

in three samples of butter in which the organisms were added
to the cream, whereas no defects developed in butter in which



Table 13. EFFECT OF SALT DISTRIBUTION CN DEVELOPMENT OF DEFECTS IN BUTTER

_held at 15.5°C.

Salted -bButter :_Unsslted butter

Salt well ¢ Salt poorly

»
.
T e
Ll
.
L]
4
L]
»
»

Churning; : ¢ Thoroughly : Poorly
no. : Orgenlsms sdded to distributed : distributed.- : worked : worked
1 cream -* 5 - 2
la wash H»oO - - 5 2
2 creanm - 3 9 2
28 wash H50 ) - - 5 2
3 cream - - - 5
. 3a_ wash Ho0 - - - p)
L cream | - - 5 2
La wash HoO - - 5 2
5 cream - - 3 2
5a wash Hzp - - 3 2
6 cream - 3 by 2
ba wash HoQ o - - 2

*. = Indicates no defect developed in the butter during holding period.
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the organisms were added to the wash water., In the unsaltsd
butter apparently there was no difference in the development
of defects between the butter made from the inoculated cream
or the butter washed with the inoculated water, In the
thoroughly worked unsalted butter defects developed in eight
churnings while in the poorly worked unsalted butter defects
developed in all the churnings; the defecta appeared sooner
in the poorly worked butter than in the thoroughly worked

" butter, In the unsalted butter the defects which ocqurred

were more typically putrid than in the salted butter,

In churnings 2 and 6 defects occurred in the salted
butter with the salt poorly distributed before defscts
occurred in the unsalted butter that was thoroughly worked.
In churning 1 salted butter with the salt poorly distributed
and the unsalted butter that was poorly worked developed
defects in flavor, whereas in the umsalted ‘butter that was
thoroughly worked no defects developed,

Organisms Added to Butter.

Various amounts of inoculum were added to butter samples
prepared from ten churnings of pasteurized cream, Churnings
1l and 2 each contained eight samples of butter, while the
remaining churnings each contained six samples, Sample 1
in each churning was butter having the salt well dlstributed
and to which no organlsms were added. Sample 2 In each
churning was unsalted butter to which 0«5 ml. of a milk oul-

ture of an organism was added. The remalning samples from
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each churning were salbed and were divided into pairs; in
one sample from each palr the salt was well distributed,
while in the other sample the salt was poorly distributed.
To each sample of a pair an squal emount of & milk culture
of an organlsm was added to the butter early in the working
Process. Ail samples ofvbutter were thoroughly worked and
at the completion of working the molsture appeared to be
well incorporated, IExcept in churning 3, in which a

milk culture of an unidentified proteolytic, gram-negative
rod wes used, a milk culture of Ps. putrefaciens was added

‘to the butter.

The data on the ten churnings of butter are presented
in Table 14. 1In the butter'to which no organisms were
added, flavor defects did not appear in any of the churnings,
while.in»the unsalted butter from each churning, to which
0.5 ml..of a milk culture of an organism was added, & putrid
defect deﬁeloped. In churning 2 none of the samples of
salted butter, to which & culture of an organism was added,
developed a puﬁrid defect during holding.

In churnings 3, 6 and 8 the samples of butter with the
salt well distributed developed no defects, whereas in the
butter with the salt poorly‘distributed'gefeata appeared only
in the samples from each churning ccntéining the largest
amounts of inoculum.

In churnings 1, 5 and 7 the samples of butter with the

salt well distributed developed no defects during holding,

T A A
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Table 14.',EFFECT OF SALT DISTRIBUTiON ON DEVELOPMENT OF DEFECTS IN BUITER
- CausatiVe Organisms Added to the Butter and thf of the Butter

s wof
..

:ture added :distribution& Defects
Churning: Sample to 130 g. : in :
Vo VRN ut&g; 1gogu]ated with: mno. :butter : buttq;;v ;Butter nc
1l none good none
2 0.5 no salt putrid st
‘ 3 0.5 good nonse
1 Ps. putrefaciens N 0.5 poor slightly
5 1.0 good none
6 1.0 poor putrid at
7 3.0 good - none
g - 3.0 poor off et 4
1l none good none
2 0.5 no selt putrid at
3 0.5 good none
2 Ps. putrefaciens b 0.5 poor none
5 1.0 good none
6 1.0 poor ' nons
7 3.0 good none
8 3.0 poor nonse
1 none good - nons
2 0.5 no salt putrid at
: 3 1.0 good ' none
3 Unidentified gram- L 1.0 poor none
negative rod 5 5.0 good none
6 5.0 ~ poor slightly
7
1 none good none
. 2 0.5 no salt putrid at
4 Ps. putrefaciens’ 3 1.0 good none
L 1.0 . poor none
o 3.0 good ' slightly of
Ac 6 - .3.0 pOOY . putrid at
‘1 none good none
. 2 0.5 no sslt putrid st
5 Ps. putrefaciéns 3 1.0 good none
R b 1.0 peor putrid at
5 3.0 good none
6 3.0 poor putrid at







>ISTRIBUTION ON DEVELOPMENT OF DEFACTS IN BUTTER
lsms Added to the Butter and Helf of the Butter

: tMl, milk ocul-: R
: :ture added :distribution: Defects in butter held at 15.5°C.
:Sample:to 130 g. H in : :
with: 0. :butter : _butter :Butter not reworked:Butter reworked
none good none
0.5 no salt putrid at 2 days
0.5 good none ' slightly rancid
0.5 poor slightly off at 8 days slightly rencid
1.0 good none 4
1.0 poor putrid et 2 days
3.0 good : none - slightly putrid .
3.0 _Jpoor off et 4 days putrid
none good none
0.5 no selt putrid at 2 days
0.5 good none
0.5 poor none
1.0 good none
1.0 poor none
3.0 good - none
3.0 poor nons
none good nons
0.5 no salt - putrid et 2 days
1.0 good none none
1.0 poor none slightly off
5.0 - good ‘none none
, 5.0 poor slightly off putrid
1 none good none
2 0.5 no salt putrid at 2 days
3 1.0 good none slightly off
I 1.0 © poor none X putrid
5 3.0 good slightly off at 9 days  slightly off
6 - .-3.0 poor putrid at 6 days putrid
1 none good none
2 0.5 no salt putrid et 2 days
3 1.0 good none none
I8 1.0 poor putrid st 7 days slightly off
5 3.0 good none none
6 3.0 poor putrid et 4 deys putrid’
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Table 14. (oonﬁd.) EFFECT OF SALT DISTRIBUTION ON DEVELOPMINT OF DEFECT
4 Ceusatlve Organisms Added to the Butter and Helf of
Reworked after 4 Bays g

yomn

e
A R

: : sMl., milk oul=-: Salt :
: H tture added tdistribution: Defect
* Churning: _ :Sample:to 130 g. : in :
no. tButter inoculated with: mno. :butter :  butter :Butter
1 none good none
‘ 2 0.5 no salt putrid
6 Ps. putrefaciens 3 1.0 good none
S 4 1.0 poor nonse
5 3.0 good none
6 3.0 poor putrid
1 none good none
i 2 0.5 no salt - putrid
7 Ps. putrefaciens 3 1.0 good none
' L 1.0 poor putrid
5 3.0 good nons
6 3.0 DOOT “putrid
s none good none
2 0.5 no selt putrid
8 Ps. putrefaciens -3, 1.0 gond none
\ . L 1.0 poor none
5 3.0 good none
6 3.0 poor putrid
1 none good none
2 0.5 no salt putrid
9 Ps. putrefaciens 3 1.0 good none
b 1.0 poor off at
-5 3.0 good off at
6 3.0 poor putrid
1l - none good none
' 2 0.5 no salt putrid
10 Ps. putrefaciens ~ 3 1.0 good nons
. R 1 1.0 poor putrid
5 3.0 good "putrid
6 3.0 poor putrid







? SALT DISTRIBUTION ON DEVELOPMINT OF DEFECTS IN BUTTER

> Orgenisms Added to the Butter end Half of the Butter
after 4 BRays

r—— — R e ———
— — mesasnee ———

! sMl, milk ocul-: Salt :
: tture added 'distribution Defects in butter held at 15 5°C.
:Semple:to 130 g. : in
R no. sbutter : butter :Butter not reworked.Butter reworked
1 none good none
2 0.5 no salt: putrid at 2 days ‘
3 1.0 good none slightly off
4 1.0 poor none off
5 3.0 good none none -
6 3.0 pOOT ‘pubrid at 6 days putrid -
1 none good none
2 0.5 _no salt - putrid at 2 days.
3 1.0 good none slightly off
L 1.0 poor putrid st 6 days slightly off
5 3.0 good none off
6 3.0 pOoOr putrid et 2 days. putrid
1.  none good .none :
2 0.5 no salt putrid st 2 days
3 1.0 gond. none - none
L 1.0 poor none none
5 3.0 good none none
6 3.0 poor putrid et 2 days putrid
1 none good none
2 0.5 no salt putrid st 2 days
3 1.0 good none
. 1.0 poor off at 3 days
=) 3.0 good off at 3 days -
6 3.0 poar putrid at 3 days
1 . nome- good none
2 0.5 no salt putrid at 2 days
3 1.0 good none
Iy 1.0 poor putrid et 2 ‘days
5 3.0 good ‘putrid at 2 deys
6 3.0 poor putrid at 2 days
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while in the samples of 'butt-er w_w;_.th the salt poorly distri-
buted flavor defects were prodﬁééd. . For churning 1, in
butter containing 1 ml. of inoculum the flavor defect
appeared sooner and. the defect was more lntense than in
butter containing 3 »ml. of inoculum. In butter containing
1 ml, of inoculum the defect was. onlgr slight. For churnings
5 and 7 the putrid defect 'appeared ;;Lrst in the samples

of butter containing the largest amounts of inocecunlum,

In churning 4 the butter with the salt well distribubed
showed no defect in the sample to which 1 mle of inoculum
was added, whereas a slight defsct develo;ied in 9 days in
the sample to which 3 ml, of inoculum was added. In the
butter witlﬁ the salt poorly distributed no defect developed
in the sémple to which 1 ml. of inoculum was added, while
& putrid flavor developsd in 6 days in the butter to which
3 ml. of inoculum was addeds o

For churnings 9 and 10, in bubtter w;th tﬁe salt well
distributed defects appeared only in the samples of buttern
containing 3 ml, of inocculum. In butber with the salt

' poorly distributed defscts developed in both samples of

butter from each churning, the defect being more intense
in the samples -conta':thi_ng 3 mls of inoculum than samples
containing 1 mi. of inoculume.

Reworking of Butter. -
Four samples were reworked from each of churnings 1,

3y 4, 5, 6, 7 and 8 .descri‘oed In Table 14, The butter was



T T A T o RTINSO s mtm s T BTN AN, i _ g iy M o SRR vy —
R — o Ao s i e At e

- 68 -

cooled to approximately 4%, and half of each sample reworked
by passing it through a small Universal food chopper two
times., DBefore reworking each sample the food chopbper was
placed in boiling water for a few minutes and then cooled

by pouring cold, sterile water over it. The butter was
again held at 15.5°C.

The data on the reworking of the butter sre also pre=-
sented in Table 14, With some samples of butter reworking
seemod to have no effect on the keeping quality, with other
samples reworking tended to increase or produce defects,
while with still other samples reworking tended to decrease
the intensity of the defects In churnling 8 the reworking

of the butter dild not affect the keeping quallity.
In samples of butter with the salt well dlstributbed,

in churnings 3, § and 6 little or no differences occurred
betwsen the bubter peworked and not reworked; wheress in
churnings 1, 4 and 7 the reworksd buttei' developed defects
during holding, while in butter not reworked no defects

developede.
With samples of butter with the salt poorly distributed,

in churnings 1, 3, 4 and 6 the reworking of the butter tended
to favor the development of defects, while in churnings 5 and
7 the reworking of the butter conteining 1 ml. of inoculum
tended to inhlbit the development of defects,
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DISCUSSION OF RESULTS

A reasonableAdegree of accuracy undoubtedly can be
obtained in detérmining the sodium chloride content of an
approximﬁtely 0.2 mg; sample pf butter, However, the
salt content.of such & micro sample may not be representative
of an eﬁﬁire churning of butter. The value of the method
is in connectlion with the study of the salt contents of very
small portliona of butter, and it is particularly useful
in the study of fhs effect of salt‘distribution on bacterial
action in butter, |

On the basis of micro analyses, considerable veriation
in the‘distributiﬂn of salt in different semples of commercial
butter 1s to be expected because of the large variations
which occur in the incorporation of the molsture in different
samples. Since the salt is largely diséclved in the water,
the distribution of the salt depends to a great extent on
the incorporation of the brine during the working process,

Actually, the distribution of the salt and the in=-
corparation of the melstuve are veﬁy closely relafed,::Bhen | }
salt is added to butter it spperently first is largely
dissolved in é gelafively small portion of the.moisture, the

remaining moisture being more or leass distinct froﬁ the

loosely held moisture in which the salt is dissolved, As the

[
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rediceds The idesl type of analysis for varlous bacterio-

working of the butter progresses, the brine solution ls
divided into smaller and swaller droplets. Presumably there
ls & mixing of these droplets comtalning a relatively high
salt content with other droplets containing little or no
salt, and in this‘way the salt contents of the varlous water
droplets tend %o squalize. During holding of butter having
the salt poorly dispersed through the ﬁoisture the:e may be

a movement of water droplets containing little or no salt

to other droplets contalning relatively lérge amounts. With
butter having the brine thoroughly incorporeted, a relatively
complete mixing of the brine and water phmsss will have occurred,
snd there will hg comparatively llttle tendency for moisture
to migrate, whereas wlith butter having the brine poorly in-
corporated, the salt will be dlssolved in a relatively small
portien of the moisture and there will be a greater tendency
for the molsture %o ﬁigrate:and form large water droplets..
¥ith bnpter having the salt very poorly distributed the

color mey be uneven as a result of the irregular dispersioﬁ
of salt and water.

Very probably salted butter can contain water droplets

- that have llttle or no salt in thems Approximately 0.2

- mge sampls of butter contains so many water droplets that

some droplets containing no salt may be inecluded withoub
the salt content of the éntira sample being appreclably
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loglcal studlies would be one permitting the determination

‘of tho salt contonts of individual small water dropletse

It is logical to assume that any moisture that is froe of
aalt coﬁsiﬁts of droplets thatfwere 1ncluded in the butter
granules duringlthﬂ:churning process, x»ather than the
molsture added to the butter later. This relationship is
suggested by.tha faci that when organisms causing defects
in butter were addad to the wash water no defects were
produced in the butter in which the salt was elther well
distributed or peorly distributed, whereas when organisms
were added to the cream defects often appeared, eapecially
in the butter in whicﬁ the salt was poorly distribubed.

Although the incorporation of moisture in salted
butter undoubtedly has an effect on the bvacterial action,
it is somewhat diffarént.than the effect in unsalted
Butter. Usually the large molsture droplets in salted
butter conbtain enough salt to prevent the growth of most
bacteriae. However, if the salt is poorly distributed, the
butter probably can contaln relatively large moisture drop=-
lets having 1l1ittle or no salt and in these sufficient growth
of bacteria may occcur to produce a defect in the butter.
As. in unsalted bubter, increassd working tends to prevent
bacterial action due to the finer dispersion of,moistﬁre
ahd there iIs also a better distribubtion of salt,

- While the methods of manufactuwring butter shouldibe
such that the harmful bacteria in cream are killed and any
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serious contamination of the pasteurized cream or butter
prevented, the thorough dlstribution of salt and mcisture
in the manufacture of butter should be regarded as a pre-

cautionary measure againat defects caused by bacterial action.
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SUMMARY AND CONCLUSIONS

l. A micro procedure was developed for the debtermina-
tlon of salt in samples of butter of approximately 0.2 mge.
eachs The method 1s especially applicable to ihe study of
the effect of salt distribution on bacterial écticn in
butter, Results obtained with the method on both commercial
and experimental churningsled to the following conclusions:

8. In some sampies of normal commercial butter the
salt was very uniformly distributed, while in other samples
the salt was not uniformiy distributed, With most samples
& correlation was noted between salt distribution and fncor-
poration of the moisture,

be With normal commercial churning no significant

‘differences in salt distribution were noted between the butter

before and after printing with equipment which tended to
rework the butter,

Ce With commercial churnings it was evident that as
the working process continued, the salt became more uniformly
distributed.

de In some samples of putrid commercial butter the
salt was very unevenly distributed, while in other samples
the salt was very uniformly distributed.

e. In mottled commercial butter the light-colored poﬁu
tions usually contained less salt than the dark-colored
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portions, In & sample of commercial butter having & cone
splcuous color defect that was not typilcal mottling, the
light-colored portlons generally conteined more salt than
the darkecolored portions.

f+ Much larger veriations occurred in the moisture
eontents than in the salt contents of the micro se.mpies of
buttér. Also, much larger variations occurred in the salt
contents of the serum in the micro samples than in those
of the large moisture droplets. The salt contents of the
serum calculated from the micro analyses were slightly
lower then the value calculated from the meacro analyses,
The salt contents of the large moisture droplets usually
were higher than those of the serum calculated either from

the micro or the macro analyses,

2. The addition of 1.5 per cent salt greatly inhibited
bacterial action in bubter held st 15.5°C. The greatest
bacterial inhibition usually occurred in the butter having
the salt well distributed; The greatest activity of micro-

orgenisms occurred in the poorly worked unsalted bubters

3+ The growthy of various arganisms in butter churned
from inoculeted pasteurized cream and held at 15.5°C. was
influeziced by the distribution of salt in the bubtter, the
lowest bacterial counts being obtained on the butter having
the salt well distributeds In the unsalted butter, growth

was most rapid and the numbers of organisms were the highest
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in the poarly worked butter,

4, As determined by an adaption of the Burrl smear
culture tecp.nique » the numbers of organisms were lower
and the arganisms were more uniformly distributed in butter
in which the salt was well distributed than in butter in
which the salt was poorly distributed. Many of tlhe agar
slopes prepared by smearing portions of the large moisture
droplets appearing on the freshly cut surfaces of butter
contained no growth, while on a few slopes the colonles were

too numerous to count,

Se In some comparisons the pH of the serum of butter
churned from cream inoculated with lactic acid-producing
streptococci and held at 15.59C. decreased more in butter
with the salt poarly distributed than in butter with the salt
well distributed, dbut in oi:her comparisons there were no
significent differences, In the unsalted butter the largest
decreases in the pH of ths serum usually occurred in the
poorly worked butter, '

6. When lots of pasteurized cream, each inoculated
wlith an organlsm capable of producing a defect in butter,
were churned and the butter held at 15.5°C., the butter
having the salt well dilstributed usuelly did not develop
defects, while bubtter having the salt poorly distributed
frequently developed defécts. Both the thoroughly and
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poorly worked samples of unsalted butter developed defects,
the defect commonly appearing earller in the poorly worked

butter,

7. When butter was churned from lots of pasteurized

cream and cultures of Ps, putrefaclens added either to

the cream or to the wash water, the butter having the salt
well distributed did not develop defects, whereas the butter
having the salt poorly distributed developed defects in

aome samples in which the organisms were added to the cream,
but not in the sawmples in which the organisms were added to
the wash water, The unsalted butter usually developed a
putrid_flavor regardless of whether the organisms were -
added to the cream or to the wash water; no significant

differences were noted between the two methods of inoculation.

8. When organisms capable of producing defects were added
to butter churned from pasteurized cream, a greater inhibition
of the activity of micro=-organisms occurred in the butter
having the salt well-distributed than in the butter having
the salt poarly distributed.

S In some samples the reworking of selted butter con-
taining organisms capable of producing-defects tended to
favor the development of the defechs, while in other samples §
the reworking had nc effect on the deterioration of the |

"butter or even tended to inhibit the bacterial action,
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10, The distribution of salt in butier on a micro basis
should be considered a factor thet definitely influences
the action of micro-organisms in butter; the more thoroughly
the salt 1s distributed the greater is the inhibitory effect
of the salt,
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